Private and Confidential

DESARROLLO DE PRONOSTICO LARGO PLAZO DE DEMANDA
DE TRAFICO POR EL CANAL DE PANAMA

Contract No. SAA-43915

THE DEVELOPMENT OF LONG TERM TRAFFIC DEMAND FORECASTS FOR
THE PANAMA CANAL, 2001-2050

PART 1
PREPARED FOR

AUTORIDAD DEL CANAL DE PANAMA
PANAMA CANAL AUTHORITY

by
Richardson Lawrie Associates

February 2001

Richardson Lawrie Associates

95 Eftra Road 516 First Street, SE
London SWig 8PS Washington DC 20003
UK USA

Tel: 444 (0) 20 8542 1800 Tel: +1 202 546 5639
Fax: +44 (0) 208543 2154 Fax: +1202544 0473

Email: ria @rlassoc.demon.co.uk
Waebsite: www richardsoniawrle.com



Private and Confidential

DESARROLLO DE PRONOSTICO LARGO PLLAZO DE DEMANDA
DE TRAFICO POR EL CANAL DE PANAMA

Contract No, SAA-43915

THE DEVELOPMENT OF LONG TERM TRAFFIC DEMAND
FORECASTS FOR THE PANAMA CANAL, 2001-2050

PART 1
PREPARED FOR

AUTORIDAD DEL CANAL DE PANAMA
PANAMA CANAL AUTHORITY

by

Rlchardson Lawrie Associates

February 2001

Richardson Lawrie Associates

95 Effra Road 516 First Street, SE
London SW19 8P3 Washington DC 20003
UK USA

Tel: +44 (0) 20 8542 1800 Tel: 41202 546 5639
Fax: +44 (0) 20 8543 2154 Fax: +1 202 544 0473

Email: rla@rlassoc.demon.co.uk
Website: www.richardsonlawrie.com




THE DEVELOPMENT OF LONG TERM TRAFFIC DEMAND FORECASTS
FOR THE PANAMA CANAL

Contents

1 Executive SUMMAry ant RESUIS .....c...veveeecrerecseeseeeee oo s toese e eeeeeseeese oo 13
11 INrOAUEHION ..o i3
1.2 ECONOMIE QUK. .......vvvvovsececevenen oot 16
1.3 GBNEHIE GrOWN. ... 17
1.4 The EXIStNG CaNE)........o.uoviiieeteic oo 17
1.5 BY Pass Trates ..o 20
131 DY BUIK TIAUBS ..ot 20
1.5.2 Containerised CargoeS........iiuueecovr oo 20
153 Ol TIAUES ..ottt 21

1.6 The Expanded Canal...........occoioeeeecee oo 22
1.7 The Unrestrcted Canal..........coooeeoveroeoooeeeeo oo 22
1.8 A ComPaNison Of CASES. .......ocovriuvierieeeeee oo e 24
1.9 RISKANBIYSIS (...t 24

2 SHUY APPIOACH. ... rrerscnsie et bin s sescas e e s seesessss st eesssoesseesses e eeses s sosesessens. 30
3 Conversion of the ACP Trade and Transits Database. ..o cueeeieeeeeeeeeeeeeeeeeeeeesoeeee e, 34
3.1 The Databases ..o e e e 34
3.2 The Coding SHUCIIME ..c.cooviiie et 34
3.3 EXIraction MO, .......covie ettt e 35
3.4 TIME SIS DA .t et 35
B8 ONBT DAt it e 35

4 ECONOMIC Data And FOPBCASES ......ocvuereiemreereeeeeeesesesersssassesessossassssssssesssesstssessesseesssesss 36
4.1 HistoricalData ...............oocco ., e T e e e e e et e e e e e e e e e e e e e e r 3B
4.2 FOMBOASHS .cvici e e e e 37

5 Commodity Trade Forecasts — Demand for the Existing Canal .............cooccovevveenn... 43
5.1 General APPIOACH. ...viv. ettt 43
5.2 Analysis of Panama Canal Trades, FY1873/74 10 1998/99 ... 44
5.3 Forecasts by Commaodity or Commodity GrOUP .......ocvvo oo 44
5.3.1 Corn, Wheat, Soybeans, Other GraiNs .......c..oovooveor oo 44
5.3.2 Coal AN COKB. ..ot et 48
B5.3.3 MINOT BUIKS.c...iovi e et et eee e s e 49
5.3 Petroletm COKe oo e e e &6
535 ContaiNeriSeU CargO@S....ccoui ittt ese s e et st 57
S.3.8  Crude Q..o ettt et 60
5.3.7 Petraleum ProtdUtS. ..o oo 60
5.3.8 ReSidual Petrol@UMI.... ..o e 65
9.3.8 ChemiCals .o e 66
9.310  Petroleum Chemicals........cocveoeeee e eeviiveeo it e e sy erttentret e eerrens 66
9311 Reafar Products. ..o 66
5.3.12  BANANGAS 1.1ttt e e 67
9.3.13  Food and Agricultural ProdUCtS.... ... eiees oo ]
D314 BUDAM ittt ettt er e 69
D815 AUIOMODBIES .voviiiieicte oo e 69
5.3.16 Al Other Products.....ccocovveeenenn, ettt et o e ey e ran e 70

Richardson Lawrie Associates
February 2001 2
Contract No, 5AA-43815



FPrivate and Confidential

SBAT BUMMBNY o overieeereres s st 71

6. Commodity Trade Forecasts — Demand for Expanded and Unrestricted Canals.....74
6.1 Dy BUIK CaIGOBS.....ovvvosoioiiicesinccce oo 74
6.1.1 ldentification and Description of By Pass Trades ... 74
6.1.2 By Pass Trade VOIUMES .......o..o...cccoommimiimiiiorncrerosesessoo 74
61,3 Vessel ECOnomics ... 76
6.14 Trade Forecasts for the Expanded Canal.......vvvveeeeeere 79
6.1.5 Trade Forecasts for the Unrestricted Canal........cocooeenvieeoieee T8

6.2 Containerised Cargoes ... ... 79
6.2.1 ldentification and Description of By Pass Trades ... 79
0.2.2 Charactenistics of the Trades.........conr oo 80
6.23 US Landbridge ..o 83
8.2.5 Vessel ECOnOMICS uivvciicecsiiess oo 496
8.2.6 Trade Forecasts for the Expanded and Unrestricted Canals..ococie, 499
627 BUMMAIY ..ot 104

6.3 01l and OfMUISION .......ooiii e 105

7 _ Commodity Trade FIows by VeSSel TYPE...ccvuevcrvirvrmeienerenronseerecossesssesseessssss oo sesens 111
71 MBINOGOIOFY ..ot 111
7.2 Potential for Substitution Between Ship TYPES v 112
7-3 RESUIS..oooi e 114

8 Fleet Developments T e s r s enr s senessenesserssanes D 2D
8.1 Trends in the Dry Bulk Fleet

....................................................................................... 124

8.1.1 Panama Trades, Existing Canal...................oovooovioiooo 124
.12 Global/By Pass Trades. ... oo 124
8.2 Trends in the Full Containership FIBET ..........ouvv.oeceic oo 126
8.2 WIINOISL..ooitiiiitiice et 127
822 Ashar. ..., et et r e 127
8.2.3 Lloyds RegiSer. ...t oo 128
8.2.4  Current Newbuilding SIZES ... 128
8.2.5 Carrier AtUGES. . ... st 129
B8.2.8 CONCIUSION. ... .ot oo 130
8.2 Trends inthe Tanker Fleet............c.ooicoiie oo 132
831 Panama Trades, Existing Canal....ee s 132
8.3.2 Panama Trades, Expanded and Unrestricted Canals .voevvevov 132

8.4 OGther Ship Types on Panama Canal ROUES e 133

8 Forecasts of Commodity Flows by Vessael Type and Size.....coovvcev e 142

9.1 Dry BUIK CaIMIBIS ..ot 142
911 Generic Growth ...t 142
9.1.2 Expanded Canal...............oo.oiviiii oo 143
9.1.3 Unrestricted Canal.......c...c.oo.oiiiioociii oo 144

9.2 Full CONtAINEISINS ..ot s 145
9.2.1 Generie GrOWIN ..ot 145
9.2.2 Expanded Canal.......cooooioin e 146
9.2.3. Unrestricted Canal.......ccooovvviviivcieeesee e 146

9.3 TANKBIS...... oot 148
9.3.1 Generic GIOWHN ... oo 148
9.3.2 Expanded Canal.........cooooiiioiiieneeees e 149
9.3.3 Unrestricted Canal........cociieienieeesoereseeseo 150

9.4 Conventional General Cargo SIPS ... ..o....ccorivieoisiiaoeerecosoneooso 151

9.5 Refrigerated Cargo ShiPs ......... oo s 152

9.6 Container/Bre@akbulk . .......coooccioriiiim e 153

Richardson Lawrie Associates
Fotrarme 2001 3



9.7 ROl On/Roll Off........oov e 134

9.8 Vehicle and Vehicle/Dry Bulk Carriers ... 1585
2.9 Gas Carriers

............................................................................................................... 156
B0 OBr VESSEIS ooovvov vt 157
10 The Passenger ShIP Market...........overeereeeressesessossesssss st eeesoseeseeesssosses e 158
107 INOAUGHION ..ot oo 158
10.1.1 Deployment VOYAgES. ............o..coovrervereeeeoooooeoeeoeeoooooooo 158
10.1.2 Repositioning VOYEGES ..............oo.ooereeor oo 158
102 HiIStONCa! TreNdS ....ocve ot 158
10.21  Average Vesse! SIZe.........oo.oooooeooe oo 180
10.2.2 Vessel Load FACOMS ........coo.....oooveiveeeeroeeee oo soee oo 160
10.3  Factors Determining Passenger Ship Traffic.........coeovorooroooeeoooooooo 162
1031 Fleet Growth .o....ouiiice oo 162
10.3.2 BRIP SIZE ooveieeriiee e 162
10.3.3  Vessel DeploymMENt....c....uiooereceeeoeoee oo 162
10.3.4  Regional StADIILY ......vvveiveeeeeecrie oo 163
10.3.5  Regional DeveIOPMENt ... e ee st 163
10.3.8  CaNAITOMS ..ot e ee et st 183
10.4  Forecasting Future Canal Transits: Methodology ... eoeeereoooooeooeoe 163
T0A1 Market IRTEIVIBWS ... ooe et 183
10,42 FI88E GrOWHN ..o e eeee e 165
10.4.3  Vessel DeplOYMENt. ..o oo s ten e oo 165
1044 Ship SIZE ..o 166
10.4.5  ReQIonal SabIliY .........ooviiiiivee oo 166
10.4.6 Regional Development ...........cccocooeeeene ST UPTUURPPRI 166
10,47 CaANAITONS ..ottt ettt 167
10.5  Future Canal Transit FOreCastS ... voueeeeeer oo 167
10.5.1  Characterisation 0f ROUES .............ceveoeoeeoeeeeereooooe oo 167
TOB.2  BASE YOI ..ot et ee e et ee e es e e 168
108 RBSUS ... e s et e es e eee e 170
10.6.1  PasSenger CaPACHY.........co.ovoveceieeeeves e eesee e eere e 170
1062 NUMDEr 0f ShIPS ..ottt eee oo 173
TOB.3  Transits BY DWE..cooocovviiiiect e e en s et er oo 174
1084 Transits By PCUMS ..ottt 175
TO.B.5  TOlIS ettt et b 176

11 Forecasts of Laden Transits by Route , Vessel Type and Size ..o eevrevneererssennns 186
1.1 GeNeric GrOWHN ..ot 187
11.2  Existing Canal with Capacity Constraitts .........oooooeos oo 191
113 EXpanded Canal ...........oo.ovvoriini oot ot 195
114 Unrestricted Canal ...t 188
12 Forecasts of Ballast TrANSIES .......cccvveivririieecioniensese e ere e assseesseses e ssssssessss e 201
12,1 GeNeNIC GrOWIN ..o.ivie ettt e 201
12.2  Existing Canal with Capacity Constraints .........couvveoveecoeeeee oo 201
123 EXpandad Canal ............ooiiiiieeeeeoeee oo et 202
124 Unrestricted Canal ... 202
125 ONEr BhiD TYPES .ottt eee oottt e e 202
13 Forecasts of Tolls for Laden and Ballast TransitS..............oevveeeeeeeerevsesrsessennnn 216
T3.T GRNGIC GIOWHN ...ttt e 216
132  Existing Canal with Capagcity CONSIraINtS .......o.ocooo e 218
13,3 ExXpanded CaRal ... oo eoe e 220
134 UNrestricted Canal . .......oooviviiiiiaee oo 202

Richardsan Lawrie Associates

February 2001 4
Contract No: SAA-43915



Privale and Confidential

13.5  Other Ship Types

.................................................................................................... 224
138 SUMMANY wooteisenee oo 224
L 225
14.1 0 GeNeNC GrOWIN... oot 225
14.2° The BXStng CaNAI......cccoomrivvccecsornosoe oo 225
14.3 - The Expanded Canal............... oo oo 225
14.4 The Unrestricted Canal............ ..o oo 225
15 RISK ANAIYSIS oo vcevttnssssreseesessesssess s sssesssss e oo 238
15T IAIOAUCHION 238
15.2  Trade Liberalisation and Economic Integration ... 238
153 Bnvironmental Polioy... ..o oot 239
194 The New ECONOMY ...coocccencn s 239
195 Globalisation and Fragmentation of World Trade.................... ... . " 240
13.6  Implementation of Structural Changes in the Forecasts...........o........_ 241
157 RESUIS. oottt oo 244
1571 B@NEMC GIOWH.ovoooooioct vt 244
L 244
1573 Expanded Canal.............cooiivviniecccivcenoeeeseccooo 245
19.7.4 Unrestricled CaNal ..o 245
Appendix |, Container Shipping SCHEUIBS......c.ou.vveerorsusroesrosseoeerrses oo oo 278
Appendix Il, The major Class 1 Rallroads281
Appendix Hll, USDOT Report on the Impagt of Mega Containerships on US Ports ........ 284
APPENAIX IV, CIANES.....oocs e errvereernssns s sesrsmsssesssssssessessreessssssssssssss oo 286
Appendix V, Description of Model Used for Scenario 2............. 288

Richardson Lawne Associates
Fabrans 2001 [



Table 1.2.1
Table 1.3.1
Table 1.4.1
Table 1.6.1
Table 1.7.1
Table 1.8.1
Table 4.1.1
Table 4.1.2
Table 4.2.1
Table 4.2.2
Table 4.2.3
Tahle 5.3.6.1
Table 5.3.7.1
Tahle 5.3.7.2

Tables

Main EConomic INQICAIOS ..........ccuovveisisieec e, 18
Scenario 1, Generic Growth in Existing Canal Trades ....ooeeveeeeveveeeevenn. 18
Scenario 1, Case 1, EXISHNG Canal.............cooooiviriiieeeeeeeeeeeeeer e 19
Scenario 1, Case 2, Expanded Canal.........c.oooovoovieoe oo 22
Scenario 1, Case 3, Unrestricted Canal........coovovieveeeeeeeeeereeeoeooer 25
Comparnison Of CASES ... oo oottt oo 26
Real GDP Growth Rates, 1973-2000 ... 36
World Population Growth Rates, 1973-2000 ....vuive e oo 37
World Population by Majar Ar & ............ovo oo oo 39
Main Economic INQICAIOrs ........ooov it 39

Estimated Development of World GDP, Population and Per Capita GDP .... 40

Estimated Crude Oif and NGLS Production ..........ccovveveeeerceeeroeoneeeeneeen. 61
Development of W.Hemisphere Ol Consumption .........cccooveevveeeeeereceeeiienns 62
Revelopment of World Oil Consumption ..., G4

Table 5.3.17.1 Scenario 1, Generic Growth of Panama Canal Trades Excluding By Pass .. 72

Table 6.1.2.1
Table 6.1.3.1

Table 6.1.3.2

Table 6.2.2.1
Table 6.2.2.2
Table 8223
Table 6.2.3.1
Table 6.2.3.2
Table 6.2.3.3

Table 6.2.6.1

Table 6.2.6.2

Table 6.2.6.3
Table 6.2.6.4
Tabhle 6.2.6.5
Table 6.2.6.6

Dry Bulk By Pass Trades at Current Toll Levels.......ocoov oo 75
Evaluation of All Water By Pass Traffic Representative Transportation

EConOmics {CORIY .....ccoiierirrie ittt 78
Evaluation of All Water By Pass Traffic Representative Transpartation

EConomics (0N OF@).......cociiieiti oo 77
Carrier Objectives, Strategies and Constraints ......ooovivooeeoeeeveeeeeeeeee e 81
Changes in Key Relationships, 1994/85 - 1999/2000. ..o, 82
Cargo Volumes on Top 15 Transit Routes, 1899/2000 ... 83
Approximate Number of Containers F.A ... 88

Carge O/D North America Estimated - % Total Trade.eeeeceeeeeeeeeereaee... 89
Forecast Maximum Weekday Volumes on the Los Angeles

Intermodal Centre ROUIE........iiii it 895
Container cargo Tonnage 1998/99 by Route (000's Tons) and
Cortaingr S Share (5) it e e e, 100

Containerised Cargo Tonages by Origin and Destination
1988/89 by Routs

Containership Shares by Origin and Destination...............c..occoeevvee e 102

Growth in Container Volumes by Route, 1984-99 ... 103
Shares of Container Volumes by Route, 1994-99 ................c.oovvvniiivieannnn 103
Containership Shares of Container Volumes by Route, 1994-99 ... 104

Richardson Lawrie Associates

Fabrugry 2001

Contract No: SAA-43015



Private and Confidential

Table 6.2.7.1
Table 6.3.2.1
Table 6.3.2.2
Table 6.3.2.3
Table 6.3.2.4
Table 6.3.2.5
Table 6.3.2.6
Table 7.3.1
Table 7.3.2
Table 7.3.3
Table 7.3.4
Table 7.3.5

Table 7.3.6

Table 7.3.7

Table 7.3.8

Table 8.1.2.1

Tabie 8.2.6.1
Table 8.3.2.1
Table 8.1.1.1
Table 8.1.1.2

Table 9.1.1.1

Table 8.1.2.1
Table 9.1.3.1
Table 9.2.1.1

Table 8.2.2.1
Table ©.2.3.1
Table 8.3.1.1
Table 9.3.2.1
Table 9.3.5.1
Table 9.4.1

Table 9.5.1

Expanded and Unrestricted Canal - Additional Containerised Cargoes...... 104

Orimulsion Exports to Asia, 1991-2000 ...................................................... 106
Estimated 2000 Orimuision Freight Costs (Thailand) ... 107
Estimated 2000 Orimulsion Freight Costs (Philippines)..........coevo 108
Estimated 2000 Orimuision Freight Costs (Taiwan} ... 109
Estimated 2000 Orimulsion Freight Costs (South Korea) ...l 110
Estimated 2000 Qrimulsion Freight Costs (China) ... 111
Scenario 1, Generic Growth in Panama Canal Trades by Ship Type ......... 116
Scenario 1, Case 1, Existing Canal, Trade oY Ship TYpe oo 117

Scenario 1, Case 2, Expanded Canal, Summary Trade by Ship Type ....... 118
Scenario 1, Case 3, Unrestricted Canal, Summary Trade by Ship Type .... 119
Scenario 1, Generic Growth In Panama Canal Containerised Cargoes

N Terms of TEU.. oo 120
Scenario 1, Case 1, Existing Canal, Alll Cargoes in Containers

N Terms of TEU. ..ot 121
Scenario 1, Case 2, Expanded Canal, Al Cargoes in Contaners

IR Terms of TEU....o s 122
Scenario 1, Case 3, Unrestricted Canal, Al Cargoes in Containers

InTerms of TEU......oovii e 123
Dry Bulk Carrier Fleet - Fieet Forecast Assuming Expanded or

Unrestricted Canal............oo..ooueerceccomonmmnroroo 125
Development of the World Fuily Cellular Containership Fleet ................ 132

Tanker Fleet Forecast 80,000 - 125,000 Dwi

Distribution of Cargoes to Vessel Size Ranges - Fiscal Years

95/86 10 98/99......o.ooii e 138
Scenario 1, Generic Growth in Panama Canal Trade Flows for

Dry BUIK Carfiers .......c.oovuviieeecccrosceooeoeooo 142
Commodity Trade Flows for Dry Bulk carriers, Expanded Canal............... 143
Commadity Trade Flows far Dry Bulk Carriers, Unrestricted Canal............ 144
Scenario 1, Generic Growth in Panama Canal Trade Flows for

Fult Containerships ... 145
Commodity Trade Fiows for Full Containerships, Expanded Canal..... . . 148
Commodity Trade Flows for Full Containerships, Unrestricted Canal......... 147
Scenario 1, Generic Growth in Panama Canal Trade Flows for Tankers ... 148
Commadity Trade Flows for Tankers, Expanded Canal........................ 148
Commaodity Trade Flows for Tankers, Unrestricted Canal ..................... 150
Scenario 1, Generic Growth in Panama Canal Trade Flows for

General Cargo Ships ........ovvvvvveceocicccnsieeseoseo 151
Scenario 1, Generic Growth in Panama Canal Trade Flows for

Refrigerated Cargo Carmiers............ccoccnieooii oo 152

Richardson Lawrie Associates

February 2001



Table 9.6.1  Scenario 1, Generic Growth in Panama Canal Trade Flows for

Container / Break Bulk carriers ..o 1583
Table 9.7.1  Scenario 1, Generic Growth in Panama Canal Trade Flows for

Roll-on / Roll-off Carriers ... L 154
Table 9.8.1  Scebario 1, Generic Growth in Panama Canal Trade Flows for

Vehicle and Vehicle/Dry Bulk Carriers ... 155

Table 9.91  Scenario 1, Generic Growth in Panama Canal Trade Flows for
Liquid Gas Carriers

................................................................................... 156
Table 9.10.1 Scenaria 1, Generic Growth in Panama Ganal Trade Flows for

ONEI VESSEIS .......ooivuieieeieiiit oo 157
Table 10.2.1  Panama Canal Cruise Ship Transits by Key Indicator ..o v 158
Table 10.2.2  US Cruise Passenger Demand, 1980-1989 ... .. 160
Table 10.2.2.1 Panama Canal Cruise Ships Full, Partical and Total Transits ... ... 161
Table 10.2.2,2Panama Canal Cruise Ship Transits by Vesse! Si2€ ..o 161
Table 10.3.1 Enhancing and Limiting FActors..........oocovvoooooooo 162
Table 10.5.2.1 Average CAGRS by Route - Full Transts ..o 169
Table 10.5.2.2 Average CAGRS by Route - Partial Transits ... 169
Table 10.8.1.1 Passenge Capacity by Passenger Ship ROUES .....cvovivverieeeciee e 171
Table 10.6.1.2Passenger Capacity by ACP ROUES........ ..o 172
Table 10.6.2.1 Nurmber of Transits by ROUE ......oveeeeons oo 173
Table 10.6.3.1 Dwt Transits by Route and Vessel Size .....ooeoooeoooooo 174
Table 10.6.4.1 PCUMS for Passenger Ship Transits by Route and Vessel Size........._. 1758
Table 11.1.1  Scenario 1, Generic Growth in Dwt Laden Transits

by Route and Ship TYPE ... 188
Table 11.1.2  Scenario 1, Generic Growth in the Number of Laden Transits

by Route and Ship TYPE ..o oo e oo 189
Table 11.1.3  Scenario 1, Generic Growth in PCUMS for Laden Transits

By Rotte and Ship TYPE .oviveeriieeeeee oo oo 180
Table 11.2.1 Scenario 1, Case 1, Existing Canal, Dwt Laden Transits

by Raute and Ship TYPE .vvviiiieeteeoeee oot 182
Table 11.2.28cenario 1, Case 1, Existing Canal, Number of Laden Transits

by Route and Ship TYPE ..ot 183
Table 11.2.3 Scenario 1, Case 1, Existing Canal, PCUMS Laden Transits

by Raute and Ship TYPE .o.vovii et 194
Table 11.3.1 Scenario 1, Case 2, Expanded Canal, Dwt Laden Transits

by Route and Ship TYPE ..o e 195
Table 11.3.2 Scenario 1, Case 2, Expanded canal, Number of Laden Transits

by Route and Ship TYPE .o ocov oo oot 196
Table 11.3.3 Scenario 1, Case 2, Expanded Canal PCUMS Laden Transits

by Route and Ship TYPE ..o 187
Table 11.4.1  Scenario 1, Case 3, Unrestricted Canal, Dwt Laden Transits

by Route and Ship TYPE ..o 198

Richardson Lawrie Asscciates

Fsbruary 2001 8
Contract No: SAA-43845



Privale and Confidentjal

Table 11.4.2

Table 11.4.3

Table 12.1.1

Table 12.1.2

Table 12.1.3

Table 12.2.1

Table 12.2.2

Table 12.2.3

Table 12.3.1

Table 12.3.2

Table 12.3.3

Table 12.4.1

Table 12.4.2

Table 12.4.3

Table 12.5.1
Table 13.1.1

Table 13.1.2

Table 13.2.1

Table 13.2.2

Table 13.3.1

Table 13.3.2

Table 13.4.1

Table 13.4.2

Scenario 1, Case 3, Unrestricted Canal, Number of Laden Transits

by Route and Ship TYPe ........vvveovervveieinencoereos 199
Scenario 1, Case 3, Unrestricted Canal, PCUMS Laden Transits

by Raute and ShID TYPE ..o 200
Scenario 1, Generic Growth in Dwt Ballast Transits

by Route and Ship TYPe ....u.coccvviveorceienieeooooo 203
Scenario 1, Generic Growth in the Number of Ballast Transits

by Route and Ship TYPe ............ocovvcvv oo 204
Scenario 1, Generic Growth in PCUMS for Rallast Transits

by Route and Ship TYPe .........oooovvvvuveurmoeeoneorosoioeoo 205
Scenario 1, Case 1, Existing Canal, Dwt Baliast Transits

by Roule and Ship TYP® .......ovveveeeecoreeesescecooeseooo 206
Scenario 1, Case 1, Existing Canal, Number of Ballast Transits

by Route and Ship TYPe ..o oo 207
Scenario 1, Case 1, Existing Canal, PCUMS Ballast Transits

by Route and Ship TYpe ......cccoo.ooveoiiomioocoeo 208
Scenario 1, Case 2, Expanded Canal, Dwt Baliast Transits

by Route and Ship TYpe ... 208
Scenario 1, Case 2, Expanded Canal, Number of Ballast Transits

By Route and Ship Type ... 210
Scenario 1, Case 2, Expanded Canal, PCUMS Ballast Transits

by Route and Ship TYPE .v.oooovceiseceees oo 211
Scenario 1, Case 3, Unrestricted Canal, Dwt Ballast Transits

by Reute and ShiD TYPe ..o 212
Scenario 1, Case 3, Unrestricted Canal, Number of Ballast Transits

by Route and Ship TYPe ..o 213
Scenario 1, Case 3, Unrestricted Canal, PCUMS Ballast Transits

by Route and Ship TYPE ..o 214
Number and PCUMS for Ballast Transits far Other Ship Types ......c.c....... 215
Scenario 1, Tolls Based on Generic Growth in Laden Transits

by Route and Ship Type ... 216
Scenario 1, Tolls Based on Generic Growth in Ballast Transits

by Route and Ship Type .......ocoovvveneeir e e ee e 217
Scenario 1, Case 1, Existing Canal, Tolls for Laden Transits

by Route and Ship TYPe ..o 218
Scenario 1, Case 1, Existing Canal, Tolls for Ballast Transits

By Route and Ship TYPE .......ooovvoiiiceecencoorcoocooe 219
Scenario 1, Case 2, Expanded Canal, Tolls for Laden Transits

by Route and Ship TYPE ..o 220
Scenario 1, Case 2, Expanded Canal, Tolls for Ballast Transits

by Route and Ship TYPe ... 221

Scenario 1, Case 3, Unrestricted canal, Tolls for Laden Transits
by Route and Ship TYPE ... 222

Scenario 1, Case 3, Unrestricted canal, Tolls for Ballast Transits

Richardson Lawrie Associales

Fehrame 20011



by Route and Ship TYPE ..o 223
Table 13.5.1 Tolls for Ballast Transits for Other Ship TYPES oovvee s 224
Table 14.1.1  Generic Growth in the Number of Vessel Transits by Beam, Scenario 1.... 226
Table 14.2.1  Number of Vessel Transits by Beam, Scenario 1, Case 1, Existing Canal . 233
Table 14.3.1 Number of Vessel Transits by Beam, Scenario 1, Case 2,

EXpanded Canal........oviiiiiee oo 234
Table 14.4.1 Number of Vessel Transits by Beam, Scenario 1, Case 3,

Unrestricted Canal. ..ot 236
Table 15.7.1.1 Scenario 2, Generic Growth in Panama Canal Cargo Flows

INEXISUNG TragBS oot et e 248
Table 15.7.1.2 Scenario 2, Generic Growth in Number of Laden Transits ...................... 248
Table 15.7.1.3 Scenario 2, Generic Growth in Number of Ballast Transits ... 2449
Table 15.7.1.4 Scenario 2, Generic Growth in PCUMS of Laden Transtts.................... . 250
Table 15.7.1.5Scenario 2, Generic Growth in PCUMS for Ballast Transits ... 251
Table 15.7.1.6 Scenario 2, Tolls Based on Generic Growth in Laden Transits

DY ROULE BN S Ty P oo 252
Table 15.7.1.7 Scenario 2, Tolls Based on Genetic Growth in Ballast Transits

by Route and Ship TYP® ..o, 253

Table 15.7.2.1 Scenario 2, Demand for Cargo Flows Through the Existing Canal

with Capacity CONSraints ........o.o.ovov oo 254
Table 15.7.2.2 Scenario 2, Case 1, Existing Canal, Number of Laden Transits ................. 256
Table 15.7.2.3 Scenario 2, Case 1, Existing Canal, Number of Ballast Transits .............. 2587
Table 15.7.2.4 Scenario 2, Case 1, Existing Canal, PCUMS for Laden Transits............... 258
Table 15.7.2.5 Scenario 2, Case 1, Existing Canal, PCUMS for Ballast Transits............... 259
Table 15.7.2.6 Scenario 2, Case 1, Existing Canal, Tolls for Laden Transits..................... 280
Table 15.7.2.7 Scenaric 2, Case 1, Existing Canal, Tolls for Baltast Transits .................... 261
Table 15.7.3.1 Scenario 2, Demand for Cargo Flows Through the Expanded Canal ........ 262
Table 15.7.3.2 Scenario 2, Case 2, Expanded Canal, Number of Laden Transits ............. 264
Table 15.7.3.3 Scenario 2, Case 2, Expanded Canal, Number of Ballast Transits............. 265
Table 15.7.3.4 Scenario 2, Case 2, Expanded Canal, PCUMS for Laden Transits ............ 266
Table 15.7.3.5 Scenario 2, Case 2, Expanded Canal, PCUMS for Ballast Transits ........... 267
Table 15.7.3.6 Scenario 2, Case 2, Expanded Canal, Tolis for Laden Transits ................. 268
Table 15.7.3.7 Scenario 2, Case 2, Expanded Canal, Tolls for Ballast Transits..............._ 269
Table 15.7.4.1 Scenario 2, Demand for Cargo Flows Through the Unrestricted Canal ... 270
Table 15.7.4.2 Scenaric 2, Case 3, Unrestricted Canal, Number of Laden Transits .......... 272
Table 15.7.4.3 Scenario 2, Casa 3, Unrestricted Canal, Number of Ballast Transits.......... 273
Table 15.7.4 4 Scenario 2, Case 3, Unrestricted Canal, PCUMS for Laden Transits......... 274
Table 15.7.4.5 Scenaric 2, Case 3, Unrestricted Canal, PCUMS for Ballast Transits ... 275
Table 15.7.4.6 Scenario 2, Case 3, Unrestricted Canal, Taolls for Laden Transits .............. 276

Richardson Lawrie Associates

February 2001 10
Contract No: SAA-43915



Private and Confidentjal

Table 15.7.4.7 Scenario 2, Case 3, Unrestricted Canal, Tolls for Ballast Transits

Richardson Lawrie Associates



Figures

Figure 1.8.1  Total Number of Transits ........oo.cooocormroooiooooo 26
Figure 1.8.2  Total Number of PCUMS ....o..oovvoorooooooo 27
Figure 1.8.3  Total NUMber of TONS ....c....oovcoveeooeoooooooeooo 27
Figure 5.3.1.1 US Grain Exports to Asia / OC8ANIA...........oov. oo 45
Figure 5.3.3.1 Southbound Minor Bulk Trades (Fertilisers, Phosphates} .........c.ceoeevin 50
Figure 5.3.3.2 Southbound Minar Bulk Trades {lron and Steel, Lumber Praducts,

Misc Materials, Pulowood, Scrap Metal) .........ooooeveooioroooo 50
Figure 5.3.3.3 Southbound Minor Bulk Trades (Alumina/Bauxite, Ores incl. Iron,

Other Metals, Paper) ......ovoceiiioeeeieeeeeseseoeeee oo 51
Figure 5.3.3.4 Northbeund Minor Bulk Trades (Alumina/Bauxite, Paper, Scrap Metal,

Fertilisers, PhOSpREtES) ...uiue oo 51
Figure 5.3.3.5 Northbound Minor Bulk Trades (Iren and Steel, Lumber Products,

Misc Materials, Ores, Other Metals, Pulpwood) ........c..coooovoemsoooe 52
Figure 5.3.3.6 US Iron and Steel ... 55
Figure 6.2.2.1 Changes in Key Relationships, 1994/85-1988/2000 ... a3
Figure 6.2.3.1 US Intermodal Landbridge Routes by Railroad Operator ..........ccoooevven 87
Figure 6.2.3.2 US Intermodal Traffic: 19801898 ......oovovoeoeoooeooeoeoooooo 88
Figure 6.2.3.3 Annual Rail Lift CAPACHY ..o oo 92

The information supplied in this study is believed to be correct and the Consultants have
used their best endeavours to provide realistic assessments. However, accuracy is not
guaranteed and Richardson Lawrie Associates, its employees and sub contractors cannot
accept liability for loss suffered in consequence of reliance on the information provided.

Provision of this study does not obviate the need to make further appropriate enquiries and
inspections.

Richardson Lawrie Associates
February 2001 12
Contract No: SAA-43915



THE DEVELOPMENT OF LONG TERM TRAFFIC DEMAND FORECASTS
FOR THE PANAMA CANAL

1 Executive Summary and Results

1.1 Introduction

This study provides a series of long term demand forecasts for the Panama Canal for the
period to 2050 both for the Canal with its existing size restrictions and capacily constraints
and for an expanded Canal. The study has two main purposes. Firsily, it is designed to
provide a view of future demand which is totally independent from work previously done hy
ACP. In this respect its aim Is to give a second opinion. 1 is also intended that this study
should be seen as a buitding block for subsequent studies that are planned as part of the
pracess for determining the feasibility of the proposed expansion of the Canal.

It is important that this study be placed in its proper context. The study terms of reference
call for projections of potential toll revenue based on the existing toll structure. It should be
recognised that this approach does not take into account potential future changes in toll
pricing policies whose objectives may not be limited solely to economic considerations. In
any event there will be some trades where the economics are such that higher tol} levels
could be sustained. Equally, there are some routes for which a marginal pricing policy would
enabte the Canal to capture more trade. In the absence of an integrated tolls pricing policy
and marketing strategy this estimates cannot be used when assessing future investments.

One further consideration is the capacity of the current Canal in terms of the permitted daily
maximum number of transits. On agreement with the Client, it has been assumed that this
figure remains at the current level of 42 transits a day and, implicitly, ACP would undertake
the necessary work to maintain transits at this level, incurring whatever costs were involved.
No capacity constraints were assumed in the Expanded Canal Case.

There are some important and fundamental differences bhetween the approaches to short
and long term forecasting, in particular when one considers that the fatter in this case covers
a 50 year time span. For example, in the short term, currency fluctuations and the
construction of new plant are significant factors in the determination of trade flows along with
other economic indicators. They have to be taken into account but they are not necessarily
the result of underlying structural changes. In sectors such as oil and chemicals it can be
observed that as demand increases in importing regions, so initiafly do imports of finished
chemicals and petroleum products. However a stage is eventually reached where the
construction of new chemical plant or refineries becomes justified which has the result of
causing a decline in the import of finished products. This changes the pattern and nature of
trade but it is part of a cyclical development which is likely to be repeated several times over
in the course of a 50 year time period. In other words short term fluctuations will continue

but this does not detract from the fact that an underlying long term trend may also be
apparent.

The study provides a base case forecast (Scenario 1) that reflects a continuation of
economic trends and developments already in place plus structural developments that have
taken place or are still seen to impact on specific trades. A risk analysis, {Scenario 2}, has
been developed which shows the potential impact of the introduction of glabal environmental
protection and energy conservation policies as represented by the introduction of higher
energy taxes. Scenario 2 also considers the potential impact of greater re-location of
manufacturing to low cost production areas and the potential migration of labour that results.

Within each of these scenarios, three cases have been developsd:
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+ Case 1 forecasts (Existing Canal} assume that the Canal remains at its existing
dimensions and that transits are limited to a maximum of 42 vessels per day. Since the
Canal is operating relatively close to capacity, it is clear that if trade were to continue to
grow at its present rate a point would be reached in the future where potential demand
for the Canal would exceed capacity. With the exception of cruise ships, for which
bookings are accepted up to a year in advance, it is assumed that any reduction from
potential demand to meet capacity constraints would be apportioned on the basis of the
future mixes of vessels taking into account expected changes in trades and ship
utilisation patterns. {n order to determine potential demand RLA has assessed the future
‘generic growth' in the demand for Panama Canal transits in existing trades. Estimates
of generic growth are based on the assumption that the Canal remains at its existing
dimensions and no account is taken of capacity constraints due to the limit in the nurnber
of vessels that can transit the Canal on any given day.

+ Case 2 is referred to as the Expanded Canal case and assumes that a third set of locks
is developed, permitting transits of vessels up to 180t beam, 50ft draft and 1,265ft LOA.
No capacity constraints in terms of the numbers of daily transits have been assumed.

e Case 3 is the Unrestricted Canal, which assumes no restrictions on either size or
numbers of ships.

In line with the study terms of reference, it is assumed that Canal tolls remain at current
levels in real terms. Estimates of Canal revenues have been fimited to tolls and exclude
additional fees.

The study commences with a review of historical trends in regional and global growth in
GDP and population. Forecasts to 2050 have been complied with reference to external

forevasts prepared by or adopted, for exampie, by the UN, OECD, the International Energy
Agency and the US Department of Energy.

These forscasts have been used to develop estimates of the generic growth in future trades.
This part of the study relates to commercial cargo vessels and excludes passenger ships
and other, non-specified, ship types which are both addressed in separate sections. Annual
time series from FY1973/4 through FY1998/9 wers compiled for each of the specifisd
commodity groups by route. Actual data for the full fiscal year 1999/00 were not available in
time to incorporate them in the study.

Forecasts have been developed with reference to regional economic/industry indicators and
structural changes that have taken place in individual sectors. In other words forecasts have
been developed through a combination of macro-economic forecasting and specific industry
changes — often with reference to some major organisations involved in these sectors.
Nevertheless in some cases the erratic nature of the data series has left littie alternative but
to adopt trend analysis techniques. However this last approach applies generally to the less
important commeodity groups. In order to relate trends in trade as closely as possible to
economic indicators, data have been analysed on the basis of individual routes, routes

grouped by a commeon destination, total north/southbound or groups of similar commodities
as appropriate.

Forecasts for Case 1, the Existing Canal, have been made by first estimating the tota
numbers of transits that would result from the generic growth in demand for the Canal
transits (see below for an outline of the methodology).  For those years in which generic
demand would exceed the current capacity of the Canal, and having determined the generic
growth in the overall number of laden and ballast transits for aj| ship types, estimates of
future passenger ship transits have been left unchanged on the assumption that these would
Richardson Lawrie Associates
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continue to have priority. In the absence from the terms of reference of a toll pricing strategy
or clear trade preferences to determine the allocation of transits when demand exceeds
capacity, laden and ballast transits for all other ship types have been reduced pro-rata with
the overall cut in the number of transits required to meet the capacity constraint of the Canal.

Under Cases 2 and the 3, the Expanded and Unrestricted Canals, a raview of potential 'by
pass’ trades has been undertaken. By pass trades are defined as those commadities that
are shipped on routes which represent alternatives to the Panama Canal and which utilise
vessels Jarger than can be accommodated by the present dimensions. They also represent
trades where the economic advantages of using larger vessels - or other service factors -
outweigh utilisation of the Panama Canal on what is a shorter route. By pass trades
therefore relate to just three vessel types — that is, full container ships, dry bulk carriers and
tankers. There are post Panamax cruise ships in existence but there are no by-pass routes,
although a larger Canal would permit more positioning voyages. For all of the remaining ship
types, vessel sizes are within the current Canal dimensions and are expected to remain so.

By pass trades have been identified for full container ships — principally the US landbridge ~
dry bulk carriers (iron ore and coal) and tankers (Orimuision). For each relevant trade a
detailed analysis has been undertaken to determine the size of the trade, likely future
growth, the economics of these alternative routes versus those for an expanded or
unrestricted Canal and other factors likely to persuade shippers to adopt one or other route.
The potential impact of an enlarged Canal is analysed fram 2010 onwards.

In order to translate cargo forecasts into projections of vessel transits and tolf revenue RLA
has developed a model, using Microsoft Access, which has in it the following major steps:

¢ The allocation of commedities by route into ship types;

« The consclidation of commodities by route and ship type into total trade by route and
ship type;

» The allocation of trade by route and ship type into dwt size ranges;

* The conversion of trade in terms of cargo tons to laden transits in terms of deadweight
by route, ship type and size;

+ The translation of laden transits in dwt terms into numbers of ships and also PCUMS:

« The calculation of laden toll revenue from projections of PCUMS;

* The projection of ballast transits for commercial vessels in dwt terms by route, ship type
and size, based on relationships to laden transits;

s The translation of ballast transits for commercial cargo vessels in dwt terms into numbers
of ships and also PCUMS,;

» The calculation of ballast toll revenue from commercial cargo ships from projections of
RPCUMS;

* The development of {ransit forecasts by size range and beam.

Projections of ballast transits for other, non-specific vessel types have been handled outside
of the model since a large proportion of these on the ACP database have no deadweights
and trends in transits — as might be expected - bear no relation to laden transits. Forecasts
of these transits have therefore been based on an analysis of historical trends.

Ferecasts of passenger ship transits have also been made outside of the main model. These
have been based on;

« an analysis of full and partial transits — at a route leve! more detailed than specified in the
terms of reference in order to capture the major cruise line itineraries;

¢ an extensive series of interviews with companies, agents and the Pier 6 cruise terminal
at Colon;
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* the identification of expected trends in the cruise sector; and

+ developments in Panama which are likely to influence Canal transits relative to general
sector trends.

The following sections summarise the assumptions and the results for Scenario 1. The final
part, Section 1.8 describes the conclusions from Scenario 2,

1.2 Economic Qutiook

Key economic assumptions with respect to GDP growth rates ang population trends are
shown in Table 1.2.1.

Table 1.2.1
Main Economic Indicators

Period 2000- 2005- 2010- 2015- 2020- 2020- 2040~

2005 2010 2015 2020 2030 2040 2050

Per Cent Par Annum Rate of Change

GDP
usa 3.2 21 1.9 1.8 15 1.8 15
Carada 3 28 1.7 1.7 15 1.5 1.5
Latin America 4.5 4.6 4.2 4.2 3.8 3.3 38
Europe incl FSU 3.0 2.6 258 2.5 23 2.3 2.3
Asiz excl Middle East 39 37 3.4 3.4 29 2.9 2.9
Middia Eas: 37 36 37 37 30 3.0 3.0
Africa 4.3 4,2 39 3.8 33 33 33
Oceania a2 22 2.0 20 2.0 20 2.0
World 3.4 2.9 2.8 2.8 2.4 2.5 2.5
Popuiation
GoRP
usa 0.9 08 0.9 0.8 0.3 0.3 0.3
Canada 1.2 0.6 06 1.1 04 0.4 0.4
Latin America 1.5 1.3 1.2 1.1 0.7 0.7 0.7
Europe incl FSU 0.2 0. 0.1 0.0 -0.2 0.2 0.2
Asia excl Middle East .1 1.1 1.0 .9 0.4 0.4 0.4
Middle East 2.2 2 2.1 18 1.1 1.1 1.1
Africa 2.3 2.1 21 1.9 13 1.3 1.3
Oceania 0.9 0.8 0.8 07 0.7 07 0.7
World 1.2 1.1 1.1 1.0 0.5 0.6 0.6

World GDP growth rates are assumed to decline steadily over the period from 2000 to 2020
— from around 3.4% per annum to 2.8% per annum — before flattening out at around 2.5%
annually over the remainder of the forecast period. Generally economic growth in the
developed world is expected to show a more marked slowdown than that in the developing
countries. For the USA and Canada, average annual GDP growth rates over the next five
years of around 3.2% are projected 1o ease to levels of around 1.5% per annum between
2020 and 2050. Figures for Latin America for the same periods are estimated at 4.5% ang
3.8% per annum respectively and for Asia — exciuding the Middle East - 3.9% and 2.9%.
Economic growth rates for Europe, including the former Soviet Union (FSU} are projected at
3.0% per annum over the next five years, declining to 2.3% annually from 2020.

The rate of increase in the world's population is expected o roughly halve between now and
the period from 2020, that is from 1.2% to 0.6%. The most marked slowdown will be in the
developed economies within which the growth for the USA and Canada will fall from around
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1.0% per annum to 0.3% per annum from 2020. For Europe as a whole, the population is
expected to grow only marginally between 2000 and 2015 and after a period of stagnation is
projected to begin to decline slightly from 2020. Population growth in Latin America,
currently around 1.5% per annum is estimated to ease to around 0.7% from 2020, while that
in Asia is projected to decline from 1.1% now to 0.4% per annum in the long term.

1.3 Generic Growth

Estimates of generic growth in future cargo flows for existing trades were made assuming no
capacity constraints. The results are summarised in Table 1.3.1. Total cargo flows are
projected to increase from 208 million tons in 2001 to 306 million tons by 2020 and to 431
million tons in 2050. In terms of average annual growth rates, this represents a gradual

slowdown from 3.0% in the period from 2001 to 2005, to about 1.5% between 2010 and
2020 and around 1% from 2030.

Growth in passenger ship capacity is expected to slow — in line with international trends —
from an estimated annual average of2.6% in the period from 2001 to 2020 to around 1%
from 2020. This would still mean a near doubling of passenger ship capacity from 358,000
pax in 2001 to 621,000 pax in 2020, with a further increase to 824,000 pax by 2050,

Projections of total transits in terms of vessel dwt and PCUMS increase at similar growth
rates to those for cargo flows, the latter increasing from 236 million net tons in 2001 to 344
million net tons in 2020 and 467 million tons in 2050. However, because of the underlying
rising trend in the average vessel size transiting the Canal, growth in the numbers of transits
are estimated to rise more slowly, from 15,354 in 2001 (equivalent to 42 ships per day) to
27,127 in 2050 (74 ships per day). In other words, demand for Canal transits is expected to
exceed the daily limit of 42 vessels. The toll revenue that would accrue from these levels of

transits would be $592 million in 2001, rising to $863 million in 2020 and $1,174 million in
2050.

1.4  The Existing Cana!l

If it i1s assumed that the maximum capacity of the Panama Canal is 42 vessels per day,
covering all ship types, the opportunity for increasing future revenue in the absence of any
toll increases becomes severely constrained. Cargo flows are estimated to reach just 223
million tons by 2020 — an increase of 14 million tons from 2001 = and 238 million tons by
2050 (Table 1.4.1).

Therefore, without even considering the amount of additional cargo that might be attracted
by an enlarged Canal, in 2020 about 83 million tons of potential cargo on existing Canal
routes - as defined by expected generic growth - wouid be diverted away from the Canal
due to capacity constraints. In 2050, this figure would rise to 193 million tonnes.

As a resuit, growth In transits in terms of Dwt and PCUMS is projected at 0.5% per annum in
the period through 2005, declining gradually to 0.2% per annum from 2020. Overall numbers
of transits are estimated to rise to 15,340 in 2001 and remain broadiy unchanged over the
remainder of the period to 2005, although assuming passenger ships continue to receive
priority, transits of these vessels would continue to increase at the expense of other ship
types. With average vesse! size ranges expected to continue increasing toll revenue would
rise modestly from $592 million in 2001 to $839 million in 2020 and $673 million in 2050,
These figures represent ‘lost’ revenue of $224 million and $500 million respectively
compared with tells based on the generic growth in the Canal transits.
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Table 1,3.1
Scenario 1, Generic Growth in Existing Canal Trades
2001 2005 2010 2015 2020 2030 2040 2050
Trade 000's Tons
Northbound 84,474 32,181 102 593 108,300 114,422 126,658 138,687 150,074
Scuthbound 123,883 142.403 160,845 175,600 191,820 221,316 250,714 280,745
Total 208,357 224,584 263,544 284,901 306,243 347,974 385,401 430,819
Dwt Laden Transits 000 Dwt
Narthbound 138,115 148,380 166,508 176,231 186,666 206,244 225,066 242,632
Southbound 1¥4,168 204,783 232,398 254.516 375,955 37.482 358,306 349,819
Total 313,282 353,173 Jop 806 230,747 462,620 523,756 583,373 £42,452
Dwt Ballast Transits ‘000 Dwt
Northbound 31,828 38,367 41,007 45.054 48 908 56,057 83,208 70,418
Southbound 19,841 12,279 13,186 13,373 13,552 13,973 14 335 14,563
Total 43,669 48,645 54,203 58,427 62,459 70,030 77,563 84,981
Total Dwt Transits 000 Dwl
Northbound 167,943 185,756 207 515 221,285 235,573 262,321 268,274 213,050
Southbound 185,069 217,061 245,094 267 5889 288 507 331,465 372 682 414,382
Total 356,951 402 H18 453,109 489,173 525,080 583,786 E60,936 727,432
Mo. of Luden Transits
Morthbound 3,600 €021 6,542 8,845 7.188 7.746 4,279 8,767
Southbeound 6,092 7.047 793¢ 8,704 9,339 10,748 12,042 13,352
Total 11,692 13,068 14,532 15,948 16,538 18,481 20,321 2211%
MNeo. of Ballast Transits
MNorthbound 1776 1,824 2,077 2,203 2324 2,958 2,782 3,005
Swuthbound 1,886 1.923 1,569 1,988 2,005 2,024 2,017 2,003
Total 3662 3,848 4,046 4,192 4,329 4,580 4,798 3,008
Total No. of Transits
Northbound 7,376 7,945 B.620 9,048 89,613 10,302 11,080 11,772
Southbound 7.978 3,970 5,553 10,683 11,404 12,769 14,059 13,354
Total 15,34 16,916 18,578 18,741 20917 23.0M 25,119 27127
PCUMS for Laden Transits 000's Tans
Morthbound 44 910 103,971 114,908 121,398 128,380 149,913 152,821 163,579
Southbound 113,383 131,458 149,086 162,691 175,818 261,467 226,604 252,330
Tetal 208,263 235,457 264,052 284,089 305,199 342,281 378,424 416,309
PCUMS for Batlast Transits 000's Tons
Nurlhbound 18,058 20514 23,034 28,207 27.2%0 31,152 35,004 38,870
Southbound 9,961 10,292 10.827 10,595 11,168 11,513 11,767 11,859
Tatal 28,021 30,806 33,861 36,202 32,459 42,665 45,801 50,829
Tatal PCUMS for Transits 000's Tons
Morthbound 112,969 124 488 137,991 146 6504 156 671 173,065 187,825 202,849
Southbaund 123,315 141,788 150,523 173,686 185 968 212,930 238,401 264,280
Total 236,284 266,273 297,914 320,291 343,658 385,045 426,225 467,138
Tolis for Laden Transits 000's USE
Northbound 2434918 267,207 295,438 311,892 332,607 352,147 352,749 421 425
Suulhbound 281,318 337,544 38376 418,117 451,854 51T 582,372 G48 48y
Talal 535,236 605,151 678,615 730,109 784,361 879,518 87512 1,069,813
Tolls for Ballast Trans(ts 000's US$
Northbound 36,841 41,849 46,920 51,422 58 672 £83.550 71408 79,295
Southbound 20,321 20,995 22.087 22,430 22,785 23,485 24 085 24,396
Total 37162 62,845 69,077 73,85 78,457 B7,036 85,474 103,681
Total Tolls for Transits 000's Uss
Narthbound 280,759 309,056 342,428 363,414 388,179 425697 454,157 500,720
Southbound 311,639 3158939 405,264 440,546 474,639 541,257 6508428 672,884
Tatal 592,398 BET 995 747,692 203,960 B&2.618 968,854 1,070,585 1,173,604
Annual Average Growth Rates 2001-2005 2005-2010  201D-2045  2015.-2020 2020-2030 2030-2040 20493-2050
Cargo 3.0% 2.4% 1.6% 1.5% 1.3% 1.1% 1.0%
Dravt 3% 2.4% 1.5% 1.4% 1.2% 1.1% 1.0%
Mo, of Vessels 2.5% 1.9% 1.2% 1.2% 1.0% 0.9% 0.8%
RPOUMS 3.0% 2.3% 1.5% 1.4% 1.1% 1.0% 0.9%
Tolls J.0% 2.3% 1.5% 1.4% 1.1% 1.0% 0.9%
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Table 1.4.1

Scenario 1, Case 1, Existing Canal

2004 2005 2010 2014 2020 2030 2040 2050
Trade 000's Tens
Neorthbound 84,392 83,407 84,341 83544 83,158 83,003 83131 82.913
Southbound 123.764 128,848 132,304 13821 138,408 145,038 150,281 155,106
Total 208,156 212255 216,645 218,778 222,567 228,039 233,412 236,019
Dwi Laden Transits ‘000 Dwt
Nerthbound 135,985 135228 136,998 136,114 138,840 135,479 135,308 134,581
Southbound 176,288 185427 191,330 196,735 201,060 208,778 215,708 222,067
Total 312,983 320,658 328,328 332,849 137,000 344,259 351,016 356,618
Dwt Ballxst Transits ‘000 Dwt
Northbound 31,797 32,905 3370 34,755 35,544 38,736 37,888 38,904
Sourthbound 11,830 11,110 10,848 10,316 9,849 8157 8,605 8,018
Tatal 431,827 44,015 44,557 45,071 45,393 45 853 46,492 46,930
Tota! Dwt Transits ‘000 Crt
Nerthbound 167,782 168133 170,708 170,883 171484 172,215 173,196 173,455
Southbound 188,828 198 537 202,177 207,051 210,909 217,936 224,312 2ap,112
Total 356,610 364,670 372,888 arre20 382,391 390,151 397,508 403 568
No. of Laden Transits
Northbound 5,585 5,459 5,401 5313 5,276 5135 5,040 4,641
Southbound 6.086 8,359 6616 6,781 6916 7162 7,375 T.E73
Total 11,681 11,858 12,017 12,084 12,191 12,297 12,414 12,514
Ne. of Ballast Transits
Northbound 1,774 1,744 1,708 1,699 1,689 1,675 1,667 1,660
Southbound 1,885 1,740 1819 1,535 1,457 1,326 1,209 1,108
Totat 3,659 3,482 3328 1,234 3,148 3,002 2,876 2,767
Totat No. of Transits
Northbound 7,369 T.200 7,109 7.012 §,965 6,810 8,707 B&01
Southbhound 7871 8,138 8.234 B 318 8.373 8,488 B 583 8,680
Total 15,340 15,340 15,242 15,328 15,338 15,299 14,2580 15,281
PCUMS for Laden Transits 000's Tons
Nerthbound 94821 94 407 85,195 84815 85,630 94 110 93,901t 23477
Southbound 113,251 116,775 124,232 127 820 130,713 136,187 141,280 148,226
Total 208,072 214,181 219 426 222,434 226,343 230,297 235,152 229,704
PCUMS for Ballast Transits poo's Tans
Morthbound 18,042 18,662 18,935 19,445 10,834 20,415 20,982 29475
Southbound ==L 8,312 8,900 8482 8117 7 545 7.071 6,607
Total 27,994 27,874 27,838 27,926 27,8951 27,960 28,053 28,082
Tatal FCUMS for Transits 000's Tons
Narthbound 112,863 112,958 114,130 114,059 115,484 114,525 114,883 114,952
Southbound 123.203 120,087 133,132 136,31 138,831 143,732 148,322 152,823
Tatal 236,066 242,055 247,262 250,360 254,294 258,257 263,205 267,786
Tells for Laden Transits 000's US$
Northbound 243,691 242 825 244850 243,159 2453770 241,863 241,327 240,236
Southtound 281.055 307,820 319,278 328,496 235,933 350,000 263,013 375,802
Total 534,746 550,445 563,028 571,656 581,703 5¢1,883 604,340 616,038
Toils for Ballast Transits 000's USE
Northbound 36,806 37,888 13628 39,667 40,481 41,647 42 803 43,809
Southbound 20,3M 1B 997 18,157 17,302 18,559 15,391 14,425 13,478
Total 57107 58,863 56,785 56,970 57,020 57.038 57,229 57,.2B7
Total Tolls for Transits ogd's UsE
Northbound 280,498 280,491 283,278 282 B26 286,230 283,500 284130 284045
Southbound 311,357 326,817 337432 345788 352,482 365,31 377,432 389,280
Total 591,853 607,308 620,711 628 625 638,722 648,901 661,568 873,225
Annual Average Growth Rates 2001-2008  2005-2010  2010-2045  2015-2020  2020-2030 2030-2040  2040-2050
Cargo 1.1% 0.4% 0.2% 0.3% 0.2% 0.2% 0.2%
Dwt 1.3% 0.4% 0.3% 0.2% 0.2% 0.2% 0.2%
Ne. of Vessels 0.6% 0.0% 0.0% 0.0 0.0% 0.0% 0.0%
PCUME 14% 0.4% 0.2% 0.38% 0.2% 0.2% 0.2%
Talls 1.4% 0.4% 0.3% 0.3% 0.2% G.2% 0.7%
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1.5 By Pass Trades
1.9.1 Dry Bulk Trades
The foliowing by pass trades have been identified:

Coal from the US East Coast to Asia;

Coal from Colombia to Asia;

Coal from the West Coast of Canada to Eurape;
Iron core from Venezuela to Asia; and

lron ore from the East Coast of Canada to Asia,

- - L ] L] -

For all of these trades, the Panama Canal offers the shortest route but the ability to utilise
larger vessels on alternative routes provides sufficient economies of scale to keep trade
away from the Canal. For the Expanded Canal, total coal shipments captured from by pass
trades would be equivalent to 6.4 miilion tons in 2020 and 11.3 million tons in 2050, This is in
addition to the extra trade through the Canal that results from removing the capacity
restrictions under Case 1. In the case of the Unrestricted Canal, the by pass trade captured
would be 6.8 million tons and 11.8 million tons respectively. Iron ore cargoes attracted from
by pass routes would be equivalent to 1.1 million tons in the Expanded Case and 4.5 miliion
tons and 5.8 million tons in 2020 and 2050 respectively in the Unrestricted Case.

Other potential by pass trades were evaluated:

= Crains from the USA to Asia where, in theory at least, shipments via the US Pacific
Northwest Coast (PNW) compete with those from the US Gulf;

Iron ore from northern Brazil to Asia;

Iron ore frem Chile to Europe;

Coal from the West Coast of Canada to Brazil;

Soybeans from Brazii to Asia.

L] - - -

In the case of US grains there is little scops for switching cargoes from the US PNW to the
US Gulf. Vessels sizes utilised out of the PNW are similar in size to those loaded from the
US Gulf, shipments already tend to be moved via the nearest port and certain types of grain
are only shipped from one or other location.

For the remaining four trades, the savings in mileages derived from utilisation of the Canal
versus non-Canal routes are not sufficiently great to offset the impact of Canal tolls on
overall freight costs.

Within the global fieet, the proportions occupied by each size range will generally shift
toward the larger sizes. The average dwt of the larger vessels are also expected to increase
while the commissioning of an Expanded or Unrestricted Canal would also impact an the
average dwls and utilisation of those vessels at the high end of the ranges currently
considered as Panamax.

1.5.2 Containerised Cargoes

The Asia/East Coast (EC} USA route is by far the most important Panama Canal container
route, and by far the most important competition to the Canal on this route comes from West
Coast (WC) USA ports and the intermodal rail tandbridge. The landbridge has a larger share
of ECUSA container cargoe than the Canal, and dominates mid-west traffic,
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A few minor routes also use the landbridge, though to a much lesser extent, and also may
be affected by enfargement of the Canal.

The Canal alsa faces competition from the Suez routing for Asia/ECUSA cargoes. Other
types of route competition have been proposed but none are plausible. Currently 5% of US
bound traffic from Asia uses the Suez routing, but this could increase as the point of origin of
cargo shifts from Japan and Korea to India and China. The New York and New Jersey Porl
Authorities aim to double the route's share of US bound traffic by 2010.

The US raif system is struggling to keep up with Asian volumes. There are growing issues of
capacity at both the terminal railheads and on the network itself. There is an acknowledged
need to extend the double stack network to accommodate the forecast growth in intermodal
traffic, and there are plans to expand capacity. Immediately, however, shipping lines
interviewed are responding either by using the Canal with Panamax vessels or deveioping
the Suez routing for current trades. However, they would prefer to use larger vessels through

the Canal if it were expanded, and this would generally dissuade them from expanding their
use of the Suez routing.

Clearly, under Case 1, the Canal would lose share versus the fandbridge due to capacity
constraints but even just assuming generic growth in the Canal transits - and despite
improvement of the intermodal option - we expect the Canal to gain share against the
landbridge. The ability to use the same large vessels through the Canal on routes in one way
or another associated with use of the landbridge - either east or westbound - accounts for
further expected increases in containerised cargoes under the Expanded Canal.

Containership size is also a critical issue for ACP because it needs to be sure that the
expanded Canal will not become obsolete shorily after it is built as a result of increases in
vessel size beyond the 'new Panamax’ size. We have examined a variety of future

containership designs and deployment strategies, as well as considering present
newbuilding activity.

We believe that the maximum vessel size will mave to around 10,000 TEU in the short to
medium term but that within 10-20 years the next step, to ships of up to 12,000 TEU will be
taken as technical problems are solved. These will be used on Europe/Far East and the
transpacific routes, with the other significant change being that more shuttle services will
come into service in preference to transhipment hubs.

This maximum will be determined by absolute physical constraints at ports which cannot
economically be overcome, for instance by building superhubs, by potential handling and
vessel safety problems, by the need to use twin screws, and by shipping lines’ reluctance to
become totally depandent on single ports within pert ranges.

As a consequence, for containerised cargoes, the by pass traffic that would be attracted
through an Unrestricted Canal would be the same as that for the Expanded Canal case.
Expansion of the Canal is projected to add a further 17.0 million tons of containerised

cargoes in 2020 as compared with the generic growth in the Canal transits. In 2050 this
would rise to 21 millicn tons. .

1.5.3 Oil Trades

The patterns of oll flows into and out of the W.Hemisphere are such that enlargement of the
Canal is unlikely to result in a significant change in the amounts of conventional crude oil
and petroleum products being shipped through the Canal compared with the forecasts
generic growth in the Canal transits. Shipments from the two potential sources of rising
crude oil exports from the region - Mexico and Venezuela - are expected either to be
Richardson Lawrie Associates

February 2001 21
Contract No: SAA-43015



Private and Configential

concentrated on routes which do not represent by pass trades or will continue to move to
short haul destinations in the Americas via the Canal In Panamax vessels, In the latter
cases, an enlarged Canal would simply permit the transit of slightly larger tankers without
necessarily increasing the volumes of trade versus the generic growth in trade via the Canal.
For these trades therefore expansion of the Canal waould simply permit the passage of
additional cargoes that might otherwise be excludad due to capacity constraints in the

existing Canal. In other words an Expanded Canal would accommodate all of the generic
trade growth,

The one potential growth area is Qrimulsion from Venezuela. Currently some 1.5 million
tons of Orimuision are exported to Asia and although some quantities are currently still
shipped in Panamax vessels via the Canal an increasing propartion of shipments are made
in VLCCs of 280,000 dwt and above. It is estimated that future exports to Asia could reach
up to around 15/16 million tons by 2020 but it is likely that these will be moved in either
Suezmax (up to around 165,000 dwt) tankers or VLCCs. In any event, if the Canal remains
at its existing dimensions it will not capture any of this additional business and will tose most
if not all of its current Orimulsion trade in Panamax tankers,
Some of the additional quantities of Orimulsion are expected to be moved to countries
located in S E Asia, for which the Panama Canal would still not represent the most economic
route, even It it were enlarged. With an unrestricted Canal it is estimated that almost 12.5
million tonnes of Orimuision could be diverted via the Canal in 2020 as compared with the
generic growth in the trade via the Canal. However, since most of this would be likely to be
moved in VLCCs, expansion of the Canal to accommodate a small Suezmax tanker of
around 140,000 dwt — as in the Expanded Canal Case - would only attract an additional 1.9
rmiliton tons from 2019,

1.6 The Expanded Canal

Assuming the Canal was expanded from 2010, total trade in that year is estimated at 260
million tons and is projected to rise to 333 million tons in 2020 and 466 million tons in 2050
{Table 1.6.1). This represents increases of 110 million tons and 228 million tons in 2020 and
2050 respectively versus the Existing Canal after taking into account capacity constraints.

Total numbers of transits would reach 21,141 in 2020 and 27,268 in 2050 with total PCUMS
in each of these years amounting to 373 million net ions and 508 million et tons. Tall
revenue would reach $836 million in 2020 and $1,272 million in 2050,

1.7 The Unrestricted Canal

An Unrestricted Canal would be expected fo attract |ittle more cargo than the expanded
Canal, about 4% mare in 2020 and an additional 3% in 2050 (see Table 1.7.1). The total
numbers of transits would reach 21,194 in 2020 and 27,322 in 2050, that is, not significantly
greater than the Expanded Case since it is assumed that in the bulk shipping sectars an
Unrestricted Canal would result in even larger vessels being used to transit the Canal and
better capacity utilisation,

Total fransits in terms of PCUMS are projected to be 378 million net tons in 2020 and 512

milliot net tons in 2050, resulting in total tol! revenues of $951 million and $1,287 million
respectively.
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Table 1.6.1

Scenario 1, Case 2, Expanded Canal

Trade
Northbound
Scuthbound
Total

Dwt Laden Transits
Northbound
Scuthbound

Tuotal

Dwt Ballast Transits
Nerthbound
Southbound

Total

Total Dwt Translts
Northbound
Southbound

Tatal

No. of Laden Transits
Northbound
Southbound

Tetal

No. of Baflast Transits
Narthbound
Southbound

Tatat

Taotal Ne. of Translts
MNorthbound
Southbound

Total

PCUMS for Laden Transits
Morthbound

Southbound

Total

PCUMS for Ballast Transits
Northbound

Southbaund

Total

Total PCUMS far Transits
Narthbound

Southbound

Total

Tolls for Laden Yransits
Narthbound
Scuthbound

Total

Tolls for Ballast Transits
Naorthbound
Southbound

Tetal

Tatal Tolls for Transits
Merthbound
Seuthbaund

Total

Annuat Average Growih Rates

Carga

Bwl

Mo. of Vessels
PCUMSE

Teolls

2010

112,025
177 518
289,540

181,420
256,971
438,381

42,630
12,318
55,949

224,050
270,283
494,340

6532
8,142
14,774

2105
1,874
4,078

8,737
10,116
10,852

125,108
164,872
289,978

23,758
10,970
34,726

148,862
175.842
324,704

321,522
423,721
745,244

48,482
22,379
70,844

366,885
445,099
016,085

2005-
2010
4.3%
429,
2.2%
4.0%
4 5%

2045

118,219
124,072
312,291

192,075
280.178
472,251

47 635
13,499
61,134

238,710
281 674
533,284

§,530
8,840
15,770

2,247
1,894
4,234

9,170
10,834
20,004

132,225
179,188
414,392

26,358
11,133
7,490

168,582
190,201
348,883

339,817
480,462
800,279

53,769
22,711
76,480

393 588
483,172
876,759

2010-

2015
1.5%
1.5%
1.2%
1.4%
1.4%

2020

124768
207.776
332,543

203,319
288,824
503,143

52,167
13,679
65,848

255,485
313,503
568,988

7.268
9,406
16,764

2,367
2.010
4,377

9,835
11,508
21,141

140,799
191,742
332,511

28,748
11,300
40,048

189,547
203,013
372,559

361,853
492 700
854,553

58,546
23,053
B1,6499

420,498
515,753
936,252

2015-

2020
1.3%
+.3%
11%
1.3%
1.3%

2030

137,524
238,225
377,148

224 575
43,731
568,306

61637
14,108
75,742

285211
357 837
644,048

7.814
10,810
18,824

2619
2,025
4,648

10,433
12,839
23,272

153,51
218,807
372,208

33,647
11,638
45,285

187,149
230,445
417,584

394,488
562,334
956,832

£3.641
23,742
92,382

463,118
bEBE.OVS
1,048,214

2020-

2030
1.3%
1.2%
1.0%
1.1%
1.1%

2040

150,623
270,792
421,315

244 438
387,049
631,488

71.278
14,485
B5,783

315,717
401 534
717,251

8.332
12.0M71
20,403

2,865
2,022
4,887

11,198
14,093
25,2581

166,185
245,332
411,517

38613
11.915
50,527

204,798
957 247
462,044

427,085
630,503
1,057,598

78.770
24,308
103,076

505,865
554,809
1,160,674

2030-

2040
1.1%
1.1%
0.E%
1.0%
1.0%

2050

000's Tons
182,192
303 561
465,794

‘000 Dwt
262 630
431,771
644,351

000 Dwt
81.215
14,678
55,892

‘000 Dwt
343,844
448,385
780,244

8,403
13,348
22,149

31
2,008
5,119

11,918
15,353
27,268

0o¢'s Tans
177,863
272,701
450 564

000's Tens
43,607
32,083
55780

000's Tons
221,560
PR TE4
506,324

000's USS
457,108
700,842

1,157,950

000's USS
85,141
24,809

113,750

0oo's USS
546 240
725,451

1,271,700

2040
2450
1.0%
1 .oafn
0.8%
3.9%
0.9%
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1.8 A Comparison of Cases

Comparisons of the projections of total numbers of vessel transits, PCUMS and toll revenues
for each of the above four cases unger the base case Scenario 1 is shown in Table 1.8.1
and Figures 1.8.1 to 1.8.3. The figures represent estimates of Canal transits and revenue

that could be expected if an enlarged Canal — Expanded or Unrestricted — were to be fully
operational from 2010,

Comparing projections for the Expanded Case versus the Existing Canal with current
capacity constraints, the total number of transits would be greater by 3,509 (23% in 2010),
5,804 (38%) in 2020 and 11,987 {(78%) in 2050. Because of the larger vessal sizes
transiting the Canal in the Expanded Case, which overwhelms the impact of improved cargo:
dwl ratios for certain ship types and sizes, transits in terms of PCUMS would be up by 31%
in 2010, 47% in 2020 and 89% in 2050. Similar percentage increases would be expected in

toll revenues resulting in increases of $1985 million in 2010, $298 million in 2020 and $598
million in 2050.

The development of an Unrestricted Canal would not be expected to attract significant
additional business. In 2020 transits in terms of number of vessels and PCUMS net tonnage
would increase versus the Expanded Case by just 0.3% and 1.6% respectively. Tall revenue
would rise by $14.9 million. In 2050, numbers of transits and PCUMS net tennage would
show an increase of 0.2% and 1.2% respectively, while toll revenue would increase by $15.9
millian.

1.9 Risk Analysis

The risk analyses undertaken consider the potential for both upward and downward
revisions from the base case forecasts. As a major sensitivity to the base case a second
scenario has been developed which takes into account & number of potential global
structural changes that may take place and assesses their potential impact on trade, both
internationally and through the Panama Canal,

A global equilibrium model of the world has been employed to study the main effects on
international trade of the following structural changes:

+ Generally reduced non-tariff barriers to world trade, implemented as a 30% generai
reduction in non-tariff barriers after 2010, and reduced barriers to trade in agricultural
products to 40% of current levels from 2020. Within the next twenty years it is
estimated that there a 70% chance of a general reduction in non tariff barriers in
manufactures and a 40 to 45% of substantial cuts in non tariff barriers in agriculture,
in 50 years these percentages rise to 80%.

* High glabal taxes on the use of fossil fuels, implemented as a 50% tax on oit and coal
and a 20% tax on other fuels and a 20% increase in the efficiency of energy use in all
types of economic activity. The chances of such developments having an impact over
the next 10 to 15 years is put at 40%, rising to 80% twenty to thirty years out.

* High productivity growth in parts of the world due to efficient use of information and
communications technology, implemented as a 2% increase in productivity in the
USA from 2005, 1.5% in Eurcpe from 2010, in Japan from 2015 and a 1% increase in

Asia from 2030. It is estimated that there is g 60 to 70% chance that this will have a
lasting impact.
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Table 1.7.1

Scenarlo 1, Case 3, Unrestricted Canal

Trade
Narthbound
Southbound
Total

Dwil Laden Transits
Northbound
Southbound

Totat

Dwt Ballast Translits
Northbound
Southbound

Total

Total Dwt Transits
Northkound
Southbound

Tota)

No. of Laden Transits
MNorthbound
Southbound

Totai

No. of Ballast Transits
Naorthkound
Southbound

Tatal

Total No. of Transits
Northbound
Southbound

Total

PCUMS for Laden Transits
Neorthbound

Seuthbound

Total

PCUMS for Balast Transits

Morthbaund
Southbound
Total

Total PCUMS for Transits
Horthhound

Southbound

Totat

Tolls for Laden Transits
Narthbound
Scuthhound

Tuotal

Tolls for Ballast Transits
Morthbound
Southboung

Total

Total Tclts for Transits
Northbound
Southbound

Total

Annval Average Growth Rates

Cargo

Ot

Na. of Vessels
PCUMS

Tolls

2010

112,284
183,584
295,867

181,274
262 881
443,935

42,522
12.312
55,834

223,797
275972
495,768

6.631
8.156
14,787

2103
1.574
4,077

8,734
10,129
18,854

125,042
167,187
202,210

23,707
10,967
34,674

148,750
178,134
326,864

321,359
428,620
730,979

48,263
21,496
69,859

268,722
451,118
820,838

2005-2010
4 8%
4.4%
2.2%
4.2%
4.6%

2015

118,488
203,257
321,744

191,538
289,088
451,026

47,517
13,482
61,009

239,455
302,580
542,038

6,929
8,865
15,704

2,238
1,884
4,233

8,167
10,859
20,026

132,164
182,770
314,924

26,308
11,130
37435

1568 489
183,800
352,369

338662
468,718
809,380

53,662
21,820
75,482

393,324
491,538
284,862

2010-2015
1.7%
1.6%
1.2%
t.5%
1.5%

2020

123,043
221,703
345,748

203,180
313,880
517,169

52,343
13,873
66,016

265,533
327,652
583,185

7287
9,549
16,815

2,368
2,010
4,378

9,535
11,559
21,184

140,742
197,520
238,262

28824
11,298
40,122

169,566
208,818
378,384

261,707
507 627
869,334

58,800
221558
80,558

420,507
528,783
$50,290

2015-202¢

1.5%
1.5%
1.1%
1.4%
1.4%

2030

138,220
253,684
391,803

224,453
358 252
582,705

£1.818
14,100
75.918

288,272
372,352
658,624

7.813
10,864
18,678

2,820
2,029
4,649

10433
12,893
23,328

153.447
224773
78,220

32,726
11,635
45,367

187173
228,408
423,582

394,360
Y7667
972,027

68,801
22,833
91,633

453,161
600,499
1.063.660

2020-2030
1.2%
1.2%
1.0%
1 1%
1.1%

2040

150,828
285,738
436,566

244 327
401.802
645,128

71,448
14,479
85,927

315774
416,281
732,055

83
12,127
20,458

2,866
2,022
4,888

11,198
14,148
25,346

186,134
251,398
417,523

38,685
11,912
50,598

204,821
263,310
468,131

426,988
646,002
1,073,060

78,918
23,288
102,307

505,888
668,481
1,175,367

2030-2040
11%
1.1%
0.8%
1.0%
1.0%

2050

000's Tonnes
162,488
318,586
481,454

'000 Dwt
262,532
445,547
708,079

‘000 Dwt
81,346
14,673
96,019

‘000 Dwt
343,878
461,220
805,088

8,807
13,400
22,203

31z
2,008
5.119

11,914
15,408
21,322

Qfl's Tons
177,819
278,796
456,615

0O0's Tans
43.752
12.061
35,813

0Q0's Tons
271,577
290,857
312,429

000's USS
456 905
116,505

1,173,501

000's LSS
89,255
23,684

112,838

a00's USS
548,251
40,184
1,286,441

2040-2050
1.0%
1.0%
0.8%
0.9%
0.9%
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Table 1.8.1
Comparison of Cases

2001 2005 2010 2015 2020 2030 2040 2050
Generic Growth
Total No. of Transits G00s 15354 16916 18578 19741 20917 23071 25119 27127
Total PCUMS 030s Tons 238284 266273 297814 320281 343658 335045 428225 467138
Total Tells 00D's US § S42398  BETYRS  7478DZ  BD3VGD  BEZA1A 966954 1070595 1173604
Existing Canal with Current Capacity Constraints
Tetal No. of Transits 000s 15348 15340 15342 15328 18238 15299 15230 16281
Total PCUMS 0003 Tons 238068 242085 247262 250360 - 254294 258257 263205 267786
Total Tolls 300's US § 531833 607308 620711 628625 638722 548901 661568  £73325
Expanded Canal
Total No. of Transits (00s 188352 20004 21141 23272 25291 27268
Tolal PCURMS 3008 Tons 324704 348883 372559 417584 452044 506324
Tolal Tollis CO0's US § 815561 876208 935677 1048601 1180029 1271029
Changes Versus Existing Canal With Capacity Constraints
Tatal Mo, of Transits 000s 3509 4877 5804 7074 10400 11987
Tatal FCUMSE 000s Tons 77442 98522 11B26& 160337 198838 238538
Total Taolls 000's US § 194851 247583 265955 399700 438461 597703
Unrestricted Canal
Total Ng, of Transits 0UUs 18864 20028 21184 23326 25346 27322
Tolal PCUMS 0C0s Tens 326884 352388 378384 4273582 468131 512429
Total Tolls 000's IS § 520838 884882 930290 1063660 1175367  treE4d1
Changes Versus Existing Ganal With Capacity Constraints
Total No. of Transits 000s 1821 4589 5856 8028 10055 12042
Total PCUMS 0005 Tons 79622 102008 124088 165325 204926 244843
Tatal Talls 000's US § 200128 256238 311567 414750 513798 613115

Figure 1.8.1
Total Number of Transits (000's)
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Figure 1.8.2
Total PCUMS {000's Tons)
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= Clobalisation and fragmentation of world trade, with high foreign direct investments in
Asia, implemented as a shift in the capital base in Asia, combined with lechnology
shifts in sectors using semi-skifled and skilled tabour intensively. This is Just an
amplification of the Scenario 1, where Asia is gaining competitive advantage in skilied
and semi-skiled manufactured products. As a result the likelihood of seeing the
impact of thig effect over the next twenty years is put as high as 80 to 50%

The model used to develop Scenario 2 is fairly rich in economic relations, and the above
changes induce a number of effects. The mechanisms involved work through changes in
comparative advantage, but also changes in competition levels in sectors with imperfect
competition. An underltying input-output structure captures some agglomeration effects, thus
incorporating some effects of the so-calied "new geography of trade”. Model output has been
converted to adjustment factors by using detailed staiistics from the COMTAP database.

The dorminating effects which influence trade flows through the Panama Canal are:

High US productivity from 2005 leads to high export performance ang semewhat reduced
Imports 2005-2020 due to higher domestic production. The import reductions are found
particularly for frade with Europe and Asia.

This trend is turned around from 2030 as the Asian economies attain higher productivity,
leading to higher exports and somewhat lower imports, particularly in trades with the US,

The energy tax and increased energy efficiency reduces trades in energy dramaticafly. it
also affects the steel industry, which reduces both the use of iron ore and coal. The
increased energy efficiency increases economic growth, however, and creates more trade in
manufactures, affecting particularly containerised goods and the residual group “all other
cargoes”. The model has an underlying input-output structure, so any direct effect on
particular sectors (fike the steel industry} will have secondary effects through reductions in
sectors delivering to the steel industry,

The lower non-tariff barriers have a general positive effect on trade flows, and particularty
after 2030, world trade in agricultural products increases substantially. This is mostly exports
from third world countries to Europe, but also a notable increase in Asian imports due to the
high barriers existing in some countries (particularly Japan).

The model output has been converted 1o adjustment factors from the generic growth
(Scenario 1) forecasts. The overall effects on total trade projections for the Panama Canal
are relatively small with reductions in industrial commodity trade flows being partly offset by
increases in agricultural product trade flows. In 2010, the first time period, when it is
assumed that these structural changes will begin to have an impact, there would be an
overall increase in commoadity trade flows 2.4 million tons, before taking into account the
effect of by-pass trade. By 2050 the generic growth forecasts for Scenario 2 would be 13
million tons lower than that forecast under Scenario 1.

Looking at only the figures for generic growth, by 2050 total transits under Scenario 2 are
2% below the Scenaric 1 numbers but this encompasses some substantial changes for
individual ship types and also by direction. Under Scenario 2, northbound laden transits in
2050 increase by 4% compared to Scenaria 1. while southbound the number of laden
transits declines by 5%. The most notable differences for individual ship types are;

» Northbound and southbeund increases for fuil centainerships;
»  Southbound reductions for both tankers and dry bulk carriers:
s Northbound increases for reefers.
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Overall figures for Case 1 under Scenario 2 - the existing Canal - are litle different from
those under Scenario 1 since in both cases it is expected that the Canal would be capagity

constrained The limitations of the existing Canal would be the determining factor for trade
and transits under both Scanarios.

For the Expanded Canal, transits are marginally in excess of the Scenario 1, Expanded
Canal case (that is varying between 0.3% and 1.3% annually) through 2030 but by 2050
transits are down by nearly 2%. For the Unrestricted Canal, in comparison with Scenario 1,

the number of laden transits is marginally increased through 2030 and then declines by a
total of 1.5% in 2050.
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2 Study Approach

The study provides a base case forecast (Scenario 1) which can best be described as
‘business as usual in that it assumes a continuation of trends and developments already in
place. As a major part of the risk analysis, a second case (Scenario 2) has been developed
which shows the potential impact of the introduction of global environmental protection and
energy conservation policies as represented by the introduction of higher energy taxes.
Scenario 2 also considers the potential impact of greater re-location of manufacturing to low
cost production areas and the potential migration of labour that results.

Within each of these scenarios, three cases have been developed:

« Case 1 forecasts (Exjsting Canal) assume that the Canal remains at its existing
dimensions but that transits are limited to a maximum of 42 vessels per day.

» Case 2 s referred to as the Expanded Canal case and assurmes that a third set of locks
is developed, permitiing transits of vessels up to 180ft beam, 50ft draft and 1,000ft LOA.
No capacity constraints in terms of the numbers of dally transits have been assumed.

» Case 3 is the Unrestricted Canai, which assumes no restrictions on sither size or
numbers of ships.

Additionally, generic growth in the demand for Panama Canal transits has aiso been
developed. This is based on the assumption that the Canai remains at its existing
dimensions, but no account is taken of capacity constraints due to the limit in the number of
vessels that can transit the Canal on any given day,

In line with the study terms of reference, it is assumed that Canal tolls remain at current
levels in real terms.

The study commences with a review of histerical trends in regional and global growth in
GDP and population. Ferecasts to 2050 have been compiled with reference to external
forecasts prepared or adopted, for example, by the UN, OECD, the International Energy
Agency and the US Department of Energy.

These forecasts have been used to develop estimates of the generic growth of potential
future trades. This part of the study relates to commercial cargo vessels and excludes
passenger ships and other, non-specified, ship types which are both addressed in separate
seclions. Annual time series from FY1973/4 through FY1998/9 were compiled for each of
the specified commadity groups by route. Forecasts have been developed with reference to
regional economic/industry indicators and structural changes that have taken place in
individual sectors. [n other words forecasts have been developed through a combination of
macro-gconomic forecasting and specific industry changes — often with reference to some
major organisations involved in these sectors. Nevertheless in some cases the erratic
nature of the data series has left little alternative but to adopt trend analysis techniques.
However this last approach applies generally to the less important commeodity groups. In
order to relate trends in trade as closely as possible 1o economic indicators, data have been
analysed on the hasis of individual routes, routes grouped by a common destination, total
nerth/southbound or groups of similar commodities as appropriate.

Forecasts for Case 1, the Existing Canal, have been made by first estimating the generic
growth in the total numbers of transits (see below for an outline of the methodology).
Having determined the overall number of laden and baliast transits for all ship types,
estimates of future passenger ship transits have been deducted frem the totals on the
assumption that these would continue to have priority. in the absence from the terms of
reference of a foll pricing strategy or clear trade preferences to determine the aliocation of
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transits when demand exceeds capacity, laden and ballast transits for all other ship type
have been reduced pro-rata with the overall cut in the number of transits required.

Under Cases 2 and the 3, the Expanded and Unrestricted Canals, a review of potential ‘by
pass’ frades has been undertaken. By pass trades are defined as those commadities that
are shipped on routes which represent alternatives to the Panama Canal and which utilise
vessels larger than can be accormmodated by the present dimensions. They also represent
trades where the economic advantages of using larger vessels or other service factors
outweigh utilisation of the Panama Canal on what is a shorter route. By pass trades
therefore relate to just three vessel types — that is, full container ships, dry bulk carriers and
tankers. There are post Panamax cruise ships in existence, but there are no by pass routes,
although a larger Canal would permit more positioning voyages. For all of the remaining

ship types, vassel sizes are within the current Canal dimensions and are expected to remain
$0.

By pass trades have been identified for full container ships — principally the US landbridge -
dry bulk carriers (iron ore and coal) and tankers (Orimulsion). For each relevant trade a
dstailed analysis has been underiaken to determine the size of the trade, likely future
growth, the economics of these alternalive routes versus those for an expanded or
unrestricted Canal and other factors likely to persuade shippers to adopt ane or other route.
The potential impact of an enlarged Canal is analysed from 2010 onwards.

In order to translate cargo forecasts into projections of vessel transits and to!l revenue RLA
has developed a moedel, using Microsoft Access, which has in it the following major steps:

The allocation of commodities by route into ship types;
The consolidation of commodities by route and ship type into total trade by route and
ship type;

+ The allocation of trade by route and ship type into dwt size ranges;

= The conversion of trade in terms of cargo tons to laden transits in terms of deadweight
by routs, ship type and size;

¢ The translation of laden transits In dwt terms inte numbers of ships and also PCUMS;

» The calculation of laden toll revenue from projections of PCUMS:

*» The projection of baltast transits for commercial vessels in dwt terms by route, ship type
and size, based on relationships to laden transits;

* The translation of ballast transits for commercial cargo vessels in dwt terms into numbers
of ships and also PCUMS:

* The calculation of ballast toll revenue from commerciai cargo ships from projections of
PCUMS;

* The development of transit forecasts by size range and beam.

Projections of ballast transits for other, non-specific vessel types have been handled outside

of the model since a large proportion of these on the ACP database have no deadweights

and trends in transits — as might be expected - bear na relation to laden transits. Forecasts

of these transits have therefore been based on an analysis of historical trends.

Forecasts of passenger ship transits have also been made outside of the main model.
These have been based on:

* an analysis of full and partial transits — at a route leve! more detailed than specified in the
terms of reference in order to capture the major cruise line itineraries;

= an extensive series of interviews with companies, agents and the Pier 6 cruise terminal
at Colon;

+ the identification of expected trends in the cruise sector; and
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developments in Panama which are likely to influence Canal transits reiative to general
sector trends.

Construction of the main model required the development of a number of input assumptions
at various stages. These are summarised balow:

The breakdown of commedity trade flows within route by vessel type. The ACP
database was used to develop annual time serigs data back to FY1 985/8 showing the
proportions of each commodity shipped by different vessel types within each route. The
results were used to develop assumptions on the future breakdown of commodity trade

flows by ship type at a route levet, taking into account in paricular the potential for
greater levels of containerisation in certain tfrades.

The allocation of trade by route and ship type to dwt vessel size ranges. The ACP
database was used to generate - for each ship type and route - percentage breakdowns
of cargo tons by dwt size range. Trends were analysed and the results used to davelop
similar breakdowns for the generic growth in the transits via the Canal. For Cases 2 and
3 these projected trends were modified to take account of;
- The potential size redistribution for the generic growth in trades under the Expanded
and Unrestricted Canal Cases:
- The potential size distribution of cargoes attracted from the by pass trades.
Redistribution of cargoes by vesse! size ranges was made with reference to trends in the
international containership, dry bulk carrier and tanker fleets, Including the intreduction of
Increasingly larger post Panamax container vessels.

Conversion of Cargo Tons to Dwt. Using the ACP database, cargo ton/dwt conversion
factors by ship type, route and size range were developed. These factors were applied

in the model to forecasts of carge tons by ship type, route and size to derive projections
of transits in terms of dwt.

Trends in average vessel sizes by dwt size range as required to convert projections
of transits in dwt into number of transits. In the first instance, trends on existing Canat
routes were analysed from the ACP datasbase. These were used fo develop
assumptions on average size ranges for vessel sizes below current Canal limitations.
For vessel size ranges above existing Panamax limits, trends in average ship sizes by
dwt size range in the world fleets were used.

Dwt/PCUMS Ratios. These factors were used to convert transits in terms of dwt to
transits expressed as PCUMS. Factors were calculated for the average relalionships,
derived from the ACP database, between dwt and PCUMS over the past five years by
ship type and dwt size range. For vessels greater than the existing Panama Canal size
limits, PCUMS Net tonnages were calculated for the average vessel dwis in each dwt
size range from regressians of PCUMS versus dwt from the ACP data.

Laden/Ballast Ratios. For commerciai ship types, relationships have been developed
between ballast transits and laden transits by ship type, route and size based on an
analysis of the ACP database over the past five years. There are no consistent trends
apparent from scrutiny of data going back over the last 14 years. The ratios calculated
for each ballast route relate to the laden transits in terms of dwt on the reverse route -
that is, ballast transits from Asia to US East Coast are related to laden transits from the
US East Coast to Asia. Laden/ballast ratios for larger vesse! sizes have been based on
the ratios for the largest sizes currently utilising the Canal.
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* Transits by Dwt Size Range and Beam, Based on data from the ACP database over
the past five years a table has been developed showing the percentage breakdown of
the numbers of vassel transits by bearn size range within each dwt size range by ship
type. The model applies thase percentages to derive projections of total transits — laden
and ballast — by ship type and dwt size range.

The following sections describe the various assumptions made in the forecasting of trade
flows and their conversion to vessel transits, the qualitative issues surrounding the forecasts
and provide summaries of the study results. Detailed quantitative analyses and forecasts
are contained in a separate statistical appendix to this study.
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3 Conversion of the ACP Trade and Translts Database

3.1 The Databases

All three of the ACP databases (SDBD4-00, SDB85-97 and CARGA) were used to extract
data for the analyses, SDB24-00 for the period 1994/5 (o 1998/9, SDB85-97 for the period
1985/6 10 1983/4 and CARGA for the period 1773/4 to 1984/5.

The databases SDB94-00 and SDB85-97 were used to obtain the necessary details of

transit and cargo data, including ship characteristics, whereas the database CARGA was
only used to provide additional historica! data on commaodity trades by route,

The databases were large and different in structure and naming conventions. Considerable
care was thus required 1o ensure that the data exiracted for analysis was consistant
throughout. In particular, rigorous comparisons were made on 1994/5 data extracted
separately from the SDB94-00 and SDBB5-97 dalabases to validate consistency of
interpretation of database fields.

In such large databases, it was not surprising to find a few corrupt records, dala
Inconsistencies and data omissions. ACP resupplied records that were found to be corrupt
and these were reincorporated into the database and thus the integrity of the data was not
compromised. Apparent inconsistencies were sometimes noticed during the analysis and
these were tracked back to the appropriate table records. In some cases these turned out to
be real anomalies, in other cases obvious data inconsistency and it was possible 1o rectify
the inconsistency in an appropriate manner. Again the integrity of the daia was not
compromised.

Cata omissions mainly affected ship characteristics, eg deadwelght. Since these were an
Integral part of the analysis requirements, considerable effort was expended examining the
effect of these omissions on the analysis and appropriate remedial measures were taken, It
is believed that the integrity of the data was not compromised by these remedial measures.

3.2 The Coding Structure

New coding lables were introduced to the databases in order to convert the more detalled
ACP coding structure to the grouped structure required by the study. In some cases
subgroups of the ACP groups were introduced if it was thought that this would assist the
analysis. These new coding tables covered:

* Ship Type: The 12 ACP groups were increased to 13 in order to keep Dry/Liquid Bulk
Carriers as a separate type.

¢+ Routes: Separate route tables were created for SDB94-00 and SDB85-97 due to the
different coding siructures. In addition certain ACP groups were sub-divided to facilitate
the analyses. For the purposes of analysis, Asia was divided into N. Pacific, S.E.Asia,
indian sub-Continent and the Middle East; the US East Coast into US Atlantic and Gulf
Coasts and East Coast South America into Caribbean and Atlantic Coasts. Special
route tables were created for the passenger ship analysis as 3 main routes fell into the
Other to Other categories. Also, for this ship type, transits were divided into full and
partial. On confirmation from ACP, Balboa was included in West Coast Central America
and Cristobal was included in East Coast Central America.

+ Commodities: The ACP grouping was used.
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« Toll Type: No change to ACF table
¢ Transit Type: No change to ACP table

¢ Fiscal Year: Special tables were created to assign a fiscal year to a billing sequence
number or ship number/arrival date.

» Size Range: Special tables were also created to assign deadweights o the ACP
specified size ranges.

33 Extraction Method

The normal extraction method was to group the data as much as possible in Microsoft
Access, using the coding tables, and then lo create cross tabulations for exporting to Excel.
Initially this was done for SDB94-00 only, in order to produce some data quickly for analysis,
and then for SDB85-97. (Many of these separate analyses were used for validation purposes

on 1984/5 as described above). Latterly, the separate grouped tables were combined in
Access before exporting to Excel.

For the commedity by route analyses, the commodity and route groupings were found to
hide the impact of individual commodities and/or route trades (and thus structural changes

which might affect them) and in many cases it was necessary to return to the databases to
produce less aggregated analyses.

34 Time Series Data

Time series data were prepared for:

Commaodities by route;

Commodities by route and ship type;

Containerised cargoes by route in TEU;

Laden and ballast ship transits in terms of dwt, PCUMS, and numbers of vessals;
Charges for laden and ballast vessels by ship type;

Trends in average vessel sizes by ship type and dwt size range;

Trends in the distribution of cargoes by dwt size range within vessel type;

Trends in vessel transits by beam within dwt size ranges.

3.5 Other Data

To assist in the analysis, other data was extracted from the databases. This included:

PCUMS to DWT averages;

Fullfempty container details including container weight;

Specific details on "Cther Ships” in ballast;

Specific details on Passenger Ships including capacity and transit type;
Ship names to link to RLA data on ship managers and owners.

*« & » B @
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4 Economic Data and Forecasts

4.1 Historical Data

Section 4 focuses on the two main variables impacting on trade, that is, trends in economic
growih and population changes. Apart from structural developments, the other key factors
are currency exchanges, which affect competivity. While the impact of exchange rates has
been taken into account in the interpretation of historical trends in trade — both through the
Panama Canal and on By Pass routes — forecasts of long term exchange rates have not

been developed owing to the great uncertainty which attaches to such forecasts evan in the
relatively short term.

Table 4.1.1 summarises trends in real GDP growth rates since 1973 for the geographical
regions specified in the study terms of reference. These have been extracted from RLAs
database of real GDP by country, based on data published by Barclays Bank and
supplemented by data from the World Bank, Over the |ast twenty five years world GDP
growth has averaged about 3% per annum., Average rates for North America and Latin
America were 3.2% and 2.8% respectively, while the figure for East Asia was 4.2%.
Economic growth in Europe, including the FSU and Eastern Europe, averaged just 2.2%.

Table 4.1.1
Real GDP Growth Rates, 1973-2000

% per annum

1973- 1975- 1930~ 1985- 1990- 1995-

1975 1980 1884 1990 1995 2000

USA -0.4% 3.3% 31% 3.2% 2.4% 4.3%
Canada 3.2% IT% 2.7% 2.9% 1.7% 3.7%
Total North America -0.15% 3.3% 31% 3.2% 2.3% 4.3%
East Coast Central America 5.5% 6.7% 1.7% 1.4% 1.2% £.3%
Wast Coast Central America 5.5% 6.5% 1.6% 1.4% 1.3% 5.2%
Total Central America 5.5% 8.5% 1.6% 1.4% 1.3% 5.2%
West Indigs 0.5% 4.6% 1.4% 4.0% 26% 4.1%
£ast Coast South America 8.2% 5.2% 0.2% 1.6% 3.8% 2.2%
Wast Coast South America 2.6% 4.9% 0.9% 3.2% 6.0% 2.4%
Tolal South America 4.8% 5.2% 0.2% 1.7% 4.0% 2.3%
Total Latin Amarica 4.9% 5.4% 0.5% 1.7% 34% 3.0%
Eurapa 1.1% 31% 1.7% 3.0% 0.6% 2.4%
Africa 5.3% 5.3% 2.6% 3.0% 2.0% 3.9%
Asia - Middie East 5.6% 5.0% 0.3% J.0% 4.2% 2.7%
Asia - Indian sub Continent 4.9% 3.6% 5.3% 8.1% 5.4% 5.5%
Asig - S E Asia 5.5% 7.7% 4.0% 7.1% 7.2% 2.3%
Asia - N Pacific 1.3% 4.9% 4.3% 5.3% 2.8% 2.4%
Total Asia excl. FSU 2.0% 50% 4.1% 5.4% 34% 2.6%
Total East Asia excl. FStJ 1.7% 5.0% 4.3% 5.5% 3.4% 2.6%
Cceania 2.2% 2.3% 3.3% 2.9% 2.8% 3.8%
OECD 0.8% 3.4% 2.6% 3.5% 1.9% 2.9%
Total Warld 1.3% 3.T% 2.6% 3.6% 2.1% 3.0%

Source: Barclays Bank, World Bank, RLA
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Historical growth rates for the world population by region - based on UN data - are
summarised in Table 4.1.2. The rate of averall world population growth has been on a
declining trend since 1987, although for Europe, Latin America and Asia the decline in the
average annual growth rate set in even earlier. Qverall growth in the world population has

slowed down from 1.7% per annum in the period from 1975 to 1990 to 1.4% per annum in
the past five years.

Table 4.1.2
World Population Growth Rates, 1973-2000

% per annum

1973-  1975.  1980-  1985-  1990-  1995.

1975 1980 1985 1990 1995 2000

USA 0.9% 0.9% 1.0% 1.0% 1.0% 0.6%
Canada 1.6% 1.2% 1.1% 1.5% 1.1% 1.0%
N America 1.0% 0.9% 1.0% 1.0% 1.0% 0.6%
Europe 0.8% 0.7% 0.6% 0.7% 0.3% 0.2%
Latin America 2.4% 2.3% 2.1% 1.9% 1.7% 1.5%
Asla 2.2% 1.8% 1.8% 1.8% 1.5% 1.5%
Africa 2.6% 2.8% 2.8% 2.8% 2.5% 2.3%
Middle East 3.1% 3.3% 3.8% 3.4% 2.5% 2.3%
Oceania 1.8% 0.9% 1.3% 1.3% 1.3% 1.0%
Total 1.9% 1.7% 1.7% 1.7% 1.5% 1.4%

Source: United States: Enargy Infermation Administration. Others: United Nations

4,2 Forecasts

Forecasts of real GDP growth rates in the period to 2020 have been based on a combination
of projections published in the US Energy Information Administration (EIA) ‘Internationa
Energy Outlock 2000' and the Economic Growth Assumptions used in the International
Energy Agency’s ‘World Energy Outlook 2000', which are based on figures from the QECD,
World Bank and IMF. Forecasts have been developed at a country level to enable estimates
of GDP to be developed for each of the regions defined by the trades specified in the TOR.
Projections from 2020 have been made on the basis that growth in GDP per capita remains

unchanged. This means marginally lower rates of GDP growth, in line with projections of
falling population growth.

Projections of world population growth are based primarily on the United Nations’ estimates
of world population by area, medium scenario, 1995-2150, published in 1998 and based on
the 1998 Revision. Further work was undertaken to breakdown the population estimates
into the greater level of detail required by the study by analysing the UN projections for 2050
by country. Estimates for the period up to 2050 are shown in Table 4.2.1. These figures
were broken down into the time frames required for the study by reference to the projections
to 2020 by region and five year intervals included in the US EIA ‘International Energy
Outlook 2000°". The UN geographical regions were adjusted to the regions required for this
study with reference to UN estimates of population by country for 1998 and 2050, Estimates
of population growth rates for intervening years were made with reference to the US EIA
projections in its ‘'International Energy Qutlook 2000,

Key economic assumptions with respect to GDP growth rates and population trends are
shown in Table 4.2.2, Table 4.2.3 provides a table of GDP, population and GDP per capita
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forecasts which relate to the growth rates shown in previous tables. GDP and population
growth are both key determinants of future trade. In the very short term, currency
fluctuations are a major influerice but to rely on forecasts of future rates in the fong term is
hazardous. Similarly comparative commodity prices present difficulties since these are
susceptible to political influence. The purpose of this base case forecast is to present a
neutral view ‘that reflects a continuation of economic trends and developments already in
place plus structural developments that have taken place or are still seen to impact on
specific trades’. Consideration of the potential Impact of future major structural changes on
trade — the extent of which carry a fair degree of uncertainty while representing realistic
scenarios - are dealt with in the Risk Analysis. Importantly, RLA has considered the
potential for changes from the base case forecasts both up and down.

Warld GDP growth rates are assumed to decline steadily over the period from 2000 to
2020 - from around 3.4% per annum to 2.8% per annum — before flattening out at around
2.5% annually over the remainder of the forecast period. Generally economic growth in the
developed world is expected to show a more marked slowdown than that in the developing
countries. For the USA and Canada, average annual GDP growth rates over the next five
years of around 3.2% are projected to ease 1o levels of around 1.5% per annum between
2020 and 2050. Figures for Latin America for the same periods are estimated at 4.5% and
3.8% per annum respectively and for Asia - excluding the Middle East — 3.9% and 2.8%.
Economic growth rates for Europe, inciuding the former Soviet Union (FSU} are projected at
3.0% per annum over the next five years, declining to 2.3% annuaily fram 2020.

The rate of increase in the world's papulation is expected to roughly halve between now and
the period from 2020, that is from 1.2% to 0.6%. The mest marked siowdown wil be in the
developed economies within which the growth for the USA and Canada will fall frem around
1.0% per annum to 0.3% per annum from 2020. For Europe as a whole, the population is
expected to grow only marginally between 2000 and 2015 and after a period of stagnation is
projected to begin to decline slightly from 2020. Population growth in Latin America,
currently around 1.5% per annum is estimated to ease to around 0.7% from 2020, while that
in Asia is projected to decline from 1.1% now to 0.4% per annum in the long term.

These economic forecasts, compiled at the end of the 3" quarter/beginning 4% quarter 2000
are designed, as far as possible, to maximise langer term acecuracy rather than to reflect
shorter term cycles. Qualitatively, the outlook for key economies may be summarised as
follows:

In N America, the US economy appears to have moved onto a higher sustainable economic
growth path, due in particular to rising Jabour productivity. A rapid rise in the rele of
information and communication technology (ICT) has contributed. Canada has also been

growing strongly due to links with the US economy, rising world commedity prices and a
booming manufacturing sector.

The outiook assumes soft landings for both economies in the near term with GDP slowing
from recent high leveis to a more sustainable long term frend. GDP growth rates are
expected to decline over the longer term. A key element is the estimated lower rate of
increase in the active population, with a decline in immigration and a progressive ageing of
the population implying a deceleration in the rate of growth of labour productivity,

In OECD Europe recent growth has been boosted by buoyant global trade and investment
despite high oil prices. The service sector, which accounts for two thirds of GDP, is driving
growth, industry's share has dropped to 30% and agriculture has levelled off at 4%
Enlargement of the EU will encourage stronger economic and political ties.
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World Population by Major Area

Table 4.2.1

millions
1945 2000 2025 2050
Africa 697 784 1298 1766
Europe 728 729 702 628
Latln Am & Caribbean 480 519 687 808
N America 257 310 384 392
Oceania 28 30 40 48
Asia excl China/lndia 1282 1381 1912 2262
China 1221 1278 1480 1478
India 934 1014 1330 1529
Total Asia 3437 3683 4722 5269
Total 5666 6055 7824 8909
Source: United Nations
Table 4.2.2
Main Economic Indicators
Period 20004 2005- 2010- 2015 2020- 203¢- 2040-
2005 2010 2015 2020 2030 2040 2050
Per Cent Per Annum Rate of Change
GDP
Usa 3.2 2.1 1.8 1.8 1.5 1.5 15
Cenada 31 2.6 17 1.7 15 1.5 1.5
Latin America 4.5 4.5 42 4.2 38 38 38
Europe incl FSU 3.0 2.8 2.5 25 23 2.3 2.3
Asia excl Middle East .8 ax 34 34 2.9 2.9 2.9
IMiddle East 3.7 3.8 7 37 0 3.0 3.0
Africa 4.3 4.2 39 3.9 3.3 33 3.3
Oceania 32 2.2 2.0 2.0 20 20 2.0
World 14 28 28 2.8 2.4 2.5 2.5
Poputation
GOP
USA 0.9 n.s 0.9 0.8 0.3 0.3 na
Carada 1.2 0.6 0.6 1.1 0.4 0.4 0.4
Latin America 1.5 1.3 1.2 1.1 0.7 0.7 0¥
Europe incl FSU 0.2 01 01 0.0 -0.2 -0.2 -0.2
Asia axcl Middle East 1.1 1.1 1.0 Q8 04 0.4 0.4
Middle East 22 21 2.1 1.8 11 11 1
Africa 23 a1 2.1 19 13 1.3 1.3
Oceania 0.8 08 08 0.7 0.7 0.7 07
Waorld 1.2 1.1 1.1 1.0 0.5 06 0.6
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Table 4.2.3
Estimated Development of World GDP, Population and Per Capita GDP

USA Canada Lalin Amertica Eurepe incl F5U Asia excl Middle Cast

GDF (bin} Fop {miIn} FerCapila GOP {bin}) Pop (mIn) Per Czpita CDP {bin] Pop (min) Per Capita GIP (bin) Pop {mn} Fer Capita GO {tn) Pop (m'n) Per Capita

19536% Gof 1996% GDP 1955% GDF 1CUEL GDP 1996% GOP
1973 3555 216 18300 311 22 13543 923 3c4 igas 63238 755 83i7R 2081 2142 1382
1974 3940 218 18058 324 23 14167 Q83 311 3154 G478 7E1 8507 2875 21940 1359
1875 3873 220 17820 N 23 142€8 1015 318 3182 G470 767 8433 2085 2236 1380
1676 4115 222 18521 549 24 14848 1088 jzr 3273 6754 773 8741 3223 2280 1414
1977 4280 2724 18137 3E1 24 15181 1121 324 3353 8355 7B2 £0898 3389 2318 1462
1578 4503 22B 18805 76 24 155849 1155 342 3378 7174 783 8159 3594 2363 1521
1974 4616 228 20220 KL=R] 24 16076 1241 350 3544 7420 783 9413 3768 2405 1575
1980 4505 230 19987 g7 25 16130 1323 358 3694 FH32 733 9499 3947 2448 1612
1881 4718 233 20284 409 25 16452 1319 366 3604 7573 798 9482 4114 2492 1651
1982 4623 235 19684 397 25 15808 1304 374 3488 7652 803 9532 4282 2537 1680
1983 48223 237 20337 403 25 18077 1272 382 3334 7aoy 808 9667 443D 2582 17186
1984 5173 239 21600 431 246 16804 1321 389 3391 8009 811 985H 4651 2629 1773
1585 5372 242 22212 454 26 17503 1359 387 2419 210 &1B 10040 4878 2E77 1822
1856 5556 244 22748 466 26 17737 1424 405 asi4 B432 825 10227 5076 2728 1863
14857 5745 247 23282 485 27 18214 1473 413 3564 8653 829 10433 5350 2775 1928
1988 5934 249 24027 508 27 16830 1473 421 3512 8945 835 10771 5737 2826 2030
1989 6194 252 24625 522 27 18035 1432 429 3470 9287 840 11053 6039 2875 2100
1950 6303 254 24817 523 28 18681 1478 437 3383 asaz2 845 11245 6370 2924 2179
19491 6274 257 24444 513 28 18219 1534 445 3450 o524 848 11227 6660 2972 2241
1932 B465 259 24934 518 28 18143 1579 453 34849 8514 851 11176 BESS 301¢ 2271
1593 EE36 262 25338 530 29 18323 1638 460 3857 9442 &54 11059 7036 3065 2296
10584 6905 265 26103 555 p:] 18954 1724 468 3gg2 95398 456 11212 7262 3at0 2335
1935 7089 267 26548 a7c 30 19253 1745 476 3666 9809 859 11420 7530 3154 2388
1996 7342 268 27294 579 a0 19300 1810 484 T4 ag45 B50 11564 7931 3201 2478
1997 7654 2568 28550 €04 3a 20143 1902 492 3865 10183 843 11811 151 3291 2477
1998 T9E4 270 29537 24 30 20563 1540 499 KE1 10428 a64 12063 4020 3327 2414
18959 8315 273 30500 653 31 21243 1547 507 3842 10654 B€E 12302 8232 3364 2447
2000 8756 275 31843 684 R 2199% 2025 514 3940 11022 867 12708 ES55 3400 2516
2001 5080 277 32740 708 a1 22499 2108 522 4041 11383 869 13099 8898 3438 2588
2002 89325 280 33337 726 iz 22788 2192 528 4141 11756 870 13505 9241 3475 2659
2003 9623 282 34110 747 32 23184 229(Q 537 4264 12103 arz 13880 9601 a514 2733
2004 9980 285 35071 777 33 23836 2402 545 4407 12415 873 14213 998 3552 2815
2005 10229 287 356417 747 33 24143 2518 553 4555 12758 875 14580 10378 3591 2880
2010 11348 293 38084 805 34 26641 3151 am 5332 14505 §79 16201 124350 3784 1290
2015 12509 311 40192 985 35 28155 3R77 8627 6183 16411 862 18606 14686 3968 azm
2020 13767 223 42622 1672 37 28974 4770 661 7216 18567 £82 21028 17333 4142 4185
2036 13901 33z 47831 1249 KL 32360 6949 o7 2829 23239 £65 26856 231144 4321 5349
2040 18367 341 53901 1455 40 36141 10125 756 13387 29086 E4R 34300 anaz4 4507 6B38
2050 21215 350 60615 1695 42 40365 14754 &y 18234 A64 04 831 43808 41105 4702 8742
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Table 4.2.3 {continued)

Estimated Development of World GDP, Population and Per Capita GDP

Middle East Alnca Dceania wWorld

GDP {bin) Pop {min) Per Capita GOP (bin} Pop (min) Per Capita GOP (bin) Fap {min) Par Capita GDF {bin) Pop (min} Per Capita

19568 GDP 1996% GDP 1996% GDP 19965 GDP
1973 174 K] 2210 220 386 571 246 15 12661 15139 3924 3853
1974 182 a1 2248 237 395 899 251 20 12684 15370 4000 3843
1975 194 &4 2319 244 406 602 257 20 12760 15520 4075 3809
1976 219 BE 2538 259 417 621 263 20 12925 16252 4148 ;s
1977 228 85 2542 267 429 523 264 21 12843 16875 4221 Rlsis )
1978 225 a2 2458 279 441 832 276 21 13301 17582 4293 4096
1979 238 85 2501 293 454 G456 282 21 13500 18269 4366 4185
1980 248 1.} 2518 e 467 576 238 21 13656 18656 4440 4201
1981 253 102 2474 328 480 683 298 21 13985 19011 4517 4209
1982 247 106 2324 328 493 665 299 22 13870 19111 4584 4160
1983 254 110 2310 I 507 a52 302 22 13789 19627 4674 4200
1984 255 114 2227 344 522 660 325 22 14637 20519 4755 1318
1985 252 114 2121 358 536 G668 ass 22 15031 21220 4837 4387
1986 243 123 1980 366 551 663 34 23 15107 21907 4922 4451
1987 249 127 1954 377 567 665 57 23 15458 22683 5008 4530
1988 262 132 1990 N 581 671 371 23 15855 23727 5045 4657
1589 283 136 1939 403 589 672 386 24 16275 24585 5182 4745
1530 292 140 2084 415 €15 674 390 24 16236 25273 5267 4758
1991 16 144 2200 422 631 663 388 24 15947 25632 5349 4792
1992 3an 147 2242 429 €47 664 386 25 16046 ;087 5430 4804
1993 336 15% 2226 437 664 658 412 25 16495 26456 5509 4804
1894 45 155 2234 449 680 659 433 25 17127 2721 5538 4880
1895 159 158 2269 459 €37 658 448 26 17509 28010 5666 4943
1996 374 162 2312 486 F14 681 465 26 17973 28933 5746 5035
1897 KL 156 2324 504 T €90 478 26 18307 29872 SB67 5051
1898 391 170 2305 320 748 606 498 26 18837 30415 5335 5123
199% 397 173 2280 537 TES 2 318 27 19512 31253 6004 5205
2000 410 177 2315 555 782 709 544 27 20092 32547 G074 5358
200 424 181 2346 574 &ann 723 553 27 20396 33732 6145 5489
2002 441 185 2388 601 819 T34 572 27 20895 34853 6217 5806
2002 457 189 2419 628 a3v¢ 747 594 28 21510 36042 5291 5730
2004 473 193 2455 654 856G 764 620 28 22249 3720 BIBS 5863
2005 491 19¢ 2492 684 876 781 633 28 22323 38438 G440 5976
2010 586 219 2676 340 a73 8654 7ns 29 24106 44492 6807 6536
2015 704 243 2898 1020 10738 946 781 a0 25662 50964 7174 7104
2020 B4y 266 3182 1238 1187 1043 864 a2 27392 HB45TF 7531 7753
2930 1148 297 3837 1715 1355 1267 1052 34 31210 74361 7950 9354
2040 1536 332 4826 2380 1247 1539 1280 153 35560 95053 8408 11205
2050 2065 N 5277 3361 1756 1859 1558 38 40517 122098 2309 13704
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Growth expectations for the future show a slow down. As with N America, this continues the
well established long run slawing of growth in the most mature economies. Differences
between countries within Europe are seen to diminish with convergence and sconomic and

monetary integration. The population is assumed to grow very slowly in the period to 2020
and thereafter begin to contract.

The Japanese economy appears to be on a path of cyclical recovery with budget stimulus
packages and a policy of low interest rates boosting activity. Exports and fixed investment -

propelled by spending in ICT - lead the recovery with an improvement also in corporate
profits from restructuring.

Uncertainties remain about the solidity of the recovery near term and over long term growth
potential given the need for further restructuring. I addition, Japan's ECoNomy remains
dependent on trade with the dynamic Asian countries, where expected growth is estimated
to be less rapid over the longer term. An economic recovery is projected for Japan but with
slower growth than in the 1970s and 1980s. Japan's working age population which peaked
at about 80 millien could shrink to around 70 million by 2030,

GDP growth in China recently picked up with the encouragement of private consumption
and government expenditure on social programmes and infrastructure projects.
Restructuring state controlled enterprises and returning them to profitability is a major
priority.

Downsizing and restructuring is expected to accelerate with WTO membership. This could
also increase transparency in the economy and augment direct foreign investment flows.
Future growth is assumed to be supported by rising domestic demand, and expansionary
fiscal policy and strong export growth. It is assumed also that there will be a gradual
removal of energy price subsidies.

India is the world's fifth largest economy and will be among the fastest growing in the future.
It has a low GDP per capita and a population growing faster than that of China. Economic
growth in the 1990s accelerated through market orientated fiscal and structural reforms,
Including the restructuring of the energy markets. The recent siowdown in growth has been
due in part to delays in reforms and a higher public deficit plus constrained investment,
Higher ol prices have aggravated fiscal and trade deficits,

India’'s GDP is expected to almost tripie by 2020, assuming the broadening and deepening
of economic and energy sector reforms. GDP growth will be ied by investment in energy
intensive industries and in badly needed infrastructure. The prospects for continued reform
represent a key uncertainty.

Brazil represents one third of Latin American GDP, with 60% of its activity accounted for by
the service sector. Reforms initiated in 1994 accelerated the opening of the economy to
international competition. In 1999, Brazil's monetary crisis raised externai financing costs,
limited capital inflows and contributed to the recession in Latin America as a whole,

In the future both private consumption and investment should support a relatively robust
growth but as the economy matures they will become less buoyant. As a resuit, GDP growth

rates are expected to decline over the longer term. [t is also assumed that energy prices will
become more market orientated.
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5 Commodity Trade Forecasts - Demand for the Existing Canal

51 General Approach

This section describes the approach to projections of the generic growth of commodity trade
flows . These forecasts represent the trades, which would flow through the existing Canal, in
the absence of capacity constraints. in other words these projections indicate the potential

demand for trade through the Canal before adjustments are made to reflect the daily fimit of
vassel transits.

Commodity trade forecasts were based on the available historical data for all trades by route
f_rom fiscal year 1973/74 to 1998/09. Complete data for FY1999/00 were not available at the
time this part of the study was undertaken. The forecasting steps are detailed below:

» The data was organised by commodity into Northbound and Southbound directions and
by route;

¢ Data for each commodity was scrutinised at a route leve! in order to determine the
likelihood of potential links between trade flows and the economic and other industry
indicators used in the study. For a number of the major commodities, developments in
Fanama Canal trades have been related to broader sector changes. Apparent structural
shifts have been researched with industrial organisations, shippers, shipping companies,
US government departments and terminal operators. In the paricular case of

containerised cargo flows a detailed analysis of the competing US landbridge has been
undertaken.

* For those commodities where reliance was made on regression and trend analysis, all
the Northbound and Southbound trades were summarised into blocks by the areas of
destination — that is, the USA, Canada, Central and South America, Asia, othar North,
cther South, Africa, Oceania, and Europe — if no clear trend could be discerned at an
individual route level. In some instances it proved necessary {0 aggregate some
commodities together in order to derive good statistical relationships.

» Forthese routes, commadities or groups of commodities, the next step was the statistical
single and linear regression analysis of the historical data against the appropriate
ecanomic grawth indicators (for example, real GDP, GDFP per capita, population, oil
consumption and production) or functions thereof, and cther relevant criteria. Where no
dependable correlations were revealed, linear and togarithmic trend analysis was
applied. At this stage, structural changes that occurred in the markets in the 1973/74 to
1998/99 period were also taken into account for forecasting purposes, and some
research was performed to gather information on the future development of specific
markets. In addition to structural changes account was also taken of potential changes in
the time series data brought about by the re-classification of cargoes. The most obvious
example being in the reefer products sector and commaodities such as bananas which
have become increasingly containerised. {Once cargoes are shipped in boxes the
precise contents are not generally known). The above methods were used lo produce
forecasts either at a route or aggregate level by the areas of destination.

s The above aggregate forecasts were split between the individual routes using the
relationships of average carge volumes by individual trades to the corresponding blacks
of trades by the areas of destination for the past 5 or 10 fiscal years as deemed
appropriate.

The results are summarised in Table 5.3.17 at the end of this section.
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5.2 Analysis of Panama Canal Trades, FY1973/74 to 1998/99

The main basis for the analysis and forecasting of Panama Canal Trades was the time
series produced from the databases for commodity cargoes by ACP route. As mentioned in
section 3 above, same of the ACP specified routes were sub-divided to facilitale the
analysis, this being particularly true for containerised cargo and passenger ships. For the
latter, Balboa and Cristobal were re-intraduced as specific origins and destinations.

For some commodity groups, such as coal and ores, it was necessary to consider the effect
of by-pass trades. This involved disaggregation of three types:

e Other North to Other South/Other South to Qther North into their individual routes;
+ ACP Route into country rather than region crigin/destination;
+  Commadity group into the individual commodities.

For other commodity groups, such as grains, lumber and iron & steel, significant quantities of
trade fell into the Other to Other routes and it was prudent to disaggregate these into the
specific regional origins and destinations to identify the larger trades burisd in the Other to
Other totals. Although disaggregation of routes and commadity groups was often reguired, in
one case, namely minor bulks, severs commodity groups were aggregated in ordar to
identify any trends in their total trade.

For comparisons with world trade data, it was necessary to extract additional information
from the databases concerning containerised cargo. This information related to total and
empty containers in the transit records {for full container ships and cther ships with
containerised cargo) which were then finked to the detailed cargo records for containerised
cargo.

53 Forecasts by Commodity or Commodity Group
$5.3.1  Corn, Wheat, Soybeans, Other Grains

5.3.1.1 For ease of reference, the terms ‘grains’ is used here 1o denote this group of
products as a whole. . Panama Canal trade in these products is dominated by US exports.
Of the 40.85 million tons of scuthbound trade recorded for 1998/1 999, 32.4 million tons were
US exports to Asia and Oceania and a further 7.1 million tons were US exports to West
Coast Central and South America.

Northbound trade is small by comparisen at 3.5 million tons in 1998/1989.

5312 The forecast of US exports to the Pacific Basin encompassed two
approaches. In the first instance, the consultants developed a historical time series of total
exports to Asia and Oceania in ail four of these products from a combination of Panama
Canal data and US Department of Agriculture data. Thase data were utilised in an initial
forecasting framework which modelled total US grains exports against Asian economic
developments through 2050. On this basis, US exports would be expected to increase by an
average of 1.2% per annum through the time period. Additionally, broad assessments were
made of the share of trade utilising the Canal. It was apparent that over the long term, the
rate of increase of trade through the Canal was marginally below the overall trend although,
in more recent years, the proportion being exparted through the Canal had increased a iittle.
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Figure 5.3.1.1

US Grain Exports to Asia / Oceania (000’s tons)
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In the second approach market research was combined with a more detailed assessment on
a product by product basis. Expected import requirements for Asia and Qceania for each
product through 2010 were sourced from US Department of Agriculture assessments (USDA
Agricultural Baseline Projections). On this basis, US exports of corn, wheat, soybeans and
other grains were forecast to increase on average by 2.2%, 1.9%, 3.3% and 0.4%
respectively per annum between 2000 and 2010 although with annual fluctuations for
individual products. This resulted in total exparts incréasing by an average of 2.3% per
annum over this time period compared to 2.1% in the pericd between 1874 and 2000.
Thereafter, total exports were forecast on the basis of Asian economic developments which

resulted in average increases of 1.1% per annum giving an average of 1.4% per annum
averall.

Exports from the US East and Gulf coasts are forecast to increase by simifar levels that is by

2% per annum on average between 2000 and 2010 and 1.2% per annum on average
between 2010 and 2050.

53.13 The following should be noted about the forecasts and the approach:

e Grain trades in particular are subject to short term fluctuations due to unforecastable
developments (except in the very short term) such as the impact of climatic conditions on

crop levels. By definition, it is not possible to take this into account in medium/leng term
forecasting.

= Nevertheless, the consultants undertook market research, data gathering and data
reconciliation on the short term situation which pointed to both a downward trend in 2000
for three of the product groups, the exception being soybeans, and variations in the
degree to which individual products would increase again over the short term.
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» The forecast of US total exports in 2050 is higher in the second approach than the first
but still represents a slowdown in the growth rate compared to the period between 1975
and 2000. The consultants have accepted this second madel result recognising that the

proportion of income spent on basic food products tends to decline as per capita income
increases.

* At one stage it was thought possible that the volume of trades through the Cana! was
significantly impacted by fluctuations in internal US transportation cosls between growing
areas and the US Gulf and Pacific North West ports in particular. While at the margin
this may be the case it now seems more likely that variations are caused by fluctuations
In demand for different grades of agricultural preducts which tend to be shipped from
different ports plus the short term impact of external conditions. The consultants have

therefore assessed the future share of Canal trade on the basis of historical market
share.

5314 In total, exports to Asia and Oceania combined are forecast to increase to 95
million tons in 2050 of which 0.3 million tonnes would be from the East and Gulf coasts. Of
this over 99% would be destined for Asia.

5315 US exports to the West Coasts of Central and South America through the
Canal appear to be larger than those reported by the US Bureau of Commerce. While the
consultants have accepted and utifised the Panama Canal Authority data in order to provide
a continuous tme series of forecasts there is therefore a caveat over the data,

The framework for imporl requirements through 2010 was based on US Department
Agriculture assessments for Latin America. US exports via the Canal are forecast to
increase from 7.1 million tons in 1998/1299 to 9.4 million tons in 2010 The forecast was
extended to 2050 using a statistical relationship with Latin American economic growth. This
results in a forecast of 17.4 million tons in 2050. As with US exports to Asia, a slowdown In
the rate of growth is expected in the longer term with trade on these routes increasing by an
average of 2.5% per annum through 2010 and 1.5% per annum thereafter.

5.3.1.6 Consideration has been given to the issue of Brazil's soybeans expors -
which have increased considerably in the recent past — and the potential impact on Panama
Canal trade. These are currently carried in Panamax vesseis and thersfore do not qualify as
by pass trade.

In calendar year (CY) 1996 exports totalied 3.6 million tons, 1997 exports totaled 8.3 million
tons, in 1998 exports totalled 8.3 million tons, 1999 exports totalled 8.9 million tons, and in
CY 2000 they totalled 1.5 million tons. Around 1.0 million tons were exporied from the
northern ports in 1999 and a little more than this in 2000, In other words, exporis from the
northern ports canstitute around 10% of Brazilian exports. Current prospects are for an
additional maximum 10% in total.

Most Brazilian exports are shipped to Europe. Between 1997 and 2000, the proportion
shipped across the Atlantic varied between a low of 74% and a high of 85%. This is in
contrast to US soybean exports where proportions to Europe in recent years have varied
between 20% and 33% anpually, Additional Brazillan volumes are shipped to Asian
destinations and South American/Caribbean destinations which do not constitute potential
traffic for the Canal on a mileage basis.

The destination profile for shipments from the northern ports is not significantly different from
the overall profile of Brazilian exports. This means that, as matters currently stand, there is a
maximum of around 250 thousand tons per annum that could be shipped through the Canal
to northern Asia and the West Coast of South America/Central America with the potential for
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a small increase. It should be nated that in the data provided by ACP to the consultants,
very few soyabeans from Brazil have been shipped through the Canal 1o these destinations.

These volumes constituted 0.14 million tons in 1986/1987, 0.05 million tons in 1997/1998
and 0.04 million tons in 1998/1999.

in 1986/1997 exports from the USA to Asia and West Coast Central and South America
totalled 10.0 million tons, in 1997/1998 8.9 million tons and in 1998/1939 11.25 million tons.
The maximumn calculated by the Consultants that is likely to be shipped from Brazil to these
destinations does not represent significant competition on these routes, being approximately
2% of US volumes, Should, for some reason, the dirsction of Brazilian trade flows change
drastically from their historic pattern, then an increase of trade through the Canal will
substitute for the US exports forecast here to some Asian destinations and West Coast Latin
America. However, given that this trade is maximum Panamax trade there will be no
material impact on the bottom line in Panama Canal transits.

6317 Southbound trade for grains and soybeans on all other routes is intermittent
with no statistically acceptable pattern over time or relationships with economic criteria. The
most important route is from the East Coast of Canada to Asia but even here trade flows are
erratic both for individual products and in total. After consideration, it was decided to
forecast Canadian exports to Asia on the basis of the trend in US exports to Asia assuming
the historical medium term (1990/1991 through 1998/1999) relationship between US and
Canadian exports. The result is trade volumes which are very similar in 2050 - at 0.7 million
tons - as those in 1988/1999 recognising that the latter year represented an unprecedented

increase in imports for which there does not appear to be any fundamental long term
support.

The remaining trade has fluctuated substantially over the past 25 years from just over 80
thousand tons to nearly 1.0 million tons with 364 thousand tons for 1998/1999. This trade
has been developed with reference to the trend in total US exports.

531.8 Total southbound grain trades through the Panama Canal are forecast to
decline in the shorter term but increase to 48.4 millicn tons by 2010, 56.2 million tons in
2020 and 79.1 million tons in 2050. This represents an average rate of growth over the time
pericd of 1.4% per annum with a higher rate of just over 2% per annum through 2010
decreasing to 1.2% per annum thereafter.

5.3.1.9 Northbound grains have been on a generally rising trend over the past 25
years, However, given the range of annual variation in volumes, there are no statistically
acceptable relationships with economic indicators either on a product basis, a route basis or
on an importing region basis that can be used for forecasting purposes. The consuitants
have therefore addressed the first 10 years of the forecast by applying year on year trend
data in global trades for each of these product groups as indicated by the US Department of
Agriculture. For the remainder of the forecast period, this trend has been extended in
combination with relatienships with RLA's global GDP per capita forecasts. In order to
develop forecasts on a route by route basis trade by product group has been allocated
utilising market shares that reflect trends in the past 10 years,

The result is that northbound trade increases by just under 2% per annum between 2000
and 2010 and by just under 1.5% per annum on average over the forecast time period

through 2050. In absolute terms, trade mare than doubles from 3.5 million tons to 7.2 million
tons.
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5.3.2 Coal and Coke

53.21 For ease of presentation, coal and coke trades are referenced here as coal
trades. The main features of these trades from a Panama Canal perspective have been:

» Southbound, a gradual diminution of volumes on the US to Asia route. This has been
caused in part by a lack of competivity of US product, increasing intra-regional supplies
and in part by the use of larger vessels which have been routed via the Cape of Goed
Hope and which generally load tap up cargoes of either iron ore or ceal in South Africa.

+ Northbound, a gradual increase in volumes as competitively priced Asian steam coal has

found a place in the US market and high quality metallurgical coal from the West Coast
of Ganada has been exported in increasing volumes to Europe.

5322 East Asian coal consumption is forecast to increase substantially assuming a
‘business as usual’ economic scenario. Utilising a combination of US Departmsnt of Energy
(DOE) forecasts for specific years through 2020 and RLA economic data and farecasts
suggests that Asian consumption ceuld increase from under 2,500 million tons lo over
11,000 million tons by 2050. This does not necessarity imply a resurgence in US exporls
however, Import requirements are predominantly met by exporters from within the region ~
Australia, China and Indonesia — and US exports, including those from the west coast and
volumes shipped around the Cape of Good Hope, currently constitute less than 5% of impont
requirements.  Current US DOE forecasts suggest that this proportion will continue to
decline through 2020. This means that US exports to Asia, while fluctuating on a year on
year basis, are unlikely to exhibit a fundamentally increasing trend until the second half of
the forecast period with exports in 2030 of a similar order of magnitude to those recorded in
1889 - or 8.0 million tons - but still below those prevailing in most of the 1930s. By 2050,

exparts are forecast to be of a similar order of magnitude as in the early and mid 1990s, that
18, around 15 million tons.

Demand to move coal through the existing Canal varies around 1.0 million tonnes per
annum for each year in the forecast period unti 2030 when trade starts to increase
fundamentally, reaching 2.4 million tonnes by 2050.

5323 There is one other exporting area which is a source of Asian imports and
which. constitutes potential Canal trade and that is the East Coast of South America.
However, these volumes are virtually all carried in Cape size vessels and therefore this is
discussed further in Section 8 which encompasses trade demand for the Expanded and
Unrestricted Canals.

5324 On the basis of the US DOE forecasts through 2020 and RLA’s long term
economic forecasts, coal consumption in the West Coast of Central and South America is
also expected to be on an upward trend. Import requirements from the East Coast of South
America (Colombia and Venezuela) and the USA are expected to increase from 2005
reaching a total of nearly 4.8 million tons in 2050 tompared to 1.2 million tons in 1998/1999,
All of these trades constitute demand for the Canal at its existing capacity.

5325 Other southbound trades through the Canal are small by comparison and, in
a number of cases, intermittent. Forecasts are therefore based on the historical trend of
these trades in total. Gverall, the rate of growth in total trade demand for the existing Canal
southbound is substantial at 2.7% per annum on average but the numbers remain
comparatively low, reaching nearly 3.0 million tons by 2030 and 8.6 million tons by 2080,

53.26 According 1o ACP data, US imports from Asia have been on a steadily
increasing trend over the last 25 years and this generally matches the historicat data on coal
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trades maintained by RLA although it should be pointed out that the volumes transiting the
Canal are apparently in excess of US Department of Commerce numbers. Current US DOE
forecasts suggest a slowdown in the rate of increase in US coal consumption from 2005
onwards. Extending this trend on the basis of the likely trend in US coal consumption means
that coal imports in total are likely to increase from 8.0 million tonnes currently to 20.8 million
tons in 2050. This compares to the US DOE forecast of 17.9 million tons for 2020. Coal
trade demand for the existing Canal from Asia and Oceania into the USA is therafore likely
to increase from just over 2.5 million tons in 1998/1899 to just over 7.1 million tons in 2050.

53.27 Over the forecast time period, European coal consumption is likely to decline
although this will not necessarily have a direct, concomitant impact on import volumes as
production levels are expected to decline also. Exports from the West Coast of Canada
(included in the 'Other South to Other North’ route as defined in the terms of reference), are
expected to increase although at a low rate through 2040 befare declining a little towards the
and of the forecast period. (It should be noted that current US DOE forecasts suggest much
higher volumes but this is predicated upon the basis that Canadian coal will be exportad as
steam coal. The consultants have, on consideration and after discussion with market
participants, decided not to accept this assumption). Some of this trade is already carried in
Cape size vessels but, due to port limitations at some European steel mills, there is still a
substantial Panamax trade. As a result, trade demand for the existing Canal is forecast to
increase from 3.3 million tons in 1998/1969 to 4.4 million tons in 2030 and 2040 with a smali
decline in 2050. Exports from the West Coast of the USA to Europe are substantially
smaller and are expected to follow a similar pattern.

5328 The remaining northbound trades are small in volume and, in a number of
cases, intermittent. These trades have therefore been forecast on a trend basis and
aflocated to individual routes in proportion to historical market shares. Tota!l northbound

trades are forecast to increase from 6.6 million tons in 1898/1999 to nearly 13 million tons in
2050.

5.3.3 Minor Bulks

5.3.3.11 On a year on year basis, individual minor bulk trades through the Canal are
generally exiremely volatile and clearly subject to very short term influences. This is
ilustrated in Figures 5.3.3.1 {0 5.3.3.5. This situation is exacerbated when the data are
reviewed on an individual route basis. Nevertheless, it is axiomatic that long term trade
developments are predominantly a function of economic trends.

Individual minor bulk industries have been considered where the Consultants deemed this
appropriate. However, within long term dry bulk trade analysis and forecasting generally, a
number of products tend to be grouped together under the generic term minor buiks. This
aggregation generally facilitates the development of robust statistical relationships and
therefore, the accuracy of the forecasts. This approach, adopted by RLA is accepted
practice for long term minor bulk trade forecasting, particularly where the bottom line
requirement is to forecast total vessel movements and demand.
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Figure 5.3.3.1

Southbound Minor Bulk Trades (Tons 000)
(Fertilisers, Phosphatas)
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Figure 5.3.3.2
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Figure 5.3.3.3

Southbound Minor Bulk Trades (Tons 000)
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Figure 5.3.3.4

Northbound Minor Bulk Trades (Tons 000)
(Alumina/Bauxite, Paper, Scrap Metal, Fertilisers, Phosphates)
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Figure 5.3.3.5

Northbound Minor Bulk Trades (Tons 000)
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Review of the ACP data suggests that the most appropriate product groups for inclusion

under this term ars:
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53.3.2 The consultants have reviewed these trades both individually, in product sub

groups and in total and by route and/or importing areas. The following are apparent:

s Southbound, both industrials and fertilisers/phosphates have generally exhibited a strong
upward irend atthough trade in industrials in particular has declined in 1997/1998 and
1988/199¢ as a consequence of the Asian economic crisis and, possibly, water capacity

problems at the Canal,

» AsiafOceania is the most important importing area but this proportion has declined in the

fast three years, varying between 54% and 59%

» Southbound volumes have generally been higher than northbound although in
1998/1989 total volumes were very similar, Further, as one might expect, the constituent
elements are different with northbound volumes characterised by a significantly higher

proportion of industrials than southbound.
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» Historically, the long term trend northbound does not exhibit such a strong upward

pattern although a more consistent profile emerges if iron and steel trades are excluded
from the data.

» Unlike southbound movements, northbound trade peaked in 1997/1998 before declining
again In 1988/1999. if iron and steel volumes are removed from the data series, trade
increased in 1997/1998 aver the previous year but only very marginally.

53.33 The following sections describe how the various minor bulks have been
grouped together. Separate consideration was given also to the lumber frades On the issue
of European imports of forest products from the West Coast of Canada there are two over
riding factors. In the first instance, restrictions were introduced in the EU in the early 19903
which impacted on imports from the West Coast of Canada. These restrictions were mainly
concerned with the quality and specifications for the products. Insofar as the Canadian
producers could not comply with them there was a change in the source of forestry products
supply into Europe from Canada to Scandinavia, Baltic countries and FSU.

Another reason was a decline in the availability of timber and associated products on the
Western Coast of Canada. For the future, we have taken the view that volumes on this trade
could reasonably be expected to increase aver the long term as a function of economic
growth. Market views on this are mixed although certainly some of the market research
undertaken supports our view. ACP should additionally bear in mind that business analysts
employed in individual industrial sectors do not focus on the very long term from the
perspective of market structure and growth rates. It is therefore accepted that long term
trade forecasting as undertaken for this study will have at its core economic developments.

in reality this is a relatively small issue in the context of minor bulk trades and trade and
traffic through the Canal generaily.

Southbound, the main reason for the more recent downturn in Japanese lumber imports is
economic, that is the Asian economic crisis in general and low growth in the Japanese
economy coupled with low investment activity in particular. Southbound lumber trade is nat
the onty minor bulk product to be impacted in this way.

South Australia, New Zealand and Chile produce different types of lumber to the US with
fibre of less quality. They do not therefore necessarily represent a direct competitive threat
in the Asian market. Additionally although some {but not all) analysts believe that, over the
shorter term, prospects for Japanese imports from the U3 are limited, it is understood that

China will be playing a more important role in the market and that consumption of forest
products will increase.

It should zlso be noted that the approach undertaken to forecast southbound lumber trades
(see below) minimises the impact of errors in historical Panama Canai trade data which
suggests that exports from the USA to Asia really only started in any significant way in

1987/1988. In contrast, industry socurces indicate that this trade had been rising for some
time.

5.3.3.4 Ali of the comments made above as to the advisability of grouping miner bulk
praducts together apply equally to the northbound and southbound routes. On grouping and
scrutiny of the northbound data and testing the data against economic variables it became
clear that results would be improved if iron and steel trades were removed from the
analyses. The reason for this, the market research undertaken on iron and steel trades and
the solutions adopted in order to produce forecasts for iron and steel trades are explained
and discussed in detail in Sections 5.3.3.5 and 5.3.3.6. The approach taken to forecasting
the other northbound minor bulk trades is provided below.
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Given the importance of the USA and secondly Europe as destination areas for northbound
trades, various combinations of indusirials imports were initially analysed from the
perspective of relationships with US and Eurapean economic developments. However,
although there are clearly relationships, none of these was considered sufficiently robust for
long term forecasting purposes. Instead the most robust forecasting relationship was found
between total northbound industrials trade, excluding iron and steei, and global economic
developments. On northbound trades, phosphates angd fertilisars constitute a very small
proportion (less than 3% in 1998/1999) of total trade and therefore it was not necessary to
split these trades out from the totality of minor bulk trades.

This resulted in northbound minor bulk trade demand for the existing Canal - excluding iron
and steel and lumber - increasing from 18.6 million tons in 1998/1999 to 44.8 million tons in
2050. This reflects an underlying increase averaging 1.5% per annum (which is very similar
lo the long term trend in Canal trade) although shorter term increases through 2010 are
likely to be above those seen in the later peried. With the inclusion of lumber trades, where
dala for the most recent years available suggests some stabilisation, total minor bulk trades,
with the exception of iron and steel are expected to reach 48.5 million tons by 2050.

5.3.35 Northbound iron and stesl trades peaked in 1997/1998 at 8.8 million tons and
declined marginally to 8.4 milfion tons in 1998/1999. This compared {0 volumes of only 4.2
milllon tons in 1996/1997 and annual volumes which had not reached 5.0 million tons since
1980. It was clear therefore that a structyral change had taken place in the last two years

and RLA sought to identify whether this would persist ar whether trade volumes would revert
to more ‘normal’ levels.

US imports of iron and steel transported via the Panama Canal increased from 3.7 million
tons in 1996/1997 to 7.2 million tons in 1997/1998 and 6.8 miflion tons in 1998/1999. These
figures were borne out by RLA’s trade data for these products which are compiled and
provided by !1SSB Ltd.

The ratio of imports to apparent consumption has been on a steadily rising trend in the US
over the 1980s. Until the Asian economic crisis, 80% of Japanese and Scuth Korean
exports were to fellow East Asian countries.  However, the downturn in econemic activity in
Asia and relative US$ strength, caused a re-orientation in trade flows away from Asia
towards those economies still enjoying robust or reasonable economic growth such as the
US and Europe. In other words, the standing excess of capacity over demang globally was
exacerbated by the economic developments of 1998, Through the first nine months of 2000,
US imports moved upwards again and, despite various anti-dumping measures that have
either been prosecuted or are in the pipeline, this inciuded imports from East Asia. Views
concerning future developments appear to be mixed. Short term forecasts published by the
international Iron and Steel (nstitute {1ISI) suggest that US apparent consumption is likely to
increase by less than 5% between 2000 and 2005, Long term apparent consumption has
been assessed on the basis of the relationship between historical US economic
developments and apparent consumption. This suggests an average consumption increase
per annurn between 2000 and 2050 of 0.7% Per annum or marginally below the short term
annual average forecast by the 1S, Assuming that the ratic of imports to consumption will
ease but remain at historically high levels, suggests that imports from those areas which
export 1o the USA through the Canal will fall back over the short term to 2005 but increase
over the long term. On this basis trade demand for the Canai at its current capacity will
increase to 9.3 million tons in 2050,

5336 Other northbound iron and steel trades totalled 1.6 million tons in 1998/199g.
These trades again exhibited a sharp upturn in the last two years. No satisfactory statistical
relationship could be found for thess trades against economic and exchange rate criteria.
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The most robust relationship was found to be against US trade developments. On this basis,
trade demand for the existing Canal is expected to increase to 2.4 million tons by 2050.

53.3.7 The most robust forecasting relationships for southbound cargoes were found
by grouping the southbound trades into industrials — including lumher - and
phosphatesifertilisers separately. Again this is accepted practice. ‘Industrials’ are subject to
the same long term economic influences. Grouping products together in this way captures
potential substitution effects between these products. Grouping products together in this
way minimises the potential impact of any 'mis-categorising’ of products by ACP which is
easy to do considering that most of these products themselves constitute a wide range of
individual items. This approach does however capture the inescapable fact that specific
volumes of minor bulk industrial products are shipped through the Canal. Combining this
with the fact that minor butk products are not shipped in vessel sizes too large to transit the
current Canal, means that volumes in total represent a sound forecasting base for the

purpcses of this study. The forecasting approach taken was a statistical one ang reflects the
relationship between these trades in total and global economic developments.

Figure 5.3.3.6
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Long term relationships versus world per capita economic developments resulted in
industrials trade increasing from 13.6 million tons in 1998/1999 to 43.3 million tons in 2050.
The long term trend in industrials trade growth at 2.2% per annum is lower than seen over
the past 15 years and also lower than the historical long term average. The growth rate is

expected to decline from an average of 3% between now and 2020 to an average of 1.7%
thereafter.

Similar orders of magnitude resulted from a statistical regression between Asian economic
developments and trade flows. On this basis trade would increase to 38.6 miliion tons by
2030. This was rejected however given that a relatively high proportion of imports (47% in
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1998/1999) were destined for the Wast Coasts of Central and South America. Despite this,
the introduction of Latin American growth rates did not improve the forecasting relationship.

Phosphates, which include products such diammonium phosphate and triple super
phosphate, are of course fertilisers. Grouping these two products together therefore deals
with any data problems associated with any potential ‘mis-categorisation’ of product between
these two groups. For phosphates and fertitisers, a robust forecasting relationship was also
found between historical trade and long term economic growth trends. On the basis of this
relationship, trade is forecast to increase from 13.6 millien tons to 40.9 miliion tons or by a
growth rate a little over 2% in the long term which is marginally below the long term historicai
trend. As with industrials, the rate of growth is more robust in the shorter term with the
period from 1998/99 — 2020 characterised by an annual average of 3% which declines to
1.8% per annum on average thereafter.

5.3.3.8 The result of these generic growth forecasts is that northbound minor bulk
trades are anticipated to reach 60.2 million tons Dy 2050 with the southbound trades
continuing to exhibit stronger growth rates and to reach 84.2 million tons in the same time
scale. Trade shares have been allocated to individual routes utilising historical proportions.

5.3.4 Petroleum Coke

In FY1998/99, total petroleum coke trade via the Panama Canal amounted to 3.2 million
tons, of which 2.5 million tons was northbound and 0.7 million tons southbound. The
predominant trade s betwean WCUSA and Europe for which the figure in 1999 totalled 1.9
million tons. Trends in this trade are extremely volatile and although recent developments
suggest an underlying leveliing off in cargo flows, a single linear regression over time gives a
better result than a log regression although there is not a really ciose correlation. Because
of the volatile nature of the trade, there is no link with, for example, GDP in Europe.
Northtbound, the Asia to ECUSA trade — amounting to 0.3 million tons in FY1998/89 — has
also been subject to significant fluctuation although there is a better linear correlation with
US GDP and a reasonable underlying linear rising trend over time. The forecasts of trade
resulting from the relating future cargo flows to US GDP appear slightly on the high side and
therefore the results of the linear regression over time have been applied, consistent with the
approach taken for the main WCUSA-Europe route. Other northbound routes were treated
in aggregate in a similar fashion.

Southbound trade is dominated by product sourced from ECUSA. In FY1998/99, 0.4 million
tons were shipped to Asia, 0.2 million tons to WC South America and 0.05 million tons to
Oceania. Cargoes have been maved on other routes intermittently but these three are
essentially the ones that comprise total southbound cargo flows. Because of the fluctuating
nature of these trades at both an aggregats and individual route level, projectiens of future
trade have been based on the underlying linear trend over time.

As a result, total petroleum coke trade via the Canal is projected to increase from 3.2 million
tons in 1588/99 to 4.4 million tons in 2020 and 6.0 million tons in 2050. Northbound trade is

estimated to grow at a slightly faster rate, from 2.5 million tons in 1998/99 to 3.6 million tons
in 2020 and 5.0 miilion tons in 2050,
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5.3.5 Containerised Cargoes

Definitions

Container cargo was initially defined as all cargo carried on fully celiular vessels, whether
identified in commodity terms or not, plus all cargo identified as containerised on other ships.
Cargo identified as containerised accounts for about 90% of fully cellular vessel cargo, with
almast all the difference identified as reefer. It is reasonable to assume that reefer cargo on
fully cellular vessels is reefer container carga.

This definition was used for the main forecast run in both TEU and tonnage, and for the
forecasts of cargo tonnage by route and DWT band.

Separate tonnage forecasts were required for container cargoes, in any vessel type, defined

by the ACP as containerised, because of the need to produce separate consistent
commodity forecasts,

The TEU Forecast

World container handling data for the period 1970-1999 was assembled and was used to
forecast world container trade (lcaded plus empty) to 2050 in TEU. This required reducing

container handlings by estimated transhipment volumes, and dividing by two, as each TEU
is handled twice for a single movement.

Using ACP TEU transit data for total loaded and empty trafiic (representing single
movements) for containerships and non-containerships, Panama's notional share in years
for which comparable data was available was calculated and forecast. This share was then
applied to world forecasts to generate a forecast of the generic growth in overall Panama
Canatl frade in terms of TEU to 2050.

Cargo route forecasts were then generated, in total matehing the above forecast. This part of
the process was complex, as forecasts were required in TEU but:

« ACP-sourced container cargo data provided cargo tonnages on a true origin and
destination basis , but gave no TEU information.

e The ACP fransit data provided TEU information but gave route detail for ships rather
than cargo, and ceuld therefore only be used in aggregate.

The container cargo data for 1985-1999 gave container carge tonnages for required routes.
The major routes accounted for 80% of all container cargo in 1999 and were selected for
individual evaluation. These were:

ECUSA to Asia

Asia to ECUSA

Other South to Other North
Europe to WCUSA

Europe to WC South America.
WCUSA to Europe

ECUSA to WC South America.
WC South America. to ECUSA
WC South America. to Europe
Europe to Cceania
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« Cther North to Other South
* ECUSA to Oceania
» Al Other

These runs of data were individually forecast to 2050 using appropriate statistical functions,

giving the first step forecasts in tonnage terms. These fonnage forecasts then required
conversion into TEU.

The transit data provided cargo/TEU relationships for transit routes for the period 1985-1999.
These relationships showed a clear declining trend over time, partly because container
stowage factors are declining as higher value, lighter, goods increase their share in the mix,
and partly because of an increase in the number of empty containers carried on the Panama
routing. Appropriate functions were used to forecast cargo/TEU relationships but the function
was not permitted to reduce the 2050 relationship to below 10 tons per TEU.

Appropriate cargo/TEU forecasts were applied to the cargo tonnage forecasts to generate
TEU forecasts by routs. These forecasts were then converted into shares, and these shares
applied to the overall Panama TEU forecast generated separately.

The remaining minor routes were forecast as constant 1999 shares of the 'Others" TEU
forecast.

The Tonnage Forecast

TEU forecasts were converted back into tonnages utilising the earlier assembled
tonnage/TEU refationship forecasts for individual routes, Minor routes were again forecast as
constant shares of the 'other’ tonnages.

The Containerised Tonnage Forecast.

A route by commodity database for the period 1985-1899 was derived for 'non-container’
carga carried on fully cellular vessels. This was subtracted from the total container cargo
database used in the main TEU forecast, and the precess described above for the TEU and
tonnage forecasts repeated. The aggregate TEU forecast was modified by applying the
‘cantainerised’ share of total container traffic in tonnage terms for each forecast year.

The Containerised Cargo Tonnage Forecast By Route And Vessel DWT Category.

Separate forecasts were made for the impact of an enlarged Canal on Panamax vessels
assuming the generic growth in transit demand, as an enlarged Canal would allow some of
this cargo volume to be moved in larger ships, and for the new Case 2 trade (see Section
6.2) generated by the enlargement.

The forecasts related only to the eight routes identified as affected by enlargement of the
Canal. Strictly, the enlargement would aiso affect the generic growth figures for all other
routes operating Panamax vessels as well, but the importance of this change is in practice
very small, not least because ACP's major routes are among the eight individually assessed.

Background and Key Assumptions on World Container Trade

Strong growth is forecast for world container traffic over at least the next 10 years, both as
cargo becomes containerised, and with increased transhipment.

Overall average growth of 3 — 4% p.a. is likely for the US market aver the medium term, but
with expansion of intra-Americas trade, including both coasts of South America.
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The transpacific route is the largest single trade in the container market and it is forecast that
contalner penetration will not reach its maximum until the second decade. There is still
enormous potential for containerisation in China, Indonesia, India, Vietnam, with increases in
direct China calls. Wastbound trade from the US offers more long term potential, as the

Asian markets reach a higher standard of living and their consumption increases.
Consumption Is currently growing at 8% p.a.

The container market in North America is mature and the market itself is looking to

alternative sources of supply from Asia, i.e. Central America, Mexico, so import penetration
from the Far East is likely to stabilise over time.

Development of world container trade is best measured by port handling data as this is in
TEU and includes loaded and empty contalners, so that it most closely reflects demand for
vessels. Although world container frade has grown consistently at around 9% per annum
since 1882, we do not believe that this rate can be maintained forever and have used a
declining growth rate, falling from 4% per annum after 2005 to 1.4% in the years before
2050. Container handling volumes have never fallen year on year, and there seams no
reason to assume that there will be an actual decline in volumes over the period forecast.

Transhipment has increased, however, and container handling growth therefore exaggerates
trade growth. Transhipment was estimated at less than 5% in 1974, and has increased fo
around 20% in the late 1920s. Moreover, the rate of increase in transhipment volumes
increased sharply in the 1990s as major carriers dsveloped their use of transhipment hubs.

While it ts likely that Panama will carry some transhipped carge it cannot carry the same
cargo both as transhipment and as a main haul move, so that it is reasonable to exclude
transhipment volumes from the basic comparative analysis.

Increasing the rate of franshipment in the mode! has the effect of reducing the real rate of
growth of container traffic, and our forecast for the increased use of hubs with larger and
larger containerships - fhere is a clear trend for the number of ports called to reduce as

vessel size increases, with more transhipment - is that primary and secondary transhipment
will have increased to 60% by 2080.

The growth rate of real container trade after these adjustments have been made is estimated
to have declined from around 11% pain 1982 to about 7% in 1899. Future growth is forecast
to fall to about 3.5% pa in the period before 2010, and then to 1.3% by 2050. These
forecasts closely match forecasts for world economic growth.

Panama Share

The Panama share of world container trade as calculated above ranged between 3.2% and
4.3% in the period 1986-1998, with no trend over the period. The figures can however be
explained, as Panama trade is determined largely by traffic between EC North America and
Asia, and while US trade with Asia has increased sharply, Panama shares it with West
Coast US ports. The period from 1984, when doublestack services began, has been
characterised by the growth of Intermodalism and, since 1995, its inability to successfully
accommodate increasing volumes, so that Panama won back share of the overall US/Asia

market. Recent share has heen patticularly high, reflecting the trade effects of the Asia
crisis.

Although there are and will be continuing attempts to increase intermodal capacity, it is not
likety that intermodalism will be able to keep up with growth and win back what it has lost.
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This would suggest that Panama's share of world trade will continue to increase, as long as
the US is one of the engines of world container growth.

On the other hand, as a mature economy, the US may be expected to slowly lose share of
total container trade, and there is a prabability that Asian trade through the Canal will be
partly substituted by growth in north-south trade, much of which will not reguire Canal transit.

There will certainly be more growth in container trade which does not involve the US or
Panama at all, as economically undeveloped regions grow and mature. We have selected an

equation giving a long term trend figure of about 4 per cent for Panama share, to best reflect
these opposing tendencies.

5.3.6 Crude Qi

In FY1998/99, total crude all shipped through the Panama Canal was almost 9.0 million tons.
Northbound trade amounted to 4.3 miliion tons, of which nearly 4.1 million tons was from the
WC South America and some 0.2 million tons in Other South to Other North. Southbound
trade totalied 4.7 million tons with 3.9 million tons being sourced frem EC South America.

In order to develop projections of future crude oil trades, northbound cargo flows from WG
South America and for Other South to Other North have been linked to crude oil production
trends in Ecuador and Peru. Those from EC South America — the predominant sources of
seuthbound crude oil trade - have baen related ta expected developments In oil output from
Venezuela and Colombia. In both cases there was found to be a good correlation between
crude oil production in the named producer countries and trade. The crude oil production
time series used are shown in Table 5.3.6.1. Figures for oil production forecasts are based
on data from the |EA's long range outlook, taking into account expected depletion rates.
Trade on minor routes, either north- or southbound, which is sparse and erratic, has bean
added into the forecasts on the basis of average annual volumes over the past nine years.

On the basis of these assumptions, the total amount of crude oil shipped through the Canal
is projected to rise from just under .0 million tons in 1998/98 to a peak of 13.3 million tons in
2010 before declining gradually to 7.4 million tons in 2050. Trade on southbound routes is
projected to peak at around 6.4 million tons. Thereafter declining preduction from Ecuador
and Peru is expected to cause annual trade to fall to around 0.4 million tons by 2020. Trade
an northbound routes is estimated to peak in 2015 at about 7.5 million tons, after which time
declining output from Colombia and no further growth from Venezuela would cause trade to
fall back o around 7.1 million tons.

53.7 Petroleum Products

Total petroleum products trade in FY1998/99 was 14.6 mitlion tons. The Southbound trades
accounted for 13.1 million tons, of which the trade flows to Central and South America and
the USA were 9.1 million tonnes. The Northbound trades were 1.5 miilion tons, of which 0.8
million tons was the trade to the USA.
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Estimated Crude Oil and NGLs
Production

000 b/d

Colombia Ecuador Peru Venezuaela

1974 175 175 80 3080
1975 165 160 75 2420
1976 155 190 75 2370
1977 145 185 90 2315
1978 135 205 150 2225
1979 130 215 195 2425
1980 130 205 195 2230
1981 140 215 195 2165
1982 145 215 195 1955
1983 160 2490 170 1B50
1584 175 260 185 1855
1985 185 285 180 1745
1886 305 300 180 1885
1987 330 175 165 1910
1988 280 310 140 2000
1985 405 285 130 2010
1990 445 280 130 2245
1991 430 305 115 2500
1892 440 330 115 2500
1933 460 355 125 2590
1994 460 300 130 2750
1995 580 395 125 2960
1996 835 395 120 3135
1997 865 385 120 3320
1998 775 385 120 3510
1999 840 380 110 3125
2000 763 411 ag 3070
2001 760 400 80 3264
2002 733 391 83 3458
2003 706 ar4 76 3852
2004 669 ass 88 2846
2005 633 343 113 4040
2010 484 426 132 4765
2015 330 378 82 5307
2020 177 326 a2 5358
2030 o 226 0 5356
2040 0 126 0 5356
2050 0 26 ¢ 5356

Source: BP Amoeo, International Energy Agency (IEA), RLA
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Table 5.3.7.1
Development of W. Hemisphere
Oil Consumption

000 b/d

usa Canada Latin Am.

1974 16150 1765 3365
1975 15875 1735 3436
18976 16980 1790 3645
1377 17925 1795 3820
1978 18255 1830 4070
1979 17910 1915 4295
1980 16460 1855 4380
1981 15550 1760 4400
1982 14765 1565 4420
1983 14745 1475 4320
1984 15170 1425 4340
1985 15170 1490 4375
1986 15665 1540 4760
1987 16025 1580 4540
1988 16630 1665 5040
1989 16665 1740 4955
1890 16305 1690 S000
1991 16000 1630 5125
1992 16260 1625 5280
1993 18470 1680 5365
1994 16950 1720 5665
1995 16950 1665 5710
1996 17470 1710 5930
1997 17770 1800 6220
1998 18030 1820 6445
1899 18490 1800 6450
2000 18720 1822 6628
2001 18953 1845 6811
2002 19189 1868 6998
2003 16428 1891 7191
2004 19670 1915 7390
2005 19915 1939 7594
2010 21186 2062 8700
2015 22004 2151 9738
2020 23040 2243 10900
2030 22508 2225 12753
2040 19876 1996 14605
2050 15849 1616 16458

Source: BP Amoco, [EA, RLA

For forecasting purposes, regression analyses of historical trade volumes against ol
consumption in the imperting country/area (Table 5.3.7.1) and GDP were performed,
However, due to the Northbound trade being relatively small and sporadic no dependable
regression relationships were identified for the Northbound routes. These were forecast first
at the total Northbound trade level using the logarithmic trend analysis, The results for total
Northbound routes were then apportioned between the individual routes by applying the
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percentage share of each individual route in the total Northbound trade for the past 5 years
(from 1994/95 to 1998/99) to the total annual Northbound trads.

Regression analysis for the dominant Southbound trades revealed a very strong retationship
between the cargo volumes shipped to Central and South America and oil consumption in
these regions. Historical time series data were extracted from BP Amoco’s 'Annual Statistical
Reviews' In order to ptace future projections of oil consumption in a global context, forecasts
of world oil consumption by region were made with reference to the IEA's “World Energy
Qutlook 2000’ which provides forecasts through 2020, economic growth rates described in
Section 4 and expected reductions in oil consumed per unit of GDP. The resulting estimates

of world oil consumption are shown in Table 5.3.7.2, of which the estimates for W Hemishere
regions shown in Tahle 5.3.7.1 are a subsat.

These forecasts have been developed also against a background in which recent USGS (US
Geological Survey) resource estimates for conventional oil, unconventional oil, NGLs and
precessing gains suggest a peak in supplies might be reached around 2025, although more
dramatic gains in vehicle efficiencies in the intervening period could mean a plateau would
not be reached until around 2040, It is recognised that there are those that consider that
there are ample reserves of oll sufficient to sustain world oil demand growth of 2% per

annum beyond 2050. Equally there are views that a supply crunch may develop before
2025,

The assumptions on which this study is based represent the generally accepted view that
world oil consumption is likely to peak some time between about 2025 and 2040 - as
determined by available supply and the extent of improvements in vehicle efficiencies in the
intervening period. The assumptions adopted here were also based on an extensive
interview with a senior individual in the long range strategic planning and environmental
group in ane of the major international oit companies. The forecasts developed of world oil
consumption by region are provided here as Table 5.3.7.2 for information. It can be seen
both from this attachment and Table 5.3.7.1 that although oil consumption in the OECD
areas is expected to start declining from 2020, demand in the developing world — including
Latin America is seen to continue rising. As a result, the report envisages steady growth in
the important southbound petroleum products trades. Northbound trade is relatively minor
since the Caribbean area represents a major refining centre and source of product on the
Attantic side of the Canal.

Table 5.3.7.1 shows historical data plus forecasts of oil consumption for the W. Hemisphere.
It should be noted that the time series, based on BP Amoco data, differ from IEA estimates

since the former exclude, for example, US processing gains, non-petraleumn additives and
substitute fuels.

The regression results were used to forecast totals for the trades to Central and South
America. These were then apportioned between individual routes to Central and South

America using the percentage share of each route within the total trade to Central and South
America as measured over the past five years.

For the other southbound trades, Orimulsion was treated separately (see Section 6.2 below)
and the remaining cargo regressed against oil consumption for the importing regions. The
results were apportioned between individual routes according to their average weightings

over the past five years. Estimates of future Orimulsion trade via Panama were added back
in on the EC South America to Asia route.
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Tabie 5.3.7.2

Development of World Qil Consumption |

USA  Canada Latin Am. Europe Asia excl. Mid East Africe  Qceania World

incl. FSU  Mid East ‘l

000 bid

1974 16150 1765 3365 22350 8380 1465 915 685 55085
1975 15875 1735 3435 22055 8395 1425 955 695 54570
19786 16980 1790 3645 23319 3865 1865 1080 710 58050
1977 17925 1785 3820 23545 9470 1720 11435 735 50155
1978 18255 1830 4070 24595 10160 1815 1215 740 62680
1979 17810 1815 4285 25115 10430 2070 1295 758 53785
1880 16480 1855 4360 24410 9500 2040 1380 720 61125
1981 15550 1760 4400 235820 9690 2205 1480 710 59315
1982 14765 1565 4420 22765 9360 2405 1580 695 57565
1883 14745 1475 4320 22345 89505 2670 1645 670 57375
1684 15170 1425 4340 22445 8840 2830 1670 695 58415
1985 18170 1430 4375 22220 9780 2380 17158 670 58410
1886 156685 1540 47860 22800 10275 3018 1685 695 80445
1987 18025 1580 4840 22860 10580 3105 1765 720 61685
19688 16630 1665 5040 23010 11425 3085 1840 745 83440
1989 16665 1740 4935 23080 12145 3215 1920 780 64480
1890 16305 1690 5000 23375 12005 3380 1975 800 65440
1991 16000 1830 5125 22970 13510 3485 2015 780 65515
1982 16280 1625 Hh280 22000 14490 3550 2045 790 66040
1883 16470 1680 5365 20545 15100 3660 2085 830 65745
1884 15950 1720 2665 16760 16200 3825 2145 875 67140
1995 16950 1665 5710 19650 17415 3990 2215 205 68200
1986 17470 1710 5930 193385 17800 4160 2235Q 920 69725
1997 17770 1800 6220 19580 18665 4260 2310 955 71570
1908 18030 1820 8445 19735 18245 4310 2380 955 71920
1899 18480 1800 8450 19645 18850 4465 2445 70 73215
2000 18720 1822 6628 19883 19625 4552 2513 980 74722
2001 18953 1845 6811 20171 20330 4640 2582 588 76322
2002 19189 1868 6938 20464 21085 4731 2653 999 77959

2003 19428 1891 7191 20762 21833 4823 2727 1008 79665
2004 18670 1916 7380 21065 22634 4516 2802 101§ 81412
2005 19915 1939 7594 21373 23471 8012 2879 1029 83211
2010 21186 2062 8700 22088 28239 5519 3300 1081 93074
2015 22094 2151 9738 24162 32422 6118 3835 1089 101308
2020 23040 2243 10900 25445 37387 6777 3789 1097 110678
2030 22508 2225 12753 24835 42585 7826 4357 1M72 118362
2040 19676 1996 14805 22100 47783 8875 4925 1023 121183
2050 15849 1616 16458 17685 52982 89923 5493 806 120823
Source: BPAmMoco, |EA, RLA

For northbound routes total cargoes are projected to grow very modestly from 1.5 million
fons in 1998/1999 to 1.9 million tons in 2020 and 2.0 million tons in 2080. Trade growth is
estimated to be more vigorous on southbound routes, rising from 13.1 million tons in
1998/99 to 20.1 million tons in 2020 and 22.9 million tons in 2050,

As indicated above the point at which the expected plateau in the supply of oil is reached —
and therefore the peak in il consumption - is dependent of the development of alternative
energy forms. The principal alternative energy sources relate 10 gas - this would still be
impacted by future energy/hydrocarbon taxes — fuel cell technology, biofuels and renewables
such as wind, wave or hydro power. Trade in liquefied natural gas (LNG) is not seen as a
significant growth prospect for the Panarna Canal with Asian markets being supplied from
the Middle East and S E Asia and marksts in the Allantic Basin bsing supplied from the
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same broad area or the Middle East. Venezuela's priority is to develop its gas reserves to
supply its Latin American neighbours but not via seaborne franspertation. Fuel cell
technology may require increases in methanol trades. However given the likely major
sources on supply and areas of consumption, the pattern of {rades is unlikely to impact

significantly on the Canal. Other forms of energy are consumed close to the point of
production.

In summary, the development of alternative energy sources is not seen to have a significant
impact on Canal traffic other than its substitution effect on oil. The location of current and
likely future sources of natural gas in relation 1o main markets do not require transit of the
Canal. As oil consumption is concentrated increasingly in the transportation sector the
development of advanced internal combustion engines and hybrid vehicles wilt limit oil
demand growth. [n the longer term, past 2020, fuel cells offer promising alternatives
although there is still some question over the choice of fuel, This could lead to increased
tfrade in gas or methanol but on routss that are unlikely to involve Canal transits. Biofuels
are expensive now but prices are coming down and they could become competitive with oil
in fwenty years time. However these will likely go to meet energy requirements in local

markets. The same comment applies to renewable energy forms such as wind, wave and
hydro power.

5.3.8 Residual Petroleum

Residual fuel trade flows are relatively minor and will remain so as fuel oil demand is seen to
account for an ever decreasing proportion of the demand barrel — both as the result of being

substituted by natural gas as a boiler fuel and anticipated growth in the demand for
transportation fuels.

In FY1998/99 residual petroleum frade via the Panama Canal totalled 1.9 million tons, of

which over 1.5 million tons were shipped southbound and some 331 thousand tons -
northbound.

Due to low volumes shipped northbound and the volatile nature of the trade, regression
techniques and fime trend analysis were not considered to be appropriate. Forecasts for
northbound routes are based using 5 year averages for trades grouped by their destination,
and these levels are assumed to stay the same to year 2050. Then the forecasts at a
grouped level were split between the individual routes according to the percentage share of

each individual route in the tolal frade to a specific destination for the past 10 years from
1989/90 {o 1998/90,

Historicalfly, main southbound trades were the trades to Central and South America and to
the USA. However, no significant correlation was observed between the trade volumes and
appropriate independent varlables, such as oil consumption in importing country or
economic indicators. The forecasts were based on logarithmic trend analysis of the data
series from FY1974/75. It should be noted that although data for FY1873/74 was also
available, trade volumnes for this year were not considered to be representative as they
peaked significantly in that year and such a high level of activity was not observed in later
vears. Therefore, 1973/74 data was not used in the analysis. As a further step, forecasts at
the aggregate trade leve! were apportioned between the individual routes on the basis of

their percentage share in the total for the southbound trade for the past 10 years from
1989/20 to 1998/99.

The forecasts based on the above methodology show a slight decrease in southbound
residual petroleum trades ta 1.7 million tons in 2020 and 1.6 millien tons in 2030. The
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northbound trade was estimated to be 805 thousand tons in 2000 and was assumed to
remain fiat thought the forecast period.

3.3.9 Chemicals

RLA examined the historical ACP database for both chemicals and petrofeum chemicals
trade and compared these data with in house data on chemical trades. No significant
definitional differentiation between the two groups of products could be discernad As a
result, the same forecasting methodology was applied to both product groups.

Totai chemicals trade in FY1998/9g reached almost 9 millian tons of which southbound trade
flows were 8.6 million tons and northbound 2.4 million tons. The dominant southbound trade

was US to Asia which accounted for 4.3 million tons of the total and, netthbound, Asia to the
USA which was 1.1 million tons in 1998/99

RLA’s chemicals database and latest medium range outlook were used to produce annual
changes in chemical carrier trade for individual routes from 1999 to 2005. Forecasts from
2005 to 2050 were based on the statistical relationship between RLA's lang term historical
data on globai chemicals trades and global economic growth,

Although northbound trades are not expected to increase in the short term through 2005, the
resuiting forecasts generally show significant growth. Southbound volumes are forecast to
increase to 23.1 million tons in 2050 while northbound the increase is to 7.7 million tons in
2050.

5.3.10 Petroleum Chemicals

A very similar structure is apparent in petroleurn chemicals trades as in chemicals trades
with southbound volumes significantly in excess of northbound (1.7 miliion tons and 0.4
million tons respectively in FY1998/99) and the routes betwesn the US and Asia
predominant at 1.4 millicn tons southbound and 0.2 million fons northbound,

Using the same methodology as described in §.3.9 above, southbound trades are forecast to
increase to 3.8 million tons in 2020 and 6.8 million tons in 2050 while northbound volumes
increase to 0.7 million tons and 1.3 million tons respectively. These figures represent
average annual growth rates of 2.4% and 2.1% per annum respectively aver the forecast
period. These are similar {o the projected growth rate for chemicals.

5.2.11 Reefer Products

From FY1973/74 to FY1998/99, trads in reefer products has grown steadily from 2.1 million
tons to 4.8 million tons. This growth has been consistent year on year except for small

West Coast South America to Europe

West Coast South America to East Coast usa
Qceania to Europe

Cceania to East Coast USA

East Coast USA to Asia
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These five trades have increased their share of total trades from about a half o about two
thirds during the 1974 to 1999 period. The approach to forecasting reefer cargo flows
through the Panama Canal has therefore been to treat the above five routes separately and
to project the remaining groups of north and southbound trades as two residual series, which
have then been apportioned by route on the basis of historical trade shares.

The West Coast South America to Europe and East Ceast USA trades exhibited strong
correlations to the natural logarithm of Europe GDP and USA GDP respectively, particularly
in the case of the latter, which had an R squared above 0.97. Projections of future trade
have thus been calculated using forecasts of Europe and USA GDP. These projections
showed trade to Europe increasing from just under 0.8 million tons in 1998/99 1o 1.9 million
in 2020 and 3 million in 2050, with trade to East Coast USA increasing from 0.67 million tons
to 1.2 million and 1.6 million for the same years.

No significant relationships coutd be found between the other two major northbound trades
{Oceania to Europe and East Coast USA) and economic indicators. These trades had been
fairly flat during 1974-1999 and statistica! trends were therefore used to forecast future trade.
This resulted in trade to Europe decreasing marginally from 0.32 million tons in 1998/99 to
0.25 million tons In 2020 and 0.23 million tons in 2050 and trade to East Coast USA

decreasing marginally from 0.5 million tons to 0.48 million tons prior to increasing again to
0.52 million tons.

The one major southbound route (East Coast USA to Asia) exhibited a sfrong correlation
with Asia GDP and this was used to forecast future trade which gave results of 0.8 million
tons in 1998/99, 1.7 million tons in 2020 and 4.4 million tons in 2050,

The residual northbound trades showed a strong correlation with the GDP of their major
destinations (U8 and Europe) and this was used to forecast future trade volumes. Trade is
therefore forecast to increase to 1.7 million tons in 2020 and 2.9 million tons in 2050. The
residual southbound trades also showed a strong correlation with their major destination

area {Asia) with the result that frade is forecast to increase to 0.9 million tons in 2020 and
2.1 million tons in 2050.

In total, potential reefer carga trade through the Canal is therefore estimated at 4.8 million
tons in 1998/99, 8 million tons in 2020 and 14.7 million tons in 2050. Northbound share falls

from 72% in 1998/98 to 67% in 2020 and 56% in 2050 mainly due to the sharp increase in
East Ceast USA to Asia trade.

5.3.12 Bananas

Total banana trade In FY1928/99 was 2.24 million tons, of which northbound routes
accounted for 2.20 million tons, and the rest was shipped southbound.

No reliable regression relationships against main economic indicators were identified.
Forecasts for the Northbound trades are based on logarithmic trend analysis of the data
series starting from 1992/93 due to a combination of factors affecting northbound banana
trade via the Panama Canal in the early 90's. These factors include a general worldwide
tendency towards containerisation of banana cargoas from the early 90's; introduction of
new regulations on banana quotas and banana import taxes in Europe from 1 January 1993
which lead to a slight decrease of banana exports to Western Europe and significant
increase in banana volumes to Eastern Europe; a considerable decrease of banana exports

to the EC USA via the Panama Canal from 1992/83 due to a change of sourcing from WC
South America to EC.
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The new European Union policy which was adepted only very recently encompassaes an
annual quota for Asia, Caribbean and Pacific banang producers. If this quota is exceeded
producers in these areas must pay import duty. ‘First Come, First Served' liceances will be
granted for the $ banana producers. The system has yet to be implemented and the EU
Commission are still working on the details of the legislation,

The views of major banana producers and exporters on this regime vary extremely widely,
Chiquita firmly opposes the new system, arguing that it is ‘World Trade-inconsistent’, ignores
8 years of successive GATT and WTO rulings and will result in an unnecassary extension of
the transatlantic trade dispute. The US government, virtually all of the Latin American
banana supplying countries and Caribbean nations also consider the new EU scheme to be
WTO-illegal. Most of these countries continue to believe that the only lasting solution to the
dispute is a licensing system recognising historical operators.

Dole Food Company Inc, however, anncunced its suppert for the new system, pointing out
that it gives clearer guidelines for competing within the European market, preserves imports
from Asia, Caribbean and Pacific countries, and is a nen-discriminatory method for allocating
import rights for Latin American bananas to the EU.
The only element to be seen clearly at this stage is that it is not clear as to what the impacts
are going to be. in any event this stage of the policy is currently only scheduled to last until
2006. Moreover we would point out as a point of principle that there are continuous changes
in the organisation of international trade.

It should also be noted that ACP banana trade data is aliocated 100% to reefer vessels in
the ACP database and the Consultants are well aware that bananas are in fact carried in
both reefer vessels and container vessels. The banana trade forecast therefore follows
ACP's data structure and includes cargoes in reefers only. Bananas transported in
containerised cargo are implicitly cavered in the forecasts for this commodity group.

The shifting effect of reefer cargo — including bananas - from reefer vessels to containerized
vessels has been analyzed in detail. Historic data on the reefar container share of reefer
trades via Panama was assessed on an individual basis for key routes and 'others' as a
group. As in other sectors, these proportions were extrapolated according to best-fit
statistical curves, taking into account to the extent possible known developments in trades
and in the reefer/container industries. This was undertaken as part of the work described in
Section 7, ‘Commodity Trade Flows by Vessel Type'.

It should be also noted that according to the information provided by some major banana
shipping companies (Lauritzen, Klaveness, Crion Shipping) banana consumption in Europe
will not increase substantially in the future. Taking into account all the above factors, it was
believed that logarithmic trend analysis is the most appropriate technique to forecast
northbound banana trades.

As for the southbound trade, agcording to the same sources of information (Lauritzen,
Klaveness, Orion Shipping) banana volumeas are unlikely to increase as shipping bananas to
the South via the Panama Canal is not econemically efficient provided EC South and Central
America are the major source of bananas. Due to this fact combined with the quite volatils
and erratic nature of the sputhbound banana trades, forecasts of the southbound trade are

based on the average cargo volumes for the past 10 years from 198%/30 to 1998/89, which
are assumed fo remain the same to 2050,

The resulting forecasts for the northbound banana trades are an increasse from 2.2 million

tons in 1998/99, rising to 2.5 million tons in 2020 and 2.6 million tons in 2050. The
southbound trades are assumed ta stay broadly flat to 2050,
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5.3.13 Food and Agricultural Products

Total jrgde for FY1998/99 was 3.1 million tons. Southbound trade in the same period was
1.2 million tons of which 0.8 million tons were shipped to Asia. Northbound trade amounted
to 1.9 million tons almost a half of which was the trade to the USA,

No reliable regression relationships against main economic indicators were identified.
Forecasts for the major trades are based on logarithmic trend analysis of the data series
starting from 1873/74. Forecasts for the northbound trade to Canada, and the southbound
trades to Cceania, other South, and USA are based on the average cargo volumes for the
past 10 years from 1989/90 to 1998/99, which are assumed to remain the same to 2050,
Due to very low volumes moved on the southbound trade to Canada o 1989/90 and no

trades in this direction for the past 10 years, this trade is assumed to be at a zero level in
perpetuity.

Ti']e_ forecast trade volumes for northbound routes are seen to gradually decrease to 1.67
million tons in 2020 and 1.40 million tons in 2050. Southbound trade is forecast to decrease
1o 893 thousand tons in 2020 and 881 theusand tons in 2050.

5.3.14 Sugar

Sugar velumes shipped in FY1998/99 via the Panama Canal were almost 2.9 million tons.
The butk of 1988/99 sugar trade (2.5 million tons) was northbound, where the majority of the
volume went to the USA with some to Europe and Canada. The southbound sugar trades
were volatile and erratic, amounting to 428 thousand tonnes in FY1988/99. The main
southbound trade was from West indies to Asia.

For sugar trades, no reliable regression relationships against main economic indicators were
identifled. Forecasts for the Northbound routes are based on logarithmic trend analysis of
the data series starting from 1973/74. The Southbound trade to Asia, which accounts for
87% of the total southbound sugar trade is forecast using a logarithmic trend from 1892/93,
as in the early 90's there was a structural change on the market when China significantly
reduced volumes of sugar imported from Cuba. According to infarmed market sources at
Tate&Lyle, this trade is likely to decrease in future. Other Southbound trades were forecast
as the averages from 1992/93,

The forecasts based on the above assumptions show the northbound sugar trade slightly
dscreasing to 1.96 million tonnes in 2020 and 1.88 million tons in 2050. The southbound

trade forecasts show a larger decrease to 0.34 million tons in 2020 and 0,25 million tons in
2050,

5.3.15 Automoebiles

Since FY1973/74, total automobile trade via the Canal has fluctuated between 0.8 miilion
tons and 2.4 million tons. In FY1988/99 it totalled 1.7 million tons having risen for the third
consecutive year. The key trades are Asia to ECUSA, which accounted for almast 1.0

million tons out of the total 1.3 million tons of northbound cargo, and Europe to WCUSA,
which represented around a half of the southbound.

There has been a certain pick up in US auto imports from Asia in the last two years.
However it is not expected that an expansion will be seen from the past two years' high
levels. In general it is expected that imports from Asia will remain high in the shert term but
decline in the long term. There has been a pause in Japanese manufacturers’ trans-plant
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activity following the impact of the Asian economic and financial crisis on investment. With
capacity utilisation levels of existing trans-plants high, a strong US currency and a downturn
in manufacturers’ domestic markets, Asian exports have risen. However, new investments
in trans-plants are likely to take place, which will have a negative impact on exports to the
USA. South Korean manufacturers are likely to follow the lead of the Japanese producers
and Hyundai, for example, is planning to start producing in the USA.

Another factor in the future will be the continuing strong expansion of exports from Mexico
into the USA and to a slightly lesser extent those from Canada. Mexico is also seen
increasing its exports to other destinations, possibly backing out exports from Asia into the
W Indies. Brazil is also seen as an increasing source of exports. Manufacturers are looking
at Brazil with an eye to exports and although the economic climate in the country may be
seen as volatile in the short term possible closer ties between the Mercosur countries and
the USA in the future are likely to encourage increased trade,

Trade in automobites between Europe and WCUSA is expected to remain rather stable.
There is an ongoing market for European models not available in the US West Coast and
trans-plant activities are not expected to alter this.

There are also expected to be increases in imports of automobiles into the West Coast of
South America where production capacity is not expected to meet & strong expansion in

ownership. Additional imports could come from Asia, the East and West Coasts of the USA
and £ast and Central Europe.

The approach to forecasting automobile cargo flows through the Panama Canal has been to
treat Asia to ECUSA and Europe to WCUSA separately and to project the remaining groups
of north and southbound trades as two residual series, which have then been apportioned by
route on the basis of historical trade shares.

Data on US imports of autos and trucks by importing coastline and origins back to 1989 have
been obtained from the US Bureau of Commerce. A regression of total US imports versus
US GDP per capita has been used as the basis for projections of future US imports. Time
series data also indicate a clear declining trend in the share, which the Asia to ECUSA trade
representis of the overall US import market. Future prejections of this trend have been
applied to forecasts of total US imports in order to derive estimates of trade on the Asia to
ECUSA route.

The Europe to WCUSA route, since 1989, has fluctuated betwsen 2% and 3% of the overall
US import market. This is assumed to remain the case over the forecast period and, as a
result, trade in autos between Europe and WCUSA is projected to increase aver time.
Forecasts for the remaining north- and southbound trades have been derived using trend
analysis.

As the result of these trends total automobile trade through the Panama Canal is projected
to increase slightly to 1.8 million tons in 2020 and 2.1 million tons in 2050. Overall
northbound trade is estimated to remain closs to 1.2 million tons with the growth
concentrated in southbound routes.

5.3.18 All Other Products

Since FY1973/74, total trade in other cargoes via the Canal has fluctuated between 1.9
million tons and 4.0 million tons. In FY1098/99 it totalled 2.8 million tons with northbound
tfrade exceeding southbound trade for the only time in the series. The fluctuations in
southbound trade mirrored those in northbound trade until 1986 when northbound trade
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continued on a downward trend before increasing significantly in 1997 and 1998, whilst
southbound trade reversed the decline before decreasing significantly in 1998 and 1999.
The major trades are ECUSA to and from Asia and West Coast Latin America, which

accounted for around 50% of the total trade each year, and Other South to Other North/
Other North to Other South.

No significant relationships could be found between the major trades and economic
indicators {nor in fact between total trade and economic indicators) and it was decided to
Investigate further by examining individual commodities and ship types used, in order to see
if significant relationships could be established at these levels. Miscellaneous cargo
accounted for around 50% of the trade as did general cargo ships and dry bulk carriers.
However, no significant relationships could be established and the general trend seemed to
be well represented by logarithmic trend lines, one for the northbound routes and one for the

southbound routes. Individual routes were then estimated by apportioning the north and
southbound estimates according to historical shares.

As the result of these trends total other cargo trade through the Panama Canal is projected
to decrease slightly to 2.1 million tons in 2020 and 1.8 million tons in 2050. It is considered
that the sudden change in the northbound/southbound shares in 1997 to 1999 will revert
back to earlier figures with southbound trade once again being the major element.

5.3.17 Summary

Individual commodity forecasts are summarised at the level of total north and southbound
transits In Table 5.3.17.1, Overal, total cargo flows representing demand for the Existing
Canal are estimated to increase from 208.4 million tons in 2001 to 306.2 million tons th 2020
and 430.8 million tons in 2050, Growth in southbound routes is projected to exceed that in
northbound trades with the result that southbound trade represents 59% of the total in 2001
but 85% by 2050. The growth rate in total trade is seen to ease over the period, from
3.0%/2.4% in the period to 2010, to around 1.5% between 2010 and 2020 and slightly lower
in the following period to 2050,
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Table §.3.17.1

Scenarie 1, Generic Growth of Panama Canal Trades Excluding By-Pass

tons/% per annum growth
Commaodity Dlraction 2001 2005 2040 2048 2020 2090 2040 2080
Al Dther Cargoas N 835726 809045 780038 754714 732041 HB3698 661402 633608
-0.8% -0.7% D% 06% 5% -0.5% 0.4%
I Onher Cargaes g WABEST  MM278aS 4a04137 1363430 1365071 1238570 1307174 1zegses
-0.4% 03% -03% 0.3% 0.2% 0.2% 0.2%
AluminaBausite N 533383 583308 656558 715303 777008 YOB4BE 1043159 1178023
2.7% 2.0% 1% 17% 1.6% 1.4% 1.2%
AluminaBauxite 8 242702 285682 330916 572890 417828 507500 587173 586847
4.2% 0% 2.4 2.3% 2.0% 1.5% 1.4%
Automobilas N 1241780 1244000 w272 1200318 1182170 MB0173 tieTiee 120690
0.1% 0.4% 0.4% 0.1% 0.0% 0.1% 2.1%
Aulomobiles 3 425703 §T1273 520514 567584 616717 717955 823507 933910
: 2.5% 2.0% 1.7% 17% 1.5% 1.4% 13%
Bananas N 2O ZTIAT MMM 2443825 WBEI 2500507 2505608 zsmenns
0.5% 0.3% 0.3% 0.2% 0.2% 0.1% 0.1%
Bauraras s 17318 17218 17318 17318 17348 17318 17318 17318
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Chemicals N PETTEES 7M1 34101 I7SZOET  4zams10 5332341 G5se0ss  77avers
-1.3% 36% 28% 2.6% 2.2% 2.1% 1.5%
Chemicals s 688015 274188 947358 11851150 12946480 16278325 1956383 2310100
6.0% 3.6% 26% 2.6t 2.3% 1.8% 18%
Goal 3 Coke N §T98508  ©043170 10571020 10860059 11626965 12144878 12077054 1268550
3.2% 1.2% 0.7% 1.2% 0.4% £.4% 0.2%
Coal & Cake s 2171846 2036588 2779825 IUTITE  W7I09Z 4330884  GO4TO4T  BS70ums
B.7% 0.4% 1.0% 1.7% 3.2% 3.4% 5%
Contalnerised Cargo N TIUZ9433 20288747 24007123 26104425 28011495  31GOSERS 2200840 355004
a.4% 2.5% 1.1% 1.4% 1.2% 0.8% 0.6%
Contanerised Cargg s 18547437 22465197 26217060 28198638 30019590  GAG1601  J6z25521 3858400y
: 4.9% 3.1% 1.5% 1.3% 14% 0.8% 0.6%
Carn N 185185 204975 231314 238787 257927 286051 334782 374119
2.6% 24% 0.7% 1.5% 1.4% 1.2% 1.1%
Gorn 5 1333 2332623 25601930 27609084 29086632 330170 37ATOROA 41572040
2.3% 1.8% 1.5% 1.4% 1.3% 11% 1.0%
Cruge OI N SOEBI7Y 5215380 G37A784  S242021 410848 2617233 1434551 351888
1.8% 419 8% 4.8% 4.4% 5,5% 13.4%
Crude &l 5 AEATZ88 5948007 6880500 7OOMAGD 7340439 7083762 7esazez  YoSsres
5.0% 3.0% 1.8% 0.5% -0.4% £.0% 0.0%
Fertiisers N N7 13135 1450973 15B074B 1719100 2000875 2308277 2605301
2.7% 2.0% 1.7% 1.7% 1.5% 1.4% 1.2%
Fertilisars s 8820839 GTTE3NO 7784027 6719418 9716295 11700883 13703527 18857475
3.8% 2.8% 2.3% 2% 1.8% 1.8% 1.4%
Food & Agricultural Pradi N 1943065 1BTISSY 4794543 727144 1667248 1554519 1478440 1404958
9% -0.8% “0.5% -0.7% -0.6% 0.6% 0.5%
Fuad & Agricuiturs| Prodk § 605392 02121 808554 835458 #2703 aB7677 884017 8820603
0.1% 0.1% 01% 0.1% -0.1% 0.0% 0.0%
Iron & Stesl M BSSSGT7 TIBAT4T 8002905 G4T7BNY  6O7SGSS 3227  1QuZERRS 11673350
1.8% 1.6% 1.2% 1.2% 1.0% 0.9% 0.8%
Iron & Steel s 18845 4840422 5617280 B331AS3 7082561  e914TeB 10136044 11888140
4.2% 10% 24% 2.3% 2.0% 18% 14%
Lumber Products TO7S6 GSETAY 2101925 2790002 2490430 2011871 Gnase1d 774eme
2.7% 2.0% 1.7% 1.7% 1.6% 1.4% 1.2%
Lumber Froducts 5 WII  4SESOTS 632900 598T494  GTOTHMS  gveTem  96meesy 11025763
4.2% 30% 24% 2.3% 208 1.6% 1.4%
Miscelianeous Minerals N 723223 G0MSHED  €002058  GGBAOZD  10SATBDZ  1NIBOT 14445 1suseeem
279, 20% 17% 1.7% 1.6% 1.4% 1.2%
Miscellaneaus Minerals 5 1624281 1911922 2214848 296224 796293 3306431 3996008 45987ce
4.2% 3.0% 2.4% 23% 20% 1,69, 1.4%
Ores N 9998163 G708 718233 B0430T) 8748013 10227606 11730500  13257eer
2.7% 2.0% 17% 1.7% 16% 1.4% 1.2%
Ores s 730028 863724 1006274 M5 1270557 1543240 1815020  zosmars
4.2% 3% 4% 2.3% 2.0% 1.6% 1.4%
Other Grains M 744885 755863 880037 946202 1017867 MGB318 321184 1476402
1.7% 20% 1.5% 1.5% 1.4% 1.2% 1.1%
Ottier Graing 5 642811 2B00ST1 2BEROP I91347 3539510 4035835 q5asiey 5028487
1.5% 0.6% 2.6% 1.5% 13% 1.2% 1.0%

Richardson Lawrie Associates 72

February_2_001 o




Table 5.3.17.1 (continued)

Scenarlo 1, Generic Growth of Panama Canal Trades Excluding By-Pass

LONA/% par Annum grawth

Commodity Dirpction 2064 2005 010 2019 2020 2030 2040 2050

Othar Matats N 1868551 260450 2423266 2640095 2671164 3356804 2850470 4351257

278 2.0% 1.7% 1.7% 16% 1.4% 1.2%

Giher kMataly -] BOES92 B4BB01 1100308 12402014 1389284 1687451 1985618 2283784

4.2% E.0% 2.4% 2 2% 20% 1.6% 1 4%

Faper H BE5711 TI0612 Bip444 o783 470804 1135123 1301957 1471400

2% 2.0% 1.7% 1.7% 1.8% 1.4% 1.2%

Fapar s 433023 1099492 1273239 5435115 1807629 1952857 2297885 2642713

2% 3.0% 2.4% 3% 20% 1.6% 1.4%

Patrsleum Chemicals N 474471 448357 536214 617004 EL T 884046 1082362 1283054

-1.4% 3B% 2.8% 2.6% 2.3% 21% 1 6%

Palrolaum Chamizals 5 18580833 247428 2908868 A346787 AB13700 ATIEZ04 5792413 RADS136

B.6% 1E% 2.8% 2.6% 2.3% 18% 1.6%

Palrglaum Cake N 2675392 2887520 ai0Bsa1 A340241 25A0402 4071223 ABEZR44 BO33ASE5

14% 1.8% 1.5% 1.4% 13% 1.1% 1.0%

Petroleum Coka 5 7326412 TE4I4E TeREAY Besi B55815 801417 9Ia7eS 72824

1.4% 0.9% 0.7% 0.8% 0.5% 0.4% 0.3%

Petrolaum Products N 1756087 1794264 1835771 1672010 1504167 1959318 2005532 2045304

0.5% 0.5% 0.4% 0.3% 0.2% 0.2% 0.2%

Patroleum Products ] 11721846 13118775 16116837 16636370 18221404 19563992 20374768 208P5427

29% 2.8% 1.9% 1.8% 0.7% 0.45% 0.2%

Phosphates N 45040 54588 B0ITH 65778 71536 B3R5 95928 10P412

27% 2.0% 17% 1.7% 16% 1.4% 1,79,

Phosphates L] 9385083 10502833 12620508 14028071 15620447 18835160 22041880 25248702

3.5% 2.8% A% 220 1588 1.E% 1.4%

fulpwand N 2565225 2853p46 F157805 3440141 741223 4374038 s018814 SEEEE4S

2.7% 2.0% 1.7% 1.7% 1.8% 14% 1.2%

Pulpwand 8 1289500 1517056 1756187 1981727 2219849 2695392 3172835 3649273

4.2% 3.0% 24% 25% 2.0% 1.6% 1.4%

Reefer Praducts N 322813 4043990 4452221 4935923 5358441 6240853 7159083 B169782

2.8% 2.1% 1.9% 1.8% 1.5% 1.4% 1.3%

Raeafar Products 3 240227 14B2782 1422327 21RETTE 2622472 ASE3TEY ARANTY ER17T14

4.8% 4.2% A% AT 2.1% ERL A.0%

Residual Patrolsym N 804829 204529 804839 804829 804829 a0d828 804828 AC4B2S

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% an%

Residual Petroleurn s 1815148 1784320 1744704 1712658 1604681 1636512 1632178 1592697

-0.5% -0.4% -0.4% 0.3% -0.3% 0.0% -0, 2%,

Scrap Malal ] 62340 B92E4 TGTI5 A3602 20919 106264 121929 1377RR

2T 2.0% 1.7%, 1.7% 1.6% 1.4% 1.2%

Scrap Matal s 1841505 1832187 2238134 2RIIEGE 2B25947 2432449 4038850 4845452
4.2% 3.0% 2.4% 2.3% 20% 1.8% 14% 4

Soybeans N 11988 12545 13036 14598 18122 16505 20925 23383

1.5% 0.8% 28% 1.5% 1.4% 1.2% 1%

Soybeans 8 13513585 14B40B5E 184211 17458082 18658982 21090701 23512440 259341749

24% 1.7% 1.6% 1.4% 1.2% 1.1% 1.0%

Sugar N 2049473 2025644 2001823 19B0T54 1960924 1827345 1200310 1RTRS27

-0.3% -0.2% -0.2% -0.2% 0.2% -04%, 018

Bugar 5 480480 434R01 294377 383928 239483 301558 PTI628 248031

-2 6% -1.8% -1.6% -1.4% -1.2% -1.0% -0.9%

‘Whaal N 2685487 2808401 I2ATT1A 3144680 706257 4253045 4809337 5374436

2.0% 2.2% 12% 1.5% 1.4% 1.2% 1%

Whaat s 055030 3407315 arpeysa 4087492 4440456 5146384 5852311 £558239

2.8% 2.2% 1.5% 1.7% 1.5% 1.3% 1.1%

Totel Norlthbound B44T3620 62181323 1025380272  10AZO02EY 114422768 128657683  1MadaT11T 130073747

Teolal Sculhbouwnd 123882568 142402548  tROD44562  {7SEO0428 181B203A3 221318342 250713555 280745441

Grand Total Z0E35E5GE 234583571 203544234 284900837 306243745 4774306 JES4DO0ETI 430819207

Arnual % Changs

‘Tatal Northbound 22% 2.2% 1.1% 1.1% 24% 1.8% 1.6%

Total Southbound 5% 2.5% 1.49% 1.7% 2.9% 2.5% 2.3%

Grand Tatal aa% 24% 1.6% 1.5% 2.6% 2.3% 2.0%
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6. Commodity Trade Forecasts — Demand for Expanded and Unrestricted Canals

6.1 Dry Bulk Cargoes
6.1.1 ldentification and Description of By Pass Trades

By pass trades are defined here as those trades which are currently undertaken by vessels
larger than those that can utilise the Canal at its current dimensions and which on the basis
of mileage considerations could potentially utilise an expanded or unrestricted Canal.

These trades have been identified on the basis of;

+ the consultants knowledge of global dry bulk trades and data; individua! trades through
the Canal have therefore been compared, where appropriate, with total trade data on the
specified route;

* market research with port agents and terminal Operators and investigation of ship
movements data in order to determine the size of vessel utilised on these by pass
trades. These include but are not limited to Westshore Terminals, T. Parker Host,
Dominfen Terminal, Neptune Terminals, Naves SA and Strachan Shipping.

Specific by pass trades can therefore be defined as:

» Coal US East and Gulf Coasts to Asia,
Canada West Coast to Europe
Canada West Coast to East Coast South America
South America East Coast o Asia.

= lIron Ore: South America East Coast to Asia
Canada East Coast to Asia
Chile to Eurgpe
North Brazil to Asia.

Consideration was also given to the possibility of some US grain exports constituting by pass
Opportunities. However, recognising that the principle Pacific North West {PNW) grains
loading area cannot accommodate larger vessels than can be accommodated in US Gulf
load ports and that utilisation of US ports is largely a question of grain production locations,
this was not pursued. The use of panamax vessels is also a function of both receivers'
faciiities and receivers' requirements for specific cargo lots of up to 50,000 to 55,000 tons.

All other dry bulk trades on relevant routes are carried in vessels that can utilise the Canal at
its current dimensions.

6.1.2 By Pass Trade Volumes

6.1.21 The total volumes of dry bulk carrier by pass trade volumes are indicated in
Table 6.1.2.1 and have been calculated at 10.4 million tons in 2000 and 17.6 millicr tons in
2050. These exclude three of the routes indicated above, that is Canada West Coast to
East Coast South America, Chile to Europe and North Brazil to Asla, where the economics
of transiting the Canal are not favourable compared {o the longer haul alternative once

freight costs are taken into account. This is discussed further in Section 6.1.3 Vessel
Economics. '
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Tahble 6.1.2.1

Dry Bulk By Pass Trades at Current Toll Levels

D00's tons
Year 2010 2015 2020 2030 2040 2050
Product/Route
Coal
ECUSA to Asia
Damand for Existing Canal 257 933 843 1,280 1,749 2,408
Additianal Demand for Expanded Cana! 2,571 2,798 2,829 3,840 5,246 7.228
Additional Demand for Unrastricted Cana! 2,571 2,799 2,829 3,840 5,248 7.228
EC South America to Asia
Dermand for Existing Cangl 32 35 35 47 G4 88
Additional Demand for Expanded Canal 359 38 302 520 707 870
Additional Demand for Unrestricted Canal 423 452 466 6522 849 1.171
Canada West Coast to Europe ™
Demand for Existing Canal 4,270 4,274 4,255 4,331 4,376 4.123
Additional Damand for Expanded Canal 3,235 3229 3,208 3,298 3.275 3.077
Additionat Demand far Unrestricted Canal 3,494 3.497 3482 3,592 3,581 3,373
fron Cre
EC South America to Axla
Demand for Existing Canal - - - - - _
Additional Demand for Expanded Canal 437 438 436 435 427 416
Additional Demand for Unrestricted Canal 1,441 1,551 1,655 1,838 1,994 2,131
EC Canada to Asia
Demand for Existing Canal - . - - . .
Additional Demand for Expandad Canal 2471 2,659 701 687 G683 665
Additional Bamand for Unrestricted Canal 2471 2,858 2,838 3151 3,419 3,654
Totay @
Additional Demand for Expanded Canal 8,073 8,518 7,565 8,788 10,338 12,358
Addltional Demand for Unrestricted Canal 10400 10870 11260 13,043 15080 17,558
(1) Included in Other South to Other North
{2) Trade demand for the Expanded Canal and Unrestricted Canal respectively are each additianal
to demand for the existing Canal
6.1.2.2 Reference is made to Section 5.3.2 above where forecasts of US East Coast

to Asia and Canada West Coast coal to Europe are discussed. Coal from South America
East Coast (Colombia) to North Asia totalled around 400 thousand tens in 1999 and is
anticipated to reach 1.2 million tons by 2050. Virtually all of this is by pass trade.

68.1.2.3 fron ore exports from South America East Coast (Venezuela) to Asia {Japan)
are forecast {o increase from 1.2 million tons to 2.1 million tons over the forecast period.
Exports from the East Coast of Canada are forecast to increase from 1.5 million tons to 3.7
million tons through 2050, Afl of these volumes are by pass trades.

6.1.2.4 The by pass trade carried on vessels transiting the Expanded Canal, at 9.1
million tons increasing to 12.4 million tons, is less than the total by pass trade. This is also a
function of comparative vessel econamics which is also discussed in Section 6.1 .3 below.,
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6.1.3 Vessel Economics

6.1.3.1 Tables 6.1.3.1 and 6.1.3.2 illustrate the freight costs the consultants have
calculated for cargo to be carried in each of the relevant size ranges for coal and iron ore
respectively. These calculations have besn undertaken on the basis of current (2000)
average one year time charter market or other equivalent rates, for the relevant sizes, port
costs, speed and consumption and cargo carrying factors. The data are derived from RLA's

database of dry bulk carrier market data plus additional market research undertaken for this
project.

Table 6.1.3.1
Evaluation of All Water By Pass Traffic
Representative Transportation Economics
Coal
US3$2000/Ton
Ship Size {dwt} 116990 142500 162865 186335 Mileage
Coal: West Coast Cznada to North Continent
Source: Vancouver
Via Panama - fully loaded 8.2 8.1 7.8 7.7 8,826
Via Panama - part loaded 8.4 8.3 9.2 9.6 8,826
Via Cape 10.6 9.4 9.1 15,124
Ship Size (dwt) 73220 116990 142500 162865 Mileage
Coal: West Coast Canada to Brazil
Source: Vancouver
Via Panama - fully loaded 18.1 12.8 8,310
Via Panama - part loaded 15.0 8,310
Wia Cape 17.4 11.8 9,381
Ship Size {dwt) 116990 142500 152865 186335 213350 Mileage
Coal: USEC to Asia {North Pacific)
Source: Hampton Roads
Via Panama - fully loaded B8 8.4 7.8 7.3 9,473
Via Panama - part loaded 8.7 9.6 8.1 9.7 9473
Via Cape/S. Africa 11.1 10.3 9.5 94 15271
Ship Size (dwt) 116980 142500 162865 186315 213350 Mileage
Coal: Colombia to Asia (North Pacific)
Sourca: Puerto Bolivar
Via Panama - fully loaded 7.9 7.7 7.3 6.8 8,259
Via Fanama - part lpaded 8.0 8.8 85 9.0 8,259
Via Cape 94 8.7 8.4 14,234

For vessels transiting the Expanded Canal, the Proposed maximum beam of 180" does rot
represent a material constraint, Ail but one vessel up to 250,000 dwt complies with this as
do most of the vessels in the 250,000 — 300,000 dwt range. Oniy vessels in excess of
300,000 dwt generally have a farger beam. Simitarly, the length overali (LOA} constraint of
1265" does not impact on any vessels in the dry bulk carrier flest currently. It is clear
however, that the critical proposed dimension is the 50' loaded draft. Most vessels in the
100,000 ~ 125,000 dwt range cannot comply with this although the extent to which this
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loaded draft is exceeded is generally marginal. On the basis of mid 2000 fleet data, RLA
have calculated that vessels with an average dwt of 116,990 have an average draft of 51.4°
Further, it would not be unreasonable to assume that any new vessels built in this size range
waould be built to comply with a Panama locaded draft of 50" assuming that this would be
announced well in advance of the completion of a major expansion.

Table 6.1.3.2
Evaluation of All Water By Pass Traffic
Representative Transportation Economics
Iron Ore
US$2000/Ton
Ship Size (dwt) 162865 186335 213350 330775 Mileage
Iron Ora: Brazll ta Asta {North Pacific)
Source: Ponta da Madelra
Via Panama - fully loaded 10.4 9.2 9.4 7.5 10,551
Via Capa 2.9 86 87 67 11977
Ship Slza [dwt) 116990 142500 162865 186335 Mileage
Iron Ora: Vanezuela to Asia {North Pacific)
Source: Puerto Ordaz
Via Panama - fully loaded 8.0 B7 7.4 69 9,581
Via Panama - part loaded g0 8.4 8.2 87 4581
Via Cape 96 g1 78 71 13,324
Ship Size (dwt) 118990 142500 162865 Mileage
Iron Ore: East Coast Canada to Asia (North Pacific)
Source: Port Cartier
Via Panama - fully loaded 2.8 84 8.8 10,036
Via Panama - part loaded 8.8 102 8.8 10938
Via Cape 10.5 98 9.3 14,775
Shig Size {dwt) 73220 116990 142500 162865 Mileage
Iron Ore: Chile to North Continent
Source: Huasco Bay
Via Panama - flly loaded 11.67 7.59 7.3 7.38 777
Via Panama - part Inaded 7.59 8.36 8.19 7,477
Via Cape 7.21 6.93 £.90 92341

Vessels in the 125,000 - 150,000 dwt range have an average draft of 55.5' and those in the
size range 150,000 - 175,000 dwt have an average draft of 56.8'".

For routes/cargoes as necessary, vessel economics calculations for Panama Canatl transits
have been undertaken assuming that the subject vesse! can be fully loaded or part loaded

as necessary. The part loaded cargoes have been calculated on the basis of tons per inch
(TP for specific vessels.

For each route/commodity, vessel economics calculations have been underiaken for the
range of vessel sizes that the consultants have identified as being utilised plus, if
appropriate, additional larger sizes where these wouid develop over time,
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By pass coal from the West Coast of Canada to Europe is currently carried predominantly in
vessels in the 125,000 - 150,000 dwt range and the 150,000 — 175,000 dwt range with the
remainder in vessels up to 200,000 dwt. It can be seen that voyages in all of these ship
sizes result in a lower $/cargo ton when vessels transit the Canail fully loaded compared to
when vessels are routed round the Cape. However, fully loaded vessels in the size range of
150,000 175,000 dwt on the Cape route resuit in a lower $/cargo ton than vessels in this
size range transiting the Canal part loaded. :

The dry bulk carriers used 1o carry coal from Canada West Coast to South America East
Coast (Brazit) are moving predominantly in vesseis in the 150,000 ~ 175,000 dwt range with
around 25% in the 70,000 — 80,000 dwt range. Generally, vessels in the 70,000 — 80,000
dwt size range do not utilise the Canal as, even if vessels were 10 transit the Canal fully
loaded, this is still a more expensive option than the longer route. For the larger vessels, the
Cape route is still the most economic option. On this basis, no trade has been diverted
under either the Expanded or Unrestricted Canai cases.

Based on Hampton Reads data, by pass ccal is shipped to Asia in vessels in the 125,000 -
150,000 dwt, 150,000 — 175,000 dwt range and the 175 — 200,000 dwt range, Most of the
sailings are in the two smaller size ranges. Generally, these vessels load top up cargoes in
South Africa. Fully loaded vessels transiting the Canal In all size ranges are less expensive
In terms of the landed cost of the product than routeing via the Cape. This means that all of
the by pass trade has been included in the Unrestricted Canal case. Additionally, sailing
vessels of 100,000 — 125,000 dwt fully loaded through the Canal is less expensive than the
optian of routeing vessels of 125,000 + dwt via the Cape. On this basis, all of the by pass
trade is included in the Expanded Canal case.

Coal transported from Colombia to Asia is less expensive shipped fully laden on Cape size
vessels via the Panama Canal than via the Cape. On this basis, ali of the by pass trade
wouid be routed via the Unrestricted Canal. However, large vessels of 170,000 dwt+ are
less costly routed via the Cape than part loaded transiting the Canal. As a result forecast
quantities via the Expanded Canal are reduced by volumes shipped in this size rangs.

6.1.3.2 Vessels loading iron ore at Ponta da Madeira in North Brazil encompass the
full range of large dry bulk carriers from 125,000 - 150,000 dwt and above. Even assuming
fully loaded vessels transiting the Panama Canal, the route via the Cape is less expensive.
No other iron ore loading ports in Brazil can be considered as they do not qualify on the
basis of comparative mileage.

Iron ore shipped from Venezuela to Asia is less expensive on fully loaded vessels transiting
the Canal than routed via the Cape. All by pass trade is therefore included in the
Unrestricted Canal case. Vessels in the 100,000 — 125,000 dwt range are also marginaily
less expensive than fully loaded vessels in the 125,000 — 150,000 dwt size range via the
Cape. For the Expanded Canal therefore, a calculated proportion of total by pass trade is
expected 1o transit the Canal in the smallest of the Cape size vesseis.

All fully loaded dry bulk carriers transiting the Canai are less expensive than vessels routed
via the Cape on the East Coast Canada to Asia route, On a part loaded basis, this
relationship holds only for vessels up to 125,000 dwt. The cargo transiting the Expanded
Canai is therefore reduced from the Unrestricted Canal.

From Chile to Europe there are no size ranges of vessel which are more competitive via the
Canal compared to the Cape route,
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6.1.4 Trade Forecasts for the Expanded Canal

These are based on a combination of total by pass trade, vessel economics, the size ranges
of vessel in which by pass trades are carried and the allocation of cargoes to these size
ranges. The allocation of size ranges over time is itself a function of vessel economics pius
changing proportions of size ranges in the global fleet and assumptions on port
developments (if any). Additional dry bulk trade through the Expanded Canal is forecast to
increase from 9.1 million tons in 2010 to 12.4 million tons in 2050.

6.1.5 Trade Forecasts for the Unrestricted Canal

This is based on the same range of data and calculations as described above. Additional dry

bulk trade through the Unrestricted Canal is forecast to increase from 10.4 million tons in
2010 to 17.6 million tons in 2050.

6.2  Containerised Cargoes
6.2.1 Identification and Description of By Pass Trades

By far the most important bypass trade is the US landbridge, with a section to itself. Second
is the Suez Canal all water route. Others, such as the plan to move Japanese cargo to New

York via the Trans Siberian Railroad and St Petersburg, which is now recognised to be a
dream, are also dreams.

Suez Canal All Water Route or Reverse Landbridge:

Currently 6% of US bound traffic from Asia uses this route, but it is anticipated that use of
this route could increase as the point of origin of cargo shifts from Japan and Korea to India
and China. As the major destination locations are on the East Coast of America, it is likely
that an increased percentage of trade could pass through the Suez and East Coast of the
US, although in terms of total trans-pacific cargo, it is a small though growing market. The
development of this route is being encouraged by the New York and New Jersey Port
Authorities as an alternative route from Hong Kong and they see this traffic as their primary
engine for growth over the next 10 to 20 years. The objective is to double the 6% of US
bound traffic by 2010. The hinterland target for this business is the 10 state region around
the ports, which accounts for 35% of total US import and export traffic. Of the South East
Asta traffic (from Indonesia, Malaysia, Philippines. Singapore and Thailand), the US East

Coast ports handled 22% in 1999, of which New York and New Jersey have 42%, (Source:
Journal of Commerce)

The argument has always been that the journey takes 7 days longer and is therefore more
costly in terms of time although it is 5 ~ 7% cheaper. There is an extra cost to Maersk
customers, for example, of between $150 - $500 per container for using the rail landbridge,
based on the Asia — North America Eastbound Rate Agreement (Source: USDoT).
However, if the goods are coming from Singapore, using the al-water route takes the same

length of time with an estimated cost saving of between US$600 and US$1.000 per
container. (Source: Shipping Times).

Use of the route has certainly increased. All water trade between E. Asia and the US East
coast rose to 979,000 TEU's in 1999 compared with 591,000 in 1993 and is forecast to
reach 1 million this year (Source: Financial Times). The Port Authorities on the East Coast
believe that the balance of route could be tipped by the inability of the West Coast ports and
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their intermodal landside links to handle the booming traffic and the fact that there is a better
labour-management environment on the East Coast,

The Northeast Passage between Europe - Asia:
{(Source: The Norway Post, Journal of Commerce)

A Conference was held in November 1999 on opening up this route as possible future
competition to the Panama and Suez Canals. |t would cut the distance in half and
censultants in the project run by the Fridtjof Nansen Institute in Norway believe that freight
costs will be reduced by 40% compared with the Suez route and 14 days' sailing would be
saved. However, there are a number of ouistanding issues, including:

1. Maintaining year-long opening — although the Siberian ice sheet is already shrinking -
and consequent slow speeds of between 5 and 10 knots which would mean that in

practise transits would be longer

Environmentat impact

The need for the Russians to improve their facilities along the route

Ship size would be restricted to 30 metre beam and 12 metre draught.

The shipping iines are understandably reluctant to use the route

ook

The general view of those attending was that the route is not yet a feasible option,

Pacific — Atlantic Highway:

An agreement has recently been concluded between E! Salvador and the Honduras on the
possible benefits of building a highway to complement the Panama Canal, but no date has
been set for the start of construction.

Other

There have been proposals for & sea-level canal, and for a trans-isthmus railway. Neither
proposal seems to represent feasible competition for the Panama Canal within the next 50
years because of the very high infrastructure costs involved.

6.2.2 Characteristics of the Trades

Table 6.2.2.1 is intended to show the range and complexity of competing cbjectives which
are invelved in carrier choice of vessels and routes. Carriers themselves, while they are very
keen on monitoring all manner of variables on their trades, do not attempt to use the data so
collected to forecast either their own or competitor future vessel deployments,

Cargo routing is often decided by very large US importers such as Wal-Mart and other major
US retailers, who are pressuring lines to bypass the West Coast and use the Panama Canal
from Asia to the US East Coast. Much of the all-water trade is for mass retailers with East
Coast distribution centres, which in the recent past was moved by rail or deconsolidated at
local West Coast distribution centres and then moved by domestic road or rail, Customers
like Home Depot, Target Corp., Ace Hardware, Ikea, K-Mart and many others have built
distribution centres near the ports of New York/New Jersey as they no longer wish to import
their cargo via trans-loading facilities on the West Coast. The ports are aggressively courting
the retailers and thereby attracting the lines. In addition, some importers have traditionally
shipped all-water to the East Coast because of long-standing refationships with brokers and
forwarders there, or simply because they do not want their cargo to go by rail,
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Table 6.2.2.1

Carrier Objectives, Strategies and Constraints

Carrier Objectives
Growth

Profitability
Survival

Market share

Carrler Strategies

Vessel policies

Fleet deployment

Inland distribution policies
Customer targeting

Pricing

Cost reduction

Partnership and competition

Carrier Constraints
Fleet characteristics

Port characteristics
Containerline compstitian
Modal competition
Government regulation
Customer objectives
Macroeconomic factors
Trade route factors
Cargo characteristics

The considerations relevant
to the identified constraints
are shown on the right.

Partners/competitors Customer objectives
Strategies Price
Marketing Performance quality

Service characteristics
Rate structures

Cargo characteristics
Two-way volumes
Inland locations

Value-added services

Port characteristics
Safety
Equipment

Commodity values
Equipment

Quality of maritime links
Quality of inland links
Price

Service

Much cargo is seasonal particularly for Christmas, hut this is often actually shipped
throughout the year for stock as it is impossible to produce and ship the necessary amounts
in just a few months. Extended transit time via the Canal is therefore not an issue. The
ather type of cargo is year-round, trading off between time and money. Unless the cargo is
high value, the transport savings using the all-water route will more than offset the increased
inventory carrying costs and as long as the all-water transit time remains reliably constant,
the customer can expect time-definite delivery year-round. In many instances, all-water
service is mora reliable than the labour disputes, road and congestion problems, and railroad
failures of using the West Coast ports. Time sensitive traffic still will move via the faster
landbridge, and in fact time sensitive goods such as footwear, clothing and sporting goods
dectined through the East Coast ports in 1999. If the Canal decides to build {arger focks, this
will be seen as a direct threat to the West Coast ports.

There are specific advantages to the lines by using this route, Unexpanded, it allows lines to
deploy 3,000 TEU vessels cascaded down from other routes as their vessel sizes increased.
It also allows lines to offer a low value export service from the East Coast, for commodities
such as waste paper, forest products and clay, which cannot support the cost of intermeodal
movement to the West Coast, but can improve lines' export-import balances. Lines also use
the route to allow them to serve the East Coast and offer connections on to Europe and to
pick up Caribbean and West Indies traffic as well. The all-water route allows them to hedge
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their bets against possible congestion on the West Coast and to generate a higher net
income, saving at least $1,000 per container in rail costs.
Most major trans-Pacific carriers have at least one all-water service via the Canal and cargo
volume on all-water services rose 85% batween 1893 and 1999 to 979,000 TEUS. Cosco s
developing its schedules connecting Asia, the Mediterranean and the US East Coast via the
Panama Canal, rather than via the Susz Canal, which takes longer. Evergreen is looking to
increase its utilisation of its Colon transhipment base. The consensus is that all-water traffic
will remain viable, particularly as China develops as a major trading partner. Maersk
Sealand, however, expects an increase in its East Coast traffic via the Suez Canal, which
can accommodate their mega-ships, rather than via the Panama Canal. However, the Suez
route will not be viable for traffic eriginating north of Hong Kong.

Container Cargo Characteristics On Panama Trades - Empty Container Shares And
Ton/TEU Relationships

85% of empty containers are classified as 'containerised cargo’, and almost all of the
remainder are 'all other cargo’. There are a few hundred food, ores, and other metal

cargoes. This well compares with the split for ali containers - though there it is reefer rather
than ‘all other'.

Overall, the empty share varies quite widely, but the variations are explicable. The variation
In empty share is mirrored in the total tons/ali TEU relationship whose average is lowest
when the empty share is highest. The same pattern is shown, in a less dramatic way, in the
total tens/all TEU ratio (see Table 6.2.2.1 and Figure 6.2.2.2 below).

Table 6.2.2.2

Changes in Key Reiationships, 1994/95 — 1999/2000
94/35  95/96  96/97  97/98  98/99  99/00 Total
Empty share 11.4 12.0 13.1 18.0 16.0 14.4 14.4
Total tons / ali TEU 12.0 11.6 1.7 10.9 11.0 1.5 11.4
ITotal tons /full TEU ~ 13.5 13.2 13.4 13.3 13.1 13.4 13.3

However, whatever container tare weight is assumed, the real tons per loaded TEU ratio is
clearly falling over the period, This is an expected result. The ratio is falling by some 0.5%

per year (from 10% to 8.95% in one year). 97% of TEU are explained by the routes indicated
in Table 6.2.2,3.

These are all realistic numbers. It is not reasonable to suppose that a general decline in

weight/TEU applies to all routes, so that key routes have been considered individually in our
model.
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Figure 6.2.2.1
Changes in Key Relationships, 1994/95 — 1999/2000
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Table 6.2.2.3

Cargo Volumes on Top 15 Transits Routes, 1999/2000

Route 000 Tons Q00 TEU  tonfTEU TEU %
Other South To Other North 22554 2234 10.1 19
Asia To ECUSA 12513 1384 8.0 12
Europe To Asia 18628 1348 12.3 12
ECUSA To Asia 13581 1332 10.2 12
SOUTH (Only Direction Given) 13171 990 13.3 g
NORTH (Only Direction Given) 8317 792 10.5 7
Other North To Other South 7537 659 11.4 5]
WC South Am. To ECUSA 7350 601 12.2 5
ECUSA To WCSA 7526 589 12.8 5
Europe To WC South Am. 4893 375 13.1 3
WC South Am. To Europe 56591 368 15.3 3
ECUSA To Cceania 2138 178 12.0 2
Oceania To ECUSA 2619 180 16.4 1
Europe To WCUSA 1417 101 14.0 1 i
Europe To Oceania 976 71 13.7 1

6.2.3 US Landbridge

From the early 1980's onwards a large part of the world cellular fleet migrated from the US
East Coast — Asia route via the Panama Canal, 1o the US West Coast — Asia rotation.
Landbridging was therefore well established in the USA before the first trains bul double
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stack trains were crucial in develaping the international landbridge following APL's first trains
in 1984. Doubie stack trains were so efficient that container carriers increased their capacity
by 44% immediately. There was therefore a gradual drift to the West Coast of most of the
remaining all-water services, although of late this trend has been reversed at the margins.

In 1884, thers was one weekly double-stack train betwesn Los Angeles/Long Beach and
Chicago. By 1989 there wers 114 weekly and by 19986 there were 200 weekly on that route
alone. The average stack train currently carries the equivalent of 280 lorries, lhough
railroads are looking to lengthen these trains and they could soon be carrying up to 440
TEU. The double stack train between New York and Chicago, for example, consists of 100
wagons moving 400 boxes, with sizes ranging between 40 and 53 feet.

However, there are growing issues of capacity at both the terminal railheads and on the
network itself.  There is an acknowledged need to extend tha double stack network to
accornmodate the forecast growth in intermodal traffic, It is worth noting that the use of
double stack trains allows the railroads to gain a margin on intermadal traffic that they
otherwise would not have. For those railreads which cannat double stack, intermadal is the
least profitable of their businesses. Wisconsin Central, for example, moves 8.6% of its
volume in intermodal, but it accounts for oniy 2,9% of its revenue. (Sourge: RGCF).

The trend in the early 1990s was for the West Coast to become more important in
transpacific trade. In 1990, 72% of tolal trade capacity turned on the Waest Coast, this
increased to 76% in 1992 and in 1995 rose to an estimated 80%. During this period, 92% of
all transpacific vessels made at least one West Coast call Consequently, East Coast trade
fell from 28% in 1890 to 20% in 1995. The greatest concentration of capacity was in the

P3W, based on Los Angeles/Long Beach and Oakland. Vessel size increased and moved
o post-Panamax as standard.

Our latest research, however, reveals that since 1995 the all-water service between Asia
and the East Coast of Narth America has recovered and that traffic volurmes are expanding.
Since the beginning of 2000, for instance, at least three services have been launched,
involving seven separate operators. These new services comprise: Coscoll Line/Yangming,
CMA CGM/China Shipping Container Lines/P&Q Nedlloyd, and Evergrean Ling

Elsewhere the Grand Alliance's PAX service has been replacing ships of 3,800/4,000TEU
with vessels of 4,600/4 800TEU, while several other carriers have plans to phase in larger
ships in the next two years,

QOver the past 30 years there have been several changes in the way the Asia/US East Coast
and Mid-YWest regions have been served. The growth of containerisation in the transpacific
trades, particularly when linked to APL's liner train concept and, ultimately the development
of double stack rail services from the late 1970s onwards, led to West Coast ports gaining
market share in the trade at the expense of their East Coast rivals. This situation prevailed
throughout most of the 1980s and early 1990s. Indeed, several operators that had run all-
water servicas via the Panama Canal suspended them, blaming higher operating costs and
anly tow value carge as moving on this route, The joint eastabout Asia/lUSWC/EC service of
NOL, OOCL and K Line, for instance, was stopped in 1984/5.

At this time the North American railrcads ware focusing on attracting deepsea ocean carrier
business to their rail networks, as it was considered a business with high growth potential. In
addition, the train-operating companies and domestic forwarding companies were evaluating
the best method of serving the domestic market. Was the piggyback trailer the best transpont
mode of the containers? Deals were signed up between ocean carriers, some of which set
up specialist intermodal companies, and the railroads. International maritime containers
slarted to be used to carry domestic cargo back for the East Coast and Mid-West to
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California and the Pacific North West, where the containers were then reloaded with cargo
for the journey back to Asia. Probably the period when the Canal suffered its biggest loss of
Asia/USEC/Asia cargo was in the period between 1983 and 1995, since which fime interest
has been rekindled. The past two years have seen even more interest, as outlined above,

The reasons for this are capacity constraints on the North American rail system (track and
railyard} capacity consiraints at some USWC pors and continuing concerns aver |abour
issues on the West Coast. Plus, there is now much less movement of domestic carga
moving in maritima containers between the eastern half of the US and the West Coast. This

market is now dominated by domestic equipment, principally trailers and 48ft and 53fi
domestic containers,

Hence maritime equipment is piling up in the Mid-West and the ports on the East Coast,
particularly New York, Rather than paying an expansive rail move tariff back to the Wast
Coast or wait for a suitable domestic load, if one were to be found, and run the rigk of having
that box tied up in the system for a much longer period of time, carriers are using the all-
water conngctions to reposition equipment back to Asia mare quickly.

Shipping lines interviewad confirmed the concerns about the US intermaodal systemn, and the
response that either the Canal was used with Panamax vessels or that the Susz routing is
used. They also all confirmed that they would use larger vessels through the Canal if it were

expanded, and that this wouid generally dissuade them from expanding their use of the Suez
routing.

The information below shows how the US rail system Is struggling to keep up with Asian
volumes. Even based on the generic growth of the Canal transits, therefore, we expect the
Canal to gain share against the landbridge.

The United States Railroad System:

Sources: USDoT US Freight: Economy in Motion 1898, American Association of Railroads,

U3 Maritime Report of the Volpe Center 18989, Journal of Commerce, International Rail
Journal, Drewry “Global Container Markets”

1. The Railroads:

The US railroads are geographically distinct, ach owning the track over which it operates
and in some cases, operating joint services with ar operating over the tracks of, another
railroads. Usually, these voluntary access agreements are reached through commercial
negotiation, but If the railroads involved cannot agree, the Surface Transportation Board can
require that carriers grant access over track,

There are 531 freight railroads in the US, but the top 9 carriers by gross revenue are known
as Class 1s. Between them, they own 79% of the track miles, generate 94% of the revenue
ton-miles and account for 90% of freight revenues. (Sourca: American Association of
Railroads). The Class 1 carriers are Burlington Northern and Santa Fe (BNSF}, Union
Pacific (UP}, C8X, Norfolk Southern {NS), Chicago and North Waestern. lllingis Central,

Kansas City Southern, Grand Trunk Western and CP Rail. The last two are in fact owned by
Canadian railroads.

The largest of the Class1 railroads are BNSF, UP, CSX and NS and they operate systems
that facllitate traffic on an east/west, westleast basis. BNSF and UP's territories are
bounded by the Pacific Ocean and the Mississippi, interchanging freight with connectling
carriars in the metropolitan areas of Chicago, Kansas City and St. Louis. CSX and NS are
bounded by the Atlantic QOcean and the Mississippi, also interchanging at the same
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locations. [n addition to the major railroads, there are switching and terminal railroads which
operate in specific urban areas to facilitate the interchange of rail shipments among the
Class1 railroads in their area and they are often owned by the Class? carriers.

Corridors:

There are two clear corridars in the USA-
» the North/South axis which includes Canadian-Mexico landbridgs traffic and

* the West-East axis, which includes 14% share of domastic traffic and the Asla - East
Coast landbridge traffic.

Route maps are provided in the section on the individual railroads.

Chicago is the major interchange point, with Kansas City and 3t. Louis second and third
respectively. Switching can actually take place by rail or by road, and this is one of the key
issues being addressed in the development of intermadal traffic across the US,

The regions that handle the most intermodal freight are California, Winois, New York and
Texas and the crucial links in the landbridge (defined as the movement of Asian
manufactured goods through West Coast ports to North East America ) are Chicago and
Los Angeles. The constraints and bottlenacks in these areas and those on the East Coast

are discussed iater in the report. Other key inland intermodal hubs are Atlanta and
Memphis.

Mergers:

Deregulation of the US railroads in 1980 (the ‘Staggers Act) triggered massive restructuring
and re-organisation, increasing competition and innovation, and lowering both rail prices and
profitls.  Qver the iast few years, there have been many railroad mergers and splits, and
facilites have been merged and de-merged and these changes are still oceurring, the most
recent being the purchase and subsequent splitting of Conrail by CSX and Nerfolk Southern,

Prior to the split of Conrail belween Norfolk Southern and C3X, Norfolk Southern
concentrated on North-Scuth traffic and Conrall on West-East. Conrail had a strong history
of intermodal business compared with NS, and once NS bought half of Conrail, the industry
anticipated significant growth in NS’ container business. Some experts predict that the two
competing railroads of CSX and NS could double or triple the volume of intermoda
conlainers maving through the Ports of New York and New Jersey over the next two
decades, encouraging Asian traffic to use the Suez Canal all water route. As the mergers
continue, some experts within the USDoT forecast that within the next § years, only two
majer railroads could control the majority of US intermodal traffic. Union Pacific admits that
it has considered merger with an East coast based rallroad to create a transcontinental
railroad, but that on examination parallel mergers make more economic sense. “There is
very httle coast to coast traffic”. stated UP. (Source; International Rail Journal).
In addition to mergers and inter-railroad competitive pressures, railroads have also suffered
from an increased need for capacity at the same time as they face competitive pressures to
cut costs.  This has particular repercussions for intermodal traffic, which in genaral
generates lower levels of profit. Over the last two to three years, US railroads have been
heavily criticised for rail service disruptions, capacity shortages and “service meltdowns”,
which have been in part due to merger-related adjustment difficulties and the ‘bunching” of
container traffic during peak periods. Advanced technologies have allowed US railreads to
reduce track miles and locomotives in service while carrying more freight, but now track and
yard congestion is posing problems for US rail carriers for the first tima in their history. In
addition, they are having to manage an ageing infrastructure and detsriorating bridges.
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2, Current Intermodal Freight Flows:
Sources: USDoT, Rail International, Revue Generala des Chemins de Fer

There are 240,000 miles of intermadal routes in the US. The main intermodal axes are from
west to east, moving Pacific Rim goods via Los Angeles and Long Beach and via Seattle

and Tacoma into the Mid West and East Ceast for final delivery or as fandbridge onto
Europe.

Shipmants from east to west come from Europe and Central/South America via New York
and New Jersey, Hampton Roads and Charleston destined for the MidWest, the Weast Coast
and some landbridge. Rail economies of scale apply in the US from 1,000 miles onwards.

Figure 6.2.3.1
US Intermodal Landbridge Routes by Railroad Operator
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Note: Prior to Conralil split

Volumes:

Rail has 40% of the total container market in the US, and in 1998, total carryings were 5.3
million domestic and maritime boxas, the equivalent of 12 — 13 million TEUs. More than half
of this total is maritime, {some sources say up to 70%), which egquates to one third of all
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boxes being moved in and out of ports travelling on the railroads. The US has been
singularly successful in developing intermodal business by rail because it consolidates its
traffic on very few routes and it has g lendency to go for large investment projects. Each
terminal in the US can handle between 4 and 5 times as much traffic as the Eurcpean
equivalent, on tracks three times as long and using engines that are incredibly powerful.
The largest terminals have a handling capacity of 1 million units, Interestingly, the trains

themselves travel at very low speeds and in the urban areas have major probiems with levei
Crossings.

Figure 8.2,3.2

U.S.Intermodal Traffic: 1980.1998

(millions of units)
tioo

g0 81 87 &2

Source: AAR

Table 5.2,3.1

Approximate Number of Containers P.A.
(million, domestic and international)

1983 1e80 1991 1982 1993 1994 1995 1996 1897 1998 1998 2000 2001+ 2002
25 30 30 3.5 40 4.1 4.1 5.1 3.1 5.3 8.0 8.0 5.1 6.3

*Forecast
Suurce: Revue Generals des Cheming de Fer, March 1997

Trailers dominated the intermodai traffic until 1881, but by 1995 54% of the total of
intermodal was boxes. Total intermodal trafiic has nearly tripled since 1980 from 3 miltion
units to 8.8 million. (Source: AAR) and international traffic has doubled in the past 10 years.
Qf the total, 30% is tied to international trade but this includes all commodities, 8.9. coal for
export as well as import containers, Growth stagnated in the mid 1920's as the railroads hit
a capacity bottleneck. A sustajned programme of gauge enhancements broadened the
scope of the double stack network, and this together with the completion of double track
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programmes and terminal developments has released more capacity into the system.
Raflroads plan to invest US$160 bilion over the next 20 years

Regional distribution of transpacific cargo in the US

An eslimated 80% of eastbound transpacific cargo is destined for the Mid West or Eastern
and Gulf seaboards, while 55% of west bound cargo comes from these areas. Within the

US. there has been little change in origins and destinations for the carga moving to/from
Asia over time.

Table 6.2.3.2
Cargo O/D North America Estimated - % Total Trade
Eastbound Westbound
WCNA - PSW 15 28
PNW 5 16
Midwest 28 18
US Gulf 12 7
ECNA  Intarmadal 24 13
All water 16 18

Source: Drewry “Global Container Markets”, 1986

Note: Availability and Validity of the Statistics:

According to the USDeT and the BTS (Bureau of Transportation Statistics), there are very
little rall import and landbridge statistics available. International traffic is excluded from
surveys and no infermation is provided on the ultimate origin or destination of containers.
Sampling carried out for the Transportation Statistics Annual Report specifically excludes
import traffic sither as landbridge or imported on behalf of US manufacturers or wholesalers.
In fact, the last data collected on inland movements of international traffic was in 1975
Various conferences have highlighted the need for this information to be available for
planning purposes and the BTS has been set the objective of creating a database of this
information. The objective of the Transportation Statistics Annual Report is to provide true
Origin /Destination information, together with the modes of transport used, the ports used,
and the volume by commodity and if containerised.

Any intermodal statistics currently provided, unless specifically stated, include both trailers
on flat cars (which are mostly domestic traffic} and contalners {which are mostly
import/export, although domestic business is growing).

The Intermodal Association of North America provides Rail Intermodal Traffic Reports, at a
cost of $600 per report.

3. Faorecasts and Trends:

Sources: USDoT. Forum Proceedings, EU-US Forum Tewards Improved Intermodal Freight

Transport Between Europe and the US, Journal of Commerce, intermodal Freight Movemeant
Sympasium 1986
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Traffic and Routes:

By 2010, experts predict that 90% of liner freight will be shipped in containers and US
intermodal traffic is expected to increase by mare than 50% in the next decade. It is foracast
that trips over 1,000 miles will go by rail, although at present only 40% of container traffic on
the West Coast and 24% on the East Coast moves by rail. (Source: USDoT). Overall
tonnage moving through US ports is expected to triple over the next 30 years, with the
explosion of production capacity in southeast Asia and anticipated opening markets in China
and Eastern Europe and Central and South America. At present, West Coast ports handie
83% of ali inbound cargo from Asia, although volumes are growing to the East Coast with
targe importers such as Wal-Mart, K-Mart and Home Depot having their distribution centres
on the East Coast. Many retailers no lenger want to transioad on the West Coast, although
& large proportion of them still bring in the maritime containers from Asia to transloading
facilities near the West Coast ports, then destuff ang reload into domestic trailers and boxes
o go east {1 is likely that much of the future growth will come from East Asia, particularly
China, rather than from South East Asia, and the Panarma Canal Is an obvious route for this
trafiic.

Port Facilities:

There is a growing realisatian that the linking of intermodal freight for US trade corridors
needs 10 be seamless if American ponts are te remain compelitive and port and terminai
handling needs to be more productive. Pors that already consider themselves to be well
suited to handling containers want to maximise their container throughput, which means
acquiring new land and/or re-developing existing land. Cne of the problems is that US ports
are suffering from a steady decline in the net return on investments even though ports are
under considerable duress to invest heavily in new facilities for container terminals.
However, the most productive US intermodal ports are not yet as productive as the best
international ports by a factor of more than two to one. Ports are becoming more aggressive
in seeking transportation improvements. Rail terminals are now being moved on-dock and
poits are starting to look at alternatives, such as automated container trains, and moving
storage yards far inland.

The impact of the mega ships is also causing concern — few US ports are equipped to
handle a doubling of intermodal container trafiic or the surges that would be caused by the
megaships. Most ports and terminals are lccaled in densely developed urban areas with
ageing infrastructure and constrained dimensions leading to over-burdening of land
demands and land requirement for containers is a key problem. Additional space for piers,
container storage, railroad tracks and roads can and is being purchased and developed, but
slowly and usually at a very high cost. Thare are opportunities to develop new Greenfiald
rail terminals outside metropolitan areas, but these toc are costly and have significant
environmental impacts.  For the most part, it is anticipated that the growth in intermodal
traffic will be handled through existing ports and terminals.

Techniques for increasing throughput at ports and terminals exist, some have been
implemented in US ports and many maore have been adopted by Eurcpean and Asian ports,
These include:

» Direct transhipment to feeder ships and barges
» On-dock intermaodal rail transfer

« Stacking of conlainers

* Advanced technologies to locate containers

+ Round-the-clock operations
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However, improvements also need to be made to capacity outside the port gate, particularly
as many road hauliers still operate only during narmal business hours.

4. Network Capacity Issues:

Sources; USDoT, Forum Proceedings, EU-US Forum Towards Improved Intermodal Freight
Transport Between Europe and the US, Journal of Commerce, Maritime Report 1599 and
Volpe Canter Report, Federal Motor Carrier Safety Administration

At Ports:

Industry and government are becoming increasingly concerned about the capacity of US
ports and terminals - and the highways, rail lines and waterways that serve them — to handle
steadily increasing volumes of Intermodal traffic. They are particularly congerned that
landside access to ports and terminals is emerging as the weak link in the intermodal freight
system. Congestion on the highways and rail lines serving intermodal ports and terminals is
undermining the capacity and refiability of intermodal freight sarvices. A 1997 update of the
1981 AAPA survey showed that over one-third of ports experience major access
impediments -~ one key issue is the lack of near-dock rail terminals that would easa tha
transfer of containers betwsen rail and vessel. Only 40% of container traffic on the West
Coast and 24% on the East Coast moves by rail. A 1993 Transportation Research Board
study showed mare than one-third of container ports did not have bridge or tunnel ¢clearance
for double-stack trains and trains tie up local traffic at half of all ports.

Rail congestion is a serious problem - in metropolitan areas, freight trains compete with
passenger trains for space and time and an increase in Intermaodal traffic can also bring road
and rail into canflict. In a number of cities, longer and more frequent trains block the highway
at-grade crossings used by the drayage operators to move the containers from ports to rail
terminals. [nvestments in rail facilities take considerable time and expense and some take
decades and it is unlikely that the intermodal industry will be able to build its way out of its
capacity problems in the near future. One possible short term solution would be to
reallocate or redirect some traffic to less congested ports and terminals to reduce the
pressure. However this may just shift the problem to other corriders, most of which are
already congested, so it is unlikely the industry will be able to move around its problems.

The use of more sophisticated IT systems is seen as one solution, particularly by the
government,

Iniand:

There is significant concern about the inland impacts of rail traffic generated by ports as the
industry realises that the midwest yards and cross country mainfines are rapidly approaching
capacily. The excess rail capacity that axisted has been used up and further expansion is
difficult and costly. Following the recent railroad mergers, some ports are not sure that the
railroads are likely to have funds available in the near term at Jeast to make large scale

investments, but others feel that railroads have to be aggressive in growing their port
businsss.

There is a huge problem in terminal capacity particularly in gateways like Chicago. A recent
USDeT Maritime Raport has identified the annual rail lift capacities at the major perts and
intarmodal hubs.

Kay Issues Identified:

Following the concerns expressed, the USDoT has held regional symposia at key locations
{details are in the Regional Section below), and written many reports identifying key issues
Richardson Lawrie Assoclates a1
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lo be addressed if intermodal productivity in the US is tg be improved and if rail traffic is to
increase,

Tnere are operational and non-operational barriers to US intermodal development,

Figure 6.2.3.3
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Nen-operational:

+ Concerns whether the public sector should have access to private sector traffic data,
which is impeding traffic forecasting

* Shorl term private sector planning time-scales compared with the longer term public
sector planning horizons means lack of consensus on the timescales for initiating
projects and there is often a conflict with city/regional plans.

e Lack of standardised transportation regulations.  There are long lead times for
enviranmental permits, inconsistent State truek sizes and wefght limits and increasing
State taxes on railroads.

* Inadequate funding, although the ISTEA Act of 1991 (Intermodal Surface Transpartation
Efficiency Act) now gives a legislative framework for funding of (primarily domestic)
intermodai investment.

+ Institutional relationships need to be improved as these impede the efficient
interconnection between sastern and western raiircads.

* There is a lack of publicly-funded projects being able to complement private sector

- initiatives

v There is a lack of good iabour refations when new equipment is introduced.
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Operational:

» Lack of adequate infrastructure: there is a need for new large well-located intermodal
terminals with new access roads. Successes have occurred when terminals have been
built from ground up rather than retro-fitted from existing facilities.

« Shortage of new loading and unloading equiprment to manage peak hours.

+ Bridge and tunnel improvements for double stack rail clearance.

* Relieving congestion: on access routes, bridges and tunnels serving terminals and ports
In large urban areas

¢ Betler located and consolidated rail freight routes and extension of the double stack
services,

* Betier EDIl and IT systems

* Numerous at-grade rail-highway crossings, which need to be bridged.

« Limited land for improvements

* Managing the peak time for the landbridge, which is mid Septermber to mid Oclober
when there are often issues of intermodal railcar availability.

+ Intermodal equipment is a problem, although rail rolling stock has impraved with fixed
stanchions and single axles and slack has been eliminated between the wagons.,

* The carriers rather than the customers provide the chassis, which means special chassis
are required and a large supply is needed. Chassis therefore need fo be re-positioned -
it would be better if chassis pools were developed around port terminals.

» Connectors between ports and rail present another series of problems,

The industry is looking to develop integrated long term partnerships between rail companias,

ocean carriers and ports but future rail use could depend primarily on double stack ¢clearance
and grade crossing elimination.

Developments and Proposed Investments:

The growth in intermodal traffic during the 1980's has fed to demands for investment, which
now appear to be forthcoming. The Class 1 Railroads have all developed investment
programmes in locomotives, terminal facilities and track doubling and clearance. The
railroads’ dilemma is the tow profit margin, making the investments relatively high risk,
BSNF is considered to be the most dynamic in its thinking. Often the optimal approach to
capacity shortages and congestion lies not at the local source of the problem, but at the
regional or corridor level, where strategies such as the use of feeder ports and revitalising
short-haul railroads could provide the best solution.

The shuttle train principle, moving containers along dedicated rail corridors, is being
examined as a possible solution to the issue of the port — rail connection. The Alameda
Corridor in Los Angeles is one such: this will shuttle wagons to an inland intermodal
distribution. The Alameda Corridor is a very expensive solution however, The resultant
costs of $400 per lift will be five times that of a typical lift, e.g. Chicago lift costs are in the
range of $60 - 70. The Corridor will in fact be a “trench” to move intermedal traffic with the
minimum disturbance 1o local street level traffic. Ports are beginning to see the value of
dedicated freight corridors designed to allow separate uninterrupted flow of vast volumes of
containerised cargo to inland destinations. Hub and shuttle rail has also been proposed for

cross-harbour tunnel traffic at the Port of Naw York to join the south Brooklyn terminals with
the main rail corridors in New Jersey,

Possible Future Network:

The current pattern of rail network and terminal congestion argues for a revised or
rationalised network that will build on existing {ines but with radically different terminal
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functions and locations and a differsnt operating scheme. Loadings from major points, such
as Los Angeles, would be to major on-fine destinations only, with sufficient voiume to permit
maximum wagon utilisation and fane densily. Existing gateways such as Chicago, St.Louis
and Kansas City, would be limited te local traffic only. The former rework functions of the
existing gateways would be moved to rural areas with low land costs and minimal
environmendal impact. These would serve rai-tg-rail transfer, not support local businesses,
and have run through capability.  Enhanced rail-to-rail transfer capability would have to be
developed to support the new rework terminals and individuai railroads are already moving
in this direction,

6. Regional issues:

Sources: USDoT Report "Mega Ships” 1997, Chicago Area Transportation Study {CATS),
Alameda Corridor ACE Project, USBoT Local Symposia, Volpe Center, Soulhern California

Freight Advisory Committee, Journal of Commerce, Transportation Statistics Annual Report
1895

General:

As much as 40% of West Coast international containers are handied by rail; it is lower
elsewhere, between 10 and 25%, but appears to be rising. The key regions involved in
international intermodal traffic are: Los Angeles and Long Beach, Chicago, New Jersey and
New York, and, to a lesser extent, Seattle and Tacoma, Freight industry spokesmen in all
these regions have been involved over the iast two years in symposia led by the US QoT
regarding specific constraints in the development of intermodal traffic in their areas. The
prime maotivator In these symposia has been the pilot introduction of IT systems, but each
one of them has raised other operational issues.

California: Los Angeles and Long Beach Ports:

This region has the nation’s largest concentration of intermodai freight container movements,
with 20,000 truck trips and 29 train trips per day from the poart area 1o Los Angeles
intermodal facilities (25% of all trage entering the US by sea passes through Los Angeies
and Long Beach perts and one-third of all internalional intermodal traffic.

Majur issues of capacity constraints in this area bave been raised:

+ Port terminal capacity is limited and will be exacerbated by the predicted huge increases
in centainer maovements. It needs Federal funding to ease congestion,

* Moving the cargo from the marine terminals onto the highways creates major
chokepoints.

* The gap between the port area and the rail terminals is 23 miles and if road vehicles are
late. the container goes on the train a day iate,

= Capacity could be sufficient if the port could maintain a 24 hour operation on colleclion
and delivery of boxes

The proposed intermodal solution to these problems is the “Alamsda Carridor” project. This
involves consolidating 90 miles of railway track into one 18 mile rail corridor to transport
intermodal freight from the Los Angeles and Long Beach ports to distribution centres in Los
Angeles. Containers can then be either transhipped to road for some routes, or cantinue
along the Alameda Corridor East for 35 miles to the Intermodai Centre, where the freight witl
be transhipped to road, air or continue on by raii. Final destinations by rail include; Chicago
for New York, Kansas City for the Mid West and Dallas Fort Worth and Houston for the
South and Mexico. The estimated cost of the project is $95Q million, of which $912 million
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has been approved and it will take at least 8 vears to complete. Upgrading the level
crossings and separating the road and rail movements in the area Is a priority.

The basis for this project is the forecast that 25% of all US waterborne international trade
with the Pacific Rim will enter through the Long Beach and Los Angeles ports and that this
trade wili double by 2020. This means an estimated increase of 67% in rail movements and
of 40% in road movemsnts. {Source: Alameda Corridor Project). Train traffic volume forecast
for the route between the first major junction and the Intermodal Terminal indicates
maximum weekday volumes of;

Table 6.2.3.3
Forecast Maximum Weekday Volumes on
the Los Angeles Intermodat Centre Route
No. of tralns via the No, of trains via the
Year southern route (previously northern route (previously
Union Pacific) Southern Pacific}

1994 15 23
2010 21 46
2020 23 51

Source: Alameda Carridor Project

There are also optiens being examined to consolidate three rail frelght lines operating
between downtown Los Angeles intermodal facilities, where the corridor will terminate, and
the eastern end of the Southern Californian Basin (San Bernarding). to enhance the region’s
ability to manage the flow of international trade goods. but the rail and shipping companies
are concerned that this would lead to a potential loss of control over shipping schedules.

Oakland:

BNSF has had no near dock access to the port and must road 11 miles to reach the rail
head. It is fooking to build on dock ship to rail transfer facilities.

Chicago:

Chicago Is the major inland intermodal hub, where eastern and western rail carriars mest.
Nearly half the nation's intermodal rail shipments originate, terminate or connect there.
There are 23 major intermedal yards plus 3 car transloaders and 5 clusters of freight
facilities. The “average” intermodal facility moved 200,000 container p.a. in 1897, the largest
maved 670,000. 2.5 millien tonnes of freight is moved daily in Chicago. The main problem
for Chicago, and the railroad network as a whole, is the significant congestion, bath in terms
of local road vehicle movements in and out of the yards, and the concentration on a small
number of rocutes between rail yards. Inter-railroad connections are often by road rather than
rail, and within a highly urbanised area. In the short term, Chicago has been locking for
funds to improve connactions between intermodal facilities and highways, but it could be that
in the longer term a multi-user intermodal terminal near the city permitting rail-rail
connections would be required.

The Symposium listening group for Chicaga considered the following as impediments to
intermodal growth through Chicago:

s Local and corridor data is wealk; up to one third of traffic could be “rubber tyre" exchangs,
though Union Pacific thinks it is mostly “steel wheel”, which can take up to 3 days. A
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container interchange can often be missed in Chicago, thus missing a sailing window in
Baitimore,

s There are operational problems in the terminals, e.g. ramping problems and the nead to
shuffle boxes and chassis.

= When the decisions are taken to switch service / mode train matching can be a problem.

*+ There are driver shortages, particularly at night.

+ There are 1,948 at-grade crossings crealing safety and congsstion problsms.

» Itis still difficult to predict train arrival times and there is a lack of information about
container dwell times at terminals.

New York and New Jersey Parts:

Freight volumes through the region are forecast to double by 2040 but the region does not
have the space or funds to build extensive naw terminals, rail yards and road terminals. [n
addition, the proposed introduction of mega ships is going to strain the capacity of the port
and customs operations, There is also concem that the forecast growth in volume of
intermodal traffic post sale of Conrail may strain the capacity of the existing intermodal rajt
terminals and related facilities. The increased railroad competition could mean in practise
increased railroad congestion unless there s additional capital investment. Port Elizabeth
and Port Newark are particular botllenecks. The US ports compets heavily with Monireal
and Halifax.

North West Coast and Puget Sound:

Puget Sound is girded by water, making it difficult to accommodate growth through
expanded transponation facilities.  Within the ports, gates are often congested and port
aperaling haurs are limited; the ports need people wha work beyend 9 - 5 and who will work
when the ship arrives. Labour shortages in the region drive up the cost of off-peak and
weekend port operations. Containers are lost in port and rail terminals, and the nolding time
is 100 long. BNSF are tooking at on-dock rail operations, and the Port of Tacomna has started
a mainfine rail capacity study, but the Port of Seattle has real problems with local street
aceess 1o the terminals and port. The freight industry finds it hard to get Seatile politicians to
understand how changes in intermodal operations in Chicago affect them in Puget Sound
and that they need o spend monsy.

The main railrpad network also has problems: the ability to improve frelght rail service at
higher speeds has been made problemalic by large numbers of at-grade highway rail
crossings — grade separation work in Washington State alone was projected to ¢cost $900
million. The crossing issue affects the possibility of moving 8,500 fcot trains. Also, the
northern tier rail service in the US is less reliable in winter than through Canada, which has
better track maintenance. Cargo is moving via Vancouver due to inadequate US rail
services and Delta Terminal transports 75% of its intermodal freight by rail, The Canadian
rzil system parallels that of the USA and runs interrupted from Halifax in the east io
Vancouver in the west. Delta Terminal alsc has rai) connections through Minnesota to
Chicago. The US rail industry estimates that as many as 350,000 containers p.a, destinad
for Montreal and Halifax could go to US ports.

6.2.5 Vessel Economics

Voyage costing is important to all shipowners because it dstermines whether or not a
particular voyage wili be profitable. It is crucial for tramp shipowners, because it delermines
routing and is @ guide to fixing price offers.
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Voyage costing is lass relevant to liner operators in either of these respects, as routes and
port calls are largely fixed, and because prices are determined in historical markets. Even

new entrants on a route would not need to think very hard about what ports to call, or what
rates to charge

U_nlike most tramp vessels, liners carry very large numbers of consignments, each with
different origin/destinations, and having different inland distribution costs. Because liner
cargoes have inland origins and destinations, least cost through transport suggests that;:

» inland distribution costs (road, rail, inland waterway) must be taken into account
+ there s a choice of ports for the same infand markets

As considerad elsewhere, customers may be more sensitive to service quality than price, so
that the lowest cost shipping alternative may not be preferred.

For liner operators, cargo prices bear no direct relationship with ship costs because:

+ some cargo is priced door to door, so that modal cross subsidisation is possible
container markets can be differentiated by commodity or commodity characteristics
freights may include the prices of additional 'quality’ services

carriers may choose to direct cargoes along certain routes

cargo is accepted at less than carrying cost because it makes a marginal contribution

2 ® »

Costing liner services consequently differs from costing tramp voyages in that costs relate to:

s services including several ships, not just one
¢ services have more rigidly structured vessel deployments
s non revenue earning empty containers must ba repositionad on 'and and at sea

Furthermore, in determining overall service profitability, revenue is not easily attributable.
because services are increasingly interlinked into & global web.

The fundamental objective of carriers is to provide at least one fixed day weekly service
between ports at either end of a shipping route for their market share of the given volume of

trade on the route. This objective largely fixes the number of vessels on the service and
their average size.

Vessel speed and port times allow some flexibiiity, but the same objective also determines
the number of ports which can be called overall. Depending on the route, the number of
ports can be increased by increasing the fleet size. The route itseif can be redefined (by

including or excluding countries or port ranges} to change the nature of the service - number
of vessels ete.

Ports are chosen because they are well located for the cargo sources or destinations on a
through-cost basis, The basic rule of shipping cost is that other things being equal water
transport Is always substantially cheaper than land transport. This appears to be from
economies of scale: a ship carries perhaps 4,000 TEU while a railway train carries 70 and a
haulier 2. Although this suggests that it is always economic to use water rather than land,
this is @ misleading conclusion. The relevant comparison is not the ship size but the fnumber
of containers which might be exchanged at a particular port. For example, a ship would not
extend a European itinerary from Hamburg to Gothenburg for ten containers because the
whole cost of the additiona! voyage, plus the decrease in the annual capacity of the service
caused by voyage time, would be borne by them alone.
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Extension of a route is clearly more expensive than a small diversion, such as from Hong
Kong to Shekou. Even so, the diversion has to be worth it. Usually the container exchange
required to divert a vessel will be 10-20% of the overall vessel capacity.

Transhipment

If a port s not worth a diversion it may become a feeder port, but typically only if it cannot be
equally well served by road, or sometimes rail. A feeder move requirgs @ container to be
haued by road te a pont, then loaded onto a vessal which transports it to the hub port for
transhipment onto the mainhaul vessel. There is a road haulage cost and the cosl of two
extra kfts, all of which generally cost much more than the actual water movemnent. it s
usually simpler, cheaper, and faster for a container consclidated inland to move to the
hub port overland, if an adequate road system exists,

Feeder seaports are normally linked to hub ports by a water transfer only when:

*+ the condition of an adequate road system does not exist, leading to unacceptable road
COSts or service quality

»  the movement is very long; or

» the transhipment is between major seaports.

Ports aim to become hub ports to generate more business, partly because they achieve two
lifts per container for transhipped cargees, and partly because they tie up one or more
mainhaul services. Shipping lines prefer to use ports with significant amounts of local cargo

as hubs, because Ihe more containers they can exchange at a particular port the more
economic that call is.

Hub ports which do not have significant amounts of hinterland cargo are therefore rare, and
thelr success is always due to their geographical location, either at a junction of major routes
- North Europe/Far and Mid East, North Europe/West Africa, Neorth Europe/Mediterranean,
North America/Mid East, and North America/Mediterranean services all meet at Algeciras
(Spain}; or surrounded by smaller ports none of which justify a direct call and all of which
require a diversion of the mainhaul vessel - Singapore with its links to south Asjan ports, and
Marsaxlokk (Maita) with its links to eastern Mediterranean ports are examples.

Hub ports without local cargo are seriously at risk from a growth of trade with their feeder
hinteriands tecause at some point carriers find that a direct call at one of the feeder ports is
warlhwhite.  As soon as this happens the hub port will lose nat merely that feeder port's
cargo, but also some of the rest, as feeder ships are directed to the new, nearer hub port.

They are protected by:

+ their range of services. A new hub port cannot compete on service range but can
compete on price, $0 that its success depends entirely on the sensitivity of its customers
to this aspect of shipping service; and

» the quality of the port infrastructure. Feeder ports present carriers with a large variety of
vperational, labour, and physical problems, and possibly concerns about the safety of

ther ships, so that even when a move is indicated by through coslt calculations the
carrier stays with 2 port it can trust.

These are among the considerations carriers take into account when planning services,
They are particularly relevant to the issue of future containership size, as carriers are coming
to the limits of available port draft even after dredging. They are also relevant to the
possibility that trade will be concentrated into new carridors which could particularly benefit
the Canal.
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In forecasting for all Cases, we have not attempted to model container services. 1t is
sufficient to observe the actual behaviour of carriers around the world when faced with new
opportunities resulting either from trade expansion or from the provision of new ports or port
facilities, and make qualitative judgements, based on interviews with carriers, on thelir
response to developments of the US landbridge and the expansion of the Panama Canal.

6.2.6 Trade Forecasts for the Expanded and Unrestricted Canals

Enlargement of the Canal woutd have no impact on cargo volumes on many routes. It wauid,

however, impact on eight of the major routes idemtified, and these were considered
individually. They were;

Other North to Other South
Other South to Other North

=  WC South America to ECUSA
« WCUSA to Europe

» Asia to ECUSA

» ECUSAto Asia

»  ECUSA to WC South America.
+ Europe to WCUSA

L ]

[ ]

Some cargo on each of these routes is currently conveyed over the landbridge, either from
gast to west or vice versa. The increased competitiveness of all-water services following
enlargement of the Canal will increase the Canal share of the overall trade.

Landbridge data and JOC data on East and West Coast port shares were considered,
together with evaluations of the general ability of the landbridge to compete in the face of
increasing volumes of cargo. The shares of US regional container cargoes currently carried
both by landbridge and by water were estimated using these data sources together with ACP
statistics, and an assessment of the ncrease in Panama share resulting from enlargement

made. The impact of this development on Panama TEU throughput on the target routes was
then calculated.

The Containerised Tonnage Forecast.

For the containerised tonnage forecasts, the proportional increases calculated for the TEU
forecasts were applied.

The Contalnerlsed Cargo Tonnage Forecast By Route And Vessel DWT Category.

The effect of enlargement on individual routes in Case 2 was considered in terms of the
existing distribution ¢f vessel sizes, the nature of services on the routes, and the expected
strategic response of container carriers to enlargement. The main groups of larger existing
and predicted containership TEU size ranges were identified as around 6,500, 8,000,
10,000, and 11,500 TEY, and historic data on TEW/DWT ratios were used to estimate future
DWT ranges. New traffic was allocated to post-panamax vessel size groups on the basis of
trade volumes on the route - larger vessels were justified by larger annual TEU throughputs.
These allocations were entirely qualitative, as there is no historic data available an the
probable deplayment of as yet unbuilt sizes of ship on routes that were hitherto unavailabla.

It has been assumed that the expanded Canal would be opened in 2010, and that all cargo
which could use the Canal under the 2050 market share assumption would be immediately
available, as would the vessetl sizes appropriate to that flow.
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Panama Trades, Existing Canal

Table 6.2.5.2 shows how the total tonnage of container cargoes transiting the Panama
Canal, carried by all ship types, was allocated by route in 1998/99,

The top 5 outbound origins, East Coast USA, Atlantic: Asia, North Pacific: West Coast South
America: Europe: and Other South, accounted for 85% of the total. The top 5 inbound
destinations, East Coast USA, Allantic' Asia, North Pacific: West Coast South America:
Europe: and West Coast USA, accounted for 75% of the total,

Sixteen ‘routes' of the 324 shown in the table account for over 90% of the total tonnage,
However, these routes are one-way. Thus, Just two 'routes’ which account for 39% of the
tolal are in fact the east and westbound lanes of the same, two-way, route, between Asia
North Pacific and East Coast UBA. The second most important actual route is between
Europe and Weslt Coast USA, with 9%, and the third between Europe and West Coast South

America (7%). The fourth, with 8%, 5 between East Coast USA and West Coast South
America.

Non-specified routes accounl for 12% of the totat tonnage. Many of these cargoes are likety
to be carried on ships with cargo on the specified routes.

Table 6.2.6.2 shows containership shares of iotal container lonnages by origin and
deslination Shares range from 2% to 100%, but as Table 8.2.8.1 shows, the lowest share
among the 'major’ routes is 63%, on Europe/Oceania. Overall, containerships account for
£1% of containerised cargo, and the only significant route which still shows a high (26%)
non-containership share is Europe/ West Coast South America.

Table 6.2.6.1
Container Cargo Tonnage 1998/99 by Route (000's tons)
and Container Ship Share (%)
Contalner
Origin Cestination Tonnage Share ship share
EC USA, Aflantic Asia, North Pacific 6628 20 100 |
Asia, North Pagitic EC USA, Allantic 8110 19 95
Other South Other North 2303 7 96
Europe WC USA 2265 7 o4
Olher North Other South 1608 5 a1
WC South America Europa 1549 5 74
WC South America EC UBA, Atlantic 1418 4 gz
WC USA Europe 1285 2 95
Eurcpe WC South America 1138 2 68
EC USA, Atlantic WC South America 10189 2 81
Europe Oceania 705 2 63
WC South America EC Central America 640 2z 839
Oceania EC USA, Atlantic 582 2 100
Egﬂig:‘aﬁn"‘\me”“a' WC South America 580 2 77
EC USA, Atlantic Cceania 547 2 a3
WC South Amaerica West Indies 500 2 as
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Tahble 6.2.6.2

Containerised Cargo Tonnages by Origin and Destination 1998/99 {000 tons)

ORIGIN

ECUSA, Ad
Asia, NPac
WCSA
Europe
Other South
Other North
WOCUSA,
West indies
Oceaia
ECSA, Car
ECUSA, Gul
ECGCAN
WCCA

Asia, SEA
ECSA, Atl
ECCA

Asia, IndSub

Alfrica

{ Grand Total

EC EC

B J woon cumpe U5 Gher QU O Mo coca uia SR SC weon SR PR A, avis
6826 1019 76 547 12 36 3
6110 404 106 156
1418 1549 500 640 332 447 7
71 1138 2265 7oh 47 0
2303
1605
92 1265 it 0
248 480 71 1
582 6 12 45 [}
6 580 90 1 1 0
108 345 10 162 ¢ 20
345 a
11 138 1 35 0
142 0 23
i1 1
7
4 1 o]
0

8359 7405 3573 2953 2514 2303 1805 1415 904 652 519 483 182 77 59 7 3 t]

we
CAN

19

Grand
Total
8322
6776
4894
4238
2303
1605
1365
a1
651
633
655
345
185
170
12
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Table 5.2.6.3

Containership Shares by Origin and Destination %

I R
EGUSA, Atl 100 81 92 83 0 97 100 96
Asla, NPac g5 a7 65 og 95
WCSA 92 T4 83 89 79 67 20 82
Europe a9 68 04 63 100 g2 82
Other Sauth 96 9B
Other Narth 91 81
WG USA el a5 83 a5 95
Wesl Indies a7 96 100 100 a7
Oceania 100 2 98 x| 100 98
ECSA, Car 100 77 g5 130 100 100 78
EC USA, Guif 86 59 a6 E7 100 35 70
ECCAN 100 100 100
WCCa 94 96 29 47 100 86
Asia, SEA 42 100 23 s
ECSA, Al 97 100 a8
EGCA 100 98
Asia, IndSub 100 100 100 100
Africa 63 58
Grand Total 94 g9 76 B4 94 95 91 74 92 Fije] 74 66 99 104 78 90 100 95 a1
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Trends 1994-2000

Container cargo tonnages transiting Panama increased from 27 to 33 million tons over the
five years 8495/9899, and the top five two-way routes marginally increased their share of the
total over the period from 75% to 77%. The fastest growing two-way major route was the

unspecified North/South, which, as Table 6.2.6.5 shows, increased its share of the tota! from
7% 10 12%.

Table 6.2.6.4

Growth in Container Volumes by Route 1994-99 (000 tons)

Route 9495 9508 98697 2788 9899
EC USA, Atlantic/Asia, North Pacific 10206 10440 11025 11687 12738
Other South/Other North 1907 2456 3012 3728 349048
Europe/WC USA 3103 3009 3221 331¢ 3831
WC South America/Eurape 2301 2640 2625 2008 2687
WC South America/EC USA, Atlantic 2524 2661 2808 2486 2437
Others €680 6603 6600 7807 7716
Total 26811 27809 29292 31125 33017

There were significant changes in the balance of trade on all routes. For instance, the
northbound share of the Other South/Other North route declinad from 73% to 59%.

Table 6.2.6.5

Shares of Container Volumes hy Route 1994-99 (%)

Route 9445 9598 9697 9798 9899
EC USA, Atlentic/Asia, North Pacific 38 38 38 38 39
Cther South/Other North 7 9 10 12 12
Europe/WC USA 12 11 11 11 11
WC South America/Europe g g g 7 &

WC Soulh America/EC USA, Aflantlc *] 10 10 g 7
Others 25 24 23 25 23
Total 100 100 100 100 100

Even over the relatively short period studied, containerships markedly increased their share
of container carryings in tonnage terms, from 80% to 91%. The trend was similar for all five
major routes identified, and it is clear that these routes are not unrepresentative.
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Table 6.2.6.6
Containership Shares of Container Volumes by Route 1994-99 (%)
Route 9495 9586 9697 9798 98499
EC USA, Atlantic/Asie, North Pacific 94 g5 98 97 88
Other Seuth/Cther North 70 80 56 S0 83
Europe/WC USA 92 93 92 4 g5
WC Seuth America/Europe g7 658 72 88 78
WC South America/EC USA, Atlantic 82 B84 86 93 94
Total 80 82 84 88 91

6.2.7 Summary

It is expected that there would be no difference in the additional containerised cargoes
aliracted w the Canal under the Expanded and Unrestricted Cases. The additional
quantities are shown in Table 6.2.7.1. Overall, the amount of containerised cargo would
increase by almost 15 million tons — an increase of 29.8% versus the generic growth of the
trades via the Canal — in 2010 and by 16.8 million tons (+29.0%}) and 20.6 million tons
(+27.5%) in 2020 and 2050 respectively.

Around 20% of this additional cargo is estimaled to come from lust the four routes between
Asia lo ECUSA and between Europe and WCUSA. with 70% on the each way tfrades
between Asia and the ECUSA.

Table 6.2.7.1
Expanded and Unrestricted Canal - Additional Containerised Cargoes

000's tons

2010 2015 2020 2030 2040 2050

Asia to ECUSA 4461 4815 5129 5704 087 6405
Other South ta Cther North 200 225 249 293 328 358
WC South Am. To ECUSA 459 521 579 687 773 846
WCUSA to Europe 1071 1129 1181 1285 1362 1428
EGUSA to Asia 6218 5487 6734 7233 7589 7888
ECUSA to WC South Am. 459 521 579 687 773 848
Europe to WCUSA 2030 2137 2236 2430 2573 2695
Other North to Other South 93 103 113 131 145 158
Total Northbound 6191 6660 7138 7970 8560 8044
Total Southbound 8798 9249 9662 10482 11081 11602
Grand Total 14988 15939 16800 18452 19641 20643
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6.3 Qil and Orimulsion

6.3.1 Introduction

The patterns of oil flows into and out of the W.Hemisphere are such that enlargement of the
Canal is unlikely to result in a significant change in the amounts of conventional crude ol
and petroleum products being shipped through the Canal compared with the generic growth
in the Canal transits. Shipments from the two potential sources of rising crude oil exports
from the region — Mexico and Venezuela - are expected either to be concentrated on routes
which do not represent by pass trades or will continue to move te short hau! destinations in
the Americas via the Canai in Panamax vessels. In the latter cases, an enlarged Canal
would simply permit the transit of slightly larger tankers without necessarily increasing the
volumes of trade versus the generic growth in the trade via the Canal.

6.3.2 Orimulsion

The one potential growth area is Qrimulsion from Venezuela. Orimuision is PDVSA BITOR's
patented boller fue! whose composition 18 a 70% suspension of bitumen in water. The
product is carried in conventional tankers and classified by ACP as a petroleum product.
Currently some 1.5 million tons of Orimulsion are exported to Asia and although some
quantities are currently still shipped in Panamax vessels via the Canal an increasing
praportion of shipments are made in larger tankers up to VLCCs of 280,000 dwt and above.
Table 6.3.2.1 provides a breakdown of shipments into Asia. Indications are that cargoes in
Panamax tankers will fall even further in the future, possibly to the equivalent of just one
transit a year in three or four years' tima.

It is estimated that future exports to Asia could reach up to around 15/18 million tons by
2020 but 1 is likely that these will be moved in either Suezmax (up to around 163,000 dwt)
tankers or VLCCs. In any event, If the Canal remains at its existing dimensions it will not
capture any of this additional business and will lose most, if not all, of its current Orimulsion
trade in Panamax tankers.

Scme of the additional quantities of Qrimulsion are expected to be moved to countries
located in S E Asia, for which the Panama Canal would still not represent tha most economic
route, even if it were enlarged. For both Singapore and Thailand, the Suez Canal rather
than Panama represents the shortest route while the route via the Cape of Good Hope is

either shorter or sufficiently close in mileage to make the Panama Canal less econamic after
taking into account tolls.

With the proposed maximum vessel dimensions for the Expanded Canal at 180 ft beam, 50
ft draft and 1,265 ft loa, VLCCs would not be able to transit the Canal. For Suezmax tankers
the main issue would be draft. Typically a modern tanker of around 180,000 dwt would have
an loa of 890 ft and a beam of 158 ft. However the draft would be around 56ft. As a result,
under the Expanded Canal conditions it is assumed that a slightly smatler vesse| of around
140,000 dwt would be employed in order to meet the draft restrictions.

Tables 6.3.2.2 to 6.3.3.6 show the estimated freight costs for Orimulsion shipments lo
Thailand, the Philippines, Taiwan, S Korea and China. Costs for Japan are not shown
simply because they give similar results to those for 8 Korea and China, Comparisons are
made between Panamax, small Suszmax and VLCCs via the Panama Canal versus larger
Suezmax tankers and VLCCs via the Cape of Good Hope.

For Thailand, for each vessel size, the alternative routing of the Cape of Good Hope
provides the more economic option. The ¢onclusions for the Philippines are simitar although
for VLCCs the difference is relatively small. For the Expanded Canal the differantial for
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Suezmax tankers would be larger in favour of the Cape route due the limit on the size of
vessel permitted through the Canal. For Taiwan, S Korea and China there are clear
incentives 1o use the Canal except when comparing the freight costs for Panamax tankers
versus larger tankers via the Cape.

Atter making allowances for some future sales to be made in S E Asia, with an unrestricted
Canal it is estimated that almost 12.5 million tonnes of Orimulsion could be diverted via the
Canal in 2020 as compared with the generic growth in trades via the Canal. However, since
most of this would be likely to be moved in VLCCs, expansion of the Canai to accommodate

a small Suezmax tanker of around 140,000 dwt would only attract an additional 1.9 million
tons from 2010.

Table 6.3.2.1
Orimulsion Exports to Asia, 1991-2000

Year  Total Quantity Of which  Panamax as
Panamax % of Total

tons %

1991 382,000 382,000 100%
1992 548,000 548,000 100%
1993 634,000 834,000 100%
1994 531,000 531,000 100%
1995 850,000 589,000 69%
1998 1,003,000 563,000 25%
1997 1,277.000 443,008 35%
1998 605,000 140,042 23%
1899 857,000 283,391 30%
2000 1,507,390 218,445 15%
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Table 6.3.2.2

Estimated 2000 Orimulsion Freight Costs
Trade: JOSE - THAILAND (BANGKOK)
Route; DIRECT (VIA CGH)
Freight Bas/s: I YR T/C & Total Operating Costs
asse/ Siza; 70,000; 140,000; 160,000 dwt & 280,000 DWT
i e oop 000 2000 60 :

: WIE . ‘Caifal: GG [ viaiCana i CGH!
Vessel Size {Dwt) 70,000 140,000 160,000 280,000 280,000
Time Charter Period 1 Year 1 Year 1 Year 1 Yaar 1 Year
Stores, Water, etc (Tonmes}

Bunkers {Tonnes)
Cargo (Tonnes): 66,500 133,000 152,000 266,000 266,000
Speed (Kis) 13.8 13.5 13.5 13.5 135
Fuel Consumption {tpd):
Fuel Qil: At Sea 310 51.0 515 60.0 60.0
In Port 8.0 14,0 14.0 14.0 14.0
MOO: At Sea 1.5 31 3.1 4.1 4.1
In Port 1.5 3.1 ER! 4.1 4.1
Single Voyage Milas 11,595 11,595 11,858 11,595 11,858
Days At Sea 70.0 716 73.2 71.6 732
Rort Days: Jose 1.0 20 2.0 2.5 2.5
Tsingtao 25 ERM 3.0 3.5 R
Canal 2.0 2.0 2.0
Taokak 55 70 5.0 B.O £.0
Total Voyage Days 75.5 786 78.2 7%.6 792
Charter Rate ($/Day) 17,850 28,100 29,950 37,700 37,700
Bunker Prices ($/Tonne)
Fue! Jil 158.7 158.7 158.7 1587 158.7
MBO 249.5 2405 249.5 249.5 2495
Yoyage Costs:
% ] $ ] $
Charter Hire 1,247,958 2,207,531 2,342,016 | 2,999,943 2,385,747
Bunkers: Fuel Ol 351,451 594,852 520,573 £92,303 710,318
MDO 28,263 60,773 60,482 81,400 81,015
Port Charges: Jose 44,500 55,800 55,800 78,5900 78,900
Bangkok, 11,130 13,950 15,350 19,750 19,750
Canal Bues 144 8592 280,104 0 524,065 4]
Total 1,928,234 3,213,410 | 3,094,620 | 4,402,260 3,875,730
Freight ($/Tonne) 29.0 24.2 20.4 16.6 14.6
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Table 6.3.2.3
Estimated 2000 Qrimulsion Freight Costs
. Irade JOSE - PRILIPPINES (SUBIC BAY)
| Route: DIRECT (VIA CGH}
Freight Basis: I YR T/C & Total Operating Costs
Vessel Size: 70,000; 140,000; 140,000 dwt & 280 000 DWT
Yeor T 2000 T o0 [ 5000 30
R ‘via:Canal: Ca GH d A -
Vessel Size (Dwt) 70,000 14¢,000 | 160,000 | 280,000 280,000
Time Charter Period 1 Year 1 Year 1 Year 1 Year 1 Year
Stores, Water, etc (Tonnes)
Bunkers {Tonnes)
Cargo (Tonnes); 66,500 133,000 152,000 266,000 266,000
Speed (Kis) 138 135 13.5 13.5 135
Ful Consumption {tpd):
. Fuel Cil: At Sea 310 51.0 52.5 £0.0 60.0
i In Port 8.0 14.0 14.0 14.0 14.0
MOQ: At Sea 15 31 31 4.1 4.1
In Port 1.5 31 31 4.1 4.1
Singie Vovage Miles 10,281 10,281 14,173 10,281 12,173
Days At Sea 621 &83.5 /5.1 63.5 75.1
Part Days; Jose 1.0 2.0 2.0 2.5 2.5
Tsingtan 2.5 3.0 3.0 3.5 is
Canal 2.0 2.0 2.0
Total 5.5 7.0 5.0 8.0 6.0
Total Voyage Days 676 70.5 80.1 715 811
Charter Rate {$/Day) 17,850 28,100 29,950 37,700 37,700
Buriker Prices {§/Tanne)
Fuer Oil 158.7 158.7 158.7 158.7 158.7
MDC 249.5 249.5 2495 24%.5 245.5
Voyage Costs,
$ $ $ $ 3
Charter Hire 1,205,363 | 1980009 | 2,400,252 | 2,694,154 3,058,052
Bunkers: Fuei Ol 312,414 429,203 637,173 622,059 728,833
MDO 25,203 54,500 61,986 73,103 £3,004
Rart Clarges: Jose 44,500 55,800 5E,B800 78,900 78,900
Subic Bay 29,130 36,520 40,200 51,640 51,640
Canal Dues 144,892 280,104 0 524,065 0
Total 1,762,592 | 2,936,135 | 3,195411 4,043,930 4,001,428
Freight (4/Tonnge) 26,3 221 21.0 15.2 15.0
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Table 6.3.2.4

February 2001
Contract No: SAA-43015

Estimated 2000 Orimulsion Freight Costs
Trada: JOSE - TAIWAN (KAOHSILNG)
Route: DIRECT (VIA CGH)
Ergight Basis: I YR T/C & Total Operating Costs
Vossel Size: 70,000; 140,000; 160,000 dwt & 280,000 DWT
: 2000 204 200 200
iaic RERLIEY faiCanal i vid CGH
Vessel Size {Dwt) 140,000 160,000 | 280,000 280,000
Time Charter Period 1 Yaar 1 Year 1Year 1 Year 1 Year
Stores, Water, etc (Tonnes)
Bunkers (Tannes)
Cargo (Tonnes): 66,500 133,000 152,000 266,000 266,000
Speed (Kis) 138 135 138 135 135
Fuel Consutnption (tpd):
Fuei Qil: Al Sea 310 51.0 52.5 60.0 &0.0
In Part g8n 144 14.0 14.0 14.0
MDQ; At Sea 1.5 31 31 4.1 4.1
In Port 1.5 31 3.1 4.1 4.1
Single Voyage Miles 5,921 9,921 12,552 9,921 12,552
[ays At Sea 59.9 61.2 775 61.2 775
Port Days: Jose 1.0 2.0 20 25 25
Tsingtao 25 3.0 3.0 35 3.5
Canal 2.0 2.0 2.0
Total 5.5 7.0 5.0 2.0 6.0
Total Voyage Days 65.4 68.2 B82S 69.2 83.5
Charter Rate {3/0ay) 17,850 28,100 29,950 37,700 37,700
Bunker Prices {$/Tonne}
Fuel Qi 158.7 158.7 158.7 158.7 158.7
MDO 245.5 2448.5 2485 249.5 249.5
Voyage Costs;
$ $ § $ $
Charter Hirg 1,187,558 | 1,917,565 | 2470,320 | 2,610,376 | 3,147,252
Bunkers: Fuel Gil 301,718 511,217 656,665 600,509 751,109
MDo 24479 52,781 63,795 70,830 85,347
Port Charges: Jose 44,500 55,800 55,800 78,800 78,500
Kaahsiting 32,900 41,240 45,380 58,310 E8,310
Canal Dues 144,892 280,104 0 524,065 0
Total 1,716,049 2,858,706 | 3,291,961 ] 3,943,389 4,120,959
Freight {$/Tonna) 258 215 21.7 14.8 15.5
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Table 6.3.2.5
Estimated 2000 Orimulsion Freight Costs
Trade: JOSE - S KOREA (BUSAN]
Routea: DIRECT (VA CGH)}
Freight Basis: L YR T/C & Total Operating Costs
Vessel Siza: 70,000; 140,000; 160,000 dwt & 280,000 bWT
Year. o 208 260 00 00
L i ‘WiaCanal: iaCanal|: v
Vessel Size (Dwt) 140,000 160,000 | 280,000 | 280,000
Time Charter Perjad 1 Year 1 Year 1Year 1 Year 1 Year
Stares, Water, ete (Tounes)
Bunkers (Tonnes)
Cargo (Tomnes): 66,500 133,000 152,000 | 256,000 266,000
Speed [Kbs) 13.8 13.5 135 1358 135
Fucd Consumption (tpd):
Fuel il AL Sea 310 51.0 32.5 £0.0 &0.0
In Port 8.0 14.0 14.0 14.0 4.0
MO0: AL Sea 1.5 31 31 4.1 4.1
In Port 1.5 i1 31 4.1 4.1
Singie Yoyage Miles 9,046 9,046 13,434 9,048 13,434
Cays At Seg 4.6 5.8 82.9 5.8 829
Fort Cays: Juse 1.0 2.0 2.0 2.5 2.5
Tsingtao 25 30 3.0 35 35
Canal 2.0 2.0 2.0
Total 5.5 7.0 5.0 -R] [=RH
Toral Voyage Days £0.1 £62.8 g7.8 63.8 BB.9
Charter Rate (5/Day) 17,850 25,100 29,950 37,700 37,700
Bunker Prices ($/Tonne)
Fuel Gil 158.7 158.7 1587 158.7 158.7
Moo 245.5 249.5 240.5 249.5 249.5
Voyage Costs;
$ $ 3 $ $
Charter Hire 1,073,242 1 1,765,790 [ 2,633,381 | 2,408,749 3,352,507
BLnkers: Fuel Gl 275,724 467,501 702,027 549,478 802,951
MOO 22,502 48,603 68,006 65,305 90,967
. Port Charges: Jgse 44,500 55,800 55,800 78,900 78,900
Busan 17,540 27,300 30,030 45,230 46,230
Canal Dues 144,892 280,104 0 524,065 o
Total 1,575,401 2,645,098 { 3,489,245 3,670,727 | 4,371,556
Freight {$/Tonne) 237 158 23.0 13.8 16.4
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Table 6.3.2.6

Estimated 2000 Orimulsion Freight Costs
Trade: JOSE - CHINA {TSINGTAO}
Route: DIRECT (VIA CGH)
Freight Basis: ! YR T/C & Total Operating Costs
nai 2 Canal | via CoHY ||
Vessel Size (Dwt) 70,000 140,000 160,000 280,000 280,000
Time Charter Period 1 Year 1 Year 1 Year 1 Year 1 Year
Stores, Water, etc {Tonnes)
Bunkers {Tonnes)
Cargo (Tonnes): 66,500 133,000 152,000 265,000 266,000
Speed {Kts) 138 135 135 13.5 13.5
Fuel Consumption (tpd);
Fuel Oil: At Sea 31.0 51.0 £2.5 60.0 60.0
In Port 8.0 14.0 14.0 14.0 14.0
MDO: At Sea 1.5 31 31 4.1 4.1
In Port 1.5 31 i1 4.1 4.1
Single Voyage Miles 9,548 9,548 13,394 9,548 13,394
Days At Sea 57.7 53.9 82.7 58.9 82.7
Port Days: Jose 1.0 2.0 2.0 2.5 2.5
Tsingtao 2.5 3.0 3.0 3.5 3.5
Canal 2.0 2.0 2.0
Total 5.5 7.0 5.0 8.0 6.0
Total VYoyage Days 63.2 £5.9 87.7 66.9 B8.7
Charter Rate ($/Day) 17,850 28,100 29,950 37,700 37,700
Bunker Prices ($/Tonne) '
Fue! Oil 158.7 158.7 158.7 158.7 158.7
MDO 249.5 2495 249.5 245.5 249.5
Vovage Costs:
% $ $ ] $
Charter Hire 1,127,353 1,852,865 ¢ 2,625,986 | 2,523,573 3,343,199
Bunkers: Fuel Oil 280,638 492,581 699,970 578,985 800,600
MDO 23,637 51,000 67,815 68,475 90,714
Part Charges: Jose 44 500 55,800 61,400 78,900 78,900
Tsingtao 0,500 125,300 137,830 212,170 212,170
Canal Dues 144,882 280,104 0 524,065 0
Total 1,711,518 | 2,857,650 | 3,593,002 | 3,986,167 | 4,525,583
Freight ($/Tonne) 25.7 21.5 23.6 i5.0 17.0

7 Commodity Trade Flows by Vessel Typa

71 Methodology

This section is concerned with the allocation of commodity trade flow ta ship types by route
for existing Panama Canal trades. As a first step, all commodity trade flows from FY1985/86
through FY1898/89 by route and ship type were analysed. For each commaodity, route and
year the cargoes moved in each ship type were expressed as percentages of the total
amount of carge shipped on the route. These percentages weare scrutinised individually to
identify trends. These trends were then used to project future percentage allocations of
commodities by ship type and route. In the absence of any clear trends - which was the
case in many instances — future distributions of commodities by ship type were set equal to
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the averages over the past five years or, if considered to be more representalive, the figures
for the most recent year. The resulting percentages were applied in the transit modal to
commodity forecasts by route to produce estimates of future commedity trade flows by route
and ship type. At this stage, the small quantities of cargogs moved in passenger ships were
removed from the analyses as, by implication, they are taken into account in the
consideration of passsenger ship transits which are dealt with separately in Section 10.

One of the sectors where there is greater potential for substitution between ship types
concerns containerised cargoes. These are discussed separately in Section 7.2, The results
from this part of the study are discussed in Section 7.3

7.2 Potential for Substitution Between Ship Types

Any ship which is not a containership but which can carry containers may seek marginal
container cargoes as long as they do not impinge on its effectiveness in its main trade. It is
not easy to compete with container services on quality, and the busingss is complicated, so
that these marginal cargoes are most likely to be low volume low-value cargoes or empty
containers carried for container lessors or shipping lines on ballast voyages.

Some types of vessel have container carriage built into their service structures. Car carriers
carry containers on the return leg, and are able to compete because containers are easily
carried in the holds of ro-ro vessels and low rates can be charged because otherwise the
vessel would be ernpty. Unlike forest product carriers, which also move containers on the
return leg, car carriers also carry parts in containers, which fits into their overall business.
The same may be sald of reefer ships, which carry reefer containers on deck in addition to
reefer cargo in refrigerated holds.

This type of activity, which is marginal to world container trade overall but may be significant
on niche routes, will always continue, subject to the origin and destination of the main non-
container cargo.

Containerships may expect to continue to increase penetration of the general cargo ship
market since containerships are simply modern general cargo ships, This process, which is
extremely advanced already, depends on the ability of container lines to build effective
services on these routes, which depends on wo-way cargo volumes. Once the volume is
sufficient to justify a container service and, more important, the terminal facilities required,
containers will replace traditional stevedcring. Miner ports will be served by transhipment.

General cargo ships may still be required on routes where:

+ there are insufficient reguiar volumes fo sustain container services
+ oo much cargo is out of gauge, and cannot be containerised

* ports do not have adequate container handling equipment

* canlainer carriers do not trust ports (safety, turnround, theft)

A large report could be written on the potential for containerships to replace reefer vessals,
and reefer operators are very fearful that this will happen. The fact is that reefer capacity in
containerships now exceeds reefar capacity in reefer ships - but the cargoes are not the
same. Reeferships carry seasonal cargoes while containerships generally aperate in year-
round services. There is no ecohomic sense in a containership serving a seasonal market if
the vessel is too large for the cargo flow for nine manths in lhe year, unless of course the
trade is justified but unbalanced except in the season. There are several examples of this
justification, gaing back to the beginnings of containsrisation and the South African and
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Austrglasian trades to Europe, where contalner services were built on the back of porthole
containers (which are being replaced by reefers), but these services exist already.

There are non-seasonal reefer cargoes like bananas and frozen meat, and containerships
and ro-ros have replaced reeferships for part of the US/Central America trade. Here the
justification is the intand move, as if this is longer than the sea mave it is economic o
simplify the whole route by carrying cargo in road-friendly units all the way. If the pattern of
distribution changes in Europe to the extent that shippers want their bananas to be delivered

inland in container volumes, and the full ripening process is carried out within the container,
then this too could change. But;

*+ 0n along sea journey the tare weight of the container costs 20% of the deadweight of
the vessel:

* substantial port facilities exist for bananas and other fruit in European and cther ports,
and banana conveyor handling is extremely efficient;

» the container is an inefficient size for Eurepean inland transport compared with the trailer
(which is based around the Europallet size).

The margin between container and conventiona! carriage has been represented by the
Australian frozen meat trade to ECNA, where a single contract used to be let to a single
supplier. The US is the single biggest market for beef imports. Approximately 1 million
tonnes are handled annually with Australia and New Zealand the largest suppliers. In fact
US trade accounts for between 55% and 60% of Australian beef exports and 80% of New
Zealand’s output. Although in the past the trade seesawed between container and
conventional, containerships have now made substantial inroads into this trade and now

easily surpass the deployment of conventional and pallet reefer vessels, a process which will
continue.

The reasons are:

+ The movement of smaller shipments on a regular basis has been a clear advantage to
containerships and has neatly fitted into liner companies’ schedules:

* The break-up of national producer/marketing boards has resulted in maore individual
shippers dealing direct with shipping lines. In this trading environment, containers have
bacome the main unit of shipment. These shippers do not have the volume to make use
of the economies of scale assoclated with large reeferships and contalners offer greater
flexibility;

* The centralisation and sale of meat to huge wholesale centres is on the wane, with targe
customers preferring to deal on a direct basis with producers/farmers, Port-to-port moves
are being superseded by door-to-door and value-added iogistics options:

« Intermodal options have been growing in impartance as a higher portion of integral
container units are deployed and reefer transport by rail becomes more efficient and
reliable;

* US consignees have found new markets from which to source their imports. The past
two years have seen a significant increase in shipments from Argentina, Brazil and
Uruguay;

+ The movement of deep frozen beef from Australia and New Zealand, which was highly
suited to conventional reefer ships, has declined as chilled meat imports have grown.

Overall, Canal transits by all types of ship engaged in the Australia/New Zealand reefer
business have come under pressure from cargo being routed intermodally via West Coast
ports. Australia-New Zealand Direct Line is focused entirely on this approach, while
Columbus is using this option for a larger portion of its meat and other reefer cargo.
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This is therefore a particular case of containers successfully competing with conventional

reefers, entirely as a result of changes in the organisation of trade and with no particular
rationale in competing vessel economics.

The cther significant trade in which atterpts have been made to convert ‘conventional' to

container is cars. At present, shipping lines carry cars containerised by specialist forwarders.
There are two types of operaticn.

+ high value cars are loaded into containers one or two at a time because containers offer
greater security than ro-ro vessels, particularly where transhipment is required;

+ lower value cars for developing markets with lower volumes and no ro-ro services are
loaded up to six cars into a hi-cube by specialist car forwarders, using various ramp
systems. Lines are happy to leave this operation to specialists, just as they are happy to
lsave the operation of tank containers to specialist forwarders,

Some examples of containerised movements are:

+ Rolls Royce, TVR, and Lotus cars are moved across the Atlantic in containers: two Rolis
to a 407t cost $2,500 per box. The determining factors in modal choice on this trade arse
slightly improved security and, more important, the risk of damage on open-stowed car
decks due to rough weather on the Atlantic.

+ On the West African trade cars are mostly second hand, and either driven directly onto
ro-ro decks or lashed for security atop the container stow on both containerships and ro-
ros, if the shipper allows it, as there is risk of salt-spray corrosion.

» Sea-lLand has an all ro-ro operation to Puerto Rico and moves 8,000 cars per year on
the route inside standard 40ft units. This is traditionally a second-hand car trade, but
nowadays a substantial part are unused 'grey' cars, taking advantage of the price
differences between new cars on the mainland and nearly new ores in Puerto Rico.

+ Crowley has a containerised operation to Venezuela, because no ro-ros operate there.

+ Containers are said to have 22% of the 40,000 unit per year (all eastbound) US-Europe
secondary market, which consists of dealer to dealer transfers (used cars) and POVs
(privately owned vehicles).

However, except in such niche cases, it seems fundamentally sifly to move a wheeled cargo
into & box so that it can be lifted when it can easily be driven onto a ro-ro ship. Moreover, in
interviews major shipping companies (which, incidentally are parts of groups which operate
bolh car carriers and container shipping lines) such as Moller and NYK, no interest was
shown in containerised cars. On the major routes "low though container rates are, the
revenue obtained from cars is even lower. The only time cars could be considered is for
empty positioning." Top container lines are not interested in carrying cars in containers

because the car carrier contract prices are so low that breaking into the markset is
unattractive,

7.3 Results

Generic growth in the Canal trades from 2001 to 2020 and from 2020 ta 2050 is greater for
southbound routes than northbound routes for all ship types except fully celluiar
containerships, for which narthbound trade has a slightly higher growth rate than southbound
for both periods. Overall growth is 1.9% per annum for 2001 to 2020 and 1.1% for 2020 to

2030, with northbound routes contributing 1.5% and 0.8% and southbound routes 2.2% and
1.3% respectively (Table 7.3.1).

Growth rates are greater in the period 2001 to 2020 than for 2020 to 2050 for all ship types
except for northbound trade for vehicle carriers and liquid gas ships. Also all growth rates
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are positive or flat except for reefers and roli-on/roll-off northbound for 2020 to 2050 and for
vehicle carriers northbound for 2001 to 2020.

Most ship types follow a general trend of around 2% annual increases from 2001 to 2020
followed by around 1% for 2020 to 2050. The axceptions to this pattern are reefers (0.7%
and -0.5%), roll-on/rol-off (1.4% and -0.2%), and vehicte carriers (0.3% and 0.5%) - which
had lower growth rates - and full container ships (2.6% and 1.3%) with a higher rate.

For continued use of the Existing Canal with capacity constraints, growth in trade from 2001
to 2020 and from 2020 to 2050 is again greater for southbound routes than northbound
routes for all ship types except full containerships. However, overall growth is down to 0.3%
per year for 2001 to 2020 and 0.2% for 2020 to 2050, with northbound routes contributing -
0.1% and 0% and southbound routes 0.6% and 0.4% respectively (Table 7.3.2).

For this case, seven of the twelve ship types now have lower growth rates in the periad 2001
to 2020 than for 2020 to 2050 for northbound trade ang for dry bulk carriers and vehicle
carriers this is also true for southbound trade. There are now also many negative growth
rates with only container/break bulk and full containerships showing positive growth rates for
hoth 2001 to 2020 and 2020 to 2050, northbound and southbound.

Six of the ship types follow the overall trend of small growth from 2001 to 2020 and even
smalier growth from 2020 to 2050. Of the remainder, vehicle carriers, roll-on/roli-off vessels
and reefers are negative for both periods; tankers and dry/liquid bulk carriers turn hegative

for the second period and full containerships maintain a growth rate above 1% for the first
period.

For the Expanded Canal (Table 7.3.3), growth trends both north and south are the same as
for the generic growth trends. The additional growth for dry bulk carriers, tankers and full
container ships are fairly steady and southbound biased, and therefore do not alter the
- underlying trends. The same is true for the Unrestricted Canal case {Table 7.3.4). The main

trade increases (southbound dry bulk and tanker trade) do not alter the underlying generic
growth trends, although of course - 2s with the Expanded Case — there would be an initial
step increase on enlargement of the Canal.

For the generic growth in containerised cargo trade (expressed in TEUs), growth in demand
is greater in the period 2001 to 2020 than 2020 to 2050 for all routes gxcept Other North to
Other South. The slowdown in growth between the two periods is more marked for
northbound routes than for scuthbound. The largest growth in demand for both periods
involves West Coast of South America rotites to and from Europe and the East Coast of the
USA. No route exhibits negative growth. Overall growth is 2,3% for 2001 to 2020 and 1.4%
for 2020 to 2050 (Table 7.3.5).

For continued use of the Existing Canral with capacity constraints, many routes exhibit a
small decline in containerised cargo trade in the period 2001 to 2020 but only one (East
Coast USA to Oceania) shows a decline in 2020 to 2050. Overalt growth is 0.7% for 2001 to
2020 and 0.5% for 2020 to 2050. Once again the West Coast of South America to and from
East Coast USA and Europe have the largest growth rates (Table 7.3.6).

For the Expanded Canal (Table 7.3.7), four routes exhibit a 50% or greater increase in trade
when compared with the demand on the Existing Canal. These are Asia to and from East
Coast USA and Eurepe to and from West Coast USA. Some other routes show much
smaller increases. These increases would occur as soon as the Expanded Canal was open
and growth thereafter would be in line with the demand case. For containerised cargo, an
Unrestricted Canal (Table 7.3.8) would not create additional trade over an Expanded Canal.
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Table 7.3.1
Scenario 1, Generic Growth in Panama Canal
Trades by Ship Type
000's tons
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carriar
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liquid Bulk Carrier
ContalneriGreak-Bulk
ContaineriBreak-Bulk
Full Container

Full Container
Rall-on!Roll-off
Ralt-on/Roli-off
Vehicle Carriar

Vehicle Carrier

3,365 3,868 4,023 4,271 4,522 5,015 5466 5,890
4,150 4,774 5437 5842 6452 7,426 8,324 9,180
4,658 4,835 4950 4,892 4.987 4,800 4,448 3926
824 887 1.185 1,254 1,345 1,479 1,558 1,684
40,497 44,508 4B,366 51,535 55204 61911  €8,657 75,182
67,737 76180 84,476 02,582 100,831 117,888 135409 153,584
12686 12087 13804 13,181 12595 12282 12,480 12,583
25859 30,067 24688 38424 41,562 48535 51,450 56,135
177 184 192 196 19¢ 209 217 218
500 564 645 708 775 850 <l 980
3,085 3,388 3762 4038 4,316 4,874 §,398 5,899
2,850 3386 3883 4,234 4,648 .51 6,407 7.392
16,883 20197 24,016 26526 28,951 33,778 38,087 42208
17.628 21,233 24,783 28970 20128 33,564 37,720 42,131
707 755 840 833 G613 745 634 511
743 879 238 1.054 1,105 1,198 1,257 1,304
1,303 1.288 1,281 1.264 1,260 1,267 1,287 1,306
g6 422 459 493 528 592 671 741

MZWVMZUZOUZWVUZHNZWZMBHBZVUZOZWOBIZI WO

Vehicle/Dry Bulk 413 444 480 511 545 616 689 761
Vehicla/Dry Bulk 928 1,361 1,182 1,301 1427 1,680 1832 2184
Liquid Gas a2 8z &7 g2 a7 107 118 129
Liguid Gas 1,638 1,883 2,187 2,394 2,844 2,953 3.214 3442
Other 231 247 265 281 300 323 370 402
Othwer 411 458 510 555 §03 682 a7 430
Total North 84,033 91,698 102,064 107,718 113,789 125917 137,837 149,113
Total South 123,434 141,875 160,333 175911 191,048 220,378 249,B10 279,476
Grand Total 207,474 231,573 262,398 203,629 304,837 346,296 387,447 428,589
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Table 7.2.2

Scenario 1, Case 1, Existing Canal
Trade by Ship Type

000's tans
ShipType Diraction 2001 2005 2010 2015 2020 2030 2040 2050
Genera! Cargo 3,362 i3z 3,307 3,285 3,286 3,287 3,277 3.254
General Cargo 4,126 4320 4,470 4,584 4 6688 4,867 4 990 5072
Refrigerated Cargo 4,653 4,375 4 060 3,851 3,825 3,145 2,666 2,168

Refrigerated Cargo
Dry Bulk Carrigr

Dry Bulk Carriar
Tanker

Tanker

DryiLiquid Butk Carriar
DryfLiquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Fult Container

Full Container
Roll-on/Roll-off
Rall-an/Roll-off
Veahicle Carrier

Vehicle Carrlar
Vehicle/Dry Bulk
Vehilcla/Dry Bulk

a23 893 949 967 977 989 934 ar3
40,458 40271 39,758 39,754 40,120 40,572 41,154 41537
67,672 68937 69443 71418 73280 77,264 B1,186 54,857
12654 10,845 11,347 10,168 9,154 8,036 7,481 8,952
26634 27205 28498 29641 30,206 230,408 30,840 31,014
177 166 158 151 144 137 130 12%
500 210 5 546 5683 557 545 530
3,053 3063 3,093 3,114 3,137 3,194 3,238 3,259
2,847 3063 3475 3.268 3,378 3612 3,841 4,084
18,867 18,274 18742 20462 21041 22,935 22,818 23,369
17611 19212 20,372 20805 21169 21995 22,6810 22,275
707 683 691 842 581 488 383 282
742 786 a1 813 803 784 754 720
1,302 1,174 1.053 875 918 821 772 722
366 3Bz 37T 380 384 383 402 409
413 402 384 394 3686 404 413 420
Q27 051 gre 1,004 1,037 110 1.188 1,207

NMZNDZNWZNZWD2ZVZTWHDZIZN20NZ2Z02BZTNE

Liquid Gas 83 74 V2 71 Fa 70 71 72
Liquid Gas 1638 1,686 1,773 1,847 1,022 1,937 1,926 1,801
Cther 221 223 217 217 218 218 222 228
Other 411 414 419 428 438 447 454 45%
Total North 83,958 B2970 83,902 83,004 82,691 B2,518 82,822 82382
Tatal South 123,316 128,370 131,802 135,609 138,847 144,421 149,620 154,405
Grand Total 207,274 211,340 215,703 218,793 221,545 226,939 232,241 236,787
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Table 7.3.3
Scenario 1, Case 2, Expanded Canal
Summary Trade By Ship Type
000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Rafrigerated Cargo
Refrigerated Cargo
Ory Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
DryiLiquid Butk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Containar
Rotl-on/Roll-off
Reli-an/Roll-off
Vehicle Carrier

Vehicle Carrier
Vehicle/Dry Bulk
Vehicie/Dry Bulk

4,023 4271 4522 5015 5,466 5,890
5437 5,942 B,452 7,426 8324 9180
4960 4,992 4,987 4,800 4,448 3,926
1,195 1,254 1,345 1,479 1,558 1,584
31,599 54,763 58410 65207 71933 78250
90,314 98,869 105,189 123391 142472 162,872
13.804 13,181 12,585 12,262 12,480 12,583
36,603 40,359 43,497 48,470 53,385 58,070
182 186 199 200 217 218
645 708 778 850 200 960
3,762 4,035 4,316 4,874 5,398 58089
3,883 4,234 4,648 5,511 6,407 7,392
30207 33216 36089 41,746 46,627 51,339
33,580 36,219 38,789 44.046 48,801 53,733
£40 833 813 745 639 51
988 1,054 1,105 1,198 1,257 1,304
1,281 1,264 1,260 1,267 1,287 1,306
459 493 528 598 671 741
480 511 545 516 689 761
1,182 1,31 1,427 1,680 1,932 2,184

NZUZOVZODZNMZOBZNZHLZODZVNZNZOZ

Liquid Gas a7 82 a7 107 119 128
Liguld Gas 2157 2,394 2,844 2,956 3,214 3,442
Other 265 281 300 333 370 409
Other 510 855 603 682 757 830
Total Northbound 111,490 117,637 124,134 137,183 149,673 161,232
Total Southbound 176,904 193,382 207,004 238,287 269,588 302,292
Grand Total 288,394 311,019 331,138 375470 419,361 463,524
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Table 7.3.4

Scenario 1, Case 3, Unrestricted Canat

Summary Trade By Ship Type

000's tons
ShipType Direction 2010 2015 2020 2030 20440 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo

4,023 4,271 4,522 5015 5466 5,890
5437 5,942 £,452 7,426 8,324 9,180
4,850 4992 4,987 4,800 4,448 3,926
1,155 1,254 1.345 1,479 1,659 1,584

Dry Butk Carrier 51,858 55032 58,688 65503 72,238 78,555
Dry Bulk Carrier 81,382 100,054 108,819 127,350 146,917 167,776
Tanker 13,804 13181 12595 12,262 12,480 12,583
Tanker 41,603 4B359 53,967 580970 63885 68570

DryfLiquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Brezk-Bulk
Container/Break-Bulk
Full Container

Full Container
Rell-an/Roli-off
Roll-oniRoll-off
Vehicle Carrler

Vehicle Carrier
Vehicle/Dry Bulk

192 196 198 209 217 218
845 708 775 850 909 960
3,762 4,038 4,316 4874 5,398 5,899
3863 4234 4,848 5511 6,407 7,382
30,207 33216 36,089 41746 46,627 51,339
33,580 36219 38,788 44046 48801 53733
840 833 813 745 639 511
998 1,054 1,105 1.186 1.257 1,304
1,281 1,264 1,260 1,267 1,287 1,308
459 493 528 599 671 741
480 511 545 616 689 761

N2V Z2ZDZWVDVEZNZVWVEZNI2ININDZZO0OZO0ZNE

Vehicle/Dry Bulk 1,182 1,301 1,427 1,680 1,032 2.184
Liquid Gas a7 g2 97 107 118 129
Liguid Gas 2157 2,394 2644 2,956 3,214 3,442
Other 265 281 Kish] 333 370 409
Other 510 555 603 682 757 830
Total Northhound 111,748 117,905 124,409 137,479 149,978 161,528
Total Southbound 182,972 202,568 220,933 252,746 284,634 317,695
Grand Total 294,721 320,473 345,342 390,225 434,612 479,223
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Table 7.3.5

Scenario 1, Generic Growth in Panama Canal Contalnerised Cargoes in Terms of TEU

000's TEU
Route Direction 201 2008 2010 20185 2020 2030 2040 2080
ASIA TO EC CANADA N 19 17 20 22 23 27 31 36
ASIA TO W INDIES N 48 44 51 58 60 ™ 80 a2
ASIA TO ECUSA N 672 738 858 938 957 111e 1218 1,300
OCEANIA EC CENTRAL AM. N 1 1 1 2 2 2 2 3
OCEANIA TO EC CANADA N 3 1 1 i 1 ' 3 1
QCEANIA TO ECUSA N 75 68 79 85 93 108 125 143
OCEANIA TG EURQPE N 1 1 1 1 i 1 1 1
OTHER SOUTH TO OTHER NORTH N 247 291 362 413 466 568 H] 758
WC CENTRAL AM. TOEC SOUTH AM. N 4 4 4 5 5 G 7 8
WC CENTRAL AM. TO ECUSA N 1 1 1 2 z 2 2 3
WC CENTRAL AM. TO EURCFE N 18 15 17 19 20 24 28 31
WC SOUTH AM. TO EC CENTRAL AM. N 76 €9 &0 88 g4 10 127 145
WC SOUTH AM, TO EC SOUTH AM, N 54 45 57 62 87 78 20 103
WC SOUTH AM. TO ECUSA N 131 174 223 253 298 s 452 529
WC 50UTH AM. TO EUROPE N 109 136 167 191 21 286 299 340
WC SOUTH AM. TO W INDIES N 59 54 83 59 74 86 99 114
WCUSA TO AFRICA M ] 0 0 0 o o 0 0
WCUSA TO ECUSA N 12 " 12 14 1% 17 20 22
WCUSA TO EUROPE N 107 13 150 163 173 198 223 248
AFRICA TO OCEANIA 8 a 0 o o o 0 0 ]
AFRICA TO WC CANADA s 0 g ¢ i 0 0 9 o
AFRICA TO WC CENTRAL AM. s 0 0 a 0 0 0 g ]
EC CENIRAL AM. TO WC CENTRAL AM. § 1 1 1 1 1 f 1 2
EC SOUTH AM. TO ASIA § 1 1 1 1 1 1 1 1
EC SOUTH AM. TQ WC CENTRAL AM.  § o b 0 0 0 0 0 o
EC SOUTH AM. TO WG SOUTH AM, s 70 64 74 81 a7 102 "z 134
EC SOUTH AM. TO WCUSA 8 M 10 11 12 13 18 18 21
ECCAN TO ASIA $ 41 37 43 47 51 58 69 78
ECUSA TO WC CENTRAL AM,. 8 3 2 3 3 3 4 4 5
ECUSA TO WCUSA § 10 ] i 12 13 15 17 20
ECUSA 10 ASIA 8 732 51 865 842 1005 1148 1291 1428
ECUSA TO OCEANIA 5 56 65 74 ik 82 9 a9 108
ECUSA TO WG SOUTH aM. 8 185 261 335 393 449 552 654 751
EUROPE TO ASIA s ] 8 9 10 " 12 14 16
EUROPE TO OCEANIA ] 1 68 102 112 121 139 156 17
EUROPE TO WC CENTRAL AM. s g 5 i B 7 8 ] n
EUROPE TO WC SOUTH AM, s 127 187 210 244 274 34 410 480
EUROPE TO WCUSA 5 164 188 215 233 247 281 314 345
OTHER NORTH TO QTHER SOUTH S "r 119 150 175 159 253 313 380
W INDIES TO ASIA ] 30 27 31 34 a7 43 50 57
V¥ INDIES TO WC SOUTH AM. S 87 52 60 a8 7 3 95 108
W INDIES TO WCUSA 8 8 8 ] 10 0 12 14 18
Tota! Northibound 1633 1805 2148 2396 2602 3,048 3473 3878
Total Seuthbound LES8 1864 2208 2462 2678 3,162 3647 4133
Grand Total 3331 3670 4356 4859 5278 6209 7120 8010
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Table 7.3.6

Scenario 1, Case 1, Existing Canal
All Cargoes in Containers in Terms of TEU

gea's TEU
Route Direction 2001 2008 2040 2015 2020 2030 2040 2050
ASIATO EC CANADA N 19 15 16 17 17 18 19 20
AS|A TO W INDIES N 48 40 42 43 43 46 48 51
ABIATO ECUSA N 671 560 708 723 724 733 731 718
OCEANIA EC CENTRAL AM. N 1 1 1 1 1 1 1 1
DCEANIA TO EC CANADA N 1 1 1 1 1 ] 1 1
QCEANIA TO ECUSA N 74 62 &5 &7 B7 7t 75 e
OCEANIA T3 EUROPE W 1 1 1 1 1 1 1 1
OTHER SQUTH T3 OTHER NORTH N 247 253 288 322 338 arz ang 418
WC CENTRAL AM. TO EC SOUTH AM, N 4 3 4 4 4 4 4 4
WC CENTRAL AM. TO ECUSA N 1 1 1 H 1 1 i 1
WC CENTRAL AM. TO EURGPE N 18 14 14 15 15 1% 16 17
WC S0UTH AM. TO EC CENTRAL AM. N 76 63 86 88 &9 12 TE &0
WC SOUTH AM. TO EC SOUTH AM, N 64 48 47 48 49 51 54 57
WC SOUTH AM. TO ECLSA N 131 187 183 203 M7 245 271 292
WC SOUTH AWM. TO EURDPE N 109 123 137 147 154 188 170 184
WC SOUTH AM. TO W INDIES N 59 4 51 53 54 36 60 63
WCUSA TO AFRICA N ] o g o d e o a
WCUSA TO ECUSA N 12 10 10 10 1 1 12 12
WCUSA 7O EUROPE H 107 114 123 128 128 130 134 137
AFRICA T OCEANIA S a o ¢ ] ] o i} a
AFRICA TO WC CANADA S h o 0 t o 0 o 9
AFRICA TO WE GENTRAL AM, 3 o 0 i} 0 0 ol o 0
EC CENTRAL AM. TOWC CENTRAL AM. 5 1 1 1 1 1 1 1 1
EC SOUTH AM. TC ASIA 5 1 1 1 1 1 1 1 1
EC SOUTH AM. TO WC CENTRAL AM. 5 h} 0 o 0 0 o 0 a
EC SOUTH AM. TO WC SOUTH AM. 5 70 58 61 a3 g2 &7 D] T4
EC SOUTH AM. TD WCUSA $ 11 ¢ 9 10 10 10 1 11
ECCAN TO ASIA s 41 34 a5 a7 kh 3% 41 43
ECUSA TO WC CENTRAL ANM.. 3 3 2 2 2 2 2 3 3
ECUSA TO WCUSA 5 10 8 9 9 g 0 10 11
ECUSA TO ASIA 5 732 680 711 T27 730 783 T4 790
ECUSA TO QCEANIA 5 56 59 60 81 &0 60 54 55
ECLISA TO WC S0UTH AM. - 185 236 275 304 323 362 39z 415
EURCPE TO ASIA S B 7 7 8 8 ! 8 8
EUROPE TO OCEANIA 8 71 79 84 87 48 a1 az ns
EURCPE TO WC CENTRAL AM, 5 B 5 & 5 5 5 6 2
EURCPE TO WC SOUTH AM. 5 127 151 172 188 189 274 248 265
EUROPE TO WCUSA § 164 170 177 180 180 184 183 191
OTHER NCRTH 170 OTHER SOUTH 5 117 1he 123 135 145 168 188 0
W INDIES TO ASIA s 30 24 2% 26 27 28 10 31
WINDIES TO WG SOUTH AM, S 57 47 49 5t 52 54 57 &0
W INDIES TO WCUSA 5 8 7 7 8 8 8 8 @
Total Northkound 1,832 1,634 1,765 1,848 1,891 1997 2082 2142
Total Southbound 1606 1687 1,815 1,800 1,844 2072  11B& 2,283
Grand Total 3,328 3,220 3,581 1,748 3837 4069 4268 4,425
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Table 7.3.7
Scenario 1, Case 2, Expanded Canal
All Cargoes in Contalners in Terms of TEV

000's TEU
Routea Direction 200 2015 2020 2030 2040 2050
ASIA TO £C CANADA N 20 22 23 27 31 36
ASIA TO W INDIES N 51 56 60 70 80 a2
ASIA TO ECUSA N 1287 1406 1495 1,678 1828 1,850
OCEAMNIA EG GENTRAL AM. N 1 2 2 2 2 3
OCEANIA TO EC CANADA N 1 1 1 1 1 1
QCEANIA TO EGUSA N 79 86 93 108 125 143
CQCEANIA TQ EUROPE N 1 1 1 1 1 1
OTHER SOUTH TO OTHER NORTH N 380 438 488 596 698 796
WC CENTRAL AM. TO EC SOUTH AM. N 4 5 5 6 7 8
WC CENTRAL AM. TO ECUSA N 1 2 2 2 2 3
WC CENTRAL AM. TO EUROPE N 17 19 20 24 28 31
WC SOUTH AWM. TO EC CENTRAL AM, N 50 88 Gd 10 127 148
WC SOUTH AM. TO EC SOUTH AM. N 57 g2 67 78 ad 103
WC SOUTH AM. TQ ECUSA N 267 315 358 450 542 634
WC SOUTH AM. TO EUROPE N 167 19 211 256 299 340
WC SOUTH AM. TO W INDIES N 63 69 74 88 ag 114
WCUSA TO AFRICA N 0 0 0 0 0 0
WCUSA TOECUSA N 12 14 15 17 20 22
WCUSA TO EURGPE N 225 244 260 297 334 371
AFRICA TQ OCEANIA s 0 0 0 0 0 0
AFRICA TO WC CANADA S 0 0 0 0 0 0
AFRICA TO WC CENTRAL AM. S 0 0 0 0 0 0
EC CENTRAL AM, TOWC CENTRAL AM. S 1 1 1 1 1 2
EC SOUTH AM, TO ASLA 5 1 ] 1 1 1 1
EC SOUTH AM. TO WC CENTRAL AM. S 0 0 ) 0 0 0
EC SOUTH AM. TD WG SOUTH AM. 5 74 81 87 102 117 134
EC SOUTH AM. TO WCUSA S " 12 13 14 18 21
ECCAN TO ASIA 5 43 47 51 59 69 78
ECUSA TO WC CENTRAL AM. 4 3 3 3 4 4 8
ECUSA TO WCUSA s 1 12 13 15 17 20
ECUSA TO ASIA 13 1,444 1.573 1,673 1.218 2,156 2,387
ECUSA TO OCEANIA s 74 74 82 g1 59 106
ECUSA TO WC SOUTH AM. ] 384 452 910 634 751 Be2
EURDOPE TO ASIA g g 10 1 12 14 16
EUROPE TO OCEANIA 5 102 112 121 139 156 171
EUROPE TO WG CENTRAL AM. s 6 & 7 8 g 11
EUROPE TO WC SOUTH AM, 5 210 244 274 341 410 480
EVROPE TO WCLISA s 359 389 413 469 524 577
OTHER NORTH TO OTHER SOUTH 5 157 184 208 266 229 399
W INDIES TO ASIA 8 31 34 a7 43 50 57
W INDIES TO WC SOUTH AM. 8 60 86 71 83 95 108
W INDIES TO WCUSA 5 2] 10 10 12 14 15
Total Northbaund 2714 3,020 3,270 23,809 4,317 4795
Total Southbound 2989 3317 3592 4,214 483 5451
Grand Total 5703 6,336 6862 8,023 9,152 10246
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Table 7.3.8

Scenario 1, Case 3, Unrestricted Canal
All Cargoes in Containers in Terms of TEU

000's TEU
Raute Direction 2010 2015 2020 2030 2040 2050
ASIA TO EC CANADA N 20 22 23 27 31 36
ASIA TO W INDIES N 51 56 80 70 B0 g2
ASIA TO ECUSA N 1287 1406 1485 1678 1,828 1950
OCEANIA EC CENTRAL AM. N 1 2 2 2 2 3
OCEANIA TO EC CANADA N 1 { 1 1 1 1
OCEANIA TO ECUSA N 79 86 93 108 125 143
QCEANIA TO EUROPE N 1 1 1 1 1 1
OTHER S50UTH TO OTHER NORTH N 380 439 439 596 893 798
WC CENTRAL AM. TOEC SOUTHAM. N 4 5 5 8 7 B
WC CENTRAL AM. TO ECUSA N 1 2 2 2 2 3
WC CENTRAL AM. TO EUROPE N 17 18 20 24 28 31
WC SOUTH AM. TO EC CENTRAL AM. N 80 88 84 10 127 146
WC SOUTH AM. TQ EC SOUTH AM. N 57 62 57 73 90 103
WC SOUTH AM, TO ECUSA N 267 315 358 450 542 634
WE SOUTH AM. TO EURDPE N 167 191 211 256 299 340
WC SOUTH AM. TO W INDIES N 63 3] 74 86 ele’ 114
WCUSA TO AFRICA N 0 G 0 0 0 0
WCUSA TO ECUSA N 12 14 15 17 20 0 2
WCUSA TO EURDPE N 225 244 260 297 334 an
AFRICA TO OCEANIA s o 0 0 Q o a
AFRICA TO WC CANADA s 0 D 0 0 0 0
AFRICA TO WC CENTRAL AM, s 0 0 } 0 o ]
EC CENTRAL AM. TO WC CENTRAL AM. S 1 1 1 1 i 2
EC SOUTH AM. TO ASIA 3 1 1 1 1 1 1
EC SOUTH AM. TO WC CENTRALLAM. 8 0 0 g a 0 o
EC SOUTH AM. TO WC SOUTH AM. 5 74 81 87 102 17 134
EGC SOUTH AM. TO WCUSA 8 1 12 13 16 18 21
ECCAN TC ASIA 5 43 47 51 5e 69 78
ECUSA TO WC CENTRAL AM. 5 3 3 3 4 4 5
ECUSA TO WCUSA s 11 12 13 15 17 20
ECUSA TO ASIA s 1444 1573 1878 1918 21568 2,387
ECUSA TO OCEANIA s 74 75 82 o1 =l 106
ECUSA TO WG SOUTH AM. 5 384 452 510 634 751 BE2
EURDPE TO ASIA 5 g 10 11 12 14 16
EUROPE TO OCEANIA 5 102 112 121 139 156 171
EURQPE TQO WC CENTRAL AM. 8 [ 8 7 g 9 11
EUROPE TO WG SOUTH AM, 5 210 244 274 341 410 480
EUROPE TO WCUSA 5 359 389 413 463 524 577
OTHER NORTH TO OTHER SOUTH 5 157 184 209 266 329 399
W INDIES TO ASIA s 31 34 37 43 50 57
W INDIES TO WC S0UTH AM. s 60 66 71 a3 95 109
W INDIES TO WCUSA s g8 10 10 12 14 18
Total Northbound 2,714 3020 3270 3,809 4317 4,795
Total Sauthbound 2980  3M7 3,592 4214 4834 5451
Grand Total 5703 6,338 6,862 8,023 9452 10,248
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B Fleet Developments

This section is concerned with trends in the average size of vessels transiting the Canal and
changes in the distributions of cargoes between dwt size ranges. Analyses have also been
undertaken of trends in the world fleets of dry bulk carriers, full containerships and tankers to
determine likely trends in vessel sizes and tankers 1o determine likely trends in vessel sizes
utilising the Canal in the Expanded and Unrestricted Cases. Analyses of vessel beam within
dwt size ranges have also been undertaken — both for vesseis fransiting the Canal and the
global fleet. This is discussed further in Section 14,

8.1 Trends in the Dry Bulk Fleet

8.1.1 Panama Trades, Existing Canal

In order to determine the size of vessels transiting the Canal in future the consultants
calculated:

+ average dwt, within each dwt size range utilised for this study, of dry bulk carriers
transiting the Canal histerically;

* the aliocation of cargo to individual vesse! sizes.
These data are provided in Tables 8.1.1.1 and 8.1.1.2, respectively.

From this it became that apparent that there is no measurable trend in the average dwt of
dry bulk carrier by size range utilising the Canal but that there are shifts in the allocation of
carge to different size ranges which generally reflects a shift towards the use of larger
vessels. RLA developed a series of statistical relationships and adjustment factors which

were applied to the forecasts of trade in dry bulk carriers in order to determine future transits
by size range.

8.1.2 Global/By Pass Trades

The key issues addressed were:

» the development of average dwts for dry bulk carriers in all sizes in excess of 60,000
dwt;

* the development of indivigual size ranges in excess of 60,000 dwt as proportions of the
global figet.

Particular consideration was given to vessels in excess of 60,000 dwt as:

* the development of certain size ranges both in terms of average dwts and the proportion
of vessels within each size range has been particuarly impacted by the current Panama
Canal dimensions. With current constraints reamoved, thers is likely to be some change
in the capacity and dimensicns of vessels in this size range;

+ long term changes in the proportions of vessels within each of the larger size ranges will

impact on the proportions transiting the Expanded and Unrestricted Canals over the
longer term,
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In the first instance, the average dwt within each size range in excess of 100,000dwt was
forecast was with reference to the (non linear) long term historical rate of change within
those sectors. Secondly, average dwts of vessels in the 60,000 — 70,000 dwt and 70,000 —
80,000 dwt size ranges were forecast with reference to the historical rate of change modified

to assume that current Panama Canal constraints no longer exist. Results are provided in
Table 8.1.2.1.

RLA determined changes in the proportion of vessels of each of the relevant size ranges
within the context of the consultants long term total global dry bulk carrier fleet forecasts and
the historical rate of change of individual vessel size proportions within this. This was
modified as appropiiate by shifts in the use of specific sizes in global markets. This results
in a global fleet compaosition which is different to that which would develop if current Panama

Canal constraints were to continue. The figures for 2000, which reflect actual mid year data,
and the forecasts are provided in Table 8.1.2.1.

The forecasts of average dwts within size range in the global market were used in the

forecast of laden transits for dry bulk commodities for the Expanded and Unrestricted
Canals.

Adjustment factors were calculated from the forecast of the global fleet by size range which
were then applied to the forecasts of the general growth in trade demand as one of the

inputs determining the allocation of dry bulk trades to ship sizes. Results are described in
Section 9.1,

8.2 Trends in the Full Containership Fleet

Containership size is a critical issue for ACP because it needs to be sure that the expanded
Canal will not become obsolete shorlly after it is built as a result of increases in vessel size
beyond the 'new Panamax’ size.

Containership size is determined by the cargo available per minimum frequency of voyage
and the physicat limits to navigation. It is linked to speed, because the faster a ship is the
fewer are required to provide a service, or the smaller they need to be at the same flest size.
Speed js determined by shipbuilding costs, fuel prices and service requirements

The Regina Maersk was the first of the megacarriers, able to load at least 7,000TEU with
1,400TEU reefer slots, and with a 17th row of containers across its deck (14 underdeck). It

was the first longer than 300m (APL's post-panamax C10 and C11 designs are 276m), and
was the first capable of working by six shore cranes at once.

The design depended on Maersk/Sea-Land’'s dedicated hub facilities along the key
Pacific/Asia/Med/ECNA post-panamax corridor, and their global network of complemeantary
cargo flows.

Otherwise, and apart from its very much more efficient engines, the ship was not so different
from the first 22 knot, 1,100TEU gearless full containership of 1868, and the 27 knot,
2,700TEU Panamax ships placed on the Europe/Far East trade in the early 1970s. The
same is true of the even larger designs now appearing on drawing boards.

The critical issue for the Canal is future containership size. Will the expanded Canal be
sufficient for the next 50 years, or will containerships grow to the Suezmax size of around

18,000 TEU as proposed by Professor Wilnolst, defeating ACP efforts to compete with the
landbridge?
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powerful enough engine. The present BMW 9CHP engines can be optimised to this at a
single screw. The propeller would be very large. The largest at present is 8.95 metres
diameter, but at 9 metres and up the propeller risks hitting air instead of water when the
vessel is part loaded, or increasing the draught. 12,000 TEU at 25 knots with one screw is
not possible. The alternative could be two engines, but that would be seriously suboptimal at

that size because two engines would cost more, take up more space, and suffer from other
disadvantages as well.

Another significant factor is bunker prices. Burkers are now $150 per ton, whereas 18
months ago they were $60. The vessel would burn 200 tons per day. Of course, future
engines will be increasingly efficient.

Other factors include port costs — a larger vessel would face higher port costs and require
faster cranes which have further to travel. The Amstardam inset dock could only be effective
when used with a particular sized ship. With a smaller ship only one bank of cranes could be
used, the others would be idle. Canal costs must also be taken into account.

There are significant safety aspects. At present most ships have six, occasionally seven,
containers high at the side of the ship, where they are partly on the hatch covers and partly
on the deck. With eight high there is a significantly increased risk of wire lashings working
loose and containers being stripped into the sea in heavy weather, Eight high containers are
not permitted in some places such as the US because of fears for safety, and this issue must
be addressed. if a solution involves the use of mere devices then this will delay the ship.

Of the draft, beam, length variables length is the least problematic, with Maersk vessels
already at 347 metres. Draft is something else, Carriers and ports are always arguing which
comes first, the depth or the vessels, and it finishes as & compromise.

8.2.6 Conclusion

A fairly simple transhipment model demonstrates that the Beltway concept is untenable in
Northern Europe, which wipes out the proposed sast-west service structure. The Wijnaolst
concept is designed only for Europe/Far East trade - there is no Suez limitation on the
transpacific - and all larger vessels risk restricting the number of ports which can be served
at all, because of draft limitations. Carrlers are concerned by the potentiai power of
monopoly ports.

We believe that in the short to medium term the maximum vessel size will stop at around
10,000 TEU but that within 10-20 years the next step, to ships of up to 12,000 TEU will be
taken as technical problems are solved. These will be used on Europe/Far East and the
transpacific, with the other significant change being that more shutile ssrvices will come into
service in preference to transhipment hubs.

Table 8.6.2.1 provides mid year 2000 actual data plus sstimates of the future development
of the world fleet of fully cellular containerships. This takes into account the expected growth
in world containerised trade and the gradual introduction and growth in the supply of
increasingly larger vessels in excess of 8,000 TEU. The phase in of these larger ships is
dependent on vesse! design technology and port developments, plus the growth in trade ang
the service requirements of operators on the main East-West routes. Estimates take into
account also the current composition of the world newbuilding orderbook.

Contrary to normal practice the table is presented in terms of dwt in order o comply with the
study terms of reference, which require a common form of size measurement across all ship
types. Broadiy, current Panamax vessels are up to around 4,400 TEU which means that
generally all of the vessels below 80,000 dwt are Panamax or smaller. There are also some
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appropriate by shifts in the use of specific sizes in global markets. Given that the Panama
Canal does not have a significant restrictive impact on the global tanker fleet this did not
require adjustment specifically for the Expanded and Unrestricted Canal cases. Results are
provided in Table 8.3.2.1 together with mid year 2000 actual figures. Similarly, in the
absence of marked trends in the average dwt of tanker, within each of the subject size
ranges, no amendments were made {o the average dwts in the global fleet over the forecast
period. Average dwts were therefore as calculated by RLA as at mid 2000.

8.4  Other Ship Types on Panama Canal Routes

For each of the other vesssl types transiting the Canal, the consultants have analysed
average dwt and shifts in cargo allocation between size ranges using the same approach as
described above for dry bulk carriers, full containerships and tankers. In the absence of
significant trends in average dwt by size range, forecasts of transits for these vessels reflect

historical averages, Shifts In the allocation of cargo to vesse! sizes have been determined
statistically and utilised in the forecasts.

None of these vessel types is constrained by Canal dimensions.

Historical time series data on average vessel sizes and carge distribution by size range are
provided in Tables 8.1.1.1 and 8.1.1.2.
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Table 8.1.2.1

Dry Bulk Carrier Fleet

Fleet Forecast Assuming Expanded or Unrestricted Canal

000's tons
Size Range 2000 2010 2015 2020 2030 20490 2050

60-70,000 33113 39,308 41,610 43,751 47,138 50,203 53,007
70-80,000 31411 37,287 39471 41502 44,715 47623 50,282
80-80,000 2,535 15,798 22,806 30,509 45320 81,870 80,008
90-100,000 1,299 8083 11,684 15631 23,219 31698 40,091
100-125,000 4,448 5,277 5,586 5,874 6,328 8,740 7,117
125-150,000 20,811 24,704 26,151 27,496 29,625 31,852 33,313
150-175,000 36,645 56,391 66,118 75,320 95,039 115110 136,482
175-200,000 8,131 14,467 16963 19,580 24,382 29531 35,014
200-250,000 7,254 11493 13476 15555 19,371 23,461 27,817
2350-300,000 1,861 2,474 2,900 3,348 4,169 5,050 5,987

300,000+ 1,323 2,096 2,458 2,837 3.533 4,279 5,074
Total 149,526 217,387 249,223 282403 342,840 407 117 475,092

Market Share
Size Range 2000 2010 2015 2020 2030 2040 2050
60-70,000 22% 18% 17% 15% 14% 12% 11%
70-80,000 21% 17% 16% 19% 13% 12% 11%
80-90,000 2% 7% 9% 11% 13% 15% 17%
aG-100,000 1% 4% 5% 6% 7% 8% 9%
100-125,000 3% 2% 2% 2% 2% 2% 1%
125-150,000 14% 1% 10% 10% 9% B% 7%
150-175,000 25% 28% 27% 27% 28% 28% 29%
175-200,000 6% 7% 7% 7% 7% 7% 7%
200-250,000 5% 5% 5% 6% 5% 5% 6%
250-300,000 1% 1% 1% 1% 1% 1% 1%
300,000+ 1% 1% 1% 1% 1% 1% 1%
Total 100% 100% 100% 100% 100% 100% 100%

Average Dwt
Size Range 2000 210 2015 2020 2030 2040 2050

60-70,000 65,700 66,741 67,158 67,531 68,168 68,702 69,161
70-80,000 73218 74,378 74,844 75258 75969 76,564 77,076
80-90,000 84,480 85828 86,366 86,844 B7663 88,350 88,941
90-100,000 92,757 94,227 94818 95342 98,242 96,998 97,644
100-125,000 116,990 118,844 119,589 120,251 121,385 122336 123,154
125-150,000 142,538 144,796 145705 146,511 147,893 149051 149,051
150-175,000 162,866 166,108 167,413 168,570 170,555 172,218 173,650
175-200,000 186,337 190,047 191,539 192,863 195,135 197,038 198,676
200-250,000 213,348 217.596 219,304 220,821 223,421 225600 227475
250-300,000 260,209 265390 267,474 269,323 272495 275,153 277,440
300,000+ 330,777 337,363 340,012 342,363 346,395 349,773 352,681
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Recent proposals for the enlargement of containerships have ranged downwards from
Wijnolst at 18,000 TEU to Ashar at 15,000 TEU to Lloyds Register at 12500 TEU.

8.2.1 Wijnolst

After Rogan McLellan's initial work on a twin screw 15,000 TEU vessel, Germanischer Llioyd
also floated the idea of about 15,000 TEUs. Now, Delft University of Technology Professor
Niko Wijnolst, has come out with a detailed design for an 18.000 TEU ship, based on the
assumption that the Suez Canal will have a draft of 21 metres within 10 years. He says that
is likely given the recent pattern of draft increases in the waterway and the apparent

intention of the Canal authorities to make It accessible to laden VLCCs {Very Large Crude
Carriers).

At 243,611 dwt, the new box ship, designed by Prof Wijnolst and naval architecture student
Marco Scholtens, is roughly the size of a VLCC. Like laden VLCCs it will be able to navigate

the Malacca and Singapore Straits. So the professor has dubbed his design the Malacca-
Max.

Such large vessels would, like VLCCs, only be able to use a few ports and would be unable
o serve US ports under current deployments. The intended route for the design is Asia

Europe, as the transatlantic and transpacific trades would seem to be inaccessible to the
Malacca-Max.

The cost of dredging the Suez Canal ta 21 metres is about US$1.65 billion.

The professor sees the new ships operating between just one port in northern Europe,
Rotterdam, and a small number in Asia, most notably Singapore. Rotterdam and Singapore
would need to see it as being to their advantage to accommodate these big ships. The ports
would almost certainly only want to invest in facilities if they could be sure terminals at the
other end of the trade would do the same. That would mean some degree of co-operation as
would any investment in dredging the Suez Canal.

8.2.2 Ashar

Asaf Ashar, director of the National Ports and Waterways Institute, has proposed an ' Ocean
container beltway' in which a round-the-world shipping service using six ships would circle
the globe roughly at the equator in 42 days, compared with the more than 70 days common
now. The service would skip U.S. and Northern European ports and any other areas off the
equator. Those regions would be served by feeder ships the size of today's largest

containerships. World frade is expected to double before the beltway concept is Iikely to take
hold two or more decades into the future.

Ashar estimates that up to half of the world's container trade could move via such services.

But while considerable operational reordering would be required, today's ports would escape
heavy investments in infrastructure.

The Port Authority of New York and New Jersey is on the way to dredging and facilities

expansions that are necessary to handle today's megaships, which would become feeders
under Ashar's vision.

Ashar's concept allows significantly bigger container ships to be deployed while finding a
way around the growing financial and physicat barriers to those vessels. The key is the
expansion of the Panama Canal to handle ships that can carry some 15,000 TEUs. That is
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almost double the capacity of today's largest vessels and more than three times the capacity
of the biggest container ships the Canal now can accommodate.

The idea is to deploy the new Panamax ships along a relatively straight route around the
world, roughly at the equator. The ships would call only at a limited number of what Ashar
labels "pure transshipment ports" that would be set up along the route. And new feeder

services would haul the containers north and south between traditional seaports and the new
transshipment ports.

A variety of factors would promote efficiency: the economies of scale from ths vast size of
the new ships; the fact that the vessels would not have to deviate from their route to serve
traditional ports in the United States ang Europe, adding miles and days to their itingraries;
and the fact that a round-the-world route maximizes vessel utilisation and avoids the

inefficiencies of shuttle and pendulum services, which often have copious unused cargo
space at the end points of their runs.

Assuming that the new ships have a speed of 28 knots, which is faster than virtually any
containership afloat today, a single weekly service could be fislded using six ships caliing at
seven pure transshipment ports, Ashar says. A 23,000-mile round-the-world circuit would
take 42 days. Daily frequency could be provided in bath directions using 84 ships.

The new system would effectively freeze the growing size of the ships now used to serve
ports - and the expensive dredging work and new infrastructure needed to accommodate
them - because the equatorial service would become the world's primary traffic iane.,

Ashar advocates a floating ship-to-ship transfer of containers for his pure transshipment
ports. A container would be unloaded from a ship to a barge. A string of barges would be
moved by tug to the second ship, and the container would be loaded aboard. The
transshipment would require less equipment and fewer moves.

8.2.3 Lloyds Register

The major practical limitation to increases in containership size currently relates to engine
number. Naval architects believe that the move to two screws will occur at something under
12,000 TEU. Anincrease in the number of sngines increases the cost per TEU at the same
size. Lloyds Register and Ocean Shipping Consultants have settled on a 12,500 TEU ship,
at the bottom of the two screw range. Presumably the vessel size adopted also takes into
account post constraints,

8.2.4 Current Newbuilding Sizes

Following a P&0O Nedllovd order for vessels of this size, China Shipping Group is to order
twa container ships of 9,800TEU from Samsung and Hyundai. Previously, the (argest ships
on order were four 7,200-TEU units at Hyundai for Hapag-Lloyd. The first is dus for delivery
in October 2001, and current plans are that these will rotate into the Grand Alliance Asia-

Europe services. Hapag Lloyd is now considering ordering two more container ships of
7,000 and 9,000 TEU.

Four 6,780 TEU ships are also on order for PRO Nedlloyd, with the first due for delivery in
December. All four are destined for Asia-Europe deployment in the Grand Alliance, Maersk

Seatand has placed orders for several S-Class ships with stated capacilies of 6,600 TEUs
though actual capacity could be higher,
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Malaysia International Shipping Corp. (MISC, which ranks 18th in world container ship
capacity), is currently deliberating over whether to go to Korea or Japan for four new 6,200-
TEU ships. Of the world's top 20 lines, ali but three have post-Panamax ships on order, and
one of those three has Panamax ships of 4,800 TEUs on order.

NYK Line, another Grand Alliance line, has nine 6,200-TEU ships on order, with the first
scheduled to enter service in September 2001. Nine ships makes for a complete Asia-
Europe string. Another Grand Alliance fine, OQCL, took delivery of the last four in a series
of 5,500-TEU ships late in 2000. COCL may place further orders for new ships, the end
result being enough to piece together two Asia-Europe strings with their own ships.

In the New World Alliance, Hyundai Merchant Marine has five new 8,500-TEU ships corning
aut between February and June 2001, and all will go on one trans-Pacific string.

Mitsui O.S.K. Line has five 6,000 TEU ships scheduled for delivery in 2002, and they also

are destined for the Pacific. Three new 5,500 TEU ships for the carrier will enter the Asia-
Europe trade,

APL will have eight new 5,500 TEU ships in service between May 2001 and mid-2002 on
bareboat charter from German and Greek owners for the Asia-Europe trade.

In the Cosco-Yangming-"K" Line alliance, the story is very much the same. "K" Line has 12
ships of 5,500 TEUs on order for delivery in 2001-2002, and eight of these vessels have
already been confirmed for entry into the Asia-Europe trade. China Ocean Shipping Corp.
has seven 5,250 TEU ships coming out next year, most of which will likely go into the
Pacific. Yangming's first twe 5,500-TEU ships will be deployed this year in the Asia-Europe
trade. Five others look set for the trans-Pacific. Yang Ming is now planning to arder five more

container ships of 6,000 or 8,000TEU. Mediterranean Shipping have post-Panamax plans of
their awn.

In tate 2000, 108 post-Panamax ships were an order, so that most strings on east-west

trades will deploy megaships by the end of 2002. This will spark off the cascading down of
capacity.

8.2.5 Carrier Attitudes

Carriers have no doubt that larger ships are more eccnomical and that trade Is growing
quickly enough to absorb them, Dissatisfaction with the US landbridge is encouraging them
to use smaller ships than they would like on services through the Panama Canal or to
consider the longer route to ECUSA via Suez. Expansion of the Panama Canal will allow
them to serve the ECUSA more economically.

The reason for growth in size is that sea casts per TEU are lower: there is still 40-50 cents

per slot to gain which on a typical 56 day round trip Europe/FE gives a $10 saving per slot
voyage.

There is disagreement on future vesse! sizes, with some believing that 8,000 TEU is the
effective limit, and some willing to consider 10,000 TEU in this way, while others refuse to
guess. One major carrier interviewed believed that the rmaximum would be reached at 10-
13,000 TEU and would not be more specific, and some were quite happy with ships in the 8-
7,000 TEU range. These responses reflect the characteristics of individual trades.

There are significant technical obstacles to larger ships. The key limitation is that the ship
must be 25 knots to meet scheduling requirements, and that there must therefore be a
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Panamax vessels in the 60,000 - 70,000 dwt size range. Very approximately, the
relationships between dwt and TEU sizes may be summarised as follows:

Dwt TEU
60,000 4,200
70,000 4,900
80,000 5,600
90,000 6,400

100,000 7,100
125,000 8,800
150,000 10,700
175,000 12,500

Table 8.2.6.1

Development of the World Fully Cellular Containership
Fleet (mln dwt)

Dwt Size 2000 2001 2002 2003 2004 2005 2010 2015 2020 2030 2040 2050
<10000 43 43 44 44 45 50 55 50 62 64 65 82

1015000 4.1 43 45 48 47 51 57 63 67 72 771 79
15-20000 40 42 44 45 47 52 57 64 69 75 81 84
20-25000 80 82 B84 86 8% 66 105 112 116 118 113 102
25-30000 38 38 39 40 41 45 48 53 58 57 57 &4
30-40000 111 120 129 139 149 158 173 193 209 230 251 264
40-50000 121 125 128 130 133 144 158 169 175 17.5 170 154
50-60000 67 78 90 100 110 117 130 151 171 207 247 954
60-70000 95 105 118 13.0 136 147 165 190 215 256 300 344
70-80000 01 08 20 30 38 41 53 76 104 163 234 311
80-90000 13 18 20 20 22 27 36 49 64 98 134 17§
90-100k 00 00 00 00 00 01 03 04 07 141 17 94
100-125 1215 17 20 22 24 28 35 43 58 78 05
125-150 GO 00 00 00 00 01 03 05 07 12 18 24
150-175 0.0 00 00 00 06 00 00 01 05 20 27 39

662 71.6 778 83.0 87.9 954 107.2 122.3 136.9 161.2 186.9 2095

Over the fifty year forecast peried the container fleet is projected to increase by an average
of 2.3% per annum. However, growth is expected to be much more robust in the nearer
lerm, averaging 5.0% per annum over the next ten years. While there will be continued
growth in the size of the fleet up to Panamax size, most of the increase will be concentrated
in the post Panamax sector. As a result the propertion of the world fleet accounted for by

vessels below 60,000 dwt - that is, broadly, the fleet of ships up to Panamax size — declines
from 82% in 2000 to 73% in 2010 and 52%, by 2050.
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8.3 Trends in the Tanker Fleet

8.3.1 Panama Trades, Existing Canal

In order to determine trends in the sizes of tankers transiting the Existing Canal, RLA
calculated the average dwt within each subject vessel size of tankers transiting the Canal in
the historical time series. Additionally, the proportion of cargo allocation to individual sizes
was also calculated. These data are presented in Tables 8.1 and 8.2. As with other ship
types, there was no discernible trend in average dwts but there were measurable trends in
cargo allocations. This particularly centred around a shift towards larger sizes and, in
particular from 50,000 - 60,000 dwt vessels to 50,000 — 70,000 dwt vessels.

In order to develop the generic growth in tanker transits over the forecast period, an equation

was chosen that represented the future rate of change from which adjustment factors were
calculated. The resuits of this are described in Section 9.3.

8.3.2 Panama Trades, Expanded and Unrestricted Canals

In order to develop transit forecasts for the Expanded and Unrestricted Canals, the
consultants utilised their forecasts of the future world fleet and in particuiar developments in
the fleet between 60,000 and 125,000 dwt. As with other ship types being considered here,
this was predicated on the notion that trade demand for the Existing Canal would, to an
extent, shift upwards in vessel size over time. As the Existing Canal does not represent a
constraint on most vessels utilised, this is particularly focused on the 60,000 dwt + fleet.

Table 8.3.2.1

Tanker Fleet Forecast
60,000 - 125,000 dwt

000's tons
Size Ranga 2000 2010 2015 2020 2030 2040 2050
60-70,000 11,501 12972 13,375 13,794 13,440 12,721 11,847
70-80,000 2775 3,424 3,691 3,980 4 238 4,385 4,464
80-90,000 18,195 21,583 23,092 24,612 25362 25147 24357
90-100,000 17,866 20,972 22,439 230915 24644 24,435 23,667
100-125,000 18737 24520 27427 30,561 34423 37,307 39,498

Total 69,064 83,471 80,024 96,862 102,107 103,995 103,833

Market Share
60-70,000 17% 16% 15% 14% 13% 12% 11%
70-80,000 4%, 4% 4% 4% 4%, 4% 4%
80-90,000 26% 26% 26% 25% 25% 24% 23%

90-100,000 26% 25% 25% 25% 24% 23% 23%
100-125,000 27% 29% 30% 32% 34% 36% 8%
Total 100% 100% 100% 100% 100% 100% 100%

RLA determined changes, in the proportion of vessels of each of the relevant size ranges
within the context of the consultants long term total global tanker fleet forecasts, and the
historical rate of change of individual vessel size proportions within this modified as
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Average Dwt by Vessel Size and Type

Fiscal Years 1985/86 to 1998/99

Ship Type / Size Range

Container/Break-Bulk

<10,000

1¢-15,000
15-20,000
20-25,000
25-30,000
30-40,000
43-50.000
6Q-70,000

Dry Bulk Carrier
<10,000
10-15,000
15-20,000
20-26,000
25-30,000
30-40,000
40-50,000
50-60,000
60-70,000
70-80,000
§0-50,000
93-100,0009

DryfLiguid Bulk Carrier

<10,000

10-15,000
15-20,000
25-30,000
30-40,000
40-53,000
50-60,000

85/86 B6/87

5
14
17
22
28
3
42

13
18
23
27
36
44
57
63
73

5

87188

5
13
17
22
29
a3
42
83

88189

5
12
17
23
29
34
42
63

12
18
23
28
36
43
56
&4
73
82

8990

7
13
17
23
28
a4
42
63

12
18
23
27
KE
43
56
64
73
81

80/91%

6
14
17
24
28
4
az

12
18
23
28
36
43
56
&4
73
81

6
12
17
23
27
35
43

12
18
23
28
36
43
56
65
74
a1

91/82 92/93

7
13
17
22
27
35
43

12
18
23
27
35
44
55
65
73
g1

G
14
17
22
27
34
43

12
18
23
27
a5
43
a4
65
73
80
9

7
13
17
23
28
35
43
65

12
18
23
27
35
44
aa
65
73
80
91

a2
Sg

93194 94/95 95/96

a

13

17
22
28
35
43
63

12
18
23
27
36
44
55
66
73
a0

4
14
17
22
28
34
44
83

12
18
23
27
36
44

68
72
81

83
54

96/97 97/98 93/99

Table 8.1.1.1
a00's tons
6 6

14 12
17 17
22 22
28 28
33 33
43 44
70 63
5 4
13 13
18 i8
23 23
27 27
a6 36
44 44
&4 53
66 €6
72 72
- a0
91 -
- 28
a8y 89
59 -
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Average Dwt by Vessel Size and Type
Fiscal Years 1985/86 to 1998/99

Ship Type ! Size Range

DryfLiquid Bulk Carrier cont..
§0-70,000
70-B0,000
30-80,000

Full Container
<10,000
10-15,000
15-20,000
20-25,000
25-30,000
30-4G.000
40-50,000
50-60,000
60-70,000

General Cargo
<10,000
10-15,00G
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000
50-60,000
70-80,000

Ligwid Gas
<10,000
10-15,000
15-20,000
20-25,000

85/86 86/87 B87/88 BE/BS 8990 90/91 91/92 92/93 93/94 94/95 05/96 96/97 97/98 98/99

69
73
B84

13
18
23
28
33
43
55

13
16
22
25
38

12
17
21

7a 69 59 66 67 67 69 69
74 74 76 73 73 " 76 75

83 82 - - a2 - 82 -
8 B 7 2 10 6 i 7
12 12 12 12 13 i3 13 13

17 17 17 16 16 17 17 18
22 23 23 23 23 23 23 22
28 27 27 27 27 27 28 28
34 35 35 a5 a5 35 36 37
43 43 43 43 43 43 44 44
53 53 34 55 56 57 58 58

14 14 14 14 13 13 13 13
17 17 17 16 17 17 17 17
22 22 22 22 22 22 23 22
25 26 25 25 26 28 26 28

Ja 38 33 38 36 - 33 34

& 6 5 5 B 8 5} 7
11 12 i2 12 12 12 12 12
17 17 17 17 17 17 17 17
21 22 21 22 22 22 22 23

B7
74
83

13
18

28
37
45
57
62

13
17
22
27
37
43

12
17
23

64
75
82

13
19
22
28
37
45
58
62

14
17
22
27
36
44

66
I£d
83

13
18
22
29
37
45
57
62

13
17
22
28
35

51

12
17
23

000's tons
65 64
74 75

- 82

5 6
14 14
19 18
22 22
28 28
36 35
45 45
57 58
62 62

5 D
14 13
17 17
22 23
28 28
a3 35
43 -
81 51
73 -

g 6
12 13
17 17
22 22




Table 8.1.1.1 {cantinued)

Average Dwt by Vessel Size and Type
Fiscal Years 1985/86 to 1998/99

Ship Type ! Size Range B5/86 86/87 87/88 BE/89 89/90 90/91 91/92 92/93 93/94 94/95 G596 96/97 97/98 98/99
Liquid Gas cont.. 000's tons
25-30,000 27 26 - 28 28 28 26 28 28 26 27 27 27 27
30-40,000 38 38 39 38 35 38 37 3g 40 39 39 40 - 38
40-50,000 45 45 46 45 45 45 46 46 45 45 46 45 43 45
Other
<104,000 3 3 3 3 3 3 3 4 3 4 3 3 3 4
10-15,000 13 12 12 i2 12 13 13 13 13 12 13 12 13 13
15-20,000 18 17 17 17 16 17 17 17 17 18 17 i7 17 17
20-25,000 22 20 23 24 21 21 22 22 22 23 23 21 22 22
25-30,000 28 28 28 - - - 30 - 28 29 28 - - 29
30-40,000 36 37 37 36 36 35 37 37 36 35 38 - 35 39
40-50,000 47 47 42 a4 - 46 46 45 45 44 44 45 47 47
Refrigerated Cargo - - - - - - - - - - - - - -
<10,000 7 7 7 7 7 8 8 7 7 7 7 7 7 &
10-15,000 11 11 12 11 11 12 12 12 12 12 12 12 12 i1
15-20,000 15 13 16 16 16 16 16 17 16 16 15 i3 18 15
20-25,000 - - - - - - - - - - 20 - - -
Roll-on/Roll-off
<10,000 & & 8 9 B 6 4 5 5 4 5 5 5 6
10-%5,000 13 13 13 13 13 13 13 13 13 13 13 13 12 12
15-20,000 17 18 17 18 18 17 18 18 17 17 18 18 18 17
20-25,000 22 22 21 22 22 22 22 22 27 22 22 2 22 22
25-30,000 26 26 26 26 27 27 28 27 27 28 27 27 27 27
3G-40,000 33 a2 33 33 33 33 34 33 33 33 33 33 KK 34
40-50,000 43 43 43 43 43 43 43 43 43 43 43 44 44 44
- - . B, 53 - B, -

50-60,000 - 51 52 - - -

[ e e O N IR es STV r Y



tooz Aseniae

S3IBDOSSY GUMET UDSPIEUD

T

FANH

Table 8.1.1.1 (continued)

Average Dwt by Vessel Size and Type
Fiscal Years 1985/86 to 1998/99

Ship Type ! Size Range

Tanker
<10,0G0
10-15,000
15-20,000
20-25.000
25-30,000
30-40,000
40-50,000
50-60,000
60-70,000
70-80,000
80-90,000
90-100,000

Vehicle Carrier
<1Q,000
10-15,000
15-20,000
20-25,000
25-30.000

Vehicle/Dry Bulk
<10,000
10-15,000
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000
50-60,000
50-70,000

45/86 BB/BT 87/38 83/29 E9/90 90/91 91/92 92/93 93/94 94/95 955/096¢ 96/97 97/98 9849

]
i3
18
23
28
a5
44
35
63
74
81
21

13
i7
23
2B

14
14
22
27
35
41
53
B3

an0's tons
6 6 7 G 8 i} 7 B 6 6 7 B 7
13 12 12 12 12 12 12 12 12 12 12 12 12
18 18 18 18 18 18 19 18 18 18 18 17 17

23 24 23 23 24 24 23 23 23 23 22 22 22
28 28 28 28 28 28 28 28 28 28 2a 29 29
35 34 35 35 36 36 6 36 3B 36 36 36 K13
43 45 46 45 45 45 45 45 45 44 43 44 44
56 55 56 56 56 56 56 58 57 57 58 57 57
63 83 83 62 64 64 64 B4 65 63 63 53 63
71 - - - 75 75 [t 70 TG 70 70 70 Ve
90 - - - 8z al 81 82 82 88 81 81 85
g2 91 91 91 a1 91 99 92 Ly 23 92 - -

13 13 13 13 13 13 13 13 13 13 13 13 13
17 17 17 17 17 17 17 17 17 17 17 17 17
22 23 23 23 22 23 22 22 22 22 22 22 22
28 28 23 28 23 28 28 23 28 28 23 23 2B

14 14 14 14 14 14 14 14 14 - - 14 -

17 19 17 14 0 18 17 17 17 17 17 16 16
22 22 22 22 23 22 22 22 23 22 20 21 22
27 28 28 28 2B 28 28 27 28 27 28 27 29
34 35 35 35 35 35 35 34 35 33 33 34 iz
41 41 11 40 41 41 40
53 52 52 52 52 52 53 53 52 51 51 53 33
63 63 63 63 62 62 62 g2 63 63 Gz 64 52

R AR R R f ke e il e



Table 8.1.1.2

Distribution of Cargoes to Vessel Size Ranges

Fiscal Years 1985/86 ta 1998/99

Ship Type ! Size Range

ContaineriBreak-Bulk

=10,000

10-15,000
15-20,000
20-25 000
25-30,000
30-40 000
40-50,000
G0-70,000

Dry Bulk Carrier
<10,000
10-15,000
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000
S0-60,000
60-70,000
¥3-80,000
£0-90,000
80-100,000

Dry/Liquid Bulk Carrier
<10,000
10-15,000
15-20,000
20-25,000
25-30,000
30-40,000

85/86

0.03
0.04
0.23
014
0.09
0-0Y
0.37
0.00

0.02
0.01
0.03
0.05
.14
0.22
0.18
0.05
0.29
0.04
0.00
0.00

0.00
0.00
0.00
0.00
0.05
0.09

86187

.03
G.04
0.22
0.18
0.09
0.15
0.33
0.00

0.01
0.01
0.02
0.05
.15
0.22
0.13
0.05
0.32
G.03
0.00
0.00

0.00
0.0
0.00
0.00
0.00
013

87/88 B88/3% BY/Z0 90/91 91/92 02/93 9304

0.02 Q.01 0.01 0.01 0.02 0.01 0.01
0.06 0.07 0.05 0.06 G.07 0.08 0.03
017 0.18 07 0.16 0.20 0.7 0.18
G.14 ¢.14 0.08 .04 .08 0.07 .08
0.10 012 0.15 Q.18 0.06 0.13 0.14
Q.17 LU g 0.16 0.16 ¢.16 Q.1t .08
033 0.32 G.37 0.41 0.42 042 G.47
0.01 0.02 a.01 0.00 0.00 0.00 0.00

0.01 0.01 001 0.0 0.01 0.01 G.01
0.00 0.00 0.01 0.01 0.01 c.01 0.0t
0.qz2 0.02 0.0z g.02 0.02 .03 0.03
0.05 0.06 6.05 0.04 0.04 0.04 0.04
0.14 0.15 0.14 ¢.13 0.1 012 g.12
022 0.23 0.23 0.21 0.19 017 0.16
0.14 0.13 0.13 0.15 0.17 017 018
0.05 0.04 ¢.04 0.04 0.05 0.04 0.04
0.33 0.32 0.34 Q.35 0.36 (.38 0.37
0.04 0.03 0.04 0.03 0.04 0.02 0.05
0.00 0.00 ¢.00 0.00 0.00 0.00 0.60
D0.00 .00 .00 0.00 0.00 0.00 0.00

0.00 001 003 €02 000 000 0.00
000 0.00 000 000 000 000 0.09
000 000 000 000 D0.00 000 Q.00
000 000 000 000 0.00 000 Q00
co04 004 000 000 000 063 000
024 011 015 029 027 017 025

84/95

0.01
0.02
0.16
G113
0.05
0.10
0.49
0.03

0.01
0.01
0.0z
0.05
Q.11
0.15
018
0.04
0.39
0.05
.00
0.00

0.co
.00
0.00
Q.00
0.00
0.2¢

95/86

6.01
0.02
012
012
0.09
G116
0.47
0.02

0.01
D.01
0.02
.03
0.11
0.15
0.20
.04
0.37
0.07
0.00
.00

.00
a.a0
0.00
¢.00
0.00
0.29

96/97

0.01
0.02
017
0.08
0.08
012
0.48
0.02

0.00
0.01
0.02
0.04
0.1
0.14
0.22
0.03
0.34
0.04
¢.00
0.00

.00
0.00
0.00
0.00
0.00
0.45

97793

Market Share

0.01
0.01
¢.10
0.10
0.09
012
4.86
0.01

0.00
0.01
0.02
Q.04
0.13
014
0.25
.03
0.28
0.1
0.0Q
0.00

0.00
0.00
0.00
0.00
D.00
0.23

98/99

0.02
0.01
0.07
0.09
.09
0.09
0.61
a.01

0.00
0.01
.01
0.a3
0.12
011
0.26
0.03
0.286
.14
0.0Q
0.00

0.a0
0.00
0.00
0.02
G.00
0.39
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Table 8.1.1.2 {continued)

Distribution of Cargoes to Vessel Size Ranges

Fiscal Years 1985/86 to 1998/99

Ship Type I Size Range 8

DryiLiquid Bulk Carrier cont..
40-50,000
50-60,000
70-80.000
B0D-90,000

Fuli Container
<10,000
10-15,040
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000
50-60,000
60-70,000

General Cargo
<10,000
10-15,000
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000
50-60,000
70-80,000

Liquid Gas
<10,000
10-15,000
15-20,000

5/86

0.26
0.15
0.41
0.04

0.01
0.00
0.03
0.13
¢.09
0.34
0.19
0.19
.00

0.14
0.47
0.27
0.09
0.01
0.01
0.00
0.00
0.00

0.03
0.03
0.29

86/87

0.18
0.22
0.37
0.09

8.01
d¢.01
Q.04
0.12
0.08
0.31
0.33
0.11
0.00

0.13
0.42
.32
D.12
0.00
0.01
0.00
0.00
0.00

.03
0.04
017

87/88 88/89 89/90 90/91 91/92 92/93 93/94

o006 000 020 026 000 010 0.07
036 039 0.34 013 033 0.28 .44
024 045 D32 0.19 0.41 0.40 0.23
0.07 000 D00 D08 QOG0 Q02 000

0.01 000 000 0.00 000 oM 0.0G
0.01 .01 0.01 D.02 0063 045 0.05
0.05 003 Q.02 0.01 0.01 0.02 0.02
.11 a.11 .13 010 0038 0.06 0.07
Q.07 007 0408 cos 009 007 0.05
0.32 0.3t 0.29 0.29 026 022 0.17
028 024 025 026 029 037 0.40
014 022 022 023 0.23 020 .22
000 000 000 Q.00 000 0.00 a.a1

011 010 010 012 012 014 0.13
039 032 035 035 036 0.34 0.34
033 037 036 038 235 037 035
016 019 D48 0.14 013 013 0.17
0.01 0.01 0.01 0.00 g.00  0.01 0.01
0.06 D.0M .00 0.0 000 001 0.0
000 .00 0.00 0.00 0.00 0.00 0.00
g.0o  0.00  0.00 0.00 000 0.00 0.00
0.00 000 Q.00 0.00 000 000 0.00

0.06 0.04 0.06 0.o0v 0.08 0.08 0.07
0.06 0.08 0.13 G.14 012 0.08 0.05
0.21 0.22 0.1% 0.20 0.31 0.32 .30

84/95

0.30
0.14
D.23
0.13

¢.00
0.05
0.03
0.12
0.05
017
0.33
0.24
0.03

.13
0.31
0.22
0.21
a.a1
0.02
0.0t
0.00
0.00

0.06
0.07
0.30

95/36

0.29
0.10
0.25
.07

0.00
0.03
0.1
0.15
0.04
0.19
0.30
0.22
0.05

.12
0.23
0.33
0.28
0.02
0.01
0.01
0.00
0.00

0.05
Q.08
0.22

96197

0.20
0.19
0.14
0.03

0.01
0.01
D.01
0.15
0.05
0.17
0.29
0.22
0.089

0.15
017
0.32
0.28
0.07
0.01
0.00
0.00
0.00

0.05
0.14
0.25

47/98 958/99
Market Share

.15
0.39
0.22
0.00

0.00
0.01
0.02
0.14
0.08
0186
032
0.23
0.05

0.14
0.13
0.32
0.25
0612
0.03
0.00
0.01
0.01

0.09
0.13
0.30

.05
0.10
0.28
0.08

0.00
0.01
0.01
0.10
0.10
0.18
0.32
0.22
0.06

0.21
0.11
0.28
0.23
013
G.01
0.00
003
0.00

0.08
0.14
0.26
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Tabie 8.1.1.2 {continued)

Distribution of Cargoes to Vessel Size Ranges

Fiscal Years 1985/86 to 1998/99

Ship Type / Size Range

Liquid Gas cont,.
20-25,000
25-30,000
30-40,000
40-50,000

Qther
<10,000
10-15.000
15-20,000
20-25,000
25-30,000
30-40,000
40-50,000

Refrigerated Cargo
<10,000
10-15,000
15-20,000
20-25,000

Ral-on/Roll-off
<10,000
10-15,000
15-20.000
20-25,000
25-30,000
30-40.000
40-50,000
50-60,000

85/86

.10
0.08
0.19
0.248

0.61
0.07
0.03
0.04
0.04
0.17
0.04

0.61
.38
0.01
0.00

0.11
0.03
Q.Ce
0.18
0.28
0.22
0.1
.00

86187

017
0.01
0.21
0.36

0.536
6.03
0.10
0.02
0.03
0.16
0.05

0.55
0.43
0.02
0.00

c.1
0.01
0.05
0.16
027
0.20
Q.47
0.03

87/88 88/89 8990 90/91 91/92 92193 93/94

12 O 0.25 0.5 .06 0.04 012
a.an 0.06 0.05 .13 0.01 0.06 0.12
0.23 018 0.18 0.22 0.16 027 .13
032 Q430 0.18 0.08 027 0.14 021

.49 067 0.54 0.45 0.48 0.57 054
0.07 0.04 0.10 0.16 0.03 0.04 ¢.02
0.08 004 0A0 0.09 0.10 0.07 0.12
.18 0.03 0.14 .14 .21 011G 0.09
Q.03 0.00 Q.00 0.00 0.01 0.00 .03
0.18 0.7 a.11 0.18 0.08 0.04 0.05
0.00 Q04 0.00 0.00 0.08 0.18 0.15

0.55 0.56 0.53 0.56 0.53 0.48 0.49
.43 043 045 042 0.45 0.51 0.51
G.02 0.02 0.02 0.0z 0.02 0.0 0.00
0.060 ooo .00 04.00 G.00 0.00 0.00

0.09 0.07 0.14 0.08 0.08 0.11 0.08
0.02 0.02 0.02 0.02 0.06 Q.05 0.08
0.06 .06 0.08 0.05 0.04 0.08 013
G.11 0.04 0.08 0.05 010 0.11 ¢a7
0.30 g4z  0.25 0.6 0.a7 .08 008
G0.25 0.28 0.27 0.39 0.38 034 034
0.6 013 018 0.24 0.25 Q.22 0
0.04 0.00 0.00 ¢.00 Q.00 0.00 0.00

84195

0.15
0.07
0.16
0.20

0.34
0.03
009
0.12
0.02
0.4
027

0.51
048
0.1
Q.00

0.03
0.17
G.16
(.06
0.04
0.33
0.20
0.00

85/96

0.09
0.04
0.27
0.25

0.46
.09
Q.07
0.04
0.00
D.07
0.26

0.51
0.4y
0.02
0.00

0.01
a.19
Q.08
0.07
0.13
0.91
0.18
G.02

96197

0.16
0.06
0.21
.13

0.51
016
0.03
0.01
0.00
a.0o
0.29

0.47
0.52
0.01
.40

0.02
0.17
0.ov
0.04
0.08
0.35
0.27
0.00

97198

58/99

Market Share

0.17
0.02
0.0o
0.28

0.32
0.20
G.06
0.03
0.00
0.06
.33

0.48
.52
0.00
oo

0.02
0.15
0.04
0.08
0.05
.34
0.31
0.00

0.14
0.06
012
0.22

0.24
Q.08
0.03
0.03
0.02
0.09
.50

047
0.53
0.00
0.00

0.06
.11
0.16
0.09
0.04
028
0.28
0.00

C
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Tahle 8.1.1.2 {continued)

Distribution of Cargoes to Vessel Size Ranges

Fiscal Years 1985/86 to 1998/99

Ship Type ! Size Range

Tanker
<10,000Q
10-15.000
15-20,000
20-25.000
25-30,000
30-40,000
40-50,000
£50-60,000
60-70,000
70-830.000
BG-03,000
90-100,00Q

Vehicle Carrier
<10,000
14-15.000
15-20,000
20-25,000
25-30,000

Vehicle/Dry Bulk
<10,000
10-15,000
15-20,000
20-25.000
25-10,000

© 30-40,000
40-50,000
50-80,000
60-70.000

85/88

0.03
0.01
0.a2
0.03
0.05
0.31
0.10
0.29
.14
0.00
0.00
0.00

0.06
0.58
0.28
0.
Q.05

0.00
0.02
0.02
a.08
0.02
0.51
0.03
0.04
0.28

86/B7

0.03
0.0
0.03
0.04
0.08
0.34
.09
0.24
0.15
0.00
0.0
0.00

0.05
0.55
0.36
0.01
0.03

0.00
0.02
0.03
0.05
.13
0.39
0.01
0.09
0.29

B7/88 88/89 S8H00 950/91 91/92 92/93 583/94

0.03 0.03 0.04 0.03 0.04 0.04 0.04
0.01 0.01 9.a1 .01 0.01 [1A0]] .02
0.02 0.02 0.0z 0.03 G.03 0.03 0.02
0.04 0.04 0.04 0.04 0.04 0.04 0.03
0.06 0.08 0.07 0.06 0.05 0.05 0.06
0.35 0.35 0.31 0.32 0.31 0.29 0.28
0.08 0.07 0.07 0.09 0.09 0.10 0.0%
0.26 0.22 6.27 0.25 0.25 0.25 0.24
0.13 017 0.15 0DA7 0.17 017 0.20
0.00 0.00 .00 0.00 0.00 0.01 0.01
0.00 0.qo 0.00 0.01 0.00 0.00 0.00
0.01 0.1 0.1 0.01 0.01 Q.00 0.01

0.04 0.04 0.05 0.04 0.03 0.03 0.01
0.56 .52 0.55 0.56 0.59 0.53 0.51
0.34 0.37 0.35 0.38 0.34 0.35 0.39
0.0 0.02 0.02 0.01 0.02 0.08 0.06
0.04 0.04 0.03 0.03 0.02 0.04 0.04

0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.02 0.02 0.03 0.01 0.02 0.01
0.02 0.02 0.01 0.00 0.02 0.04 0.07
0.09 010 0.co 0.06 0.07 .03 0.05
0.16 06.13 0.14 010 0.10 4.09 0.12
0.41 0.33 .40 0.54 0.49 0.43 0.55
0.01 0.03 0.04 0.04 0.04 0.03 0.04
012 0.14 .09 0.13 n.12 0.11 0.07
0.18 027 0.19 0.10 0.15 0.25 0.10

94/95

0.04
0.02
0.02
0.03
0.05
0.30
D.08
D.18
0.24
0.g2
0.00
0.01

0.0t
0.45
0.42
0.07
0.04

0.00
0.01
0.06
005
0.15
0.41
0.00
0.16
0.16

95/9&

0.03
0.02
0.01
0.01
0.05
0.31
0.1
0.10
0.31
0.01
0.01
0.04

0.02
0.49
0.33
0n.0v
005

g.00
0.00
0.07
0.02
0.07
0.44
0.01
0.14
0.25

96/97

0.03
0.02
0.01
0.01
0.07
0.30
0.11
0.13
0.23
0.01
0.00
0.01

0.02
0.44
0.40
a.0g
0.05

0.00
0.00
0.15
0.01
0.04
0.42
0.03
018
G115

9798  98/99
Market Share
0.03 D.03
0.04 .03
0.01 o.n2
0.02 0.n2
007 0.06
0.26 0.33
0.09 0.16
0.16 0.10
0.29 0.23
0.02 Q.02
0.00 0.01
2.00 0.00
0.03 0.02
0.38 0.42
044 038
0.11% 0.146
0.04 0.03
0.00 0.00
0.01 0.00
010 0.06
0.05 .17
003 0.02
0.56 0.44
0.08 0.03
0.04 0.038
013 0.24
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9 Forecasts of Commodity Flows by Vessel Type and Size

9.1 Dry Bulk Carriers

9.1.1  Generi¢c Growth

The allocation of dry bulk cargoes to vessel sizes based on the generic growth in trade

flows is provided in Table 9.1.1.1, Dry bulk carrier trade in total is forecast to increase by an

average of 1.5% per annum with the rate of increase southbound higher than that
northbound.

Table 9.1,1.1

Scenario 1, Generic Growth in Panama Canal Trade Flows for Dry
Bulk Carriers

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 20490 2050
<10000 N 150 119 81 41 1 0 0 0
10-15000 N 219 247 278 307 337 394 452 510
15-20000 N 770 818 863 500 942 1,022 1,100 1174
20-25000 N 1686 1,785 1886 1,959 2,051 2205 2,380 2510
25.30000 N 5103 5525 5876 6171 6536 7,933 7748 8351
30-40000 N 6442 6680 6799 6857 6994 7,162 7,340 7.492
40-50000 N 87158 9380 10836 11,746 12,969 15222 17513 19,793
50-60000 N 1446 1507 1540 1556 1,593 1,639 1,689 1733
60-70000 N 13426 14,798 16,186 17,285 18,540 20,889 23214 25416
70-80000 N 3080 3595 4171 4659 5183 6177 7163 8114
80-90000 N 39 44 48 54 59 69 79 88
90-100k N 0 0 0 0 0 0 0 0
<10000 s 218 187 130 68 1 0 0 0
10-15000 S 506 811 716 823 943 1,194 1471 1789
1520000 S 1034 1176 1289 1,398 1,524 1,783 2,057 2361
20-25000 S 2320 2590 2817 3,044 3269 3810 4344 4919
25-30000 S 7.044 7882 8,635 9388 10215 11,913 13704 15630
30-40000 $ 7844 8145 8498  B837 9219 9972 10712 11460
40-50000 S 14816 17,285 10838 22,346 24,802 30,136 35546 41184
50-60000 & 2280 2373 2456 2639 2623 2797 2969 3440
60-70000 & 25660 28556 31438 34250 37,020 42,743 48542 54468
70-80000 S 6.022 7355 B371 9,852 10723 13,115 15553 18,056
80-90000 S 214 250 288 126 362 436 511 588
90-100k S 0 0 0 0 0 0 0 0
Total North 40,497 44,508 48,365 51,535 55204 61,911 68,657 75,182
Total South 67,737 76,189 84,476 92,582 100,831 117,899 135409 153 594
Grand Total 108,233 120,697 132,841 144,116 156,035 179,811 204067 228,776

Within the constraints of the existing Canal, northbound cargo is expected to be increasingly
re-allocated away from vessels below 40,000 dwt. The share of all vessel sizes abgve
40,000 dwt either increases or is maintained with 5% of cargo being carried in these larger
sizes in 2001 and 73% in 2050. A similar trend is forecast southbound but the rate of

change is not so fast with 72% of all cargoes being carried in vessels in excess of 40,000
dwtin 2001 and 76% in 2050.
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9.1.2 Expanded Canal

in the Expanded Canal conditions, cargo carried in vessels of 60,000+ dwt shifts towards
larger sizes. The cargo carrying market share of vessels In the 60,000 — 70,000 dw! size
range on northbound routes declines from 33% in 2001 to 22% in 2050. Cargo allocated to
vessels in the size ranges between 70,000 dwt and 100,000 dwt increases ta 21% compared

to 8% in 2001. Additional by pass trade attracted by the Expanded Cana! is reflected in the
4% of cargo allocated to vessels in excess of 125,000 dwt.

Southbound, the market share of cargo allocated to vessels in excess of 60,000 dwt remains
virtually unchanged over the time peried although existing Canal trades shift from 28% in

vessels of 60,000 - 70,000 dwt to 22%. Trade is expected to shift up to and around vessels
of 100,000 dwt,

By pass trade is 8 %of all cargoes carried and all of this is expected to be in vessels in
excess of 100,000 dwt.

Table 9.1.2.1
Commeodity Trade Flows for Dry Bulk Carriers, Expanded Canal
000's tons
Size Range Direction 2001 2005 2010 2045 2020 2030 2040 2050
<10000 N 150 119 80 41 1 0 0 0
1015000 N 218 247 277 305 335 393 450 508
15-20000 N 770 218 861 898 940 1.019 1.097 1,172
20-25000 N 1,686 1,795 1,881 1,054 2,046 2,200 2,355 2,505
25-30000 N 5,103 5,525 5,666 6,161 6,525 7121 7.737 8,341
30-4000C N 6,442 6,680 §,792 6,851 6,987 7,156 7,335 7,488
40-50000 N 8,188 9,380 10,625 11,733 12,955 18,207 17,498 19,779
50-60000 N 1,445 1,507 1,539 1,555 1,602 1,638 1,688 1,732
60-70000 N 13,426 14,798 15,341 15,599 15,957 16,509 17,318 17 428
70-80000 N 3,080 3,595 3,773 4,006 4,248 4,537 4,968 5,242
34-80000 N 39 44 888 1,617 2,401 3,898 5,642 7,288
93-100k N 0 0 385 759 1,158 1,971 2,810 3.848
100425k N 0 0 o 0 0 0 0 0
125150k N 0 4] 1.219 1,140 1,08% 092 g99 775
150-175% N 0 0 2,016 2,089 2,142 2,305 2,378 2,302
<10000 8 218 187 130 68 1 0 ¢! 0
10-15000 3 508 E11 713 820 840 1,191 1,467 1,778
1520000 S 1.034 1,175 1,285 1,392 1,520 1,777 2,063 2,356
20-25000 ) 2,320 2,590 2,810 3.037 3,251 3,801 4,336 4912
25-30000 S 7,044 7,882 8,623 9375 10,201 11,898 13,690 15,827
30-40000 s 7.844 8,145 8,487 8,826 9,208 9,961 10,703 11,453
40-50000 S 14,816 17,265 18,821 22,330 24,874 30,118 35,528 41,171
50-60000 S 2,280 2373 2,455 2,538 2,821 2,798 2,868 3,139
60-70000 S 25660 28,556 29,137 29,954 30608 31809 32949 34,048
70-80000 ] 5,022 7.165 8,092 8,678 9,200 10,135 10,876 11,757
80-90000 s 214 250 1,980 3,737 5611 9,533 13,737 18,118
90-100k 5 0 a B85 1,766 2.691 4,793 5.539 8.182
100-125k S 0 v} 2,808 3,087 1,138 1,131 1.110 1,081
125150k S 0 o] 1,188 1.218 1,158 1,427 1,785 2,204
150-175k 8 0 0 1,743 1,876 2.063 2,933 4,163 5,934
Total Narth 40,497 44,508 51,544 54,706 58,350 65,145 71,875 78,210
Total South 67,737 76,189 40,255 98,808 105,124 123,324 142,411 162,321
Grand Tatal 108,233 120,697 141,793 153,514 163,474 188,469 214,286 241,031
|
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9.1.3 Unrestricted Canal

In this case, no further re-aflocation of existing Canal cargo to larger vessel sizes is

expected. All of the By Pass trade is in vessels in excess of 125,000 dwt and represents 4%
of northbound and over 8% of southbound

Table 9.1.3.1
Commodity Trade Flows for Dry Bulk Carriers, Unrestricted Canal

000's tons

Size Range Direction 20001 2005 2010 2015 2020 2030 2040 2050
<10000 N 150 119 80 41 1 ) 0 0
10-15000 N 219 247 277 305 335 393 450 508
15-20000 N 770 818 g6 898 940 1,018 1097 1,172
20-25000 N 1686 1795 1881 1954 2046 2200 2355 2505
25-30000 N 5,103 5525 5866 6,161 6525 7,121 7737 8341
30-40000 N 6442 5680 6792 6851 6987 7,156 7335 7488
40-50000 N 8156 9380 10625 11,733 12855 15207 17498 19.779
50-60000 N 1446 1,507 1539 1,555 1,592 1,638 1688 1732
60-70000 N 13426 14788 15,341 15509 15957 16500 17018 17429
70-80000 N 3060 3595 3773 4006 4248 4637 4969 5042
£0-90000 N 39 44 888 1817 2401 3,998 5642 7,288
90-100k N 0 0 385 759 1156 1,871 2,810 3648
100-125k N 0 0 0 4] 0 0 0 0
125-150k N 0 0 1218 1,140 1065 992 899 775
150-175k N 0 Q2016 2089 2142 2305 2376 2302
175-200k N 0 0 258 288 275 296 305 185
200-250k N 0 0 0 0 0 0 0 131
250-300k N 0 0 0 0 0 0 0 0
<10000 S 218 187 130 88 1 0 0 0
10-15000 s 506 611 713 B20 Q40 1,191 1467 1,778
15-20000 S 1.034 1175 1,285 1,393 1,520 1777 2,083 2356
20-25000 5 2320 2590 2810 3037 3291 3801 4335 4912
25-30000 s 7044 7882 8623 9375 10201 11,898 13690 15627
30-40000 s 7644 £145 8487 8826 9208 9961 10,703 11453
40-50000 $ 14816 17,266 19821 22330 24874 30,118 35528 44171
50-60000 s 2260 2373 2455 2538 2621 2795 2958 3139
0-70000 5 25660 28,556 29,137 20,954 30,608 31,800 32045 34043
70-80000 $ 6022 7155 8082 8678 9200 10,138 10976 11757
80-30000 5 214250 1880 3737 5611 9,553 13737 18119
90-100k 5 0 0 885 1766 2691 4703 6939 9182
100-125k s 0 0 0 0 0 0 0 0
125-150Kk s 0 0 4019 4231 2215 2454 2,759 3176
150-175Kk s 0 O 2431 2730 5028 6294 7843 0264
175-200k s 0 ¢ 456 511 544 702 905 1,241
200-250k s 0 0 g 0 0 0 0 500
250-300k s 0 0 0 0 0 ) 0 0
Totai North 51618 44508 51803 54974 58,625 65441 72,189 78,506
Total South 67,737 76,189 91,323 99,993 108,554 127,283 145,856 167,724
Grand Total 119,334 120,697 143,126 154,968 167,179 192,724 219,037 246,230
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9.2 Full Containerships

9.2.1 Generic Growth

The allocation of cargoes to vessel sizes based on the generic growth in trade volumes is

provided in Table 9.2.1.1. Full containership trade in total is forecast to increase by an
average of 2% per annum.

Within the constraints of the existing Canal, northbound cargo is expected to be increasingly
re-allocated away from vessels in the 30,000 - 40,000 dwt to the three higher vessel sizes,.
The share of cargo being carried in vessel sizes above 40,000 dwt increases from 45% in
2001 to 52% in 2050. The carriage of cargoes in vessel sizes below 30,000 dwt also
increases a little. A similar trend is forecast for southbound routes but the rate of change is
not so fast.

Table 9.2.1.1

Scenario 1, Generic Growth in Panama Canal Trade Flows for Ful}
Contalnerships

000" tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 29 0 0 0 o 0 0 o
10-15000 N 657 830 1,055 1,236 1,423 1,814 2,207 2,638
15-20000 N 281 283 220 155 83 0 0 o
20-25000 N 27977 3,391 4,121 4,668 5,224 6,355 7,444 8,554
25-30000 N 2,044 2422 2,797 3,031 3,264 3,742 4,185 4,653
30-40000 N 3,582 3,960 4295 4,388 4,461 4,544 4,478 4,323
40-50000 N 4,853 6,030 7,314 8,170 8,986 10,582 11,953 13,284
50-60000 N 1,338 1,689 2,139 2,455 2,780 3,385 3,908 4,450
60-70000 N 1,222 1.603 2.074 2,423 2,750 3,374 3,891 4,355
70-80000 N 0 o 0 0 0 0 0 aQ
80-90000 N 0] o 0 0 0 0 0 Q
90-100k N 0] o 0 0 0 0 0 0
<10000 L 29 o 0 0 0 0 0 0
10-15000 s 712 438 1,183 1,376 1,572 1.879 2,368 2,769
15-20000 5 281 281 235 165 B8 0 0 0
20-25000 5 2,308 3,222 4,025 4,643 5,261 £.513 7,657 B.818
25-30000 S 1,978 2,352 2,721 2,541 3,157 3,597 3,882 4,373
30-40000 8 3,782 4,201 4,451 4,468 4,471 4,44% 4,301 4,089
40-50000 3 5,394 6,352 7,382 7,993 8,605 8,868 11111 12523
50-60000 L 1,316 1,512 1,811 2,006 2194 2,570 2,912 3,282
60-70000 5 1,829 2,376 2,965 3,377 3,780 4,588 5,392 6,296
70-80000 L o ¢ o g o 0 0 o
80-90000 L ¢ 0 0] 0 u] 0] 0] 0
90-100k 3 ¢ ¢ 0] D 0] 0] 0 0
Total North 16,883 20,197 24,016 26,526 28,951 33,776 38,067 42,298
Total South 17,628 21,233 24,783 26,970 29,128 33,584 37,720 42,131
Grand Total 34,512 41430 48,798 53,498 58,079 67,340 75,787 84,429
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9.2.2 Expanded Canal

[n the Expanded Canal conditions, cargo carried in vessels of 60,000 70,000 dwt shifts
lowards larger sizes. Both northbound and southbound, around 50% of the cargees that
were carried in this size range shift towards the 70,000 — 80,000 dwt range.

After the inclusion of by pass trade, between 28% and 30%, varying by year, of scuthbound
cargo is carried in vessels in excess of 70,000 dwt while northbound the proportion varies
between 23% and 24% (Table 9.2,2.1).

Table 9.2.2.1
Commodity Trade Flows for Full Containerships, Expanded Canal
000's tons
Size Range Direction 20 2008 2010 2015 2020 2030 2040 2050
<10000 N 29 o 0 0 0 o 0 0
10-15000 N B57 B30 1055 1236 1423 1814 2207 2638
16-20000 N 281 2683 220 155 83 0 0 0
20-25000 N 2777 3391 4121 4668 5224 6356  7.444 8594
26-30000 N 2044 2422 2797 3031 3264 3742 4185 4653
30-40000 N 3582 3860 4,295 4388 4461 4544 4478 4323
40-50000 N 4883 5030 7314 8170 8986 10582 11953 13284
50-60000 N 1338 1699 2139 2455 2760 3,365 3908 4450
60-70000 N 1222 1603 1129 1,243 1337 1516 1867 1649
70-80000 N 0 ¢ 1,008 1,035 1041 1,931 1163  1.164
80-80008 N 0 0 1274 1,383 1447 1,745 1850 2138
80-100k M 0 0 332 373 417 492 560 625
100-125k N 0 0 1924 2,180 2449 2843 3281 3718
125150k N 0 0 563 535 511 509 489 463
150175k N 0 0 2047 2383 2686 3,106 3411 3641
<10000 S 29 0 0 0 0 0 ¢ 0
10-15000 712 838 1183 1,376 1,572 1979 2386 2769
15-20000 S 281 281 235 185 88 0 0 0
20-25000 S 2308 3222 4025 4643 5261 5513 7657 6818
25-30000 S 1978 2352 2721 2841 3157 3587 3982 4373
| 3040000 S 3.782 4207 4481 4469 4471 4449 4301 4089
40-50000 S 6394 8352 7,382 7993 8605 9,868 11,011 12523
50-60000 S 1316 1512 1811 2006 2194 2570 2912 3262
B0-70000 S 1829 2376 1839 2040 2220 2482 2674 2775
70-80006 S 0 ¢ 1123 1127 1118 1193 1232 1.266
80-90000 S 0 ¢ 1883 1718 1,744 2048 2285 2607
90100k S 0 0 485 518 546 809 866 723
100-125k S 0 0 2738 2990 3270 3740 4301 4,978
125150k & 0 0 825 778 727 704 667 626
150176k S 0 ¢ 305t 3458 3818 4295 4648 4925
Total North 16,883 20197 30,207 33,216 36,089 41,746 48,627 51339
Total South 17,628 21,233 33,580 36,219 38,789 44,046 48,801 53,733
Grand Total 34512 41430 63,787 69435 74879 85791 96428 105072

9.2.3. Unrestricted Canal

There is no additional by pass trade in this case compared to the Expanded Canal. Cargo
ailocations therefore remain unchanged.
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Table 8.2.3.1

Commodity Trade Flows for Full Containerships, Unrestricted Canal

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 29 0 0 0 0 0 0 0
10-15000 N B57 B30 1055 1238 1,423 1814 2207 2638
15-20000 N 281 263 220 155 B3 0 o] Q
20-25000 N 2777 3397 4121 4688 5224 B6.356 7444 2,594
25-30000 N 2044 2422 2787 3.03% 3,264 3,742 4,185 4,853
30-40000 N 3582 39680 4285 4388 4,481 4,544 4478 4323
40-50000 N 48953 6030 7314 8,170 8986 410,582 11853 13784
50-60000 N 1338 1699 2,139 2455 2,760 3365 3900 4450
60-70000 N 1222 1603 1,129 1243 1337 1516 1597 1,649
70-80000 N 0 0 1008 1,035 1,041 1,131 1,163 1,164
80-90000 N 0 ¢ 1274 1383 1447 1,745 1,950 2,138
90-100k N 0 0 332 373 417 492 580 625
100-125% N 0 ¢ 1924 2180 244% 2843 3281 3718
125-150k N 0 0 553 535 511 509 489 483
150-175k N 0 0 2047 2383 268 3106 3411 3,641
175-200k N 0 0 0 0 0 Q G 4]
200-250% N 0 0 0 0 G 4] 0 0
250-300% N 0 D 0 0 0 0 Y 0
<10000 S 29 0 0 0 o] 0 ¢ 0
10-15000 8 712 938 1,183 1,376 1,572 1,979 2386 2760
15-20000 S 281 281 235 165 88 0 Q 0
20-25000 ) 2308 3222 4025 4643 5251 6,513 7,857 8218
25.30000 b 1978 2352 2721 2.941 3157 3,697 3,982 4,373
30-40000 8 3,782 4201 4461 4,469 4471 4,449 4 301 4 0R%
40-50000 s 5384 6352 7,382 7993 8605 8,868 11,111 12523
50-80000 5 1316 1512 18117 2,008 2,194 2570 281z 3,262
§0-70000 5 1829 2376 1,839 2040 2,220 2482 2674 2775
70-30000 8 0 0 1,123 1127 1,118 1,193 1232 1,266
80-20000 8 0 0 1883 1,716 1,744 2048 2285 2807
90-100% ) 0 ] 495 518 546 609 666 723
100-125k S a 0 2738 2990 3270 3,740 4301 4976
125-150k s 0 0 825 776 727 704 667 626
150-175k 8 Q 0 3,051 3458 3818 4295 48648 4,925
175-200k -] 0 4} 0 0 0 4] a a
200-250k 8 0 0 0 0 Iy o] 0 0
250-300k S 0 o] 0 0 0 0 0 0
Total North 16,883 20,197 30,207 33,218 36,089 41,746 46,627 51,339
Total South 17,628 21,233 33,580 35,219 38,789 44,046 48,801 53,733
Grand Total 34,512 41,430 63,787 69,435 T4,879 85791 95428 105,072
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9.3 Tankers
9.3.1 Generic Growth

The cargoes reviewed here include liquid chemicals as well as oil and oil products,

Although likely to increase over the shorter term ta 2010, northbound tanker cargoes are
forecast to decrease marginally over the forecast pericd from 12.7 to 12.6 million tons.
Southbound tanker cargoes are expected to have a relatively robust growth of 1.2% per
annum on average through 2050 with the short term to 2010 Increasing at an average of
2.4% per annum. For northbound routes, the percentage of cargoes carried in vessels in
excess of 40,000 dwt declines from 65% in 2001 to 45% in 2050. Southbound, the
proportions remain virtually the same over the forecast time period at around 48% although
there are variations within individual size ranges.

Table 9.3.1.1
Scenario 1, Generic Growth in panama Canal Trade Flows for
Tankers

000's tons

Size Range Oirection 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 303 298 333 318 302 290 288 285
1015000 N 328 332 395 430 466 549 653 748
15-20000 N 208 192 202 202 204 215 233 248
20-25000 N 244 213 206 196 188 179 174 167
25.30000 N 515 498 550 551 E54 583 629 672
30-40000 N 2882 2,731 3024 3155 3305 3,683 4176 4612
40-50000 N 878 887 1,004 1,084 1,107 1,232 1,396 1,546
50-60000 N 2,781 2420 2,556 2115 1,744 1208 1,026 801
60-70000 N 4032 4010 4832 4884 4117 3598 3246 2821
70-80000 N 148 166 190 211 231 271 310 348
8G-50000 N 63 68 78 84 90 103 116 129
90-100k N 281 282 333 310 285 254 231 204
<10000 5 873 987 1122 1237 {1,246 1,523 1,693  1.851
10-15000 S 740 904 1088 1,258 1431 1,748 2063 2373
15-20000 S 511 578 641 687 719 755 811 854
20-25000 S 675 721 751 758 747 704 664 621
25-30000 S 1744 2032 2344 2,584 2796 3098 3,395 3,674
30-40000 8 8912 10621 12,078 13389 14,658 16840 18970 21.049
40-50000 S 3400 4,083 4795 5426 6050 7,073 8058 9,010
50-60000 S 2845 3,012 3126 3138 3026 2,755 2546 2347
60-70000 S 5436 6617 7835 9014 9727 10,744 11,759 12,663
70-30000 S 346 440 653 655 764 942 1109 1271
B0-90000 S 108 128 185 178 197 221 242 260
90-100k s 52 65 79 91 102 122 142 162
Total North 12,665 12,085 13,802 13179 12,594 12,261 12,479 12,582
Total South 25659 30,067 34,668 38,424 41,562 46,535 51,450 56,135
Grand Tota) 38,324 42,163 48,471 51,603 54,156 58,796 63,929 68,717
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9.3.2 Expanded Canal

In this case, northbound cargoes carried in tankers remain unchanged while southbound
cargoes increase by an average of 1.2% per annum with the addition of by pass trade from

Venezuela to Asia. The proportion of cargoes carried in vessals in excess of 40,000 dwt
increases marginally.

Table 9.3.2.1

Commodity Trade Flows for Tankers, Expanded Canal

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2030
<10000 N 303 298 333 318 an2 280 2588 285
1015000 N 328 332 395 430 466 549 653 748
15.20000 N 209 182 202 202 204 215 233 248
20-25000 N 244 213 208 196 188 178 174 167
25.30000 N 515 498 550 551 554 583 629 672
30-40000 N 2,882 2.7 3,024 3,155 3,305 3,683 4,178 4,612
40-50000 N 878 887 1.004 1,054 1,107 1,239 1,386 1,546
50-80000 N 2,781 2.420 2,556 2,115 1,744 1,299 1,026 801
60-70000 N 4032 4,010 4,838 4,248 3,847 3,305 2,973 2.584
70-80000 N 148 168 328 408 414 438 470 484
80-20000 N &3 68 154 183 208 227 230 211
90-100k N 281 282 333 310 285 254 231 204
<10000 2] ar3 487 1.122 1,237 1,348 1,523 1,683 1,851
10-15000 S 740 804 1,088 1,258 1.431 1,748 2,083 2373
15-20000 8 511 578 841 687 719 765 811 854
20-25000 s 675 721 751 758 747 704 G664 621
25-30000 S8 1,744 2032 2,344 2,594 2,796 3,088 3,395 3674
230-40000 5 8,912 10,521 12,078 13,289 14,658 16,840 18.970 21,049
40-50000 5 3400 4,083 4,788 5,426 6,050 7.073 8.058 9,010
§0-60000 8 2,845 3,012 3126 3,138 3,028 2,755 2548 2,347
60-70000 s 5,456 8,617 7.408 8,224 8,699 9,272 9.832 10,283
70-80000 s 346 440 792 928 1,054 1,282 1.483 1,658
80-90000 s 106 128 215 30 397 543 678 797
90-100k s 52 85 167 245 7 444 565 675
100-125% 8 0 4 1.075 1,167 1,258 1,442 1.648 1,868
125-150k 3 0 o] 1.000 1,000 1,000 1,000 1,000 1,000
Total Narth 12,665 12,085 13,802 13,179 12,594 12,281 12,479 12,582
Total South 25,659 30,067 36,803 40,359 431,497 48,470 53,385 58,070
Grand Total 38,324 42,163 50,408 53,538 56,091 50,731 65,864 70,652

Richardson Lawrie Associates 149

February 2001
Contract No: SAA-43815



Private and Confidential

9.3.3 Unrestricted Canal

In this case southbound tanker cargoes increase further to 88.6 million tons by 2050, The
praportion of cargoes carried in larger size ranges also increases to 56%

Table 9.3.3.1

Commodity Trade Flows for Tankers, Unrestricted Canal

0060's tons

Size Range Diraction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 303 298 333 318 302 290 288 285
10-15000 N 328 332 395 430 466 549 653 748
15-20000 N 209 192 202 202 204 215 233 248
20-25000 N 244 213 208 196 188 179 174 157
25-30000 N 515 498 550 551 554 Sa3 629 672
3040000 N 2882 2731 3024 3155 3,305 3883 4,176 4,612
{  40-50000 N 878 887 1004 1054 1,107 1,233 1,396 1,546
50-60000 N 2781 2420 2556 2115 1,744 1299 1 026 801
60-70000 N 4032 4010 4838 4248 3817 3,305 2973 2,5%4
70-80000 N 148 166 388 408 414 438 470 494
§0-2000C N 63 68 164 193 208 227 230 211
90-100k N 281 282 333 310 285 254 231 204
100-125k N v 0 0 0 0 0 0 0
125-150k N 0 0 0 0 0 Q 0 0
150-173k N 0 g 0 0 g 0 0 0
173-200k N a 0 0 0 0 0 0 0
200-250k N 0 0 0 0 0 0 0 0
250-300k N 0 0 0 0 0 0 ¢ 0
<10000 5 873 987 1122 1237 1,346 1,523 1603 1,851
10-15000 5 740 904 1088 1258 1431 1,748 2063 2373
15-20000 s 511 578 g4a1 687 719 765 811 854
20-25000 3 675 121 751 758 147 704 584 621
25-30000 5 1744 2082 2344 2594 279 3008 3,395 3,674
30-40000 5 8912 10,521 12078 13,380 14,658 16,840 18970 21,049
40-50000 8 3400 4063 4,795 5426 6050 7,073 8,056 9,010
20-60000 s 2,845 3012 3,126 3138 3026 2755 4,548 2347
60-70000 5 5,456 8817 7409 8224 8699 9272 8.832 10,293
70-80000 S 348 440 792 926 1,054 1282 1483 1658
§0-20000 8 108 128 215 310 37 543 678 797
90-100k s 52 B9 167 245 N7 444 565 675
100-125k S o 0 1075 1,187 1,258 1442 1,648 1,888
125-150k 5 0 0 0 0 0 0 0 0
150-175k 5 0 0 1000 1000 1000 1000 14000 1,000
175-200k 5 0 0 0 Q 0 0 0 0
200-250k S 0 0 0 0 o 0 0 ¢
250-300k 8 Q O 5000 8000 10,500 10,500 10,500 10,500
Total North 12,685 12,095 13,802 13,179 12,504 12,261 12,479 12,582
Total South 25,653 30,067 41,603 48,359 53,997 58970 63,885 68,570
Grand Total 38,324 42,163 55406 61,538 66,531 71,231 76,384 81,152
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9.4 Conventional General Cargo Ships

Generic growth in cargo volumes carried in conventional general cargo ships is expected to

average 1.1% per annum northbound and 1.6% per annum southbound between 2001 and
2050,

On northbound routes, there is a significant shift in the use of vessels of less than 15,000
dwt front 33% in 2001 to 17% in 2050. In particular, vessels of 15,000 through 25,000 dwt
are substituted. A similar trend is forecast on southbound routes with cargoes in the smaller

size ranges falling from 37% to 24% and being substituted by vessels from 15,000 dwt
through 25,000 dwi (Table 9.4.1)

As none of these vessels are impacted by current Canal dimensicns, there is no difference
in the cargo allocations for either the Unrestricted or Expanded Canals.

Table 9.4,1

Scenario 1, Generic Growth in Panama Canal Trade Flows for General
Cargo Ships

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050

<{0000 N 448 492 544 583 621 697 768 836
10-15000 N 673 632 584 526 472 389 268 163
15-20000 N 1,189 1,308 1,450 1,552 1,658 1,860 2,060 2,231
20-25000 N 754 882 1,021 1,128 1,233 1,437 1,825 1,803
25-30000 N 249 303 366 419 470 570 664 754
30-40000 N 43 49 58 64 70 g2 94 105
40-50000 N o 0 0 0 0] G 0 o
50-60000 N 0 0 0 0 0 0 0 0
60-70000 N 0 0 0 0 0 0 0 o
70-80000 N 0 0 o 0 0 8] 0 0
80-90000 N Q 0 o 0 0] 0 0 &
80-100k N 0 0 o] 0 o o 0 0
<10000 5 768 208 1.060 1,181 1,204 1,543 1,768 1,987
10-15000 8 773 778 754 701 G48 528 392 245
15-20000 S 1,440 1,675 1,823 2,124 2,330 2,738 3,126 3.511
20-25000 8 a07 1,102 1,314 1,485 1,656 1,884 2,287 2,575
25-30000 5 208 287 334 391 447 554 654 748
30-40000 8 34 41 50 57 64 79 94 108
40-50000 S 0 0 ¢ 0 0 0 0 0
50-60000 5 1 1 2 2 3 3 4 4
60-70000 s 0 0 0 0 0 0 0] 0
70-80000 5 0 0 a 0 Q 0 0 0
80-90000 s g 0 0 4] 0 0 0 0
90-100% 5 0 0 ¢ ] ¢ o 0 0
Total North 3,365 3,666 4,023 4,271 4,522 5,015 5,466 5,890
Total South 4130 4,774 5437 5,942 6,452 7,426 8,324 9,180
Grand Total 7,495 8,440 9,480 10,213 10,974 12,442 13,791 15,070
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9.5  Refrigerated Cargo Ships

Reflecting assumptions concerning the increasing containerisation of some refrigerated
targoes, the generic growth in northbound cargoes in Resfers increases marginally between
€001 and 2020 and then declines over the remainder of the forecast period. Southbound
Cargoes increase — by an average of 1.3% Per annum through the forecast period but the
combined trend is downwards. Northbound cargoes carried in vessels less than 10,000 dwt
are expecled to decline from 47% to 43% with a concomitant shift upwards in the ailocation

of cargoes lo the 10,000 - 15,000 dwt range. A similar pattern is forecast southbound
{Table 9.5.1),

As none of these vessels are impacted by current Canal dimensians, there is no difference
in the cargo allocations for either the Unrestricted or Expanded Canals.

Tahle 9.5.1

Scenario 1, Generic Growth in Panama Canal Trade Flows for
Refrigerated Cargo Carriers

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050

<10000 N 2,207 2,244 2252 27237 2207 208 1910 1672
10-15000 N 2379 2822 2633 2,694 2723 2,864 2,496 2,220
15-20000 N 72 69 65 B1 57 50 42 35
20-25000 N 0 0 0 0 0 0 0 0
25-30000 N 0 0 0 0 0 0 0 0
30-40000 N 0 ] 0 Q 0 0 0 0
40-50000 N 0 0 0 Q Q 0 0 0
50-60000 N 0 0 0 0 0 0 0 0
60-76000 N 0 Y ] 0 0 0 0 o
70G-80000 N 0 0 0 o 0 0 0 0
80-80000 N 0 0 0 0 0 0 0 0
90-100k N Q 0 0 0 0 0 ¢ Y
<10009 S 383 448 508 551 394 658 707 732
10-13000 S 426 534 641 697 745 814 844 843
15-20000 S ] 5 6] 6 6 7 7 8
20-25000 S 0 0 0 0 0 0 0 0
25-30000 5 0 0 0 0 0 ¢ 0 0
30-40000 S 0 0 0 0 0 0 0 0
40-50000 § 0 0 0 0 0 0 0 0
50-60000 5 0 0 0 0 0 0 g 0
60-70000 S 0 o 0 0 4] 0 0 0
70-80000 5 0 0 Q ¢ Q Q 0 Q
80-30000 s 0 0 0 0 o 0 0 0
80-100k 5 Q o g 0 0 0 0 Y
Total North 4,658 4,835 4,950 4,992 4,987 4,800 4,448 3,926
Total South 824 987 1155 1,254 1,345 1,478 1,558 1,584
Grand Total 5482 5823  §,105 6,246 6,332 6,278 6,007 5510
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9.6 Container/Breakbulk

Generic growth in northbound cargoes carried in Container/Breakbulk vessels exhibits a
markedly siower rate of increase than those moving on southhound routes at an average of
1.3% per annum compared to 1.9% per annum over the forecast time period.

The share of carge carried in all vessels less than 40,000 dwt is expected to decline
although at varying rates both betwesn the individual vessel size ranges and between
northbound and southbound routes. The result of the variaticns made 1o northbound routes
means that the proportion of cargoes carried in vessels of 40,000 —~ 50,000 dwt increases
from 45% to 58% while southbound the shift is from 48% to 52% (Table 9.6.1).

As none of these vessels are impacted by current Canal dimensicns, there is no difference
In the cargo allocations for either the Unrestricted or Expanded Canals.

Table 9.6.1

Scenario 1, Generic Growth in Panama Canal Trade Flows for
Container / Break Bulk Carriers

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<100090 N 68 89 71 59 67 61 53 40
10-15000 N 112 116 121 122 122 122 121 118
15-20000 N 433 455 479 487 495 512 524 535
20-25000 N 323 339 356 361 367 378 384 388
25-30000 N 262 283 330 355 381 432 479 524
30-40000 N 481 £25 573 609 848 725 799 871
40-50000 N 1,372 1,582 1,825 2024 2,228 2,632 3,025 3,408
50-60000 N 0 a 0 0 0] 0 0 0
60-70000 N 5 3] 8 g 10 12 13 14
70-80000 N 0 0] 0 0 0 0] 0 G
80-50000 N 0] 0] 0 0 0 0 0 0
30-100k N o] 0] 0 0 0 0 ] 0
<10000 8 45 50 a0 47 45 41 35 27
10-15000 5 73 a7 94 85 a7 87 95 91
$5-20000 8 372 414 4489 457 486 520 544 576
20-25000 5 342 424 452 464 493 584 705 876
25-30000 L 287 353 412 455 498 579 650 715
30-40000 L 305 377 428 469 524 657 8§25 1,049
40-50000 5 1,358 1.616 1,901 2,145 2,398 2,859 3,387 3,868
50-60000 5 0 Q 0 o 0 0 0 0
6¢-70000 L 32 65 79 82 105 133 161 190
70-80000 -] 0 o 0 0 0 0 0 0
80-90000 5 0 0 0 v 0 0 0 0
90-100k 5 0 0 0] o 0 0 8} 0
Total North 3,055 3,386 3,762 4,036 4,316 4,874 5,398 5,899
Total South 2,850 3,386 3,863 4,234 4,648 5,511 6,407 7,392
Grand Total 5,906 6,771 7.625 8,270 8,985 10,385 11,805 13,291
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9.7 Roll On/Roll Off

The quantity of cargo carrled in RO-RO vesseis is already small at less than 1.5 millian tons
for southbound and northbound combined. Assuming the generic growth in trade fiows via
the Canal, the resuit of changes made on northbound routes means that volumes are
expected to increase marginally through 2010 but then to start declining by an average of
1.6% per annum over the rest of the forecast period.  Southbound, cargoes carried are

expected to increase over the time period but are still expected to total only 1.3 million tons
by 2050.

Unlike other ship types, northbound cargoes being carried in the larger vessels, in this case
vessels of 15,000 dwt through 50,000 dwt, are expected to decline after 2010 with all of the
increase seen in the 10,000 — 15,000 dwt size range. Southbound, cargoes in this size
range aiso increase as those below 10,000 dwt decline to zero but cargoes in the 30,000 gwt
through 50,000 dw! sizes also increase both absolutely and proportionately (Table 9.7.1)

Table 9.7.1
Scenario 1, Generic Growth in Panama Canal Trade Flows for Roll-
on / Roll-off Carriers

000's tons

Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 39 35 31 28 22 13 0 0
10-15000 N 158 181 214 235 253 284 308 318
15-20000 N 64 71 77 73 6% 65 82 0
20-25000 N 72 89 a7 53 41 20 B 0
25-30000 N 17 r} 0 0 0 0 0 0
30-40000 N 182 198 228 225 215 182 130 64
40-530000 N 174 191 222 220 212 180 128 51
50-60000 N 3] 0 0 4] 0 ] 0 Iy
60-70000 N 0 g 0 0 0 0 0 0
70-80000 N Q 0 0] 0 0 0 0 0
80-90000 N 0 0 0 Q 0 0 0 0]
90-100k N & 4] 0 G 0 0 0 Qg
<{0000 s 49 48 46 41 36 21 4] 0
10-15000 5 150 200 252 277 298 336 371 451
15-20000 S 96 115 129 129 128 128 118 0
20-25000 s 34 35 35 31 27 18 9 0
25-30000 5 58 27 0 0 0 0 4] 4]
30-40000 ] 240 303 358 383 4086 451 487 817
40-50000 5 18 148 175 193 209 241 267 200
50-60004 S 0 0 0 0 o 0 0 0
60-70000 s ¢ 0 0 0] 0 o Q 0
70-80000 5 0 ] 0 0 0 0 0 0
80-80000 s H 0 0 0 0 0 0 [H
90-100k 5 o} 0 Q 0 0 M 0 0
Total North 706 754 839 832 g12 744 630 443
Total South 742 879 998 1,054 1,105 1,195 1,251 1,258
Grand Total 1,449 1,632 1,837 1,885 1,817 1,839 1,882 1,700
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9.8 Vehicle and Vehicle/Dry Bulk Carrlers

Assuming the generic growth in trade flows via the Canal, cargoes carried on northbound
routes in Vehicle Carriers are expected to fluctuate but not increase over the forecast period
while on southbound routes the annuat average increase is 1.3%. Despite this lack of
growth, northbound cargo is expected increasingly to be carried in vessels over 15,000 dwt.
Southbound trades, which are much smaller, are expected to exhibit only marginal shifts in
the utilisation of different ship sizes aver the forecast pericd (Table 8.8.1).

Northbound trades carried in Vehicle/Dry Bulk Carriers, which are significantly smaller than
Vehicle Carrier trades, are forecast o increase by 1.3% per annum through 2050 with
increasing proportions carried in vessels of 30,000 - 40,000 dwt. The shift in carge
allocations southbound is towards vessels of 10,000 — 15,000 dwt and 30,000 — 40,000 dwt.
Southbound trades are expected to increase by an average of 1.8% over the forecast period.

Table 9.8.1
Scenario 1, Generic Growth in Panama Canal Trade Flows for
Vehicle and Vehicle/Dry Bulk Carriers

0D0's tons
Size Range Dlrection 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 19 15 11 7 5 0 0 0
10-15000 N 863 542 618 593 578 561 553 548
45.20000 N 568 579 585 588 594 611 631 549
20-25000 N 109 119 128 136 145 161 174 185
25-30000 N 81 85 89 94 99 109 119 130
30-40000 N 235 260 288 312 339 394 450 506
40-50000 N 0 0 0 0 0 0 0 0
50-60000 N 5 5 5 5 5 5 4 4
60-70000 N 36 37 39 39 40 42 44 46
70-80000 N 0 0 0 0 0 0 0 0
80-90000 N 0 0 0 0 &) 0 0 0
90-100k N 0 0 0 0 0 0 0 0
<10000 ) 12 12 10 8 6 1 0 0
1015000 S 197 213 230 248 282 283 322 349
15-20000 3 202 233 265 298 332 402 471 541
20-25000 5 73 g2 a1 100 109 127 143 158
25-30000 5 110 118 128 138 145 1684 183 203
30-40000 S 380 411 487 518 573 884 795 906
40-50000 S 23 28 33 a8 43 53 53 73
50-80000 S 145 170 108 223 249 301 355 409
60-70000 S 192 206 219 227 287 285 272 287
70-80000 S 0 0 0 0 0 0 0 0
80-90000 S 0 0 0 0 o} 0 0 0
90-100k [ 0 0 0 0 0 0 0 0
Total North 4,718 1,742 4,781 1,775 1,805 1,884 1,976 2,067
Total South 1,314 1,474 1,641 1,794 1,956 2,279 2,603 2925
Grand Total 3,030 3,216 3402 3,560 3,760 4,163 4,578 4,992
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89 Gas Carriers

Northbound Gas Carrier trades are low and are expected to remain so through the forecast
period. As a resuilt, although shifts in vessel size are forecast, there is no material impact on
the generic growth in transit demand. For southbound trades, although increases in
volumes are expected, shifts in cargo aliocations are again marginal

Tabie 9.9.1
Scenario 1, Generic Growth in Panama Canal Trade Flows for
Liquid Gas Carriers

000's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 10 10 11 12 12 14 185 17
10-15000 N 21 21 24 26 28 k¥ 36 40
15-20000 N 28 27 29 30 32 35 39 43
20-25000 N 9 8 g 9 9 10 11 12
25.30000 N 7 7 7 8 8 9 10 10
30-40000 N 1 1 1 1 1 2 2 2
40-50000 N 7 7 7 7 7 7 7 7
50-60000 N 0 0 0 0 0 0 0 0
60-70000 N 0 0 0 0 0 0 0 0
70-80000 N 0 0 0 0 0 0 0 0
80-90000 N 0 0 0 0 0 0 0 0
90-100k N 0 0 0 0 0 0 0 0
<10000 5 163 189 223 2532 282 325 362 397
10-15000  § 214 251 303 346 391 449 497 538
15.20000 § 547 622 723 803 888 985 1,060 1,125
20-25000 S 247 278 320 352 387 429 464 495
25-30000 S 90 104 122 138 154 177 197 215
30-40000 § 188 211 238 259 260 312 341 367
40-50000 S 189 207 229 245 262 274 293 304
50-60000 S ) 0 0 0 0 0 0 0
60-70000 S 0 0 0 0 0 0 0 0
70-80000 S 0 0 0 0 0 0 0 0
80-90000 S 0 0 0 0 0 0 0 0
90-100k [ 0 0 0 0 0 0 0 0
Total North 83 82 87 92 97 107 119 129
Total South 1,638 1863 2157 2384 2644 2,956 3214 3442
Grand Total 1721 1945 2244 2486 2,742 3064 3,333 3,571
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9.10 Other Vessels

Agsuming the generic growth in trade flows via the Canal, cargo carried in Other,
miscellaneous, vessels is expected to increase by 1.3% per annum through 2050.

Northbound, thers is a perceptible shift towards smaller sizes while Southbound the
converse is frue.

Table 9.10.1

Scenario 1, Generic Growth in Panama Canal Trade Flows for Other

Vessels

00Q's tons
Size Range Direction 2001 2005 2010 2015 2020 2030 2040 2050
<10000 N 154 166 179 182 208 238 275 318
10-15000 N 18 20 21 21 22 23 24 24
15-20000 N 13 13 14 15 16 19 21 23
20-25000 N 8 8 9 10 10 11 13 14
25-30000 N 0 0 0 0 0 0 0 G
30-40000 N 0] 0 0 0 ¢ 0 0 0
40-50000 ‘N 37 38 42 43 43 42 38 30
50-60000 N 0 o 0 0 0 0 V] 0
60-70000 N 0 0 0 0] 0 0 0 0
70-80000 N ¢ 0 4] 0 0 0] 0 0
80-50000 N 0 0 0 0 0 0 0 0
a0-100k N 0] ¢ 0 0 0 0 0 0
<10000 8 104 109 114 118 123 130 135 136
10-15000 5 27 M 34 37 41 47 53 58
15-20000 S 28 29 32 34 36 40 45 49
20-25000 S 41 45 49 53 57 65 71 78
25-30000 S 0 0] 0 0 0 0 0 o
30-40000 S 26 23 18 14 9 0 0 0
40-50000 S 185 221 263 300 338 401 453 505
50-60000 5 0 0 0 a ¢ 0 0 O
60-70000 S 0 0 0 0 0 0 a 0
70-80000 S 0 0 0 0 0 0 0 0
80-90000 S 0 0 0 0 0 0 0 o
90-100k S 0 0 0 0 ¢ 0 ¢ 0
Tatal North 231 247 265 281 300 333 370 409
Total South 411 458 510 855 603 682 757 830
Grand Total G642 705 774 837 903 1,016 1,127 1,239
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10 The Passenger Ship Market

10.1 introduction

Cruise passenger vessels use the Panama Canal for two main reasons.

10.1.1 Deployment Voyages

Cruise lines deploy vessels on itineraries that include either a full or partial transit via the
Canal. These itineraries have grown in popularity in recent years as the Panama Canal and

Central America has emerged as an impoartant secondary cruise vessel deplayment market

l.e. to complement deployment of cruise vessels in the three primary markets {Caribbean,
Alaska and Mediterranean).

10.1.2 Repositioning Voyages

Cruise lines use the Canal in order to reposition large capacity, typically 1500 plus lower
berth capacity vessels between primary deployment markets — principally between the
Caribbean and Alaska immediately prior and immediately after the beginning and the end of
the Alaska summer season (May to September).

A third reason for Canal usage by cruise lines is the incorporation of a Canal transit as part
of a round the world voyage.

Because Canal usage is inextricably tied into the global deployment of cruise ships it is
important to present any forscast of future Canai transits within the context of a broader
understanding of how and why the cruise industry is developing. In particuiar, as explained
in section 10.3, it is important to understand how the averall cruise vesse fleet will develop
over a short- medium- and long-term time horizon,

Before examining future trends it is useful to identify and examine past and present frends in
Canal usage by cruise vessels.

10.2 Historical Trends

Table 10.2.1 presents transit data for cruise vessels in terms of four key indicators:
« Number of transits

» Number of passengers carried

+ Total deadweight capacity

» Total lower berth capacity.
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Table 10.2.1

Panama Canal Cruise Ship Transits

By Key Indicator

000's
No. of No. of

Year Transits Passengers Dwt Capacity Total Berths
1985/86 229 124 1045 192
1986/87 203 116 833 161
1987/88 223 134 1066 190
1988/89 180 122 082 173
1989/90 127 82 853 117
1990/91 177 105 902 151
1991/92 150 94 696 125
1992/93 220 154 1160 206
1993/94 305 198 1336 250
1994/85 32 207 1492 288
19095/96 273 208 1208 272
1996/97 292 24 1380 32
1997/98 314 270 1554 353
1998/99 297 285 1483 357

* Lower berth figures exclude deadtew and handline transits

Of the four indicators, particular attention is paid to lower berth capacity as the standard unit
of measurement in the cruise industry.

Although the four indicators presented in Table 10.2.1 show an overall growth in cruise ship
transits since the mid 1980s, the picture is somewhat erratic. In six of the years, including
the last shown, the volume of cruise vessel transit traffic has fallen with the largest year-on-
year reduction recorded in 1988/89,

This erratic picture stands in sharp contrast to the consistent demand growth witnessed in
the cruise industry over the past 20 years as evidenced by the growth of the primary cruise
passenger source market - N.America. As Table 10.2.2 shows, this market has enjoyed

consistert year on year demand growth except for a small and short-lived softening of the
market in the mid 1980s due to sconomic recession.

The volatility presented in Table 10.2.1 is explained by the fact that cruise lines change

vesse! itineraries on a regular basis in response to custormer demand or change in vessel
awnership.

A further factor, that has grown in significance in recent years, has been the emergence of
post-panamax size vessels. These vessels offering lower berth capacities in excess of 2,500
have been brought into service by the big three cruise lines {Carnival, RCl and P&0O
Princess) in arder to realise significant scale economies in cruise ship operation.

Other key trends demonstrated by Table 10.2.1 are discussed balow.
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Table 10.2.2
US Cruise Passenger Demand, 1980-1999
Year Pax (m) % change
1880 143 -
1981 1.45 1.4
1982 1.47 1.4
1933 1.69 15.0
1984 1.86 10.1
1985 2.15 156
1986 262 2189
1987 2.87 9.5
1988 347 10.5
1989 3.28 3.5
1990 3654 11.0
199 3.98 8.3
1892 4.14 4.0
1993 4.48 8.2
1394 4.45 0.7
1995 4.38 -1.6
1996 4 .66 G4
1997 5.05 8.4
1998 5.40 5.9
1999 640 - 185
Source: CLIA

10.2.1 Average Vessel Size

The average size of cruise vessei transiting the Canal has grown since the mid 1590s ie.
from a range between 850 to 850 barths to 1200 berths in 1998/99.

10.2.2 Vessel Load Factors

The period since the mid 1980s has seen a gradual increase in the berth occupancy, i.e.
from an annual average of 70% during the second half of the 1980s to 75% for the last five

years to reflect the growing popularity of itineraries incorporating either full or partial Canal
transits.

Table 10.2.2.1 provides a breakdown of total transit by full and partial movements. In the
former case, as the name suggests, vessels complete a full movement either northbound or
southbound whereas in the latter case, a partial transit involves a vessel completing only a
part movement.

Table 10.2.2.1 shows that the majority of Canal transits by cruise vessels are full transits i.e.
accounting for between 68% and 78% since the mid 1980s. The split between northbound
and southbound movements within fuil transits is fairly even with the majority in favour of
southbound reflecting east-west round-the-world voyages. In the case of partial voyages the
vast majority are southbound i.e. movemsnts of ships to and from Balboa or the Gatun Lake.
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Table 10.2.2.1

Panama Cana! Cruise Ships Full, Partial And Total Transits
000's Berths

Year Partial Transits Full Transits Grand
N/B S/B Total N/B S8 Total Total

1985/86 0.8 422 430 713 778 1492 1922
1986/87 - 368 368 58.3 856 1239 1607
1987/88 - 42,7 427 695 77.3 1468 1896
1988/89 - 48.3 48.3 57.4 67.1 1244 1728
1989/90 - 365 365 334 471 80.6 117.0
1990/91 1.5 2586 27.1 55.9 68.0 1239 1510
1991/92 . 33.1 33.1 40.6 50.¢ 91.6 124.6
1992/93 - 1.7 617 68.3 780 1443 2060
1993/94 0.2 72.1 723 82.2 957 1779 2502
1994/95 - 83.1 B3.1 83.2 1111 2043 2875
1995/96 - 58.6 58.6 1025 1112 2137 2723
1996/97 - 98.6 986  104.3 1183 2226 3123
1997/98 . B28 828 1243 1461 2704 353.2
1998/99 - 5.7 5B7 1233 1775 3008 3565

* Figures exclude deadtows and handline

In terms of the size of cruise vessels using the Canal, Table 10.2.2.2 shows a significant
increase in the volume of large size i.e. 2000 lower berth capacity vessels during the past
four years, Between 1995 and 1998, 2000+ herth vessels accounted for 18% of transits in
capacity terms before increasing to 35% in 1988/99.

Table 10.2.2.2

Panama Canal Cruise Ship Transits

By Vessel Size

Year

1985/86
1986/87
1987/88
1988/89
1989/90
1990/91
1991/92
1992/93
1993/94
1994/95
1995/86
1996/97
1997/98
1998/99

000's Berths
<1000 100D-1499 1500-2000 2000+
74.1 114.1 5.6 24
781 84.6 34 24
80.5 103.5 7.2 2.4
65.0 84.4 221 24
63.0 32.3 18.4 24
78.5 58.2 12.3 24
67.5 37.7 17.0 24
85.5 82.0 36.4 24
106.2 93.4 514 24
133.2 82.0 642 8.7
70.4 70.6 80.8 514
55.2 119.3 88.5 b7.4
952 41.5 154 .8 64.8
94.5 56.3 123.4 123.6

* Figures exclude deadtow and handline transits.
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10.3  Factors Determining Passenger Ship Traffic

A number of factors influence the volume of Canal transits by cruise ships. These factors are
summarised by Table 10.3.1. in terms of whether they primarily exert a positive influence i.e.
they enhance usage or a negative influence (limit usage) or both.

Table 10.3.1

Enhancing and Limiting Factors

Factor Enhancing Limiting
Fleet Growth v

Ship Size v
Vessel Deployment v

Regional Stability v

Regional Development v

Canal Tolls v

10.3.1 Fleet Growth

The world cruise fieet has grown consistently since the start of the modern era of cruising in
the late 1960s. Accompanying this growth has been a desire by the cruise lines to exploit

new areas for vessel deployment ie. to complement the Caribbean, Alaska and
Mediterranean markets,

10.3.2 Ship Size

The movement towards larger capacity cruise ships particularly by the big three cruise lines
has exerled both a positive and negative benefit. In the former case, the ability to move more
passengers per fransit is a benefit particularly at times of Canal congestion. In the (atter
case, the latest generation vessels are currently unable to utilise the Canal and are,

therefore, dedicated to ali-year round Caribbean cruising or Caribbean plus USEC, SAEC
and/or European deployment,

10.3.3 Vessel Deployment

The Panama Canal and Central American region has emerged as an important secondary
market for a number of reasons. Undoubtedly, the region has benefited by its close proximity
to the Caribbean as the world's largest cruise vessel deployment area and, in particular, the
desire by the cruise lines to seek out new itineraries in the western Caribbean, A further
benefit is, of course, the Canal's stralegic importance as the Atlantic-Pacific link which has
been exploited by the cruise industry in the positioning of ships between the Caribbean and
Alaska and by cruise lines offering round-the-world vayages,
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10.3.4 Regional Stability

This is an important consideration given that periodic political instability, notably terrorist acts
or war, can force the cruise lines to re-deploy ships. Panama and Central America has not
suffered political instability in recent years in marked contrast to the Eastern Mediterranean.

10.3.5 Reglonal Development

Regional development is another important factor. Cruise lines rely on port and airport
Infrastructure for the safe and efficient movement of passengers {oc and from their vessels
especially during turnaround port calls at the start and finish of itineraries. infrastructure is an
important consideration during itinerary planning given that the appeal and economics of a
particular itinerary will to a large extent be determined by the availability of sufficient airlift
capacity and attractive destination port calls — the latter being the key selling point and,
therefore, point of differentiation when customers choose between different itineraries,

10.3.6 Canal Tolls

Together with port charges, Canal tolls are an important consideration affecting Canal
usage. The cruise market is a maturing one which has become price driven as evidenced by
widespread discounting. With margins under increasing pressure, the cost of operating
itineraries is now under increased scrutiny to the extent that the decision to cperate one
itinerary as opposed to another may well be determined by savings that can be achieved on
fixed and/or variable costs without impairing the marketability to a significant extent.

10.4  Forecasting Future Canal Transits: Methodology

10.4.1 Market Interviews

The various factors identified in Section 10.3 form the basis of vessel deployment and
ftinerary planning. Typically, the cruise lines plan future vessel deployment and itineraries
over a three to five year period or in certain cases — longer time frame. This process initially
involves the preparation of block plans i.e. a macro picture of future vessel deployment
based on predictions of future passenger desires and vessel availabifity including
anticipated terminal developments. These block plans are then refined by the planning of
specific itineraries according to preferred length and the need to re-position ships for
example through the Canal or on transatlantic voyages.

In order to forecast future Canal transits, it is important to understand current thinking of the
planning departments of the cruise lines. For this reason a series of interviews with senior
managers from a cross section of cruise lines were conducted. An interview with one of the
new cruise terminals at Colon was afso undertaken.

The selected companies were:
Norwegian Cruise Line (NCL)
NCL is a regular provider of trans-canal ttineraries betwsen San Juan and Acapulco with all

of the line’s current fleet able to transit the Canal except the 1986-built, deep drafted
Norway. NCL has two post-panamax vessels on order for delivery in 2003 and 2004.
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Royal Caribbean International (RCI)

RCI is a regular user of the Canal both as a destination market and for re-positioning ships
between the Caribbean and Alaska markets. RCI controls two brands — Royal Caribbean
and Celebrity. The former employs post-panamax tonnage.

Festival Cruises

Feslival is a privately-owned European cruise company currently expanding its activities via
& series of new building orders. Currently Festival will continue to focus on short, 7-day
cruises within the Medilerranean and Eastern Caribbean market and has no immediate
plans to broaden its activities to Panama.

Radisson Seven Seas Cruises (RSSC)

RSS5C is a luxury cruise brand that has used vessels for fuli and partial Canal transits for a
number of years. Currently, RSSC is taking delivery of larger capacity ships but will remain
focused within the {fuxury market where the passengers have sufficient leisure time and

spending power to be able to take longer cruises, including trans-canal itineraries on a
reqular basis.

Princess Cruises

Princes is the world's third largest cruise line and currently operates a fleet which inciudes
post-panamax tonnage. Princess is a regular user of the Canal both for full and partial
transits and are ‘experimenting’ with the embarkation and disembarkation of passengers at
Colon enabling them to enjoy pre- and post-cruise shore excursions.

Carnival Corp.

Carnival Corp. controls a number of brands that are regular users of the Panama Canal
including Holland-America Line and Cunard (see below). Carnival Cruise Line, the core
brand, is currently building a series of 2,600 passenger vessels which are still able to transit
the Canal.

Costa

Costa is wholly-owned by Carnival. It is an occasional user of the Canal having operated 14-
day cruises aut of Miami.

Fred Olsen Cruise Line (FOCL)

FOCL is a privately owned Norwegian cruise line that is an occasional user of the Canal as
part of an extended South Arnerican itinerary,

Cunard Line

Cunard is wholly-owned by Carinal. It is a regular user of the Canal for South American
cruises and round-the-world cruises —the latter using the QE2,

The notes resuiting from these telephone interviews are presented in the Appendix to
Section 10.
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An analysis of the feedback derived from the interviews with current, past and potential
users of the Canal, together with material derived from various published scurces, is set out

below in terms of a series of assumptions regarding the six factors which determine Canal
usage identified in Section 10.3.

10.4.2 Fleet Growth

While the Canal will derive broad benefit from the overall growth in the world cruise fleet, the
direct impact will be limited for two main reasons.

Firstly, while the world cruise fleet is expected to continue to grow, the tougher trading
environment exparienced in the past 12 months, as evidenced by widespread discounting
and lower yields, has meant that cruise lines are adopting a more cautious approach to new
ordering. In essence, until recently, the major lines have forecast very attractive returns on
capital but as expectations diminish the rate of ordering has slowed. Furthermore, while
recent years have seen very few ships retired from trading, higher bunker prices and tighter
environmental and safety regulations are expected to increase the removal of older, less

efficient ships from active trading especially when new SOLAS regulations are enforced
towards the end of the current decade.

With these assumptions in mind, the following average compound annual growth rates
(CAGR)s for fleet growth are used as the basis for Canal transit forecasts.

%
2001 12
2002 11
2003 10
2004 9
2005 8
2006-2010 5
2011-2015 3
2016-2020 2
2021-2050 2

The second reason for a limited impact from fieet growth is the fact that as the big three
cruise lines continue to seek greater scale economies from ship operation, a greater number
of post-panamax ships are being built — ships that wili constitute a great percentage of total
fleet supply. These vessels are likely to be dedicated more and moare to the primary

deployment areas rather than switch between different deployment areas via re-pasitioning
voyages.

10.4.3 Vessel Deployment
The foltowing key considerations were discussed in the interviews:

Panama and Central Arnerica will continue to develop as an important secondary market for
cruise vessel deployment particularly for the larger cruise lines that will wish to market a
Canal product offering to their customers within their portfolio of itineraries. Many smaller
cruise lines will continue to use the Canal on an occasional basis in order to offer customers
an alternative to the core markets such as the Mediterranean and Caribbean. Of these lines,
Richardson Lawrie Associates 165

Fabruary 2001
Cantract No: SAA-43815



Private and Confidential

greatest patronage is likely to be by those line offering top end cruises i.e. four and five star
plus where higher average per diems and longer cruises can be sold to passengers having
more leisure time and greater disposable income.,

With the continuing development of the USWC and Asian markets, the need to re-position
the larger ships between the Caribbean and the USWGC will diminish. Enlargement of the
Canal is viewed as a positive trend given that it will afford the operators of the larger capacity

ships greater flexibility. However, enlargement is unlikely to stimulate a significant increase
in re-positioning voyages.

Round-the-world itineraries will not increase significantly although they are likely to remain
an impartant product offering throughout different segments of the cruise market.

Operational considerations will also have a major impact on the extent to which vessels are
ulilised on full and partial Canal transits. All cruise lines are extremely sensitive to adverse
customer reaction 1o particular itineraries. Therefore, any significant infrastructure problems
resulting in  negative customer feedback {for example due to congestion and
embarkation/disembarkation delays) could well dissuade cruise lines from increasing their
commitment,

Opinions about the future potential growth of partial transits are mixed. Financial incentives
offered by the Panamanian government are seen as a major incentive to the cruise lines to
disembark and embark passengers at Colon rather than engage in a partial transit which
does not benefit from any financial inducement over full transits. For this reason, the future
growth of partial as opposed to full transits and, in particular, relative to excursions run from

Colon is uncertain. If incentives remain, partial transits will enjay limited growth and vice
versa.

10.4.4 Ship Size

Ship size is not seen to be g particularly important factor. While the average size of cruise
ships transiting the Canal is likely to increase and, as a result, have a positive impact on
passenger traffic, the growth in post-panamax ships will have negative impact. Canal
enlargement, as previously discussed, will give the big cruise lines greater flexibility but it will
not in itself stimulate significantly greater usage. Greater benefits from enlargement will be
derived {rom reduced congestion and delays.

10.4.5 Regional Stability

This factor was not mentioned by any of the interviewees. This is probably due to the fact
that the region is not currently seen as a high risk area in terms of terrorism. Neither does it
pose a particular threat in terms of security from a shore excursion viewpoint. [t should,
however, be borne in mind that periodic disruptions due to war and terrorist acts, as have
been witnessed in the Eastern Mediterranean in recent years, can severely disrupt cruise
vessel deployment and, therefore, undermine any forecasting process.

10.4.6 Regional Development

By contrast, regional development is seen as an important factor given that infrastructural
developments can stimulate greater patronage. Efforts to date to encourage greater |local
and regional tourism are recognised by the cruise lines together with the importance of the
various local private and public sector bodies responsible for tourism working harmoniousty,
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Benefits are likely to be long-term, however, given that cruise itinerary planners must be able
te ‘sell’ the region as a whole i.e. by combining a full or partial cruise ship Canal transit with
calls at attractive ports in close proximity. Given that a Canal transit, like an Amazon voyage,

is often seen as a once in a lifetime experience, efforts must continue to be made to
translate essentially a Canal experience to a regional experience.

10.4.7 Canal Tolls

A‘II respondents view Canal tolis as a cause for concern and as a potentially impaortant
disincentive to Canal usage in the future.

Discussions regarding tolls and the related fees for using the waterway focus on the basic
economics of operating an itinerary including a full or partial transit. Given that transit fees in
excess of $100,000 to $200,000 represent a significant variable cost, cruise line planners
have to be comfortable that reasonable net ylelds are readily achievable, i.e. that the cruise
in question will sell without the sales and marketing departments having to resort to heavy
discounting. In the case of one of the respondents, Canal folls are seen as particularly
sensitive when deciding to operate shoulder season cruises either side of re-positioning

voyages.
10.5 Future Canal Transit Forecasts

10.5.1 Characterisation of Routes

An analysis of Canal transit data 1985/85 to 1998/99 identified cruise ship movements
through the Canal between the foliowing nine main source and destination areas:

WEST EAST
UsSwg USEC
WCCA ECCA
WCSA CARIB
OTHER ECSA

OTHER

In total 40 routes connecting the nine areas are identified comprising 29 active routes i.e,
routes where cruise ship movements were recorded in the past three years and 11 inactive.

Of the 29 active routes, an analysis of full transits in the pericd 1896/87 to 98/99 (the last
three years of available transit data) identified the following seven primary routes i.e. routes
carrying in excess of 10,000 lower berth capacity of cruise ship transits on an annual basis:

Route Rank
CARIB - WCCA 1

WCCA - CARIB 2

USEC -~ WCCA 3

WCCA - USEC 4

LUSWC —~ USEC 5

USEC - UsSwC 6

WCCA - ECSA 7
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In the case of partial transits, the analysis of past data identified nine routes of which two are
categorised as primary routes based on the volume of cruise ship movements:

Route Rank
CARIB - BALBOA 1
USEC - BALBOA 2

10.5.2 Base Year

Given that cruise ship transits fluctuate year on year, as cruise lines choose to re-deploy
vessels between differant primary and secondary markets, it is important to establish a base
year (2000) based on average annual transits Over a longer-time period. By averaging out
transits over the {atest three years of available data the foliowing base year transits were

established in lower berth capacity units i.e. as the standard unit of Measure for the cruise
industry.

Full Transits (000s)

1. CARIB-WCCA 61.3
2. WCCA-CARIB 44.2
3. USEC-wCCA 41.8
4. WCCA-USEC 217
3. USWC-USEC 19.4
6. USEC-uUswC 17.3
7 WCCA-ECSA 11.5
Total Primary routes 217.0
Total Secondary routes 52.8
Total Full transits 269.8

Partial Transits (000s)

1. CARIB-Balboa 368.7
2. USEC-Balhoa 19.2
Total Primary routes 55.9
Total Secondary routes 8.3
Total Partial transits 64.2
Total Full & Partial 334.0

Having identified the volume of transits for each route in the base year, forecasts were
produced by applying average compound annual growth rates (CAGRs) based on:

* the assumptions buiit up from the study interviews:
* no significant disruptions to the Canal are expsrienced during the study period;

» a fimited increase in throughput is experienced from 2010 onwards due to Canal
eniargement.

Tables 10.6.2.1 and 10.5.2.2 show the CAGRs used to prepare the forecasts presented in
Table 10.6.1.1.
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Table 10.5.2.1

Average CAGRS By Route - Full Transits
Yo
CARIB- WCCA- USEC- WCCA- Uswce- USEC- WCCA- Sacondary
Year WCCA CARIB WCCA USEC USEC Uswc ECSA Routes
2001 12.0 12.0 30 3.0 2.0 1.8 3.0 35
2002 11.0 11.0 2.0 2.0 1.5 1.3 3.0 3.0
2003 10.0 1.0 1.0 2.0 1.0 0.8 3.0 2.8
2004 5.0 50 1.¢ 1.0 0.8 0.5 3.0 3.5
2005 5.0 5.0 1.0 1.0 0.8 0.5 3.0 3.5
2010 20 2.0 2.0 2.0 0.3 0.5 5.1 3.0
2015 1.5 1.5 1.5 15 0.8 0.5 3.0 2.5
2020 1.3 1.3 1.3 1.3 0.6 0.6 2.3 2.3
2030 1.0 1.0 1.0 1.0 0.5 05 1.8 2.0
2040 1.0 1.0 1.0 1.0 0.5 0.5 1.8 20
2050 1.0 1.0 1.0 1.0 0.5 0.5 1.9 2.0
Table 10.5.2.2
Average CAGRS By Route -
Partial Transits
b
Primary Secondary
Year Routes Routes
2001 10.0 12.0
2002 100 12.0
2003 8.0 12.0
2004 5.0 5.0
2005 5.0 50
2010 2.0 2.0
2015 1.5 1.5
2020 1.3 1.3
2030 1.0 1.0
2040 1.0 1.0
2050 1.0 1.0
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10.6 Resuits
10.6.1 Passenger Capacity

The results of the Passenger capacity forecasts are shown hoth at the level of details |n

which the forecasts have been prepared (Tabie 10.6.1.1) and aggregated into the ACP route
structure (Tabie 10.6.1.2),

The short-, medium- and long-term forecasts project an overall increase in full and partial

Cruise passenger ship Canal transits from 358,000 in 2001 lower berths to 799,200 in 2050,
an overail increase of 123%.

Within the overall total, fuli transits are forecast to increase from 287,500 to 639,500, an
overall increase of 122%. The primary {ull transit routes are projected to grow from 232,500
10 475,100 (+104%) and secandary routes from 55,000 to 164,400 (+199%). Partial transits
are projected to grow from 70,600 to 159,700 (+126%), with around 85% of these transits on
the two primary routes.
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Table 10.6.1.1

Passenger Capacity by Passenger Ship Routes

(passenger capacity, 000's)
2001 2005 2010 215 2020 2030 2040 2050

FULL TRANSITS

CARIB - WCCA 68.7 824 106.0 110.0 117.0 128.2 141.3 1561
WCCA - CARIB 485 68.6 7358 742 84.2 93.0 1027 1134
USEC - WCCA 428 450 49.7 585 550 62.9 69.4 76.7
WCCA . USEC 224 235 2548 278 701 32.8 36.0 388
USWC - USEC 19.7 208 214 222 228 240 25.2 28.5
USEC - USWC i17.8 18.2 18.7 19.4 200 21.0 22.1 232
WCCA - ECSA 1.8 13.3 17.5 20.4 229 27.6 333 39.4
TOTAL PRIMARY ROUTES 2325 2796 327 aars 1339 390.3 430.0 4756.1
USEC - WCsaA 98 11.0 12.7 14.3 16.0 13.5 237 288
CARIB - USWC B.2 g3 10.7 12.0 13.4 16.3 19.8 241
ECSA - WCCA 7.0 80 8.2 10.3 11.5 14.0 17.0 20.7
ECSA - OTHER 6.7 76 87 9.7 10.8 132 16.0 H R
CARIB - WCSA 27 34 a5 39 4.4 54 G.5 78
USEC - OTHER 2.5 2.9 14 37 3.2 51 62 76
OTHER - WCCA 2.4 2.8 32 35 3.9 4.8 59 7.2
OTHER - OTHER (ATL -PAC) 2.4 2.5 32 16 4.0 4.9 5.9 7.2
WCCA - ECCA 2.2 28 33 36 4.0 4.9 59 7.2
WCSA - ECSA 17 2.0 30 34 38 4.6 R 6.8
ECCA - WCCA 16 18 23 24 27 a3 4,0 4.9
USWC - ECSA 1.8 1.5 1.6 1.8 21 28 3.2 3.9
WCCA - OQTHER 1.1 1.1 1.2 1.2 1.4 18 20 2.4
WCSA - USEC 1.0 1.1 1.2 1.2 1.4 1.8 20 24
WCSA - CARIB 0.9 1.0 1.4 1.2 1.4 1.8 2.0 2.4
USWC - CARIB 048 0.8 0.8 1.0 1.2 1.5 1.9 2.3
WCSA - ECCA 0.6 08 0.7 0.8 1.0 1.2 15 1.9
OTHER - USEC 0.8 0.6 07 0.8 1.0 1.2 1.9 1.9
OTHER - WCSA 0.5 0.5 D6 07 0.9 1.4 1.4 1.7
OTHER - OTHER (PAR - ATL) 03 0.3 0.4 0.5 0.7 AR 11 1.3
OTHER - ECCA 0.3 0.3 0.3 0.4 06 0.8 1.0 1.2
ECSA - WCSA 01 01 a1 0.2 0.4 08 0.3 1.0
TOTAL SECONDARY ROUTES 55.0 61,8 72,0 80.2 90.4 1113 134.9 164.4
TOTAL FULL TRANSITS 287.5 3414 3847 4178 484.7 501.6 5649 8395
PARTIAL TRANSITS

CARIB - BALBOA 403 529 58.4 62.7 666 73.0 BO¥ 85.1
USEC - BALBOA 211 278 30,5 32.8 34.8 386 427 4€.2
TOTAL PRIMARY ROUTES 61.4 80.7 88.9 955 o014 1M11.6 1234 135.3
ECSA - BALBOA 38 5.3 5.8 6.4 6.8 7.8 85 9.4
ECCA - BALBOA, 35 4.8 53 57 6.1 6.8 7.5 8.3
CHRIST - BALBCA, 0.7 0.9 1.0 11 1.2 1.3 1.4 1.6
BALBOA - ECCA 04 0.7 0.8 0o 1.0 1.2 1.3 14
WCCA - CHRIST 0.4 07 0.8 0.9 1.0 12 13 1.4
BALBOA - CHRIST 0.3 0.7 0.8 09 1.0 1.2 1.3 1.4
CHRIST - WCCA 01 0.4 0.5 0.8 0.7 08 048 0.9
TOTAL SECONDARY ROUTES 9.2 135 5.1 16.5 17.8 20.1 221 24.4
TOTAL PARTIAL TRANSITS 0.6 94,2 104.0 112.0 119.2 1317 145.5 159.7
TOTAL FULL & PARTIAL TRANSITS 3581 4356 4887 5298 6039 6333 7104 7992
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Table 10.6.1.2

Passenger Capacity by ACP Routes

{passenger capacity, 000's)
ACP ROUTE DIRECTION 2001 2005 2010 2015 2020 2030 2040 2050

FULL TRANSITS

ECUSA TO WC CENTRAL AM.
ECUSA TO WCUSA

OTHER NCRTH TO OTHER SOUTH
OTHER SOUTH TQ OTHER NORTH
WE CENTRAL AM. TO CCUSA

42,8 45.0 487 58.5 8.8 629 69.4 6.7
176 18.2 18.7 19.4 20.0 21,0 221 232
63.7 224 1060 1100 1170 1292 1413 156.1
48.5 G686 73.5 79.2 842 93.0 1027 1134

22.4 23.5 25.8 7.9 701 3286 38.0 38.8
WCUSA T ECUSA 18.7 206 21.4 22.2 22.8 240 25.2 26.5
WC CENTRAL AM. TO EC SOUTH aM. 11.8 13.3 17.5 204 229 276 333 394

TOTAL PRIMARY ROUTES 2325 2726 27 23375 3939 3903 4300 4751

2T ZeWw

EC CENTRAL AM. TO WC CENTRAL AM. S 16 1.8 2.3 24 2.7 33 4.0 4.9
EC SOUTH AM. TO WC CENTRAL AM, S 7.0 8.0 9.2 10.3 11.5 14.0 17.0 20.7
EC SOUTH AM. TO WC SOUTH AM. 5 Q.1 18] 0.t 0.2 0.4 25 0.8 1.0
ECUSA TOWT SOUTH &M, S 8.6 11.0 12.7 4.3 16.0 19.5 237 28.9
OTHER NORTH TO STHER SGUTH 5 14.0 16.1 18.5 20.5 229 280 4.0 41.5
OTHER SCUTH TO OTHER NOQRTH M 76 7.7 2.0 10.0 119 14.8 18.0 219
WINDHES TO WC SOUTH AaM. s 2.7 3.1 3.5 3.9 4.4 4 6.5 7.9
WINDIES TO WClsA 5 8.2 83 10.7 12.0 13.4 16.3 19.8 241
WC CENTRAL AM. TC EC SOUTH AM. N 1.7 2.0 KA 3.4 3.8 4.6 5.6 68
WO SOUTH AM. TO W INDIES N 0.g 1.0 1.1 1.2 1.4 1.8 20 2.4
WC SOUTH AN, TO EC CENTRAL AM. 0] 0.6 0.6 0y 0.8 1.0 12 15 1.9
WC SOUTH aM. TO ECUSA M 1.0 1.1 1.2 1.2 14 1.8 2.0 2.4
TOTAL SECONDARY RCUTES 33.0 61.8 72.0 g0.2 808 1113 1348 1844
TOTAL FULL TRANSITS 2B7.5 3414 3847 4178 3BAT  501.6 5649 6395
PARTIAL TRANSITS

OTHER NOHEH TO OTHER SOUTH s £1.4 80.7 88.5 955 1014 1118 1234 135.3
TOTAL PRIMARY ROUTES 61.4 80.7 ga.9 85.5 1014 1116 1234 1353
EC SOUTH AM. TO W CENTRAL AM. 5 3.8 3.3 2.9 8.4 6.8 76 a5 8.4
EC CENTRAL AM. TOWC CENTAL AM. S 4.3 6.1 6.3 7.4 8.0 89 9.7 0.8
OTHER SCUTH TO OTHER NORTH N 11 21 24 2.7 3.0 3.6 38 4.2
TOTAL SECONDARY ROUTES 9.2 12.5 181 16.5 17.8 201 221 24.4
TOTAL PARTIAL TRANSITS 70.6 94.2 1040 1120 1192 134.7 1435 159.7
TOTAL NORTH 1163 1385 1557 1890 2225 2050 230.2 2587
TOTAL 5QUTH 2418 2971 3330 360.8 3B1.g 4283 4502 5405
GRAND TOTAL 3581 435.6  4BA.7 S29.8 603.9 6333 7104 7992
Richardson Lawrie Associates 172

February 2001



10.6.2 Number of Ships

Forecasts of numbers of transits by route were based on converting passenger capacity
forecasts by applying the average passenger ship capacity for FY1998/69. The average

passanger ship capacity was worked out as a ratio of total 1998/09 passenger capacity to
total 1988/99 number of transits.

The resulting forecasts for both full and partial transits (Table 10.6.2.1) show an increase
from 97 and 197 ships in 2001 to 186 and 310 ships in 2020 and 216 and 440 ships in 2050
on northbound and southhound routes, respectively. Full transits increase from 241 in 2001
to 539 in 2050 (+122%), and partial transits rise from 53 in 2001 to 120 in 2050 (+126%)

Table 10.6.2.1
Number of Transits by Route
{No. of Ships)
ACP ROUTE DIRECTION 2001 2005 2010 2045 2020 2030 2040 2050
FULL TRANSITS
ECUSA TO WC CENTRAL AM, 5 3 38 42 49 48 53 58 64
ECUSA TO WCUSA S % 15 18 16 17 18 19 19
OTHER NORTH TO OTHER SOUTH & 58 77 89 o2 98 108 118 13
OTHER SOUTH TO OTHER NORTH N 4 58 2 €6 71 78 86 5
WG GENTRAL AM, TO ECUSA N 19 20 22 23 59 27 30 33
WCUSA TO ECUSA N 7 o7 18 19 19 20 21 22
WC CENTRAL AM, TO EC SOUTHAM. N 1 11 % 17 19 23 28 33
TOTAL PRIMARY ROUTES 195 234 282 283 330 327 360  a9B
EC CENTRAL AM. TO WC CENTRAL AM. S 1 2 2 2 2 3 3 4
EC SOUTH AM. TO WG CENTRAL AM. S 6 7 g 9 10 12 4 17
EC SOUTHAM. TOWC SOUTHAM. 8 0 o 0 0 0 1 1 1
ECUSA TO WC SOUTH AM. s 8 g N 12 13 16 20 24
OTHER NORTHTO OTHER SQUTH 8 12 13 15 17 19 23 28 35
OTHER SOUTH TO OTHERNORTH N 6 8 B 8 10 12 15 18
W INDIES TQ WC SOUTH AM. s 2 3 3 3 4 5 5 7
W INDIES TO WCUSA 5 7 8 g 10 1 14 17 20
WC CENTRAL AM. TO EC SOUTHAM. N 1 2 3 3 3 4 5 8
WC SOUTH AM. TO' W INDIES N 1 1 3 1 { 2 2 2
WC SOUTH AM, TO EC CENTRAL AM. N 4 1 1 1 1 1 1 2
WC SOUTH AM, TO ECUSA N 1 1 1 1 1 2 2 2
TOTAL SECONDARY ROUTES 4 52 B 67 76 93 113 138
TOTAL FULL TRANSITS 241 286 322 350 406 420 473 536
PARTIAL TRANSITS
OTHER NORTHTO OTHER SOUTH  § 46 61 87 72 76 84 93 102
TOTAL PRIMARY ROUTES 46 81 67 72 76 B4 83 102
EC SOUTH AM. TO WC CENTRAL AM.  § 3 4 4 5 5 8 8 7
EC CENTRAL AM. TO WC CENTAL AM. § 3 5 5 8 8 7 7 8
OTHER SOUTHTO OTHERNORTH N 1 2 2 2 2 3 3 3
TOTAL S8ECONDARY ROUTES 710 11 12 13 45 17 18
TOTAL PARTIAL TRANSITS 5 7 78 84 80 99 110 120
TOTAL NORTH 97 M6 130 141 186 17t 193 216
TOTAL SOUTH 197 241 270 293 MO 248 390 440
GRAND TOTAL 204 357 401 434 496 513 S83 656
Richardson Lawrie Asscciates 173

February 2001
Contract No: SAA-43815




Private and Ceonfidentia)

10.6.3 Transits by Dwt

Forecasts of dwt by route and dwt size range were based on applying combined factors

used to apportion total capacity on a route by dwt size range and convert capacity to dwt, to
passenger capacity forecasts by route.

The resuilting forecasts (Table 10.6.3.1) for northbound and southbound trades are 514 and
1166 thousand dwt in 2001, rising to 1017 and 1850 thousand dwt in 2020, and 1121 and
2526 thousand dwt in 2050, respectively. Forecasts for fuil transits rise from 1326 thousand
dwt in 2001 to 2946 thousand dwt in 2090 (+122%)}, and forecasts for partial fransits
increase from 353 thousand dwt in 2001 to 798 thousand dwt in 2050 {(+126%)

Table 10.6.3.1
Dwt Transits by Route and Vessel Size
{000's dwi)
ACP ROUTE DIRECTION SIZE RANGE 2001 2005 2010 2015 2020 2030 2040 2050

FULL TRANSITS

ECUSA TO WC CENTRAL AM. g <10000 183 193 213 251 244 266 297 328
FCUSA TO WC CENTRAL AM, 5 10-15000 2 2 2 2 2 3 3 3
ECUSA TO WC CEMIRAL AM, s 15-20000 3 3 3 4 4 4 5 5
ECUBA TO WCUSA 5 <10000 73 78 77 B0 83 &7 o1 5
ECUSA TO WCUSA 5 10-15000 5 5 5 § 5 & 8 6
CTHER NORTH TO OTHER SQUTH 5 <1000 335 456 524 S43 578 638 5o8 77
OTHER S0UTH TO GTHER NORTH N 10000 187 285 283 315 335 370 40m 452
OTHER 30UTH TO OTHER NORTH N 10-15000 a 0 o 0 0 0 g ¢
OTHER SOUIH TO OTHER NORTH M 15-20000 7 9 10 ih| 12 13 4 1B
WC CENTRAL AM TO ECUSA N <10000 124 130 144 155 38§ 11 200 a2
WCUSA TO COUSA N <10000 8z 88 89 ¥3 95 100 195 110
WCUSA TO ECUSA N 10-15000 3 4 4 4 4 4 4 5
WC CENTRAL AM. TO EC SOUTH AM. N <0000 45 50 86 77 87T 104 126 149
TOTAL PRIMARY ROUTES 1063 1279 1430 1540 1837 1780 1858 2152
EC CENTRAL AM. TO WC CENTRAL AM. § <16060 1 k| 14 14 18 20 24 29
EC SOUTH AM. TO WG CENTRAL AM. S <10000 34 38 44 49 B5 &7 g2 eg
EC SOUTH AM. TO WC CENTRAL AM. 5 1015000 3 4 4 5 8 7 8 10
FC SOUTH AM. TO WG SQUTH AM, S <10000 ¢ o 0 1 b 3 4 5
ECUSA TO WE SOUTH AM § <10000 46 53 @1 g9 7% 114 13
OTHER NORTH TQ OTHER SOUTH s €10000 88 B0 91 101 1185 138 188 705
UTHER SQUTH TQ OTHER NORTH N <10000 30 3 40 47 59 12 87
OThER SOUTH TO OTHER MORTH N 10-15000 o 0 0 0 0 0 0 i}
OTHER SOUTH TQ OTHER NORTH N 15-20000 1 1 1 1 2 2 2 a
WINDIES TO WG SOUTH AM, 8 <10000 14 18 W20 23 2 34 4
W INDIES TO WCUSA 8 <10000 35 40 45 52 88 70 8§ q04
WC CENTRAL AM. TO EC SOUTH AM. N <1000 6 g 11 13 14 172 26
WC SOUTH AM. TO W INDIES M <10000 5 5 6 8 7 g 10 12
WC SOUTH AM. 10 EC CENTRAL AM. N <10000 3 3 4 4 5 7 ] 10
WC SOUTH AM. TO ECUSA N <1000 ] 8 7 7 8 10 11 13
TOTAL SECONDARY ROUTES 263 296 344 383 433 531 §43 784
TOTAL FULL TRANSITS 1326 1875 1774 1923 2270 2311 250z 2948
PARTIAL TRANSITS

QTHER NORTH TG OTHER SQUTH 5 €10000 303 399 439 472 501 551 g 663
TOTAL PRIMARY ROUTES 033990 4% 472 501 550 810 ges
EC SOUTH AM. TO WG CENTRAL AM. S 10000 18 25 25 a4 33 gy 45
EC SOUTH AM. TO WC CENTRAL AM. S 10-15000 2 3 3 3 3 4 4 4
EC CENTRAL AM. TO WC CENTAL &M. & 10000 26 56 a0 44 48 53 sz g4
OTHER SOUTH T O THER NDRTH N <10000 4 B 10 1 12 % 1w 17
OTHER SOUTH TQ OTHER NORTH N 10-15000 ] ] 0 U 0 o o D
OTHER SCUTH TO OTHER NORTH N 15.20000 0 a ] o 0 0 1 1
TOTAL SECONDARY ROUTES CI - I [ 8% 86 108 115 111
TOTAL PARTIAL TRANSITS 352 472 521 561 597 65% 723 7gg
TOTAL NORTH 514 607 880 TIT 17 e91 959 ez
TOTAL SOUTH 1166 1439 1615 1747 1850 2078 2331 2695
GRAND TOTAL 1680 2046 2295 2484 2867 2070 2330 3746
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10.6.4 Transits by PCUMS

Forecasts of dwt transits by route and vessel size were converted into PCUMS for

passenger ship transits using a ratio of PCUMS to dwt by size range calculated from the
ACP database.

The resulting forecasts (Table 10.6.4.1) for northbound and southbound routes are 3.0
miillion net tons and 6.8 million net tons in 2001, 5.9 million net tons and 10.7 million net tons
in 2020 and 6.4 and 15.2 milfion net tons, respectively in 2050. Forecasts for full transits rise
from 7.7 million net tons in 2001 to 17.0 millien net tons in 2050 (+122%), and forecasts for
pargzl transits increase from 2.1 million net tons in 2001 to 4.6 million net tons in 2050
{(+126%).

Table 10.6.4.1

PCUMS for Passenger ShipTransits by Route and Vessel Size

{000's PCUMS)

ACP ROUTE DIRECTION S$IZE RANGE 2001 W05 2010 2015 2020 2030 2040 7050
FULL TRANSITS
ECUSA TO WC CENTRAL AM. 3 <1000 1067 122 1238 1458 1419 1568 1730 1912
ECUSA TO WC CENTRAL AM. s 10415000 ] g 10 12 12 12 14 16
ECUSA TO WC CENTRAL AM, s 1520000 5 5 5 ] § 7 7 L
ECUSA TO WCUSA 3 10000 424 439 451 467 482 506 532 559
ECUSA TO WCUSA s 10154000 24 25 28 27 28 29 2} 3z
OTHER NORTH TO OTHER SOUTH & «10000 1878 2657 3048 3163 3365 kYAl 40Rd 4489
OTHER SOUTH TQ QTHER NORTH N <10000 1147 1544 1704 1834 1552 2158 181 2629
OTHER SQUTH TO OTHER NORTH N 10-15000 ) o o bl 0 a o n
OTHER SOUTH TO OTHER NORTH N 15-20000 10 14 15 16 18 19 2l 24
WC CENTRAL AM TO ECLISA [ <10000 723 758 835 830 2262 1052 11682 1284
WCUSATO ECUSA N 10000 478 500 518 539 553 582 B1% 643
WCUSA 0 ECUSA N 10-15000 17 1t L] 48 20 21 22 23
WE CENTRAL AM. TO EC SOUTH AM. N 10000 260 203 azs 448 504 508 733 68
TOTAL PRIMARY ROUTES &40 73%a  BISH 8895 40620 10277 11310 12487
EC CENTRAL AM. TOWE CENTRAL A 5 <10000 55 52 1 83 o4 114 139 170
EC SOUTH &M. TO WC CEMTRAL AM & 10000 185 brr) 257 287 3 381 474 ATR
EC SOUTH AM TO WC CENTRAL AWM. 5 10-15000 17 9 22 25 28 14 a1 50
ECSOUTH AM. TO WO BDUTH AM & €10000 3 3 3 5 11 15 22 7
ECUSA TOWC SOUTH AM, 5 <13600 269 108 356 400 448 545 664 805
OTHER NORTH TO QTHER SQUTH & <10000 103 483 532 580 £59 804 §78 1183
OTHER EOUTH TO OTHER NORTH N <100040 176 178 208 232 276 343 417 <08
OTHER SOUTH TO OTHER NORTH N 10-15000 o t o a Q g 0 g
QTHER SQUTH TO OTHER NCRTH N 15-20000 2 2 2 2 2 3 a £
W INDIES TO WE SOUTH AW, s 10000 82 a4 108 148 134 1654 197 240
W INDIES TO WELSA - <40000 208 233 268 301 336 408 456 04
WG CENTRAL AM. TO EC SOUTH AM. N 10000 a7 44 68 7% 84 104 123 150
WE SQUTH AM. TO W INDIES M <{boan 7 30 33 B 42 A4 [=1v] Tz
WC SOUTH AM, TO EC CENTRAL AM. N 210000 19 18 22 25 a2 38 a7 80
WE SOUTH &M TO ECUSA N <1000 a2 35 39 a3 45 5B &5 77
TOTAL SECONDARY ROUTES 1523 1715 1884 2248 M0 3076 3727 4543
TOTAL FULL TRANSITS T&EX 8098 10252 11144 13130 13354 15037 17030
PARTIAL TRANEITS
OTHER NORTH TQ OTHER SOUTH 8 <0000 1766 2323 2557 3746 2818 3200 2549 3891
TCTAL PRIMARY ROUTES 1766 2321 2557 2746 2846 3209 3548  Ams1
£ SOUTH AM. TO WC CENTRAL AM. 8 <1000 106 148 185 179 190 212 237 262
EC SOUTH AWM. TO WC CENTRAL AM. § 10.15000 [ 13 14 1% 18 18 20 23
EC CENTRAL AM. TO WC CENTAL AV S 10000 149 214 226 255 277 308 338 374
OTHER SOUTH TQ OTHER NQRTH W «10000 25 43 56 83 70 as an a7
OTHER SOUTH 10 OTHER NORTH N 1015000 0 0 4 o o 0 G 0
OTHER SOUTH TO QTHER NORTH N 1520000 0 0 0 1 1 1 1 1
TOTAL SECONDARY ROUTES 280 4 471 593 553 523 885 787
TOTAL PARTIAL TRANSITS 2054 2742 3027 3260 70 3832 4234 4648
TATAL NORTH 2355 485 3905 4232 2080 2120 5738 sdd
TOTAL SOUTH G764 B358 9374 10141 10739 12066 13532 15238
GRAND TOTAL $719  11B40 13278 14374 46599 17186 19270 21678
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10.6.5 Tolls

Revenue forecasts were based on an assumption of US$ 2.57 per PCUMS, which was
applied to the PCUMS forecasts for passenger ship transits,

The forecasts show that northbound and southbound tol) revenues increase from US$7.6
millicn and US$16.4 million in 2001 to US$15.1 million and US$27.6 miflicn in 2020 and
US516.6 million and US$39.2 million in 2050, respectively. The total revenue for all the
trades increases by 123% by 2050 from U33$25.0 million in 2601 to US$55.7 miliion in 2050
Revenues from full transits rise from US$19.7 million in 2001 1o U3343.8 million in 2050

(+122%), and tolls for partial transits increase from US$5.3 million in 2001 to Usst11.9
million in 2050 (+126%).
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Appendix to Section 10.
Resuits of Cruise Industry Survey

1. Company A
This company carries 0.5 million paxfyear of which 90% are North Americans.

Fleet growth is seen as an important factor enhancing usage of the Panama Canal (4 on a
scale of 1-5), Panama is regarded as a secondary market and as Miami becomes full thay
{and others) are iooking for other business to complement existing routes. The company
had a ship running between San Juan and Acapulco during the winter/fall seasons. They
see a future in shorter duration cruises - referred to as ‘mini series’ - involving Panama

transits. One problem in the Caribbean is availability of air space. As examples, San Juan
and Aruba are becoming tight.

Ship Size. This is considered to be relatively unimportant and a neutral view is taken as to
whether this is a factor that would either limit or enhance usage of the Canal (1 on a scale of
1te 5). All but one of the company's vessels can currently transit the Canal. They have two
new post-Panamax vessels due for delivery in 2003/2004 but their views on usage would not
change with a larger Canal. These ships will be used close to popuiation centres and an

enlarged Canal would not help except for positioning for Los Angeles and Alaska. However
there are no ‘monster’ ships in this market.

Vessel Deployment. No change envisaged. The company wili continue to operate in the

Caribbean in the winter out of San Juan/Miami with 1 to 2 transits each year in Aprill/Cctober
to/from Alaska.

Regional Tourism. - This is expected to have a minor positive impact (2 on a scale of 1 to 5).
There is little market there. For the company, their international business is small and the
magnitude of Panama is just 2%. The heavy advertising bill that would be required is just

not warranted. This is ranked alongside places such as Mexico and Venezuela as an area
in which to 'dabble’.

Fees. At deployment meetings, Canal tolls are always an issue (5 out of 5). It costs
approximately $125,000 for a 2000 pax vessel which works out at arcund $5-10 per diem.

This is difficult to get back. Interest is gaining in 10 day round trip cruises to Colon/Cristobal,
taking pecple off here to avoid tol's.

Other considerations — costs. There are not a lot of quality ports around Panama. Tourism
needs a lot of ports. Costa Rica is good (‘wonderful'} and the company is trying Honduras
and Belize, Nevertheless although the Canal is a great centre piece more quality ports are
needed. This seems to be a fairly important limitation (3/4).

Positioning Voyages. These are seen to continue as they are — static. The exception is that
the introduction of post Panamax vessels might have a slight negative impact for the Canal
in its current form. Positioning voyages to Alaska could fluctuate up/down by 1 or 2%.

Partial transits. One of the company's competitors has started with a full winter season of
cruises to the Canal Zone and back. The respondent thinks they have been successful,
There couid be double digit growth in this market if someone else comes in.

Round the World Cruises. These are few and far between and the numbers are small.
Future numbers likely to change up/down by, say, 1%.

Richardson Lawrie Associates 177
February 2001
Contract No: SAA-43915



Private and Confidential

Mini Series ~ where vessels spend a whole season going back and forth through the Canal,
such as between San Juan and Acapulco. This is seen as a growth area, rising by between
3% and 4%,

2. Company B

Fleet Growth., We will not see the current/recent rate of growth in the industry continue
indefinitely. 12% growth will not be sustained and growth will be slower. Nevertheless the
cruise sector will continue to increase its share of the market for tourism, that is, growth will

be greater than for the tourist industry averall. Impact on Canaf usage will be positive, 3 on
scalg of 1 to 5.

Vessel Size/Deployment. The company has post Panamax vessels with 157 ft beams which
are too large to fransit. i the Canal were to be enlarged, these would be sent through but
we would not see enormous increases in volumes — this would be more of an advantage for
positioning.  There might be one transit a year each way to the US West Coast. A
competitor is planning to leave g post Panamax on the West Coast, |t would be too
expensive to re-position around Cape Horn. Market rumeurs suggest the ship will be moved
from the ship yard via the Far East. We will not see regular through trips of current post

Panamax vessels. While the impact on Canal usags would bs positive it would be relatively
low (1/2)

Regional Tourism. Deveiopment will be a slow process. Panama is geographically
disadvantaged. It costs a lot more to fly from the southern Caribbean, There has been
some experimenting from Aruba to Colon. {Positive impact, say 2/3)

Fees. These are important (5). These can cost up to $200,000 for a 2000 pax vesse| —
even for a partial transit. There is not a strong market for through sailings.

Positioning Voyages. The respondent would expect growth to be in line with or slightly
behind the rate of growth of the (ndustry. The West Coast market — including the Mexican
Riviera - is weak, Alaska is constrained by berthing capacity.

Fartal Transits. A competitor is currently doing Fort Lauderdale, Caribbean, Calon, Gatun
Lake and are doing reasonably well. Another competitar is about {o start up and will call at
Colon. This will apen up the hinterland to tourists and trips along the Canal will be offered,
Itis expensive to market in the US. Therefore the hape will be to attract interest by word of
mouth. This means encouraging tourists to get off at Colon and explore the country from
there. The other issue is Canal tolls. Do you pay $200,000 or call at Colon, Full fees are
paid even for a partial transit. Alternatively if you call at Colon you pay port fees, but the
Panamanian government has offered cash back incentives to use Colon which makes it
virtually free. This also gives the cruise line the opportunity to seil excursions from Colon,
including trips along the Canal. It will be interesting to see how this develops. The
respondent would expect to see overall growth of around 12%, that is, in line with industry
growth although it is likely to be lumpy’.

Through Cruises. Typically $ Florida/San duan + Caribbean ports + Canal + Acapulco,
terminating at different locations — Costa Rica, Acapulco (probiems with air lifts) — but
typically ending in Southern California. The problem is the duration of such cruises. With
short holidays typical in the US there is strong market preference for 2 week trips. Only

retirees can consider longer cruises. Would expect growth to be relatively iow. ff industry
growth is 12%, would expect 4%.
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3. Company C

This company does not operate cruises involving Panama yet. They have considered this
but in the near future have ruled it out as a possibility. The reason is that they usually
operate 7 day cruises. This is dictated by the European market which they serve.
Passengers are restricted by both time and money. For Europeans they must operate out of
the E Caribbean - in this case Guadaloupe - to minimise flight times. To incorporate
Panama into the Htinerary would require a longer cruise of 10-12 days. MNevertheless they
are always locking to expand and will consider Panama if they decide to go for longer
cruises. In summary, while the Panama Canal is seem as a hightight, the marketing

department are nat looking at this at the moment and they have no real views about future
usage of the Canal,

4, Company D

Fleet Growth. A slowdown in growth is expected over the next ten years with older smaller
ships being phased out and more new, larger vessels being introduced. The respondent
was unwilling to commit to a figure and unwilling to say whether usage of the Panama Canal
would grow in fine with the overall trend or above/below. The main reason for the reluctance

to commit on future usage levels of the Canal was the over-riding importance of fees and
associated costs (see below),

Ship Size. The company specialises in up-market smaller vessels. Changes in ship size are
not an issue for them in terms of Canal usage and will not be when/if the Canal is enlarged.
Enlargement of the Canal would not change this although it would have other benefits. The
company ts ‘selling’ the Canal as an experience. As part of this, for example, they aim to
give their passengers the experience of passing through the locks at dawn, dusk and the
afternoon.  When the Gaillard Cut /s widened so that ships will be able to run in both

directions simultaneously, this will eliminate the accasions currently when ships have to sit
for four hours because traffic is one way.

Vessel Deployment. The company were one of the first to use the Canal. The Canal is a
feature of a range of 7-18 day through cruises offered with passengers disembarking at San
Francisco, Los Angeles, Costa Rica, Panama and Lima. They operate full transits plus
stops with full disembarkation at Colon and Balboa. Some cruises turn around at Balboa.
Unlike a competitor, this company sees equal opportunities in the short ang longer cruise
markets and offer a whole variety to meet all. Also they do not see the problem of a lack of
other quality ports. This may be in part because they have set out to make Panama an
experience. However facilities in Panama are not always up to standard and not designed to
accommodate more than one ship at a time. Landing fees are levied to pay for tourism
upgrades but these and other costs are encouraging operators to use Calon fo disembark
guests and move them to the Canal Zone by bus. This also saves Canal tolls.

Regional Tourism. The whole industry is looking for new ideas and the company are looking
at making Panama as successful as Costa Rica. They are the only company which feature
a full day's Panama Canal experience which Incorporates flights over the Canal, excursions,
efc. However costs contirme to grow and this is not consistent with aims to buiid up the
area. It might be different when more people have joined the trend but in the meantime the
autharities ought to be more willing to be fess concerned with current profit and go for market
growth. The company feels they are not being given sufficient encouragement. They are
trying to promote tourism in the area but are suffering the penalty of high fees while others
avoid these by operating out of Colon. (Based on RLA's analysis of partial transits, there
were reductions of 18% and 27% in passenger numbers in 97/98 and 58/99 respectively and
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this is put down to the increasing use of Colon.} In summary it is feit that the Canal Authority
do a pretty good job but need to do more (this includes night time fees),

Fees. These are seen to be overwhelmingly important and critical to future growth. Fees
are typically in the region of $150,000 to0 $200,000. There are also landing fees within the
Canal and pilot dues. Fees are paid for a full transit even if the vesse! turns around at the
Gatun Lake. Whereas rebates are offered for passengers and operators at Colon ang
special tour boats for clients wishing to go through the Canal. Panama is a great destination
but fees really are an issue. For example, it is difficuit to sell cruises in November/December
s0 they have to look at discounting. The first question is — ‘will | put on a cruise which | will
have to discount if | know | have got 1o pay $150,000-200,000 in Canal fees?’. At this level
the respondent probably will not even look at a cruiss that has to be discounted.

Because of the perceived impact of fees, the respondent was unwilling to give opinions on
future trends in types of Canal usage in the future,

5, Company E
This company is one of the main cruise industry users of the Canal.

Fieet Growth, They feel there is potential for growth in the Panama Canal. As new vessals
are brought in and placed in prime locations such as the Caribbean and Europe, vessels are
displaced to other markets. The Panama Canal is considered to be in the 1* tier of markets
in which to place such vessels. However, yields on Canal cruises have suffered recently.
As a destination it has lost its lustre, The current trend in through transits is down. Partiai
transits have seen less of a drop. (This is this compgany’s particular experience and as such
it appears to contradict general trends in the Canal). At the mement they are using a 1800
pax vessel for partial transits and 2000 pax vessel on through transits. They are going to
swap these vessels arcund. Cruises are longer and connections more complex on through
transits. Air connections and air costs are a negative factor on full transits. This plus the
lesser appeal of the destination. Low water levels in the Canal in recent times have not had
an impact/caused operational problems. The company had planned to intreduce a new ship
In Panama but as a result of these considerations, decided not to. Alr costs are a major
Issue. Typically through transits are 10/12 day cruises out of Fort Lauderdale or San Juan
(more convenient location but high air costs). They would fike to ses another Pacific Coast
destination on the way to Puerto Caldero. Panama itself is not a good land based port.
Costa Rica would be better. |deally they need something 200 miles to the North of Panama,
The Mexican Riviera is weak. On the Atlantic side, destinations are poecr. The itinerary is
good but not beach/sun. Panama ends up as a destination oriented cruise - that is
Panama is the centre piece and the cruise works if Panama works. Another factor is the
older demographics on through transits. These are the generations for whom US
achievements matter quite a bit. Now that the Canal has passed back into Panamanian
hands this is seen as less a piece of the USA, The outlook for Panama usage has gone
from very good to not so good. In summary fleet growth is seen to be a less important
although positive influence on future Canal usage (1 or 2 out of 5).

Ship Size/Vessel Deployment. This will affect future usage absolutely. With greater
numbers of post Panamax vessels being introduced, the Canal could lose some paositioning
voyages. The company is deploying a 3000 Pax post Panamax vessel on the US West
Coast via the Pacific (you can absorb 3000 passengers in a city like Osaka very easily). The
Los Angeles/Alaska market is important. This reduces the need to positicn vessels between
the Caribbean and USWC. If the Canal is expanded it will provide for greater flexibility, more

positioning voyages. A ‘new’ Canal could also bring renewed interest, Importance as a
factor is probably 3 out of 5, either way.
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Regional Tourism. Developments in Panamanian tourism are seen as a positive
development. There has been some improvement but there is a need for a little bit of
promotion, a need to create greater awareness. They would like to see the destination
promote itself more, perhaps allying itseif with Costa Rica and the Caribbean. There is
certainly the potential. One factor affecting Panama transits may be Colon 2000. Currently
the company disembarks passengers at Colon and picks them up again at Colon. They
consider that if you sell Panama you have to have a Canal transit. However they are keen to
see what happens with their 10 day Caribbean cruise program by comparison with Panama
(see below). Regional tourism is seen as a plus but the potential impact on Canal usage is

obscured by potential competition from the increasing use of Colon as single Panama cruise
stop.

Fees. Fees are a big deal (4 or 5 out of 5). They are too high for a 10 day Caribbean
programme. The company will soon have one vessel on partial transits and a sister ship on
Caribbean cruises. Their returns should be the same. If the yields turn out the same this wili
be an indictment on the appeal of Panama where fees of $150,000-200,000 have to be
absorbed. In which case they will move to calling at Colon instead of partial transits.

In summary, the most important element is the appeal factor of the destination. Another

important factor determining Panama usage is the yield on cruises/obtaining a reasonable
return. Fees of course have an impact.

For the company, positioning voyagss will decrease slightly with their vessel based on the
US West Coast. Growth in through transits will be less than the industry sector as a whole.
For the campany, 1999 was an historical high. 2000 was 3% down, 2001 will be 8% down,
2002 will see a slight uptick, 2003 onwards is flat. Partial transits are seen as stable, subject
to yield/making sure they are getling premiums to offset Canal fees.

6. Company F

Fleet Growth. Growth in the industry will not directly impact on usage of the Panama Canal
— for three reasons. Firstly, growth is concentrated in post Panamax vessels. Measured in
terms of passenger berths some 60/70% of the growth will be in post Panamax ships.
Secondly, part of the Panama business is in partial transits which are charged as full
transits. This segment is dead with the inauguration of Pier 6 {Hutchison Whampeoa) and
Colon 2000 at Colon. Therefore overall we will see less than industry growth in the Canal.
2000 will be the peak for a while, maybe with a slight increase 2000/2001 but not much
beyond - that is for the next several years, The third reason for this static picture is the
hostile atmosphere in Alaska. Alaska used to be the major reason for increases in Panama
transits, In summary the respondent would say that growth in Panama will not be dramatic.

Numbers of vessels may stay the same although with trend towards larger ships would see
greater numbers of passengers.

Vessel Size/Deployment. As soon as an itinerary works for larger vessels we will see
greater usage. Changes will come about through vessel upgrades and increases in
avaitable berths - through vessel size rather than numbers of vessels. The company is
introducing new Panamax ‘max’ vessels that are 10,000 GRT larger than previous vessels.
These have been adopted not through Panama Canal considerations but because they offer
greater flexibility than post Panamaxes. You lose sornething on size but gain on flexibility.

Regionai Tourism. Tourism will grow. It is growing rapidly in the Caribbean Basin — Costa
Rica/Colombia. From the Panama Canal perspective this is not necessarily an upside — but
could lead to an increase in the use of Colon.
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All the above factors were rated about 2 out of 5 in terms af their potential positive impact on
the Canal.

Fees. It goes without saying that fees are critical. With a 'no choice’ vessel, such as the
need to re-position a ship, the operator in stuck. However it is the company’s practice to
make one or two trips back and forth through the Canal prior to re-posilioning. These are

‘choice’ trips which they can take or leave and represent about 30% to 40% of their Canal
Crossings.

One final issue is waiting time. Sa far the Canal have been ‘kind' and despite hints of delays
the company has continued to enjoy priority. If this is taken away they will go away.
Widening the Gaillard Cut is not seen as a particular benefit because cruises already have
priority but with the Canal operating close to capacity a time is envisaged that with further
growth in all vessel transits the cruise operafors could face delays. This would not be
workabie as, for example, clients have planes to catch. "The prevention of delays is an
important reason for developing the Canal; otherwise the company would again consider
cutting its 'choice’ voyages between Fort Lauderdale and Caldero.

7. Company G

The company does not operate very much in the Panama market. In the past 5 years they
have used the Canal 8-7 times in total. They did not cali November/December 2000 and
have no plans to ¢call in 2001. When they did call they used the Cristobal entrance with a
partial transit to the Gatun Lake where passengers disembarked for visits.

They used one vessel based in Miami geared to the US cruise market. The cruises took 14
days and this is a bit too long for the US market which is geared to 7 days and possibly 10

days. Having said this there was a high degree of customer satisfaction on the cruises they
did undertake.

His general comments on Panama which derive from the comments of his cruise industry
colleagues and what he reads are that it has g big potential for cruises because peopls are
seeking new destinations. Cristobal is developing a good program for maritime ‘stations’,
He would guess at a 100% increase in the next 5 years for cruises using Cristobal.

Globally, he sees a 50-60% growth in the next 5 years because the vessels that are being
built are improving significantly. For example, and according to the respondent, only 1.5
miliion people go on cruises or 1% of the vacation market.

He does not think that the advent of bigger vesseis will make any difference to Panama
transits. There are still many panamax vessels available. The company has 6 vessels on
order (the first one just delivered) which are 85,000 tons, 2,600 pax and still panamax.

8. Company H, Agents in Panama

The respondents’ particular focus is costs, illustrated by transit costs that relatively recently
were around $100,000 having now risen to $160,000. Booking fees for priority sailings are
apot 10% of the cost, _

The respondent belisves that there wiil be a small decline In the number of partial transits
through the Canal. This is because of a combination of Panama Canal fees and the
deveiopment of Pier 6 and Colon 2000, Vessels can dock in Panama and passengers then
get a bus to the Gatun Lake instead of geing through the Canal. Alternatively, passengers
can De taken through the Canal ta Gatun on smail ferry boats, The cost of this is around
$20,000 instead of $60,000 for a small cruise ship and arcund $160,000 for a larger vessel.
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Itis also in line with the short duration cruise market which is a budget market advertised in
terms of the number of ports that passengers will visit.

ﬁe believes that total transits will be approximately the same in the short term with some
Increase in the longer hau} cruises geared to the more affiuent market. The state of the

cruise market currently is that more passengers could go through the Canal without any
increase in vessel capacity/transits.

The Canal will always be a popular area for cruise ships. The limitation is that once a
refatively affluent passenger has transited the Canal it not necessarily a feature that they
want to repeat. Against this, longer haul cruises to South America are being developed for
the South American market and this involves a one way transit of the Canal. Companies
such as Cunard, Seaborn and NCL - that is the people with the more affluent passengers -
are looking for more unusual places bearing in mind that the Caribbean is saturated.

However, these cruises are not a year round market, They are a feature of the summer
season.

The current Canal dimensions are unlikely fo be a limiting factor. The respondent believes
that the Canal is a good market for the 600, 800-1200 pax vessels, The large vessels
currently being built are for the budget eg Caribbean markets.

Pasitioning voyages: the Alaskans are restricting the number of vessels that will be allowed
sa there is a definite limit on the number of vessels positioning.

g, Company |

This company only go through the Canal once every two years when they have a 69 day

round South America trip. However, the respondent was willing to discuss the Canal
generally.

Fleet growth. Around 55 ships are on order for delivery over the next 5 years. One can see
this continuing with 10-12 ships per annum. n other words, 12% pa is probably about right.
This level of growth is likely to be reflected in positioning voyages through the Canal,

Current Canal dimensions are not a limiting factor for cruise ships. One makes a decision to
build to Panama dimensions at up to 2,500 pax and 80,000 tons or go much bigger to 3,500
pax and 130,000 tons such as Royal Caribbean Cruises. The large vessels being built now
are for the short duration market eg around the Caribbean but are not budget vessels being
of 4 star and upwards quality and costing the passenger around $150/day.,

The longer duration cruise serving the more affluent/older market is growing and likely to
double over the next § years. However, this tends to mean an emphasis on new places eg
China rather than existing markets. The Canal is a bit on the fringe of this and, as itis not a

big market, then even significant growth would not make a big difference to Panama Canal
transits.

Partial transits would increase if costs were lower. 1 Panama Canal transit = the cost of 10
ports of call. The company dc 14 day cruises in the Caribbean which could easfly
incorporate a partial transit but they cannot afford it. £10,000-£15,000 would be a more
appropriate fee. Both Suez and Panama pricing structure are based on the notion that the
vessel has to go through the Canal but for cruise ships this is not the case. Upmarket
operators can absorb a larger fee than middle range operators. This is particularly the case
now with the Cristobal developments. The company has just positioned a vessel in Cuba
and would like to incorporate a Canal partial transit but the economics do not work.
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The respondent believes that partial transits will increase over the next few (10) vears
because the West Caribbean market is underdeveloped. However, the rate of increase will
be much lower than if something were done about fees,

10. Company J

They use the Canal as part of their world cruises and South American cruises, This means
one ship 1-2 times a year and other vessels 4 times a year. They are shying away from
using the Canal for smaller vessels as they are no longer guaranteed daylight transits. For
vessels operated by a subsidiary, they used to have 6 Canal cruises that is Fort Lauderdale
to Punta Arenas or Caldera and back 3 times a year. This has now stopped. The subsidiary
now has 2 transits of Fort Lauderdale to LA and back and + around S. America, Vessels
end up with a daylight passage over 50% of the time but this is not guaranteed.

The increase in cruise ship capacity generally means that operators are looking at their per
diem and their cost base.

He does not think that a farge number of post panamaxes will be developed although he has
been proved wrong in the past. Most large vessels are being built for the 7 day market
which is nat their market. However, he could envisage that there could be more air lift

passengers in the Caribbean market using Curacao or Aruba which would encourage partial
transits of the Canal in the short cruise sector.

Canal fees are becoming more important but you can make money from the Canal market or
nol. The fees are not so important in the upscale sector as in the mass market.

The upscale sector is growing steadily but how this will affect the Canal is not easy to see.
Cruises such as Fort Lauderdale to Los Angeles and back are winter time only. If such a
cruise is offered one year it may be a function of the fact that an Amazon cruise was offered
the year before. Also, the Caribbean is a good winter destination but it is congested in the
summer and may not be so appsaling even if the Panama Canal is a strong attraction, But
in winter there are not so many destinations for luxury cruises. On balance he thinks there
will be limited growth in the affluentround the world cruise transits of the Panama Canal but
is unable to put a number to this. There is a new upscale port development on the Pacific
side at Armador — an island connected to the causeway. Upscale cruises turn around on the
USWC orin Costa Rica. This is the first upscale development between the Canal itself and
Acapuico. More upscale ports are needed on the western side of the Caribbean but there
are none. A Panama Canail transit is used as a feature they can market.

Partial transits — he believes that there will be a small percentage increase despite the
advent of Colon and Hutchison because there will be more ships delivered. However, they
use the Canal sparingly anyway so an increase will not make that much of a difference. Pier
6 and Colon 2000 probably have a bright future with excursions from the terminals.

Pasitioning voyages — probably not much of an increase. This has a lot to do with Alaska

which is congested. Ships for this market may become larger to ease cangestion but
obviously will still be able to transit the Canal,

11. Campany K, One of the Cruise Terminals at Colon

The terminal has two markets. Vessels transiting the Canal northbound wiil stop al Colon
and shop in the free zone, go to shows, restaurants etc. This will be good for the cruise
industry and good for Panama. The ships transiting northbound are generally at the
beginning of the daylight convoy, The shaps in Colon will be open untit 8,00 pm in order for
the passengers to be able to use the facllity to its fullest.
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Additionally, the Caribbean market is the largest in the world. They aim to attract vessels to
stop off at Colon and use the facilities. This is vessels which would not be transiting the
Canal anyway. They can also then take excursions through the Canal if they want. For a
vessel of 1700 — 2000 pax approximately, there could be a ferry of around 500 pax capacity
to take people to the Gatun Lake. This would take approx. 4 hours in total with a very short
time at the Lake as the major attraction is to go through the locks. This compares to a large
vessel taking 3 hours to Gatun and then discharging passengers to go on different tours.
(The ferries wolld be provided by the tour operators who have tours to the islands). This is
scheduled to start in summer 2001. The extent to which the ferry traffic to Gatun will happen
wili depend on the cruise lines. They will make their own contracts with the ferry operators.

The Panamanian Government is providing incentives to use Colon in order for people to
spend money landside.
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11 Forecasts of Laden Transits by Route , Vessael Type and Size

This section describes the conversion of trade forecasts by route into transits by route, ship
type and size expressed in terms of deadweight, numbers of vessels and PCUMS. As
discussed in Section 2, the ACP databases have been used to develop factars for converting
cargo tons to deadweight, deadweight to numbers of ships {via average vessel size by route
and dwt size range) and deadweight to PCUMS. The resuits are discussed in the following

sections. The figures in this section exclude passenger ships which are covered separately
in Section 10,

Since compietion of the study, some differences have become apparent between the actual
number of full container ship transits as extracted from the ACP databases and the estimate
to 2000 developed by RLA in its traffic demand study completed in January. This is despite
the fact that forecasts, for example, of PCUMS are close.

As described in Section 2, the calculation of transit numbers is based on:

Forecasts of cargo tonnage for each trade route;

The breakdown of commodity trade flows within route by vessel type;
Analysis of historicai deadweight size distributions by trade route;
Forecast changes in deadweight size distributions

Loading factors (cargo:dwt ratios}

The development of average dwt sizes within each dwt size range

"« & & = & »

Each of the above items have been audited to ascertain the possible causes of the higher
than expected number of transits for full container ships. it has been concluded that the
historical analysis of deadweight size distributions by trade route is the most likely source of
the problem. These distributions were derived from the transit records and vessel data
contained in the databases SDB 85-97 and SDB 94-00, which enabled a vessel deadweight
size range and trade route 1o be assigned to each transit. Our audit has called into question
the integrity and completeness of this data in the databases and has concluded that these
could have led to a bias towards smaller ships on the main trade routes and hence a larger
number of transits. The main area of concern in the transit data is the designation of trade
route.

it is accepted that full container ships have multiple origins and destinations and it is
therefore not straightforward to assign a trade route, but it appears that in many cases there
are either non-systemic errors or inappropriate rules used to assign routes in the transit
database. Two examples of this are;

=  Where there are multiple load/discharge areas associated with a single vessel transit,
examples in the transit database have been found where the transit has been assigned

to a trade route which is responsible for a much smaller proportion of the carge than
another trade route involved in the transit.

= Assigning a cargo to a trade route which is not involved in the transit.

As an example of the first problem, further investigation revealed that many of the Europe -
West Coast USA cargo records had been given a Europe- West Coast Canada route in the
transit data. A comparison of cargo versus transit records for these two routes was therefore
undertaken for the fiscal year 1998/1998. The resuits were as follows:

Europe - WCUSA Europe-WCCAN
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Cargo Data

Cargo (tons) 3335472 70847
No. of Transits Involved 566 47
Transit Data

Cargo (tons) 388359 514121
No of Transits 22 31

It can be seen that for the cargo data, Europe - WCUSA completely dominates with nearly
50 times more trade and more than 10 times as many transits involved. However, for the
transit data, Europe - WCCAN has significantly more transits and trade. Consequently, in
this particular example, tha estimation of deadweight size distributions for Europe-WCUSA
would be based on a small non-representative number of transits and any errors (sampling
or statistical) would be magnified many times over when the true trades were applied,

With regard to the problem of wrong routes, on comparing sequence numbers for cargo and
transit data for Europe-WCUSA trades, it was noticed that 3 of the 22 transits from the transit
data above were not amongst the cargo data transits. These 3 transit records {70960,
78482, 80065) were locked up in the cargo database and were found to contain no Europe-
WCUSA cargo, the main route for each of them being Europe-WCSA. Consequently, not
only was the deadweight size distribution for Europe-WCUSA based on an

unrepresentatively small number of transits, some of these transits were also non-
representative.

Finally, as was to be expected, a significant number of transits were given North-South or
South-North routes in the transit data due to the number of origins and destinations involved.
This in itself is likely to introduce some small errors in the overall deadweight size distribution
process but such errors will have been magnified by the problems described above.

The problems with the data were not readily apparent, particularly since the ACP data was
used to calculate % cargo distributions by route and dwt size range directly from the raw
data. Further a check on the data was not possible (nor required) given that in a period of
five years alone there were about 7,600 individual transit records for full containerships,
associated with almost 43,000 cargo records.

RLA has discussed with ACP a number of options for overcoming this problem. However, all
would require significant further work. It is understood that if ACP wishes to use the
forecasts for numbers of vessels in its other work, it will need to adjust these figures in the
light of the latest data.

111 Generic Growth

Total laden transits are projected to increase from 312 million dwt in 2001 to 460 million dwt
in 2020 and 839 million dwt in 2050, an increase of 105% over the forecast pericd (Table
11.1.1). Greatest gains are expected in southbound transits which are estimated o increase
by 126%. Norihbound transits are forecast to grow by just 78%. Transits of full container
ships in particular are seen to increase the most. Projections in terms of numbers of ships
are seen to increase to a lesser extent — by 88% overall - due to gradua! increases in the
average size of vessels (Table 11.1.2). Demand for the existing Canal is projected to grow
from 11,388 transits in 2001 ta 21,463 transits in 2050, of which 30% are estimated to be dry
bulk carriers and 26% full container ships. Overali rates of growth in terms of PCUMS are
similar to those for dwt, Total transits are projected to increase from 199 million PCUMS net
tons in 2001 to 289 million net tons in 2020 and 395 million net tons in 2050 {Table 11.1.3).
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Table 11.1.1

Scenario 1, Generic Growth in
Dwt Laden Transits by Route and Ship Type

000's dwt
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrler
Tanker

Tanker

Dry/Liguid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Fulli Container

Full Contalner
Roll-erv/Rall-off
Roll-oniRoll-off
Vahicile Carrier

Wehicle Carrier
Vehicle/Dry Bulk
Vehicle/Dry Bulk

6,080 6,634 7.278 7,724 3173 2,051 9,850 10,598
7.841 9096 10385 11,341 12286 14089 15726 17247
11,871 12340 12,658 12797 12,821 12424 11817 10377
4,622 5,617 6,614 7132 7.585 8,250 8583  B.B871
53182 58800 B3B76 67,876 72792 81,545 90,396 96,876
81,368 91575 101,692 111,387 121,354 141,973 183,119 185073
18,906 16972 18439 17,743 708 15,847 17328 17,631
31667 37,034 42677 47,269 51056 56,993 62864 68442
236 245 258 261 265 278 289 281
628 709 811 £an a74 1.072 1,150 1297
4,818 5320 5,800 6,310 g,727 7,548 8,337 9,088
4,603 5493 6,258 8815 7438 8,728 10,045 11488
34,913 41,656 49479 54,566 50483 §9161 77688 86,025
36,506 43,883 51,246 55,808 60315 69608 78335 &B7.605
1.810 1,694 1,861 1.823 1,763 1,593 1,258 841
1,791 2133 2460 2,578 2,683 2,864 2,971 2,990
4771 4,857 4,920 4,954 5,025 5,205 5,410 5,808
2877 3,153 3433 3,687 3,957 4,495 5,042 5.560
565 595 G639 679 T22 815 Q08 1.002
1117 1,265 1423 1,583 1,713 2013 2314 2,615

BZVZWVWEINMZBZAZVZAZTOEZOZUOZNZ

Liguid Gas 170 187 178 188 198 219 242 263
Liguid Gas 2419 2755 3,192 3,545 ig1g 4 385 4,754 5,150
MHher 478 203 541 574 &08 676 746 812
Other 583 825 BY3 753 816 923 1,023 1118
Totaf KNorth 135,601 148,783 165,828 175,494 185,648 205,373 224,067 241,511
Total South 176,002 203,343 230,784 252,769 274,105 31 5413 355975 397,195
Grand Tatat 311,603 352,126 386,611 428,263 459,753 520,788 580,043 638,708
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Table 11.1.2

Scenario 1, Generic Growth in the
Number of Laden Transits by Route and Ship Type

No. of Ships
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
Generat Cargo
Refrigerated Carga
Refrigerated Cargo
Dry Bulk Carrier
Dry Bulk Carrier

485 503 548 578 609 669 723 772
843 744 a4y 024 .00 1,148 1,283 1,411
1.335 1.382 1,413 1,424 1,423 1.374 1,280 1138
485 582 580 732 778 847 884 892
1.298 1.407 1.506 1.587 1,684 1.870 2,059 2,243
1,578 2,101 2,308 2,510 2,720 3.181 3,657 4,158

Tanker 452 434 4890 481 473 482 511 534
Tanker vs7 1.114 1,280 1417 1.536 1,728 1,917 2,097
Dry/Liquid Bulk Carrier 4 4 4 4 8 5 5 5
Dry/Ligquid Bulk Carrler 1" 12 14 186 17 18 ral 23
Container/Break-Bulk 200 215 234 244 255 277 235 313
Cantainer/Break-Bulk 180 213 236 251 269 307 345 3588

Full Contalner
Full Cantainer
Roll-en/Roli-aff
Roll-on/Roll-off
Vehicle Carrier
Vehicle Carrier

1,077 1,268 1,502 1,657 1,808 2113 2,394 2,676
1,138 1,371 1.612 1.767 1,521 2241 2,544 2,861
28 88 106 104 101 a 71 55
114 11 147 150 152 153 146 148
306 307 307 306 308 314 324 334
199 215 232 2458 281 286 319 352

NZVWZWIZWNMZ2ZN22HZTHZHZOZONZTZHZOZ

Vehlcle/Dry Bulk 19 20 22 23 25 28 Kl 34
Vehicle/Dry Bulk 33 38 42 47 52 1 71 81
Liquid Gas 12 12 13 14 14 18 18 19
Liquid Gas 155 178 208 233 259 293 322 348
Other 242 253 267 282 299 334 376 425
Other 102 107 112 117 123 133 143 153
Total Narth 5503 65505 6492 6704 7000 7574 8086 8,551
Total South 5,895 6,806 7,719 8,410 9,089 10,388 11,852 12912
Grand Total 11,298 12,711 14431 15,114 16,092 17,972 19,738 21,463
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Table 11.1.3
Scenario 1, Generic Growth in
PCUMS for Laden Transits by Route and Ship Type
000's tons
ShipType Direction 2001 2005 2010 2015  202¢ 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
DPry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Oryiliquid Bulk Carrier
ContaineriBreak-Bulk
Container/Break-Bulk
Full Cantainer

Full Contalner
Roit-an/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier
Vehicle/Ory Bulk
Vehicle/Dry Bulk

3,700 4,027 4.414 4,681 4,949 5476 5,854 5,402
4,777 5,538 6,320 6,899 TATT 8,570 9,555 10477
9,572 9953 10212 10,325 10,348 40,028 9,379 8,378
3,734 4,238 5,345 5764 6,130 6,668 £,946 7.010
26,535 29,233 31,785 33,846 36,298 40,653 45084 49346
40,339 454156 50,384 55261 60,225 7499 81,043 92,001
7,860 7,599 8,640 8.335 8,056 7,088 8,264 8,457
15,491 18100 20,840 23088 24915 27.813 30.678 33402
1135 120 125 127 129 136 141 142
07 347 397 435 476 523 580 592
2,778 3,083 3,393 3,624 3.858 4,326 4,783 5,183
2,656 3167 3,802 3915 4,267 4,997 5,742 6,558
25890 30,927 36,641 40318 43.844 50,822 55,922 62,858
7156 32488 37796 41,027 44217 50,81 56,978 63,543
1741 1,818 1,968 1.947 1.882 1,688 1,335 931
1,941 2,292 4621 2,748 2,861 3,054 3173 3.260
12786 12,831 13009 13,037 13,174 13,563 14,037 14,498
7,633 8,364 2112 8734 10513 11,945 13385 14,791
302 324 348 370 g4 444 496 547
€05 885 770 847 928 1.090 1,253 1418

NZANZNZWZIUZHRZWZOBZOUZOZWNZLNZ

Liguid Gas 110 108 15 122 128 141 156 170
Liguid Gas 1576 1796 2080 2311 2,553 2,864 3125 3358
Other 365 384 412 437 463 516 572 626
Other kYL 408 447 481 518 577 633 €85
Total North 91,855 100,487 111,052 117,186 123,520 135,793 147,082 157,538
Total South 106,589 123,140 139,722 152,550 165,079 189,402 213,072 237,092
Grard Total 198,544 223,627 250,773 269,715 288,600 325195 360,154 384,630
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11.2 Existing Canal with Capacity Constraints

So far in this repert discussion of the Case for the Existing Canal has been limited to the
demand for trade flows through the Canal, without taking into account capacity constraints.
This has been referred to the generic growth in transits demand and the results are
described in Section 11.1. The projections of laden transits in this section {Case 1) are the
figures which result when a limit of 42 transits per day is imposed.

Projections of Case 1 transits have been derived from the generic growth estimates as
follows:

* Estimates of the generic growth in the total numbers of laden and ballast transits for

commercial cargo carrying vessels developed were added to forecasts of passenger ship
transits plus ballast transits for Other ship types (see Section 12.5);

= It has heen assumed that passenger vessels will continue to receive priority and if
necessary the numbers of other vessel transits in each year have been reduced
proportionately in arder to bring the total number of transits back to a daily figure of 42;

¢+ The same overall percentage reductions were applied to all cargoes and vessel types
and were equivalent to 9.5% in 2005, 17.8% in 2010, 27.3% in 2020 and 44.8% in 2050

In reality, it is likely that more sophisticated scheduling and toll pricing policies would be
introduced to manage a situation in which potential demand was persistently in excess of
capacity. Also it is likely that other priorities would be established and different booking
arrangements infroduced. However al! of these considerations fall outside of the remit of this

study. For this reason, any reguctions have been made pro rata across all ship types except
passenger vessels.

With estimates for 2001 close to the operating capacity for the existing Canal, overall growth
to 2050 in dwt terms is projected at just 13%. Total transits are forecast to increase to just
334 million dwt in 2020 and 353 million dwt in 2050 (Table 11.2.1). Northbound transits are
estimated 1o decline marginally over the period with southbound transits increasing by 25%.
The figure for 2020 represents a reduction of 126 million dwt (27%) from the projected
demand for the Canal. By 2050, the cut would be 286 million dwt (45%). Under this case,
the number of laden transits would increase by just 4% over the entire forecast period, with
vitually no growth from 2010 (Table 11.2.2). Transits in terms of PCUMS are forecast to
fise to 210 million net tons in 2020 and 218 million net tons in 2050, representing reductions
from the demand for the Canal of 79 million net tons (-27%} and 177 million net tons (-45%)
respectively (Table 11.2.3).
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Table 11.2.1

Scenario 1, Case 1, Existing Canal Demand
Dwt Laden Transits by Route and Ship Type

Q00's dwt
BhipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
General Cargso
Refrigerated Caryo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tankar

Bryiliquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Raoi-en/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier
VehicleiDry Bulk
Vehicle/Dry Bulk

6.084 6,003 5,984 5,859 5.940 5,931 5,904 5,855
7.833 8,230 8,537 8748 8,835 9.240 9,427 8,520
11,860 11186 10,408 2,871 9,218 8,142 6,964 5,733
4,618 5082 5,437 5,502 5,512 5,406 5,151 4.791
53131 53,022 52,345 52,380 52,803 53439 54,185 54,682
81,280 82,858 83514 85924 55108 83,040 97,776 102,249
16.890 14,632 15157 13,687 12421 11040 10,386 9,741
31637 33,509 35083 36464 37,106 37,350 37,882 37,813
238 222 21 201 182 182 173 161
627 841 667 686 708 02 838 673
4,814 4,814 4,880 4,807 4,889 4,954 4,897 5,021
4,598 4,970 5,145 5257 5.408 5,720 8,021 6,346
34,879 37691 40,574 42003 43,218 45323 46,966 47,527
36471 39706 42,127 43057 43,835 45616 463,955 48,400
1,608 1,532 1,330 1,408 1,281 1,044 754 465
1,790 1,935 2,022 1,989 1,950 1,877 1,781 1,652
4766 4,394 4,044 3821 3.652 341 3,243 3.008
2.875 2,853 2,822 2.844 2,878 2,948 3,022 3,083
554 538 G526 524 525 834 544 554
11186 1.145 1,168 1.208 1,245 1,319 1,387 1,445

N ZEWZAOZHRZUZWNIZWVDENZOZNZHNZZWHZ

Liquid Gas 170 152 147 145 144 143 145 145
Liquid Gas 2416 2483 2624 2736 2848 2880 2,874 2845
Other 478 455 445 442 442 443 447 448
Other 563 565 570 581 593 805 613 617
Total North 135471 134,621 138,318 135378 134,923 134,588 134,309 133,430
Total South 175,833 183,986 189,715 194,988 199,210 206,701 213,377 219,442
Grand Total 311,304 218,608 326.033 330,365 334,133 341,289 347,686 352,872
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Table 11.2.2

Scenario 1, Case 1, Existing Canal
Number of Laden Transits by Route and Ship Type

No. of Ships
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
Genera! Cargo
Refrlgarated Cargo
Refrigerated Cargo
Dry Bulk Carrier
Dry Bulk Carrier

464 455 451 446 443 438 433 427
642 673 696 713 728 753 789 772
1.334 1.251 1,161 1.088 1.034 800 767 629
484 526 559 565 568 555 530 443
1.285 1,274 1,238 1.224 1,224 1,225 1,234 1,239
1.877 1,801 1,897 1.938 1.977 2,085 2192 2297

Tanker 452 ae2 403 a1 344 318 306 295
Tanker 856 1,008 1.052 1.083 1,116 1,133 1,149 1.168
DryfLliquid Bulk Carrier 4 4 4 3 3 3 3 a
DryfLiquid Bulk Carrier 11 11 12 12 13 13 13 12
ContaineriBreak-Bulk 199 185 192 188 185 181 177 173
Container/Break-Bulk 180 192 194 184 165 201 207 215

Full Container

1.076 1,147 1,235 1,278 1.314 1,385 1,435 1,474
Fuil Container

1,137 1,241 1.325 1,363 1,396 1,469 1.525 1.581

M ZHNZOEZOZODZIZOOZNZRZZINZZNDEZOZTWE

Roll-on/Roll-oft 96 aq ar 80 73 81 42 0
Rall-on/Rall-off 114 119 120 118 110 100 87 a2
Vehicle Carrier 206 278 252 238 224 206 154 164
Vehicle Carriar 198 195 181 180 190 187 191 194
Vehicle/Dry Bulk 18 18 18 18 18 18 19 i9
Vehicle/Dry Bulk 33 34 35 K1) 38 40 42 45
Liguid Gas 12 11 10 10 10 " 11 i1
Liquid Gas 155 161 171 180 188 192 193 192
Other 242 229 220 217 217 214 225 235
Qther 102 97 o2 =] 89 BY g8 85
Total Harth 5498 5,343 5,271 5474 5,089 4964 4,847 4,724
Tota! South 5,890 6,158 8,345 5,488 6,606 6,814 6,984 7,134
Grand Tatal 11,387 11,501 11616 11659 118695 11,778 11,821 11,858
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Table 11.2.3
Scenario 1, Case 1, Existing Canal
PCUMS for Laden Transits by Route and Ship Type
000's tons
ShipType Direction 2001 2005 2090 2015 2020 2036 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Retfrigerated Cargo
Dry Bulk Carrier

Ory Bulk Carrler
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Rall-on/Roll-off
Roli-on/Roil-off
Vehlcle Carrier

Vehicle Carrier
Vehicle/Dry Bulk

3.8986 3,643 3.628 351 3.597 3,588 3,568 3.337
4772 5012 5,185 5322 5,434 5616 5,728 5,758
9,583 9.008 8,395 7.865 7.519 6,572 8,622 4,629
3731 4,106 4,384 4,446 4,455 4,370 4,164 3.873
26510 26,451 26,104 26100 25379 26,641 27,012 27,263
40300 41,093 41,426 42629 43770 48,200 48578 50,829
7,953 6,676 7,102 6,430 5,855 5,235 4.954 4672
15476 16,377 17131 17,795 18,107 18227 18,389 18454
115 108 103 =l 94 89 84 T8
307 314 328 335 348 343 336 327
2,775 2771 2,762 2795 2,804 2,835 2,855 2,863
2,653 2,866 2,881 3,020 3,101 3,278 3,442 3,623
25,865 27983 30,120 31100 31,884 33,305 34120 34,728
27130 29395 31,070 31,649 32138 33,281 34,153 35,108
1,738 1,843 1.634 1,502 1,368 1113 800 514
1,938 2074 2,155 2120 2.073 2,002 1,902 1.8
12773 11700 10694 10,057 9,574 8 68¢ 8414 8,010
7.626 7,568 7.430 7,555 7,640 ¥.B28 £,023 8,172
302 293 288 286 285 291 297 302

WEZWZNMENZIWZINZ N ZUNZNZANZNZWZ

Vehicle/Dry Bulk 605 620 £33 653 674 714 751 782
Liquid Gas 110 28 95 24 93 92 94 94
Liguid Gas 1,575 1,625 1,710 1,783 1,856 1,877 1,873 1,855
Other 365 347 339 337 337 338 343 346
Other 373 369 367 n 375 378 380 ars
Total North 91,866 90,822 91,290 97,352 89,770 88,980 88,163 87,036
Taotal Sauth 106,487 111,419 114,858 117,678 119,974 124,921 127,718 130,909
Grand Total 198,353 202,341 206,147 208,061 209,744 213,111 215,881 218,025
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11.3 Expanded Canal

For the Expanded Canal, the laden transits expressed in dwt are estimated at 500 million in
2020 (Table 11.3.1) - an increase of 51% versus the case for the Existing Canal — and 631
million in 2050, almost double the figure for the Existing Canal {Case 1. In terms of
numbers of ships, laden transits for the expanded Canal are projected to reach 16,268 in
2020 and 21,493 in 2050 (Table 11.3.2), increases of 4,573 (39%) and 9,908 (84%)
respectively versus the estimates for 2020 and 2050 in the Existing Case. The increases in
percentage terms are less than for the figures expressed in dwt due to increasing vessel
sizes employed in existing Panama Canal trades and also the larger ships which would
switch from by pass trades. [n terms of PCUMS, total transits would reach 316 million net

tons in 2020 and 429 million tons in 2050, representing simifar increases versus the Existing
Canal as those for dwt transits.

Table 11.3.1
Scenario 1, Case 2, Expanded Canal
Dwt Laden Transits by Route and Ship Type
000's dwt
ShipType Dlrection 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigeratad Cargo
Refrigerated Cargo
Dry Bulk Carrier
Dry Bulk Carrier

7,279 7,724 8,173 9,051 9.850 10,598
10,385 11,341 12,296 14,009 15,726 17,247
12658 12,797 12821 12424 11817 10,377

8614 7,132 7,585 8,250 8,693 8.671
67511 71737 76656 85595 94,488 102508

107,820 118,062 125,654 147469 170,365 194,874

Tanker 18,234 17,528 16,868 15604 17,084 17,347
Tanker 44,473 48,940 52,806 58303 B63,907 68202
DryiLiquid Bulk Carrier 256 261 265 278 28% 291
DryiLiquid Bulk Carrier 811 830 974 1,072 1,160 1,217

Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Contalner
Roll-on/Rotl-off
Roll-on/Roll-off
Vehicle Carrier
Vehlcle Carrier
Vehlcle/Dry Bulk
Vehicle/Dry Bulk

5,800 8,310 6,727 7,659 8,337 9,088
6,258 6815 7,438 8,728 10,045 11,486
60,781 66,763 72475 83664 93,220 102,374
67,787 73,122 78,335 89,042 93,780 108,945
1,864 1,823 1,763 1,593 1,258 841
2,460 2,578 2,683 2,864 2,971 2,890
4,920 4,954 5,025 5,208 5410 5,608
3,433 3,687 3,957 4,485 5,042 5,580
639 879 722 815 808 1,002
1,421 1,563 1,713 2,013 2,314 2615

MWZWZDZHEZODEZR2DZBLBZDEZZNZOZX

Liquid Gas 178 188 198 219 242 283
Liquid Gas 3182 3,548 3.919 4,395 4,794 5,150
Other 541 574 608 676 746 812
Other 893 753 818 823 1,023 1,118
Total North 180,740 191,338 202,302 223,683 243,439 261,509
Total South 255,356 278,429 297,974 341,653 384,718 429,097
Grand Total 436,096 469,767 500,276 565,336 628,158 690,606
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Table 11.3.2

Scenario 1, Case 2, Expanded Canal

Number of Laden Transits by Route and Ship Type

No. of Ships
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigarated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liguid Bulk Carrier
Container/Break-Bulk
Cantainer/Break-Bulk
Full Centainer

Full Container
Roli-an/Roll-off
Roll-on/Roll-off
Vehicla Carriar

Vehicle Carriar

548 578 609 669 723 773
B47 924 1,001 1,148 1,283 1411
1.413 1,424 1,423 1,374 1,280 1,139
680 732 778 847 884 893
1,516 1,588 1.677 1,847 2018 2,184
2,323 2,510 2,682 3111 3,558 4,031
483 474 487 478 504 527
1.286 1,420 1,536 1,722 1,905 2,079
4 4 2 5 5 ]

14 16 17 19 21 23
234 244 255 277 295 33
238 251 269 307 345 388
1,589 1,747 1,900 2,212 2,495 2,778
1,744 1,901 2,086 2,381 2,685 3,000
106 104 101 93 71 55
147 150 152 153 148 148
307 306 308 314 324 334
232 246 261 286 319 352

MZUWMZBDZNDZUIWMZODZOZONZEOEZOZEZWMZ

Vehicte/Dry Bulk 22 23 25 28 31 34
Vehicle/Ory Bulk 42 47 52 61 71 g1
Liguid Gas 13 14 14 16 18 19
Liquid Gas 208 233 259 293 322 348
Other 267 282 299 334 378 425
Cther 112 117 123 133 143 183
Total North 6,502 6,788 7,082 7,643 8,140 8,587
Tatal South 7,871 8,547 9,186 10,462 11,681 12,906
Grand Total 14,373 15336 16,268 18,105 19,821 21,493
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Table 11.3.3

Scenario 1, Case 2, Expanded Canal
PCUMS for Laden Transits by Route and Ship Type

000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo

4414 4,681 4,949 5,476 5,854 5,402
6,320 6,899 7,477 8,570 9,555 10,477
10,212 1¢,325 10,346 10,028 9,379 8,378
5,345 5,764 6,130 6,669 6,946 7,010

Dry Bulk Carrier 33,406 35501 237,945 42,368 45,787 50,982
Dry Bulk Carrier 53,081 58,122 62,023 72,774 B4,037 96,063
Tanker 8,747 B,424 8,126 8,031 8,283 8,453
Tanker

21,661 23,834 25,628 28,420 31,167 33,767
125 127 129 136 141 142
397 435 476 523 560 592

3,393 3,624 3858 4326 4763 5,183
3,602 3,015 4267 4997 5742 6,558
45,031 49,398 53,544 61,653 68,543 75,111
50,063 53,877 57,500 657258 72,222 79,487
1,988 1,947 1,882 1,699 1,335 931
2,621 2,798 2,861 3054 3,173 3,260
13,009 13,037 13,174 13,563 14,037 14,498
9,112 9,794 10,513 11,945 13,385 14,791
348 370 394 444 496 547
770 847 928 1,090 1,253 1,416

Dry/Liquid Bulk Carrler
Dry/Liquid Bufk Carrier
Container/Break-Bulk
Cantainer/Break-Bulk
Full Container

Full Contalner
Rell-on/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vaehicle Carrier
Vehicle/Dry Bulk
Vehicle/Dry Bulk

MZNDZWEZOMIZWZNZBZNDZODZOBDZODZWNHDEZ

Liquid Gas 115 122 128 41 i56 170
Liquid Gas 2,080 2,311 2,553 2,864 3,125 3,358
Other 412 437 463 516 572 626
Other 447 481 516 577 633 685
Total North 121,201 127,992 134,939 148,281 160,446 171,422
Total South 155,498 169,026 180,973 206,741 231,800 257,483
Grand Tatal ' 276,699 297,018 315,912 355,122 292,24& 428,886
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11.4 Unrestricted Canal

The increase in laden transits versus the Expanded Case Is relatively small. Total transits in
terms of dwt are estimated at 514 million in 2020 and 705 million in 2050 (Table 11.4.1), just
3% and 2% respectively above the figures for the Expanded Case. Total numbers of laden
transits would be up by just 52 in 2020 and 54 in 2050 (Table 11.4.2). Transit figures in

terms of PCUMS would reach 321 million net tons in 2020 and 435 miliion tons in 2050
(Table 11.4.3).

Table 11.4.1
Scenario 1, Case 3, Unrestricted Canal
Dwt Laden Transits by Route and Ship Type
£00's dwt
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo
General Carga
Refrigerated Cargo
Refrigerateq Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Butk Carrier
Dry/Liquid Bulk Carrier
Centainar/Break-Bulk
Container/Break-Bulk
Full Container

Fuit Container
Roil-on/Roll-off
Roll-gn/Roll-off
Vehicle Carrier
Vehicle Carrier
Vehicle/Dry Bulk
Vehicle/Dry Buik

7,279 7,724 8,173 9,051 8,850 10,598
10385 11,341 12,296 14,089 15726 17,247
12859 12,797 12,821 12424 11617 10377

6,514 7,132 7,385 8,250 8,583 8,671
67,366 71,600 76,527 85473 94,387 102,811

108,256 118,554 128,756 150,937 174,085 188,648
18,234 17,52¢ 16,869 16,504 17,084 17,347
49,736 57,361 63659 69,356 74,980 80,254

256 281 265 279 289 291
811 890 974 1,072 1,180 1,217

5,800 6,310 6,727 7,568 8,337 2,088

6,258 6.815 7,438 8.728 10,045 11,486
80,781 86,763 72475 83684 93,220 102,374
67,787 73122 78,335 89,042 98,789 108,945

1,861 1,823 1,763 1,693 1,258 841

2,460 2,578 2,683 2884 297 2,880

4,820 4,954 5,025 5,205 s4G 5,608

3,433 3,687 3,857 4,495 5,042 5,680

639 679 722 815 808 1,002

1,421 1,563 1,713 2,013 2314 2815

NZWNWZWNZNDNZNZNDZZNDEZOLIN2Z2NZNZIWNDE

Liquid Gas 178 188 188 219 242 263
Liquid Gas 3982 3546 3919 4395 4,794 5150
Other 541 574 608 676 746 812
Other 693 753 818 823 1,023 1,118
Total North 180,594 191,201 202,172 223,561 243,328 261,411
Notal South 261,046 287,341 312130 356,174 399,471 443,823
Grand Total 441,640 478,542 514,302 579,735 642,799 705,334
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Table 11.4.2

Scenario 1, Case 3, Unrestricted Canal

Number of Laden Transits by Route and Ship Type

No. of Ships
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Butk Carrier
Tanker

Tanker

DryiLiquid Bulk Carrier
Ory/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container

548 578 609 669 723 773
847 924 1.001 1,148 1,283 1411
1,413 1,424 1,423 1,374 1,280 1,138
880 732 778 a47 884 893
1,515 1,587 1.676 1,846 2,018 2,183
2,320 2,507 2,897 3.128 3,576 4,048
483 474 487 476 504 527
1,303 1.448 1,573 1,760 1.842 2,116
4 4 5 5 5 5

14 16 17 19 21 23
234 244 255 277 285 313
236 251 260 307 345 388
1,589 1,747 1,900 2,212 2,495 2778
1,744 1,901 2,058 2,381 2,685 3,000

NZODZDZWODZWLBZMDZINZBZHBZNZNIZWNZ

Roll-on/Roll-off 106 104 101 23 71 55
Roll-on/Roll-off 147 150 1582 153 146 148
Vehicla Carrler 307 306 308 314 324 334
Vehicle Carriar 232 246 261 286 319 352
Vehicle/Dry Bulk 22 23 25 28 31 34
Vehicle/Dry Bulk 42 47 52 g1 71 B1
Liquid Gas 13 14 14 18 18 19
Liquid Gas 208 233 259 293 322 348
Other 2687 282 289 334 378 425
Qther 112 117 123 133 143 153
Total North 6,501 6,787 7,081 7,642 8.13% 8,586
Tatal South 7.885 8,672 9239 10,518 11,736 12,961
Grand Total 14,386 15359 16,320 18,158 19,875 21,347

Rlchardson Lawrie Associates 199

February 2001

Contract No: SAA-43915



Private and Confidential

Table 11.4.3

Scenario 1, Case 3, Unrestricted Canal

PCUMS for Laden Transits by Route and Ship Type

000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Containar

Full Container
Roll-on/Roli-off
Roll-an/Roli-off
Vehlcle Carrier

Vehicle Carrier
Vehicle/Dry Bulk
Vehicle/Dry Bulk

4,414 4,681 4,948 5,476 5,954 8402
6,320 6,899 1477 8,570 2,555 10,477
10,292 10,325 10,346 10,028 9,379 8,378
5,345 5,764 5,130 6,669 6,948 7,010
33,342 35441 37,888 42,314 45738 50,938
53,250 58,318 63,359 74,269 85632 97,887
8,747 8,424 8.128 8,034 8,283 8,453
23,787 27240 30,099 32892 35639 38,238
125 127 129 136 141 142
397 435 476 523 560 592
3,393 3,624 3,858 4,326 4783 5,183
3,602 3,918 4267 4,997 5,742 6,558
45031 49,398 53,544 61653 68,543 75,111
50,0683 53877 67,600 85258 72,222 79,487
1,988 1,847 1,882 1,689 1,335 931
2621 2,748 2,861 3,054 3173 3,260
13,008 13,087 13174 13,563 14,037 14,498
9,112 9794 10,513 11,945 13,385 14,791
348 370 384 444 496 547
770 247 928 1,090 1,253 1,416

EZWZWZULWZNZDIZIWZNZUVVZUOUZOZWNOZ

Liquid Gas 115 122 128 141 158 170
Ligquid Gas 2,080 2,311 2,553 2,864 3,125 3,358
Other 412 437 463 516 572 626
Othar 447 481 516 577 633 685
Total North 121137 127,932 134,882 148,327 160,397 171,379
Total South 157,793 172,628 186,781 212,707 237,866 263,558
Grand Total 278,931 300,560 321,663 361,035 398,263 434,937
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12 Forecasts of Ballast Transits

As discussed in Section 2, future ballast transits for commercial ship types have been
determined by relating them to laden transits at the stage where transits are expressed in
dwt. In the absence of any long term trends linking laden and ballast transits, the last five
years' actual data from the ACP database have been used. Factors have been calculated
by ship type, route and size. The factor for each ballast route relates to the laden transits in
terms of dwt on the reverse route - for example, baliast transits from Asia to the US East
Coast are related to laden transits from the US East Coast to Asia. Laden/baliast ratios for

larger vessel sizes have been based on the ratios for the largest sizes currently utilising the
Canal.

For commercial vessels, ballast transits in terms of numbers of ships and PCUMS have
been determined by applying the same average dwts and dwt/PCUMS ratios as determined
for laden transits. The results for each case are discussed in Sections 12.1 to 12.4. There
are only very occasional ballast transits for passenger ships. A different methodology has,
of necessity, been adopted for Other Ship types sincs a large proportion of these do not
have reported dwts in the database and in any event there is little justification in linking
mavements of these vessels with those of commergial tonnage.

For other ship types, trend analyses have been undertaken for north- and southbound
numbers of transits and these have been used to develop future projections, Based on
observations from the PCUMS data, it has been assumed that all of the vessels without dwis
are in the dwt size range below 10,000 dwt. Using the ACP database it has therefore been
possible to calculate average PCUMS net tons per vessel for each dwt size range. These
relationships have been used to make projections of ballast transits for these vesse! types in
terms of PCUMS. The results are summarised in Section 12.5,

121 Generic Growth

Total ballast transits for commercial cargo carrying vessels are estimated to increase from
43.7 million dwt in 2001 to 62.5 million dwt in 2020 and nearly 85 million dwt in 2050 (Table
12.1.1}. This represents an annual average growth rate of 1.3% over the period. Between
74% and B0% of ballast transits are accounted for by dry bulk carriers and tankers, in
particular on northbound routes. As a result, mest of the growth in ballast transits is
projected to occur on northbound routes. In total, ballast transits are between 13% and 14%
of faden transits throughout the forecast.

The total number of ballast transits is estimated to reach 2,918 in 2050 - an increase of 66%
from 2001 - with northbound transits rising by 113% and those southbound by just 4% (Table
12.1.2). Transits in terms of PCUMS are projected to increase from 27.2 million net tons in
2001 to 37.6 million tons in 2020 and 48.9 million tons in 2050 (Table 12,1.3),

12.2  Existing Canal with Capacity Constraints

Total ballast transits are estimated to increase by just 8% over the forecast period, from 43.6
million dwt to 47.0 million dwt (Table 12.2.1). The figure for 2050 represents a reduction of
some 38.0 million dwt from the estimated demand for the Canal. Northbound transits are
shown to rise by 22% with southbound transits declining by almost one third. Because of
increasing vessel sizes transiting the Canal the total number of ballast transits is projected to
decline by 8% overall to just 1,612 ships in 2050, from 1,755 in 2001 (Table 12.2.2).
Because of the predominance of dry bulk carriers and tankers among ballast ships, the
growth in transits in terms of PCUMS net tons — at just 2% betwsen 2001 and 2050 — is even

lower than for dwt (Table 12,2.3). These vessel types generally have lower PCUMS/dwt
ratios than most other ships.
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12.3 Expanded Canal

In this case, total transits in 2010 are estimated at 55.9 million dwt, almost 26% above the
figure for the Existing Canal of 42.7 million dwt (Table 12.3.1). By 2020, ballast transits are
projected to reach 65.8 million dwt (45% above Case 1} and by 2050, 85.9 million dwt — that
Is, just over twice the Case 1 figure. The total number of ballast transits are projected 1o rise
from 2,114 in 2010 to 3,029 in 2050, an overall increase of 43% (Table 12.3.2). Ballast
transits in terms of PCUMS are forecast at 33.8 million net tons in 2010, rising to 39.1 million

nel tons in 2020 and 54.8 million net tons in 2080, approximately double the figure under
Case 1 (Table 12.3.3).

12.4 Unrestricted Canal

As in the case of laden transits, the Unrestricted Case represents very little increase over the
Expanded Case. In 2020, they are estimated at 86,0 million dwt in total (Table 12.4.1), just
0.3% above the Case 2 figure and in 2050 when transits are projected ta reach 96.0 miflion
dwt, the difference is just 0.1%. Total numbers of transits are estimated to be broadiy the
same as in Case 2 {Table 12.4.2). Transits in terms of PCUMS are estimated in 2020 and
2050 at 39.2 million net tons and 54.9 million net tons respectively (Table 12 4.3).

12.5 Other Ship Types

As discussed above, projections of ballast transits for other, non-specific vessel types have
been handied outside of the mode! since a large proportion of these on the ACP database
have no deadweights and trends in transits — as might be expected - bear no relation to
laden transits. The results are shown in Table 12.5. For the Existing Canal (Case 1), total
transits are forecast to decline from 1,905 in 2001 to 1,460 in 2020 and 1,155 in 2050. In
contrast, under the other three cases, transits are projected to reach 2,009 in 2020 and
2,080 in 2050, Expressed in terms of PCUMS, transits under Case 1 are shown to decling
from 858,000 net tons in 2001 to 523,000 net tons by 2050, In the other three cases transits
are forecast to rise.
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Table 12.1.1

Scanario 1, Generic Growth in

Dwt Ballast Transits by Route and Ship Type

000's dwrt
ShipType Direction 2001 2005 2010 2015 2020 20320 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrler

1,425 1,833 1,846 2,005 2,167 2473 2,757 3,025
572 811 657 GB6 715 7ve 823 870
318 382 445 477 504 539 548 532

3917 4070 4,175 4,221 4,228 4,007 3,829 3418

16613 18890 20,684 22655 24682 28921 3315 37,944

Dry Bulk Carrier 2347 2565 277 2945 3142 3523 3904 4,060
Tanker 10,436 12,230 14,143 15899 17.000 19,003 20,855 22,801
Tanker 2,811 2802 3,186 3004 2828 2674 2635 2570

Dry/Liguid Bulk Carrier
DryfLiquid Bulk Carrler
Contatner/Sreak-Bulk
ContaineriBreak-Bulk
Full Containar

Full Gontainer

125 143 165 182 202 230 255 278

52 54 56 57 57 60 61 61
461 532 603 653 703 7499 885 66
348 3az 420 447 474 529 580 629
669 783 858 818 973 1.085 1,208 1,320
453 527 625 684 763 912 1,064 1.225

Roll-onfRoll-off 104 121 138 137 134 125 112 a2
Roll-on/Rall-off 118 M2 111 103 G4 50 31 24
Vehicle Carrier 488 543 £89 g32 677 761 851 238

Veahicle Carrier

1.082 1.088 1,116 1,139 1.168 1,234 1,306 1,377
Vehicle/Dry Bulk

289 326 385 400 438 514 589 655

HZWIZWNZNZINZAZTARZOUZBLBZ2Z2ONDZNDZ

Vehlcle/Dry Bulk 48 52 58 =y} 85 73 82 92
Liquid Gas 891 1.013 1,170 1,296 1,428 1,505 1,734 1,85
Liquid Gas 15 15 15 16 17 19 20 22
Total North 31,828 36,387 41,007 45,054 48,908 56,057 63,208 70,418
Total South 11,841 12,279 13,198 13,373 13,552 13,973 14,355 14,563
Grand Total 43,669 4B.845 54,203 58,427 62,459 70,030 77,563 84,981
* Excludes ballast transits for ‘Olher’ Ship Types
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Table 12.1.2

Scenario 1, Generic Growth in the

Number of Ballast Transits by Route and Ship Type

Na. of Ships
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050
General Cargo N 145 187 181 208 228 261 293 324
General Cargo ] 53 57 62 85 68 73 74 84
Refrigerated Cargo N 35 42 49 52 55 58 53 57
Refrigerated Cargo S 463 480 491 485 455 480 449 402
Dry Bulk Carrier N 418 435 505 545 587 543 795 910
Dry Bulk Carrier 3 63 g7 70 72 75 84 g2 100
Tanker N 264 332 382 424 462 520 577 830
Tanker 5 70 &7 75 72 70 68 59 70
Dry/Ligquid Bulk Carrier N 2 2 2 2 3 3 3 3
Dry/Liquid Bulk Carrler S 1 1 1 1 1 1 1 1
Container/Break-Bulk N 21 24 26 27 23 an 32 33
Container/Break-Bulk S 15 17 18 13 20 21 22 23
Full Container N 30 30 35 38 41 48 54 B0
Full Container ] 21 22 27 30 34 41 49 57
Roll-an/Roll-off N 11 12 12 bh! i0 B 5] -]
Roli-on/Rall-off S 18 18 18 18 17 15 2 2
Vehicle Carrier N 24 28 28 30 32 34 38 41
Vahicle Carrier S 48 47 47 48 45 45 45 46
Vehicle/Dry Bulk N 8 9 10 1" 12 15 17 19
Vehicle/Dry Bulk 5 2 2 2 2 2 2 3 3
Liguid Gas N 23 25 3 34 38 42 45 48
Liquid Gas S 1 1 1 1 1 1 1 1
Total Northbound 1,001 1,134 1,271 1,384 1,484 1,708 1,919 2,1
Total Southbound 755 779 811 B21 82§ 831 812 788
Grand Total 1,757 1,813 2,082 2,205 2,322 2,540 2,732 2,918

" Excludes ballast transits far ‘Other' ship types
Richardson Lawiig Associates 204

February 2001




Table 12.1.3

Scenario 1, Generic Growth in
PCUMS for Ballast Transits by Route and Ship Type

Q00's tons
ShipType Diractlon 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
Genearal Cargo
Refrigeratad Cargo
Refrigerated Cargo
Dry Bulk Carrier
Cry Bulk Carrier

a77 1.005 1,138 1,235 1,335 1.524 1,688 1,864
351 37s 403 421 4349 474 503 534
258 308 jeleli] 285 407 435 443 430
3,157 3.281 3,367 3,404 3,410 3,305 3,088 2,757
8313 9,357 10358 11,348 12,368 14,504 18,720 19.056
1,186 1,296 1,403 1,489 1.588 1,782 1,978 2,180

Tankey 5,149 5,028 6,963 7,724 B.362 9,343 10.207 11,200
Tanker 1,308 1,254 1,418 1,341 1,266 1,206 1,157 1,182
DryfLiquid Bulk Carrier 60 89 78 88 a7 110 122 133
Dry/Liquid Bulk Carrier 25 26 27 28 28 29 0 30
Container/Break-Bulk 268 309 380 378 408 459 £07 g52
Container/Break-Bulk 204 224 248 281 276 307 338 1ok
Full Contalnar 498 555 627 664 7M 781 854 827
Fuil Container 328 378 445 482 538 837 738 B47
Roll-an/Rel)-off 10 128 148 144 141 132 "7 102
Roll-on/Roll-off 133 125 121 111 101 83 50 27

Vehicie Carrier
Vehicle Carrler
Vehicle/Dry Bulk

1345 1,485 1,382 1,709 1,828 2,058 2,288 2,528
2,614 2,669 2,924 2,972 3,038 3,195 3,370 3,545
165 175 164 218 236 277 a7 358

NZRZHZINDZNRZBDZEZNZOHNZONZNZAZE

Vehicle/Dry Bulk 26 28 30 33 35 40 45 a0
Liquid Gas 586 g67 770 853 940 1,050 1,141 1,223
Liquid Gas 10 10 10 11 1 12 13 14
Total Northbound 17,620 20,066 22,577 24,742 26,819 30,671 34,515 38,375
Tetal Southbound 9,541 9,867 40,397 10,561 10,732 11,670 11,350 11,508
Grand Totat 27,161 29,933 32,874 352303 37,55 41,741 45885 49,882

" Excludes ballast transits for ‘Other ship types

Richardson Lawrie Assoclates 205

February 2001
Contract No: SAA-43915
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Table 12.2.1
Scenario 1, Case 1, Existing Canal
Dwt Ballast Transits by Route and Ship Type
000's dwt
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Buik Carrier

Ory Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Cartler
Dry/Liquid Bulk Carrier
ContaineriBreak-Bulk
Container/8reak-Bulk

1.424 1.477 1817 1,547 15673 1.622 1,853 1671
&71 553 &40 529 a20 506 493 480
319 345 366 368 368 353 328 294
3,813 3,683 3432 3,258 3,073 2885 2,295 1,887
18,597 16811 17.004 17477 17.938 18,953 15,970 20,963
2345 2320 2282 2,273 2284 2,308 2340 2359
10426 11,068 11626 12,110 12,355 12454 12,56t 12,5097
2908 2535 2619 234y 2,055 1752 1.578 1,423
125 130 136 141 147 150 153 154
52 49 46 44 41 38 Krg 34
480 482 496 504 511 523 530 534
348 345 348 345 345 347 47 347

DTN ZNZNZUZ2ZONZV2N AT HT

Full Container 568 681 705 706 707 717 724 729
Full Containar 452 476 514 535 555 L38 538 677
Roll-on/Reoll-off 104 110 114 105 87 g2 &7 51
Rall-on/Roil-off 118 102 g2 79 1] 22 30 13
Vehicle Carrier 438 481 435 488 492 458 510 518
Vehicle Carrier 1,061 985 g18 879 845 809 783 761
Vehlela/Dry Bulk 288 285 300 308 318 337 353 367
Vehicle/Ory Bulk 48 47 45 47 47 43 49 5y
Liquid Gas 250 917 962 1.000 1,033 1,045 1,039 1,026
Liguid Gas 15 13 13 13 12 12 12 12
Total North 31,797 32,905 33,710 34,755 35,544 36,736 37,888 33,904
Total South 11,830 11190 10,848 10316 9,849 9,157  B,605 8,046
Grand Total 43.527 44,015 44,557 45,071 45,393 45,893 46,492 46,950
Richardson Lawrie Associates 2068

February 2001



Table 12,2.2

Scenario 1, Case 1, Existing Canal Demand

Number of Ballast Transits by Route and Ship Type

Ma. af Ships
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050
General Cargo N 145 181 157 161 164 171 176 178
General Cargo s 53 52 51 50 49 4B 47 48
Refrigerated Cargo N 35 k] 40 40 40 38 35 3t
Refrigerated Cargo S 462 434 403 382 360 314 269 222
DOry Bulk Carrier N 418 420 415 420 426 451 477 502
Dry Bulk Carrier s 63 a1 58 58 55 55 55 a5
Tanker N 284 300 314 327 335 341 346 348
Tanker 5 70 &1 B2 568 51 45 47 39
DOry/Liquid Bulk Carder N 2 2 2 2 2 2 2 2
Dry/Liquid Bulk Carrier § 1 1 1 1 1 a 4] 0
Contatner/Braak-Bu'k N 21 21 g 21 21 20 18 18
Contalner/Break-Bu'k 5 16 16 15 15 14 14 13 12
Full Container N 30 27 29 29 30 3 32 33
Full Container L 21 20 22 23 24 27 29 N
Raoll-on/Rot-off N 11 11 10 g 8 S 4 3
Roll-on/Ret-off 5 19 18 15 14 13 10 1 1
Vehicle Carrier N 24 24 23 23 23 22 23 23
Vehicle Carrier ] 48 43 38 35 33 28 27 25
Vehicle/Dry Bulk N 8 3 8 g & 10 10 "
Vehicle/Dry Bulk s 2 2 2 2 2 2 2 2
Liquid Gas N 23 24 5 26 28 28 27 27
Liquid Gas s 1 1 1 1 1 1 1 1
Total Northbound 1,000 1,028 1.045 1,087 1,086 1,119 1,150 1,177
Total Southbound 755 705 667 B33 531 545 487 436
Grand Total 1,755 1,74 1,712 1,71 1,687 1,664 1,637 1,613

Richardson Lawrie Associates 207
February 2001

Contract Now SAA-43915
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Table 12.2.3
Scenario 1, Case 1, Existing Canal
PCUMS for Ballast Transits by Route and Ship Type
000's tons
ShipType Direction 20012005 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier
Dry Bulk Carrier

876 808 934 853 §70 993 1.018 1,030
350 339 332 325 g 31t 203 295
257 274 298 297 236 285 265 238
3,154 2,969 2,768 2,626 2,479 2,166 1,882 1,523
8,305 8,466 8,515 8,754 8,988 2505 10,022 10,530
1,185 1,173 1,153 1,148 1154 1,168 1,184 1,194

Tanker 5,144 5,454 5724 5,388 6,077 6,123 8,172 6,188
Tanker 1,307 1135 1,187 1,034 920 790 7ig 853
Dry/Liquid Buik Carrier 60 82 65 68 70 72 73 74
Dry/Liquid Bulk Carrier 25 24 22 21 20 19 18 16

Container/Break-Bulk
Container/Break-Bulk
Full Cantainer

268 250 288 291 295 3 304 305
204 202 202 21 201 201 M 201
498 502 515 513 509 512 $12 512

Full Container 328 342 368 379 391 418 443 468
Roll-an/Roll-off 110 118 120 111 102 36 70 56
Roll-an/Roll-off 133 114 100 86 74 55 30 145

Vehicle Carrler

1,344 1,325 1,308 1,318 1,329 1,349 1,377 1,398
Vehicle Carrier

2,811 2595 2,404 2,293 2,209 2,094 2,020 1,958

mzmzmzmzmzmzmzmzmzmzmz

Vehicle/Dry Bulk 165 159 161 166 im 181 180 198
Vebicle/Dry Bulk 28 25 25 25 25 26 27 27
Liquid Gas 586 603 633 658 683 a88 884 G675
Liquid Gas 10 9 8 8 8 B 5 8
Total Nerthbound 17,603 18,156 18,559 19,088 19,491 20,100 20,688 21,201
Total Southbound 9,532 8,928 8,547 8,147 7,800 7,254 6,803 6,358
Grand Total 27,135 27,084 27,106 27,233 21,291 27,354 27,492 27,558
: Excludes ballast transits for 'Other ship types
Richardsan Lawrie Associates 208

February 2001



Table 12.3.1

Scenario 1, Case 2, Expanded Canal

Dwt Ballast Transits by Route and Ship Type

000's dwt
ShipType Direction 2010 2015 2020 2030 2040 20350

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Ory Bulk Carrier

Ory Bulk Carrier
Tanker

Tanker

DryiLiquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Containar/Break-Bulk
Full Contalner

1,846 2,005 2,167 2475 2,757 3.025
657 688 715 772 &23 870
445 477 504 53¢ 548 532

4,175 4,221 4,228 4,087 3,829 3,416

22,362 25321 28,055 34673 41,821 49,043

2,962 313 3,325 3,710 4,089 4,441

14,089 15614 16,887 18832 20,719 22498

3123 2,944 2,771 2,620 2,580 2,522

165 183 202 230 255 278

56 57 57 60 81 81
603 853 703 799 B85 866
420 447 474 529 580 629
858 916 973 1,085 1,208 1.320

Full Container 625 594 763 812 1,064 1.225
Rell-on/Rall-off 138 137 134 125 112 92
Rall-on/Roll-off 111 103 94 8o 51 24

Vehicle Carrier
Vehicle Carrier
Vehlele/Dry Bulk

589 632 677 761 851 838
1,118 1,138 1,168 1,234 1,306 1,377
385 400 438 514 588 665

MEZDZWNWZNZTIN2WLILZWDZVD2HD=Z0Z

Vehlcle/Dry Bulk 56 60 65 73 82 92
Liguid Gas 1,170 1,296 1,428 1,585 1,734 1,857
Liguid Gas 15 18 17 19 20 22
Total North 42,630 47,635 52,167 81,637 71,278 81,215
Total South 13,318 13,499 13679 14,108 14,485 14678
Grand Total 55,949 61,134 65,845 75,742 B5763 953892

* Excludes ballast transits for Other ship types

Richardson Lawria Associates 208

February 2004
Contract No: SAA-43815
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Table 12.3.2

Scenarid 1, Case 2, Expanded Canal

Number of Ballast Transits by Route and Ship Type

No. of Ships
ShipType Direction 2010 2015 2020 2030 2040 2050
General Cargo N 191 208 226 281 293 324
General Cargo §:) 62 65 68 73 79 84
Refrigerated Cargo N 49 52 55 58 58 57
Refrigerated Cargo S 491 495 485 480 449 402
Dry Bulk Carrier N 522 570 618 738 867 1,004
Ory Bulk Carriar S 74 7B 78 87 95 103
Tanker N 393 436 474 532 589 642
Tanker 8 76 73 70 a2 O 71
Dry/Liguid Bulk Carrier N 2 2 3 3 3 3
Dry/Liquid Bulk Carrier 8 1 1 1 1 1 1
Container/Break-Bulk N 28 27 28 30 32 33
Container/Break-Bulk £ 18 19 20 21 22 23
Full Cantainer N 35 38 41 48 54 50
Full Container 8 27 30 34 41 48 57
Roll-on/Roll-off N 12 11 10 ] & 5
Roll-on/Roll-off S 18 18 17 15 2 2
Vehicle Carrier N 28 30 32 34 38 41
Vehicle Carrier S 47 46 45 45 45 46
Vehicle/Dry Bulk N 10 11 12 15 17 19
Vehicle/Dry Bulk 8 2 2 2 2 3 3
Liquid Gas N 3 34 38 42 45 43
Liguid Gas S 1 1 1 1 1 1
Total North 1,298 1,421 1,637 1,771 2,003 2,237
Total South 815 825 831 835 816 792
Grand Total 2114 2,245 27369 2,608 2,819 3,029

" Excludes baliast transits for Other ship types
Richardsan Lawrie Assqociates 210
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Table 12.3.3

Scenario 1, Case 2, Expanded Canal

PCUMS for Ballast Transits by Route and Ship Type

000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Pry/Liquid Bulk Carrler
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk

1,136 1,235 1,335 1,524 1,698 1,864
403 421 439 474 505 534
360 385 407 435 443 430

3.367 3,404 3,410 3,305 3,089 2,757

11,086 12529 13,868 17,067 20,425 24011

1,483 1,569 1,667 1,861 2,052 2,232

8,947 7.693 8319 9274 10,201 11,074

1,482 1,388 1,319 1,252 1,237 1,215

79 88 97 110 122 133
27 28 28 29 30 30
350 378 406 459 507 552
246 261 276 307 338 383

Full Container 627 664 7o 781 854 927
Full Container 446 492 538 637 738 847
Roll-on/Roll-off 146 144 141 132 117 102
Roll-on/Roll-off 121 111 104 83 80 27

Vehlcle Carrier
Vehicle Carrier
Vehicle/Dry Bulk

1,592 1,708 1,828 2,058 2,298 2,528
2,924 2,872 3,038 3,195 3,370 3,545
196 216 236 277 317 358

MZNMZNEZNZ2Z2NZ2Z2VDZNDZDZOWDZNDIZIWNHZ

Vehicle/Dry Bulk 30 a3 35 40 45 30
Liquld Gas 770 853 840 1,050 1,141 1,223
Liquid Gas 10 1 11 12 13 14
Total North 23,268 25893 28,277 33,166 38,124 43,201
Total South 10,540 10,699 10,863 11,185 11,467 11,612
Grand Total 33,839 36,592 39,140 44,362 495M 54,813

" Excludes ballast transits for 'Other' ship types

Richardson Lawrie Associates ' 211

February 2001
Contract No: SAA-43915
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Table 12,4.1
Scenario 1, Case 3, Unrestricted Canal
Dwt Ballast Transits by Route and Ship Type
000's dwt
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargoe

General Cargo
Refrigerated Carga
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/liquid Bulk Carrier
Dry/Liquid Bulk Carrier
Containes/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-on/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier
Vehicle/Dry Bulk

1,846 2,005 2,167 2,475 2,757 3,025
657 686 715 772 823 870
445 477 504 239 548 532

4,175 4,221 4,228 4,087 3.829 3416

22,254 25204 28231 34,855 41 J90 49175

2955 3,125 3318 3,705 4,083 4,436

14,088 15614 15887 18,832 20,719 22498

3,123 2,944 2,77 2,820 2,580 2,522

165 183 202 230 255 278

56 57 57 60 61 51
803 653 703 799 385 966
420 447 474 529 580 629
858 916 973 1,085 1,208 1,320
625 694 763 912 1,084 1,225
138 137 134 125 112 9z
111 103 94 80 51 24
589 632 677 761 851 038

1,116 1,139 1,168 1,234 1,308 1,377
365 400 438 214 589 865

mzmzmzmzmzmzmzmzmzwzmz

Vehlecle/Dry Bulk 56 &0 g5 73 az2 92
Liquid Gas 1,170 1298 1.428 1,595 1,734 1,857
Liquid Gas 15 16 17 19 20 22
Total Narth 42,922 47,517 52,343 61,819 71,448 81,346
Total South 13,312 13,492 13,673 14,100 14,479 14,673
Grand Total 35,834 61,009 66,016 759019 85,927 96,019

* Excludes ballast transits for 'Other'ship types

Richardson Lawrie Associates 212

February 2001




Tahle 12.4.2

Scenario 1, Case 3, Unrestricted Canal

Number of Ballast Transits by Route and Ship Type

No. of Ships
ShipType Direction 2010 2015 2020 2030 2040 2050
General Cargo N 191 208 226 261 293 324
General Cargo S 62 €5 &8 73 79 24
Refrigerated Cargo N 48 52 55 58 59 57
Refrigerated Cargo 5 491 495 495 4830 448 402
Dry Bulk Carrler N 520 568 518 740 B68 1,004
Dry Bulk Carrier 5 74 76 78 87 95 103
Tanker N 393 436 474 532 589 642
Tanker 5 78 73 70 89 70 71
Dry/Liquid Bulk Carriear N 2 2 3 3 3 3
Dry/Liquid Bulk Carrier S 1 1 1 1 1 1
Contatner/Break-Bulk N 26 27 28 30 32 33
Contalner/Break-Bulk L 18 18 20 21 22 23
Full Container N a5 38 41 45 54 60
Full Contalner 5 27 30 34 41 49 57
Roll-onfRall-off N 12 11 10 8 3 5
Roll-an/Roll-off 8 18 18 17 15 2 2
Vehicle Carrier N 28 30 32 34 38 41
Vehicle Carrier 5 47 46 45 45 45 46
Vehicle/Dry Bulk N 10 11 12 15 17 12
Vehicle/Dry Bulk 5 2 2 2 2 3 3
Liquid Gas N 3 34 38 42 45 418
Liquid Gas 5 1 1 1 1 1 1
Total North 1,297 1,419 1,538 1,772 2,004 2,238
Total South 815 825 831 2835 816 792
Grand Total 2,112 2,244 2,369 2,607 2,820 3,030

" Excludes hallast transits for ‘Other’ ship types
Richardson Lawrie Associates 213

February 2001
Contract No: SAA-43915
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Table 12.4.3

Scenario 1, Case 3, Unrestricted Canal

PCUMS for Ballast Transits by Route and Ship Type

000's tons
ShipType Direction 2010 25 2020 2030 2040 2030

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Buik Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Llquid Bulk Carrier
Container/Break-8Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-onfRoll-off
Roll-an/Roll-off
Vehicla Carrier

Vehicle Carrier
Vehicle/Dry Bulk

1,136 1,235 1,335 1.524 1,698 1,864
403 421 439 474 505 534
360 385 407 435 443 430

3,367 3,404 3410 3,305 3.089 2,757

11,048 12,478 13,944 17,146 20,498 24 067

1,480 1,666 1.664 1,838 2,050 2,230

6,947 7,693 B,319 9,274 10201 11,074

1,482 1,399 1,318 1,252 1,237 1,215

79 88 97 110 122 133

27 28 28 29 30 30
350 378 406 459 807 552
246 261 276 307 336 363
627 664 701 781 854 oz27
446 482 938 637 738 847
146 144 141 132 "7 102
121 111 101 83 90 27

1,592 1,709 1,828 2,058 2,298 2,528

2,824 2,972 3,029 3,185 3,370 3,545
196 216 236 277 37 358

NMZWDWZUWZVZOZUWZOUZNZOVOZRZ O

Vehicle/Dry Bulk a0 33 35 40 45 80
Liguid Gas 770 853 840 1,050 1,141 1,223
Liquid Gas 10 11 1 12 13 14
Total North 23,250 25,840 28,353 33,245 38,196 43,257
Total South 10,537 10,696 10,860 11,193 11,465 11,810
Grand Total 33,787 36,536 39,213 44,437 49,661 54,867

* Excludes ballast transits for ‘Other' ship types

Richardson Lawric Associates 214

February 2001




Table 12.5.1

Number and PCUMS for Ballast Transits for Other Ship Types

2801 2006 2010 2015 2020 2030 2040 2050

Case 1 a0d’s (No.)
MNorthbound 774 715 883 632 603 5568 517 483
Southbound 1,131 1,036 g52 a0z 857 782 723 g72
Total 1,905 1,751 1,615 1,534 1,480 1,338 1,240 1,155
Casa2and 3
Nerhbound 778 781 808 819 830 848 862 374
Sauthbound 1,132 1,145 1,158 1,169 1,179 1,194 1,206 1,216
Total 1,808 1,636 1,885 1,988 2,008 2,042 2,068 2,080
Case 1 000's PCUMS
Northbound 438 406 s 358 342 315 293 274
Southbound 420 384 353 335 318 280 268 2449
Total 858 790 728 693 880 €05 561 523
Casa2and 3
Northbound 439 448 457 465 471 481 489 498
Southbound 420 425 430 434 437 443 447 451
Total 859 ar3 BBY 899 a08 824 935 947

Richardson Lawrie Associates 215

February 2001

Contract No: SAA-43915
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13 Ferecasts of Tolls for Laden and Ballast Transits

could be sustained. Equally, there are some routes for which a marginal pricing policy would
enable the Canal to capture more trage.

13.1  Generic Growth

Estimates of future toils revenue for laden and ballast transits for commercial carge vessels
have been derived by multiplying transit forecasts exprassed in terms of PCUMS by the tolls
of US$2.57/PCUMS and U8%2.04/PCUMS respectively. Estimates exclude other anciliary
charges which together add approximately 20% to the tolis. The results are shown in Tables
13.1.1 10 13.1.2. Laden toll revenue is estimated to increase from $510 million in 2001 to
3742 million in 2020 and $1.014 in 2050, representing an average growth rate of 1.4% per
annum.  Qver the same period revenue from ballast transits is forecast to rise from $56
million to $102 million, equivaient to approximately 10/11% of the laden revenue, Total
revenue therefore would increase from $566 million in 2001 to $818 million in 2020 and
$1,115 millien in 2050,

Table 13.1.1

Scenario 1, Tolls Based on Generic Growth In
Laden Transits by Route and Ship Type

000's USS
ShipType Direction 2001 2005 2010 215 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigeraled Cargo
Dry Bulk Carrier

Dry Buik Carrier
Tanker

Tanker

Dry/Liguid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Cantainer

Full Gontainer
Roll-on/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier

9.508 10,349 11,344 12,030 12,720 14,073 15308 16,454
12277 14,235 16,243 17730 19217 22024 24,557 26,925
24802 25579 26245 26536 26,590 25772 24103 21,533

9,597 11663 13735 14,813 15754 17,138 17.852 18,017
GB.195 75130 81,810 86984 93,280 104,479 115815 126818

103671 116719 128513 142,022 154,779 181,181 208,280 236,443
20458 19,530 2224 21421 20705 20530 21,239 21,733
38811 46516 53558 50,2684 64030 71480 78,842 85,842

297 308 322 327 33z 348 381 364
780 891 1,019 1,118 1223 1344 1,440 1,522

7.138 7.872 8,720 9,313 9918 11118 12,240 13,320

6,825 8139 8236 10067 10,967 12842 14,756 16,853
65,785 79482 94,167 103,611 112,680 130,611 145,288 151548
69792 83493 97,135 105440 $13638 130,558 146,434 163,305

4,473 4,673 5108 5,003 483y 4,365 34 2,392

4,987 5,891 8,736 7,063 7,353 7,850 8,156 8,378
32858 33232 33433 333505 33,857 34858 35074 37,260
19.617 21485 23417 25179 27,018 30700 34,399 3B.mM3

WZWNZNZUWZNWZNZNZUZNZRZTU T =

Vehicle/Dry Bulk 778 832 885 952 1012 1142 1,274 1,406
Vehicle{Dry Buik 1,558 1,762 1,978 2178 2,385 2,801 3,220 3,638
Liquid Gas 282 278 286 312 329 363 402 436
Ligquid Gas 4,062 4,616 5,346 5,939 8,362 7,362 8,032 8,630
Other 939 987 1.058 1.122 1,180 1,327 1,470 1810
Other 860 1,043 1,148 1,235 1,327 1,482 1628 1.760
Total North 236,323 258,251 285,403 301,115 317,448 348988 378,001 404,872
Total Soulh 273,335 316470 359,085 302,053 424,254 488,762 547,595 609,327
Grand Total 510,258 574,721 644,487 692,169 741,701 835750 925,596 1,014,200

Richardsun Lawrie Associates 216
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Table 13.1.2

Scenario 1, Tolls Based on Generic Growth In
Ballast Transits by Route and Ship Type

Q00's USS
ShipType Diractien 2001 2005 2010 2015 2020 2030 2040 2050

Generat Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrler

Dry Bulk Carrier
Tanker

Tanker

DrylLiquid Bulk Carrier
Dry/l.iquid Bulk Carrigr
Container/Break-Bulk
ContainerBreak-Bulk
Full Cantainer

Full Contriner
Roll-onf/Rolt-off
Roli-en/Raoll-off
Vehicle Carrlar

Vehicle Carrier
Vehicle/Dry Bulk

1,788 2,050 2,318 2,519 2723 3,110 3.484 3.802
718 785 823 859 885 a7 1,031 1,080
526 629 734 786 B30 868 803 a78

6438 6683 65868 6044 G057 6743 5303 5,623

16,958 19,088 21,130 23149 25230 28,587 34108 38,880

2,420 2,845 2,882 3,038 3,240 3,835 4,028 4407

10,504 12297 14,205 15756 17,058 19,050 21 006 22,847
2,668 2,558 2,895 2,735 2,583 2,450 2,442 2412
122 140 162 179 1687 224 248 272
52 54 =la] 56 ar 3| g1 60
547 631 713 770 826 937 1.034 1,126
417 456 502 532 584 627 685 741

1,018 1,132 1,278 1,355 1,430 1,583 1,743 1,841
668 771 909 1,003 1,087 1,300 1,508 1,727
224 261 298 293 287 268 239 208
271 256 247 227 207 170 102 55

2745 2988 3,247 3486 3,730 4,128 4 687 5156

5740 5853 5066 B083 6,109 8,517 6,875 7,231
317 asg 404 440 481 564 647 730

NMZHIIWZ2OD TN ZTZAZEZRIZIWMZVIZNZZNZT

Vehicle/Dry Bulk 53 57 62 86 71 81 91 101
Liguid Gas 1,198 1,360 1,570 1,740 1,917 2,141 2328 2,494
Liguld Gas 20 20 21 2z 23 25 rag 28
Tetal Northbound 35945 40,935 46,057 50,474 54,712 62,569 70,411 78,284
Total Southhound 19,464 20129 21,211 24,545 21,893 22582 23,153 23,476
Grand Total 55409 61,083 67,267 72,018 76,604 85,151 93,564 101,760

* Excludes tallast trans_its for 'Other' ship typas
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13.2  Existing Canal with Capacity Constraints

Taking into account capacity constraints under the Existing Canal, laden toll revenue would
increase to only $539 million in 2020 and $560 million in 2050 (Table 13.2.1), representing
lost revenue’ versus demand for the Canal of $203 million and $454 million respectively.
Estimates of ballast toll revenue are around $56 million in both 2020 and 2050 (Table
13.2.2). These figures are $21 million and $46 million below toll figures based on generic

growth in transits via the Canal. Total revenue under this case would be 3595 million in
2020 and 3617 million in 2050,

Table 13.2.1
Scenario 1, Case 1, Existing Canal
Tolls for Laden Transits by Route and Ship Type
000's US$
ShipType Directian 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigeratad Cargo
Dry Buik Carrier

Dry Bulk Carrier
Tanker

Tankar

Ory/Liquid Bulk Carrier
Rry/Liquid Bulk Carrier
ContainerfBreak-Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-on/Roll-off
Roll-on/Roil-off
Vehicle Carrier

Yehicle Carrier

9,488 9,363 9,326 9,280 9,245 9,222 8,173 8,060
12,285 12,880 13,352  13.677 13986 14,433 14720 14,876
24,578 23,144 21575 20470 19,325 16,889 14,448 11,896

9588 10583 11,282 11,427 11449 11231 18,704 9,954
88,130 67.978 67,087 67.100 67,793 68,468 69421 70.065

103,572 105608 106,465 109,557 12,438 118,734 124,846 130,630
20438 17671 18,253 16,524 15,047 13454 12,731 12,007
39973 42089 44,027 45732 46535 46,843 47259 47,425

286 273 264 252 241 229 217 201
789 808 838 B&2 835 a81 863 841

7,133 7123 7,168 7,184 7.206 7,288 7.337 7,359

6,813 7.364 7 609 7761 7.971 8,416 8,845 8.3n
86731 71918 77410 79027 81,882 865594 87,688 89,251
89,725 75546 79,849 81,337 82,588 85559 87774 90,223

4,469 4,228 4,199 3,859 3513 2,861 2,057 1,321

4,983 5,331 5,537 5,448 5,344 5,144 4,883 4,528
32,827 30,063 27.4B4 25848 24,608 22,844 21,623 20,535
19.598 19448 19250 19,417 19836 20119 20820 2100

MEZNZN T ZINZOZIRZIBZVZNZTWNZNT

Vehicle/Dry Buik 775 753 736 734 735 748 763 777
Vehicle/Ory Bulk 1,554 1,584 1.627 1,679 1.733 1.836 1,930 2,010
Liquid Gas 282 252 243 241 239 238 241 241
Liquid Gas 4,048 47176 4395 4881 4769 4,824 4,814 4,768
Other G938 893 870 865 8645 870 881 B89
Other 558 950 G944 953 Q64 971 876 av3
Total North 236,096 213,669 234614 232,283 230,710 228,704 226,579 223,684
Total South 273,672 286,346 285,185 302,431 308,333 316,992 328,236 336,641
Grand Total 509,768 520,016 529,799 834,716 539,043 547,895 554,815 580,325
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Table 13.2.2

Scenario 1, Case 1, Existing Canal

Tolls for Ballast Transits by Route and Ship Type

D0o's USS
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bu'k Carrier
Dry Butk Carrier

1.788 1,855 1,806 1,943 1,979 2,038 2077 2,10
715 892 676 662 851 634 618 €02
525 569 803 606 603 682 541 485

6433 5,056 5,646 5,357 5,058 4,418 3778 3,107

16,841 17271 17370 17,857 18,336 13,300 20445 21480

2418 2383 22353 2,344 2355 2,382 2,415 2.435

Tanker 10494 11428 118678 12154 12307 12,480 12,581 12,623
Tanker 2,665 2.315 2,380 2110 1,877 1612 1,464 1.333
DryiLiquid Bulk Carriar 122 127 133 138 143 147 149 150
DryiLiquld Bulk Carrier 52 48 46 43 41 ag 36 33
ContainerBreak-Bulk 47 571 587 594 802 614 620 622
Container/Break-Bulk 417 413 412 411 410 411 410 408

Full Container
Full Contalner
Roll-on/Rall-off
Rolt-on/Roll-off
Vehicta Carriar
Vehicle Carrler
Vehicle/Dry Bulk

1,015 1.024 1,051 1,048 1.03% 1.044 1,045 1,045
asg 6398 747 74 797 852 504 854
224 238 245 226 209 176 1432 115
271 232 203 175 150 112 61 30

2742 2,704 2,669 2,689 2,711 273 2,810 2,849

5734 5,206 4904 4677 4,506 4,271 4121 3,985
317 324 328 azg 380 370 388 404

NMZOZOIZIDZINZNDZ2ZNZNZBDZOZNE

Vehicle/Dry Bulk 53 52 51 51 52 53 55 58
Liquid Gas 1.194 1,23 1,291 1,342 1.393 1.403 1,386 1,378
Liquld Gas 20 18 17 17 V7 18 16 18
Total Northbound 35910 37,038 37,861 38,936 39,762 41,004 42,205 43,250
Total Sauthbound 19,448 18213 17,436 16,620 15911 14,799 13,878 12,970
Grand Total 55,238 55251 55,297 55,555 55673 55,803 56,084 56,220
* Extludes ballast transits for 'Cthar' ship types
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13.3 Expanded Canal

Laden toll revenue is estimated at $812 million in 2020 and $1,102 million in 2050 {Table
13.3.1). These figures are $273 million and $542 million above those for the Existing Canal
and about 9% above the toll estimates based on the generic growth in transits via the
Canal. Revenue from ballast transits is projected to reach $80 million in 2020 and 112
million in 2050 (Table 3.3.2). These estimates are $24 million and $56 millian above those
for the Existing Canal and betwsen 4% and 10% above the figures for the generic growth in

transits demand. Total revenue under this case would equal $892 million in 2020 and
31,214 million in 2050.

Table 13.3.1
Scenario 1, Case 2, Expanded Canal
Tolls for Laden Transits by Route and Ship Type
000's US$
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Gry Bulk Carrier
Dry Bulk Carrier

11,344 12030 12720 14,073 15,303 16,454
16,243 17730 19,217 22,024 24,587 26,925
26,245 26,536 26590 25772 24,103 21,533
13,736 14,813 15754 17,138 17,852 18,017
85854 91239 97,517 108,885 120,244 131,023
136,418 149,373 158,388 187,020 215,976 245,883

Tanker 22,481 21,660 20885 20839 21,288 21,724
Tanker 55,668 61,254  §5.863 73.040 80,100 86,780
DryiLiquid Bulk Carrier 322 327 332 349 361 364
Dry/Liquid Bulk Carripr 1,019 1,118 1,223 1,344 1,440 1,622

Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-an/Roll-off
Roll-an/Roll-off
Vehicle Carrier
Vehicle Carrier

8,720 2,313 8916 11148 12,240 13,320
9256 10,081 10,967 12,842 14,756 16,853
115,730 126,853 137,608 158,447 176,157 183,035
128,663 138,485 148,033 167,713 185.671 204,231
5,108 5,003 4,837 4,365 3431 2,392
6,736 7,063 7.353 7,850 8,186 8,378
33433 33505 33,857 34,858 36,074 37,260
23417 2571 27,018 30,700 34,309 38013

MM ZNZ R ZVZOZNZUZNZONZONZOZ

Vehicle/Dry Bulk 885 852 1.012 1,142 1,274 1,406
Vehicle/Dry Bulk 1,978 2,178 2,385 2,801 3,220 3,639
Liquid Gas 296 31z 29 363 402 436
Liquid Gas 5,346 5,939 6,562 7,362 8,032 8,630
Other 1,058 1.122 1,180 1,327 1,470 1.610
Cther 1,148 1,235 1327 1482 1828 1,760
Total Nerth 311,488 328,941 346,793 381,339 412,347 440,555
Tatal South 399,629 434,398 465,100 531,325 595726 661,681
Grand Total 711197 763,339 811,893 912,664 1008073 1,102,238

L
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Table 13.3.2

Scenario 1, Case 2, Expanded Canal
Tolls for Ballast Transits by Route and Ship Type

DO0's USS
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo

Dry Bulk Carrier

Dty Bulk Carrler
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Rell-an/Roll-off
Rolt-on/Roll-off
Vehicle Carrier

Vehicle Garrier

2318 2,518 2723 3110 3,464 3.802
823 859 885 967 1,031 1,088
734 786 830 888 903 878
6.868 8.944 6,957 6,743 6,303 5.623
22,637 25558 2B,291 34,817 41,668 48,983
3,026 3,200 3,400 3,796 4,187 4,553
14171 15895 16,071 18919 20,809 22,590
3.023 2,854 2,691 2,553 2,524 24783
162 17¢ 187 224 245 272
56 56 57 59 61 60
713 770 828 837 1,034 1,126
502 532 564 827 685 741

1,279 1.355 1,430 1,583 1,743 1,881
09 1,003 1,097 1,300 1,508 1,727
298 293 287 289 239 208
247 227 207 170 102 55

3,247 3,486 3,730 4,138 4,687 5,156

5,966 5,083 6,189 6,517 £,875 7,231

BZWDZDZNMZNZOZUNZWDZODZDZWNDZ

Vehicle/Dry Bulk 401 440 481 564 647 730
Vehicle/Ory Bulk g2 66 71 81 91 101
Liquid Gas 1,570 1,740 1,917 2,141 2,329 2,494
Liquid Gas 21 22 23 25 27 28
Total North 47,529 52,821 57685 67,660 77,773 88,130
Total South 21,602 21,826 22,161 22,838 23,393 21,688
Grand Total 69,031 74,647 T9.846 90,498 101,166 111 818

* Excludes ballast transits for 'Other’ ship types
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13.4 Unrestricted Canal

Projected revenue under the Unrestricted Case is only marginally higher than in the
Expanded Case. Total laden revenue is estimated at $827 miliion in 2020 and 31,118
million in 2050 (Table 13.4.1) while tolls from ballast transits are projected to reach 380
million in 2028 and $112 million in 2050 (Table 13.4.2). Total revenue therefore would equal

$907 million in 2020 and $1,230 million in 2050, increases of 1.6% and 1.3% respectively
versus the case for the Expanded Canal.

Table 13.4.1
Scenario 1, Case 3, Unrestricted Canal
Tolls for Laden Transits by Route and Ship Type
000's Us$
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Buik Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Braak-Bulk
Container/Break-Bulk
Full Container

Full Centainer
Roll-on/Rall-off
Rell-on/Roll-off
Vehicla Carrler

Vehicle Carrier
Vehicle/Dry Bulk
Vehicle/Ory Bulk

11344 12030 12720 14,073 15,303 16.454
16243 17730 19217 22024 24 557 26,925
26,245 26,536 26,590 25,772 24,103 21,533
13,736 14813 15754 17138 17,852 18,017
85680 91,083 97,371 108.747 120,117 130,911
136,853 149,877 162,834 100,870 220,073 251,054
22481 21,850 20,885 20,639 21288 21,724
81133 70006 77,354 84531 91,591 98,271
322 3z7 332 349 361 364
1.019 1,118 1223 1,344 1,440 1,522
8,720 9,313 9916 11,118 12,240 13,320
9,256 10,061 10,967 12,847 14,756 16,853
115,730 126,953 137,608 158,447 176157 193,036
128,663 138,465 148,033 187,713 185,611 204,281
2,108 5,003 4837 4365 3431 2,392
8,736 7.063 7,363 7,850 8.156 8,378
33433 33,505 33,857 34,858 368,074 37.260
23417 25471 27,018 30,700 34,399 38,013
895 852 1.2 1,142 1.274 1,406
1,979 2,178 2,385 2801 3,220 3.638

MZWZMWIZWDBZWZUZANZIZNDZAOZDZOHOZNZ

Liguid Gas 295 3z 329 383 402 436
Liguid Gas 5,346 £,933 6,562  7.362 8,032 8,630
Other 1,058 1,122 1,180 1.327 1,470 1,610
Other 1,148 1,235 1,327 1,482 1.628 1,760
Total North 311,323 328,785 346,647 381,204 412,220 440,444
Total South 405,529 443,655 480,027 546,658 611,315 677,344
Grand Total 716,852 772,440 826,674 927,859 1,023,535 1,117,788
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Table 13.4.2

Scenario 1, Case 3, Unrestricted Canal

Tolls for Ballast Transits by Route and Ship Type

000's USS
ShipType Direction 2010 2015 2020 2030 2040 2030

General Cargo
General Cargo
Refrigeratad Cargo
Refrigerated Cargo
Dry Bulk Carrier
Dry Bulk Carrier
Tanker

Tanker

2318 2,518 2,723 3,110 3,464 3,802
823 859 895 567 1,031 1,088
734 786 830 888 a03 878
6,868 6,844 6,957 5,743 6,303 5623
22,538 25451 28,448 34977 41,816 48,008
3,018 3,194 3,394 3,781 4,182 4,549
14171 15685 16,971 18,918 20,808 22,590

3,023 2,854 2,681 2,553 2,524 2,479

Dry/LIquid Bulk Carrier 162 179 197 224 249 272
Dry/Liquid Bulk Carrier 58 56 57 59 61 80
Container/Break-Bulk 713 770 828 937 1,034 1,126
Container/Break-Bulk 502 532 564 627 585 741

Full Container
Full Contalner
Roll-on/Rofl-off
Roll-on/Roli-off
Vehicle Carrier
Vehicle Carrler

1278 1,355 1,430 1,683 1.743 1.891
909 1,003 1,097 1,300 1,508 1.727
293 293 287 269 238 208
247 227 207 170 102 55

3,247 3,486 3,730 4,198 4,687 5,156

5.966 6,083 6,199 6,517 6,875 7,231

BZEZDZNZNEZ2NZINZIZNZNZHNZHZWNDE

Vehicle/Dry Bulk 401 440 481 564 647 730
Vehlcle/Dry Bulk 62 66 71 81 91 101
Liquid Gas 1,570 1,740 1,917 2,141 2329 2,494
Liquid Gas 21 22 23 25 27 29
Total North 47,430 52714 57840 67,818 77921 88244
Total South 21,496 21,820 22,155 22,833 23,388 23,684
Grand Total 88,926 74,534 79,995 90,652 101,309 111,928

" Exeludes ballast transits for 'Other’ ship types
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13.5 Other Ship Types

Under the Existing Canal case, total ballast revenue would decline from $1.8 million in 2001
10 $1.3 million in 2020 and $1.1 millien in 2050. For all other cases, revenue waould follow a
slight rising trend, reaching $1.9 million in 2020 and 2050 (Table 13.5).

Table 13.5.1

Tolls for Ballast Transits for Other Ship Types

2001 2005 2010 2015 2020 2030 2040 2050

Case 1

000's USS
Nerthbound 895 §28 V87 73 598 543 598 538
Southbound BE8 784 721 683 648 582 547 508
Totat 1,751 1,612 1,488 1.414 1,348 1,235 1,145 1,067
Case2and 3
Norhbound 896 915 833 945 961 981 998 1,011
Southbound 857 857 877 - 885 802 G904 a13 920
Total 1,753 1,781 1,810 1,833 1,853 1,885 1,910 1,831

13.6  Summary

Combining the above figures with those for passenger ships (see Section 10), the toll
revenue that would accrue from the projected generic growth of transits ) would be $589
milfion in 2001, rising to $863 million in 2020 and $1,174 million in 2050, Taking into
account capacity constraints for the Existing Canal, toll revenue would rise modestly from
$588 million in 2001 to $639 million in 2020 and $673 million in 2050. These figures
represent ‘lost’ revenue of $224 million and $501 million respectively compared with the
generic growth figures. Toll revenue under the Expanded Case would reach $936 million in
2020 and $1,272 million in 2050, whils total toil revenues of $851 million and $1,287 million
are projected for 2020 and 2050 respactively under the Unrestricted Case.

Richardson Lawrie Associates 224
February 2001




14 Beam Analysis

14.1  Generic Growth

Table 14.1.1 shows the generic growth in the number of laden transits by beam ranges. In
order to calculate these data, the consultants created a frequency analysis of beam within
vessel type and size range for all vessel types transiting the Canai. For the Existing Canal,
the frequency analysis was based on data from the ACP database.

For northbound routes, the increasing incidence of transits by larger vessels is apparent.
Vessels with a beam of less than 80' decline from 47% of ail northbound transits in 2001 to
39% in 2050. The share of all of the other sizes increases, particularly vessels in the 100'-
106" range which increase from 28% in 2001 to 33% in 2050 For southbound routes, the
proportions in each beam range vary only marginally over the time period.

14.2 The Existing Canal

Table 14.2.1 summarises the number of forecast laden transits by beam range after

reduction of the vessel transit forecasts in order to capture the impact of Existing Canal
capacity constraints.

14.3 The Expanded Canal

In order to determine transits by beam for the Expanded Canal, the consultants developed a
second frequency analysis of beam within vesse! type and size range. This frequency
analysis differs from the first in that the larger vessel sizes refiect global fleet data rather
than Canal data. Table 14.3.1 below shows the revised results for dry bulk carriers, full
containerships and tankers. Transits for the remaining vessels are unchanged from the
generic growth figures in the Expanded Canal case. In this case, 7%, rising to 8% of transits

for these three ship types are undertaken by vessels in excess of the current Panamax
baam.

14.4  The Unrestricted Canal

Table 14.4.1 below shows the revised results for dry bulk carriers and tankers — the only two
ship types where number of transits and sizes of vessal utilised change compared to the

Expanded Canal case. In this case, 5% rising to 9.5% of transits are underiaken by vessels
exceeding the current Panamax beam.
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Table 14.1.1

Generic Growth in the Number of Vessel Transits by Beam, Scenario 1

ShipType / Beam Diractlen 2001 2005 2010 2015 2020 2030 2040 2050
Genaral Cargo

<80} N 403 431 465 486 507 549 587 622
20-84.9 N 24 27 32 35 35 44 50 55
85-90.9 M 37 43 51 57 83 74 85 95
91-04.9 N U 5} 0 0 o 1 1 1
95-99.9 N 0 o 1 1 1 1 1 1
100-106 N 5} 0 o) 0 0 0 |5} 0
106-159.9 N Q 0 0 0 0 0 0 0
160-164.9 N 0 o} 0 0 o} 0 0 0
155-169.9 N 0 0 0 0 g o} G 0
170-174.9 N 0 o 0 0 0 1] i) a
1/5-179.9 N 0 o 0 0 0 5} 0 ¢}
==180 N 5} 0 0 0 0 0 0 o}
<80 5 5668 650 734 795 857 975 1.084 1,186
E0-B4.9 S 32 i} 46 82 58 69 79 &8
£3-80.9 S 44 54 65 75 a4 102 118 133
§1.84.9 ) 0 0 0 g 0 0 5} 0
095-93.9 8 1 1 1 1 1 2 2 z
0006 S 0 0 1 1 1 1 1 ]
106-159.9 3 o 0 0 0 0 0 ] 0
160-164.49 8 0 o} 0 0 o} o 0 0
165.1580.9 g a} 0 0 o 0 0 0 0
170-174.5 3 0 0 0 0 0 0 0 0
175-179.9 S 0 o} 0 0 ¢ g 0 0
>=180 g 2 0 0 0 ] 0 0 o}
Tatal Nerthbound 465 503 548 578 609 669 723 773
Total Sauthbound 643 744 847 924 1.001 1,148 1,283 141
Giand Total 1,108 1,247 1,395 1,502 1,610 1.817 2,008 2184
Refrigerated Cargo Ships

<80 M 1,252 1,296 1,324 1334 1,333 1,286 1,188 1,066
BO-84.9 N a3 &6 89 e} 0 87 82 73
£5-90.9 N 0 0 0 o) 0 0 o] 0
91-594.9 N 0 o} 0 0 o 0 0 [
§5-99.9 N 0 0 o} Q ¢ ¢ 0 0
100-106 N 0 0 0 0 0 0 0 o}
106-1599.4 N 0 o} o} 0 0 0 0 0
150-164.9 N ¢} 0 0 0 0 0 0 0
165-169.9 N 5} 0 0 0 0 o} 0 G
170-174.9 N 0 0 ¢ 0 0 Q 0 4
175-179.9 N 0 0 0 ¢ 0 0 o} o}
=180 N 0 o} o o} 0 0 0 0
<80 3 444 532 620 668 710 772 806 415
8084 5 41 S0 &0 64 68 74 It 78
#5-00.9 S 0 &} 0 0 0 0 0 0
93-84.9 3 0 0 0 0 o} 0 1} o}
95-99.9 ] [ 0 0 g} 0 0 o} 0
100-106 3 0 0 0 0 0 o} 0 0
106-159.9 3 Q 0 0 0 0 0 0 0
160-164.9 S 0 0 0 ¢ 0 0 ] 0
165-169.9 5 0 5} 0 0 0 0 0 0
110-174.9 s 0 0 0 0 g} 0 0 0
1751798 3 o} 0 0 5} a 0 ¢ 0
==180 g 0 0 0 0 4 g 0 1}
Total Nerthbaund 1,335 1,382 1413 1424 1,423 1,374 1,280 1,133
Total Southbaund 485 S8z [==] 732 778 B47 854 803
Grand Tolal 1,819 1,864 2,083 2,156 2,202 221 2,164 2,032
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Table 14.1.1 {continued)

Generic Growth in the Number of Vessel Transits by Beam, Scenario 1

ShipType f Beam Diraction 2001 2005 2010 2018 2020 2030 2040 2050
Dry Bulk Camriers
<A0 N 292 303 ang 213 39 347 376 403
80-84.9 N 76 82 86 89 G4 101 109 116
85-80.9 N 187 200 200 217 227 243 280 27R
91-94.9 M 85 88 g1 a2 85 98 101 105
95-59 9 N 100 110 119 127 136 152 169 185
100-108 N 556 524 591 TAT 11 927 1.043 1,188
10B-150.9 M 1 1 1 1 1 2 2 2
160-164.9 M 3] 0 +] 0 0 0 o] 0
165-168.9 N 0 0 0 0 0 0 0 0
170-174.9 M 0 0 0 a 0 al 0 0
175-178.9 N u] 0 0 o o] ol 0 +]
»=180 N 0 0 0 o} g 0 &} 0
<80 s 384 421 447 471 499 588 a8z 786
80.84.0 5 94 104 113 122 132 152 174 197
85-80.9 ] 238 260 282 303 228 72 421 473
91.94.9 = 82 a8 104 108 115 126 137 148
§5-99.9 5 128 144 161 177 194 228 263 289
100-108 3 odd 1,071 120 1,327 1,453 1,713 1,979 2,252
106-153.9 3 1 i 1 1 1 2 2 2
160-164.9 3 jal o) o} 0 o o} a o
1€5-169.8 g Q Q 0 0 0 0 0 o
170-174.9 S 0 o] u] a 0 0 1) c
175-170.8 8 0 0 0 0 0 0 0 0
»=1B0 8 0 0 a a 0 o] 5} 0
Total Northbourd 1,266 1,407 1,506 1,587 1,684 1,870 2,050 2,243
Total Southbound 1,878 211 2,308 2.510 2720 318 3657 4 158
Grand Total 3,175 3,508 3,814 4.097 4,403 5,051 5717 6,401
Tankers
<80 M 129 127 143 143 144 151 164 178
80-84.9 M 25 23 25 25 25 26 28 29
85-90.9 N a8 36 40 42 43 47 A3 £8
91-94.9 N 13 12 13 14 15 16 14 20
95-59.9 N 28 27 3 H 33 36 41 45
100-106 N 218 208 239 226 214 205 208 205
108-159.9 N 0 0 Q 0 o] u) a n
160-164.9 N 0 0 0 0 0 0 0 n
165-160.9 N 0 0 0 0 0 0 0 o
170-174.9 N 0 0 0 ul 0 g} a ]
175-179.9 N 0 il o 0 0 i} 0 ]
»>=180 N g 0 o) ol 0 o] a n
<8 5 308 354 407 451 493 581 528 skl
80-84.9 3 it 80 8o 96 102 109 117 128
85-90.9 S av 114 131 145 148 180 200 220
91-94.9 8 32 38 44 48 53 60 68 75
95.88.9 S 73 L3 100 1 122 140 157 174
100-108 3 376 444 508 565 B09 678 46 810
106-150.9 S 0 Q 0 0 0 o 0 0
160-164.9 5 Q a Q 0 8] o] Q a
185-189.9 5 o] o J o] 0 o} a a0
170.174.8 ] g 0 i} 0 0 o] 0 0
175-179.9 5 Q ol o} ol 4] o] 0 G
== {80 5 ol 0 o] a o] v} a 4
Total Nerthbound 452 434 480 481 473 482 511 534
Total Sauthbeund a57 1,114 1,280 1417 1,536 1,728 1,817 2,087
Grand Total 1,409 1,547 1,770 1,898 2,009 2,211 2428 2631
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Table 14.1.1 {(continued)

Generic Growth in the Number of Vessel Transits by Beam, Scenario 1

ShipType ! Beam Direction 2001 2005 2010 218 2020 2030 2040 2050

Dry/Liquid Bulk Carrlers
<80

80-84.9

83-90.9

31-94.6

95-59.5

100-106
106-150 9
160-1684.9
165-169.9
170-174.9
175-172.9
=180

<80

80-84.9

55-90.9

@1-84.9

55-99.9

100-10G

106 1549.9
1680-164.9
165-1G8.9
101749
175-179.9

>=130

Tatal Morthbound
Tutal Southbound
Grand Tatai
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Container/Break-Bulk Carriers

<80 M 98 102 107 107 108 108 108 106
80-84.9 N LB 12 13 13 14 15 15 16
Hz-90.9 M 32 35 38 40 4z 47 51 5]
01-94.9 N g 10 11 12 13 14 15 17
85-94.9 N 14 16 18 20 22 25 29 32
100-108 N 35 41 47 52 57 67 77 86
136-159.9 N 0 V] 0 0 a o} 0 0
150)-164.9 N 0 0 0 0 0 0 0 Q
165-165.9 N a 0 0 0 0 0 0 0
170-1749 N 0 4] Q 0 o 0 ] H]
175-178.8 N 0 0 Q 0 0 Q 0 0
FELY-) N 0 o} 0 0 0 &) 0 ¢
<80 5 77 87 92 9 26 100 104 108
50-84 9 5 15 18 20 21 22 29 30 38
85-90.8 S 35 42 48 51 55 €5 76 40
§1-44.8 ) 5 7 7 8 9 11 14 17
95-09.9 g kL] 12 i4 15 17 20 24 28
100-108 8 35 47 58 63 70 &4 95 111
108-158.9 S 0 o] 0 g 0 0 0 0
160-164.9 5 1] o} a 0 u] Q 0 i]
165-169.9 5 0 J 0 1] ¢ 0 0 a
170-174.9 ] 5} 0 0 0 0 0 0 0
175-178.9 S d o] & 0 o Q 0 0
==THD 5 V] 3] u] Q0 0 q 9 o]
Total Narthound 200 215 234 244 255 277 205 313
Total Southbound 180 213 236 251 269 307 345 38a
Grand Total 380 428 470 485 524 583 41 Vot
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Table 14.1.1 {continued)

Generic Growth in the Number of Vessel Transits by Beam, Scenario 1

ShipType / Beam Direction 2001 2005 2010 2015 2020 2030 2040 2050
Full Container Ships
<B0 N 125 137 168 192 Fal-] 267 322 ki3
a0-a4.9 M 113 133 156 172 187 21 257 285
£85-90.9 N 138 157 200 224 248 208 345 395
91-94.9 N a7 117 138 1583 168 199 228 258
95-99.8 N g7 103 120 130 141 162 181 2
100-106 N 518 810 718 785 847 365 1,058 1.144
106-159,9 N 1 1 1 1 2 2 2 3
160-154.9 M 0 0 0 o 0 0 0 o]
165-160.9 N Q o] v} ul o] O a a
170-174.9 N 0 0 o 0 0 0 ¢ a
175-179.9 N 0 ¢ o o] ul o] a a
»>=180 M 0 0 0 0 0 0 0 0
<80 5 165 186 227 257 288 51 418 485
B0-84.9 8 105 138 187 186 205 248 290 334
85-90.9 5 137 180 220 249 278 337 353 450
91-84.8 3 o7 125 150 168 185 222 254 2h8
45990 ] a5 116 1315 147 159 184 206 229
100-106 3 536 24 Fal | 758 803 8986 g0 1.071
106-159.2 5 2 2 3 3 4 4 5 <]
160-164.8 5 o g 1] i u) u] a 0
165-189.0 S 0 0 0 0 0 0 0 1
170-174 8 5 ¢ 0 a 2] a a 0 Q
175-179.9 S 0 0 0 a 0 0 0 0
>=180 S 0 0 a jal 0 Q Q 0
Total Northbound 1,077 1,268 1,502 1,657 1,808 2,113 2,384 2675
Tatal Seuthbound 1,138 1,371 1612 1,767 1,921 2,241 2,544 2,881
Grand Total 2215 ° 2,839 114 3424 3,728 4,355 4,938 3.538
Raoll-on/Roll-off Vessels
<80 N 48 45 46 a4 42 37 20 14
B0-84.9 N 7 8 2] 10 10 10 10 10
85-90.9 N 15 18 18 21 22 24 24 23
91949 N 2 2 2 1 i 1 4 0
92.99.9 N 2 1 1 1 1 1 0 o
100106 M 25 26 28 27 25 20 14 7
108-153.9 N 0 a o] u] vy i) a o}
160-164.9 N 0 0 0 0 W] o] 0 o
165-169.9 N 0 0 5} o] 0 u] i) o]
170-174.8 N 0 0 g ] 0 0 0 g
175-179.9 M [ 0 o} g q o 0 o
»=180 N 0 0 0 ¢ 0 o] g 0
<80 s 85 81 a3 &1 58 50 35 a7
80-84.9 8 8 10 12 14 14 16 17 20
85-80.8 5 19 25 31 34 37 41 45 52
91-94.9 8 1 2 2 2 2 2 2 1
95-98.¢ s 1 1 1 1 1 1 0 0
100-108 s 29 33 38 38 40 43 48 43
106-150.9 S 0 0 v 4] 0 0 1 1
160-164.0 s o] 0 Q Q 0 0 Q 0
165-169.9 S 0 0 0 0 Q 0 0 0
170-174.0 8 4] 0 a 0 4] 0 Q a
175-179.9 8 i] 1] a 1] 0 0 a jul
»>=180 s o] 4] Q v) 0 a 0 o]
Total Nerthbound a6 99 106 104 hidhl 93 71 atsl
Total Southbound 114 1™ 147 150 152 153 146 148
Grand Total 210 230 252 253 253 247 216 203
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Table 14.1.1 {continued)

Generic Growth in the Number of Vessel Transits by Beam, Scenario 1

ShipType { Beam Direction 2001 2005 2010 2015 2020 2030 2040 2050

Vehicle Carriers

<H0 M 3 3 ? 2 1 1 1} o
H).B4.9 M 0 0 0 ¢ 0 1] g} 0
85-90.9 N 6 i4 33 31 30 29 29 25
g1-94.9 M 23 23 22 21 21 20 20 21
95-99.9 N 38 38 38 38 38 39 40 41
100-106 N 2086 219 213 214 218 226 234 243
106-150.9 N ] 0 0 0 0 G o} 0
160-164.9 t 0 0 [ 0 0 0 a 9
165-169.9 N 4] [ 4} 0 0 o} 0 o]
170-174.9 N 5} 0 o} 0 0 ] 0 a
175.179.9 N a o} 0 0 0 o 0 0
»=180 N g 0 0 o} 0 0 0 o}
<&0 s 7 7 & 5 5 1 1 1
§0-84.9 s 1 1 1 1 1 0 o} 0
£5-80.9 3 30 32 33 34 35 34 37 40
91-04.9 5 20 21 22 23 23 23 25 27
$5-09.8 5 17 19 21 22 24 28 3 24
100-106 3 123 136 149 161 174 200 224 248
108-159.9 g 0 0 o 0 8} 0 5} 0
160-164 .9 s i] 0 0 g 0 1] o G
1655-1658.0 s o 0 0 0 0 0 g 3}
170-174.9 S ol ] 0 0 0 0 Q l
175-179.9 S ] 0 0 1] 5} 0 1] "]
==180) 3 5 0 Q o} o} 0 0 0
Total Morthbound 306 307 307 308 308 314 324 i34
Total Southbound 194 215 232 248 261 288 38 Ly
Grand Tatal 505 &23 539 552 568 Gog £43 885
Vahicle/Dry Bulk Garriers
4] A 5 [ 7 7 7 8 g 10
£0-84.9 N 2 2 3 3 3 3 4 4
85-90.9 N 4 4 5 5 5 & 7 ]
51-94.9 N 5 8 7 7 8 9 10 11
55-99.9 N o) 0 & 0 0 0 0 1]
100.108 N 1 1 1 1 1 1 1 1
108-159.9 N 0 0 o] 0 o] o} 0 o}
160-164.9 N a 0 0 o 0 0 0 5}
165-169.9 N 0 a 0 a 0 0 0 ]
170-174.9 N 0 0 o} 0 0 0 0 0
175-178.9 h 0 0 a 0 1] a 0 0
=180 N 0 0 0 1] 0 0 0 Q
<80 5 10 12 14 15 17 20 24 28
80-84.9 S 2 2 3 3 3 4 4 5
55-90.9 5 5 8 7 7 B 10 kAl 13
91-94.9 S B 2 k| 12 13 16 18 21
85-99.9 3 o 0 G 0 0 0 0 0
100-106 5 7 8 9 g 10 12 13 15
108-150.9 S v} 0 1} U 0 1} a Q
160-164.9 S 0 o] ] 0 D o} 0 0
165-169.9 S 0 o 0 0 0 0 0 o
173.174.0 5 0 0 0 0 0 0 0 0
175-179.9 5 Q 0 0 0 0 0 0 o
>= 180 5 o] 0 0 0 4 0 2 ¢}
Total Northbound 19 20 22 23 25 28 N 34
Tolal Southbound a3 38 42 47 52 81 71 81
Giand Totat 52 58 64 0 78 83 102 115
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Table 14.1.1 {continued)

Generic Growth In the Number of Vessel Transits by Beam, Scenario 4

ShipType ! Beam Direction 2004 2005 2010 2015 2020 2030 2040 2050

Liquid Gas Carriers
<80

80-84.9

85-20.9

91-94.9

95-999

100-105

106-159.9

160-164.9
165-169.0
170-174.9
175-170.9

>zt 80

<80

80-84 8

85-90.9

91.84.8

95-89.89

100-106

106-150.9

160-164.2
165-160.0
1T-174.9
1751788

>=180

Total Norlhbound

Tolal Scuthbound 178 208 2;}3 31122 341:
Grand Tolal 167 190 221 247 273 302 340 367
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Other

<30
80-84.9
85-90.9
81-64.9
©5.999
100-108
106-159.9
1650-164.9
165-169.9
170-174.9
175-179.9
»=180

<80

80-84.9
B5-80.9
9t-94.8
95-80.8
100-108
106.159.9
160-164.9
185-169.9
1701748
173-179.9
»=180

Total Northbound
Total Southbound
Grand Total

208 217 22 241 256 286 322 365
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Table 14.1.1 (continued)

Generic Growth in the Number of Vesse! Transits by Beam, Scenario 1

ShipType / Beam Direction 2001 2008 2010 2015 2020 2030 2040 2050
Ali Ships
<80 N 2,572 2,677 2,809 2,879 2,943 3,054 3,120 3,157
80-g4.9 N 380 382 421 445 470 519 567 813
B5-80.9 N 484 544 604 845 691 779 867 954
Y1-94.9 N 248 272 299 317 337 377 417 457
95-95.9 ¥ 273 300 3 353 75 422 458 513
100-105 N 1.565 1,728 1,945 2,081 2,182 2,420 2,644 2,853
106-159.9 N by 2 z 3 3 4 4 4
160-164.9 N o 0 ] o ] o 0 ]
165-162.9 N ¢ 0 o} g 0 0 0 0
170-174.9 N 0 o 2 0 o 0 ] 0
175-1/9.9 N D 0 0 0 0 0 o} o
=180 N i 0 ] o D 0 ) 0
<80 5 2,195 2,509 284 3,061 3.286 3716 4,105 4,478
B0-44 4 8 404 484 557 611 663 762 859 057
B3-50.9 S 614 726 830 913 997 1,159 1,321 1,492
91.94.9 5 263 307 347 377 438 464 527 587
95-99 9 5 332 388 443 487 53z 618 702 788
| 100-108 g 2,080 2,387 2,703 2,956 3,198 3,688 4,131 4,604
106-159.8 S 3 4 4 5 5 G 7 B
160-164.9 S 0 0 0 a 0 4} ¢ 0
156-169 9 3 0 ] 0 0 ) 0 ] o
170-174.9 L 0 a o 0 0 0 u 0
175-179.9 5 ] 0 ] o 0 0 ! 0
»=180 & g 0 0 Q 0 o} It} 0
Total NeAnbaund 5,503 5,905 6,412 8,704 7.003 7.574 3,088 8,551
Total Sputhbound 5,845 6,606 7,718 8,410 9089 10398 11552 12,917
Grand Totel 11,388 12711 14131 15114 16,082 17.972 19738 21483
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Table 14.2.1
Number of Vessel Transits by Beam, Scenario 1,Case 1, Existing Canal

ShipType ! Beam Direction 2001 2005 2010 2015 2020 2030 2040 2050
All Ships

<80 N 2,568 2422 2,309 2221 2139 2.0Mm 1,870 1,744
80-84.9 N 348 348 346 343 342 340 340 339
85-90.9 N 492 492 406 498 502 511 518 527
9t.94.9 N 248 246 248 245 245 247 250 253
85.99.9 N 273 271 272 272 274 277 280 283
100-108 N 1.563 1,583 1,509 1.590 1,585 1,586 1,585 1.576
106-159.8 N 2 2 2 2 2 2 2 ?
160-164.8 N o 0 ] 0 0 o 0 0
165-169.9 [ 4} 0 ] 0 o o o 0
170-174.8 N a 0 0 0 0 o o o
175.178.8 N 4] o 0 0 o 4] ] o
>=180 N 4 0 ] 0 0 ] 0 0
<80 5 2,196 2270 2,330 2,362 2,388 2435 2,460 2474
80-B4.9 5 403 438 458 471 482 500 515 528
85-80.9 s 814 657 B&3 704 724 760 792 825
91.04.5 S 263 278 285 293 207 307 316 374
95895 ¢ 5 332 351 364 378 387 405 420 434
100-108 S 2,078 2,180 2222 2,280 2,324 2,404 2,478 2,544
106-159.8 S 3 3 4 4 4 4 4 4
160-164.8 S 0 0 Q o] 0 0 o] 0
165-169.9 S 0 o} 0 4 0 0 0 0
170-174.9 3 0 ] 0 o ] 0 ] o
175.179.9 S o ] h ] 0 o 0 0
a=180 5 0 3} 0 0 0 a 0 0
Total Norlhbound 5498 5,342 5271 5171 5088 4,964 4,847 4,724
Total Southbound 5,390 6.158 6,345 6,488 6,606 5,814 5.984 7134
Grang Total 11,287 11501 11818 11659 11,8695 11778 11.831 11.858
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Table 14.3.1
Number of Vessel Transits by Beam,
Scenario 1, Case 2, Expanded Canal

ShipType / Beam Directian 2010 2015 2020 2030 2040 2050
Dry Bulk Carriers
<80 N 3089 312 318 346 275 403
80-34.8 N 86 89 94 101 108 118
85-90.9 N 209 217 227 243 253 275
91-94.% N 91 92 94 28 101 105
95-99.g N 119 127 136 152 169 185
100-108 N 652 687 729 800 871 840
106-159.9 o 51 64 78 106 135 161
160-164.9 N 0 i 0 0 0 0
165-169.9 N 0 0 o 0 0 0
170-174.5 N 4] o] 4] o] 0 0
175-174 4 N 0 0 0 0 0 0
==180 ] a 4] 0 0 Ja] 1]
<R $ 446 470 498 586 61 785
80-84.9 s 113 122 132 152 173 196
85-90.9 3 281 302 324 372 421 473
£1-94.5 s 104 109 114 126 137 148
$5-35.9 8 161 177 194 228 262 299
100-108 S 1,118 1.199 1,278 1,437 1,508 1,763
106-159.9 s 101 132 141 211 285 366
160-164 .9 g Q 0 4] 1] 0 0
165-169.9 s b 0 0 0 0 0
170-174.8 S 0 0 0 0 0 0
175.179.8 S 0 o 0 0 0 0
»=186 8§ 0 0 0 0 0 Q
Tetal Northbaund 1,515 1,588 1,677 1,847 2,011 2,184
Total Southbound 2.323 2.510 2,682 3,111 3,658 4,021
Grand Total

w
@
A
@
E
[=}
w0
0w
F-Y
a
n
m
N
)
o
o
in
o
-
o
(=23
(]
w

Full Containers

<80 N 168 192 215 267 322 381
80-84.9 N 156 172 187 221 257 295
85-890.9 M 2400 224 248 298 345 385
91-94.9 M 138 153 168 188 228 258
95.93.9 N 118 129 138 160 179 189
100-108 N 647 700 750 844 817 983
106-159.9 N 181 178 183 223 247 2587
160-164.9 N a 0 4] 4] 0 0
165-189.9 t 0 0 0 0 0 0
170-174 .9 M 0 0 0 0 a 0
t/h178.89 N ] o] 0 0 1] 0
=180 il o} g 0 0 Q o]
<H0 3 227 257 288 351 416 485
BU-84.9 8 167 186 205 248 290 334
85.30.5 5 220 248 278 337 393 450
91-94 g S 150 168 185 222 254 288
95-39.9 5 134 148 158 183 205 227
100-106 5 635 671 705 774 834 a9y
1061599 5 212 225 238 287 292 319
160-164.9 5 0 ] 0 0 0 o
169-169.9 3 0 0 0 0 o 0
170-174.9 ] 0 0 0 0 0 o
17%5-179.9 S v} 0 o 0 0 o
»=180 8 0 0 0 0 0 0
folal Northbound 1.588 1,747 1,800 2.212 2,495 2,778
Total Southbound 1.744 1,901 2,056 2,381 2,685 3.000
Grand Total 3,333 3,647 3,955 4,683 3,17¢ 5777
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Table 14.3.1 {continued)

Number of Vessel Transits by Beam,

Scenario 1, Case 2, Expanded Canal

ShipType / Beam Diractian 2019 2015 2020 2030 2040 2050
Tankers

<80 N 143 143 144 161 164 178
B0-84.9 N 25 25 25 26 28 29
85.90.9 N 40 42 43 47 53 LB
§1-94.9 N 13 14 15 18 19 20
95-95.9 N an 3 33 36 41 46
100-106 N 198 186 176 171 173 174
108-1559.9 N L) 4 3 28 28 24
160-164.9 N n o] 0 g o 0
165-168.9 N 0 0 ] a 0 o
170-174.9 N 0 0 [¢] a 0 o]
175-178.49 N ] o] g u] 0 a
>=180 N 0 0 a o] 0 0
<80 5 497 451 493 SE1 628 692
80-84.9 8 -} 96 102 100 117 125
85.90.9 & 131 145 158 180 200 220
81-94.9 5 44 48 53 60 68 75
95-.95.9 3 100 111 1232 140 157 174
100-106 s 447 4932 529 584 540 6492
106-169 9 s g9 75 80 BY a5 101
1680-164.9 S 0 a 1] 0 o] #]
165-1648.9 s 0 il 1] 0 0 0
170-174.9 5 0 n] 0 i) 0 ¥
175-179.9 8 0 1] 0 o] o] o
»=180 5 0 o] a )] 0 d
Total Morthbound 483 474 487 478 504 527
Total Sputhbound 1,288 1,420 1,536 1,722 1,808 2,079
Grand Tatal 1,768 1,844 2,003 2,198 2,409 2607
Summary

<fq N 620 B47 BY7 7685 861 859
80-84.9 M 2687 285 30_5 348 3g3 440
85-90.89 b 449 482 518 hgg 558 723
91-94 9 M 242 259 278 33 348 B3
95-89.9 N 267 287 308 348 389 4249
100-106 M 1,494 1,572 1,655 1.814 1,961 2,097
106-159.9 N 249 276 il 358 408 452
160-164.9 N 0 0 0 Q 0 0
165-168.9 N O 0 ¥ 0 vl 0
170-174.9 N b ] 0 @ ] 0
175-178.9 N o} 1] Q a 0 n]
»=1R0 N u] 1] o 4] v 9}
<80 S 1.080 1,178 1,276 1,498 1728 1,982
80-84.9 5 369 404 439 k09 581 655
85-90.9 8 8§32 596 761 8ag 1,014 1,143
21-94 .9 1= 297 325 353 408 459 512
95-99.9 [ 395 434 474 550 D24 7Qo0
100-106 3 2,200 2.362 2,512 2,785 3072 3,382
106-159.9 ) k13 432 459 585 E72 787
160-164.9 S a o] [} n] Q 0
165-169.9 ) 0 ] 0 0 0 0
170-174 .9 5 o] 1] ol 0 0 i)
175-179.9 8 0 1] 0 4] Q o]
>=180 g u] Q o} o 0 0
Tatal Northbound 3,588 3,808 4,043 4,534 5017 5,489
Tatal Southhound 5,353 5,631 6,274 7.215 8,148 8,110
Grand Total 8.941 9,640 10,317 11,749 13,185 14,599
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Table 14.4,1
Number of Vessel Transits by Beam,
Scenario 1, Case 3, Unrestricted Canal

ShipType /Beam Directlen 2010 2015 2020 2030 2049 2050
Dry Bulk Carrier
<30 M 309 312 318 348 3rs 403
80-84 .9 N 86 gg 94 101 109 118
B5-30.9 N 209 217 227 243 259 275
91-94 .9 N 91 g2 94 98 oM 105
95-99.9 N 119 127 136 152 168 18%
100-106 N g£52 687 729 BOO 871 940
106 159.9 [ ad 63 77 105 133 154
160-154.9 I3 0 o] 0 0 0 1
165-169 9 M ] 0 1] 0 Q 0
1790-174.9 [ a 0 0 0 Q 0
175.178.9 M 0 1] a 0 0 0
>=18D N 0 0 0 0 q i
<HB0 3 448 470 498 536 881 7485
80-84 8 S 113 122 132 152 173 198
85-90.9 S 281 302 325 372 421 473
91-94.9 ) 104 1049 114 126 137 148
95-99.y 5 181 177 194 228 262 298
100-106 ) 1,118 1,199 1,278 1,437 1,598 1,763
106-155.9 5 97 128 156 227 302 380
180-164.9 5 1 1 1 1 1 3
165-169.9 S u] 1] 0 u] 0 1]
170-174.9 8 0 0 Q o} [ o]
175-178.9 ] 0 0 0 0 ] 0
=180 5 0 0 0 0 0 0
Total Morthbaound 1,515 1,587 1,676 1,846 2,018 2,183
Tatal Southbound 2,320 2,507 2,697 3128 3,576 4,049
Grand Tolal 3,835 4,034 4,373 4,874 5,584 5,232
Tankers
<80 ™ 143 143 144 151 164 176
&80-84 9 N 25 25 25 28 28 29
85.90.9 N 40 42 43 47 33 58
§1-94.9 N 13 14 15 16 19 20
95-94 4 N 30 3 33 k] 41 48
100-106 N 196 186 176 171 173 174
106-159.3 N - 34 31 28 26 24
160-164.9 N 0 o 0 0 0 0
165-169.9 N 0 0 0 0 0 0
170-174.9 N v 0 0 0 4] 0
173-179.9 N 0 0 0 0 0 o)
==180 N 0 0 0 0 0 h
<B0 3 407 451 483 61 628 692
£0-84.9 ] ag 36 102 109 117 125
85-90.9 S 131 145 138 180 200 22¢
B1-94 9 S 44 48 53 60 68 75
05-99.9 B 100 111 122 140 157 174
10G-1086 5 447 492 529 584 640 682
108-159.9 ] 66 73 78 g3 22 98
160-164.9 S 1 1 1 1 1 1
165-159.9 5 1 4 1 1 " 1
170-174.8 3 1 2 3 3 3 3
176-179.9 S 4 7 g 9 g 9
»>=180 8 13 21 27 27 27 27
Total Northpound 483 474 487 476 504 527
Totat Southboung 1,303 1.448 1,573 1,760 1,847 2,118
Grand Total 1,787 1,822 Z2.040 2,235 2,448 2,644
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Table 14.4.1 {continued)

Number of Vessel Transits by Beam,

Scenario 1, Case 3, Unrestricted Canal

ShipType / Beam Direction 2010 2015 2028 203D 2040 2050
Summary

<80 N 451 455 452 497 539 578
80-84 .9 N 110 114 119 127 137 145
B5-90.9 N 248 258 270 280 312 333
81.94 9 M 104 106 109 114 120 125
95-98.9 N 149 158 160 188 210 231
100-108 N 848 873 g0s 971 1,044 1,114
108-159.9 N 86 g7 108 133 159 183
160-164.9 N 0 0 0 0 0 1
185-169.9 N Q 0 8} 0 0 0
170-174.9 N 0 0 0 0 0 0
175-178.9 N i 0 0 o 0 D
»>=180 N 1] 0 0 0 0 0
<80 5 852 921 as0 1,148 1.310 1,477
B0-B4 9 5 202 213 233 262 291 azt
85-90.9 5 412 447 483 551 621 503
91-94.9 3 147 157 167 186 204 223
85-89.9 s 260 288 315 67 420 473
100-1086 S 1,565 1,691 1,806 2,021 2,237 2,455
106-158.9 3 183 201 234 312 394 478
160-164.9 s 1 1 1 2 2 4
165-168.9 S 1 1 1 i 1 1
170-174.9 S 1 2 3 3 3 3
175-179.9 S 4 T 9 9 g 9
»2189 s 13 21 27 27 27 27
Total Northbound 1,998 2,081 2,142 2321 2,522 2,711
Total Southbound 3,623 3,855 4271 4 888 5518 8,165
Grand Total 8,621 5,016 2,413 7,208 8,040 8,876
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15 Rlsk Analysis
15.1  Intraduction

The risk analysis undertaken considers the patential for both upward and downward
revisions fram the base case forecasts. As a major sensitivity to the base case a second
scenario has been developed which takes into account a number of potential global
structural changes that may take place and assesses their potential impact on trade, both
internationally and through the Panama Canal.

A global equilibrium model has been used to adjust the forecasts developed under
Scenario 1. This mode! assesses the possible consequences for trades affecting Panama

Canal traffic, which could arise from the following potential structural changes in the world
economy:

) Trade liberalisation and economic integration
o The scenario is for generally reduced non-tariff barriers to world irade
» Enviranmental policies
o The scenario is a dramatic global tax on the use of fossil fuels
J The "new economy”
o The scenario is higher productivity growth in parts of the world due to efficient
use of infarmation and communication technology
. Globalisation and fragmentation of world trade
¢ The scenarios is high growth in foreign direct investments, particularly in Asia,
and a continuation of the trend that more of world trade will be internal
shipments in transnational corporations

The underlying economic model used for this is described in some detail in R. Forslid, J.1.
Haaland, K.H.M. Knarvik and O. Mzsstad: “Integration and transition: Scenarios for location
of production and trade in Europe”, Working Paper 13/89, SNF, Bergen, Norway. This paper
describes a different set of scenarios, not applicable to this study, but contains a concise
description of the model. Refinements have been made to model inputs and outputs to
handie the greater level of detail required on trade in Latin America and on Panama Canal
routes. The model is very rich in economic relations, capturing changes in comparative
advantage as well as agglomeration effects and changes in levels of competition In
industries with imperfect competition. In the field of economic research this is a very
sophisticated global, economic madal,

15.2  Trade Liberalisation and Economic Integration

It is assumed that the World Trade Organisation (WTO) will continue, and eventually
succeed in its effort of bringing the non-tariff barriers to international trade substantially
down. It is assumed that China will become a full member of the WTO and that world trade
in agricultural products will be liberalised to a greater extent than trade in manufactures as
this is the most protected part of world trade today.

The timing of this is that we will see the general effect of trade in manufactures from about
2010 onwards, and in agriculfure from 2020 onwards. In a2 model context, the effects has
been implemented as a 30% general reduction in non-tarift barriers after 2010, and reduced
barriers to trade in agricultural products to 40% of current levels from 2020 so that countries
with the highest barriers are reducing their barriers the most. This particulariy effects Japan
and the EU, but also other countries, leading to a high leve! of exporis of agricultural
products from third world countries to the industrial countries.
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This has mainly two effects. Firstly there is a generally strong increase in intercontinental
trade in manufactures,- particularly between Asia and Europe, but also US-Asia and US-
Europe. This affects mainiy the centainer trades and has much less impact on raw materials

trades. The second effect is a generally strong increase in south-north trades in agricultural
products.

Within the next twenty years it is estimated that there a 70% chance of a general reduction in
non tarif barriers in manufactures and a 40 to 45% of substantial cuts in non tariff barriers in
agriculture. In 50 years these percentages rise to 80%.

15.3  Environmental Policy

It is assumed that the global greenhouse effect will be more obvious in the years to come
and eventually it will lsad to some rather drastic means to reduce CO2 emissions. It is
assurned this may take the form of a general, global tax on all uses of fossil fuel. This wil
lead to fairly dramatic reductions in the demand for fossil fuels, and a substitution away from
coal and oil. What is really problematic to predict is the pessibility of the introduction of some
form of back-stop technology that will completely change the energy picture. One such
technology would be fuel-cefls based on hydregen for use in motors of all kinds. This will
soon be a technological possibility, but energy prices must increase a lot more before this
technology becomes economically viable on a global scale. We will assume that no new
technology has been introduced on a global scale within the next 50 years, but instead
assume that higher energy taxes lead to a speedy technological development making the
world generally more energy efficient. This will again reduce the demand for energy in all
uses, but it will also lead to productivity gains because of lower costs.

The timing of this is difficult to predict, but we assume it will take effect from about 2030. In
model centext, this is implemented as a 50% tax on oil and coal and a 20% tax on other
fuels and a 20% increase in the efficiency of energy use in all types of economic activity.

This is no doubt the scenario with the strongest effects on shipping trade volumes, with
strong reductions in all oil and coal trades. The most prominent result from this scenario is
the strong reduction in intermediate uses of energy. This reduces energy consumption by
some 20-25% world-wide. At the same time the energy taxes induce improvements in
energy saving technologies, further enhancing the reductions in the use of fassil fuels. This
is the scenario with the strongest influences on the “correction factors” used to make
adjustments from the Scenaric 1 forecast, as many of the trades important to the Panama
Canal are directly affected by this scenaria.

The chances of such developments having an impact over the next 10 to 15 years is put at
40%, rising to 80% twenty to thirty years out.

15.4 The New Economy

We have seen the US economy grow record for a record length of time over the last 5 years,
at productivity levels far above the average for the last 25-30 years. Many economists
believe this is due fo the fact that information technology finatly has reached a level of
development and uses of it are now so widespread, that one finally can see the impact on
productivity across industries. It is assumed this will spread to other regions as well. This is
implemented as a 2% increase in productivity in the USA from 2005, 1.5% in Eurcpe from
2010 and in Japan from 2015 and a 1% increase in Asia from 2030.
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This comes in addition to the growth generated by traditional mechanisms such as

investments, increases in labour stock and changes in the industrial distribution of the work
force.

The main effect is to lift GDP growth rates in the main developing countries. This has a
positive effect on most manufacturing trades, and leads to a shift in the compasition of Asian
manufacturing production, with office machinery and transport equipment as the most
obvious winning sectors there. The scenario has moderate effects on raw material trades. It
is estimated that there is a 60 to 70% chance that this will have a lasting impact.

15.5  Globalisation and Fragmentation of World Trade

The activity of transnational companies will affect world trade. We will see maora production
taking place in ideal locations in iow-cost areas, spurred by high levels of direct foreign
investments, and more internaticnal transportation of intermediary goods. This is very
difficult to translate into detailed effects on worid trade flows, but we believe that countries
iike India and China will be the target for large amounts of foreign direct investments and

consequently these countries will produce and export more of products using semi-skilled
tabour,

The timing of this we believe will come gradually — the process is already well undsr way,

This fairly complex relationship has been implemented as a shift in the capital base in Asia,
combined with technology shifts in sectors using semi-skilled and skilled labour intensively to
produce, for example, machinery, transportation equipment and office machinery in some
Asian countries. This is to simulate what we believe will be a pattern in the future, that some
Asian countries will be highly competitive in some areas where the transnational companies
are predominantly present.

This Is just an amplification of the former scenario, where Asia is gaining competitive
advantage in skilled and semi-skilled manufactured products. As a result the likelihood of
seeing the impact of this effect over the next twenty years is put as high as 80 to 90%. Again
this will mostly affect container trades, and the general result will be less intercontinental
transport flows in finished products and more intercontinental transport of intermediate
products, typically containerised cargoes.
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15.6  Implementation of Structural Changes in the Forecasts

The way we take these structural changes into consideration when making our detailed
forecasts are as follows:

Model output has been converted to adjustment factors by using detailed statistics from
the COMTAP database, with production and trade figures for each commedity according
to the International Classification of Industrial Preduction:

employing the analytical data from the UN Seaborne Trade Statistics database have
enabled the construction of a mare detailed geographical breakdown of trade flows.

The dominating effects which influence trade flows through the Panama Canat are:

The higher US produgtivity fram 2005 leads to high export performance and somewhat
reduced imports between 2005 and 2020 due to higher domestic production. The import
reductions are found particularly for trade with Europe and Asia.

This trend is tumned around from 2030 as the Asian economies achieve higher

productivity, leading to higher exports and somewhat lower imports, particularly in trades
with the US.

The energy tax and increased energy efficiency reduced trades in energy dramatically. It
also affects the stee! industry, which reduces both the use of iron ore and coal. The
increased energy efficiency increases economic growth, however, and creates more
trade in manufactures, affecting particularly containerised goods and the residual group
“all other cargoes”. The mode! has an underlying input-output structure, so any direct

effect on parlicular sectors (like the steel industry) will have secondary effects through
reductions in sectors delivering to the steel industry.

The lower non-tariff barriers have a general positive effect on trade flows, and
particularly after 2030, world trade in agricultural products increasas substantially. This is
mostly exports from third world countries to Europe, but also a notable increase in Asian
imports dus to the high barriers existing in some countries, particularly Japan.

The mede! output has been converted to adjustment factors for the forecasts without
structural changes of the nature detailed above. The main effects for the various trades and
commoadities are summarised as follows:

All other cargoes - | Slight reductions in US imports 2010-2020 generally higher imports 2030-

MNarth 2050, particularly from Asia due to higher growth there

All other cargoes — | Slight reductions in US exports 2010-2030 reductions in European

South exports 2030-2030 due to increased relative compstitiveness in Asia and
South America

Alumina/Bauxite - Increased north American imports 2010-2020 general reduction in trades

North 2030-2050 due to higher energy costs.

Alumina/Bauxite - Increased South American exports and reduced Eurcpean exports 2030-

South 2050

Autorncbiles - North | Some reducticn in US imports 2010-2020, strong growth in Asian and

South American exports 2030-2050

Automobiles - South | Increased US exports to Asia and Europe 2010-2020, reduction 2030-

2050

Richardson Lawrie Associates 241
February 2001
Contract No: SAA-43915



Private and Confidential

‘Bananas - North

Shight reduction in European imports 2010-2015, strong increase in
European imports 2030-2050

Bananas — South

No adjustments made

Chemicals -~ North

Reduced US imports 2010-2020 from Asia and South America, increased
exports from US to Europe 2010-2015, strong increase in US imports
2030-2050 from Asia

Chemicals — South

Increased US exports 2010-2020, reduction 2030-2050, fairly strong

European export increases 2030-2050 {mainly due to Eastern European
integration}

Coal & Coke — North

Generally reduced US imports; 2010-2020 due to strong domestic
production, 2030-2050 due to energy taxes, all main trades with general
reductions 2030-2050

!Coal & Coke - South

Increased US exports 2010-2020. strong reductions in all trades 2030-
2050 due to the energy taxes

Cantainerised cargo
— North

Slight reductions in US imports 2010-2020, high increases in US imports
from Asia and South America 2030-2050, also high increases in
Eurcpean imports from ali regions

Containerised ¢argo
- South

Some increase in US exparts 2010-2020, slight reduction in US and
European experts 2030-2050, due to Asia dominance

Corn — Norlh

General increase in trade 2030-2050 due to trade liperalisation

Corn — South

General increase in US exports, particutarly after 2030

‘Crude oil - North

Some increase in US imports 2010-2020, but mainly strong reductions
after 2030 due to energy taxes

Crude oil - South

Some increase in US imports 2010-2020, but mainly strong reductions
after 2030 due to energy taxes

Fertilisers — North

Some increases in US imports 2010-2020, mainly driven by higher
domestic production of agricultural products, and a similar reduction
2030-2050

Fertilisers — South

Increased US exports 2030-2059, driven by high agricultural production
in Central and Scuth America and Asia

| Foad and agricultural
products - Neorth

Increased US imports 2010-2020, increased European imports 2030-
2080

Food and agricuftural
' products - South

increased US exports to Asia, reduced European exports 2030-2050,
high South American exports 20302050

| tron & Steel — North

Reduced US imports 2010.-2020, general strong reductions in trade
2030-2050 due to energy tax.

Iron & Steel - South

Mostly a strong reduction after 2030

Lumber products —
North

Slight reduction in US imports 2010-2020, general increass in trade
2030-2050

Lumber products —
South

Reduction in US and European exports 2030-2050, increase in South
American exports 2030-2050

_Miscellaneous
Minerals — North

Reduction in US imports 2010-2020 —general in¢rease in US imports
2030-2050

Miscellansous
Minerals - South

Increase in US exports 2010-2020, decrease thereafter, reduction in
European exports to US

Ores — North

Redugtion in US imparts 2010-2020, general strong decrease 2030-2050,
as a consequenca of reduction in Iron and Stee output,
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Ores - South

Sfight reduction in South American exports to Asia 2010-2020, general
reduction in trades 2030-2050

Other grains — North

Reduction in Eurcpean imports, general increase in trades 2030-2050

Other grains — South

Increased US exports 2020-2020, reduction thereafter, reduced
European exports, general increase in exports from South America

Other metals — North

Reduction in US imports 2010-2020, increased exports from South
American 2030-2050

Other metals — South

Increased US and South American exports, reduction in European
exports 2030-2050

Paper - North

Reduction in US imports 2010-2020, increased South American exports |
2030-2050

Paper - South

Reduction in US and European exports 2030-2050, increased South
American exports

Petroleum Chemicals
- North

Reduction in US imports from Asia 2010-2020, increase thereafter, fairly
strong reduction in European imports 2030-2050

Petroleum Chemicals
— South

Increased S exports 2010-2020, reduction thereafter, increase in
European exports 2030-2050

Petrolaum Coke -
North

General reduction 2030-2050 for all trades

Petroleum Coke -
South

Slight increase US exports 2010-2020, reduction thereafter

Petraleun Products
— North

Reduced US imparts from Asia 2010-2020, general reduction in all trades
2030-2030 due to the energy tax

Petroleum Products
— South

Reduced US imports, and increased US exports 2010-2020, general
reduction in all trades 2030-2050

Phosphates — North

Reduced European imports 2030-2050

Phosphates - South

Ingreased US exports 2010-2020, reduction thereafter, Reduced

European exports, particularly after 2030, increased African exports
2030-2050

Pulpwood — North

Increased exports in most trades 2030-2050

Pulpwood - South

Reduction in US imports, increase in US exports 2010-2029, slight
increase in other exports 2030-2050

Reefer Products —
North

increased South and Central American exports, particularly after 2030

Reefer Products —
South

Increase in US exports to Asia, general reduction in European exports
after 203¢

Residual Petroleum
- North

General reduction In trades after 2030

Residual Petroleum
- South

Increase in US exports 2010-2020., general decrease in all trades after
2030

Serap metal — North

General and fairly strong increase in all trades after 2030 (as a
replacement for iron are)

Scrap metal - South

Strong reduction in US and European exports after 2030, strong
increases in exports for most other trades after 2030

Soybeans - North

Genera! increase in trades after 2030

Soybeans — South

Reduction in US and European exports after 2030, general increase in
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other trades
Sugar - North General increase in Exports after 2030
Sugar - South Eltimination of European exports after 2030, increase in exports from
West Indies
Wheat — North Reduction in US exports to Africa after 2030, increase in other trades
1 Wheat — South Reduction in US and European exports after 2030, increase in other
! ) trades

15.7 Results

The revised commodity trade flows which result from this scenario have been input to RLA's
transit model in order to produce estimates of future transits under Scenario 2 for:

* A revised generic growth in transits via the Panama Canal without taking into account
potential capacity constraints:

* A revised Expanded Canal Case;
¢ A revised Unrestricted Canal Case.

15.7.1 Generic Growth

Through 2030, the number of laden transits is Increased slightly from the generic growth
figures. These increases are seen particularly in southbound transits for tankers, dry bulk
carriers and full containerships although most vessel types are changed. Thereafter, the
number of transits decreases both northbound and southbound in comparison to Scenario 1,
By 2050 total transits are 2% below the Scenario 1 numbers but this encompasses some
substantial changes for individual ship types and also by direction. In this Case, northbound
laden transits in 2050 increase by 4% compared o Scenario 1, while southbound the
number of laden transits declines by 5%. The most notable differences for individual ship
types are:

» Northbound and southbound increases for full containerships;
+  Southbound reductions for both tankers and dry bulk carriers;
= Northbound increases for resfers,

The result of these changes means that tall revenues from laden transits are changed only
marginally from the Scenario 1 case. In 2010, toll revenue is nearly 1% above the Scenario
1 case and in 2020 toll revenues are more than 1% above Scenario 1. By 2050, revenues

are reduced by 1% In total which encompasses a 2% increase northbound and a 2%
reduction southbound.

A similar trend is seen in ballast toll revenues. Through 2030, revenue is marginally up on
the Scenario 1 case; by 2050 revenue is 1% below it

15.7.2 Existing Canal

As would be expected, the results of Scenario 2 for the Existing Canal with capacity
constraints show very litlle change from estimates under Scenario 1, The miner differences
that do exist result from a slightly different mix of vessels transiting the Canal but the overall
constraints are the same in both cases, For the sake of gocd order the results are included
here as Tables 15.7.2.1 to 7.
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15.7.3 Expanded Canal

The pattern of laden transits follows that seen in demand for the Existing Canal. On the
bottom line, transits are marginally in excess of the Scenario 1, Expanded Canal case (that
is varying through 0.3% to 1.3% annually ) through 2030 but by 2050 transits are down by
nearly 2%. ©On this basis, tolls revenue from laden transits is nearly 2% above the
corresponding Scenario 1 case in 2020 and 2030 and by 2050 is 1% below it. Toll revenue
from ballast transits remains below the Scenario 1 Case through the forecast period.

15.7.4 Unrestricted Canal

As with the other two cases, the number of laden transits is marginally increased through
2030 and then declines by a total of 1.5% in 2050. Tolls revenue from laden transits
increases such that by 2030 it is nearly 2% above the Scenario 1 case and in 2050, while
still increasing, it is nearly 1% below the Scenaric 1 case. The tolls revenue from ballast
remains below the Scenario 1 case throughout the forecast period.
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Table 15.7.1.1

Scenario 2, Generic Growth in Panama Canal Cargo Flows in Existing Trades

tongiY per annum growth

Commodity Dirgction 2001 2008 2090 W15 2020 2019 2040 2050
All Gther Cargoes N B3o720 800046 F372ES T43ab9 170724 T4RBES TIU264 716833
-08% ~1.8% 0.2% 0.7% 0.5% -0.6% -0.3%

All Other Cargoes 5 1448651 14278458 1476357 1475472 1411482 1343224 1277105 1229617
Q4% 0.7% 0.0% 1% -1.0% -1.0% 0.8%

Alumina/Bausxite ] 533364 Se3ng6 97632 754345 783548 847765 §10004 97827E
27% 3% 16% 08% 1.6% 1.4% 1.5%

Alumina/Bauxile 3 242702 285682 J2ETTS ATy 423506 515538 510158 70T
4.2% 21 2.6% 26% 4.0% 3.4% 2.9%

Autemubiles ] 1241780 1244280 1048617 1065545 1137405 1336880 1405485 1468915
0.1% 4% 0.3% 1.3% 3.3% 1.0% 13%

Aulogmobiles 5 426703 471273 524254 &70ERA 519295 708555 841885 950666
28% 2.2% 17% 1.6% 2% 3.5% 2.5%

Bananas N 2326890 2372507 2379144 2434245 2521082 303291 3275645 3827044
G.5% 01% 0.5% 0.74% 3.8% 1.6% 3T7%

Bananas 3 17318 17319 17318 1718 17318 17318 17318 17318
0.0% 0.0% 0.0% 0.0% Q.0 0.0% 00%

Chemicals , ] 2BYTHES 272B8E1 3140662 JB34BFE 4206588 5858593 To45304 162134
-1.3% 29% 30% 3.0% 6.8% 52% 4.0%

Chemicals ] 550155 BI74188 10232028 17024379 131361415 15513810 18108583 20739045
£.0% 4.3% 3.3% 21% 3.0% 3% 28%

Coal & Coke N &75e6809 9943170 10184926 10652853 11336520 11102620 9301172 B214160
1% 0.5% Q.8% 1.3% 0.4% «3.5% 25%

Ceoal & Coke 3 2171846 2818588 2823428 28558151 3195300 3700661 3156702 A156067
6.7% 0.0% 8% 1.6% a0% -3.1% 0.0%

Containeriswd Cargo N 17020443 POZSETT 236652V 2B18B135 28320145 3112420 3MD0E25T  aveTEap
4.4% 33% 1.5% 16% 5% 1.7% 14%

Containerised Cargo g 18347437 22465197 26734656 /OIS IQVE2TEL  I408TIET 36616499 28347802
4.9% &.5% 1.7% 1.1% % 1.4% 1.2%

Corn N 185158 204975 231314 233787 257827 13876 405783 480868
25% 2.4% 07% 1.5% 4.3% 4.9% 3.7%

Corn 5 21333858 23326233 28653129 2BO27I0I B14G8ST 37269378 48132644  5ACA3Z3D
3% 27% 1.8% 1.7% 3.5% 2% 1%

Crude il N LA 2215380 6531560 2274309 39836553 2305061 1121152 240629
-1.8% 4.6% -4.2% -55% -i0.4% -13.4% -26.5%

Crude Tl 5 4597280 5048507 6947675 7566281 7383517 BB41912 527574 4315410
50% 3.2% 1.7% -0.8% “21% 4 5% -3.5%

Fertilisers N 17ET2E 1311345 1483568 1631866 17432% 1905571 2031429 2055054
27% 25% 1.9% 1.3% 1.8% 1.3% 03%

Fertilisers 5 SB2283¢ ET7H376 TABZAEA 778140 971623%  11gzogar 14247571 {BESSB1G
38% 3.0% 2.2% 2.1% 4.0% 3.8% 2%

Food & Agricultural Products N 1943065 1871857 1811610 1738903 1673502 1148242 1863038 20453689
-0.8% 0.7% 0.8% -0.7% 9% 1.3% 1.9%

Food & Agricultural Products -3 #053p2 21 ¥1587E 904009 892703 897948 B85748 395093
-0.1% 0.3% 0.3% -0a% 0.1% 0.0% -01%

Iron & Steel N OBB54TT 386747 TT21340 6149374 8122632 9770E82 8878207 8071599
1.8% 0.9% 1.1% 2.3% 1.4% -1.8% -1.9%

Iren & Steei 3 4119845 4848422 TN B278543 710W800 3106730 7884594 7215644
4.2% 2.8% 24% 2.5% 7% -05% -1.8%

Lumber Products M 1707408 1895723 2088040 2261660 2477349 2976552 3581304 4422480
2% 158% 1.6% 18% a7y 4.3% 3.7%

Lumber Products 5 3295033 4382875 5500962 6308805 5820477 40115585 BE04402 50T
43% 3.0% 2B% 1.8% 3.3% 1.4% 3.0%

Miscellanzous Minerals N 7232238 8045950 &G00066 B7Z52G6 10431474 12061533 T4BA0345 17080541
2.7% 1.3% 0.3% 6% 40% 32% 2.48%

Miscellaneous Minerals 5 1824281 1911822 2245910 2368113 2208163 3326404 A7TI858 4314288
4.2% 33% 27T% 1.8% 4% 26% 27%

Cres N 383169 BEPIOSS  TrazZed N7 BBTIETE 9957218 9753133 gras4To
27% 1.7% 1.9% 21% 23% -0.4% 0%

Ores 5 738028 Bo8724 1000170 1123885 1266704 1507051 157003 1734734
4.3% 2.5% 24% 24% 35% 0.6% 20%
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Table 15.7.1.1 (continued)

Scenario 2, Generlc Growth in Panama Canal Cargo Flows in Existing Trades

tans%% per annum growth

Commodity Direction 2000 2005 2010 2015 2020 2030 2046 2050
Other Grains N 745085 798BE3 873224 B4D421  1014TIS  11E8752  140B138 1645085
1.7% 1.8% 1 8% 1.5% 2.8% 3.8% 3.2%
Other Grains ] 2642811  2BO0B71 2681850 3410558 3565426 3944007 4055675 4309215
1.8% 1.3% 2.7% 0.9% 20% 0.6% 1.2%
Othar Matals N 1938851 2100150 2413189 2651018 2834434 3421804 3908230 4596481
2.7% 20% 1.9% 21% 3.1% 3.2% 2 8%,
Other Metals 5 806992 949801 1100938 1243182 1407219 171086 2070501 2413238
4.2% 10% 25% 25% 4.2% 16% 3.1%
Paper N 685711 740812 B18484  BSZ144  UTOETE 1156589  137SBIG 1614474
2.7% 2.0% 1.7% 1.7% 3.0% 3.5% 3.3%
Paper 5 S33823 1099192 1273233 1435115 1607829  1D50038 2203860  DBTA035
4.2% 3.0% 2.4% 2.3, 2.0% a9, 1%
Petroleum Chemicals N 474471 449357 520024 600220  £0452i 830070 1100281 1310266
. “1.4% 3.0% 2.6% 2.0% 51% 4.5% 3.4%
Patroleurn Chamicals & 1890833 2437426 2984840  34TDA0S  AETA2ER 4735631 5A40S05  BSS34AG
8.6% 4.2% 0% 22% 4.1% 3.6% 31%
Petroleum Coke N 2675392 2837820 A153M06 3421104 3530330 390G0A2  3IVLETO  33W21S
184 1.9% 1.6% 0.7% 20% -2.8% 0.0%
Petroleum Coke 5 732842 TA4D4B 812903 Bddsas  8BIGTS  BB3E2T  7TEETR  T4T204
1.1% 13% 0% DA% ©.5% 2.8% 0.8%
Petroleum Products N 1756087 1704264 1818165  1B57D4B  1BOS036  1ETYOMI  1RS2152 1453408
0.5% 0.3% 0.4% 0.4%, -£.2% 2.5% -2.4%
Petreleum Products § 11721948 13110775 16115824 15658368 18215202 18792045 16750050 15246405
2.48% 29% 20% 1.6% 0.6% 2.3% -4.9%
Phosphstes N 48048 84858 60376 €577 71538 82377 80443 58625
21% 2.0% 1.7% 1.7% 20% 1.8% 1.7%
Phosphates 5 BI65963 10902033  1ZBOTH07 14686730 15D7E4B3  1ATAAIAT  Z20RSOND  PAR4ZAO?
35% 3.4% 2.8% 1.7% 3.2% 3.3% 25%
Pulpwaod H 2565225 2853848 4ATA05 3440141 3741233 ASOSET  S460632 G4TSIRY
2% 20% 1.7% 1.7% 3.8% 3.8% 3.5%
Pulpwood 5 1289800 1517856 1783161 2037361 Z250640 275071t 3300679 2845385
4.2% 2.4% 26% 2.0% 4.1% 7% 31%
Reater Products N 3622913 4043000 4531328 4909291 5509917 GASGETE 7691844 P2TSIT
284, 23% 1.8% 20% 32% 36% 3.9%
Reefer Products 5 1240227 14B2782  1B6BGIS 2260478 F67Y234 3579836 4811168 647077
46% 4% 3.9% 34% 6.0% 8.1% 1%
Resldual Petroleum N 804829  B04B29  BOMBZF  BOAB2G  8O4BID  TEATA3  TORZAG 80322
00% 0.0% 0.0% o 0% 0 4% 2.1% -3.1%
Residual Petroleum 5 1815146 1781320 1734553 1712181 1684348 1593068 1399725 1154540
0.5% 0.5% 0.3% -0.3% “1.1% 6% -5.6%
Strap Metal N 82340 §9354 76736 83802 $0918 137388 213262 286011
27% 2.0% 1.7% 1.7% B.6% 8.2% 6.8%
Scrap Meta! s 1841506 1932197 2M@PS0 2637253 2B78484  3150BS1  2B18157 2333340
4.2% 3.7% 2.8% 1.8% 1.8% 2% AT
Saybeans N 11898 12545 13036 14988 18122 19182 22731 2A5AA
1.1% 0.8% 2.8% 1.8% 2.5% 4 5%, 3 2%
Soybeans 5 13513588 14840658 1681811G 17840405 18740844 21TaT6ET 1 261463584 29043758
2.4% 2.3% 14% 0.9% 3% 2.9% 29%
Sugsr N 2049473 2026844 2001823 1980154 1960824 1943037 1931081 1927289
0.5% 0.2% -0.2% 0.2% 0.2% 0.1% 6.0%
Sugar L 480480 434801 2304377 360928 339483 313324 2B99T0 286705
-2.5% -1.9% -1.6% 1.4% -1.8% -1.5% -0.2%
Wheat N 2688487 2906401 3247713 3444880 3705267 4311283 £039759  56TAYIO
2.0% 2.2% 1.2% 1.5% 1% 32% 1%
Whent s 3055030 340718 3780953 4087452 4440456 4061613 5041082 6558658
28% 2.2% 1.5% 1.7% 22% 2.6% 3%
Total Nerthbound B4473630 92131323 101285719 106650079 1145BB248 127332089 134830809 1447860944
Total Southbound 123082068 142402540 1B4529000 1B1450331 195623780 222167119 248085345 273065654
Grand Total 200356598 234583071 265824719 2AB1T0410 0212628 349730407 322025854 417823795
Annuat % Change
Total Horthbaund 22% 1.0% 1.0% 1.4% 2.1% 1.2% 1.4%
Total Southbound 1.8% 2% 2.0% 1.5% 2.6% 2.2% 1.9%
Grand Total % 2.5% 1.6% 1.5% 2.4% 1.8% 1.8%
Richardson Lawrie Associates 247
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Private and Confidential

Table 15.7.1.2

Scenario 2, Generic Growth in
Number of Laden Transits

No. of Ships
ShipType Directlon 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo 465 503 545 578 513 674 725 L)
General Cargo £43 744 855 935 1007 1134 1204 1250
Refrigerated Cargo 1335 1382 1408 1427 1451 1543 1524 1569
Refrigerated Gargo 485 582 683 736 781 840 868 862
Cry Bulk Carrier 1286 1407 1472 1558 1679 15838 1864 1836
Dry Bulk Carriar 1878 2101 2367 2584 2780 3242 3748 4211
Tanker 452 434 488 476 463 502 547 6800
Tanker 957 1114 1238 1448 1556 1664 16871 1714

Dry/Liguid Bulk Carrier 4 4 4 4 5 g 4 4
Dry/Liquid Bulk Carrier 1" 12 14 16 18 19 20 21
Container/Break-Bulk 200 215 233 245 257 280 am 323

Container/Break-Bulk
Full Container

Fuil Containar
Roll-on/Rall-off
Rall-on/Roil-off
Yehicle Carrier
Vehicle Carrier

180 213 238 254 27 300 302 309
1077 1268 1498 1863 1829 2148 2456 2738
1138 13 1837 1807 1954 2284 2558 2874

96 99 104 103 104 93 73 58

114 131 143 153 153 152 139 135

306 307 274 261 259 346 a8 385

199 215 231 248 251 282 330 Jed

mzmzmzmzmzmzwzmzmzmzmzmz

Vehicle/Dry Bulk 19 20 22 23 25 28 30 33
Vehicle/Dry Bulk 33 8 43 48 §2 61 &8 75
Liquid Gas 12 12 12 13 14 16 v 18
Liguid Gas 185 178 212 239 263 284 261 278
Other 242 253 289 284 301 33 385 399
Other 102 107 113 118 123 134 145 158
Total North 3503 5905 6327 6657 7043  7B10 8274  ssss
Total South 5895 6806 7840 8583 9219 10377 11332 12251
Grand Total 11398 12731 14167 15240 16262 18186 19806 21138
Richardson Lawrie Associates 248
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Table 15.7.1.3

Scenario 2, Generic Growth in
Number of Ballast Transits

No. of Ships
ShipType Dlrection 2001 2005 2010 2015 2020 2030 2040 2050
General Cargo N 145 167 192 211 228 258 e 290
General Cargo S 53 57 a1 65 88 T4 79 a4
Rafrigerated Cargo N 35 42 49 52 55 58 58 56
Refrigeratad Cargo 3 463 480 488 495 505 540 538 553
Dry Bulk Carrlsr N 418 465 519 563 800 701 807 4908
Dry Bulk Carrier s 83 &7 69 72 75 23 8s 89
Tanker N 254 332 388 434 468 501 503 517
Tankar 5 70 87 76 7z 69 70 73 T
Dry/Liquid Bulk Carrler N 2 2 2 2 3 3 3 3
DryfLiquld Bulk Carrier § 1 1 1 1 1 1 i 1
Container/Break-Bulk N 21 24 26 28 28 30 30 30
Contalnsr/Break-Bulx ] 16 17 18 19 20 29 22 23
Full Container N 30 30 35 38 41 48 54 &0
Full Container 5 21 22 rad 30 34 41 50 €0
Roil-onfRoll-off N 11 12 13 12 11 8 g 5
Roll-onfRalt-off s 19 18 8 18 18 17 z2 2
Vehicle Carrier N 24 26 29 3 33 34 37 39
Vehicla Carrier s 48 47 41 42 44 49 3] 54
Vehlcla/Dry Bulk N a8 8 10 11 12 15 16 18
Vehicle/Dry Bulk s 2 2 2 2 2 2 3 3
Liguid Gas N 23 26 H 35 38 41 40 38
Liquid Gas 5 1 1 1 1 1 1 1 1
Tatal Narth 1001 1134 1296 1418 4518 1697 1832 1863
Tatal South 756 77a 802 818 837 500 903 847
Grand Total 1757 1913 2097 2234 2354 2597 2738 2909

Richardson Lawrie Associates 249
February 2001
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Table 15.7.1.4

Scenario 2, Generic Growth in
PCUMS of Laden Transits

ShipType

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Ory Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liguid Bulk Carrier
DryiLiquid Bulk Carriar
Container/Break-Bulk
Gonlainer/Break-Bulk
Fuli Container

Full Cantaingr
Roll-on/Rall-off
Rolt-on/Roli-off
Vehlcle Carrier
Vehicle Carrier
Vehicle/Dry Bulk
Vehicle/Ory Bulk
Liquid Gas

Liguid Gas

Othar

Other

Total North
Total South
Grand Total

Direction 2081
3700
4777
573
3734

26535

40338
7960
15491

115
an?
2778
2B5E

25890

27156
1741
1941

12786
7633

302
G5
t10
1576
365
374

mzmzmzwzmzmzmzmzmzmzwzmz

91955
106589
196544

2005
4027
5638
9933
4538
28233
43416
7529
18100
120
347
3083
3167
Klolthnpg
32488
1818
2282
124931
8364
324
685
108
1756
384
408

100487
123140

2010
4392
8397
10180
5385
31020
81778
641
21114
128
398
33a7
3624
36421
38630
1548
2670
11810
9053
344
782
110
2118
416
454

108593
142381

223627 250973

2015
4684
6998
10353
5730
33215
56967
B272
23533
127
437
3638
3853
40488
42383
1844
2810
11973
750
368
863
117
23N
445
488

115615
156343
271958

2020
4887
7534
10581
6148
@182
81639
7952
25185
129
478
3681
4281
44454
45360
1927
2835
12804
10492
393
538
126
2693
473
521

123868
165059
291828

2030
$526
8469
11308
6608
33905
72088
8193
26691
130
513
4378
4910
51854
51802
1787
3029
143935
11794
445
1085
142
2780
512
578

139095
190145
329240

000" tons
2040 2050
5951 387
2944 9236
11232 11598
6804 6734

40840 42414
84155 95072

26813 9188
26572 27068
112 104
523 539
4863 5370
5127 8407
58629 65661
57489 64033
1392 950
3057 3035
15912 17096
13829 15500
479 525
12m 1318
150 157
2756 2730
41 550
7 GGg

148515 160038
271182 231338
159697 391376

Richardson Lawrie Associates

February 2001
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Table 15.7.1.5

Scenario 2, Generic Growth in
PCUMS for Ballast Transits

000's tons
ShipType Diraction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo 8Ty 1005 1148 1252 1344 1507 1588 1660

Ganeral Cargo 354 315 403 422 442 478 508 535
Refrigaratad Cargo 258 308 362 388 403 433 437 420

Refrigerated Cargo 3157 3281 335 3408 2483 3751 3733 3880
Dry Bulk Carrier 8313 9357 10864 11730 12667 14830 17252 19408
Dry Bulk Carrier 1188 1286 1378 1470 1586 1756 1820 1926

Tanker 5148 8028 7051 7874 8454 2358 8301 8040
Tanker 1308 1254 1428 1337 1250 1210 1202 1226
DryiLiquid Bulk Carrier 80 6o 80 Bg o8 i0a 116 124
Dry/Liquid Bulk Carrer 25 28 27 28 28 2B 24 22
Container/Break-Bulk 268 g 353 383 408 455 478 493
Contalnar/Break-Bulk 204 224 246 262 278 N 345 380

Full Contalner
Fult Container
Roll-or/Ralt-aff
Roll-on/Rall-off
Vehicle Carrier
Vahicle Carrier

498 555 635 675 708 784 854 226
328 378 445 493 543 646 758 887
10 128 150 149 143 130 10 a
133 125 118 (AR 104 a8 52 28
1345 1485 1804 1721 1837 2036 2349 2577
2814 2869 2682 2793 2088 3465 3746 4061

NMZNZEZDNDZNZEIZNZMNMZARZNZNZNHNEZWNDE

Vehicla/Dry Bulk 155 175 200 223 238 278 304 332
Vehicle/Dry Bulk 28 28 30 33 35 39 42 46
Liguid Gas 586 BEv 780 259 851 1018 880 q74
Liquld Gas 10 10 10 10 11 12 13 13
Total North 17820 20066 23020 25351 27257 30564 33388 136123
Tatal South 8541 9867 10718 10367 10746 11785 12241 13004
Grand Total 2781 28933 33148 35718 JB004 42349 45829 49137

Richardson Lawrie Associates 251

Fabruary 2001
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Private and Cenfidential

Table 15.7.1.8

Scenarie 2, Tolls Based on Generic Growth in

Laden Transits by Route and Ship Type

000's USS
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo
General Carge
Refrigerated Cargo
Refrigerated Carga
Dry Buik Carrier

Dry Bulk Carrier
Tankar

Tanker

Dry/Liquid Bulk Carrier
Dry/Liguid Bulk Carrier
Container/Break-Bulk
Container/8reak-Buik
Full Container

Full Container
Roll-an/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier

9.508 10,349 11,288 12,037 42817 14202 15,295 16,415
12,277 14235 16441 17,964 10383 21,765 22 986 23737
24602 25579 26163 26607 27143 29061 208,866 29,801

8587 11663 13788 14880 15794 16982 17,486 17,306
66,195 75130 78720 85361 92,580 102556 104,446 108,003

103671 116719 133.082 146,406 158,412 185267 216,277 244334
20,458 19530 22308 21258 20438 21056 22135 23,616
39811 46516 54262 60480 64,725 68595 68,290 69,567

297 308 320 327 330 333 288 266
790 aa1 1,024 1.124 1,228 1,319 1.345 1,384

7134 7872 8,705 8,323 9974 11,252 12497 13,801

6.825 8.138 9313 10,180 11,028 12817 13,175 13,896
66,795 79482 03602 104,055 114,246 133285 150,678 168,748
69792 03493 89279 108925 116,574 132616 147,747 164,564

4473 4673 5,002 4897 4952 4,542 3,578 2,544

4,987 5,831 6,863 7.221 7.414 7,784 7,855 7,800
32,859 33232 20836 30772 32906 38382 40,895 43,937
18817 21495 23286 25057 26965 30310 35796 39,836

NMZVZMZVIZIW2UNDZWZWNMWZUIZINZNZ N T

Vehicle/Dry Bulk 776 83z 835 948 1,009 1,145 1,232 349
Vehicle/Dry Bulk 1.556 1,762 2010 2218 2405 2788 3086 3.387
Liquid Gas 282 278 283 301 323 365 385 404
Liquid Gas 4,052 4616 5443 6092 6684 7,145 7083 7.018
Other 939 287 1070 1,143 1215 1315 1,391 1,413
Other 960 1049 1166 1256 1340 1485 1,609 1,711
Total Nerth 236,323 258,251 279,083 297,130 318,341 357,474 381,684 414,297
Total South 273.935 316,470 365819 401,802 431,913 488,673 542,737 594,529
Grand Total 510,258 574,721 845002 698,931 750,254 B46,147 924,421 4,005.336
Richardson Lawrie Associates 252
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Table 15.7.1.7

Scenario 2, Tolls Based on Generic Growth in
Ballast Transits by Route and Ship Type

000's US$
ShinType Direction 2001 2008 2010 2015 2020 2030 2040 2050
General Cargo N 1.7TEB 2.0580 2345 2.553 2,741 3.074 3,262 3387
General Cargo 3 715 765 822 862 902 av5 1,032 1,091
Refrigerated Cargo N 525 629 738 ™™ B33 883 [-1214] 857
Refrigerated Cargo 5 6,433 5,693 6,836 6,952 7.105 7652 7.616 7.8918
Dry Bulk Carrier N 16,941 19088 21,755 23929 25841 30254 35194 38772
Dry Bulk Carrier s 2418 2645 2810 2,590 3,236 3,583 3713 3,928
Tanker N 10,484 12297 14383 16,064 17245 18.336 18,159 16,442
Tanker 5 2.66% 2,558 2,914 2,727 2,549 2468 2,451 2,501
DryfLiquid Bulk Carrier N 122 140 183 181 189 222 238 253
Dry/Llquid Bulk Carriar 5§ 52 54 56 58 57 56 48 44
Cantainer/Break-Bulk N 547 531 721 782 835 928 971 1,008
Container/Break-Bulk ] 47 456 402 534 587 635 704 776
Full Container N 1,015 1,932 1,295 1,378 1,445 1,599 1,743 1,688
Full Container S 568 77 908 1,007 1,108 1,317 1,546 1,810
Roll-on/Roll-off N 224 281 W7 304 292 285 224 187
Roll-on/Roll-off 8 271 256 242 228 213 180 108 &7
Vahicte Carrier N 2742 2,938 3272 3,511 3.747 4,153 4,792 5,256
Vehicle Carrler S 5734 5,853 5472 5,697 6,082 7,070 7.642 8,284
Vehicte/Dry Bulk N 7 358 408 450 486 562 020 678
Vehlcie/Dry Bulk 5 53 57 82 87 71 B1 er a4
Liquid Gas N 1,194 1,360 1,581 1,773 1.540 2.078 2,020 1,887
Liquid Gas s 20 20 0 21 22 25 258 27
Total North 35910 40935 46,978 51,717 55,605 BRA51  BB.141 73,712
Total South 19,446 20129 20,643 21,148 21,923 24,041 24,972 26,529
Grand Total 65,356 61,083 67,621 72,865 77,528 86,392 53,083 100,240

* Excludas baflast transits for "Other' ship types
Richardson Lawrie Associates 253

February 2001
Contract No: S5AA-43815
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Table 15.7.2.1

Scenario 2, Demand for Cargo Flows Through the Exlsting Canal with Capacity Constraints

Commudily

All Qther Cargoes

All Qeher Cargoes
Alumina/Bzuxite
Alumina/Bauxite
Autamebiles
Automobiles

Bananas

Bananas

Chemicals

Chemicals

Coal & Coke

Coal & Coke
Cuntainerised Caryuw
Lontainerised Cargo
Qo

Com

Crude Qil

Crude Qil

Fertllisers

Fertilisers

Food & Agricultural Products
Food & Agricullural Products
Iron & Steal

Iron & Steel

Lumber Products
Lumber Products
Miscellangous Minerals
Misceliansous Mingrals
Cres

Cres

Direclian

N

2001
835726
1849651
533383
242702
1241780
425703
2326690
17318
2877685
6560156
8759604
2171846
17028433
18547437
185436
21333958
5998171
4897288
1178723
5822833
1943066
905382
6885677
4110845
1707595
3898033
7232238
1524261
5998188

738028

Q0%

732038
-3.3%
1291935
-2.8%
536913
0.2%
268489
1.5%
1126475
-2.4%
426414
D.0%
21465760
-20%
10669
-2.9%
2408140
S3E%
T4LE611
3.4%
BY9ETN
o0T%
2550268
4.1%
18330402
1.9%
20328820
2.3%
185494
00%
21105907
£.3%
4718950
4.2%
5382283
2.4%
11868524
0.2%
H13317T
1.3%
1693773
-34%
B18251
-2.68%
BE02842
0.7%
4367825
1.6%
1718896
02%
4149455
1.6%
7280099
0.2%
1729934
1.8%
E037883
0.2%
TREQ3G
1.6%

2010

B04370
-35%
1210238
-1.3%
BT1881
1.3%
26TETE
0.7%
BS2600
-5.3%
4297355
0.2%
190298
-1.9%
14188
-2.0%
2574548
0.8%
BIBTEES
2.3%
B349034
-1.5%
2314484
-1.9%
19563468
1.53%
21415633
15%
189618
0.4%
21848965
0.7%
9324303
2.6%
3885331
1.1%
1216147
0.5%
C445386
1.0%
1485060
-2.6%
750788
-1 7%
BIATTI2
-1.4%
4567815
0.8%
711663
0%
4505343
1.7%
049671
£.6%
1841078
1.3%
583073
0.2%
BI10855
0.8%

25

SHE95Y
-1.2%
1128115
-14%
57105
0.2%
284491
1.2%
815415
»1.0%
436478
0.3%
1862822
L%
13253
-1.4%
e
1.6%
0201730
19%
8152162
-0.5%
2261448
-0.8%
0040633
.54,
23330222
0%
183488
-0.7%
22000273
0.2%
4038188
-5.8%
5721674
0.3%,
1248811
0.5%
§717527
0.8%
1329176
-2.2%
841788
-1.8%
826360
-0.3%
4804770
1.0%
1730764
0.2%
4826322
1.4%
GET7054
-1.1%
1838867
1.3%
5123517
0.5%
BEUDES
1.0%

2020

S54G35
-0.5%
1015742
-2 1%
553934
-0.5%
I0ATET
1 4%
818909
0.1%
445662
0.4%
1814242
-0.5%
12482
-1.2%
3027396
1.7%
9615253
9%
8158081
0.0%
2300148
0.3%
20375975
0.3%
22130575
-0.1%
1986811
0.2%
22557384
0.4%
2586745
-B.6%
§313188
-1 7%
1254511
0.1%
BEY2081
08%
1204300
-2.0%
B42414
-1.5%
855120
1.0%
SI16434
13%
1782770
08%
4912528
0.4%
7505784
2.4%
2021553
0.6%
6355173
0.8%
811556
12%

tensi% par annum growih

030

485553
-2.8%
BEBTAS
-31%
548045
-0.5%
3338
18%
263728
1.1%
458832
0.68%
1863471
1.8%
11214
2.1%
3733820
4.8%
10943514
0.8%
7189372
-25%
2396255
0.8%
20793459
0.4%
22072279
01%
208472
2.2%
24132687
14%
1452575
-12.2%
4300776
-4.1%
1233897
Q3%
7ES9933
1.8%
1132023
1.2%
551440
2.0%
BI2GT20
0.7%
9248276
0G.5%
1927375
1.8%
=187974
1.1%
8186608
1.8%
21534535
1.3%
£434554
0.2%
S76B4T
1.4%

2040

439429
-20%
Toas3s
-2.4%
Sa8335
0.0%
JGTEER
1.8%
47505
D.4%
s07297
20%
1673T4g
0.1%
10435
-1.4%
4546350
A.7%
10803773
1.7%
5654561
-4.9%
1902114
=4.5%
INETSG
0.2%
22083820
0.0%
244438
3.4%
24003048
3%
BTS567
-14. 7%
3178756
-5.9%
1224053
-0.2%
8585087
23%
1122802
-0.2%
542157
-1.4%
5350480
-1.3%
4751224
-2 0%
2218225
2.9%
184712
0.0%
8242272
1.8%
237340
1.1%
870883
-1.8%
S46083
0.6%

2050

401102
-1 8%
83029
-2.2%
547532
Q.0
393981
1.4%
830274
0.2%
531943
1.0%
2157380
2.2%
9E80
-1.5%
9126640
2.4%
11804478
1.2%
4556211
3.5%
7G50
*1.5%
20959765
0.1%
21793139
2%
271BTA
2.1%
13ropaz
1.8%
134643
=27 6%
2414620
-5.4%
114%5900
-1.2%
318720
1.7%
1144479
0.4%
S0T42
+1.5%
4516162
-3.3%
4037495
-3.5%
2474567
4%
5318802
0.5%
9540813
1.3%
314048
1.2%
5475434
-1.4%
ST0EGG
0.5%

ﬁi;hardson Lawrig Associates
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Table 15.7.2.1 (continued)

Scenario 2, Demand for Cargo Flows Through tha Existing Canal with Capacity Constraints

tons% per annum growth

Commodity Dirgction 2004 2005 2018 2018 2020 2030 2040 2050

Other Graing N 745885 721013 T18822 719663 730218 756791 048455 520503

-0.8% 0.1% G1% 0.3% 0.7% 2.3% 1.6%

Other Grains $ 2642891 2534088 2444369 2609951 25657A7 5583826 2443928 2411210

-1.0% 0.7% 1.3% -0.3% 1.1% -0.8% 0.8%

Other Metals N 1968551 1081679 1978186 ZOZBTDE 2111702 2215689  DAG7OR4 S57{9%

0.2% 0.0% 0.5% 08% 1.0% 1.7% 1.2%

Other Melats 4 805997 55484 202450 3513681 1012675 1120901 1247611 1350M8B

1.6% 1.0% 1.1% 1.3% 2.1% 2.2% 1 6%

Paper N 665711 870116 670858 682719 558526 748922 826031 S0327S

0.2% 0.0% 0.3% 0.5% 1.4% 2.1% 17%

Paper 5 933823 8945084 1043728 1008221 1155896 1262650  13A2208 1407388

1.6% 1.6% 1.0% 1.0% 1.8% 1.8% 1.6%

Petroleum Chemicals N 474411 406554 428288 459322 489797 576339 fRA414 733155

*3.4% 1.0% 1.5% 1.7% 2.8% 3.0% 1.9%

Patraleum Chemicals s 1840433 2205417 2454883 2655900 2775 A0AB41D 3108825 3GEATM4

3.8% 12 1.6% 1.0% 15% 21% 1.6%

Petrolaum Coka N 2675392 2594835 2585320 2518021 2546985 2831212 2043225  1B9E2N7

0.8% 0.1% 0.3% -0.5% -0.1% ~4.2% -1.5%

Petroleam Coke 5 732642 B31531 887104 646282 B2152% 572361 467815 418008

-1.4% -0.7% 0.6% 0.4 -1.6% -4.0% -2.2%

Petrolnum Products N 17560B7 1623478 1400434 1421117 {363T 1215417 £95520 B18846

-1.8% -4.7% 0.8% 0.8% -2.3% -3.8% -3.8%

Petroteum Products 5 721048 11870958 12390878 12748302 13108175 12158240 10002085  AS31045

0.3% 0.8% 0.6% 0.6% -1.5% 3 7% «3.3%

Phoaphates N 48049 49374 49483 50337 51479 53341 %4498 55185

0.2% 0.0% 0.3% 0.4% 0.7% 0.4% 0.9%

Phosphates ] 9385963 GBES1ZE  10STMAO0 11273806 11497130 12132038 13310600 1395507

1.3% 1.4% 1.2% 0.5% 11% 1.9% 1.0%

Pulpwood N 25965225 2582201 2588435 2037560 2692287 294710 32904985 382304

0.2% 0.0% 0.3% D.4% 1.6% 24% 1.8%

Pulpwood 5 1289500 137ASTT 1469937 1539103 1819525 1781143 1988873 2151676

16% 14% 1.2% 0.8% 1.8% 2.2% 1 6%

Reeler Produsts N I522013 3859060 3714540 3818088  J0BEAGZ 4180063 4634886 5202401

0.2% 0.3% 0.6% 0.8% 1.1% 214% 2.3%

Reeter Products 5 1240227 1341842 9531807 729845 1926813 2318043 2800041 3520878

2.6% 27% 2.5% 2% 3.8% 4,6% 4 5%

Residual Petroleum N 204820 Toe221 859756 215901 579178 510721 426788 337755

-2.5% 2.0% -1.4%, -1.2% -2.5% -3.5% 4 6%,

Residual Petraleum ] 1B15148 14763 1421884 1218287 1212105 1031545 B4342% BS1815

-2.8% -2 5% -16% -1E% -3.2% .3.0% -5.0%

Scrap Metal N 52340 82752 52004 63977 65428 88688 128604 165632

0.2% 0.0% 0.3% 0.4% 8.3% T A% 5.2%

Scrap Metal L} JELIS06 1748278 1000059 2018174 2071446 2040242  1E38817 1305620

1.8% 1.7% 1.2% 0.5% -0.3% -3.6% “5.1%

Soyheans N 11948 11352 10686 11479 11802 12401 12697 14865

-1.4%, -1.2% 1.4% 0.2% 1.3% 2.0% 1.7%

Soybeans 5 13513588 134280358 12622630 12659388 13483087 14114445 15152313 16251077

-0.3% 0.3% U1% -0.3% 0.9% 1.4% 1.4%

Supar N 2049473 1833738 1640987 1515326 1411137 4258157 1163580 1078409

2, -2.2% -1.6% -1.4%, 2.3% -1.6% -1 5%

Sugar 5 480480 293414 323789 278408 244308 202884 174726 180425

5. 9% -1.5% -2.8% -2.8% +3.6% -2.8% T

Wheat N 2ERB4AT  262975)  IGG62300  I2B3K062  26A6415 271645 303BTED 3209450

-0.6% 0.2% £0.2% 0.2% 0.8% 1.7%, 1.6%

Wheat - 058030 3082887 3108758 3127070 3195478 INMITSZ 2300424 IGESEAG

4.2% 0.2% 01% 0.4% 0% 1.4% 1.5%

Total Northhound 34473830 53408660  83016TS3  BIGITSSd  Z2461381 82450758 1244747  BOPEIE4

Total Sauthbound 123892060 128347248 134AT2027 138UB6E05 140778414 144008756 149493568 152793828

Grand Total 208356598 212234214 21TS08010 Z20524199 223217768 226457513 230737711 213783300
Anrual % Change

Total Northbound 0.3% 0.1% 0.3% 0.2% 0.0% -0.3% 0.4%

Total Southbound 1.0% 0.8% 0.6% 0.3% 2.5% CE% 0.4%

Grand Total 0.5% 0.5% 0.2% 0.2% 0.3% 0.4% 0.3%
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Table 15.7.2.2

Scenario 2, Case 1, Existing Canal
Number of Laden Transits

No. of Ships
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050

General Cargo 465 455 447 443 441 437 437 434
Genera! Cargo 643 873 701 715 725 734 725 699
Refrigerated Cargo 1335 1251 1154 1082 1045 998 918 ar2
Refrigerated Cargo 485 526 560 563 562 544 523 432
Gry Bulk Carrier 1286 1274 1206 1182 1203 1180 1123 1083
Dry Bulk Carriar 1878 1801 1840 1977 2001 2099 2257 2356
Tanker 452 352 400 364 337 325 330 338
Tanker 937 1008 1064 1108 1119 1077 1007 959

DryfLiquid Bulk Carrier 4 4 4 3 3 3 2 2
Dry/Liquid Bulk Carrier 1" 11 12 12 13 12 P2 12
Container/Break-Bulk 200 185 191 187 185 181 181 181
Container/Break-Bulk 1580 182 195 184 195 194 182 173

Fuil Container
Full Container
Rall-on/Roli-off
Roall-on/Roll-pff
Vehicle Carrier
Vehicle Carrler

1077 1147 1226 1273 1316 1381 1480 1560
1138 1241 1342 1382 1406 1488 1541 1608
o8 80 85 79 75 83 44 32
114 118 122 17 10 98 84 7B
306 278 224 215 215 224 222 FZ|
199 185 120 188 168 183 189 205

mzmzwzmzmzmzwzmzmzmzmzmz

Vehicle/Dry Bulk 19 18 18 18 18 18 18 18
Vehicle/Dry Buik 33 34 36 37 38 38 41 42
Liguid Gas 12 i1 10 10 10 10 10 10
Liquid Gas 185 161 174 183 189 184 169 155
Olher 242 229 220 218 217 214 220 223
Other 102 97 93 a1 8 87 a7 88
Tolal North 5503 5343 5186 5094 5069 o057 4986 4373
Tatal South 5895 6138 6427 G569 B834 6719 6828 6855
Grand Total 11388 11501 11613 11862 13703 11776 11814 11828
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Table 15.7.2.3

Scenario 2, Case 1, Existing Canal
Number of Ballast Transits

No. of Ships
ShipTyps Direction 2001 2005 2010 2015 2020 20340 2040 2050
General Cargo N 145 181 158 181 164 167 167 163
General Cargo 8 53 52 50 49 49 48 48 47
Refrigerated Cargo N 35 38 40 40 40 a8 35 3
Refrigerated Cargo 5 483 434 400 379 364 350 323 309
Dry Bulk Carriar N 418 420 426 431 432 454 487 5038
Diry Bulk Carrier 8 83 &1 57 55 54 53 a1 50
Tanker N 284 300 318 332 337 325 303 289
Tanker s 70 61 82 55 50 45 44 43 L
DryfLiquid Bulk Carrler N 2 2 2 2 2 2 2 z B
Dry/Liquid Bulk Carrier S 1 1 1 1 1 o] 0 0 i
Container/Break-Bulk N 21 21 21 21 21 20 18 17
Container/Break-Bulk s 16 16 15 15 14 14 13 13
Full Container N 30 27 28 29 30 31 32 34
Full Cantainer 5 21 20 22 23 24 27 30 23
Roll-on/Ralt-off N 11 1 10 9 8 5 3 3
Rolt-on/Roll-off 5 18 16 15 14 13 11 1 1
Vehicle Carrier N 24 24 24 24 23 22 22 22
Vehicle Carrier s 48 43 34 3z Kh| 32 al 30
Vehicle/Dry Bulk N 8 g a g 2! 9 10 10
Vehicle/Dry Bulk § 2 2 2 2 Z 2 2 2
Liquid Gas N 23 24 26 27 28 25 24 o
Liquid Gas ) 1 1 1 1 1 1 1 1
Tetal North 1001 1026 1062 1085 1082 1099 1104 1098
Total South 756 705 657 624 602 583 544 530
Grand Totat 1757 1731 1719 1710 1694 1682 1648 1628
Richardson Lawrie Associates 257
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Table 15.7.2.4
Scenario 2, Case 1, Existing Canal Demand
PCUMS of Laden Transits
Q00's tonsg
ShipType Direction 2001 2005 2610 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Carge
Ory Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

DryfLiquid Bulk Carrier
Dry/Liguid Bulk Carrier
Container/8reak-Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-on/Roll-off
Roli-on/Roli-of
Vehicle Carrier
Vehicle Carrier

3700 3043 3600 3584 A589 3578 3386 3574
4777 5HM2 5244 5385 gd422 5484 5369 5168
9573 3006 8245 7923 7600 7322 G768 6488
3734 4108 4398 4431 4423 4279 4100 a7gs
26535 26451 23428 25418 26038 25839 24488 23733
40338 41083 42443 43585 44357 46679 50709 53197
7980 6876 7084 6330 5723 5305 5180 5142
15491 18377 17308 18009 18124 17283 16011 15148
115 108 102 o7 93 84 68 58
307 314 327 335 344 332 315 301
2778 2N 2777 2776 2793 2835 2930 3005
2856 28e8 2971 3025 3088 3179 3089 3025
25930 27983 298355 30984 a4 990 33577 35328 38740
27156 29395 31867 32434 32642 33413 34641 35829
1741 1645 1595 1488 1386 1144 839 554
1941 2074 2189 2150 2076 1661 1842 1696
12786 11700 9517 4163 9214 2670 9568 a546
7633 7566 7421 7461 7550 7837 8383 8573

mzmzmzmzmzmzwzmzmzmzmzmz

Vehicie/Dry Buik 302 283 282 282 283 268 239 204
Vehicle/Dry Bulk 605 820 541 5el 874 702 724 737
Liquid Gas 110 98 20 B0 80 22 g0 84
Liquid Gas 1376 1625 1736 1814 1856 1800 1661 1528
Other 365 347 341 340 340 33t 328 308
Other 374 360 372 374 375 74 v 373
Total Noth 91855 20922 89014 88475 89139 90067 89490 89549
Total South 106589 111419 116718 119643 120940 123123 127251 129445
Grand Totat 198544 202341 205735 08117 210079 213150 218741 218993
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Table 15.7.2.5

Scenario 2, Case 1, Existing Canat

PCUMS for Ballast Transits

000's tons
ShipType Direction 2081 2005 2010 2015 2020 2030 2040 2050
General Cargo N 877 908 042 955 857 978 as4 829
General Cargo 5 331 330 330 323 318 309 305 289
Refrigarated Carge N 258 279 208 297 294 280 263 235
Refrigerated Cargo 5 3157 2968 2747 2608 2506 2428 2250 2171
Dry Bultk Carrier N 8313 8466 8742 8978 8116 9603 10385 10900
Dry Bulk Carrier 5 1188 1173 1129 1125 1142 1137 1087 1078
Tanker N 5149 5454 5780 6026 B0B3 5820 5364 5058
Tanker ) 1308 $135 1171 1023 889 783 724 6856
Dry/Liguid Bulk Carrier N 60 g2 66 68 70 70 70 T0
Dry/Liquid Bulk Carrier S 25 24 22 21 20 18 14 12
Contalner/Break-Bulk N 2568 280 290 293 285 295 287 276
Container/Break-Bulk ) 204 202 202 200 200 202 208 213
Full Container N 498 302 520 517 510 508 515 518
Full Container 5 328 342 365 378 381 418 457 497
Roll-on/Roll-off N 110 116 123 114 103 84 86 51
Roll-on/Roll-off § 133 114 o7 g5 75 57 31 18
Vehicla Carrier N 1345 1325 1315 1317 1322 1318 1418 1442
Vehicle Carrier 5 2814 2596 2188 2137 2143 2244 22357 2272
Vehlcle/Dry Bulk N 155 159 164 169 171 179 183 188
Vehicle/Dry Bulk 5 26 25 25 25 25 28 26 26
Liquid Gas N 586 503 639 865 684 659 597 545
Liquid Gas 5 10 9 8 8 8 8 B 7
Total North 17620 18156 18878 19400 19615 18791 20118 20218
Tota! South 9541 8923 8295 7933 7733 7631 7376 7277
Grand Total 27169 27084 27173 27334 27348 27422 27484 27495
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Table 15.7.2.6
Scenario 2, Case 1, Existing Canal
Tolls for Laden Transits by Route and Ship Type

00T's USS
ShipType Direction 2001 2005 2010 2015 2020 2030 2040 2050
General Cargo N 9508 9383 6253 9212 9223 g1p 8,216  g185
General Cargo S 12277 12880 13478 13763 13934 14,083 13850 13,282
Refrigerated Cargo N 24802 23144 21447 20361 19,533 18.818 17,304 16,675
Refrigarated Cargo 1 0,597 10553 11,303 11,387 11,386 109968 10,536 9,684
Dry Bulk Carrier N 66195 67.978 65351 65323 66918 66407 62935 60,993
Dry Bulk Carrier s 103,671 105608 108,077 112,038 113,998 119.964 130,321 136,716
Tanker N 20458 17871 18205 16258 14708 13834 13338 13,214
Tanker s 39811 42080 44481 48282 46,578 44417 41 149 38,926
Dry/Liquid Bulk Carrier N 297 279 263 250 238 216 174 149
DryiLiquid Buik Carrier  § 790 806 839 250 883 854 an 775
Gontainer/Break-Bulk N 718872 7438 7a34 7378 7288 7.530 7.722
ContainerfBreak-Bulk  § 6825 7384 7634 7715  7.9% 8470 7839 7,775
Full Container N 65795 71916 75730 79,628 62215 ggpu2 90,792 94,423
Full Container 8 69.792 75646 81384 83,355 83830 85872 89,027 92,081
Roll-en/Rall-aff N 473 4228 4100 3824 3563 2041  p1sg 1,423
Roll-on/Roll-off S 4987 5331 5626 5526 5335 5040 4734 4,365
Vehicle Carrier N 92859 30069 24458 23548 23680 24,853 24842 24,585
Vehicle Garrier $ 19817 19445 19072 19175 19404 19626 21570 22,290
Vohicle/Dry Bulk N 776 753 725 725 726 741 742 755
Vehicle/Dry Bulk 5 1336 1584 1648 1807 1731 1805 1860 1,895
Liquid Gas N 282 252 232 230 232 237 232 226
Liguid Gas ] 4052 4176 4482 4862 4795 4627 4,268 3,926
Other N 939 8u3 877 874 874 B52 838 790
Other s 950 950 956 961 964 982 970 958
Total North 236323 233669 226777 227380 229087 231472 220289 230140
Tatal South 273935 286348 299960 307481 310818 316426 327034 332673
Grand Tatai 10258 520016 528738 534881 539904 547898 557024 562813

Richardson Lawne Associates 260

Fabruary 2001




Table 15.7.2.7

Scenario 2, Case 1, Existing Canal

Tolls for Ballast Transits by Route and Ship Type

000's USS
Ship Type Direction 200% 2005 2010 2015 2020 2030 2040 2050

General Cargo
QGeneral Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carriar
tiry Bulk Carrlar

1,788 1,855 1,822 1.954 1.873 1,881 1.968 1,885
715 892 674 860 849 631 622 B10
525 589 805 805 600 572 537 478

8433 6056 5,604 5,340 5113 4955 4,589 4,429

16941 17,271 17,834 18,312 18,596 19,580 21208 22,254

2,418 2363 2,304 2,246 2,329 2,320 2,237 21499

Tanker 10484 11126 11,791 12283 12410 11,872 10,942 10,319
Tankar 2865 2315 2389 2087 1,834 1,588 1477 1,390
Dry/Ligquid Bulk Carrier 122 127 134 139 143 144 142 142
DryfLiquid Bulk Carrier 52 48 46 43 41 35 28 25
Container/Bregak-Bulk 847 a71 591 598 601 B01 585 582
Container/Break-Bulk 417 413 411 409 408 411 424 434

Fu!ll Centainer
Fufl Containar
Rall-anfRoll-off
Roll-an/Rall-off
Vehicle Carrlar
Vehicle Carrler

1,015 1,024 1,061 1.054 1.040 1,035 1,050 1,066
668 698 744 770 797 853 932 1013
224 236 251 233 210 7 135 104
271 232 188 173 1583 117 64 32

274z 2704 2,882 2,687 2,697 2,689 2,588 2,841

5734 5,286 4485 4,360 4,384 4,678 4,608 4,835

WMWZNZNZOWZNIZIDHDZNZWHLDZOZODZOF

Vehlcle-‘Dry Bulk ny 24 335 345 350 364 373 arg
Vahicle/Dry Bulk 63 52 | 51 51 52 52 53
Liguid Gas 1,194 1,231 1.304 1,357 1,386 1,344 1,217 1,112
Ligquid Gas 20 18 18 18 16 16 16 15
Total Nerth 35810  3r038 38510 39577 4005 40374 41041 41245
Total South 19446 18213 18922 16184 15776 158567 15047 14844
Grand Totat 55356 55251 55432 55781 55791 55941 56088 56039
* Excludes ballast transits for 'Other’ ship types
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Table 15.7.3.1

Scenario 2, Demand for Cargo Flows Through the Expanded Canal

tons/% per annum growth

Commodity Direction 2019 20158 2020 2030 2040 2050
All Other Cargoas N 737265 743489 770724 749865 726264 716833
2% 0.7% -0.5% -0.8% -0.3%

All Other Cargoes 8 1478357 1475473 1411482 1343224 1277105 1229817
0.0% «0.8% -1.0% =1.0% -0.8%

Alumina/Bauxite N 697632 754395 783648 847765 910004 9782785
1.6% 0.8% 1.6% 1.4% 1.5%

Alumina/Bauxite 3 326778 371758 423506 515534 610158 704071
2.6% 2.6% 4.0% 3.4% 2.9%

Automobiles N 1048617 1065545 1137405 1336989 1406408 1488915
0.3% 1.3% 3.3% 1.0% 1.3%

Autamuohiles s 524254 5708858 619295 708598 841895 950665
1.7% 1.6% 2.7% 3.5% 2.5%

2ananas M 2379148 2434248 2521082 3032291 3275645 3927014
0.5% 0.7% 3.8% 1.6% I7%

Bananas 3 17218 17318 17318 17318 17318 17318
0.0% 0.0% 0.0% 0.0% 0.0%

Chemicals N 3140662 36348785 4206898 5858993 7545394 9162134
3.0% 3.0% 6.8% 52% 4.0%

Chemicals 5 10232026 12024378 13351415 15513810 18105553 20739045
3.3% 2.1% 1.0% 3.1% 2.8%

Coal & Coke N 13419527 13881601 14542908 14069491 11288443 9599013
2.7% 0.5% 0.7% ~4.3% -3.2%

Coal & Coke S 5882103 6257260 6473727 73BOTES 6080481 5847309
1.2% 0.7% 2.7% -3.8% -89

Containerised Carga N 29725318 32835003 36286450 41487733 45370037 45865364
2.0% 2.0% 27% 1.8% 1.5%

Containerised Cargo ] 6179316 39142224 40850800 44699659 47324655 49902111
1.8% 0.9% 1.8% 1. 1% 1.1%

Corn N 231314 239787 257827 318876 405763 485H889
0.7% 1.5% 4.3% 4.9% 37%

Corn ] 26653329 28827303 31345853 37269379 48132644 55083230
1.5% 1.7% 3.5% 5.2% 3.1%

Crude 0i) N 5531650 5274302 3933653 2305061 1121152 240629
-4.2% -5.5% 10.4% ~13.4% -26.5%

Crude 0l S 6947675 7568281 7383517 6541812 5275374 4315310
1.7% -0.5% 21% -4.5% -3.8%

Fertilisers N 1483566 1631886 1743276 1905571 2031429 2055054
1.9% 1.3% 1.68% 1.3% 0.2%

Fertllisars 5 TEB2663 8778140 8716238 11829832 14247571 16655819
2.2% 21% 4.0% 3.8% 3.2%

Food & Agricultural Products N 1811610 1736903 1673503 1748242 1863039 2045365
-0.8% -0.7% 0.9% 1.3% 1.8%

Food & Agricultural Froducts 5 915878 204009 882703 807948 809745 8864693
-0.3% -0.3% 0.1% 0.0% 0.1%

iron & Steel N T731310 8149374 9122932 87TQEe2 8879507 8071099
1% 2.3% 1.4% =1.8% -1.8%

Iron & Steel 5 8572231 6278643  T109800 8106730 7884998 7215644
2.4% 2.5% 2T% -0.6% -1.8%

Lumber Products N 2088040 2261680 2477349 2076552 3681304 4422480
1.6% 1.8% 3.7% 4.3% 3.7%

Lumber Products S 5500982 5306805 6826477 8011595 8804402 9505778
2.8% 1.6% 3.3% 1.4% 2.0%

Miscellaneous Minerals N 86000865 B723266 10431474 12681533 14840345  170505;
0.3% 3.5% 4.0% 3.2% 2.8%

Misceilaneous Minerals $ 2245910 2561191 2809183 2326434 3772956 4314289
2.7% 1.8% 3.4% 26% 2.7%

Ores N 7274204 8001917 86726876 9937216 87531332 9785470
1.9% 21% 2.3% -0.4% 0.1%

Ores L] 3908130 4220569 2404332 2804590 2480377 2577698
1.6% ~10.6% 1.6% -1.0% 0.8%
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Table 15.7.3.1 {continued)

Scenario 2, Demand for Cargo Flows Through the Expanded Canal

tonsi% per annum growth

Commodity Olrection 2010 2015 2020 2030 2040 2050

Other Grains N 873224 940421 1014745 1168752 1408138 1545085

1.5% 1.5% 2.9% 3.8% 3.2%

Other Grains 5 2081860 3410558 3565426 3944007 4055875 4303215

2.7% 0.9% 2.0% 0.6% 12%

Other Metals N 2413188 2651018 2934434 3421804 3886238 4556461

1.9% 2.1% 11% 3.2% 2 8%

Other Mstals 8 1100935 1243192 1407219 1733068 2070501 2413225

2.5% 2.5% 4.2% 3B% 3%

Paper N 818494 832144 870676 1156598 1375836 1614474

17% 1.7% 36% 35% 3.3%

Paper 5 1273233 1435115 1607629 1850038 2293869 2676035

24% 2.3% 3.9% 3.3% 31%

Petroteum Chemicals N 520024 600220 894521 850070 1109281 1310265

2.8% 3.0% 5.1% 4.5% 3.4%

Petroleum Chemicals 5 2994640 2470606 3875285 4735634 5640595 6583436

3.0% 2.2% 4.1% 3.6% 3.1%

Petraleum Coke N 3153816 3421104 3539320 3909082 3390873 3392415

15% 0.7% 2.0% -2.8% 0.0%

Petroteum Coke 5 813903 844544 BB367S 883g27 7¥E3T3 747204

0.7% 0.4% 0.5% -2.6% -0.8%

Petroleum Products N 1818185 1857048 1895036 187701 1652152 1463408

0.4% 0.4% -0.2% -2.5% -2 4%

Petroleum Products s 17030624 185093868 20150202 20727045 18685050 17181405

1.7% 1.6% 0.6% -2 1% 1.7%

Phosphates N 60376 63778 71536 82377 90443 98825

17% 1.7% 2.5% 1.9% 1.7%

Phosphates 5 12897407 14866730 15976483 18738137 22089500 24942602

2.6% 1.7% 3.2% 3.3% 2.5%

Pulpwood N 2157605 3440141 741233 4505817 5480832 5475223

1.7% 1.7% 3.8% 3.89% 25%

Pulpwood L 1723181 2037281 2250840 2750711 3300679 3845385

2.6% 2.0% 4.1% 37% 31%

Reefer Products N 4531329 4589291 5509917 8456879 7851544 9287517

1.8% 2.0% 32% 16% 3.8%

Reefer Products s 1868636 2260478 2677334 3370826 4811168 G470727

3.9% 14% 6.0% B1% G.1%

Residual Petroleum N 804828 an4s29 804823 788733 708250 503622

0.0% 0.0% <0.4% -2.1% -3.1%

Residual Petroleum -] 1734553 1712181 1684348 1593058 1399725 1184540

0.3% -0.3% -1 1% -2.6% -3.6%

Scrap Metal N 76736 B3g02 20919 137388 213zs82 295011

1.7% 17% 6.6% 8.2% 8.8%

Scrap Metal 8 2318560 2637253  2B78494 3150851 2816157 2333380

26% 1.58% 1.8% -2.2% ~3.7%

Soybaansg N 13036 14588 16122 19152 22731 26566

2.8% 1.5% 3.5% 3.5% 3.2%

Soyheans s 16618110 17848405 18709841 21797671 25146354 20043256

1.4% 0.9% 3.1% 2.9% 2.9%

Sugar N 2001823 1080154 1960824 1843037 1831064 1927289

-0.2% 0.2% -0.2% -0.1% 0.0%

Sugar ] 3843717 3583928 338493 313324 289970 286705

«1.6% -1.4% -1.6% -1.5% -0.2%

Wheat N 3247713 3444680 A705287 4311283 5039759 5R7BTTH

1.2% 1.5% 3% 3.2% 3%

Wheat -] J7B9953 4087482 4440456 4981619 5641092 6558659

1.5% 1.7% 2.2% 2.6% 3.1%

Total Northbound 110390264 116555695 125761640 139674872 147178560 157530858

Total Southbound 181875294 1899917283 212080851 239722273 264572534 289490349

Grand Total 282285650 316472979 337842481 379347144 411751094 447021207

Annual % Change

Total Nerthbound 1.1% 1.5% 2.1% 1.1% 1.4%

Total Southbound 1.9% 1.2% 2.68% 2.0% 1.8%

Grand Total 1.6% 1.3% 2.3% 1. 7% 1.7%
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Table 15.7.3.2
Scenario 2, Case 2, Expanded Canal
Number of Laden Transits
No. of Ships
ShipType Direction 2010 2015 2020 2030 2044 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Ory Bulk Carrier
Dry Bulk Carrier

545 578 €13 674 725 776
855 935 1007 1134 1204 1280
1408 1427 1451 1543 1524 1589
683 736 781 840 888 8g2
1484 1562 1674 1816 1822 1877
2384 2586 2744 366 3614 4028

Tanker 481 469 461 498 541 595
Tanker 1306 1454 1559 1664 1671 1713
Dry/Liquid Bulk Carrier 4 4 5 5 4 4
Dry/Liquid Bulk Carrler 14 16 18 19 20 21

ContainerBreak-Bulk
Container/Break-Bulk
Full Container

Full Cantainer
Roll-onfRall-off
Roll-on/Roil-off
Vehicle Carrier

233 245 257 280 3 323
238 254 271 300 302 309
1575 1751 1937 2272 2587 2928
1778 1953 2094 2405 2691 2999
104 103 104 98 73 58
148 153 153 152 138 135
274 281 299 348 age 385

mzwzmzmzmzmzwzmzmzmzwzmz

Vehicle Carrier 231 246 261 282 330 368
Vehicle/Dry Bulk 22 23 25 28 30 33
Vehicle/Dry Bulk 43 48 52 81 68 75
Liguid Gas 12 13 14 16 17 18
Liquid Gas 212 239 263 284 281 278
Other 269 284 3m 33 365 329
QOther 113 118 123 134 145 158
Total North 6411 6742 7140 7904 8357 8962
Tetal South 8007 8737 9328 10442 11332 12193
Grand Total 14418 15478 16466 18346 19689 21155
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Table 15.7.3.3

Scenario 2, Case 2, Expanded Canal
Number of Ballast Transits

Ne. of Ships
ShipType Direction 2010 2015 2020 2030 2040 2050
General Cargo N 192 211 228 258 277 290
General Cargo L 61 65 68 74 79 84
Refrigerated Cargo N 49 52 55 58 58 56
Refrigerated Cargo 8 488 495 505 540 535 553
Dry Bulk Carrlier N 525 571 612 719 83z 939
Dry Bulk Carrlar ] 7 73 75 81 83 86
Tanker N 399 445 480 513 512 524
Tankar 5 78 73 69 71 73 78
DryiLiquid Bulk Carrier N 2 2 3 3 3 3
Dry/Liquid Bulk Carrier 8§ 1 1 1 1 1 1
Container/Break-Bulk N 26 28 29 30 an 30
Container/Break-Bulk S 18 19 20 21 22 23
Full Container N 35 38 41 48 54 G0
Full Contalner L) 27 30 34 41 50 B0
Roll-on/Roll-off N 13 12 11 8 8 5
Roll-on/Roll-off s 18 18 19 17 2 i
Vehicle Carrier N 28 31 33 34 37 39
Vehicle Carrier s 41 42 44 49 51 54
Vehlcle/Dry Bulk N 10 11 12 15 16 18
Vehicle/Dry Bulk s 2 2 2 2 3 3
Liquid Gas N 31 35 39 41 40 38
Liguid Gas S 1 1 1 1 1 1
Tatal North 1312 1438 154 1726 1865 2001
Total South 804 818 838 800 anz 944
Grand Total 2116 2256 2379 2626 2767 2946
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Table 15.7.3.4

Scenario 2, Case 2, Expanded Canal
PCUMS for Laden Transits

000's tons
ShipType Dlrection 2010 2015 2020 2030 2040 2050

General Cargo 4392 4684 4987 5526 5651 8387
General Cargo 6397 65998 7534 8469 8944 9236
Refrigarated Cargo 10180 10353 10561 11308 11232 11596
Refrigerated Cargo 5365 5780 6146 €608 6804 6734
Dry Bulk Carrier 32709 34910 37871 41481 41700 43184
Dry Buik Carrier 54562 50916 63499 74009 85408 86013
Tanker 8752 8362 8020 8232 8630 9189
Tanker 22012 24427 26075 27572 27454 27952
Pry/Liquid Bulk Carrier 125 127 128 130 112 104
Dry/Liquld Bulk Carrler 398 437 478 513 523 539
Container/Break-Bulk 3387 3628 3881 4378 4883 5370
Container/Break-Bulk 3624 3953 4291 4810 5127 5407
Full Container 44189 49393 55539 84945 72987 81377
Full Container 51801 36395 59328 66201 72155 75999
Roli-on/Roll-off 1846 1944 1927 1787 1392 990
Roll-en/Rol-off 2870 2810 2885 3029 057 3035
Vehicle Carrier 11610 11973 12804 14935 13912 170946
Vehicie Carrier 9053 8750 10482 11794 13029 15500
Vehicle/Dry Bulk 344 369 393 445 479 525
Vehicle/Dry Bulk 782 863 536 1085 1201 1318

mzmzmzmzmzmzmzmzmzmzmzmz

Liquid Gas 110 117 126 142 150 157
Liquid Gas 2118 2371 2583 2780 2756 2730
Other 416 445 473 512 541 850
Other 454 489 521 578 626 666
Total North 118141 126310 136709 153801 163960 176526
Total South 158236 174198 184779 207547 227981 248129
Grand Total 277378 300508 321487 361348 391941 424855
Richardson Lawrie Associates 266

February 2001




Table 15.7.3.5

Scenario 2, Case 2, Expanded Canal
PCUMS for Ballast Transits

000's tons
ShipType Directlon 2010 2015 2020 2030 2040 2050
General Cargo 1142 1252 1344 1807 158% 1660
Generzal Cargo 403 422 442 478 508 535
Refrigeratad Cargo 362 388 408 433 437 420
Refrigerated Cargo 3351 3408 3483 3751 3733 3880
Dry Bulk Carrier 10798 12063 13211 15801 18748 21523
Dry Bulk Cartier 1349 1418 1807 1626 1647 1707

Tanker 7034 7845 3411 8922 5824 8953
Tanker 1492 1385 1302 1254 1237 12585
Dry/Liqutd Bulk Carrier 80 29 98 109 1186 124
Dry/Liquid Buik Carrier 27 28 28 28 24 22
Contalner/Break-Bulk 353 383 409 455 476 493
‘Container/Break-Bulk 246 262 278 31 345 380

Full Container
Full Container
Roll-on/Roll-off
Roll-gn/Roll-off
Vehlcle Carrier
Vehlcle Carrler

635 875 708 784 854 928
445 493 543 646 758 887
150 149 143 130 110 91
119 11 104 88 52 28
1604 1721 1837 2036 234g 2577
2682 2793 2986 3465 3746 4081

NZHZANZOoZON0OZULE2ONZNHLIOD202Z0E

Vehlcle/Dry Bulk 200 221 238 276 304 332
Vehicle/Dry Bulk 30 33 35 39 42 46
Liguid Gas 780 869 951 1018 990 a74
Liquld Gas 10 10 11 12 13 13
Total North 23146 25655 27759 31470  34B08 38073
Total South 10155 10373 10720 11699 12104 12814
Grand Total 33300 36028 38478 43169 46912 50887
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Table 15,7.3.6

Scenario 2, Case 2, Expanded Canal

Tolls for Laden Transits

000's USS
ShipType Direction 2010 2015 2020 2030 2040 2050

General Cargo

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

DryfLiquid Bulk Carrier
DryfLiquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Fuli Container

Full Containar
Roil-gn/Roil-off
Rell-an/Roll-off
Vehicle Carrier
Vohicie Carrier

11288 12,037 12,817 14,202 15,295 18,415
16,441 17.984 19,383 21,785 22 986 23,737
26,163 26,607 27,143 29,061 28,866 28,801
13,788 14,880 15,794 16,982 17,488 17,306
84,063 89,718 97,328 106,608 107,168 110,884
140,223 153,985 163,192 190202 219495 246,754
22494 21,490 20611 21,157 22,180 23,817
56,571 82,779 67,012 70,861 70,556 71,838
320 327 330 333 268 266
1.024 1,124 1.228 1,318 1,345 1,384
8,705 9,323 9.974 11,252 12,487 13,801
9313 10,180 11,029 12617 13,175 13,896
113514 126,953 142,734 166,909 187,603 209,140
133,128 144,834 152,476 170,137 185,438 203,028
5,002 4,997 4952 4542 3.578 2,544
B.863 7.221 7414 7,784 7,858 7,800
20,838 30,772 32,008 38,382 40,895 43,937
23,266 25057 26,865 30,310 35,796 39,836

UJZMZMZMZMZMZCQZMZWZMZWZU’Z

Vehicle/Dry Bulk 885 948 1,008 1145 1,232 1,349
Vehicle/Dry Bulk 2,010 2,218 2405 2,788 3,086 3,387
Liguid Gas 283 301 323 365 385 404
Liquid Gas 5,443 6,092 66064 7145 7,083 7.018
Other 1,070 1,143 1216 1315 1,381 1413
Other 1,166 1,255 1,340 1.435 1.608 .71
Totai North 303,623 324,616 351,342 395269 421,376 453,671
Total Sauth 409,237 447,690 474,881 333,395 585912 637,693
Grand Total 712,860 772,305 828,222 928,664 1,007,288 1,091,354
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Table 15.7.3.7

Scenario 2, Case 2, Expanded Canal

Tolls for Ballast Transits

000's US$
ShipType Directlan 2010 2015 2029 2030 2040 2050
General Cargo N 2,345 2,553 2,741 3074 3,262 3,387
General Cargo s 822 862 502 875 1,032 1,681
Refrigerated Cargo N 738 791 833 883 890 857
Refrigerated Cargo 5 5,836 8,952 7,105 7.652 7.6818 7,918
Dry Bulk Carrier N 22,028 24,608 26,951 32,235 38,248 43,007
Dry Bulk Carrier S 2,753 2893 3,075 3,317 3,360 3,483
Tanker N 14,349 16,003 171158 18,202 18,002 18,283
Tanker 5 3,044 2,846 2,655 2,658 2,524 2,560
Dry/Liquid Bulk Carrier N 163 181 199 222 236 253
Dry/Liguid Bulk Garrier 5 56 56 57 56 48 44
Container/Break-Bulk N 721 782 835 928 971 1,006
Container/Braak-Bulk 5 502 534 567 635 704 776
Ful! Container N 1,295 1,378 1,445 1,599 1,743 1,888
Full Container L] 908 1,007 1,108 1,317 1,546 1,810
Roll-on/Roil-off N oy 304 282 268 224 187
Roll-onfRoll-off 8 242 226 213 180 108 57
Vehicle Carrier N 3,272 351 3,747 4,153 4,782 5,256
Vehicla Carrier S 5,472 5697 6,082 7070 7,642 8,284
Vehicle/Dry Bulk N 409 450 486 562 820 878
Vehicle/Dry Bulk L g2 67 71 81 87 84
Liquld Gas N 1.591 1,773 1,940 2076 2,020 1,987
Liquid Gas 5 20 21 22 25 26 27
Total North 47,297 52,335 56,628 64,198 71,009 77.668
Total South 20,716 21,161 21,868 23,865 24,691 26,141
Grand Total 67,933 73,496 78,496 83,064 95,700 103,810

* Excludes tallast transits for ‘Other' ship types
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Table 15.7.4.1

Scenario 2, Demand for Cargo Flows Through the Unrestricted Canali

tonsi% per annum growth

Commodity Direction 2040 2015 2020 2030 2040 2050
Alt Other Cargoes N 737265 743489 770724 749865 723264 718833
0.2% 0.7% -0.5% -0.6% -0.3%
All Other Cargoss 5 1476357 1475472 1411482 1342224 1277105 1225617
0.0% -0.9% -1.0% -1.0% -0.8%
Alumina/Bauxite N 697632 754395 783646 847765 910404 978276
1.6% 0.8% 1.6% 1.4% 1.8%
Alumina/Bauxite 5 326773 371758 423508 515538 810158 704071
2.8% 2.6% 4.0% 3.4% 2.9%
Automobiles N 1048617 1085545 1137405 1336983 1405486 1499915
0.3% 1.3% 3.3% 1.0% 1.3%
Autemobiles S 524254 570888 §19285 708568 841885 9506566
17% 1.6% 2.7% 3.5% 2.5%
Bananas N 2379148 2424248 2521082 303221 3275645 3927014
0.5% 07% 3.8% 1.6% 3.7%
Bananas 3 17318 17318 17318 17318 17318 17318
0.0% 0.0% 0.0% 0.0% 0.0%
Chemicals N 3140662 3634875 4208888 5858993 7645394 2162134
3.0% 3.0% 6.8% 5.2% 4.0%
Chemilcais 5 10232026 12024379 13361415 15513810 18105553 20738045
3% 2.1% 3.0% 31% 2.8%
Coal & Coke N 13678503 14149035 1481 8136 14335972 11440628 9732097
0.7% 0.8% 0.7% -4.4% -3.2%
Coal & Coke 5 5817517 6217100 8491140 7270141 6204088 8473130
1.3% 0.9% 2.3% -31% 0.9%
Containerised Cargo N 259725318 32835003 36286459 41487733 45378037 48855364
2.0% 20% 27% 1.8% 1.5%
Containerised Gargo 5 36179316 39142224 40858800 446996850 47324655 43902141
1.6% 0.9% 1.8% 1.1% 1.1%
Corn N 231314 239787 257927 318878 405763 485889
0.7% 1.5% 4.3% 4.9% 3%
Corn ] 26693328 28827303 31345853 372693790 45132644 56063230
1.6% 1.7% 3.5% 5.2% 3.1%
Crude Qil N 6531660 5274309 3983653 2305061 1121152 240629
-4.2% -5.5% -10.4% -13.4% -26.5%
Crude Qil 5 6947675 7568281 7383517 6641912 5275374 4315310
1.7% -0.5% -2.1% -4.5% -3.9%
Fertilisers N 1483566 1631886 1743278 1908571 2031429 2055054
1.9% 1.3% 1.8% 1.3% 0.2%
Fertilisers S 7862663  8TTB140 9716238 11829832 14247571 16655819
2.2% 21% 4.0% 3.8% 3.2%
Food & Agricultural Products N 1811610 1736903 1673503 1748242 1863039 2045365
-0.6% 0.7% 0.9% 1.3% 1.8%
Faod & Agricultural Products S 915878 804009 892703 897348 809749 896593
-0.3% -0.3% 0.1% 0.0% -0.1%
Irgn & Stasl N 7731310 8149374 9122932 8770682 8879507 8071098
1.1% 2.3% 14% -1.8% -1.8%
Iron & Steel 5 5572231 6278643 7109800 &1 05730 7884998 77215644
2.4% 2.5% 2.7% -0.6% -1.8%
Lumber Products N 2088040 2261680 2477349 2976552 3581304 4422480
1.5% 1.8% 37% 4.3% 3.7%
Lumber Products 5 5500962 6306805 6826477 8011595 8603402 4505778
2.8% 1.8% 3.3% 1.4% 2.0%
Miscellanecus Minerals N 8600065 3725286 10431474 12861833 14840345 17050591
0.3% 3.6% 4.0% 3.2% 2.8%
Miscellaneous Minerals 5 2245810 2561191 2809163 3326434 3772956 4314288
2% 1.8% 3.4% 2.6% 2.7%
Ores N 7274291 8001917 8872875 937216 9753133 g785470
1.9% 2.1% 2.3% -04% 0.1%
Ores 5 4912180 5334382 5755639 6345797 6008903 6248554
1.7% 1.5% 2.0% ~1.1% 0.8%
Richardson Lawrie Associates 270

Februeary 2001




Table 15.7.4.1 (continued)

Scenario 2, Demand for Cargo Flows Through the Unrestricted Canal

Commodity

COther Gralng

Other Gralns

Other Metals

Cther Metals

Faper

Paper

Petroleum Chemicals
Petrolsurn Chemicals
Petroleum Caokea
Petrolevm Coke
Petreleum Products
Patroleum Products
Phosphates
Phosphatas
Pulpwood
Pulpwood

Reefer Products
Reefer Products
Residual Petroleum
Residual Petroleum
Beorap Metal

Scrap Metal
Soybeans
Soybeans

Sugar

Sugar

Wheat

Wheat

Total Northbound
Total Sauthbound
Grand Total

Annual % Change
Total Northbound

Total Southbound
Grand Total

Directlon
N

-]

2010 2018
Y3324 840421
1.5%

2981260 3410558
2.7%

2413159 2651019
1.9%

1100839 1243182
2.5%

218404 892144
175

1273233 1435115
2.4%

520024 800220
2.9%

2994649 3470506
3.0%

3153816 3421104
18%

813903 844544
0.7%

1818165 1857048
0.4%

22050624 26593868
3.8%

60378 85778
17%

12897407 14666730
2.8%

2157605 3440141
1.7%

1793181 2037361
2.6%

4531329 4989291
1.8%

1868838 2260478
9%

804829 aG4829
0.0%

1734552 1712183
<0 3%,

76738 83602
1.7%

2318960 2837253
2.6%

13036 14983
2.8%

18618110 17848405
1.4%

2001823 1980154
-0.2%

A94377 362928
-1.6%

2477113 3444680
1.2%

3785453 4087492
1.5%

110649340 116824029
187814750 208950606

298464099 325814635

14%
2.2%
1.8%

tons/% per annum growth

2020 2030
1014715 11Eaysz
1.5% 2.9%
J365428 3944007
0.9% 2.0%
2934434 3421804
2.1% 3.1%
1407219 1731066
2.5% 4,2%
870676 11565499
1.7% 3.6%
1607628 1850038
2.3% 3.9%
594521 BSOO70
3.0% £.1%
3875285 4738621
2.2% 4.19%
3539320 2909082
0.7% 2.0%
863675 aai3ezy
0.4% 0.5%
1895036 1877031
0.4% «0.2%
30650202 21227045
2.9% 0.4%
71536 82377
1. 7% 2.9%
15976483 18736137
1.7% 3.2%
3741233 4505817
1.7% 8%
2250640 2750711
2.0% 4.1%
3509817 G456879
2.0% A.2%
2677234 3573526
3.4% 6.0%
804829 78B733
0.0% -0.4%
1684348 1593068
-0.3% ~1,1%
90818 1373498
1.7% 8.6%
2875404 3150851
1.8% 1.8%
18122 189152
1.5% 3.5%
18709641 21797671
0.9% 31%
1960924 1843037
-0.2% -0.2%
338493 313324
-1.4% -1.6%
3705287 4311283
1.5% 3.1%
4440455 4861619
1.7% 2.2%

128038778 129944354
225853571 253852837
351990349 353794190

1.5% 2.1%
1.6% 2.4%
1.6% 2.3%

2040 2050
1408138 1645085
3.8% 3.2%
4055875 4308215
0.6% 1.2%
906239 45864161
12% 2.8%
2070501 2413235
3E6% 3%
1375836 1614474
3.5% 3.3%
2233869 2676035
3.3% 31%
1109281 1310265
4.5% 34%
56405495 8383436
6% 3.1%
2290879 3392415
-2 8% 0 0%
TTE37a 747204
-2.6% «0.8%
1652152 1453408
<2 5% -2.4%,
28185058 27881405
-1.3% -1.1%
20443 498625
1.9% 1.7%
22089300 24942602
3.3% 2.5%
5460622 6475223
3.9% 3.5%
3300679 3845385
37% 3.1%
851944 9297517
38% 3.9%
4811168 8470727
6.1% B 1%
708256 603627
-2.1% =3.1%
1309725 1164540
-2.6% -1.6%
213262 295011
3.2% 6.8%
2916157 23233350
-2.2% -3.7%
2271 25566
35% 332%
25146354 29043258
2.8% 2.8%
18931061 1927299
0. 1% 0.0%
289970 2BETOS
-1.5% -0.2%
5039739 BATETTO
2% 31%
5841052 63538659
2E6% 31%
147361745 157561942
270724691 3DA2BB4E5

426086436 461949408

1.0% 1.4%
1.9% 1.8%
1.6% 1.6%
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Table 15.7.4.2
Scenario 2, Case 3, Unrestricted Canal
Number of Laden Transits
No. of Ships
ShipType Directlon 2010 2015 2024 2030 2040 2050
General Cargo N 545 578 613 674 725 776

General Cargo
Refrigerated Cargo
Refrigerated Cargo
Bry Bulk Carrier
Dry Buik Carrier

855 B35 1007 1134 1204 1250
1408 1427 1451 1543 1524 1539
683 736 781 840 868 862
1482 1581 1673 1815 1821 1877
2380 2582 2759 3182 3631 4049

Tanker 481 489 451 496 541 595
Tanker 1326 1486 1602 1711 1718 1763
Dry/Liquid Bulk Carrier 4 4 5 5 4 4
Dry/Liquid Bulk Carrier 14 16 18 19 20 21
Container/Break-Buik 233 245 257 280 30 323

Container/Break-Bulk
Full Container

Full Container
Roll-gn/Roll-off
Roll-on/Rofl-off
Vehicle Carrier

238 254 271 300 302 309
1575 1751 1837 2272 2587 2926
1778 1953 2094 2405 289 2999
104 103 104 98 73 28
143 153 153 162 139 135
274 281 285 346 358 385

mzmzmzmzmzmzmzmzmzmzmzm

Vehicle Carrter 231 24% 261 282 330 366
Vehicle/Dry Bulk 22 23 25 28 30 33
Vehicle/Dry Bulk 43 48 52 61 68 75
Liguid Gas 12 13 14 18 17 18
Liquid Gas 212 239 263 284 281 278
Other 269 284 301 33 385 399
Other 113 118 123 134 145 158
Total North 6410 6740 7139 7903 8356 8961
Total South 8023 8765 8385 10504 11338 12284
Grand Total 14433 15506 16523 18408 19754 21225
Richardson Lawrie Associates 272
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Table 15.7.4.3

Scenario 2, Case 3, Unrestricted Canal
Number of Ballast Transits

No. of Ships
ShipType Birection 2010 2015 2020 2030 2040 2050
General Cargo N 192 211 228 258 277 290
General Cargo 5 61 65 68 74 78 a4
Refrigerated Cargo N 49 52 55 58 58 56
Refrigerated Cargo 5 488 495 505 540 536 553
Bry Bulk Carrier N 525 571 612 719 832 939
Dry Bulk Carrier 8 7 73 75 81 83 86
Tanker N 400 448 483 517 517 529
Tanker L 76 73 69 7 73 73
DryiLiquld Butk Carrier N 2 2 3 3 3 3
Dry/Liquid Bulk Carrier & 1 1 1 1 1 1
Container/Break-Bulk N 28 28 29 30 30 30
Container/Braak-Bulk <] 18 18 20 21 22 23
Full Container N 35 38 41 48 54 60
Full Container s 27 30 34 41 50 g0
Roll-on/Roll-off N 13 12 11 8 8 5
Roll-on/Roll-off ] 18 18 19 17 2 2
Vehicla Carrier N 29 3 33 34 37 39
Vehicla Carrier S 41 42 44 49 51 54
Vehicle/Dry Bulk N 10 11 12 15 16 18
Vehicle/Dry Bulk 5 2 2 2 2 3 3
Liquid Gas N 3t 35 39 41 40 38
Liquid Gas ] 1 1 1 1 1 1
Total North 1313 1440 1544 1730 1869 2006
Tatal South B804 818 838 200 902 944
Grand Total 2117 2258 2382 2630 2771 2981
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Table 15.7.4.4
Scenario 2, Case 3, Unrestricted Canal
PCUMS for Laden Transits
000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050
General Carga N 4392 4684 4987 5528 £951 6387

Ganeral Cargo
Refrigerated Carga
Refrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tanker

Tanker

Dry/Liquid Bulk Carrier
Dry/iiquid Bulk Carrier
Containet/Break-Bulk
Container/Break-Bulk
Full Container

Full Containar
Rell-on/Roll-off
Roll-on/Roll-off
Vehicle Carrier

Vehicle Carrier
Vehicle/Dry Bulk
Vehicle/Dry Bulk

63gr 6998 7534 8469 8944 9236
10180 10353 10561 {1308, 11232 11596
5365 5790 6146 6608 5804 6734
32845 34849 37814 41433 41670 43165
94661 60052 84805 75407 BGB78 97803
8752 8362 8020 8232 8630 9188
24146 27845 30563 32069 31954 32458
125 127 12¢ 130 112 104
398 437 478 513 523 538
3387 3628 881 4378 4883 5370
3624 3953 4281 4910 5127 5407
44160 49398 55539 64945 72997 81377
51801 5B395 59320 66201 72155 78999
1846 1944 1927 1767 1382 o0
2670 2810 2885 3029 3057 3035
11610 11873 12804 14935 15912 17098
9053 8750 10492 11794 13879 15500
344 360 393 445 479 525
782 863 936 1085 1201 1318

wzwzmzmzmzmzmzmzmzmzmzm

Liquid Gas 110 117 128 142 160 187
Liquid Gas 2118 237 2593 2780 2756 2730
Other 416 445 473 512 541 550
Other 454 439 521 578 626 666
Total North 118077 126249 138652 153753 163930 176508
Tatal South 161470 177752 190573 213442 233854 254423
Grand Total 279547 304001 327225 367195 397884 430930
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Table 15.7.4.5

Scenario 2, Case 3, Unrestricted Canal
PCUMS for Ballast Transits

000's tons
ShipType Direction 2010 2015 2020 2030 2040 2050
General Carge 1149 1252 1344 1507 1599 1660
General Cargo 403 422 442 478 506 535
Refrigerated Cargo 362 368 408 433 437 420
Refrigerated Cargo 3351 3408 3483 37e 3733 ams0
Dry Bulk Carrier 10798 12063 13211 18801 18748 21523
Dry Bulk Carrier 1349 1418 1507 1628 1647 1707

Tanker 7053 7877 8455 8989 8903 2043
Tanker 1492 1385 1302 1254 1237 1255
Dry/Liquid Bulk Carrier 80 Be 98 109 116 124
Dry/Liquid Bulk Carriar 27 28 28 28 24 22
Container/Break-Bulk 353 383 409 455 478 493
Container/Break-Bulk 246 262 278 311 345 380
Full Centainer B35 675 708 784 854 826
Fult Cantainer 445 483 543 646 758 aB7
Rall-an/Roll-off 150 148 143 130 110 81
Roll-an/Roll-off 119 111 104 g3 52 28

Vehicle Carrier
Vehicle Carrier
Vehicle/Dry Bulk

1604 1721 1837 20386 2349 2577
2882 2793 2986 3465 3748 4061
200 221 238 276 304 332

NZD2NDZWUWZODZDZODZUNZNZWHWZOZE

Vehicle/Dry Buik 30 33 35 39 42 45
Liquid Gas 780 869 G851 1018 880 974
Liquid Gas 10 10 11 12 13 13
Total North 23165 25686 27803 31537 34887 38163
Total South 10155 10373 10720 11698 12104 12814
Grand Total 33318 36059 38523 43235 46990 50977
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Table 15.7.4.5
Scenario 2, Case 3, Unrestricted Canal
Tolls for Laden Transits
000's US$
ShipType Direction 2010 2018 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Reafrigerated Cargo
Dry Bulk Carrier

Dry Bulk Carrier
Tankar

Tanker

DryiLlquid Bulk Carrier
Dry/Liquid Bulk Carrier
Container/Break-Bulk
Container/Break-Bulk
Full Container

Full Container
Roll-on/Roll-off
Roil-on/Roll-off
Vehicle Carrier

Vehicle Carrier
Vehicle/Ory Bulk
Vehicle/Dry Bulk

11,288 12,037 12,817 14,202 15,285 16,415
16441 17884 19383 24 765 22,988 23,737
26,163 26,607 27,143 29,061 28,866 29,801
13,788 14,880 15794 16,982 17,488 17,306
83,898 89,563 97182 106482 107,092 110,934
140,480 154,334 166,540 183,797 223,277 251353
22484 21490 20611 21,157 22,180 23,817
82,055 71,562 78547 82,417 82,123 83,413
320 327 330 333 288 268
1.024 1124 1,228 1,318 1,345 1,384
8,705 9,323 9.874 11,252 12,497 13,801
9313 10,160 11,0290 12,617 13,175 13,896
113514 126,853 142,734 186,909 187,603 209,140
133,128 144,934 152,478 170,137 185,428 203,028
5,002 4,997 4,952 4,542 3,578 2,544
6,863 7,221 7414 7,784 7,856 7,800
29836 30772 32906 38.382 40,895 43,937
23,266 25,057 26,965 30,310 35,796 39,838
885 948 1,008 1,145 1,232 1,349
2,010 2218 2,405 2,788 3,086 3,387

mzmzmzmzwzmzwzmzmzmzmzmz

Liquid Gas 283 301 323 365 385 404
Liquid Gas 5,443 6,092 6,564 7,145 7083 7,016
Other 1,070 1.143 1.215 1,315 1,391 1413
Other 1166 1,256 1,340 1485 1,609 1,711
Total North 303,459 324,461 351,196 23985,145 421,300 453,621
Total South 414,978 456,823 489,773 548,545 601,262 653,868
Grand Total 718,436 781,283 840,968 943,690 1,022,582 1,107,489
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Table 15.7.4.7

Scenario 2, Case 3, Unrestricted Canal
Tolls for Ballast Transits by Route and Ship Type

000's US§
ShipType Dirgction 2010 2015 2020 2030 2040 2050

General Cargo
General Cargo
Refrigerated Cargo
Refrigerated Cargo
Dry Bulk Carriar
Dry Bulk Carrier
Tanker

Tanker

2,345 2,553 2,741 3074 3262 3,387
B22 862 502 875 1,032 1,081
738 781 833 883 290 857
5,836 8,952 7.105 7652 7.616 7,816
22028 24608 26951 32235 38,248 43,807
2,753 2,883 3075 3,317 3,360 3,483
14,388 18,088 17,248 18238 18,162 18,447

3,044 2,846 2,655 2,558 2,524 2,560

DryilLiquid Bulk Carrier 183 181 188 222 236 253
Dry/Liquid Bulk Carrier 56 56 57 56 48 44
Cantalner/Break-Bulk 721 782 335 928 971 1,008
Container/8reak-Bulk 502 534 567 635 704 776

Full Container
Full Contalner
Ratl-on/Roll-off
Roll-on/Roll-off
Vehicle Carrier
Vehicle Carriar

1,285 1,378 1,445 1,599 1,743 1,888
808 1,007 1,108 1,317 1.546 1.810
307 304 292 265 224 187
242 226 213 180 106 57

3,272 351 3,747 4,153 4,792 5.256

5472 5,697 g,082 7,070 7,642 8,284

DZWDWZDZDZWOWZWZOWZBZOZUOZNZ

Vehicle/Dry Bulk 408 450 486 562 620 678
Vehicle/Dry Bulk 62 67 71 81 a7 a4
Liquid Gas 1,591 1,773 1.940 2,078 2,020 1,987
Liquid Gas 20 21 22 25 28 27
Total North 47,256 52,400 56,718 64,335 71,169 77,852
Total South 20,716 21161 21,868 23,865 24,691 26,141
Grand Total 67971 73,561 78,586 88,200 95,860 103,994

* Excludes baflast transits for ‘Other ship types
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Appendix |
Container Shipping Schedules

General:

Containerisation International identifies more than 150 principal frade routes for Pacific
Coast ports. Typical itineraries fall into the following categories:

Single cail at Seattle/Tacoma

Call at Seattle/Tacoma with second call at Vancouver or Portland

Single cail at Los Angeles/Long Beach only

Call at Los Angeles/ Long Beach with second call at Oakland

Calis at both Northern and Southern ports

Examples:

APL:

Source: Web Site

* Transpacific for East Coast using landbridge:

SAX: Singapore via Los Angeles and Qakiand

P81, PS2, PS3; HK and Singapore via Seattle and Los Angeles

PSW: as above plus Tacoma

PNW: via Vancouver, Tacoma and Portland, but no New York traffic routed this way
PNX: Tokyo, HK via Seattie and Vancouver

* GCX: Japan and Korea to Los Angeles and Oakland

The all water route calls at Colon then Charleston and New York from Hong Kong and
Japan, the ECS.

Asia — Europe traffic is routed via the Suez Canal,

CCN:

Source: Web Site

Offers a 1,700 TEU service using 6 vessels between New York, Baltimore, Gulf Ports via the
Canal to Chile and the Western Coast of South America.

Also offers a West Mediterranean and West Coast of South America service via the Canali,
of 4 x 1,150 TEU vessels.

The Condor service is between the UK and Northern Europe ports and West South America
via the Canal: 6 x 1,830 TEU.

Cho Yang:

Source: Web Site

Five Transpacific:

* PNX1and 2: Singapore, HK, Japan to PNW

« PS-PDM 1 and 2: Pendulum between Europe, Asia and USWC {(PSW)

* CAX: China - Qakland and Long Beach

Two using the Panama Canal:

6. AWE — PDM: All Water Express Pendulum: HK to Oakiand, Long Beach, USEC 1o
Europe and refurn

7. AWE! All Water Express: HK, Korea, Japan to USEC only

Asia — Europe via Suez

USEC - Mediterranean - Asia via Suez

Cosco:

Source: Web Site

Three Transpacific using landbridge:
* KL - PNW: Japan - PNW
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* KL - PSW: Singapore, HK, Japan - Los Angeles/Long Beach and Oakland (x 2}
Cne via Panama Canal;

¢ AEX: S8hanghai, HK — New York

Evergreen:

Source: Web Site

Four Transpacific:

+ TPS8:HK- Los Angeles and Qakland

¢ TPN: HK and Japan - Vancouver and Tacoma

= HTW: HK and Japan ~ Los Angeles and Portland

*  KJW: Tokyo and Korea — Los Angeles and Tacoma

Two Round The World via the Panama and Suez Canals, calling Los Angeles and New
York;

+ RWE - Eastbound
»  RWW - Westbound

Hanjin:
Source: Web Site

Hanjin markets the USEC ports, e.g. Boston, via the West Coast and landbridge.
Transpacific services:

¢ CAX: China ~ Long Beach and Oakland

PDA: Pendulum Express Singapore, HK, Japan - Long Beach and Qakland
PDB: As above

PNA: Singapore ~ PNW ports
PNB: As ahove
sing the Panama Canal:
AWP: Europe —~ USEC and USWC
AWE: HK, Korea, Japan - New York

AWP: Asia - USEC: HK, Korea ~ Oakland, New York, Europe
Four Asia —Europe services via Suez

*« 8 & M~ & 2 & 8

Hyundal Merchant Marine:

Source: Web Site

Eight Transpacific services:

*  PNW: HK, Korea, Japan - Vancouver, Tacoma, Partland
PS1: Singapore, HK, Japan - Seattle and Los Angelss
P82: Via Qakland

P33: As above

China Express

PSW: HK, Korea - Lang Beach, Qakland, Tacoma
PNX: Via Vancouver and Seattle

+ SAX: Singapore, HK — Los Angeles, Oakland

Cne service via Panama Canal:

¢ ECS: HK, Korea, Japan — USEC

Three Asia — Europe via Suez Canal

NYK:
Source: Web Site

NYK has six services across the Pacific, one of which goes via the Canal to the North East
Coast:

s«  AEX: All Water Express

The other five services use the landbridge:
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PAX: Pacific Atlantic Express to New York via Seattle and BVNSF (o Chicago, then
“Conrail” (naw CSX or NS)

¢ JCX: Japan China Express via Los Angeles and BNSF to Chicago

* PNX: Express via Seattle and BNSF and CSX

* FEX: Far East Express via Los Angeles and BNSF via Chicago

* SSX: Super Shuttle via Long Beach and BNSE

O0CL:

Source: Web Site

Three Transpacific:

¢ FEX:HK, Japan — Los Angeles and Oakland

+  PNX: Singapore, HK — Seattie, Vancouver and Qakland

* SS5X: Singapore, HK — Long Beach

Via Panama Canat:

* PAX:HK, Japan - Seatlle, Qakland, Los Angeles — Canal - USEC and return
Via Suez Canal:

¢ Asia - USEC Express

Yang Ming:

Source: Web Site

Yang Ming has nine TransPacific services and three services from Asia to Europe.
The three services from Asia to Europe and all via the Suez Canal and are:

* Agia general

« Japan - Europe

» China - Europe

The nine Pacific services include two all water through the Panama Canal to the Norih East
Coast of America:

* AWE

« AEX

The other seven services offer landbridge options and use primarily K Line and Cosco
vessels:

v PSW (Yang-Ming's own): to Los Angeles and Qakland and return
* ASX (K Line): to Long Beach and Oakland and return

* PSW (K Line): as above

« CES (Cosco): as above

»  PNW (K Line): to Vancouver and return

» SEA (Cosco): to Long Beach, Seattle and Vancouver and return
* CEN (Cosco): to Tacoma, Vancouver, Long Beach and return
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Appendix Il
The Major Class1 Railroads:

Sources: Company Web Sites, Jane's World Railways 1998 - 9, Journal of Commerce

Union Pacific:

The Union Pacific serves all of the West Coast and the Gulf Coast ports, with double stack
services 10 New York and the Mid West as well as to Houston and New Orleans. UP has
invested heavily to ensure that railroad transits can match road; the fastest Chicago - Los
Angeles double stack train now takes 50 hours, matching the road time. In 1997 UP's
intermodal traffic increased by 26% and the railroad is considering the development of a
third intermodal terminal in Western Chicago. The two they already have there are primarily
for international traffic. UP has also invested in doubting the track between EIl Paso and Los
Angeles and upgrading the route between El Pasoc and Kansas City to take intermodal
traffic. UP now has double stack clearance to Qakiand and there are new intermoda|
terminals in Kansas, Memphis and Los Angeles. [n addition, UP has invested in new 6,000
hp locometives.

An average of 75 trains per week serve the new Intermodal Container Terminal Faeility at
Long Beach. The ICTF has 11 km of track and can load and unload 5 double stack trains
simultaneously. The investment put in by UP will be enhanced by the development of the
Alameda Corridor (see Los Angeles section). APL is UP’s single largest customer,

Union Pacific Railroad System Map:
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Burlington Northern Santa Fe:

BNSF is the main rival to the Union Pacific system. Intermodal freight is its main revenue
earner, and it works in partnership with the road haulage company J B Hunt. BNSF offers a
double stack service now for international refrigerated boxes as weil as praviding dedicated
intermodal services between New Crleans and California, Texas and the Pacific North West

Chicago - Los Angeles trunk route in New Mexico in the near future, BNSF's strategy is to
develop Kansas City, as an alternative to congested Chicago, as its main Los Angeles route

runs through Kansas City en route to Chicago. Currently, BNSF runs 26 east and west
bound intermodal trains daily between the Midwest arg Northern California.

csX:

C8Xl was created as the integrated door to door intermadal carrier of Sealand, having 33
intermodal terminals and 300 intermodal trains per week, including 13 transcontinental
double stack trains, CSX)'s main flows are from the Pacific North West to Florida and from
California to New England, the North East and Mid Atlantic states. Now C8X itself has
bought Conrail (with NS}, CSX is also hoping to bypass the congestion in Chicage, which
would ailow CSX to reduce its transit times to BNSF and UP destinations by 1 day.

Norfolk Southern:

NS is based in Virginia, Following the split of Conrail between NS and C8X, Norfolk
Southern has targeted its growth in intermodal traffic. it is looking to invest in double
tracking and upgrading the signalling on the so-called Penn Route, between New Jersey,
Philadelphia and Chicago, investing more than $300 million in the first three years for
clearance and capacity improvements. Conrail had already started this process, gaining
traffic for the port of Philadelphia destined for Pittsburgh, which had previously entered the
US through the West Coast ports. Improvements of $9 million are also to be made to the
Chicago intermodal terminal and the creation of a new connection with Union Pacific. New
Jersey is looking to double its freight train services from New York to Western US using NS.
In 1897, intermodal traffic increased by 11%, and within this, container traffic increased by
12%.
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Appendix il
USDOT Report On The impact Of Mega Containerships On US Ports

of the information is obvious, but it represented the views of the US ports at the time as they
all tock part in the meetings.  There is some information on terminal design and it also
includes information on current and proposed US port drafts, possible regional port hub

mega-ship terminal, forecast US mega berth requirements. (abour and Customs issues for

US ports. The full report is available on the Bureau of Transportation  site:
bty frwww, bts goy.

Summary of Issues Raised:

US port officials stated that carriers do not pay their full share of port infrastructure
improvements and ship owners do not typically consult with ports on long range planning for
port infrastructure.

Trade growth projections forecast containerised growth for US ports at 6.0% p.a. and at
1.5% p.a. for Canadian ports. By 2010, experts predict that 90% of all liner freight will be
shipped in containers. Every major container port is projected to triple its cargo by 2020.
The US ports need to focus not only on technological developments to handle more traffic

and larger ships, but also on improved labour agresments, operating procedures and
administrative policies.

Portside infrastructure changes have been identified:

Each channel, berth, and turning basin must be at least 50 feet in depth

Large cranes are needed

Stronger wharves are needed to Support more and heavier cranes, to accommodate the
drafts as existing pilings could be undermined, to support more yard eguipment and to
support rail wagons.

In addition, peak container traffic will increase and the modal split that is used to fransport
this peak will have a profound effect on the design of the terminais.

Pacific Region;

By 2010, the West Coast could see as many as 46 megaships operating in the trans-Pacific
service to Long Beach/Los Angeles, Seattie/Tacoma and possibly to Oakland and Portland if
they can be dredged. These port representatives were mainly concerned with developing
the .most appropriate transport facilities. Cargo peaking, strategic trade corridors and
inlegrated movements were key for them.

The 17 milion people in Los Angeles determines that the San Pedro Bay ports of Los
Angeles and Long Beach are the likely candidates for calls by the megaships. Growth in
carrier business has had probtems keeping up with demand for this region. Qakland’s view
is that it wants to keep up in terms of projected growth by attracting business as a
transhipment port if it cannot handle the megaships.

Seattle has already proposed new container facilities and dredging, but many felt that the
ports of Seattle, Tacoma and the entire Puget Sound need to be viewed as a single entity
serving the northwest corridor, The ability to improve rail servicas in the area is a cause for

across Canada to Chicago.
Water Depth and Throughput — Pacific Ports 1997
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Port Channel Depth Berth Depth 1996 Throughput
TEU

Anchorage 30-70 35 337,770

Vancouver 50 40 - 50 616,692 ;

Seattle 175 40-50 1,473,551

Tacoma 40 - 50 40-50 1,673,471

Parland 40 40 302,171 |

Qakland 42 35-42 1,498,202 5

Los Angeles 45* 45 2,682,802

Long Beach 76 35-580 3,067,334 '

Honolulu 45 40 453,044 |

*50’ project
Source: AAPA and Containerisation International

Gulf Reglon:

This has the smallest intermodal market bass, but forecasts are for the strongest growth in
containerised trade. The key market is the north/south corridor from the Gulf to Chicago to
develop Ceniral and South American plus Caribbean trade. If megaships do call in this
region, there is not enough data on landside access, infrastructure or transhipment
scenarios to gauge potential impact, but most felt that any megaships aperating in this

region would not target Houston, as a hub port or transhipment point but as a feeder port for
inland access.

Water Depth and Throughput ~ Gulf Ports 1897

Port Channel Depth Berth Depth 1996 Throughput
TEU

Houston 40" 38-40 794,481

Gulfport 36 36 153,470

New Orleans 36 - 45 35 261,007

*45' project
Source: AAPA and Containerisation Internationa!

North Atlantic Region:

For Baltimore and north, market analysts have forecast development of 7 or 8 megaship
berths to serve the North Atlantic shipping lanes and the largest customer base in the
country.  Although the Impact of the megaships on the East Coast is projected to be
significantly less than on the West Coast, East Coast port capacity would be hard pressed to
meet the traffic surges created by these ships. Even if the ships themselves don't call on the
US ports on the North Aflantic coast, the view of the ports was that they would have to
handle larger volumes anyway through transhipments because the region is such a large
consumer market. Dredging is the paramount issue except for Baitimore, Not only is 50’ the
minimum, but several people felt that waves and water passing under the ship’s kee
creating wave damage to the channel would also be issues.

Water Depth and Throughput - North Atlantic Ports 1997
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Port Channel Depth Berth Depth 1996 Throughput |
TEU
Montreal 36 35 852,530
Halifax 60 45 - 47 382,273
Boston 40 40 127,087
F NY/NJ 40 3545 2,269,500
Philadeiphia 40 40 95,086
Wilmington 38 38 162,884
 Baitimore 50 36 —42 ' 474,818
Hampton Roads 50 32-45 1,141,357

*50° project
Source: AAPA and Containerisation International

South Atlantic Region:

Market projections forecast that growth in maritime trade could support 5 to 6 megaship
berths to serve South Atlantic shipping lanes. Ports in this region noted that as markets
move further west to India and China, gateways for intermodal freight traffic could move from
the West Coast to the East Coast in féspanse to rising costs at the Panama Canal, the
current inability of post-Panamax vessels to transit the Canal and overiand transit times to
the kast Coast. The Far East centre of manufacture has shifted from Japan and Korea to
Singapore and could move to India or China in the future so an increased amount of traffic
could move via the Suez Canal in the future. NOL have saved between 2 and 4 days using
this route. In 1993 only 1.5% of US bound traffic went via the Suez Canal, by 1997 that had
increased lo 6%. However, there is insufficient back haul cargo for this route to overtake the
West Coast route. Large scale transhipment ports that could handle megaships are being
considered, such as Freeport, Kingston and Puerto Rico and the Panama ports. Freeport
could be a good choice for & hub because it has sufficient harbour depth and labour costs
are lower. Puerto Rico's San Juan has higher harbour costs and anly 35’ depth but could
become a transhipment hub for US Gulf and Mexico

Water Depth and Throughput — South Atlantic Ports 1997

Port Channel Depth Berth Depth 1996 Throughput
TEU

| Wilmington, NC 40 40 103,579
Charleston 42+ 40 1,078,580
Savannah 42 42 650,253
Jacksonville 38 38 613,448
Palm Beach 33 33 174,870
Everglades 47 37 — 44 701,281
Miarmi 42 42 656,798
Freeport 47 47 New terminal

: 3an Juan, Puerto | 35 35 1,640,624

[ Rico

*45" project
Source: AAPA and Containerisation International

Some of the port respondents questioned whether the trend would increase, saying that not
all carriers are persuaded by the economies of scale and there are diseconomies for loading,

unioading and accommodating the diverse range of cargoes to be carried by the ships.
They saw three possible market scenarios;

Megaships with large concentrations of cargo

Richardson Lawrie Associates 286
Fehriare 2001



Fastship markets with smaller concentrations of time-sensitive cargoes

Major residual markets where service by medium to small ships would predominate.

There were also discussions about port capacity planning, highlighting that for US ports in
general, reducing container dwell time by one half will increase terminal capacity two-fold.
Container dwell time averages 6 to 8 days (in some places in the US it is 30 days ) and in
rail intermodal terminals it is 1.5 — 2 days. Virtually all participants agreed there is reserve
capacity in US ports but it can not be tapped under existing operating practices nor is it
necessarily compatible with the capacity of supporting landside networks. Ports that rely on
road transport tend to have higher dwell times, and on dock rail facilities are important — a
recent study found that simultaneous interchange between container ships and trains could
achieve 30% cost savings.

There is a graph showing how the peak arrival of the mega ship then transfers to the rail
peak and the road peak if wanted.

There are discussions in the report on the effect on the poris of:

Lack of public awareness of the importance of financing port projects

Cantainer infarmation systems

Data needs - difficulties for the ports in making projections for future trade flows

Labour and union issues and high overtime pay

Regulations, particularly for dredging and the taxes, which could be instrumental in diverting
traffic to Canadian ports and an incentive for developing a Caribbean megaport to feed US
ports

At the meetings, port representatives acknowledged the danger in thinking that if megaships
are to be constructed they must avtomatically add infrastructure capacity to their pert — they
urged caution in investment, particularly for those ports which are likely to be feeder pors.

Carriers were seen as being likely to narrow their choices to only two or three ports on each
US coast,
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Appendix IV

Cranes

The 186 container cranes on order at June 2000 set a world record for any period since the
beginnings of containerisation. Warig Cargo News, the source of this data, believes that

Most deliveries are planned for 2000-2001.

There are 46 super post-panamax and 64 large post-panamax cranes on order, which arg
analysed by port, number on order, waterside outreach, and rows of containers on board
ships in the table below. The number of rows of containers is not perfectly related to the
crane waterside outreach because of the situation at individual ports.

The 46 super post-panamax cranes should be added to the 17 already in place, located as

follows:
Rotterdam

Yokohama
Algeciras
Oman
Halterm

MM |en

Another 50-60 are expected to be ordered within the year to June 2001, including 12-15 for
Maersk Sealand in Los Angelss, 12 for the new Hanjin termina! at Long Beach, 12-16 for
CT9 in Hong Kong, and two for Felixstowe.

The largest cranes in existence or on order are the Noell cranes in Rotterdam, but these do
not have the 23-wide capability of the ZPMC cranes planned for Oakland or the IH| cranes at
Yokohama because they are set further from the quay - the standard ECT service road
creates the requirement for an extra 10 m outreach,

The trolley speeds of the largest cranes are high, as would be expected, with most at 240
metres per minute. This compares with a typical 180 mpm for an 18 row crane.

The size of cranes ordered by ports is significant, particularly when they are ordered by
shipping lines for their own dedicated terminals, because they reflect 3 consensus about
containership row number for some time in the future. Cranes, which like ships are expected
ta have lives of 25 years or more, can be sold and moved to other perts, but this is not easy:
Cranes are significantly less mobile than ships and cannot be cascaded down to lesser
trades with quite the same ease.

Nevertheless, althaugh 22 rows is quite sufficient for some designs of 12,000 TEU vessel it
5 insufficient for the Malaccamax vessel, which demands 24 rows on deck. There is a

Amsterdam has a target of 300 moves per hour with nine cranas.

At these speeds, there wil! be a problem for the yard in keeping up. Landside productivity is
an issue. The US based company Robotics International has designed a $400 million
machine which with computer contrai of all moving elements can Support 60 crane moves
per hour in a 50 acre yard — stacking terminals manage 25-30 moves per hour and require
between 300 and 600p acres. Each machine can handie trucks per hour and trucks would
be in the terminal for 23 minutes,

There are other solutions. But it is generaily understood that disgorging ships of this size will

be a major problem because of the land requirement and the constraints imposed by land
transport modes.
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Large and super post-panamax cranes on order

Super post-panamax
Port Number Waterside outreach|Rows
(m)
Ogkland 8 65 23
Amsterdam 9 81 22
Bremerhaven 8 62 22
Hamburg 7 61 22
Ningbo 5] 60 22
Port Said East 5 80 22
PA Jamaica 4 60 22
Hong Keng 1 B0 22
Large post- panamax
Port Number Waterside outreachiRows
(m)
Antwarp 10 56 21
Yantat 3 55 21
Jeddah 2 55 21
Southampton 2 53 20
Datian 2 55 20
Qingdao 2 55 20
Sharjah 2 55 20
Kaifeng 2 56 20
Valencia 1 50 20
Vancouver 1 59 20
Newark 4 51 18
|SAGT Sri Lanka 8 51 18
Damietta 4 50 |
Martinigue 3 47 18
Le Havra 3 48 18
Busan 3 56 18
Aarhus 2 50 18
Bao Shan 2 50 18
Sepetiba 2 50 18
Tokyo 2 50 18
Tanjung Pelapas 2 53 18
Marseille 1 47 18
Jungonglu 1 48 18
Tacoma 1 50 18
Port Klang 1 51 18
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ABSTRACT

Applying a newly developed CGE-model, we present scemarios for the future
economic geography of Europe, The model divides the world into ten regions, of
which five are European, and there are 14 industries, of which 12 arc imperfectly
competitive. With a complete input-output structure, the model captures comparative
advantage mechanisms as well as intra-industry trade and “new economic geography”
agglomeration forces. The simulations focus on successful transformation in Eastern
Europe, and on further European or global integration. The results indicate that both
transformation and European integration are of great importance for Eastern Europe,
while the effects for other European regions are moderate,
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1. Introduction

The purpose of this paper is - through model simulations — to assess the long-term
production and trade effects of some of the mOst important current structural and trade
policy changes in Europe. We focus on two sets of scenarios: Eastern European trans-
formation, and further European or global integration. For each of the sCenarios we
look at several possible ways of specifying the “policy experiments”. The purpose is
to yain insights about how each one of these possible specifications may affect the
pattern of production and trade in various re gions in Europe.

While both economic integration and Eastern European transformation have
been studied before, we believe our analysis has something to add, We apply a newly
developed model that incorparates several features that have not been implemented in
CGE-models before, and with a regional structure that allows us to identify effects for
various parts of Europe. In particular, we include region-specific, complete input-
output matrices. By modelling all intra- and inter-industry linkages in a setling with
imperfect competition and trade costs, we are able to capture important agglomeration
forces. Furthcrmore, the way we specify the scenarios differs from previous studies.
In particular, for Eastemn European tansformation we include productivity and
employment growth as well as closer market integration. The economic integration
scenarios allow us to compare the effects of European and global liberalisation, and
also to compare the effects of different Types of policy changes.

The model is based on both traditional trade theory and more recent theory of
international trade and ecomomic geography, In this way it capfures comparative
advantage effects as well as agglomeration and clustering effects of structural changes
or policy events. Five of the ten regions in the modei are European ones, Hence, the
model should be suitable for analysing regional development in Europe - where
things like agglomeration effects and the centre-periphery dimension have been
emphasised in the theoretical and applied literature, but so far not been implemented
in a full-scale, data based general equilibrium model, Given the focus on European

regional analysis, the model is called EURORA (European Regional Analysis).

' European integration has been studied in many model-based analyses, ¢.£. Gasiorek, Smith and
Venubles (1991, 1952), Haaland and Norman (1992, 1995), Beldwin, Forslid and Haaland (1996),
Allen, Gusiorek and Smith (1998}, Keuschnigg and Kohler (1996). For studics of Eastern European

transformation and eastern enlargement of the EU, see e.8. Baldwin, Francais and Portes {1997) or
Keuschnigg and Kohler (] 958).



When studying the future economic geography in Europe, the development in
Eastern Europe must be a central topic, Eastern Europe has cxperienced a number of
very significant changes since 1989, both on the political and on the economic arena.
However, we have not yet seen the Jonger-term effects of the economic reforms.
What we have observed so far in most of the countrics is more of the short-term
adjustment problems than of the long-term possibilities. If the countrics manage to
come through the transition phase, the opportunities are there. They may experience
productivity growth, and investrnent and employment booms. Should that happen, the
economic conditions in these countries might change dramatically, with potentially
significant implications for the transforming countries as well as for other countrics or
regions in Europe. '

Another driving force for the development we have seen lately is the trend
towards more integrated markets, both on a regional basis ~ like in the EU or NAFTA
- and on the global arena. While regional policics and regionalisation were in the
headlines in the beginning of the 1990s, globalisation has been more focussed on
towards the cnd on the decade. In both cases, however, we have to do with movement
towards freer trade in goods and factors — either within a region or globally. In this
paper we study further European and global liberalisation, and we compare the im-
portance of the two for different regions. In the European case we combine a
deepening of integration in Western Europe and a widening of integration towards
Eastern Europe. In the globalisation case we look at changes in both import barricrs,
export pelicies and transport costs. While further integration is not the only possible
scenario when it comes to trade policies — the world has seen such processes being
reversed before — it is clearly an inleresting case to look at.

For bath scenarios we study stylised characteristics rather than trying to assess
the exact nature or magnitude of the exogenous changes. Hence, the results should be
read as “what ~ if” type of experiments; not as complete scenarios for the future
economic geography of Europe?,

In the mext section the model is sketched, while section 3 reviews some
important aspects of the benchmark data. Section 4 contains the simulation results,

while conclusions are given in the final section.

? In Forshid et al (1999) the approach is discussed in more detail, Alternative seenarios are also
presented in that report = in particular there is a set of scenarios capturing important aspects of
suceessful European or globat environment palicies.



2, The model

The model we apply has been developed to capture long-term changes in the
economic geography, with a special emphasis on European issues. It is general-
equilibrium model of the world economy; there are ten regions in the meodel, of which
five (or six, depending on how we count former Soviet Union) are Europcan regions.
The model is designed such that it builds on all parts of modemn trade theory.
Comparative advantages appear through differences in relative factor endowments
and relative productivity between regions. Intra-industry trade follows from product
differentiation, scale economies and imperfect competition, and agglomeration and
“new economic geography” effects are captured through a combination of a complete
input-output structure and imperfectly competitive industries with positive trade costs,
Hence, it is 2 model with focus an fairly long-term structural changes, and it is unique
in including all these theoretical channels. The basic model equations are given in
Appendix A; in the present section we will only sketch some of the main features of
the model. A cdmpiete description of the model is given in Forslid e1 a} (1999) .2

In each region in the model there are 14 production sectors; the regions and
seclors are listed in the table below. There are three primary factors of production -
capital, skilled labour and unskilled labour; these are mobile between industries
within a region, but immobile between regions. The supply of the two types of labour
is cxogenously given; for capital the supply is endogenously detenmined from a steady
staie condition. The factor demand comes from the 14 producing sectors. In additjon
10 the three mobile faciors, two of the éectors — cnergy and agriculture —use sector-
specific natural resources. Hence, these two sectors show decreasing returns to scale
with tespect to the mobile factors. These sectors (energy and agriculture) are

modelled as perfectly competitive and with free trade*,

* The model builds on Haaland and Norman (1992), but with significant differences. The regional set-

up differs, and so does the input-output structure. Hence the present model is more suitable for

cconomic geography issues, The model has similarities with a few other models, like e.g, the one

applied in Baldwin et ai (1997) but, again, the regional as well as the input-output siructurs i rcherin

+ the present model, The model skelched in Gasjorek and Venables (1998) captures economic geography
effects in a similar way to the present model; however, their mode] i constructed for a different
urpose; henee it is not comparable to what we are doing.

The assumptions of perfect competition &nd free trade for these two seclors are not realistic ones;
however, since the emphasis of the model is on manufacturing, we have kept the resource-based sectors
as simple as possible. With perfect competition and homogenous products, the model will only deter-
mine the net trad¢ position of a region, and thar is why we do not include trade pelicies for these gaods.



Regions and sectors in the model
(mode! name in parenthesis where nacessary)

Regions Traded manufactures (imperf. comp., IRS, diff prod.}
Europe West (EuropeW) Textiles
BeNelix, France, ireland, UK Leather
Europe Central (EuropeC) Wood and pulp products (Woodsprod)
Austria, Denmark, Germany, Switzerland  |Metals
Europe South (Europe$) Minerals
Greece, Iraly, Portugal, Spain Chemicals
Europe North (EurepeN) Foad products (Foodprod)
Finland, Iceland, Norway,Swedan Transport equipment (Transeq)
Europe East {EuropeE) Machiny and equipment (Machines)
Buigaria, Hungary, Creck Rep., Poland, Other manufacturing (Otherman}
Romania, Slovakia, Slovenia Non-traded services (impery. comp., IRS, diff.prod,)
Former Soviet Union (FormSov) Public zervices (PubServ}
China and South Asia (CSAsia) Private services (PrivBerv)
South East Asia {SEAsta) Traded resources (perfect comp., free trade)
VSA and Canada (USACAN) Apgriculture (Agricult)
Rest of the World (RestafW) Energy goods (Energy}

The remaining 12 sectors are all modelled with increasing retumns to scale, imperfect
competition and product differentiation. For the ten manufacturing sectors in the
model, there are trade flows between all regions, but various types of trade costs
hamper trade. The model includes both transport costs, import barriers and cxport
taxes or subsidies, and all of these affeet trade flows. The two imperfectly competitive
services sectors in the model are assumed to be non-traded. Although trade in services
15 not negligible in reality, it is clear from the benchmark data that a very large share
of the output from these sectors is sold in domestic markets,

One important feature of the model is the input-output linkages between
sectors. There is a complete input-output system, and with trade costs and imperfect
competition we know that this could cause agglomeration through backward and
forward linkages (see e.g. Venables, 1996). The data reveals a clear pattern of these
linkages: for most industries inputs from own industry dominate, with inputs from the
services industries as number two. Hence, the non-traded nature of the services
industries as well as the trade costs for manufactures are potential sources of
agglomeration in this model.

In each of the differentiated goods industries there is assumed to be
Chamberlinean monopolistic competition with free entry and exit of firms. Hence,
prices will be a mark-up over marginal costs; the mark-up depending on the elasticity

of substitution between varieties, There are increasing retums to scale, and the

The model includes production subsidies in agriculture and energy; however, in the scenarios presented



number of firms in an industry in a region is determined from a zero-profit condition.
For the differentiated manufactures, there is demand for each variety in every region;
the demand parameters are calibrated based on the benchmark data. Demand for every
variety in a region depends on the overall general equilibrium conditions in that
region and on the prices and trade costs between regions. Sales within a region are
considered as domestic sales with no trade costs; for sales across regional borders,
trade and transport costs apply, as mentioned above. The real transport costs are
- modelled as iceberg costs, while the tariff equivalents of Import barriers appear as
transfers (to the representative consumer) in the importing country, Export taxes (or

subsidies) are transfers in the exporting country,

3. The benchmark situation

In this section we briefly review some key characteristics of production and trade for
the regions we focus on. Forslid et al (1999) present the data base and data sources
for the model in more detail — in the present section we only focus on characteristics
that are important when it comes to understanding the scenarios we analyse later on.

Table 1. Key characteristics - base gase
The region's share (perceri) aof

World World manufaturing World production of

GDP EXPOris imports ghergy  agriciilture
EuropeW 12.09 17.65 17.70 12.52 871
EuropeC 11.75 18.50 17.88 7.09 3,54
EuropeS 8.27 B.84 2.80 1.34 6.05
EuropeN 1.96 3.51 3.45 216 1.69
EuropeE (.89 .06 2.78 1.53 .57
FormSOV 2.2} 0.78 0.78 3.79 2.11
CSAsia 3.17 4.39 437 i1 17.07
SEAsia 20.27 20.80 20.80 12.594 18.31
USACAN 27.71 15.74 15.75 2046 16.07
Reslof W 11.67 7.73 7.69 29.05 23 87

Tablc 1 shows some key characteristics. First, it is important to netjce the significant
differences in size between the regions®, In particular when we analyse the effects of

successful transformation in Eastern Europe and Former Soviet Union, it should be

in this paper, these policies are kept unaltered.

* The benchmark data set is construcied using the GTAP database (versions 3 and 4), EURQSTAT
(input-output tables and REGIO) and NEER World Trade Database. With 1992 as the benchmark
vear, GTAP ver.3 is used for the non-EU regions, while the other sources are used to construct the
dutubase for the four Western European regions in the model, GTAP verd is used for some of the
share duta (e.g. the split in skilled and unskilled labour) and for transport costs, The data we present in



remembered that in economic terms these regions are very small. Secondly, trade is
more important for the European regions than for the other ones®; in part this reflects
the close integration within Europe, but it should be observed that trade flows are
relatively important for Europe East as well. Finally, the table shows that the regions
differ significantly when it comes to relative importance of the resource-based
industries. In particular, for Europe East, former Soviet Unior, China and South Asia,
and the rest of the world, the shares of energy and/or agriculture production are higher
than these regions’ overall shares of global GDP. When looking at simulation results,
these differences are important to keep in mind.

Next we focus on manufacturing. Table 2 shows the pattern of specialisation
as measured by the Hoover localisation quotient; for each industry in a region, the
number shows the region’s share of global production (measured by value added) in
this industry relative to the region’s overall share of manufacturing value added.

Hence, a number greater than one indicates that this industry is of more than average
importance for the region.
Table 2. The pattern of manufacturing specialisation

{Share gf the industry's value added relative to share of total manufucturing value added)
Eurgpe’  EuropeC EuropeS  EuropeM EuropeE FormS0V  CRAsia  SEAsis USACAN  ReaofW

Textites 0.78 0458 1.6] 0.53 158 033 1.5] U.k6 078 1.71
Leather 0.8% 0.58 315 0.712 175 012 237 0.86 0.34 1.68
WaodPred 1.06 091 057 1.63 1.03 112 0.48 0.R4 1.28 nel
Metats 0.54 105 1.1% 1.1 116 1.04 x>} 1.07 .90 0395
Minerals 082 0.70 117 1.064 1.57 L52 187 6092 .34 157
Chemizal 1.08 0.98 0.52 X] 0.89 G.E8 .84 0487 106 1.05
FoodPrad 1.08 .81 1.13 089 131 113 092 .04 0.84 1.57
TransEq A 132 0.84 0.84 0.47 109 [ERcY] ne? 1.23 tél
Machines 095 118 .74 1.01 0.60 0.50 0.70 1.22 Lt0 .44
Otherhian 0.96 145 0.54 0.64 09] 0.73 1.74 0.08 0.66 101

The pattern of specialisation is, to a large extent, as we should expect. The big,
advanced regions like Europe Central and West, USA and Canada and South East
Asia have more than average production of what we could call skill-intensive
products (transport equipment, machines). Labour intensive products {textiles and
leather) are more important in the smaller, poorer regions like Europe East and China
and South Asia, but also in Europe South. Europe East is also fairly specialised in

energy- and natural resource-intensive industries, like metals, minerals and food

thiz section are from the constructed benchmark; hence, the actual ohservations and characteristics may
differ somewhat from similar numbers from other data sources.

§ The table only reports trade between the regions; in addition there may be significant trade flows
between the countries within each region.



products. A similar pattern appears for Europe North, with a specialisation in wood
products and metals.

Finally, the geographical pattem of trade will be reviewed. Table 3 shows the
geographical distribution of manufacturing sales from each region. A couple of
obscrvations are due, First, the home market dominance 15 very clear in ali regions,
but less so in Europe than in the other regions., The explanation for this is, however,
obvious; Europe is split into five regions with close ties between them. Second,
geographical closeness seems to matter; Europe Central has strong trade links to the
other European regions. In Asia, South East Asia is the most important trading partner
for China and South Asia. Thirdly, the strong trade links between Europe East and
Europe Central should be noticed; Europe Central is by far the most important market
for exports from Europe East, and it is also the most important supplier of imports to
Europe East’. This pattern is of great importance when it comes lo understunding

some of the simulation results.

Table 3. Distributian {perccnt) of toral sules of manufactures trom the region

Sales ro EuropeW  PurgpeC  Furone§ EuropeN  EurppeE FormSOV CSAsin  SFAsia USACAN RestofWs’
Fram

Europe W 69.3 1.2 6.9 14 0.5 63 0.5 2.5 3.6 17
EuropeC 1.9 713 55 1y 1.4 0.6 0.4 2.4 25 13
Europe$ 8.1 7.0 78.0 0.6 0.6 0.4 0.2 13 1.8 21
EuropeN 8.6 79 2.7 735 0.5 0.5 0.4 1.8 26 14
EuropeE 1.6 105 16 1.0 74.5 1.2 0.6 0.9 0.8 1
FormsQV 0.7 0.9 0.3 g4 0.5 943 1.3 0.7 03 0.5
CSAsia 1.1 0% 05 0.1 0.1 0.6 82,0 7.2 4.7 2y
SEAsia 13 1.2 05 0.2 a1 0.} 16 815 53 23
USACAN 18 2.9 0.5 0.2 0.1 | 0.4 31 89.4 35
RestofW 14 0.9 08 0.1 0.2 0.1 0.5 22 4.1 BY.8

Forslid et al (1999) give a more detailed description of the benchmark data, including
a discussion of the initial trade and transportation costs, which are based on GTAP
data. There are significant differences in trade barriers and export subsidies between
sectors, with agriculture and food products at the top. As our model is not constructed
to analyse agricultural issues, we do not treat trade palicies in agriculture in detail.
The trade costs in foed products, on the other hand, might have a significant influence
on the model simulations. There are also important differences between the regions
when it comes to trade barriers; as expected, barriers between Western European
countries {the EU and EEA countries) are low, while trade barriers and export
subsidies between east and west in Europe are more important. Import barriers are

significant for most products in the Asia regions and also in the rest of the world.



And for a few products, export subsidics may be of some importance; in particular,

there are export subsidies on several important export goods from Europe North,
according to the GTAP data.

4, Model simulations

We will look at two main scenarios: i} Eastern European transformation, and i)
European and global integration. Within each of these, a number of different cases
will be presented, representing various possible assumptions linked to the broad topic
of the scenario in question. Tt should be emphasised at the outsct that these scenarios
are not meant to be predictions or forecasts of the actual development; they should be
looked at as illustrations of possible consequences of a set of assumptions making up
the complete scenario. The assumptions we make in sach case are not cven meant to
be best guesses of the actual, future development; they are just illustrative, to show
what the consequences of certain exogenous changes may be. The types of changes

we look at are, however, meant to capture some important features of the cases we
study.

4, 1 Eastern European Transformation
Ia this section we focus on Eastern Europe and Former Soviet Union. The aim is to
get an impression of what the consequences for trade and development in Europe may
be, should the regions manage to transform into well-functioning market economies.
A Y'successful transformation” of the Eastern European economies includes
meny things. It is 2 change from the ¢ld command economy to a market system, and
it is a change towards freer trade relations and maybe new trade partners. It includes
a restructuring of industry and changes in the pattern of production and consumption.
It implies an improvement in resource allocation and better investment and employ-
ment opportunities, and, ultimately, increased income and welfare. In a general equi-
librium model some of these implications appear as cndogenous cquilibrium effects,
while others must be specified a5 exogenous changes. The model cannot capture the
transformation from non-market to market economy endogencusly, nor can it tell us
how unemployment will develop. But it can help us understand what the conse-

quences for production, trade and welfare may be of various possible scenarios.

? See Forslid et al (1999) for a similar distribution from the demand side.



We will look at three “stylised stages” of successful transformation in this
section, first for Europe East alone, and then for the former Soviet Union in addition,

The first case is one in which we look at the consequences of Improved
productivity in all sectors in the relevant region. There are a number of reasons why
we should expect such productivity improvements: transformation to market
economies implies more efficient organisation of production, more cost-efficient
production and more competition in goods and factor markets, both within each
‘country and between the countries in the model regions. Al] of these changes within
an indusiry will appear as more efficient production for the industry as a whole. In
our stylised case we analyse the general equilibrium consequences of an exogenously
given five percent Hick-neutral productivity improvement in all industries in the
region in question. In reality, there will, of course, be differences between industries;
Some may experience huge improvements, while for others the scope for
improvements is less. Such differences would reinforce the structyral changes we get,
but lack of information about individual industries prevents us from modelling the
scetor-specific variation,

Our second case focuses on investments. It is widely assumed that successful
transformation would imply a belter investment climate in Eastern Europe. While the
combination of low production costs and closeness to the big European markets may
already give high expected rates of returmns to investments in Eastern Europe, uncer-
tainties regarding the general development have so far dampened the actual willing-
ness o invest. In this scenario we Jower the required risk premium for investments in
Europe East {(and Former Soviet Union in the subsequent cases), to reflect the
improved confidence following a successful transformation. In the model aggregate
investments in a region are determined from a2 steady state condition such that invest-
ments will grow until the marginal rate of return is equal to the steady state required
rate. Improved profitability in an industry, e.g. due to changing market conditions or
better productivity, implies more investments, and vice versa. Similarly, reduced un-
certainties and hence lower required rate of return imply more agpgregate investments.
* Itis, however, more difficult to know in which industries the investments will appesr.
That depends on the relative profitability of varigus industries, which s one of the
endogenously determined results in our simulations. Hence, one Interesting feature is

where investments will take place, given that the overall investment climate Improves.



Thirdly, it is not unlikely that successful transformation also implies reducecd
unemployment by generating new employment opportunities. We do not attempt to
determine endogenously how important such new employment will be; we simply
assume aggregate employment to grow by five percent, and focus on the consc-
quences,

Previous analyses, in particular Baldwin et al (1997) and Keuschnigg and
Kohler (1998), have focused on market access and EU enlargement; hence, trade libe-

ralisation has been the key aspect. However, they include reduced risk premium as
part of the entargement process. We will look at trade policies in the next section, but
before we do that, we believe it is important to get a grasp on to which extent the
transformation process itself may affect European markets. Our specification of effi-
ciency gains in terms of productivity improvements, as well as the employment
growth, should capture some of the potential growth effects of successful transforma-
tion in Eastern Europe. By feeding these into the CGE-model we get an assessment of
how strong the “multiplier” effects may be in the transforming regions and of how
such successful transformation may affect the economic situation in the rest of Europe
and the world. Liberalisation and European integration may be a prerequisite for the

transformation to be successful; we will, however, come back to the explicit effects of

liberalisation in the next section,

Results

Table 4 shows the real income cffccts for all the regions for the cases sketched above.
The specific model experiments are: i) five percent Hick-neutral productivity impro-
vement in all sectors in the region; ii) the above plus five percent reduced risk
premium, and iii) the ahove two plus five percent increase in the employment of both
skilled and unskilled labour. Six cases are presented: in the first three cases exogenous
changes only take place in Europe East, in the following three cases, changes take
place in former Soviet Union as well, with the assumptions for Europe East remaining
as in ¢ase 3.

The table reveals that the changes are of great importance for the regions
themselves, while the consequences for other regions are small. When a five percent
productivity improvement results in 15 percent real GDP growth for Eastern Europe,
there are three important mechanisms: first, the direct production cffects of higher

productivity; secondly, the implied improvements in competitiveness, and thirdly,



mnduced investment growth. Similar effects appear in the other cases. In the case of
Europe East, investments grow by approximately 15 percent in the productivity case,
and by another 10 percent {rclative to the benchmark data) when the risk premium is
reduced. Hence, the induced investment effects through the steady-state condition
play an important role for the results. The fact that the model includes pecuniary
externalities through forward and backward linkages is alsc important; these agglome-
ration forces will typically reinforce the welfare effects of the initia] shifts towards
- growth in manufacturing production. Although it is difficult to compare with previous
studies, since the model experiments differ, the results tend to indicate that we get
relatively strong welfare gains. To take only one example, the reduced risk premium
case is similar to a case studicd in Baldwin et al (1997}, and when comparing the
results, the welfare gains we get are approximately twice as high as i their results.

Table 4. Real income effects of changes in Eastern Europe and former Soviet Union
(Parceni change in real GDP from base case)

Europe East Europe East & Former Soviet Union

Productiving Lower risk Ircreased | Productivity Lower risk Increased

improvement + preumum +  emplovment | improvemen: + premivm  +  emplovment
EurapeW 0.03 0.04 0.06 (.04 0.04 0.03
EuropeC -0.12 <015 -0.22 -0.22 -0.22 -0.22
Europe$ -0.01 -0.02 -0.03 -0.04 -0.05 -0.05
Europel -0.05 -0.07 -0.11 0.12 -0.13 -0.13
EuropeE 15.88 218 33.26 33.05 32.97 32.83
Form30Ov -0.01 -0.01 -0.02 12.50 16.83 25.54
CSAsia 0.1 -0.17 -0.25 -0.40 -0.45 -0.56
SEAsia 0.01 0.0 0.01 -0.01 -0.03 -0.03
LSACAN 0.00 0.00 0.00 0.00 6.00 0.00
RestofW -0.04 -0.07 -0.10 -0.14 -0.18 -0.19

For the trading partners, there are two opposing forces affecting production; they lose
in competitiveness relative to Eastern Europe, but on the other hand, increased
demand in Eastern Europe could lead to more exports. In addition consumers are
affected through lower import prices. The most important trading partner for Europe
Last is Europe Central, and the table shows that the negative effects through competi-
tiveness dominate. Among the remaining regions, it is worth noticing that China and
South Asia losc both from changes in Eastern Europe and in the former Soviet Union.
The reason in this case is not the direct trade relations between the regions; it must be

a terms-of-trade loss for CSAsia because the transforming regions expand production

in industries that are export seciors for CSAsia,



In table 5 the aggregate trade effects are shown. As indicated ahove, Europe
Central ~ as the most important trading partner for Europe East — is most severely hit
on the export side, but there are also significant effects for Europe North. For the
other regions the trade effects are more moderate. Tt is worth noticing that imports to
Europe East actually decline in these cases; hence the competition effect dominates
over the income effect, As the trade balance for each region is kept unaltered in all

scenarios, the counterpart of this pattern of changes in manufactures must be opposite
' changes in net exports from the perfectly competitive sectors (agriculture and energy).
For Europe East that means increased demand for imports of both agricultural and
energy products in these scenaries. Tt should also bg noticed that changes in the
former Soviet Union have only minor effects on the other regions; this is a
consequence of the initial trade pattern (see table 3) where the trade flows between
Former Soviet Union and other regions arc insignificant. The export growth from

Former Soviet Uniou is also much more moderate than for Europe East.

Table 5. Changes in the value of mzanufacturing trade
Table Sa. Total value of mamufacturing exports (percent change from bose case)

Europe East Eurape East & Former Soviet Union

Productivite Lower risk Increased | Productivity Lower risk Increared

improvement +  premium +  emplovinenmt | improvement + premium +  emploveent
EuropeW 0.3 04 0.6 0.6 0.6 0.6
EuropeC -3.3 -4.2 -6.3 -6.2 -6.1 -6.1
Europe§ 0.4 -0.5 -0.8 -0.7 -0.7 -0.7
EuropeM -1.6 -2l -32 -3.2 232 32
EuropeE 34.9 45.8 736 723 72.0 71.0
FormSOV -0.5 0.6 -1.0 9.5 13.1 20.4
CSAsia -0.4 -0.6 -0.8 -1.2 -1.3 -1.6
SEAsia 0.1 0.1 0.1 0.2 0.2 .2
USACAN 0.1 0.1 01 02 0.3 0.3
RestofW -0.4 -0.5 -0.8 -0.8 -0.7 -0.7
Table 5b. Total value of mamufacturing imports (percent change from base case)

Eurape East Europe East & Former Soviet Union

Productiviry Lower risk Increased | Productivity Lower risk Increased

Improvemant +  premium_+ emplovment| improvement +  premium + emplovment
EuropeW -1.0 -1.2 -1.7 -1.6 -1.6 -1.6
EuropeC 1.8 24 39 3o 39 4.0
Eurape$ -0.2 0.2 -0.1 -0.1 ¢.0 0.0
EnropeN 0.0 0.1 0.3 04 0.5 0.6
EuropeE -1.9 -2.4 -3.6 -31 -3.0 -2.7
FormSQV 1.7 22 3.8 36 3.7 35
CSAszia 0.2 03 0.6 1.0 1.1 14
SEAsia 0.3 -0.4 -0.6 -0.5 -0.5 -0.5
USACAN -0.3 -0.3 -0.5 -0.5 0.5 -0.5
RestofW 0.3 0.4 0.7 0.8 0.8 0.8
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Finally, we will focus on the sectoral effects of successful transformation. While
production of all goods in all regions is affected by the changes, it should be clear
from the above that the effects are very moderate in most regions. Table 6 shows the
production cffects in Europe East and Former Soviet Union, respectively, following
the region’s own transformation, while table 7 gives the production effects in the
other regions in one of the cases — the one with all changes taking place in Europe
East. It is clear from the results that the former Soviet Union reforms hardly have any
effects at all on production and trade for the other regions.

When studying the production effects in table 6, we should distinguish
between three groups of industries. Public and private services are non-traded.
Hence, these develop in accordance with domestic demand; however, since we have a
full input-output structure in the model, and since private services is an important
input in most other industries, the strong growth in production of private services
reflects to some extent such linkages. Secondly, energy and agriculture are treated as
perfectly competitive sectors in the model; hence, these are fairly flexible, and will to
a large extent serve as residuals. Should other sectors be profitable enough to expand
beyond the possibilities made available by increased productivity and new
investments and labour, the resources will have to be taken from the perfectly
competitive sectors. It is interesting to note that for Europe East, the growth impetus
to other sectors is very strony, since significant resources are drawn out of agriculture
and energy production in that region, while in former Soviet Union that is not the
case, The difference must be due 1o different trade and competition relations with
other countries. Fairly open economies can use international markets and specialise;
fairly closed economies cannot specialise in a similar way. Our results indicate that
Europc East is in the former category while Former Soviet Union is not. This is also
in accordance with the benchmark data presented in table 3.

Thirdly, there are ten traded, manufacturing goods. This is where the large
changes take place, and given that the initial “shocks” in terms of productivity
improvements and additional resources are neutral between the sectors, it is
interesting to see the significant differences in production effects. Labour-intensive
sectors like textiles and leather grow significantly both in Burope East and in the
former Soviet Union, but the most surprising effect in the table is the strong growth in
production of transport equipment and machines in Europe East. These results

indicate that with a successful transformation the region may become very
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competitive in such sectors — both productivity, investment climate and increased
employment contribute to these effects. For former Soviet Union there is not a

similar indication of potential competitiveness in such skill-intensive sectors.

Table 6. Production effects in EuropeE 2nd FormSov from the region's own changes
(Percent change from base case)

Eurane East Former Soviet Union

Productivity Lawer risk Increased | Productivity Lower risk Inereased

improvement 4 premium + employment | improvement +  premium + emplovment
PubSery 9 12 12 8 11 17
PrivServ 12 17 25 10 14 21
Textiles 29 38 59 13 18 23
Leather 22 29 45 3l 42 64
WaodProd 16 22 33 10 13 20
Metals 25 33 4% 10 13 20
Minerals 18 24 37 9 13 20
Chemical 19 25 38 5 13 19
FoodProd 15 20 33 12 16 24
TransEq 75 97 148 10 14 23
Machines 37 49 74 11 15 23
OtherMan 20 26 40 12 16 25
Agriculture <11 -i6 .23 2 -1 2
Energy -9 -9 -20 14 21 28

Table 7 shows that among the other regions the production effects are strongest for
Europe Central, which is also the most important trading partner for Europe East. In
terms of industries, the labour-intensive oncs are mast severely hit in Europe Central,
while the skill-intensive ones also see significant negative effects. For Europe North
the strong negative effects in the production of transport equipment should be noticed.
The same also applies for China and South Asia. In addition to motor vehicles, things
like shipbuilding may play an important role here. Apart from thesc examples, the
table reveals that the production effects in most sectors in most regions are
insignificant.

To summarise, we can conclude that successful reforms and transformation in
Eastern Europe and former Soviet Union are of huge importance for the economic
development in these regions, and that we may see significant changes in the pattemn
of specialisation and trade in these regions. However, in economic terms both regions
. are too small to matter very much for the overall production and welfarc elsewhere.
Even for Europe Central, where some sectors may see successful transformation in

Eastern Europe as a threat, the overall effects, in terms of real GDP, are modest, as

shown in table 4 above.
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Table 7. Production cflects In other regions of successful transformativn in Eastern Europe
(Fercent change from base case)

EuropeW  Eurape( EurgpeS  EuwropeN  CSAsia  SEAsiz USACAN  RestofW

PubSery 0.0 0.1 0.0 0.0 -0.2 0.0 0.0 0.0
Privsery 0.0 0.0 0.0 -0.1 -0.3 0.0 0.0 -1
Textiles 38 -17.1 0.0 1.5 -5 0.1 0.0 0.4
Leather Lo -10.9 -1.7 0.4 -1.9 0.4 1.2 -0.2
WoadProd 0.1 -1.1 0.6 0.7 -04 0.0 X1 -0.4
Meals 0.3 2.7 0.8 -1.5 -1l 0.0 0.1 -1l
Minerals +.] 0.8 0.5 0.3 -0.4 0.0 0.0 0.5
Chemical 0.1 -1.2 0.5 0.3 -0.5 .0 0.0 0.4
FoodProd -0.1 0.0 -0.1 -0.1 -0.2 0.0 0.0 -0.2
- TransEq -0.3 -3.1 -0.8 116 -4.1 0.2 0.2 -1.4
Machines 0.6 -2.0 0.5 0.7 -1.0 0.1 0.1 -1.2
OtherMan 0.1 0.2 -0.9 -0.4 -5 0.0 0.1 -0.4
Agriculture -1.6 278 1.7 5.6 0.3 0.1 -0.3 0.5
Energy -0.6 5.1 1.2 2.5 0.0 -0.4 0.2 0.2

4.2 European and global integration

In this section we will focus on trade policies. While a number of trade policy
scenarios could be interesting to study, we stick to some “stylised” and fairly neutral
cascs in this paper. We concentrate on further liberalisation both within Europe and
globally, and we do not attempt 1o distinguish between the manufacturing sectors
when it comes to the strength of the policy experiments. Hence, what we study in this
section are the effects of general liberalisation and integration, first in Europe and
then world-wide.

In the model trade and transaction costs for manufacturing goods appear
through three parameters: import barriers (tariffs and tariff equivalents of non-tariff
barricrs), export subsidies (or taxes), and transport ¢osts. Tn the scenarios in this
section we study fairly moderate reductions in all of these; first for trade within
Europe only, and then globally. In all cases we look at a five percent reduction in the
relevant trade cost; in the European integration cases, there is thus a five percent
reduction in tariffs and NTBs, export subsidies and transport costs between Europe
West, Central, South, North and East. In the global cases, similar reductions are
assumed for trade between all regions. Although we have no particular reason to
believe that future liberalisation will be of this magnitude or implemented in such a
neutral way, the results should help us understand what type of effects we should
expect from further integration. It should, hawever, be noticed that the exact
specification of the liberalisation may be of importance for the results. A proportional
reduction in all trade costs implies that the absolute changes in tradc costs vary

between sectors and regions, depending on the initjal pattem of the trade costs,



Hence, the effects of proportional reduction of the type we study, may differ from the
effects one would get from other liberalisation schemes — c.g. similar absolute
reductions in trade costs in all sectors and regions.

It is also worth noticing that we allow for reductions in all elements of the
trade costs. Hence, not only trade policies are altered; we also assume real transport
costs to go down. This could either be due to more efficient supply of transport
services, or it could stem from closer market integration, with e.g. lower technical

 barriers to trade. The analysis allows us to distinguish the relative importance of each

one of the three clements of trade cost reductions.

Results

Table 8 shows the overall impact of the various stages of integration for each region,
as measured by the percentage change in real GDP. The table reveals that the impact
of further European integration as specified here, is fairly moderate on average; for
Eastem Europe, however, freer trade and closer integration is very important. This is
in line with what one should expect; we have already seen substantial steps towards
integrated markets in the EU and EEA regions, while eastern enlargement is still to
come. Hence the remaining trade barriers within Western Europe are moderate.
Between east and west, on the other hand, there are significant remaining trade costs,
so that the absolute effects of the five percent reductions are more pronounced with
accompanying strong real income effects for Evrape East®, From the discussion above
we know that differences in sizc and economic importance are such that even strong
growth in trade between cast and west in Europe will only have a minor impact on the
overall situation in the west. It is, however, interesting to notice that global
liberalisation will also add significantly to the gains for Eastern Europe.

Global liberalisation turns out to have a significant, positive effect for the two
Asian regions, though for China and South Asia the positive impact depends on the
type of policy changes. Removing import barriers alone does not vield gains for that
region. It is further interesting to notice that for Europe West global integration
-~ seems to be more important than further European integration. The reason may be

found in the initial trade barriers and the trade pattern. Table 3 shows that trade fiows

¥ In fact, the welfare gains from liberalisation for Eastern Europe may well be stronger than these
resulls indicate. Baidwin (1994) emphasises the importance of liberalising cast-zast trade as well us
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with non-Buropean regions are more important for Europe West than for the rest of
Europe. And since trade with other Western European countries is already free in the
benchmark data, global liberalisation matters more. World-wide, the gains from
glebal liberalisation of approximately half a percent may seem modest; however, it
should be remembered that we look at fairly smiall policy chan ges here, with only five
pereent reductions in trade and transportation costs. Historically, we have seen much

stronger reductions in transaction costs,

Table 8. Real income effects of Europeun and globsal integration
fPercent change in real GOP from base case)

Eurepesn integratian Global integration

imp.barr. +exp.subs. “+frans.cost imp. barr.  texp.subs. +rons.cost
EuropeW 0.03 0.07 0.17 0.59 0.53 0.58
EuropeC -0.02 -0.08 -0.10 -0.24 -0.27 -0.29
EuropeS 0.01 0.01 0.06 0.08 0.09 0.09
EuwiopeN 0.08 0.07 0.11 0.15 0.17 0.18
EuropeE 1.15 2.56 333 4.61 3.09 5.30
FormSov 0.00 0.00 0.60 0.06 0.08 Q.08
CSAsia -0.04 -0.05 -0.14 -0.62 0.72 1.61
SEAsia 0.00 0.01 -0.01 110 1.39 1.53
USACAN 0.00 0.00 0.00 0.07 0.0% 0.13
RestolW 0.00 0.0 -0.01 -0.35 -0.22 -0.18
All vepions .04 0.02 .04 0.27 .39 47

The aggregate trade implications of tntegration are shown in table 9. The following
should be obscrved: First, export growth is strong for the regions that according to
table § arc to gain most from integration, i.e. for Europe East and the Aslan regions.
Secondly, Europe Central - a region that actually loses from Integration - experiences
reductions in exports and growth in imports of manufacturing. This stron g correlation
between welfare gains and exports of manufactures ¢alls for an explanation, as such a
result would not appear in traditional trade models. However, our mode! differs from
traditional comparative advantage models in many ways; in particular, there are
pecuniary externalities in manufacturing production, Hence, there are self-reinforcing
growth effects in manufacturing production, which could give rise to cost advantages
and the type of correlation we abserve between manufacturing exports and welfaze in

the simulations, Put differcntly, we get “externality shifting” cffects of trade policies
s regions that get more of the industries with pecuniary extemalities gain, while other

regions may lose.

cast-west trade. In our simulation, east-cast trade is already free, since this is trade within a region in
the mode],
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Although our simulations do not cover agricultural policies, the implications
for agricultural markets in Europe may be of interest. The strong growth impetus to
manufacturing sectors in Europe East in these scenarios actually implies increased
demand for imports of agricultural products to the region. In a more complete
scenario the overall effects for agriculture will, of course, depend on the direct effects
of changing agricultural policies and on the implied effects of liberalising other
sectors. Our analysis only includes the latter effect. However, the results indicate that
~ the “conventional wisdom” of an expected strong growth of exports of farm products

from east to west following European integration, is not necessarily true,

Table 9. Changes in the value of manufacturing trade
Table 9o, Total value of manufacturing exporis (percent change from base case)

European integration Global integration
imp.barr. _texp.subs. +irams.cost| imp. barr. ~+exp.subs. +irans.cost
EuropeW 1.0 1.0 2.5 R4 6.3 7.1
Europe -0.5 -2.6 -3.0 -7.2 -92 -10.0
EuropeS 03 8.1 1.6 1.2 0.7 0.9
EuropeN 1.1 -3.7 2.6 =23 -34 -3.2
EuropeE 10.0 221 287 38.8 42.9 44.8
FormSov -0.2 0.2 -0.4 2.0 34 482
CSAsia -0.3 -0.3 -0.9 7.7 15.2 22.3
SEAsia 0.0 0.0 0.2 10.1 13.7 15.%
USACAN 0.0 0.0 -0.1 0.4 -1.0 -0.1
RestofW -0.2 -0.2 -0.4 -1.6 0.7 2.3

Tahie 9b. Total value of manufaciuring imports (percen: change from base case}

European integration Global integratlon
imp barr._ +exp.subs, *irans.cost| imp. bavr. +expsubs. +trans.cost
EuropeW 0.1 -1.0 0.7 2.6 -24 -2.4
EuropeC 1.3 1.7 34 6.4 7.0 7.8
EuropeS 1.0 0.1 1.0 1.7 1.2 1.5
EuropeN 0.5 -0.1 0.6 0.8 0.2 0.4
EuropeE 0.5 1.7 -1.7 -3.3 4.5 4.5
FormSov 0.1 0.1 0.0 1.4 -1 12
CSAsia 0.0 0.0 0.0 13.0 134 15.1
SEAsia 0.1 -0.3 1.3 1.0 0.5 25
USACAN .1 -0.2 02 5.5 8.1 10.0
RestofW ¢.0 0.0 'Rl 6.8 5.1 7.8

Finally, the different effects of global integration for Europe Central and West may be
surprising. For Europe West exports increase while imports go down as a conse-
quence of global integration, which is the opposite of the cffetcts for Europe Central.
The reasons for this could - as mentioned above —have to do with the trade pattern,
and the initia} pattern of trade barriers and trade costs. Finally, it should be noted that

for China and South Asia, reduction of import barriers implies more growth in
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imports than in exports of manufactures. This reflects the fact that this region has a

fairly strong degree of import protection at the outset,

Table 10. Changes in expurts
(Percent changes in exporied quantities Jrom base case)
Table 10a. Europecn integration (reduced impart barriers, expart subsidies and transpory costs)
Textiles  Leather Woodpr, Metals  Minerals Chemicats Foodpr.  Transeqg Machines Chherman

EvropeW 2.5 1.1 4 1.1 2.5 1.4 57 0.2 0.8 [
EurapeC ~2B.6 -b.d 2.3 0.5 2.6 0.7 5.6 0.0 0.6 1.5
EuropeS 43 4.0 1.8 0.6 3.1 0.3 £ -0.1 0.1 2.2
EuropeN L 0.7 =i.0 2] 2.5 .0 167 0.4 0.3 .3
EurapeE 93.0 216 6.5 76 9.4 1.0 18.5 12 34 20
FormBov =23 0.9 0.6 0.3 -0.5 0.3 -0.5 0.5 .2 R
CSAsm -0.8 -33 0.2 -3 -0.2 -0.3 -0.3 17 -3 0.4
SEAsia -0.3 0.1 0.0 Q0.1 0.1 0.4 -0.2 0.1 -0.] -0.3
USACAN 0.2 2.1 0.0 0.1 -0 0.1 0.2 0.1 -0.1 -0.2
Festofw -1.2 -0.5 -0.] -0.2 .1 .2 -0.4 -0.3 -2 0.6

Table 10b. Giobal integration freduced import barriers, export subsidies and iransport cosis)
Textiles  Leather Waodpr, Metals Minerals Chemicals  Foodpr. Transeq  Machines  Qrherman

EuropeW 111 37 44 57 5.0 30 44 7.7 43 16
EuropeC <611 226 2.6 Q.3 4.5 -3 56 =38 -0.8 <[4
Europes 6.2 32 2.5 1.0 57 ] 23 2.9 04 N
EurapeN 4.7 0.0 -11.8 24 3.5 2.5 13.6 1.4 0.4 -1.0
EuropeE 1306 253 114 13.6 14.5 14.9 303 323 9.3 11.1
Farmbov 174 652 7.8 32 27.6 34 7.1 18 235 DEY
CSAsin 13.2 1504 22 0.3 53 3.5 16.6 -4.2 -18 =21
SEAsia 54.1 -6.3 7.8 1.0 g2 58 14.9 6.8 9.1 14.7
USACAN =50 -100.0 33 2.6 74 2.0 21 1.1 0.2 -0.8
RestofW 13.7 =23 27 -0.6 3.5 1.3 19.2 -1 -5.7 -6.8

While table 9 shows the overall pattern of changes in manufacturing trade for all
cases, table 10 contains more detailed information about the industrial composition of
the export changes for two of the cases — European integration (third case in tubles 8
and 9) and global integration (sixth case in tables 8 and 9). The table shows that there
is significant variation between regions for specific goods and between industrics for
each region. One clear feature is the growth in exparts of food products from most
regions, in particular in the global integration cases. This should not come as a
surprise, given the initial pattem of protection. Secondly, there is strong growth in
exports of labour-intensive products (textiles and leather) from Eastern Europe and
the Asian regions; again, this has to do with the pattern of protection and comparative
advantages. The counterpart is a reduction in labour-intensive sectors in Europe
Central and in USACAN. While the table shows expoits, there will be a similar, but
' dampened, effect on production. In general, the pattern of manufacturing production
does not show strong changes in these cases; the most significant change is a five
percentage points incrcase in Europe Fast’s share of European production of textiles,

from 8 to 13 percent, with an accompanying reduction in Europe Central’s share.
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5. Conelusions

In this paper we have presented modc! simulations for two sets of scenarios.
Although the scenarios have been specified in a stylised way, with no attempt at
predicting or forecasting real world phenomena, they are intended to capture
potentially important structural changes. However, on each ong, there is great
uncertainty, even about the sign of the changes. We study successful transformation
in Eastem Europe, and continued integration in Europe and globally ~ it could be
* argued that the opposite development is not an unlikely outcome.

If we lock at the results, there are some striking features. Eastern European
transformation matters a lot for the transforming regions (Europe Fast and former
Soviet Unien), but the consequences for the rest of Europe are limited. Although
trade with Eastern Europe increases significantly for most regions in percentage
terms, the economic cffects of this are very small. And the reason is simply that in
economic terms, Eastern Europe and former Soviet Union are small regions, and even
if they experience strong growth, the effects for other regions are moderate.

There are, however, regional differences; the neighbouring countries in Europe
Central are more severely hit than other European regions, and one feature that was
not obvious ex ante, is that the overall effect for Europe Central is ncgative. Eastern
European success could on the one hand imply increased production and exports
through improved competitiveness for Eastern European producers; but on the other
hand, it would also imply increased income and demand in Eastem Europe, with
accompanying growth in import demand in the region. The simulation results clearly
indicate that the former effect dominates; the most important trading partners
experience strong growth in their imports from Eastern Europe, but not any
significant changes in exports to the region. When it comes to production effects,
although the overall impression is that successful Eastern European transformation
only has limited effects on production in other regions, there are a few exceptions. In
particular, the neighbouring region, Europe Central, may expect significant
production cuts in labour-intensive sectors, should Eastern Europe succeed as in our
~ scenario, A final observation worth noticing in this scenario, is the negative welfare
effect in China and South Asia following Eastern European success. This seems to be
a clear terms-of-trade effect; incrcased competition from Eastern Europe gives

downward price pressure on export goods from China and south Asia, and hence a

welfare loss in this region.
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Secondly, we look at trade policies. We focus on liberalisation and integration,
either in Europe or globally. The scenario distinguishes between reductions in Import
barriers, export taxes or subsidies, and transportation costs. For some regions there
are qualitative differences between the three types of changes (e.g. for China and
South Asia, where import liberalisation implies a loss, while the region gains signifi-
cantly from the othcr two changes), while for most of the regions the changes in
various policies reinforce each other.

' The simulation results of Evropean integration show that for the EEA-area the
effects are very moderate — that simply reflects the (act that these countries are
already closely integrated, with few remaining barriers. For Europe East, on the other
hand, integration with the rest of Europe is very important. The are large welfare
gains as a consequence of significant growth in exports from the region. The bulk of
the export growth comes in labour-intensive industries, but there are also substantial
effects in some of the other industries. In addition it shonld be remembered that,
although we treal Eastern European transformation and economic integration in two
separate sels of scenarios, integration and improved market access might actually be
an important prerequisite for successful transformation. This may well turn out to be
the most important effect of integration, as a comparison of the two scenarios in this
paper could indicate.

The global integration cases reveal three teresting results: first, the Asian
regions may gain significantly from further liberalisation, while for other regions the
overall effects are moderate. Sccondly, for at least one of the European regions -
Eurape West - global liberalisation seems to matter more than further Eurcpean
integration. Both of these results can be explained from the initial trade pattems for
the regions. The Asian regions do rely beavily on trade, but initial trade barriers limit
the possibilities; hence, further liberalisation yields gains. And Europe West has
relatively more trade than other European regions have with countries outside Europe.
The final observation is that trade in food products shows significant growth as a
consequence of global liberalisation. Again, the reason must be the injtial patterns of
" protection; food and food products are heavily protected in most regions, and that
implies strong effects of liberalisation. In the model we do got capture the effects for
agriculture, but we do pick up the importance for food products,

A striking feature of the results is the correlation we find between growth in

manufacturing exports and welfarc gains. This is a feature we would not expect in
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traditional models of trade based on comparative advantage. In our model, however,
where the combination of input-output linkages, imperfect competition and trade costs
gives rise to pecuniary externalities, such effects may well appear. From theory we
know that it may be bencficial to have more of the industries in which externalities
are important, since that gives a cost advantage to the country. In our context,
pecuniary extemalities are linked 1o manufacturing, while the perfectly competitive
sectors do not show such effects. Hence, if policy changes imply shifts in the pattern
of manufacturing production and exports between regions, that may well give rise to
self-reinforcing agglomeration effects, with accompanying gains for those who get
more of the manufacturing industries, and losses for other regions. The similarity 1o
the “profit shifting” effects of strategic trade policies is obvious. There are, however,
no pure profits in our model, 50 we may call this an “extemality shifting” effect of
trade policies. In reality — and also in our model — the strength of such agglomeration
forces differs between industries. A subject for future rescarch would be to look
deeper into the sectoral differences in order to identify the more precisc relationship

between changes in the industry pattern and welfare gains or losses for the regions,
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Appendix A,

Basic model equations

This appendix shows some of the basic model equations to illustrate how specific

features of the model work; a complete description is found in Forslid et al (1999).
Consumers have Cobb-Douglas preferences over a set of all goods (AG),

implying that they will spend a fixed share of their income on cach good:

Cn =o:,.m§—:- ie AG (1)
For perfectly competitive goods prices are world market prices given by world market
clearing conditions for the respective goods. One of these goods 1s chosen as
numeraire. As for imperfectly competitive, differentiated goods (the set 1), the price
level for good i is an index of the prices of each variety of the good sold in market m.

The calibrated demand parameter for each of the N;j varieties of good i from country j

sold in market m, is ajp,

£=l

1

R 1 Ty
‘F:ur = Zhr}'affmpfén;ﬂf) ie Is (2)
For non-traded, differentiated goods aj,,=0 for all msj, since by assumption only
domestically produced varictics are consumed. @; is the elasticity of substitution

between various varieties of good i.
The imperfectly competitive sectors are characteriscd by monopolistic
competition 4 lz Dixit and Stiglitz (1977). Producer prices (PPL) of individual
varieties are given as a mark-up over firms’ marginal costs (MC):
G;
g, —1

PPI, = —=MC, iel (3.)

while consumer prices (PT;m) for the traded goods are subject to trade costs of three
types: export taxes (EXTAX), transport costs (TRANS), and tariff equivalents of
import barriers (TAREQ). The transport costs are of the iceberg type, while export

taxes and import tariffs are transfers (to the representative consumer).

" Pl = PP x(1+ EXTAX,, < (1+ TRANS, Jx (1 + TAREQ,,) ie TG (4.)

Demand for each variety of good i in market m may now be derived as:

X, =ag| =2 | C,, ie ITG €
PI,,
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Prices and demand for non traded differentiated goods are derived in the same way as
for traded goods, but with no need to distinguish between producer and consumer
prices since there is only domestic consumption of these goods,

The price index for differentiated intermediate goods (Qum) is industry
specific by purchasing industry (b) and region (m). The indusiry uses all goods as
inputs, weighting the aggregate price of each good by the parameter gp.. The

parameter is calibrated from the use of good i as intermediate input in the production

of industry h in country m.

wiel

1
57
Q.’im = (2 gﬂmlﬂg-s“‘) J v he AG (6'}
where sq 15 the elasticity of substitution among imperfectly competitive goods used as
intermediates, Observe that we use the same price index (Pi) for industry i here as for
consumer demand; hence, we assume that intermediate demand and final demand use

different varieties of good i in the same proportions. The price indices for perfectly

competitive goods (the sct PC) as intermediates arc constructed in the same way.

1

7
QPC,, = { > Lim PPC,.(""”) ' vhe AG (1)

¥is FC
PV is a price aggregatc for all primary factors used in the production in sector i in
region j. The use of each individual factor is industry and country specific and given
by the parameter [3.

1

PV; =[iﬁijk Wj]k-" }H‘ ie AG (8.

k=]
Finally, the marginal cost for industry i in country j is specified as a nested CES-
function, with primary inputs, differentiated intermediates, and homogenous
intermediates in one second-level nest each, and with Swp as the elasticity of

substitution between the nests at the top level. Using the price indices above, the

marginal cost function can we written

e, =y, (py, ) + 5z,(0, )5 + BZPC,(QPC, } o o (o)

From (9), using (6) ~ (8} and market clearing conditions for each good, we find the
demand for primary factors and intermediate goods from each sector, Together with

supply conditions, these form the general equilibrium system,
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The use of intermediates from own as well as other industries implies the
existence of inter- and intra-industry cost linkages. The presence of these linkages,
together with trade costs, means that the number of firms producing in the region
affects each firm’s costs, i.e. they generate pecuniary externalities. Firms located in a
region with a large number of suppliers of important intermediates, will be relatively
more competitive.

Agglomeration forces do not directly affect the perfectly competitive sectors.
‘These sectors, however, expand or contract as a consequence of competition for
factors with the other sectors, The decreasing returns in these sectors (due to a

specific factor) act to dampen the expansion of the ITG sectors.
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