
The ecological economics of inter-basin water transfers: The 
Case of the Lesotho Highlands Water Project 

 
 

 
 

 
by 

 
 
 
 

Mampiti  Elizabeth  Matete 
 
 

 
 
 

Submitted in fulfillment of part of the requirements for the degree of  
 
 

PhD 
 
 

In the  
Department of  Agricultural Economics, Extension  

and Rural Development 
 Faculty of Natural and Agricultural Sciences 

 University of Pretoria 
Pretoria 

 
 

 
 
 

May 2004

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 i 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dedication 
 
 

To my beloved husband,  Nkau and lovely kids, Ntšepase and Mabilikoe

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 ii 
 

Declaration 
 
 

I declare that the thesis, which I hereby submit for the degree of  PhD in Agricultural 

Economics at the University of Pretoria, is my own work and has not previously been 

submitted by me for a degree at another university. 

 
 
     

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 iii 
 

ACKNOWLEDGEMENTS 
 
 
This thesis would not have become a reality without the strong support from my 

promoter, Prof. Rashid Hassan, who demonstrated a lot of patience and dedication during 

the long process of writing it.  Without his guidance and motivation, I would not have 

managed. As such, I am highly grateful and indebted to him.  My appreciation also goes 

to Conningarth Economists, especially Dr Mullins, who tirelessly gave me expert advice 

on SAM technical aspects and the necessary data for the multi-SAM compilation.  Drs 

Kirk Hamilton and Ramos Mabugu spent time reading the earlier drafts of this thesis.  

Your comments were highly valuable and I thank you both.   

 

My heartfelt gratitude goes to the following people who helped me with data collection: 

They are Messrs Thabo Thobei, George Moqasa, Moeti and ̀M'e Botsoa of the Bureau of 

Statistics; Mrs Moiloa and Dr Majoro of the Ministry of Finance; Mr Masenyetse of the 

Central Bank of Lesotho; Messrs Tankiso Mabote, Nkalai and Tsehlo, and Mrs Debora 

Mashologu of LHDA; Mr Phera Ramoeli of SADC Water Lesotho; Mr Lesoma of the 

Department of Water Affairs; and many more. 

 

I would not have accomplished this momentous task without the unwavering support of 

my husband, Nkau Matete.  To you I say thanks a million Mokhoele and keep on doing 

it!  I thank my daughter Ntšepase who, despite her young age, tried hard to understand 

why mummy had to be in school and not at home where mothers are supposed to be.  My 

son Mabilikoe, born in the middle the PhD program, was a source of inspiration.  I thank 

you Bili for being such a peaceful baby, as if you understood that mummy had to study.  

The role played by family in general and friends in Lesotho is noteworthy.  Thank you 

for the tremendous role you played in giving me emotional support and looking after my 

kids while I was busy writing this thesis.  

 

My friends and colleagues at the University of Pretoria played a remarkable role in 

encouraging and motivating me during this project.  These are Oyenike, Retselisitsoe, 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 iv 
 

Nthabiseng, Teddie, Phyndile, Temesgen, Yemane, Gladys, Patrick, ‘Mankolo, Dalene, 

Lynette, Kholu and more.  I thank them all. 

 

This study benefited directly and indirectly from the financial support of RANESA, the 

Lesotho government and CEEPA.  Last, but certainly not least, I want to thank the 

National University of Lesotho for granting me study leave and dependents allowance 

throughout my study period. 

 

 

Mampiti E Matete 

Pretoria, South Africa 

May 2004

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 v 
 

The ecological economics of inter-basin water transfers: the case of the Lesotho 

Highlands Water Project 

 
By 

 
Mampiti Matete 

 
 

Degree:  PhD   Agricultural Economics 
Supervisor: Professor Rashid M. Hassan 
Department: Agricultural Economics, Extension and Rural Development 
 
 
 

ABSTRACT 

This study developed a general framework that can be applied to integrating 

environmental sustainability aspects into economic development planning in the case of 

exploiting water resources through inter-basin water transfers (IBWT).  Using the 

Lesotho Highlands Water Project (LHWP) between Lesotho and South Africa (SA), the 

study used the multi-country ecological social accounting matrix (MC-ESAM) for 

Lesotho and SA to integrate ecological implications of the LHWP with the economic 

benefits of the project.  The study further used the developed MC-ESAM multipliers to 

analyse the impact of lost ecological services downstream the LHWP dams in Lesotho on 

the wellbeing of households directly affected by the project in Lesotho and the general 

economies of Lesotho and SA.  The MC-ESAM multipliers were also used to analyse 

different policy scenarios aimed at compensating affected households in Lesotho for 

ecological losses.  

 

The results revealed that while the LHWP has significant direct and indirect benefits in 

terms of social and economic development in Lesotho and SA, the project has serious 

unitended impacts on ecological resources and services, with resultant deleterious 

wellbeing implications for populations residing within the reaches of the LHWP rivers 

and downstream the LHWP dams in Lesotho. The results from the MC-ESAM multiplier 

analysis indicated that not only the income of populations directly affected by the project 
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in Lesotho is likely to fall, but also that of other households and social groups, as well as 

the general economies of Lesotho.  Also, because of economic dependence of Lesotho on 

SA in terms of imports, SA will also loose.  

 

The policy simulation results showed that compensating the ecological losses would 

greatly improve the welfare of directly affected populations and the rest of Lesotho 

economy. The empirical analysis and policy simulations results showed relatively small 

impacts in general, but were significant for groups of people directly affected by the 

project in Lesotho.  The study demonstrated the importance of integrating ecological 

consequences into impact assessment of IBWT before such transfers can be implemented 

to ensure Pareto optimality and of considering economy-wide impacts and multi-sector, 

multi-country linkages associated with IBWT for a holistic impact assessment of IBWT. 

 

Keywords: Lesotho Highlands water project (LHWP), ecological social accounting 

matrix (ESAM), Interbasin water transfers (IBWT), human wellbeing, 

Lesotho, South Africa 

 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 vii 
 

TABLE OF CONTENTS 

 
ABSTRACT ..................................................................................................................................................V 

TABLE OF CONTENTS..........................................................................................................................VII 

LIST OF TABLES........................................................................................................................................X 

LIST OF FIGURES...................................................................................................................................XII 

GLOSSARY OF ACRONYMS..............................................................................................................XIII 

GLOSSARY OF ACRONYMS..............................................................................................................XIII 

 

PART ONE: INTRODUCTION, BACKGROUND TO THE LHWP AND 
RELATED LITERATURE 

CHAPTER I - INTRODUCTION 

1.1 THE SETTING.................................................................................................................................2 
1.2 BACKGROUND TO CASE  STUDY AREA............................................................................................4 
1.3 STUDY RATIONALE .......................................................................................................................7 
1.4 OBJECTIVES OF THE STUDY ...........................................................................................................8 
1.5 APPROACH AND METHODS OF THE STUDY .....................................................................................9 
1.6 ORGANISATION OF THE STUDY ......................................................................................................9 

CHAPTER II - THE ECONOMIC AND ECOLOGICAL SIGNIFICANCE OF THE LHWP 

2.1 PROJECT AREA DESCRIPTION.......................................................................................................11 
2.2 WATER RESOURCES IN PROJECT AREAS ......................................................................................15 

2.2.1 Water resources in South Africa .......................................................................................15 
2.2.2 Water Resources in Lesotho .............................................................................................21 

2.3 ECONOMIC SIGNIFICANCE OF THE PROJECT .................................................................................23 
2.3.1 Economic costs and benefits to SA....................................................................................23 
2.3.2 Economic costs and benefits to Lesotho ...........................................................................24 

2.4 ECOLOGICAL IMPLICATIONS OF THE PROJECT..............................................................................30 
2.4.1 Introduction ......................................................................................................................30 
2.4.2  Impacts in the exporting country (Lesotho) .....................................................................31 
2.4.3  Impact in importing country ............................................................................................33 

CHAPTER III -  REVIEW OF RELATED LITERATURE 

3.1 INTRODUCTION............................................................................................................................35 
3.2 APPROACHES TO ASSESSING DIRECT OFFSTREAM IMPACTS OF IBWT..........................................36 

3.2.1 Positive approaches to the assessment of IBWT impacts............................................................40 
3.2.2 The normative approach to assessment of IBWT impacts ................................................45 

3.3 ECONOMY-WIDE MODELING APPROACHES TO IMPACT ASSESSMENT OF IBWT ............................48 
3.3.1 I-O based models used in impact assessment of IBWT.....................................................48 
3.3.2 SAM based Models used in impact assessment of IBWT ..................................................50 
3.3.3 CGE  models used in impact assessment of IBWT............................................................52 

3.4 APPROACHES TO ASSESSING INSTREAM IMPACTS OF IBWT.........................................................55 
3.5 INTEGRATED ASSESSMENT OF IBWT...........................................................................................58 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 viii 
 

PART TWO: APPROACH AND METHODS OF THE STUDY 

CHAPTER IV -  THE SOCIAL ACCOUNTING MATRIX (SAM) ANALYTICAL 
FRAMEWORK 

4.1 GENERAL STRUCTURE OF THE SAM.....................................................................................................64 
4.1.1 Using the SAM as basis for analytical purposes ..............................................................67 

4.2 MULTI-COUNTRY SAM FRAMEWORK FOR THE LHWP................................................................69 

CHAPTER V-  INTEGRATING ECOLOGICAL IMPACTS       INTO SOCIO-ECONOMIC  
ACCOUNTS 

5.1 INTRODUCTION............................................................................................................................77 
5.2 MOTIVATION FOR INTEGRATING ECOLOGICAL VALUES IN THE SAM FRAMEWORK......................78 
5.3 STREAMFLOW SERVICE VALUES ASSOCIATED WITH THE LHWP..................................................79 
5.4 ECONOMIC-ECOLOGICAL MODEL OF STREAMFLOW BENEFITS......................................................83 

5.4.1 A conceptual framework ...................................................................................................83 
5.4.2 Streamflow/natural Services to ecological production .....................................................86 
5.4.3 Streamflow/natural water services to households’ direct consumption ...........................89 
5.4.2 Streamflow/natural water as intermediate input in economic production........................90 
5.4.5  The ecological social accounting matrix (ESAM) for the LHWP ....................................94 
5.4.6 Using the ESAM to measure impacts of the LHWP........................................................105 

CHAPTER VI - VALUING INSTREAM FLOW BENEFITS AND ASSOCIATED WELFARE 
IMPACTS 

6.1 INTRODUCTION..........................................................................................................................108 
6.2 VALUATION OF  ECOLOGICAL  SERVICES ...................................................................................109 
6.3 THE CONCEPT OF ECONOMIC  VALUE .........................................................................................110 
6.4 TECHNIQUES FOR VALUING STREAM FLOW SERVICES ................................................................112 
6.5 MEASURING THE VALUE OF  STREAM FLOW SERVICES ...............................................................117 
6.6 THE EMPIRICAL VALUATION MODEL FOR THE STUDY AREA.......................................................119 

6.6.1 Data and sources ............................................................................................................119 
6.6.2  Streamflow services included...................................................................................................120 
6.6.3 Valuing streamflow benefits of ecological resources .....................................................121 
6.6.4 Valuing provisioning and cultural services of streamflow .............................................126 
6.6.5 Limitations of the estimated streamflow service values..................................................130 

 

PART THREE: EMPIRICAL MODEL, RESULTS AND CONCLUSIONS 

CHAPTER VII - THE EMPIRICAL MULTI-COUNTRY-ESAM MODEL 

7.1 INTRODUCTION..........................................................................................................................133 
7.2 DATA NEEDS AND MULTI-COUNTRY SAM  (MC-SAM) FOR THE STUDY  AREA ........................134 

7.2.1 Multi-Country MACROSAM...........................................................................................134 
7.2.2 Multi-country MICROSAM.............................................................................................138 
7.2.3 Disaggregation of the MICROSAM into  MC-SAM........................................................139 

7.3 THE MULTI-COUNTRY ESAM ...................................................................................................141 

CHAPTER VIII - RESULTS OF THE EMPIRICAL ANALYSIS AND POLICY 
SIMULATIONS 

8.1 INTRODUCTION..........................................................................................................................144 
8.2 MC-ESAM MULTIPLIER ANALYSIS ..........................................................................................144 

8.3.2 Impact of lost ecological services on the economies of Lesotho and SA ........................150 
8.4 POLICY SIMULATIONS................................................................................................................154 

CHAPTER IX - SUMMARY, CONCLUSIONS AND RECOMMENDATIONS.....................161 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 ix 
 

9.1 SUMMARY .................................................................................................................................161 
9.2 CONCLUSION.............................................................................................................................163 
9.3 POLICY IMPLICATIONS...............................................................................................................165 
9.4 STUDY LIMITATIONS..................................................................................................................166 
9.5 RECOMMENDATIONS FOR FURTHER RESEARCH..........................................................................168 

 

REFERENCES ..........................................................................................................................................170 

APPENDIX A - SAM MULTIPLIER ANALYSES ...............................................................................186 

APPENDIX B –  GLOSSARY OF ESAM NOTATIONS......................................................................195 

APPENDIX C – MULTI-COUNTRY ESAM MULTIPLIER ANALYSIS................................196 

APPENDIX D – LHWP STREAMFLOW VALUATION ANALYSIS................................................198 

APPENDIX E –  MACROSAM CELL DESCRIPTION.......................................................................211 

APPENDIX F - DERIVATION OF THE MULTI-COUNTRY MICROSAM....................................214 

APPENDIX G – MULTI-COUNTRY ECOLOGICAL SOCIAL ACCOUNTING  MATRIX 
(MC-ESAM)…………...............................................................................................................................225 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 x 
 

LIST OF TABLES 
 

TABLE 2.1:   Population in Project area in Lesotho classified by District and sex......... 15 

TABLE 2.2:   South Africa Water Balance – 1996 estimates (million cubic meters) ...... 17 

TABLE 2.3:   Water Balance for the Vaal Region ........................................................... 20 

TABLE 2.4:   Key details of existing Vaal Basin inter-basin transfers schemes ............. 20 

TABLE 2.5:   Mean annual flow of main river systems in Lesotho................................. 21 

TABLE 2.6:   Total water requirements and resources by basin in 1995 and 2025 (m3/s)

 22 

TABLE 2.7:   SA Provincial Gross Geographic Product (GGP) for the year 2000 ......... 23 

TABLE 2.8:   LHWP annual royalties for the period 1996 – 2002 .................................. 26 

TABLE 2.9:   Projected water royalties for Phase 1A and 1B ......................................... 26 

TABLE 2.10:  Number of tourists that visited the Mohale Construction Area ................ 28 

TABLE 2.11:  Phase 1B impact on Lesotho’s macro-economy....................................... 30 

TABLE 4.1:   The General Structure of a SAM ............................................................... 65 

TABLE 4.2:   Multi-country SAM framework for the LHWP ......................................... 70 

TABLE 4.3:   Glossary of terms (variables) in the multi-country SAM .......................... 71 

TABLE 5.1:   Schematic of basic Ecological Socail Accounting Matrix (ESAM).......... 95 

TABLE 6.1:   Methods for estimating  Environmental Values ...................................... 113 

TABLE 6.2:   Streamflow resources and services identified as important for maintenance 

of riparians’ livelihoods .......................................................................................... 121 

TABLE 6.3:   Streamflow resources and services values............................................... 125 

TABLE 6.4:   Ecological resoucres’ value  losses due to change in streamflow condition 

of rivers downstream the LHWP structures (millions at 2000 prices in Maloti).... 126 

TABLE 6.5:   Value of  lost cultural and religious services and drinking water provided 

by streamflows of the LHWP (millions at 2000 prices in Maloti) ......................... 129 

TABLE 7.1:   MACROSAM for Lesotho and South Africa for the year 2000 (in million 

Maloti)……………………………………………………………………………136 

TABLE 7.2:   Lesotho Households Classification.......................................................... 139 

TABLE  7.3:   MICROSAM accounts............................................................................ 141 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 xi 
 

TABLE 8.1:   Summary table of MC-ESAM Intra-country multipliers on selected 

accounts (Maloti) .................................................................................................... 145 

TABLE 8.2:   Summary table of MC-ESAM Inter-country multipliers on selected  

accounts (Maloti) .................................................................................................... 147 

TABLE 8.3:   Direct multipliers between households and production sectors (Maloti) 149 

TABLE 8.4:   Impact of lost ecological services in Lesotho due to the LHWP (2000 

million Rands)......................................................................................................... 152 

TABLE 8.5:   Quantity of water supplied to different users in SA by water authorities and 

amount required to internalize the externality from each sector ............................ 156 

TABLE 8.6:   Effects of different policy  scenarios on economies of Lesotho and SA 

(2000 million Rands) .............................................................................................. 159 

TABLE A.1:   Simplified schematic SAM ..................................................................... 186 

TABLE B1:   Simplified multi-country SAM schematic ............................................... 192 

TABLE F.1:   Distribution of households transfers from RSA to Lesotho .................... 215 

TABLE F2:   Supply Shares of electricity and water industries in SA .......................... 217 

TABLE F3:   Intermediate expenditure shares for Electricity and Water Industries on 

different commodities in SA................................................................................... 218 

TABLE F4:   Factor Expenditure shares for electricity and water in SA....................... 219 

TABLE F.5:   Intermediate income shares for water and electricity from different 

activities in SA........................................................................................................ 220 

TABLE F.6 (a):   Households water and electricity (aggregated) consumption  in SA . 220 

TABLE F.6 (b):   Households water and electricity consumption (disggregated) in SA221 

TABLE F.6(c):    Households water and electricity consumption shares in SA ............ 221 

TABLE F.7:       Government electricity and water consumption in SA........................ 222 

TABLE F8:       Micro MC-SAM for Lesotho and SA for the year 2000 (Million Maloti)

................................................................................................................................. 223 

 

 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 xii 
 

LIST OF FIGURES 
 

FIGURE 2.1: The Lesotho Highlands Water Project ....................................................... 13 

FIGURE 2.2: The river system in SA connecting Katse and Vaal dams ......................... 14 

FIGURE 2.3: Temporal distribution of rainfall in South Africa (1922 – 1999)............... 16 

FIGURE 2.4: The Vaal Basin Jurisdiction ....................................................................... 19 

FIGURE 2.5:  Areas affected by modified river flow downstream LHWP dams ............ 32 

FIGURE 5.1:  Streamflow Services (water as a natural resource) ................................... 80 

FIGURE 5.2:  Flow diagram of ecological and socio-economic flows............................ 84 

FIGURE 6.1:  Schematic for Streamflow services Total Economic Valuation (TEV) .. 111 

FIGURE 6.2:  Change in combined consumer and producer surplus from a shift in    

product cost curves ................................................................................................. 117 

FIGURE 6.3:  Biophysical changes necessary for Valuing stream flow changes of rivers 

downstream the LHWP........................................................................................... 117 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  



 xiii 
 

GLOSSARY OF ACRONYMS 

 
EIA   Environmental Impact Assessment 
BOD   Biochemical Oxygen Demand 
BOS   Bureau of Statistics 
CGE   Computable General Equilibrium 
COD   Chemical Oxygen Demand 
CSIR   Center for Scientific and Industrial Research 
CVM   Contingency Valuation Method 
DBSA  Development Bank of Southern Africa 
DWAF  Department of Water and Forestry  
ESAM  Ecological social accounting matrix 
GDP   Gross Domestic Product 
GGP   Gross Geographic Product 
IFR   Instream Flow Requirements 
I-O   Input-Output 
IBWT  Interbasin Water Transfers 
LFCD  Lesotho Fund for Community Development 
LHDA  Lesotho Highlands Development Authority 
LHWP  Lesotho Highlands Water Project 
LHWRF  Lesotho Highlands Water Revenue Fund 
LMC and OSC Lahmeyer Macdonald Consortium and Oliver Shand Consortium 
MACROSAM Macro-economic social accounting matrix 
MEA   Millennium Ecosystem Assessment 
MC-ESAM  Multi-country-Ecological social accounting matrix 
MC-SAM  Multi-county-social accounting matrix 
MICROSAM Micro-economic social accounting matrix  
MW   Mega Watts 

+
4NH    Ammonium ion 

OVTS  Orange Vaal transfer scheme 
PWV   Pretoria, Witwattersrand and Verreniging 
PAR   Population at risk 
RSA   Republic of South Africa 
SA   South Africa 
SACU  Southern African Customs Union 
SAM   Social accounting matrix 
SARS  South African Revenue Services 
SEEA  System of integrated environmental and economic accounting 
SNA   System of National Accounts 
TCTA  Trans-Caledon Tunnel Authority 
TEV   Total Economic Value 
VAD   Value-Added 
VAT   Value-Added-Tax 
WTA   Willingness to Accept  
WTP   Willingness to Pay 
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  MMaatteettee,,  MM  EE    ((22000066))  


	FRONT
	Title page
	Dedication
	Declaration
	ACKNOWLEDGEMENTS
	ABSTRACT
	Keywords:
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	GLOSSARY OF ACRONYMS

	Part 1
	Part 2
	Part 3
	Back

