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Abstract

The pressure on an already stressed water situation in
South Africa is predicted to increase significantly under
climate change, plans for large industrial expansion,
observed rapid urbanization, and government programs
to provide access to water to millions of previously
excluded people. The present study employed a general
equilibrium approach to examine the economy-wide
impacts of selected macro and water related policy
reforms on water use and allocation, rural livelihoods,
and the economy at large. The analyses reveal that
implicit crop-level water quotas reduce the amount of
irrigated land allocated to higher-value horticultural crops
and create higher shadow rents for production of lower-
value, water-intensive field crops, such as sugarcane and

fodder. Accordingly, liberalizing local water allocation in
irrigation agriculture is found to work in favor of higher-
value crops, and expand agricultural production and
exports and farm employment. Allowing for water trade
between irrigation and non-agricultural uses fueled by
higher competition for water from industrial expansion
and urbanization leads to greater water shadow prices for
irrigation water with reduced income and employment
benefits to rural households and higher gains for non-
agricultural households. The analyses show difficult
tradeoffs between general economic gains and higher
water prices, making irrigation subsidies difficult to

justify.
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1. Introduction

Agriculture consumes over 60% of South Africa’s (SA) available water supply, most of
which is used in irrigation. While the dominance of agriculture in water use is typical for
most countries, this disproportionate allocation has special significance for SA where
water is scarce and the country is rapidly approaching a water stress situation.
Nevertheless, the contribution of agriculture to the country’s total gross domestic product
(GDP) is small and continues to decline, falling to an estimated share of less than 3% by
2007 (StatSa, 2008). The same applies to the sectors’ employment capacity which fell to
less than 9% of total formal employment by 2002. This transition is typical of countries
which have been successful in diversifying economic structure away from primary
production (resource extraction and farming) toward manufacturing and services’
provision activities. However, agriculture remains an important economic activity in
terms of its economy-wide multiplier effects, its multi-sector linkages and its contribution

to food security in general and the livelihoods of the rural poor in particular.

Other important water related features of the SA agricultural economy include the high
protection the sector enjoyed in the past for reasons of food security and other political
concerns. Agriculture received a direct price subsidy on water use and on investment in
irrigation infrastructure as well as non-price protection (i.e. water quota system) that
remains largely in place today. More over, previous water allocation regimes were biased
in favor of large scale white farmers seriously disadvantaging other segments of the rural
population of mostly small holder black farming families. Previous water management
regimes and policies also paid little attention to ecological needs and protection of the

health of freshwater ecosystems.

Since 1994 however, the SA economy at large and the agriculture and water sectors in
particular have witnessed radical policy reforms, many of which are still under
implementation. Major macroeconomic reforms have been introduced to correct the
grave socio-economic injustices of the past particularly in terms of provision of basic
services (e.g. water and sanitation, housing, health and education) and income and
employment opportunities to millions of previously service-deprived communities. These

shifts in public policy and investment priorities have major implications for water use and



allocation within the economy, and the need to reform water policy commensurate with

these new policy initiatives.

Land reform, liberalization of agricultural trade and removal of protection from
agriculture are other important policy changes that have major consequences on water use
and allocation in SA. A new National Water Policy (NWP) was adopted in 1997 marking
a radical shift in the strategic objectives and principles of water management in SA
(DWAF, 1998). Implementation of the new NWP and subsequent National Water Act
(NWA) has already changed and expected to have further long-term effects on the way

water resources are developed, allocated and managed in SA.

Moreover, important recent developments in the international scene such as the energy
shortage, surging food prices, growing interest in biofuels, and climate change are
expected to have additional impacts on competition on the availability of water resources

in general with important implications for water allocation and use in SA (DWAF, 2008).

As many of the said policy changes may have unintended and undesirable consequences
for other non-target activities and may be serving conflicting goals, their net effect on the
economic and social wellbeing of the people of SA are unknown. This is particularly true
when impacts of different sets of policy interventions are analyzed and evaluated at a
sectoral and sub-regional level irrespective of their implications for the rest of the

economy.

This study intends to analyze the potential effects of such ongoing and intended macro
and water sector level policy changes on the economy of SA from an economy-wide
perspective. It takes into account structural inter-sector linkages and macro-micro
feedback mechanisms. The study adapts and extends an analytical framework developed
and applied to the case of irrigation water management in Morocco (Roe et al. 2005) to
build an economy-wide model to conduct the intended analyses. A water social
accounting matrix (SAM) is constructed to support computable general equilibrium
(CGE) analyses of the implications of selected macroeconomic and water policy regimes
for SA. The analysis is expected to inform scheduled efforts for revising the current water

resource management strategy in 2009 for the 5 years period to follow (DWAF, 2008).



The next section provides an overview of the structure of the water economy and policy
in SA. Section three gives a brief review of relevant CGE applications to water
management and develops the SA water SAM and CGE model. Macro & macro
economic and water policy scenarios are developed and simulated in section four. Section

five presents the conclusions and implications of the study findings.

2. Water resources management and the SA economy

Although SA has not yet reached full utilization of its available fresh water resources, the
country is not endowed with abundant water and is expected to approach the limits of
potentially available water supplies by 2025 (DWAF, 2004). An indicator of water
scarcity in SA is the average annual rainfall of about 450 mm received, which is almost
half the world average of 860 mm. More over, only an estimated 20% of the country’s
groundwater resources are found in economically exploitable geological formations
(DWAF, 2004). There is however, large spatial variation in rainfall and availability of
surface and ground water across the country ranging from dry semi-desert conditions on

the western parts to wetter sub-humid climates on eastern coastal areas.

Not only natural availability of freshwater is spatially very diverse in SA but also major
economic activities, populations and development centers concentrate in certain urban
and peri-urban pockets that are often not within areas of water abundance. To match
supply with demand for water at these centers, the country had to make huge investments
in developing sophisticated water supply and delivery infrastructures that allowed
transfers of water from surplus to deficit areas (e.g. inter-basin transfers) and between
seasons (storage dams). While this gave the country great flexibility in control and
management of water resources as one giant interlinked system of supply, freshwater

flow regimes have been altered significantly in many river basins in SA.
2.1 Current water supply, use and allocation within the SA economy

The natural environment supplies 49 billion m® of freshwater to mean annual runoff in
SA (about 8% of annual rainfall reaching rivers in 2000). Only 60% of the runoff (19.5
billion m®) is available as surface water yield while the rest is retained within the



environment (base-flow support). About half of the surface water yield is kept in stream
as ecological reserve and directly abstracted by forest plantations. The rest (9.6 billion
m?) constitutes the bulk water supply resources managed and distributed by the
Department of Water Affairs and Forestry (DWAF) to the economic system for domestic
consumption and production purposes (DWAF, 2004). The country has massive water
storage infrastructure with total dams’ capacity of 32.4 billion m® amounting to about
66% of total mean annual runoff (DWAF, 2004).

DWAF distributes available bulk water to the economy through a complex network of
water management and supply institutions. In 2000, irrigation agriculture received most
of available yield managed by DWAF (63%) as bulk raw water through Irrigation Boards
(IBs) and the rest was supplied to other economic activities (33%) either directly or
through Water Boards (WBs) and as undistributed surplus back to the environment
(Hassan and Crafford, 2006). WBs redistribute water supplied by DWAF to domestic and
industrial users either directly to some major mining, power generation and industrial
operations or through municipalities. The above water management institutional set up is
undergoing major structural changes as a result of implementing the provisions of the

new NWP and NWA which are outlined in the next section.

SA has relied primarily on its surface water supplies with little emphasis on and
investment in developing groundwater resources which currently account for only 10% of
total water supply. Currently groundwater is utilized at limited scale in localized areas
where it represents a key source of water supply especially in rural semi-arid areas
mainly for irrigation and domestic use. However, recent assessment efforts indicate a
much larger potential for development and use of groundwater resources as a major
supply source at larger scales than currently exploited (DWAF, 2005; Woodford et al.,
2006).

If one considers rainfed agriculture use of soil water (including cultivated forest), Table 1
shows that agriculture used 94% of total water in SA in 2000. Excluding the direct use of
soil water by rainfed agriculture, the sector’s share drops to 67%. Domestic use was the
second largest water user consuming 15% compared to shares of 7%, 5% and 3% of total

water used by services, manufacturing and mining, respectively in 2000. Table 1 also



shows that agriculture generated the lowest shares of direct economic benefits in terms of
its contribution to GDP (2.7%) and employment (0.13 jobs/000 m®) in 2000 (Hassan and
Crafford, 2006).

Water use by and contributions of economic activities to GDP and employment however
vary significantly by geographic region. SA has been divided into 19 water management
areas (WMA) where a catchment management agency (CMA) will be established in each
to directly manage water resources development and utilization in the designated WMA
(see Figure 1 for a map of boundaries of WMASs). Assessments’ of the national water
resources strategy (NWRS) (DWAF, 2004) indicate that 10 out of the 19 WMAs showed
deficit water conditions in 2000 (Table 2), mainly those located in the dry north and
western parts of the country while the country still has a surplus water balance overall.
The deficit has been partially addressed by drawing water from the ecological reserve,
and thereby placing environmental stress on a number of WMASs in spite of the extensive
inter-basin water transfer network through which all WMAs are linked to others?.

Establishment of a NWRS is required by the NWA to set out strategies, objectives and
planning guidelines, procedures and the institutions required for managing national water
resources. Accordingly the NWRS provides the needed quantitative information about
current and future water requirements and availability and interventions required for
reconciling supply and demand in the 19 WMAs. In developing such strategic plans the
NWRS is to be guided by the NWA priorities for allocation of water which accords
highest priority to the following: (1) the “Reserve” ensuring the right to sufficient
supplies to meet basic human and ecological needs, (2) international agreements and
obligations, (3) social needs such as eradication of poverty and inequity, (4) use of
strategic importance such as power generation. After satisfying the requirements to meet
these 4 priority objectives water is to be provided to economic use (which includes
commercial irrigation, mining and industrial use) on basis of economic efficiency, i.e. to

achieve greatest total economic benefits to the country (DWAF, 2004).

One key intervention instrument to balance resource availability and priority needs is the

transfer of water from surplus to deficit WMAs. However, the NWRS suggests demand

% Note the only WMA not linked to any other is the Mzimvubu to Keiskamma (Table 2)



management and conservation measures which promote reallocation between competing
economic uses within the WMA on efficiency grounds as the main reconciling
mechanism for satisfying local needs for economic use. Accordingly, the NWRS
establishes plans for inter-regional water transfers based on estimated strategic
requirements and available water supplies within each WMA, i.e. water transfers between
WMAs are currently not guided by market incentives but exogenously determined.
Allocation of available water resources between competing economic uses within each
WMA is also currently based on estimates of water requirements given current use and
predicted potential future developments. The NWRS however, aspires to promote
economic efficiency in water allocation for economic use through market-based
mechanisms, which would require relaxing current quantitative (quota) restrictions
(between WMASs and between economic activities within WMAS) at least partially in the
future. These represent key water policy changes the economy-wide impacts of which

require careful assessment.

2.2 Key water management and economic policy challenges and macro-micro

policy linkages

Over the past few years SA agriculture has seen major structural adjustments in response
to a number of critical macro and sector level policy changes. Broad macroeconomic
reforms that led to major changes in managing the foreign exchange and capital markets
coupled with wide liberalization of agricultural marketing and trade regimes have
exposed the agricultural sector to shifts in relative world commodity and factor prices
(international terms of trade). Particularly, the competitiveness of the country’s
agricultural exports has been affected with the removal of various forms of protection,
interest rate and export subsidies and substantial currency devaluations (Vink et al., 2002,
Poonyth et al., 2000 and 2001). At the same time, a number of other reforms in domestic
policies governing the distribution of and access to key resources such as land and water
among others have been introduced to address the social and economic inequities of the
past. Although the agricultural sector has already undergone significant changes as a
result, adjustment is far from complete and the effects of many of these reforms, some of

which have just been implemented, will be felt for many more years to come.



As mentioned in the previous section key water sector (micro) policy changes stemming
mainly from implementation of the NWA are expected to have important direct and
indirect implications for future water use and allocation and associated macroeconomic
consequences. Among the changes introduced in the NWA are measures correcting for
past biases and promoting future equity in access to water resources®, and promotion of
efficiency in water use and allocation among competing activities such as irrigation,
mining, manufacturing and services. One immediate adjustment in response to the initial
move towards economic efficiency which increased charges on water was the rapid
switch of land and water out of low value field crops such as maize to high value
horticultural products for export and shifts to use more efficient irrigation technologies
(Hassan, 1998 and 2003). The NWA also promotes trade in water leading to efficiency
gains in water use in some areas (Louw, 2002). Protecting ecological demand and basic
human need for water is a central objective of the NWA which directly affects water

availability for economic activities

Some of the main macroeconomic changes that are expected to have important influences

on water use and allocation and overall economic wellbeing include:

e Strategic plans underway aiming at higher rates of economic growth over the next
decade and completion of the process of provision of basic needs of which access to
clean water for large segments of the population is a top priority (i.e. Accelerated and
Shared Growth Initiative for SA —Asgisa). Increased competition for water between
agriculture and non-agricultural activities (domestic and industrial) is a sure

consequence of this major future macroeconomic drive.

e Rapid urbanization fostered by recent major shifts away from primary production
activities such as agriculture to industrial and services sectors and lifting restrictions
on internal migration. This fast rural-urban migration has major implications for

competition for water particularly between domestic and other uses.

e Policy changes with implications for the performance of agricultural exports mainly
produced under irrigation include: further adjustments in the rate of foreign exchange;

® The equity objectives of the new NWA provide for allocation of larger shares of water at subsidized
prices to small holder farmers and basic human need (i.e. provision of access to water and sanitation to
previously excluded communities).



trade protocols with SA’s main trade partner, the European Union (EU), which
receives more than 50% of the country's total exports (Jooste et al. 2003); direction of
future regional economic cooperation within the Southern African Development
Community (SADC) as well as other African countries supplying more than 30% of
the total imports and receiving about 15% of the total exports of the country (Jooste et
a., 2003).

In addition to the above, important global phenomena such as climate change (CC) and
the world energy crisis are expected to have impacts on water resources and the
economy. For example, CC is predicted to have significant impacts on water availability
(Schultze, 2005) whereas the energy crisis is already inducing major land use changes,
especially towards biofuels production with important implications for water and food

security.

The impact of these policy changes on the productivity of irrigated agriculture, rural
poverty and food security in SA need to be carefully and deeply studied. However, given
the new global environment and the fact that goals of a number of these policy changes
are often conflicting (i.e. equity versus efficiency) and sometimes work in opposite
directions it is hard to predict net outcomes unless their impacts are evaluated within a

general equilibrium framework.

The above represents a wide range of potential policy scenarios that would shape future
water resources’ management in SA, a comprehensive evaluation of which may not be
possible to undertake within one study. We therefore have chosen to analyze the impacts
of a selected set of main policy scenarios* briefly identified below with their full details
described later in respective sections of the report.

1. As argued above, while SA is on its way to the complete removal of price distortions
(subsidies and taxes) in the water and agricultural sectors, major non-price restrictions
remain in place that constrain reallocation of water between activities, sectors and regions
on basis of economic efficiency. Investigating the implications of removing such non-

price constraints on water allocation between competing activities, sectors and

* These were arrived at through extensive consultations with key stakeholders (e.g. DWAF, farmers’
associations, etc.) and experts conducting research on water management and policy in SA.



geographical regions is therefore an important policy shift to consider. One such new and
important policy initiative, and one with which the country has had virtually no previous
experience, is allowing trade in water among various users (i.e. allocation of water on
economic efficiency basis through the water-like market), in the new NWA. This type of
initiative is analyzed in scenarios where non-price restrictions on the allocation of water
between competing farming activities and regions within irrigated agriculture throughout

the country are implemented

2. The above scenarios are extended to analyze the consequences of relaxing quota
systems (i.e. non-price restrictions) to accommodate expected increased competition
between irrigated agriculture and non-agricultural sectors through the market under the
planned industrial growth strategies and rapid urbanization and consequences on

performance of irrigation agriculture and rural income and employment.

3. Modeling irrigation water management in the economy of SA

This section starts with a concise review of recent approaches to model economic aspects
and analyze policy interventions for managing water resources with special emphasis on
research addressing economy-wide linkages and impacts of various policy options. The
specific structural features of the model developed for SA and its important unique

attributes are then described in detail.

3.1 Quantitative models for analyzing the economics and policy of water

management

Economic policy research on water has focused mainly on efficiency in use and
allocation between competing economic activities and regions and evaluated implications
of alternative economic policy instruments and allocation regimes. The majority of
empirical studies have investigated impacts of shifting management regimes from
command and control measures such as quota systems to introduction of market-based
options, particularly economic pricing and trade in water. While economic efficiency was

the objective evaluation criteria (typically measuring gains in economic benefits and
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welfare) for most of the studies, few attempts have been made to evaluate social impacts
such as poverty but with little efforts so far assessing environmental outcomes.

Building on the well established farm management economics in the 1970s most early
analyses were based on developing normative farm (optimization) models that allocate
water among competing farming activities, e.g. crops, etc. within a representative farm to
maximize profits. These efforts have then been extended to build agricultural
optimization sector and regional programming models. Naturally early efforts employed
single market or sector models (e.g. agriculture or water). With big advances in
computational capabilities and empirical modeling, previous efforts have been further
extended to developing multi-sector (i.e. adding competition from non-agriculture uses),
multi-region and multi-model components (i.e. adding hydrological and bio-economic
components). All mentioned studies however remained within the partial equilibrium
framework that does not account for important linkages to other segments of the
economy and assumes independence of markets and exogeneity of prices (find
comprehensive reviews of this literature in Johansson 2002 and 2005). Recent efforts by
the Bureau for Food and Agricultural Policy Research (BFAP) to build multi-market
models for agricultural commodities in SA made attempts to establish linkages with
nominal macroeconomic sectors such as exchange rate and general price level and
endogenized prices of agricultural commodities (Meyer, 2006). This multi-market system
of agricultural commodity while building powerful substitution possibilities on the
demand and supply side, it focused mainly on agricultural trade aspects and lacked a

water factor component in their supply response and demand structures.

To overcome the limitations of partial equilibrium approaches in incorporating important
inter-sector and inter-market linkages and endogenous prices, recent efforts attempted to
develop economy-wide modeling frameworks for analyzing economic and policy aspects
of water management. Examples of early work employing CGE framework include
Seung et al. (2000) and Goodman (2000). Further modeling complications were then
added to these early efforts to allow for larger sector and regional dis-aggregations
(Peterson et al., 2004; Dywer et al., 2005; Smajgl et al., 2005; Diao et al., 2005; Tirado et
al., 2006; Velazquez, 2007), analyze implications on trade (Beritella et al., 2006; Kohn,
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2003), evaluate equity and distributional effects (Bocanfuso et al., 2005; Letsoalo et al.,
2005) and address environmental impacts (Finoff, 2004; Letsoalo et al., 2005)°.

While CGE models better handle economy-wide effects they suffer from high aggregation of
economic activities into key sectors which limits their ability to investigate feedback effects
from micro or sector changes and interventions to the macro-economy and vise versa.
Recent attempts have been made to develop CGE models that can handle such feedback
linkages (Roe et al., 2005). The Roe et al. (2005) work allows for tracing the micro effects
(ie. at sector and regional scales) of macro level policy changes (e.g. trade) as well as
feedback effects on macro-economic aggregates of micro-level policy changes (e.g. farm
level water allocation and trading regimes). This however is implemented sequentially in a
two-step analytical structure with a micro farm model component separate from the macro
CGE model. The Water CGE model developed for SA described in the following section
attempts to overcome this limitation of the Roe et al. (2005) model by directly incorporating
highly disaggregated structure of water and agricultural activities as integral components of
the CGE model. This enables obtaining solutions with both macro and micro effects and
adjustments simultaneously occurring, i.e. not sequential. Most previous work on modeling
economics and policy of water resource management in SA falls under the partial
equilibrium tradition with few attempts to capture multi-sector linkages but employing
relatively simpler model structures (Hassan, 1998 and 2003; Letsoalo et al., 2005; Matete and
Hassan, 2007; Juana, 2008).

3.2 The SA Water SAM and CGE model structure

A new agriculture and water-focused South African social accounting matrix (SAM) and
computable general equilibrium (CGE) model were constructed for this study to examine
the economy-wide impacts of selected macro and micro (water related) policies on water
use and allocation and national economy.® Apart from its treatment of water, the model
contains detailed information on production, trade and consumption. These are discussed
below before describing how agricultural and nonagricultural water use is incorporated in

the model. A full description of the CGE model is given in Appendix A2.

® Find more comprehensive review of this and other relevant literature in Dudu and Singobile (2008).

® The Thurlow and van Seventer (2002) South African SAM form the basis for modeling non-agricultural
activities for this study. New data provided the basis for modeling a new structure for highly disaggregated
agricultural sector activities. The SA Water-SAM and CGE model are documented in Thurlow (2008).
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3.2.1 Production and employment

The model contains 40 sectors/commodities, including 17 agricultural and 15 industrial
sectors.” Agricultural production is divided into field crops (summer cereals; winter
cereals; oil crops and legumes; fodder crops; cotton and tobacco; and sugarcane),
horticultural crops (vegetables; citrus fruit; subtropical fruit; deciduous fruit and
viticulture; and other horticulture), livestock (livestock sales; dairy; poultry; and other
livestock products) and fishing and forestry.® Field crops are further separated into
irrigated and rainfed whereas all horticultural production is assumed irrigated. Together,
these agricultural sub-sectors account for 4.3 percent of national gross domestic product
(GDP) — making agriculture a relatively small part of the South African economy (see
Table 3). By contrast, the industrial sectors comprise one-third of national GDP, ranging
from the more capital-intensive mining, metals and energy sectors, to the more labor-

intensive food processing, textiles and construction.

One key new and unique feature of this SA Water SAM (SAWSAM) is modeling
production and consumption activities by WMA. This is of crucial relevance to water
resources management and policy institutions such as DWAF and the newly established
catchment management agencies (CMAS) as all their current and future allocation plans
and strategies are drawn based on WMAs as the principal geographic units of
management. Agricultural and nonagricultural production in the SAWSAM model is
therefore disaggregated across each of SA’s 19 WMASs®. The characteristics of these
WMASs vary considerably (see Tables 4 and 5). For example, agriculture is only one

percent of the Upper Vaal’s GDP (i.e.,, Gauteng Province), but more than a third of

" Appendix Al lists sectors and Appendix Tables A2.1 and A2.2 report model’s variables and equations.

8 Agriculture is disaggregated across sub-sectors using the 2002 Census of Commercial Agriculture
(StatsSA, 2002) and the 2006 Abstract of Agricultural Statistics (DOA, 2007). Commercial agriculture
comprised 45, 818 active farming units in 2002 (StatSA, 2002), occupying 87% of total agricultural land
and produces 95% of marketed agricultural output (Vink and Kirsten, 2003). The remaining agricultural
land is cultivated by ‘emergent’ or subsistence farmers, the actual number of whom is not well established
with estimates ranging between 300,000 to a million (Johann Kirsten personal communications).

® See Figure 1 for a map showing the 19 WMAEs. Sectoral production in the Water-SAM was disaggregated
across WMAs using municipal-district-level information from the regional version of the South African
Standard Industrial database (Quantec, 2007). Aggregate agricultural production was further disaggregated
across WMAs using magisterial-district-level information from the 2002 Census of Commercial
Agriculture (StatsSA, 2002). Districts were mapped to WMA s if a majority of their land area fell within the
area’s boundary. In total there are 874 representative producers in the model (each of the 19 WMAS contain
40 sectors, with the 6 field crops further disaggregated into irrigated and rainfed).
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Breede’s GDP (i.e., the grape growing regions surrounding Cape Town). The largest
agricultural area in terms of GDP is Mvoti-Umzimkulu (i.e., the sugarcane growing
region outside of Durban), but in terms of land area it is the Middle Vaal (i.e., the maize
growing region in Free State province). Thus, while the regional dis-aggregation of the
model is motivated by WMAs, it also captures the varying importance of agriculture and
other sectors in different parts of the country.

While agriculture contributed only 4.3 percent of national GDP in 2002, it is far more
labor-intensive than other sectors, accounting for 8.7 percent of total employment (see
Table 4). By contrast, the industrial sectors are more capital-intensive, mainly as a result
of the heavier metals and energy sectors. To capture differences in production
technologies, the model identifies six factors of production: three types of labor
(unskilled, skilled and highly-skilled), agricultural land, irrigation water, and capital.
Higher-skilled labor and capital are assumed to be fully employed with flexible real
wages.'® Conversely, and to reflect SA’s high levels of unemployment, we assume the
supply of unskilled labor is perfectly elastic at a fixed nominal wage.** Regional labor
markets allow workers to migrate across sectors within each WMA, i.e. not across
WMAs. Land and irrigation water are also assumed to be freely allocable across
agricultural activities within each WMA, but their supplies are fixed at the level observed
in each WMA in the base year. Finally, capital is fully-employed and mobile across all
sectors and WMAs. Producers in the model employ these factors so as to maximize
profits under constant returns to scale, with the choice between factors governed by a

constant elasticity of substitution (CES) function.

Composite factors are combined with fixed-share intermediates under a Leontief
specification. Intermediate demands for crops and livestock are derived from the 2002
Census of Commercial Agriculture, which asked farmers in different regions to report
expenditures on a range of inputs, such as seeds, fertilizer and veterinary services.

Agricultural production technologies are thus unique to each sub-sector/activity and

19 _abor employment data is taken from the 2004 Labor Force Survey (September) (StatsSA, 2005).

1 South Africa’s unemployment rate was 31.6 percent in 2003 under the strict definition and 42.8 percent if
the non-searching unemployed are included in the workforce (Casale et al., 2004). Unemployment rates are
much higher for unskilled workers than for either skilled or high-skilled labor.
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region (i.e. WMA). By contrast, nonagricultural production technologies are taken from
the national supply-use table (StatsSA, 2004) and are thus the same across WMAs.

3.2.2 Domestic and international trade

Producers in each region? supply their output to a national commodity market, where
they are exported, sold domestically, and/or combined with imported goods. Substitution
possibilities exist between production for domestic and foreign markets based on a
constant elasticity of transformation (CET) function. Profit maximization drives
producers to sell in those markets where they can achieve the highest returns. These
returns are based on domestic and export prices (where the latter is determined by the
world price multiplied by a flexible exchange rate and adjusted for any taxes). According
to the 2002 SAM, relatively little of SA’s agricultural production is exported, with the
exception of horticultural products (see Table 3). Rather it is mining and metals that

generated almost half of total export earnings.

Substitution possibilities also exist between imported and domestic goods under a CES
Armington specification. ** The final ratio of imports to domestic goods is determined by
the cost minimizing decision-making of domestic demanders based on the relative prices
of imports and domestic goods (both of which include relevant taxes). Most of SA’s
imported goods are chemicals, machinery and equipment. Agricultural imports are
considerably smaller and are mainly for food crops, such as maize and wheat (shown as

summer and winter crops in Table 3).

Under the small-country assumption, SA faces perfectly elastic world demand/supply at
fixed world prices. There are, therefore, four endogenous commaodity prices in the model:
a single national supply price reflecting region-specific producer prices; an export and an
import price based on world prices and the exchange rate; and a composite market price.
The final market price is the same in all regions and includes transaction costs and
indirect taxes. While observed prices do vary across SA, the assumption of a national
commodity market avoids having to model physical trade flows between WMAs (for

which there is no data). This implies that consumers can purchase commodities produced

12 Note that “region” and “WMA” are interchangeably used throughout this paper to mean the same thing.
3 Trade elasticities are taken from the Global Trade Analysis Project (Dimaranan, 2006).
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in any WMA, but it is not possible to identify from which WMA a specific consumer
good originates. However, this assumption is reasonable given SA’s relatively small and

well-connected economy.

The CGE model contains a measure of the exchange rate, which adjusts to ensure that
SA’s current account balance remains fixed in foreign currency. The model’s exchange
rate is an index capturing the relative price of tradables to non-tradables (i.e., the real
exchange rate). Thus, for example, if total import demand rises in response to shifting
consumer demand, this would, all else being equal, increase the country’s current account
deficit. However, in the CGE model, the real exchange rate depreciates in order to raise
the export prices received by domestic producers, while also raising import prices for
domestic consumers. This stimulates an increase in exports needed to pay for additional

imports, thereby maintaining the current account balance at its original level.
3.2.3 Household incomes and demographic structure

The model distinguishes between various institutions, mainly government and a number
of representative household groups. Households in each WMA are disaggregated across
rural/urban areas and national expenditure quintiles'*. Each representative household is
an aggregation of the individual households captured in the 2001 Population Census and
the 2000 Income and Expenditure Survey (reconciled with inflation and national
accounts) (StatsSA, 2002 and 2001)*°. Households receive income in payment for
producers’ use of their factors of production’®. Households pay direct taxes to
government (based on fixed tax rates)’’, save (based on marginal propensities to save),
and make transfers to the rest of the world. Households use their income to consume
commodities under a linear expenditure system (LES) of demand.

“ There are 190 representative households (five expenditure rural and urban quintiles in each WMA)

> Since the household survey is not representative at the WMA level, per capita income/expenditure
patterns were identified at the provincial level for rural and urban areas, and then multiplied by the number
of rural and urban inhabitants reported by the population census. Household incomes from various income
sources were manually adjusted proportionately to match the expenditure levels reported in the survey.

16 Note that the SAWSAM does not have an “enterprise” account and hence capital payments are paid
directly to households. Land and irrigation water rents are similarly distributed across households.

17 Since the SAWSAM does not have a separate enterprise account, corporate taxes are taken directly from
capital to the government direct tax account. Similarly, it was assumed that all industrial and domestic
water value-added is paid to the government at a 100% tax rate.
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Per capita expenditures vary considerably across rural and urban areas and WMAs (see
Table 6). The lowest per capita expenditures are reported for WMA’s where rural
populations are largest (see Table 4) and agriculture is more subsistence-oriented
(Luvuvhu-Letaba, Limpopo, Thukela, Mzimvubu-Keiskamma). By contrast, rural per
capita expenditures are similar or exceed urban expenditures in WMAs that are close to
major urban centers or where there are larger commercial farmers, such as in the Berg
and Middle Vaal. The regional structure of the model thus highlights the divide that
exists between SA’s rural and urban areas, and between large-scale commercial farmers

and small-scale subsistence-oriented farmers.

The final institution in the model is the government, which receives revenues from
imposing activity, sales and direct taxes and import tariffs, and then makes transfers to
households, enterprises and the rest of the world. The government also purchases
commodities in the form of government consumption expenditure, and the remaining
income of government is (dis)saved. All savings from households, enterprises,
government and the rest of the world (foreign savings) are collected in a savings pool
from which investment is financed. Since the model is static, changing the level of

investment does not influence the accumulation of capital stocks.
3.2.4 Model closure

The model includes three broad macroeconomic accounts: the government balance, the
current account, and the savings and investment account. In order to bring about balance
between the various macro accounts, it is necessary to specify a set of ‘macroclosure’
rules, which provide a mechanism through which macroeconomic balance is achieved.
We assume a ‘balanced closure’ such that nominal changes in total absorption are evenly
distributed across private and public consumption spending and investment demand.
Government recurrent spending is financed through proportional changes in direct tax
rates, and domestic institutions’ savings propensities are adjusted proportionally to ensure
equality of savings and investment in equilibrium®®. For the current account it was

assumed that a measure of the real exchange rate (i.e. a price index of tradables to non-

8 This follows Nell (2003) who found that investment in SA is at least partly savings driven.
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tradables) adjusts in order to maintain a fixed level of foreign savings (i.e. the external
balance is held fixed in foreign currency.

3.2.5 Agricultural water use and shadow prices

As mentioned earlier, the model disaggregates agriculture across a number of crops and
WMAs. It also separates field crops into irrigated and rainfed production. Since almost
all horticultural production takes place under irrigation, around one-fifth of SA’s
agricultural land is irrigated (see Table 6). Amongst field crops, irrigation is most
prevalent for higher-value crops, such as cotton, tobacco, sugarcane and fodder, and
lowest for maize and oil crops. Irrigated land also produces substantially higher yields,
with average irrigated maize yields twice those of rainfed maize. The model is calibrated
to capture these differences in production levels and yields across crops and regions (i.e.
WMAGS).

In order to incorporate irrigation water into the model, it is necessary to identify the
productivity effects of water on crop yields. This study extended the approach and
results of Hassan and Mungatana (2006) to include additional crops modeled in the
SAWSAM and updated their estimates of the value of marginal product (VMP) of water
using 2002 market output prices. This approach used experimental research trials’ data
from SA’s Agricultural Research Council (ARC, 2000) which measure the amount of
water needed to achieve different yield levels for a variety of crops to estimate the

following quadratic form water-yield response function:

Y, =g+ 0.0+ 5::1"1‘?

Where Y; is output of crop i per hectare of land (in kilograms) and W; is the amount of
water used to produce this level of output (in miIIimeters)lg.

All regressions used Ordinary Least Squares and a number of the production functions
produced statistically significant results, some of which are reported in Table 7. These

coefficients were then applied to the average yields reported in the 2002 Census of

% The ARC data represent national average results obtained under optimal irrigated crop management
conditions. Hence these estimates of the effects of water on yield do not reflect variations of climatic, soil
and other production conditions in different WMA's.
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Commercial Agriculture in order to estimate current water use, which in turn were used

to calculate the VMP for water using the following formula:
VME,m P (JV/3W,) m By (B, + 362, W)

Where P, is the price of crop i. This is shown in the final columns of Table 7, where the

VMP is measured in 2002 prices. Amongst the highest VMP were those for high-value
field crops, such as cotton and tobacco, and fruits, such as peaches and pears. The crop-
water production functions can also be used to derive water demand curves for different
crops (see Figure 2 which constructs water demand curves for selected crops at their 2002
prices). Demand curves are inelastic for lower-value and less water-intensive crops, such
as lucerne and sorghum, and more elastic for water-intensive crops, such as sugarcane
and sunflowers. Moreover, farmers in more water-abundant WMAS grow more water-
intensive crops (e.g. sugarcane in Mvoti-Umzimkulu). The current VMP for each crop is
indicated on each curve, which shows the sensitivity of some VMP estimates to average
yield and water demand estimates. Although the proper measure of the marginal
contribution of water to production value (VMP) should be derived from a response
function that controls for the effect of other production inputs, which was not possible
here for lack of data, these empirical estimates of water demand seem to provide at least

reasonable ordering of elasticities across crops.

Finally, subtracting non-water irrigation costs from the VMPs shown in Table 7 provides
an estimate of the shadow price of water for different crops. According to Hassan and
Matlanyani (2004) average irrigation costs incurred by farmers in 2002 were R0.19/m?
for water tariffs and R1.65/m> for non-tariff expenditures (e.g. energy, labor and repairs
and maintenance). Subtracting these costs (R1.84/m3) from VMP produces a residual
between farmers’ willingness to pay for water (as shown by water demand curves) and

the actual payments made by farmers. These water ‘shadow prices’ are shown in Figure 3

20 These elasticity results are consistent with results of a similar study in Morocco (Roe et al. 2005) which
found that farmers chose less water intensive crops in areas where water was relatively scarce.
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for selected crops. The shadow price is negative for lucerne because the sales price (and
hence VMP) for this fodder crop is insufficient to recoup the costs of irrigation®’.

We matched the estimated crop-water use coefficients and shadow values to the crop
categories in the CGE model — using similar crops in cases where the regression results
were unavailable or insignificant. For example, the shadow prices of potatoes and wheat
were applied to all vegetables and winter crops, respectively. Furthermore, since only
national experimental data was available, the same coefficients were applied in all
WMASs. However, region-specific yields for each crop were used to estimate water
demand. This was multiplied by the shadow price, which is measured per hectare of land,
in order to calculate the total shadow value of production for different crops in each
region. This was subtracted from the capital value-added for each crop reported in
national accounts and the 2002 Census of Commercial Agriculture. Irrigated water
therefore appears as a factor of production in the CGE model and is used exclusively by
irrigated agricultural sectors. The returns to the irrigated water factor (i.e., the shadow
price) are distributed to higher-income rural households according to their ownership of
the returns to commercial agricultural land. The government also charges a fixed raw
water tariff that vary by WMA depending on what supply schemes are providing water
(Figure 3 used the 2002 average charge of R0.02/m® reported in Hassan and Matlanyani
(2004)).

3.2.6 Nonagricultural water use and distribution system

Although the model pays particular attention to agriculture and irrigated water, it also
captures industrial and domestic water use. Unlike irrigated water, the provision of
nonagricultural water takes place via the water distribution system. In other words, it is
treated as an intermediate input and not as factor of production (as was the case with
irrigation water). Moreover, the water distribution system charges different tariff rates to
different sectors or users, including rural and urban households, industrial users, and the
mining and energy sectors (DWAF, 2002-07). However, to simplify the system, the CGE

model only distinguishes between two groups: (i) heavy industry and (ii) light industry

2! There may be a risk premium associated with ensuring minimum levels of supply. This may explain why
farmers are willing irrigate lucerne despite its negative VMP (i.e., irrigation provides a low-cost form of
insurance against rainfall variability).
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and households. This is because water tariffs charged to heavy industries (e.g. mining and
energy) are substantially below those charged to households and light industries.

Industrial water expenditures are reported in SA’s supply-use tables. Given the value of
these expenditures and the total amount of water used by these industries (reported in
StatsSA, 2000), we estimate the implied price per unit of water supplied to heavy
industry. We then subtracted the cost of supplying this water via the distribution system
(see Hassan and Matlanyani, 2004) in order to arrive at the residual (‘profit’) earned by
water in the heavy industrial sectors. This was used as a measure of the value-added of a
new water factor that used exclusively by the heavy industry water distribution sector.
The demand for water by heavy industry in each region is shown in Table 6. Industrial
demand is heavily concentrated within a few WMAs, particularly Upper Vaal

(Johannesburg), Mvoti-Umzimkulu (Durban), and Crocodile-Marico (Pretoria).

A similar process was used to estimate the value-added of domestic and light industrial
water use. Again, water expenditures for domestic and industrial use are reported in the
supply-use table. More detailed information on household water expenditures (by
rural/urban areas and expenditure quintiles) was taken from the 2000 Income and
Expenditure Survey. These expenditures were divided by the total quantity of water
demanded by these users (StatsSA, 2000) to arrive at an average price for water. Supply
costs were subtracted and the residual was treated as water value-added in the domestic

and light industrial water distribution sectors.

In summary, water is incorporated into the SAM and CGE model by (i) separating
agriculture in irrigated and rainfed production; (ii) disaggregating all production, labor
markets and households across water management areas; (iii) estimating the shadow
value of irrigation water for different crops; and (iv) distinguishing between the industrial

and domestic water distribution systems.
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4. Results of scenario analyses of key water related macro-micro

policy linkages

As seen from the discussion in section 2 above water allocation between WMA'’s and
between competing economic uses within WMAs remains governed by a number of
quantitative restrictions and non-market factors. The developed Water CGE model will
be useful for evaluating the net impacts of potential shifts in water policy towards more
market-based allocation regimes which the NWRS aspires to promote. The SA Water
CGE model is accordingly employed in this section to examine a number of water-related
issues in SA. The economy-wide (micro and macro) impacts of the following policy

scenarios have been evaluated:

Scenario | simulated intraregional irrigated-water-market liberalization to examine the
impact of liberalizing local water allocation among crops so as to equalize the SP of
irrigation water across crops within each WMA. This scenario does not introduce
changes in total water use at the WMA-level (i.e. implying current inter-region water
transfers are not changed) and also does not change allocation of available water between
irrigation and other uses (e.g. industry and domestic users). The regional irrigation water
market liberalization (Regional Irrigation Market) scenario however, allows for more
efficient allocation of water resources among crops within WMAs based on crop-specific
water demands (VMP). We expect the model to allocate relatively more water to those
activities that in the base solution had relatively high shadow price (SP) values (i.e. water
restricted). However, since the elasticities of water demand vary by crop and are affected
by product market adjustments (with product price adjusting less if the crop is relatively
foreign trade intensive), some SP values may rise or fall by lager magnitudes relative to
the base than other SP values. Consequently, the initial SP values only provide a partial
prediction of the direction of the final result. This scenario leads to estimation of general

equilibrium SPs for irrigated water for the various WMASs;

Scenario Il allows for changes in inter-regional transfers of water for irrigation use based
on existing water transfer schemes in addition to liberalizing regional (within WMA)
irrigation water markets (Scenario I). Water allocation between irrigation and non-

agricultural use remain unchanged in this scenario which liberalizes national irrigation
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water markets (National Irrigation Market scenario). This scenario equalizes irrigation
water SPs both within and between all WMA'’s and thus establishes a national general

equilibrium SP;

Scenario |11 introduces increased competition for water from predicted expansions in
non-agricultural uses and rapid urbanization through rural-urban migration. This scenario
however, does not liberalize water markets (i.e. does not allow transfer of or trade in
water between irrigation and competing non-agricultural uses, i.e. for industrial, mining,
services and domestic purposes). It also maintains current inter-basin water transfers

unchanged (Water-Restricted -Urbanization scenario).

Urban residents consume substantially more water resources than rural residents,
implying that urbanization and industrial expansions will greatly increase urban water
demand over the coming decades. This is expected to heighten competition for scarce
water resources between urban users (residents and urban-based industries) and
agriculture increasing the opportunity cost of subsidizing irrigation water, and may
warrant a reallocation of water resources from agricultural to non-agricultural and
domestic use. This establishes the potential gain from liberalizing water markets to allow

water trade between irrigation agriculture and non-agriculture sectors.

Scenario IV liberalizes water markets allowing for market-based water transfers out of
irrigated agriculture to municipal areas to meet the growth in demand for domestic and
industrial use introduced under scenario Ill. This scenario (Water-Liberalized
Urbanization) is expected to transfer significant amounts of water out of irrigation
agriculture leading to declines in agricultural GDP, rural employment and incomes. The
net impacts on the national economy will ultimately determined by the magnitudes of
offsetting gains from expansions in urban-based non-agricultural sectors’ income and

employment.
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Regional (scenario I) and National (scenario Il) irrigation water market liberalization

simulations: Micro impacts

The previous section estimated crop-level differences in water SPs caused by irrigated
water quotas assigned to farmers based on the types of crops they grow (Figure 3)*.
Although we apply the same crop-specific SPs throughout the country, differences in
cropping patterns imply that average SPs vary across WMASs. As shown in Table 9, the
shift from a crop-specific to a uniform market-based regional irrigation water price under
scenario | (Regional Irrigation Market) has different effects on average SPs across
WMAs, with some regions’ prices rising and others falling. This outcome depends on
initial crop patterns and water SPs. For instance, as expected initial water SPs are lowest
in major water exporting regions (surplus WMAs — see Table 2) such as the Upper
Orange, Usutu-Mhlatuze and Thukela. On the other hand, average base SPs in water
importing regions such as the Berge, Olifants, Crocodile and Fish WMAs are relatively
higher reflecting scarcity.

In addition to the water stress factor, current pattern of cropping also have important
influences on average base SPs. For example, WMAs cultivating high shares of their land
to high value crops (e.g. horticulture in Luvulvhu-Letaba, Olifants/Dom and Breede and
oil seed in Limpopo - see Table 5) show relatively higher SPs. This is in contrast with the
case of water importing WMAs such as Middle and Lower Vaal which show low SPs due
to the fact that most of the land in these regions are planted to lower value field crops

(e.g. summer and winter cereals — Table 5).

Table 9 shows changes in national agricultural production and water use. Crops with low
initial SPs show the largest declines in production, such as fodder crops, summer cereals
and sugarcane. Irrigated land allocated to these crops declines substantially such that all
fodder production and most of cereals and sugar cane go under rainfed systems. By
contrast, most horticultural crops have a high willingness-to-pay for irrigated water and
their irrigated production expands significantly (especially citrus fruits and vegetables)

after liberalizing local irrigated water markets (Regional Irrigation Market scenario).

%2 This assumes that crop yield levels reported in the 2002 Census of Commercial Agriculture (StaSA,
2002) reflect yield levels achieved under particular per ha water quota allocations that are crop specific.
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Finally, while there is a general shift in irrigated land from field crops to horticulture,
some field crops do benefit under water market liberalization. For example, the amount
of irrigated land allocated to higher-value cotton and tobacco increases but their dry-land
production decreases. However, the higher yields achieved under irrigation causes a

substantial increase in total cotton and tobacco production.

Table 9 shows a large decline in sugarcane and summer cereals production, and a shift of
irrigated water resources towards citrus fruits. Since the SP of citrus fruits is substantially
higher than that of either of these field crops, we observe an overall increase in regional
irrigation water market prices for regions like Thukela where field crops currently
dominate. By contrast, the three Vaal WMAs are better suited to growing field crops
rather than horticulture (Table 5). The production of summer cereals (i.e. maize) declines
and water resources are reallocated towards winter cereals (i.e. wheat), which have a
slightly higher SP?. Furthermore, summer cereals are more water-intensive than winter
cereals (Table 6) and their reduction therefore creates an excess supply of irrigated water
in the region, thus driving down the regional price water. The only exception is the
Lower Vaal, where the market-based irrigation water price rises as a result of producing

higher-value deciduous fruits and viticulture.

The final irrigation water market price is expected to be lower in regions where water
resources are more abundant and higher in water scarce regions. The final ranking of
irrigated water market prices follows expectations with upstream WMASs having lower
prices than downstream WMAs. For example, the regional irrigation water price for the
Upper Vaal WMA is lower than the Middle Vaal’s, which in turn is lower than the Lower
Vaal’s. This pattern is similar for the Upper and Lower Orange WMAs. The highest
prices are estimated for the higher-value fruit-producing Western Cape (i.e., Berg, Breede
and Olifants/Doorn) and lowest for the cereals-producing Vaal WMAs. This indicates
possible gains from interregional liberalization allowing changes in current inter-basin

water transfers as simulated in Scenario Il below.

2 This model predicted shift toward increased irrigated wheat has already happened as actual field
observations from the Douglas/Vaal/Orange Riet and Modderrivier irrigation areas confirm this trend on
the ground (Kirsten, personal communications).
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The previous scenario (Regional Irrigation Market liberalization) focused on equalizing
irrigated water SPs within WMAs. However, the results from this scenario indicate that,
while the largest SP differences are indeed at the crop-level, there are also substantial
differences between WMAS. In the previous scenario we assumed that the infrastructure
required to equalize crop-level SPs already exists within each WMA. However, to
equalize regional SPs requires more extensive interregional infrastructure. SA already has
three major water transfer schemes designed for this purpose, as well as a number of

natural flows along rivers connecting WMAs (Table 10).

The first of the three transfer schemes is the Orange River Project, which transfers water
between the Upper Orange WMA (i.e., Free State) and the Fish-Tsitsikamma WMA (i.e.,
Eastern Cape). Water is transferred from the Gariep Dam via the Orange-Fish tunnel,
where it supplies half of the water used in the Fish-Tsitsikamma WMA. Secondly, a
number of schemes transfer water between the Thukela and Upper Vaal WMAs, the
largest of which is the Drakensberg Pumped Storage Scheme. About half of the water in
the Thukela WMA is pumped from the source of the Thukela River over the Drakensberg
escarpment to the Sterkfontein Dam. It is then transferred to the industrial and
metropolitan areas around Gauteng, where it accounts for one-third of total water use.
Finally, the Lesotho Highlands Water Project transfers water from source of the Orange
River in Lesotho to the Upper Vaal WMA via a tunnel running under the Lesotho border.
Although smaller in terms of volume, the more-recently completed Lesotho scheme is the
largest inter-basin transfer scheme in the world and is considered more economically
viable than the Thukela-Vaal schemes (Earle et al., 2005).

Given existing infrastructure and natural river-based flows, the second scenario (National
Irrigation Market liberalization) focuses on equalizing SPs for irrigated water both within
all WMAs and also across two of the main water transfer schemes. First, the previous
scenario indicated that liberalizing regional irrigation water markets widens the gap in
irrigation water prices between the Fish-Tsitsikamma and Orange WMAs (Table 9). In
the second (National Irrigation) scenario we increase exogenously water transfers to the
Fish-Tsitsikamma WMA in order to equalize SPs with the Upper and Lower Orange
WMAs. Second, the previous scenario also indicates that intraregional liberalization
would raise the Thukela WMA'’s irrigation water price above that of the Vaal WMA:s.
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Thus, while existing crop-based water quotas create incentives to transfer water under the
Thukela-Vaal scheme, removing these quotas would justify reducing these transfers in
order to equate SPs across the two regions. Accordingly, in the second (National
Irrigation Market) scenario we decrease water transfers from the Thukela WMA in order
to equalize SPs with the Upper, Middle and Lower Vaal WMAs. We expect that the
increase in irrigation water will lower the price of irrigated water in the recipient regions
thus favoring more irrigated-water-intensive crops. Conversely, reducing irrigation water
supplies will raise irrigation water prices in the outflow WMAs and reduce production of
higher-value water-intensive crops. As mentioned earlier both scenario | and Il are
limited to irrigated agriculture and does not introduce changes in current allocations
between agriculture and non-agriculture uses, which will be considered in Scenarios 11l
and IV.

Table 11 shows the amount of water that would have to be transferred in order to equate
regional SPs for the selected WMAs. For example, 348 million m® of the 431 million m?
currently transferred under Thukela-Vaal scheme would need to be reversed in order to
equalize SPs with the Vaal River WMAs. This would generate the same price of irrigated
water in all four of these WMAs (i.e., R0.46 per 1000m®) and would double the amount
irrigation water available in the Thukela WMA. Similarly, an additional 476 million m?
of irrigation water would have to be transferred to the Fish-Tsitsikamma WMA in order
to equate SPs with the Orange River WMAs (i.e., at R0.68 per 1000m°).

As expected, the increase in irrigated water supply causes a shift out of dry-land
production in the Thukela WMA, especially for sugarcane and summer cereals, which
occupy most of the available dry-lands (Tables 11 and 12). While some of the newly
irrigated lands are used to replace the decline in dry-land production, there is an overall
decline in production of most field crops. This is because expanding irrigated land allows
farmers in the Thukela WMA to increase production of higher-value vegetables and
citrus fruits. By contrast, the reduction in irrigated water supply in the Vaal WMAs
encourages a shift out of irrigated cereals and into dry-land production. There is also a
decline in vegetables production in the Upper and Middle Vaals, and deciduous fruit and
viticulture production in the Lower Vaal. Overall, reversing of the Thukela-Vaal water

transfer reduces the production of field crops in the affected WMAs, partly because it
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encourages a shift into low-yield dry-land cereals production and into higher-value
irrigated horticulture.

There are similar effects from increasing irrigated water supply to the Fish-Tsitsikamma
WMA. With the increased availability and falling price of irrigation water, farmers in the
recipient WMA use newly irrigated lands to shift production from dryland fodder crops
to more water-intensive citrus fruit. This is consistent with the current situation where
farmers in the Eastern Cape use transferred water to grow citrus. By contrast, farmers in
the two Orange River WMASs respond to falling irrigated water supply and rising
irrigation water prices by increasing dry-land production of cereals and fodder crops and
reducing irrigated vegetable production. Since yields are significantly lower on dry-lands,
there is an overall decline in field crop production, especially for winter cereals. Thus,
extending the transfer of irrigated water under the Orange River Project reduces cereals
and vegetables production and encourages more high-value water-intensive citrus fruit
farming in the Eastern Cape. These results are in line and consistent with the regional

liberalization effects of scenario |I.

Regional (scenario 1) and National (scenario Il) irrigation water market liberalization

simulations: Macro impacts

Regional and national liberalization of irrigation water markets has important impacts at
the macro- or national-level which are compared and discussed in this section. Imported
cereals increase in order to replace falling domestic cereals production (caused by the
shift to low-yield rainfed production). The decline in cereals exports is more than offset
by increased horticultural exports, such that overall agricultural exports rise under both
scenarios. This causes a slight decline in the relative price of tradables to non-tradables

driven by lower demand for internationally-traded commodities.

Ultimately, agricultural GDP increases by 4.5% under the Regional Irrigation water
market liberalization scenario, driven almost entirely by increased horticultural
production and exports. Adjusting water transfers under the National Irrigation water
liberalization scenario also affects WMAs outside of the two transfer schemes (i.e.
economy-wide impacts from WMA level policies). For instance, falling cereals and

vegetables production in the Vaal and Orange River WMAs drives up the national price
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of these commaodities (Table 13), which encourages other WMASs to increase production.
Conversely, increased citrus fruit production in the transfer recipient WMASs lowers
prices and encourages other regions to reduce citrus production. Overall, agricultural
GDP levels further improve gaining an additional percentage point (i.e. achieving 5.4%
compared to 4.5% increase) under scenario 1l (National Irrigation Market), again driven
by shifting land from lower-value dry-land field crops into higher-value horticulture.

Non-agricultural GDP declines slightly due to increased competition for productive
resources, such as capital and labor, and due to the falling domestic price of
internationally-traded commodities, which reduces, at the margin, the competitiveness of
export-competing goods and non-agricultural exports in particular. Overall, there is little
change in total economy-wide GDP, in part due to agriculture’s relatively small share as
noted above. Irrigation water market liberalization also causes the consumer price index
to increase slightly due to the rising price of cereals (in spite of substantial declines in
horticultural prices). Liberalizing irrigation water markets thus causes a shift in
agricultural production away from consumer-intensive commodities, such as cereals,
towards more export-intensive horticultural products. SA therefore becomes a larger net

importer of cereals (i.e. maize and wheat).

Increased agricultural production also creates additional employment for lower-skilled
workers, with 32,000 new jobs created in the sector under scenario | (see Table 14),
which is more than double the number of displaced workers from the contracting non-
agricultural sectors. Employment gains are higher under scenario Il incremental
expansion in GDP creating an additional 12,900 jobs in the sector (i.e. from 32,000 to
42,900), primarily for lower-skilled workers. Agricultural production is less skill- and
capital-intensive, and its wages are about two-thirds of the average non-agricultural
wage. As such, the shift into agricultural employment causes a slight decline in the
economy-wide wages for the three labor skill groups and in the returns to capital. On the
other hand, this shift raises the demand for agricultural land, whose returns rise as a result
of the scarcity of this agriculture-specific factor. Finally, as mentioned earlier, the
national average returns to irrigation water falls slightly, as irrigation water market
liberalization causes water resources to be released by large water-intensive crops, such

as summer cereals and sugarcane. Together this increases incomes and per capita
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expenditures amongst lower-income households. By contrast, demand for high-skilled
labor and capital declines with the shift out of non-agriculture causing these factors’

returns to decline.

Interestingly, rural households are the main beneficiaries from irrigation water market
liberalization (Table 15). This suggests that liberalization of irrigation water markets
leads to both efficiency and equity gains, making this policy consistent with and in the
spirit of the broader policy reforms discussed in the introduction section. These
households benefit from higher agricultural production, increased employment in the
agricultural sector, and rising returns to agricultural land. By contrast, urban households’
per capita consumption declines slightly due to falling non-agricultural production,
declining higher-skilled workers’ wages, and rising agricultural commodity prices. This
offsets any income gains for higher-income households. Rising consumer prices for
cereals also reduces real expenditures for urban more than rural consumers. However,
since the transitional growth of the SA economy, as discussed above, is one of growth in

the non-farm sector, these negative effects are likely to be short lived.

The increased returns to lower-skilled workers benefits lower-income households in both
rural and urban households (i.e., expenditure quintiles 1 and 2). Higher-income
households’ consumption falls due to falling returns to capital and high-skilled workers’
wages. Finally, the regions whose rural households benefit overall are generally those
whose water SPs rose as a result of liberalization (e.g., Usutu-Mhlatuze, Tukela, Lower
Vaal, Fish-Tsitsikamma, and Gouritz). Per capita expenditures increase in the water
transfers recipient regions (i.e., Thukela and Fish-Tsitsikamma). Conversely, expenditure
in the Lower Orange WMA declines since the region is currently heavily dependent on
higher-value irrigated horticulture, which is no longer feasible after reducing the supply
of irrigation water. Of the other WMASs outside of the transfer schemes benefiting under
the National Irrigation market liberalization scenario are those that were initially more
focused on field crop rather than horticulture production, since field crops’ prices rise

relative to horticultural prices.
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Macro and micro economic implications of competition under Water-Restricted (scenario

I11) and Water-Liberalized Urbanization (scenario V)

Agriculture is an important sector, especially as an employer for many rural households.
However, it is industry and services that dominate the South African economy, and which
have outperformed agriculture over the 15 years following the end of Apartheid.
Agricultural GDP grew at 0.4 percent per year during 1994-2007, while industry and
services grew at 2.6 and 4.3 percent, respectively (StatsSA, 2008). These transitional
forces pulled labor from agriculture as per capita incomes grew. This reflects SA’s
accelerating shift away from primary sector production (including mining) towards
greater industrialization and a more prominent role for services (e.g., transport,
communication and finance). These structural changes have been at least partly facilitated
by the removal of agricultural subsidies and trade protection for many agricultural
products, and by the greater openness of the economy, which has fostered capital
deepening that contributed to the rise in real wages and nonagricultural export growth

(Hérault and Thurlow, forthcoming).

The sectoral pattern of growth and the lifting of restrictions on internal migration, has
also favored urban centers, which in turn has prompted rapid out-migration from rural
areas. While SA has long been undergoing an urbanization of its population, the rate at
which the rural population has migrated to larger metropolitan areas has risen sharply
since the mid-1980s. During 1960-1985, the rural and urban populations grew at similar
rates of 2.2 and 2.6 percent per year, respectively (World Bank, 2008). However, towards
the end of Apartheid, there was a rapid divergence in population growth, with rural and
urban populations growing at 0.9 and 3.0 percent, respectively during 1985-2005. As a
result, the urban population share rose by 9.9 percentage points between 1985-05
(compared to 2.8 percentage points during 1960-1985), such that by 2005 about 60% of

the population live in urban centers (compared to 49.4 percent in 1985).

While some of the ‘urbanization’ of the population may be attributed to higher
HIV/AIDS-related mortality in rural areas, there is evidence that workers and their
families are leaving rural areas and moving to major metropolitan centers (Posel and

Casale, 2003 and 2006). Furthermore, many migrants are moving into informal
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metropolitan settlements (i.e., ‘townships’) (Collinson et al., 2006) in search of higher
wages and better services (Choe and Chrite, 2007). New migrants place pressure on local
municipalities to provide basic services, including water and sanitation. As shown in
Table 16, poorer urban households consume more water per capita than their rural
counterparts. For example, the poorest urban quintile consumes eight times more water
per capita than rural households at similar levels of expenditure.”* Thus the continued
migration of lower-income households from rural areas to urban centers will dramatically

increase the amount of water demanded via established distribution networks.

In this section we present two scenarios reflecting the current structural and demographic
changes taking place in SA. The first scenario (scenario 111) examines the impact of rural-
to-urban migration on urban household water demand and the additional pressures that
this places on water resources under current water allocations, i.e. not allowing for
changes in current regional and sectoral availability of water (i.e. the Water-Restricted
Urbanization scenario). The second scenario (scenario 1V) implements scenario 111 under
liberalized regional water markets allowing for market-based transfers of water between
irrigation  agriculture and non-agriculture within WMA’s (Water-Liberalized
Urbanization) while maintaining current inter-basin transfers (between WMA’S)

unchanged.

Scenario Ill is implemented in the model by exogenously increasing urban demand
through an urbanization mechanism (i.e. rural-urban migration). To capture the rapid
pace of rural-to-urban migration in SA, we model an out-migration of half of the
remaining rural population living in the lowest three expenditure quintiles (i.e., the rural
population shares fall to around 20 percent). We assume that migrants move from rural
quintiles to equivalent urban quintiles within their own WMA. For example, migrant
workers and their families in the lowest rural quintile move into the lowest urban quintile,
thereby increasing the labor endowment of this representative household in the model and

hence its share of labor incomes earned within their WMA-specific labor market.

2% part of the difference in rural/urban water use may be attributed to the lack of formal water distribution
systems in rural areas, such that rural households reported using less water than urban households in the
household survey (i.e., they paid less for water). However, this gap also exists for higher-income
rural/urban households, who have better access to formal water distribution networks, thus confirming the
higher per capita water demand in urban areas.
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Moreover, new migrants and their families adopt urban consumption patterns, allowing

us to capture increased demand for water resources caused by urbanization.

Migration of workers and their families from rural to urban areas shifts overall
composition of household demand towards urban consumption patterns, which are
considerably more water-intensive (Table 18). As a result the price of domestic water
resources increases by 6% under the Water-Restricted Urbanization scenario.
Urbanization also increases demand for other services, such as electricity. Continued
urbanization (rural-urban migration) therefore places considerable pressure on the
provision of local services, leading to heightened competition of scarce resources,
particularly water for household uses.

Urban consumers also spend a larger share of their incomes on processed foods and other
nonagricultural goods. Thus the shift in demand composition caused by urbanization
increases nonagricultural GDP, but reduces demand for less-processed agricultural goods.
For example, food processing GDP expands by a total of 3.3 percent (Table 17).
Changing aggregate demand patterns causes significant declines in raw agricultural
production (Table 17). Agricultural employment declines as a result under Water-
Restricted Urbanization scenario by 59,000 jobs, which is equivalent to 8.4% of the
current agricultural workforce (Table 18). While new nonagricultural jobs are created for
migrant workers, they are insufficient to offset the decline in agricultural employment.
These results indicate how the lower labor-intensity of industry vis-a-vis agriculture may

increase national unemployment in SA as urbanization proceeds.

The rural-urban migration mechanism we adopt reallocates workers from rural to urban
areas focusing on the lowest three expenditure deciles. Table 20 shows the changing
household worker populations, which accounts for changes in populations resulting from
both migration and changing levels of overall employment. As seen in the table, the rural
working population the lowest three quintiles is approximately halved under the Water-
Restricted Urbanization scenario, as workers migrate to urban areas. Since most of the
workers in the country’s lowest quintile reside in rural areas, the out-migration of rural
workers causes the working population in the lowest urban quintile to more than double.

By contrast, most of the country’s population in the third quintile lives in urban areas,
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such that rural out-migration increases the urban population of this group by around 50
percent. The decline in labor-intensive agricultural production reduces the overall level of
employment in the country under Water-Restricted Urbanization causing slight declines

in household worker populations for these higher-income households.

Table 21 also shows the impact of urbanization on consumption per worker for different
household groups. Generally speaking, if rural and urban household consumption patterns
are similar and urban migrants are able to find similarly paid employment, then the
migration of workers from rural to urban areas will not greatly affect per worker
consumption spending in rural and urban areas. However, as discussed above,
urbanization reduces demand for agricultural goods, which causes a decline in
agricultural production and employment. Rural expenditures per worker for the lower
quintiles decline with urbanization. Higher-income rural households benefit from larger
returns to high-skilled labor and capital. Given their larger incomes per worker, the
impact in absolute terms is sufficient to raise average rural incomes. Conversely, the shift
in consumer demand towards nonagricultural goods and the increase in nonagricultural
GDP increases expenditures per worker in urban areas. However, the inflow of lower-

paid migrants into urban areas causes average urban expenditures to decline.

The final scenario (Water-Liberalized Urbanization) examines the impact of responding
to increased industrial and urban water demand by transferring water from irrigation to
urban/industrial use within each WMA. In the previous scenario we assumed that there
was no change in the supply of urban/industrial water resources. This constrained supply,
coupled with rising domestic water demand, caused domestic water prices to rise by 3.1
percent (Table 17). In this Water-Liberalized Urbanization scenario we include the
effects of urbanization from the previous scenario, but now allow for transfer of irrigation
water to urban/industrial use, such that the national urban/industrial water price remains

unchanged.

As shown in Table 21, in order to neutralize the rising water price, 7.1 percent of
irrigation water at the national level must be transferred to domestic use. This causes
agricultural production and GDP to decline further under liberalization (Table 17).

Production expands substantially for the domestic water distribution sector, which lowers
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the national domestic water price. However, the small size of water charges relative to
sectors” GDP implies that reducing water price does not greatly reduce the overall cost of
production. Thus, there are only small changes in other nonagricultural sectors’ GDP

under this scenario.

The decline in irrigation water and a consequent increase in its SP cause a substantial
drop in agricultural production, primarily for irrigation-intensive crops such as fruits
(Table 18). This reduces agricultural employment by a further 6,900 jobs, which is
equivalent to one percent of the total agricultural workforce (Table 19). This causes rural
expenditures per worker to decline for all expenditure quintiles. Moreover, the small
increase in non-agricultural GDP and the low labor intensity of the water distribution
sector means that there are only 900 new non-agricultural jobs created relative to the
Water-Restricted Urbanization scenario. Thus, while urban households benefit more than
rural households from lower water prices, the overall effect of the domestic transfer on

urban consumption per worker is small.

The above results suggest that liberalizing water trade involves difficult trade-offs in
allocating water resources between alternative uses. While industrialization and
urbanization create additional nonagricultural jobs and raise household incomes in urban
areas, these processes also cause substantial increases in water prices. These two
outcomes apparently justify increased transfers away from subsidized irrigation use. On
the other hand, transferring water from irrigation to domestic use leads to substantial
declines in agricultural production, which raises agricultural and food prices and lowers
per capita incomes in the SA’s poorer rural areas. There are thus trade-offs between SA’s
industrialization strategy and urbanization process, and its social objectives of raising

employment, reducing poverty, and improving service delivery.

5. Conclusions, policy implications and future research agenda

SA is water stressed. The pressure on existing water resources is predicted to worsen with
planned growth strategies, observed recent demographic changes and unfavorable global
climatic and economic conditions. A drive toward ambitious industrial expansion

accompanied by rapid growth in services’ economies and urbanization, and government
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strategic priority to extend access to basic services such as clean water and sanitation to
millions of previously excluded populations are expected to increase the competition for
the already stressed water resources. The implications are expected to be particularly
severe for irrigation agriculture which currently uses more than 60% of water resources
in the country. On top of all this, the country is undergoing radical water sector reforms
which aim to correct for previous social injustices and economic inefficiencies in water

use and allocation with again serious implications for irrigation agriculture.

The fact that many of these changes and policy reforms serve conflicting objectives and
often work in opposite directions necessitates adoption of an economy-wide approach to
properly evaluate their net impacts on rural livelihoods and economy at large. The present
study attempted to develop such comprehensive analytical framework within a general
equilibrium framework to account for inter-sector linkages and micro-macro feedbacks.
Accordingly a new social accounting matrix and CGE model were constructed to
examine the economy-wide impacts of selected macro and water related policies on water
use and allocation and national economy. The CGE model incorporates agricultural and
nonagricultural water use and contains detailed information on production, trade and

consumption.

Currently water resources’ management within the SA economy is based on some
strategic allocation regimes that determine the distribution of managed total water
supplies between regions (water management areas - WMA) and economic sector at set
(not market determined) water charges. Sectoral and economy-wide impacts of four
policy change scenarios have been evaluated. The four policy scenarios experimented
with relaxing such non-price restrictions on water distribution to allow for market based
allocations under current water productivity levels and predicted urbanization and
industrialization trends. In the first policy scenario (Regional Irrigation water market
liberalization) current regional shares of water supplies were allocated between
competing irrigated agricultural activities (i.e. different crops) on basis of economic
efficiency (i.e. market based) to equalize water shadow prices (SP) across all crops within
the same WMA. Implicit crop-level water quotas were found to have a significant
influence on the structure of agricultural production. They reduce the amount of irrigated
land allocated to higher-value horticultural crops, while creating higher shadow rents for
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farmers producing lower-value water-intensive field crops, such as sugarcane and fodder
crops. Liberalizing regional irrigation water markets would therefore improve the
efficiency of water allocation within WMAs. It would also expand agricultural
production and exports, and create additional jobs for farm laborers. These jobs are
especially important for lower-income rural households who rely on incomes from on-
farm employment. However, regional water market liberalization would also increase the
price of cereals, thus increasing SA’s dependence on imported grains and raising
concerns for urban consumers. Accordingly, liberalizing local water allocation within
irrigation agriculture was found to work in favor (increased area and production) of high
value crops such as horticulture, expand agricultural production and exports and farm

employment.

The second policy experiment simulated implications of liberalizing interregional water
markets to equalize water SPs within irrigated agriculture across all WMAs (i.e. allowing
for market-based transfers between some WMAS in addition to among crops). Again such
policy change favors production of higher value crops and regions with positive
macroeconomic impacts and improves employment and income levels for low-income
households. Using existing transfer schemes to equalize interregional SPs increases
agricultural GDP. However, it favors greater production of high-value crops (citrus fruits)
at the expense of cereals and other field crops. This raises the price of these crops, which
reduces real expenditures for higher-income households, especially in urban areas. By
contrast, real per capita expenditures increase for lower-income households in the
recipient regions due to increased agricultural employment and rising returns to
agricultural land. Finally, amending existing water transfer schemes has economy-wide
implications, with some regions able to respond to rising cereals prices by increasing

production and, thereby, raising rural incomes.

The third policy scenario (water-restricted urbanization) introduced competition for water
from non-agriculture urban uses with irrigation agriculture. This leads to much higher
competition and higher water SPs for irrigation water with reduced income and
employment benefits to rural households and higher gains for non-agricultural
households. Like scenario Ill, the final policy experiment (scenario IV) considered

competition from industrial expansion and urbanization but transferred water from
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irrigated agriculture to domestic use to maintain the national water price unchanged. This
has major negative consequences on the agricultural economy. The above experiments
reveal difficult tradeoffs between general economic gains and higher water prices which
place serious questions on subsidizing water supply to irrigated agriculture, i.e. making
irrigation subsidies much harder to justify. (See Table 22 for a matrix of impacts of the

various policy scenarios.)

38



References

ARC (Agricultural Research Council), 2000. Unpublished statistics from CEEPA Data
Base, AERC, Pretoria.

Berrittella, M., Rehdanz, K., Tol, S.J.R., 2006, The Economic Impact of the South-North
Water Transfer Project in China: A Computable General Equilibrium Analysis,
NOTA DI LAVORO 154.2006: Fondazione Eni Enrico Mattei

Boccanfuso, D., Estache, A., Savard,L., 2005, A Poverty and Inequality Assessment of
Liberalization of Water Utility in Senegal : A Macro-Micro Analysis, Working
Paper No. 05-13, Groupe de Recherche en Economie et Développement

International:Universite de Sherbrooke

Case, A. 2000. “Income Distribution and Expenditure Patterns in South Africa”

Unpublished mimeo. Princeton University.

Casale, D., Muller, C. and Posel, D. 2004. “Two million net new jobs: A reconsideration
of the rise in employment in South Africa, 1995-2003”, South African Journal of
Economics, 72(5): 978-1002.

Choe, C. and Chrite, E.L. 2007. “Internal Migration of Blacks in South Africa: Self-
selection and Brain Drain”, Unpublished manuscript, Department of Economics,

University of Arizona, USA.

Collinson, M., Kok, P. and Ganenne, M. 2006. Migration and changing settlement
patterns: Multilevel data for policy. Report 03-04-01, Pretoria: Statistics South
Africa.

Department of Agriculture. 2007. Abstract of Agricultural Statistics, Pretoria.

Diao, X., Roe, T., Doukkali, R., 2005, Economy-wide Gains from Decentralized Water
Allocation in a Spatially Heterogeneous Agricultural Economy, Environment and

Development Economics 10: 249-269

Dimaranan, B.V. (ed.) 2006. Global Trade, Assistance, and Production: The GTAP 6

Data Base, Centre for Global Trade Analysis, Purdue University.

Dudu, Hassan and Singobile Chumi, 2008. Economics of irrigation water management:

39



A literature survey with focus on partial and general equilibrium models, World Bank
Policy Research Paper...

DWAF (Department of Water Affairs and Forestry), 2008. Strategic framework on water

for sustainable growth and development, DWAF, Pretoria

DWAF (Department of Water Affairs and Forestry), 2002-07. Water Services Tariffs,
DWAF, Pretoria

DWAF (Department of Water Affairs and Forestry), 2005. Groundwater Resource
Assessment Phase 11, DWAF, Pretoria

DWAF (Department of Water Affairs and Forestry), 2004. National Water Resources
Strategy, DWAF, Pretoria

DWAF (Department of Water Affairs and Forestry), 1998. The National Water Act, Act
No. 36 of 1998, DWAF, Pretoria

Dwyer, G., Loke, P., Appels, D., Stone, S., Peterson, D., 2005, Integrating Rural and
Urban Water Markets in South East Australia: Preliminary Analysis, Paper
presented to the OECD Workshop on Agriculture and Water: Sustainability,
Markets and Policies Adelaide, 14-18 November 2005

Earle, A., Malzbender, D., Turton, A., and Manzungu, E. 2005. “A Preliminary Basin
Profile of the Orange/Senqu River”, African Water Issues Research Unit,

University of Pretoria, South Africa
FAO. 2007. FAOSTAT, Food and Agriculture Organization, United Nations, Rome.

Finnoff, D., Caplan, A.J., 2004, A Bioeconomic Model of The Great Salt Lake
Watershed, Economic Research Institute Study Paper: ERI #2004-14, Utah State

University

Goodman, D. J., 2000, More reservoirs or transfers? A Computable General Equilibrium
Analysis of Projected Water Shortages in the Arkansas River Basin, Journal of

Agricultural and Resource Economics, 25(2):698-713.

40



Hassan, R. (1998). Evaluating the economy-wide impacts of the new water policy in
South Africa: A SAM approach, Paper presented to the First International

Congress of Environmental and Resources Economists, June 25-27, Venice

Hassan, R. (2003). Total economic benefits from water intensive agricultural activities: A

Partial 1-O approach. Development Southern Africa, June 2003.

Hassan, R.M and S. Matlanyani, 2004. Monetary water accounts for SA. Unpublished
report, CEEPA, University of Pretoria, Pretoria

Hassan, R. M. and J. Craford, 2006. Environmental and economic accounts for water
resources in South Africa, In Lange and Hassan (eds.), The Economics of Water
Management in South Africa: An environmental accounting approach. Edward

Elgar, London.

Hassan, R. M. and E. Mungatana, 2006. The value of water for off-stream uses in South
Africa, In Lange and Hassan (eds.), The Economics of Water Management in
South Africa: An environmental accounting approach. Edward Elgar, London.

Hérault, N. and Thurlow, J. “Agricultural distortions, poverty and inequality in South
Africa” forthcoming in Anderson, K., Cockburn, J. and Martin, W. (eds)
Agricultural Price Distortions, Inequality and Poverty, World Bank, Washington
D.C.

Johansson, R.C., Tsur, Y., Roe, T.L., Doukkali, R., Dinar, A., 2002, Pricing Irrigation
Water: A review of theory and practice, Water Policy, 4:173-179

Johansson, R.J., 2005, Micro And Macro-Level Approaches for Assessing the Value of
Irrigation Water, Policy Research Working Paper 3778, World Bank

Jooste, A., Kruger, E. and F. Kotze (2003). Standards and trade in SA: Paving pathways
for increased market access and competitiveness, In Wilson, J. and V. Abiola
(eds.), Standards and global trade: A voice for Africa. Washington D.C., the
World Bank.

Juana, James (2008). Efficiency and equity considerations in modeling sectoral water use
in South Africa. Unpublished PhD thesis, University of Pretoria, Pretoria

41



Kohn, R.E., 2003, Israel’s Need to Import Freshwater, Water Air and Soil Pollution, 143:

Letsoalo, A., Blignaut, J., de Wet, T., de Wit, M., Hess, S., Tol, R.S.J., van Heerden, J.,
2005, Triple Dividends of Water Consumption Charges in South Africa, Water

Resources Research

Lofgren, H., Harris, R. and Robinson, S. 2002. “A standard computable general
equilibrium (CGE) model”, IFPRI, Washington DC.

Louw, D. B., 2002. The Development of a Methodology to Determine the True Value of
Water and the Impact of a Potential Water Market on the Efficient Utilisation of
Water in the Berg River Basin. WRC Report No. 943/1/02. Water Research

Commission, Pretoria.

Matete, M. and Hassan, R. 2007. Integrated ecological economics accounting approach to
evaluation of inter-basin water transfers: An application to the Lesotho Highlands
Water project. Ecological Economics 60 (2007): 246-259

Meyer, F. (2006). Model closure and price formation under switching grain market

regimes in South Africa. Unpublished PhD thesis, University of Pretoria, Pretoria

Nell, K. 2003. “Long-run Exogeneity Between Saving and Investment: Evidence from
South Africa.” Working Paper 2-2003, Trade and Industrial Policy Strategies,
Johannesburg, South Africa.

Nell, J. and H. M. Van den Berg (2000). The use of the SA land cover project for national

state of irrigation reporting. Congress of the SA Irrigation Institute, Warmbad

Peterson, D., Dwyer, G., Appels, D., Fry, J.M., 2004, Modeling Water Trade in the
Southern Murray-Darling Basin. Staff Working Paper. Melbourne: Productivity

Commission

Poonyth, van Zyl and R. Hassan (2000). The impact of real exchange rate changes on

South African agricultural exports: An error correction approach. Agrekon

Poonyth, van Zyl, R. Hassan and Kirsten (2001). Exports and economic growth: The case
of South Africa, Agrekon.

42



Posel, D. and Casale, D. 2003. “What has been happening to internal labour migration in
South Africa, 1993-1999?”, South African Journal of Economics, 71(3), 455-479

Posel, D. and Casale, D. 2006. “Internal migration and household poverty in post-
apartheid South Africa”, in Kanbur, R. and Bhorat, H. (eds) Poverty and Policy in
Post-Apartheid South Africa, Pretoria: HSRC Press, 351-365.

Quantec. 2007. Republic of South Africa Regional Indicators. Pretoria, South Africa

Roe, T. L., A. Dinar, Y Tsur, and X. Diao. 2005. Feedback Links Between Economy-
Wide And Farm-Level Policies: With Application to Irrigation Water

Management in Morocco Journal of Policy Modeling (vol...).

Seung, C. K., Harris, T. R., Englin, J. E., Noelwah, R. N., 2000, Impacts of Water
Reallocation: A Combined Computable General Equilibrium And Recreation
Demand Model Approach, The Annals of Regional Science, 34:473-487.

Schulze, R.E. (ed). 2005. Climate change and water resources in Southern Africa: Studies
on scenarios, impacts, vulnerabilities and adaptation. WRC Report 1430/1/05,

Water Research Commission, Pretoria, RSA.

Smajgl, A., Morris, S., Heckbert, S., 2005, Water Policy Impact Assessment —
Combining Modeling Techniques in the Great Barrier Reef Region, In Zerger, A.
and Argent, R.M. (eds) MODSIM 2005 International Congress on Modeling and
Simulation. Modeling and Simulation Society of Australia and New Zealand,
December 2005, pp. 1985-1991

StatsSA. 2000. Natural Resource Accounts: Water Accounts for Nineteen Water

Management Areas, Pretoria, South Africa.
StatsSA. 2001. 2000 Income and Expenditure Survey, Statistics South Africa, Pretoria.
StatsSA. 2002. Census of Commercial Agriculture: 2002, Statistics SA, Pretoria.
StatsSA. 2004. Final Supply-Use Tables for South Africa, 2002, Statistics SA, Pretoria.
StatsSA. 2005. Labor Force Survey (September 2004), Pretoria.

StatSa (Statistics South Africa) (2006). Water Resources Accounts for SA. Discussion
Report D0405, StatSa, Pretoria (December 2006)

43



Stats SA, Latest Key Indicators. April 2008.
http://www.statssa.gov.za/keyindicators/keyindicators.asp

Tirado, D., Gbmez C.M., Lozano, J., 2006, Efficiency Improvements and Water Policy in
The Balearic Islands: A General Equilibrium Approach, Investigaciones
Econdmicas, XXX (3):441-463

Thurlow, J. 2008. A water SAM and CGE model for South Africa. Unpublished Report.

Thurlow, J. and van Seventer, D. 2002. “A standard computable general equilibrium
(CGE) model for South Africa.” Trade and Macroeconomics Discussion Paper
No. 100, IFPRI, Washington, D.C.

Woodford, A., Rosewarne, P., Girman, J., 2006, ‘How much groundwater does South
Africa have?” www.srk.co.uk/groundwater/PDFs/1_A_Woodford.pdf

Velazquez, E., Cardenete, M.A., Hewings, G.J.D., 2007, Water Price and Water
Reallocation in Andalusia: A Computable General Equilibrium Approach,
Working Paper ECON 07.04:Universidad Pablo de Olavide

Vink, N. and Kirsten, J. 2003. “Agriculture in the National Economy”, in Nieuwoudt, L
and Groenewald, J (eds.) The Challenge of Change: Agriculture, Land and the

South African Economy, University of Pretoria Press, South Africa.

Vink, N., Tregurtha, N. and J. Kirsten (2002). SA changing agricultural, food and
beverage imports: Implications for SADC suppliers. Report to the World Bank,

University of Stellenbosch.

44



Appendices

Appendix Al. Sectors in the CGE model
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12
13
14
15

16
17

Agriculture
Field crops

Summer cereals (maize, sorghum)
Winter cereals (wheat, barley)
Oil crops & legumes (groundnuts,

beans)

Fodder crops (Lucerne, grain maize)
Sugarcane
Cotton & tobacco (incl. other field

Horticultural crops

Vegetables

Citrus fruits

Subtropical fruits

Deciduous fruits and viticulture
Other horticulture (tea, nuts)

Livestock

Livestock sales (cattle, sheep, pigs)
Dairy

Poultry (chickens, eggs)

Other livestock products (wool, game)

Other agriculture

Fisheries
Forestry

18
19
20
21

22
23
24

25
26
27
28
29
30

31
32

33
34
35
36
37
38
39
40

Industry

Mining (coal, gold)

Food & agricultural processing
Textiles, clothing & footwear
Wood & paper products

Chemicals & petroleum
Nonmetallic mineral products
Metals & machinery

Electrical machinery

Scientific equipment

Transport equipment (incl. vehicles)
Other manufacturing (incl. furniture)
Electricity generation

Domestic & light industrial water

distribution

Heavy industry water distribution
Construction

Services

Retail & wholesale trade

Hotels & catering

Transport

Communication

Financial & insurance services
Business services & real estate
Community & other private services
Government services
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Appendix A2: Specification of the South African Water-CGE model

This appendix presents the equations and variables of Water-CGE model, which is an
adaptation of the IFPRI standard static model documented in Lofgren et al. (2002). Most
model equations’ parameters are calibrated to values in the Water-SAM. However, there
are a number of quantity-based parameters and behavioral elasticities in the Water-CGE
model that are calibrated using other data sources. These are provided in the
accompanying Microsoft Excel® files.

Tables A2.1 and A2.2 list the variables and equations of the Water-CGE model. Activity
production in Water-CGE model is governed by a constant elasticity of substitution
(CES) production function (Equation 13). This assumes constant returns to scale and
allows producers to shift demand for different factors depending on their relative prices.
This factor demand is derived from the production function’s first order condition
(Equation 14). Composite factors (from Equation 13) are combined with fixed-share
intermediates under a Leontief specification (Equations 11 and 12). Activities also
receive producer subsidies and pay activity taxes, including a water tariff for their use of
irrigation water. While the model disaggregates production across WMASs, these regions
are treated as different activities producing the same commodity for sale in the national
commodity market. In other words there is no regional subscript in the Water-CGE
model. The aggregation of different WMAS’ output into a composite commaodity is also
governed by a CES aggregation function (Equation 17). This allows substitution between
different WMAS’ based on their relative producer prices so as to minimize the marketed
supply price of a commodity (Equation 18).

Marketed supply from domestic producers is either exported or sold in domestic markets.
This decision to supply domestic or foreign markets is based on a constant elasticity of
transformation (CET) function (Equation 19). Profit maximization drives producers to
sell in those markets where they can achieve the highest returns based on relative
domestic and export prices (Equation 20). Export prices include any transaction costs
incurred in transporting the commodity from the border to the final sales market
(Equation 2). Commaodities that are not exported are supplied to domestic markets and
also incur transaction costs (Equation 3). Demanders then decide whether to consume
domestically produced and supplied commodities or whether to consume imported
commodities. Thus, substitution possibilities also exist between imported and domestic
goods under a CES Armington specification (Equation 22). The final ratio of imports to
domestic goods is determined by the cost minimization based on the relative prices of
imports and domestic goods (Equation 23), with the latter including import tariffs and
import transaction costs (Equation 1). Under a small-country assumption, world import
and export prices are fixed in foreign currency.

Total factor incomes are determined by activities’ collective demand for each factor of
production (Equation 26). Total factor supply is fixed for relatively scarce factors (i.e.,
agricultural land, water resources, capital and highly skilled labor) and flexible for more
abundant underemployed factors (i.e., skilled and unskilled labor). The former are fully
employed earnings flexible nominal returns, while the latter earn a fixed nominal wage
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with perfectly elastic supply. After paying factor taxes, the remaining factor incomes are
paid to households depending on their share of total factor endowments adjusted for a
fixed household wage distortion term (Equations 27 and 28). Factor taxes include
corporate taxes and the returns to domestic and industrial water resources (see the Water-
SAM in Section 4). Households also receive income from government and inter-
household transfers (Equations 28 and 29). Households then save and pay taxes, and the
remaining disposable income is used for consumption expenditures (Equation 30).
Commodity consumption expenditure is derived from maximizing a Stone-Geary utility
function, which results in a linear expenditure system (LES) of demand (Equation 31).

Commaodity demands from other components of domestic absorption are assumed to be
proportional to base-year demand quantities (Equations 32 and 33). The value of total
investment demand is equal to total available savings, which includes government
savings (or dis-savings), household savings, and foreign savings or capital inflows
(Equation 40). Since household savings rates are fixed, the Water-CGE model assumes a
savings-driven investment closure.?® The version of the Water-CGE model documented
in this paper is comparative static, so the level of investment does not influence the level
of capital stocks. Tax rates are fixed. So government savings, which includes the fiscal
deficit and public investments, is determined endogenously such that total revenues
equals total expenditures in equilibrium (Equation 39). Finally, the level of foreign
savings is fixed in foreign currency, and the exchange rate adjusts to balance the current
account, which is dominated by trade with the rest of the world (Equation 38). Together
the total amount of commodities demanded must be equal to total composite supply in
equilibrium (Equation 37). This includes commodity demand generated by transaction
costs (Equation 25).

The Water-CGE model is coded using GAMS. The specification and calibration of the
model is done in the 1model.gms file. The model file is a general specification of the
CGE model, while the associated 1model.dat and 1model.xIsx contain the South African
Water-SAM and other country-specific data. After running and saving the GAMS model
file, the 2simulation.gms file restarts and contains the designed simulations and their
macroeconomic and factor market closures.

% Nell (2003) finds that this is an appropriate closure for South Africa.
47



Table A2.1: Model sets, parameters and variables

Sets Sets

o Activities i Institutions
c Commodities het Households
f Factors

Exogenous parameters

Exogenous parameters

@eds;  Weights in consumer price index
g@wbsz  Weights in domestic price index
Feav Foreign savings in foreign currency
icoigg  Intermediate input per unit of output
fedggr  Trade input per unit domestic sales unit
fueget  Trade input per exported unit
fomrges  Trade input per imported unit
g Intermediate input per activity unit
frog Value-added input per activity unit
e Base-year government demand quantity
gE, Base-year private investment quantity
TR Household savings rate
WWER Export price in foreign currency
wwnrg  Import price in foreign currency
gfshzs Household worker population
thy Household personal tax rate
ti, Import tariff rate
tg. Sales tax rate
[T Factor quantity demand tariff

Wrmg,;  Factor transfer to institutions
wfds,  Activity wage distortion factor

wfhkry  Household average wage distortion factor

pelve, Commodity aggregation shift parameter

ol Armington function shift parameter

ok CET function shift parameter

e Production function shift parameter

s Household consumption budget share

g Commodity aggregation share parameter

gk Armington function share parameter

5t CET function share parameter

gEe Production function share parameter

Yok Household subsistence consumption
TR Inter-household transfers shares

= Yield of output per unit of activity output

plE CES value-added function exponent

oo Commodity aggregation function exponent

_.;ag Armington function exponent

ak CET function exponent

Endogenous variables

Endogenous variables

£rt Consumer price index

DF Domestic or producer price index

Ef Government expenditures

£H, Consumption spending for household
EXR Exchange rate in local per foreign units
&AaDf  Public consumption adjustment factor
@4 Government savings
T4 Investment adjustment factor

Fay Activity price

0F, Export quantity
Qfxa  Activity factor demand
QFFx  Total factor supply
o Government commodity demand
U,  Quantity commodity consumption
ZINTA; Quantity of aggregate intermediate input
&INT,a Activity’s intermediate input quantity
QiNV,  Commodity investment demand quantity
By Commodity import demand quantity
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FDI.  Domestic demand price 00,  Domestic quantity of sold domestically
PS5, Domestic supply price o7, Trade input quantity
FE, Export price in domestic currency OFVA,  Aggregate value-added quantity
MNTA;  Aggregate intermediate input price QX Aggregate domestic output quantity
M, Import price in domestic currency BXEC, . Activity commodity output quantity
FeFg Composite commodity price SHiFpy  Household factor income share
F¥a,  Value-added price TRHH, ,» Inter-household transfer values
FX, Aggregate producer price W& Average factor price
FRaTye Activity commodity producer price ¥y Total factor income
Gy Activity output quantity }ﬁfﬂ Total government revenue
2. Domestic quantity sold domestically FH;; Total household income
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Table A2.2: Water-CGE model equations

Price equations
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Table 1: Value added and employment indicators of water use (RSA 2000)

Water use Value added (GDP) indicators Employment indicators
Total in m3 R million % of GDP % of total water GDP / m? (R) Employment Employment /
(million) 000 m3
Irrigation 7,921 23,045 2.7% 72.6 %
Rainfed crops 0 0.0 %
£ Forestry 431 4,406 3.9%
< Total 8,665 27,451 3.3% 79.4 % 3 1.10 0.13
LoZo- o 297 19,431 23% 2.7% 65 0.08 0.26
o Gold 127 16,949 2.0% 1.2% 133
£ Other 261 46,442 5.5 % 2.4% 178
= Total 388 63,391 7.6 % 3.6% 163 0.48 1.23
9 Food processing 123 24,613 29% 1.1% 200
E ? Other 577 137,852 16.4 % 53 % 239
22 Total 700 162,465 19.4 % 6.4 % 232 1.50 2.14
Construction 110 21,114 25% 1.0% 192
Transport 120 50,003 6.0 % 1.1% 417
o 2 Government 152 133,158 159 % 14 % 876
?i; = Other 483 361,205 431% 44% 748
=3 Total 865 565,480 67.5% 7.9% 654 7.07 8.17
= Urban 1,697
g Rural 261
Qo Total 1,958
TOTAL 12,873 838,218 100.0 % 100.0% 77 10.22 0.94
Population 43,686
X‘e’ftf;p‘:f: & GDP 0.295 19,187

Source: Adapted from Hassan and Crafford (2006) and StaSa (2006)
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Table 2 Water supply and use in South Africa by Water Management Areas in 2000 (units are in million m®)

MAR Ecological Yield Transfers Use Transfers Water
Water Management Area Reserve In Out Balance
S\E"fi‘ie Groundwater BEtU[”’ Production | Households
Limpopo 986 156 160 98 23 18 280 42 - (23)
Luvuvu/Letaba 1,185 224 244 34 23 - 297 36 13 (36)
Crocodile-West/Marico 855 164 203 146 369 519 889 295 10 43
Olifants River 2,040 460 410 99 100 172 868 97 8 (192)
Inkomati 3,539 1,008 816 9 71 - 787 58 311 (260)
Usuthu to Mhlatuze 4,780 1,192 1,019 39 52 40 667 50 114 319
Thukela 3,799 859 666 15 56 - 288 46 506 (103)
Upper Vaal 2,423 299 599 34 501 1,311 669 376 1,379 19
Middle Vaal 888 109 (67) 57 62 829 310 60 502 6
Lower Vaal 181 49 (54) 125 54 548 599 44 - 30
Mvoti to Umzimkulu 4,798 1,160 433 6 84 34 510 287 - (240)
Mzimvubu to Keiskamma 7,241 1,122 776 21 57 - 297 77 - 480
Upper Orange 6,981 1,349 4,311 65 71 2 881 87 3,149 333
Lower Orange 502 69 (1,083) 25 97 2,035 1,009 19 54 (8)
Fish to Tsitsikamma 2,154 243 260 41 122 575 855 46 - 97
Gouritz 1,679 325 191 64 20 - 301 37 1 (64)
Olifants/Doorn 1,108 156 266 45 24 3 365 8 - (35)
Breede 2,472 384 687 109 68 1 600 32 196 37
Berg 1,429 217 380 57 45 194 444 260 - (28)
RSA 49,040 9,545 10,217 1,088 1,899 - 10,915 1,958 170 186

Source: DWAF (2004) and StatSa (2006)
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Table 3. Structure of the South African economy

Share of total (%) Export Import
GDP  Employment  Exports Imports intensity intensity

Total GDP 100.00 100.00 100.00 100.00 13.48 13.31
Agriculture 4.32 7.87 3.65 2.17 15.05 9.27
Field crops 1.79 2.93 0.59 1.46 5.93 13.53
Summer cereals 0.43 0.89 0.31 0.40 11.09 13.55
Winter cereals 0.17 0.33 0.01 0.26 1.00 18.97

Oils & legumes 0.18 0.34 0.18 0.48 15.62 34.07
Fodder crops 0.03 0.06 0.00 0.00 2.61 0.00
Sugarcane 0.84 0.99 0.00 0.00 0.00 0.00
Cotton & tobacco 0.14 0.32 0.09 0.32 11.02 30.69
Horticultural crops 1.00 1.85 2.16 0.23 42.05 7.08
Vegetables 0.22 0.55 0.07 0.00 5.60 0.00
Citrus fruits 0.15 0.24 0.53 0.02 67.91 6.76
Subtropical fruits 0.08 0.11 0.07 0.00 16.52 0.00
Deciduous fruits 0.45 0.65 1.30 0.00 62.57 0.00
Other horticulture 0.10 0.30 0.19 0.22 34.26 35.71
Livestock 1.28 2.80 0.85 0.27 10.88 3.46
Other agriculture 0.26 0.29 0.05 0.21 3.89 13.53
Industry 33.38 29.27 75.84 83.46 22.17 21.96
Mining 8.72 4.96 33.72 10.28 71.10 43.45
Manufacturing 19.90 17.65 42.12 73.18 16.87 23.30
Food processing 3.03 2.51 3.03 2.98 7.77 5.98
Textiles & clothing 0.92 1.93 1.44 4.43 11.61 21.01
Wood & paper 1.96 2.78 2.20 2.71 11.04 12.53
Chemicals 4.73 2.74 8.85 14.42 14.47 19.96
Nonmetallic minerals 0.68 0.87 0.60 131 8.98 17.47
Metals & machinery 3.98 2.88 14.87 13.58 29.63 26.66
Electrical machinery 0.85 0.85 1.75 13.02 15.82 53.55
Scientific equipment 0.10 0.08 0.27 3.23 22.01 59.07
Transport equipment 191 1.73 6.65 15.69 19.37 34.67
Other manufacturing 1.74 1.30 2.48 1.81 18.00 11.44
Electricity generation 2.03 0.98 0.00 0.00 0.00 0.00
Water distribution 0.45 0.17 0.00 0.00 0.00 0.00
Construction 2.27 5.50 0.00 0.00 0.00 0.00
Services 62.30 62.86 20.51 14.37 5.46 4.13

Source: South Africa 2002 Water-SAM. Import intensity is the share of imports in total domestic demand.
Export intensity is the share of exports in total domestic output.
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Table 4. Summary characteristics of Water Management Areas

Population GDP per Share of national Share of region
Total Rural capita GDP (%) GDP (%)

(1000s) (%) (R) Total Agric.  Industry  Agric.  Industry
National 44,770 43.70 23,282 100.00  100.00 100.00 431 24.66
Limpopo 868 76.56 16,344 1.36 2.24 0.59 7.09 10.77
Luvulvhu-Letaba 2,330 95.17 13,113 2.93 412 1.01 6.06 8.53
Crocodile-Marico 3,830 35.47 35,913 13.20 4.29 9.88 1.40 18.46
Olifants 2,934 70.02 22,629 6.37 4.20 5.95 2.84 23.03
Inkomati 1,177 77.48 16,041 1.81 4.82 1.54 11.46 20.91
Usutu-Mhlatuze 2,153 83.44 10,554 2.18 7.13 2.10 14.10 23.78
Thukela 1,747 71.05 9,042 1.52 4.59 1.97 13.06 32.09
Upper Vaal 8,354 13.22 33,620 26.94 7.67 34.21 1.23 31.31
Middle Vaal 1,647 19.54 20,592 3.25 8.96 1.43 11.87 10.85
Lower Vaal 1,721 57.51 13,768 2.27 4.86 0.80 9.22 8.73
Mvoti-Umzimkulu 6,091 4245 22,797 13.32 17.68 16.96 5.72 31.39
Mzimvubu-Keiskamma 4,202 76.23 8,142 3.28 1.25 2.38 1.65 17.87
Upper Orange 1,013 21.67 21,930 2.13 2.13 1.30 4.32 15.03
Lower Orange 429 20.58 25,932 1.07 4.18 0.23 16.89 5.30
Fish-Tsitsikamma 1,798 19.36 25,789 4.45 3.35 4.96 3.25 27.51
Gouritz 435 16.78 19,171 0.80 171 0.88 9.24 27.14
Olifants/Doorn 239 44.73 18,497 0.42 3.22 0.33 32.65 18.98
Breede 437 33.44 20,418 0.86 7.19 0.63 36.19 18.07
Berg 3,367 393 36,639 11.83 6.39 12.85 2.33 26.77

Source: South Africa 2002 Water-SAM and CGE model. ‘Industry’ includes manufacturing, energy and

construction, but excludes the mining sector.
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Figure 1. Water Management Areas (WMA)
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Table 5. Agricultural land allocation by Water Management Area

Agricultural land allocated to crops (percent)

All crops  Summer  Winter Oils & Fodder Sugar- Cotton Horti-
(000 ha)  cereals cereals  legumes crops cane tobacco culture
National 7,629 44% 14% 14% 13% 6% 1% 8%
Limpopo 227 28% 3% 46% 7% 0% 7% 8%
Luvulvhu-Letaba 91 3% 0% 0% 3% 0% 0% 92%
Crocodile-Marico 246 40% 9% 25% 15% 0% 2% 10%
Olifants 420 74% 3% 10% 4% 0% 3% 5%
Inkomati 123 24% 1% 7% 11% 31% 2% 23%
Usutu-Mhlatuze 225 41% 1% 13% 6% 34% 1% 4%
Thukela 173 35% 5% 13% 10% 33% 2% 2%
Upper Vaal 999 61% 11% 15% 13% 0% 0% 2%
Middle Vaal 2,017 63% 10% 19% 6% 0% 0% 1%
Lower Vaal 976 62% 5% 24% 7% 0% 1% 1%
Mvoti-Umzimkulu 404 8% 0% 1% 15% 72% 0% 4%
Mzimvubu-Keiskamma 52 12% 10% 0% 60% 12% 0% 10%
Upper Orange 302 34% 30% 9% 25% 0% 1% 1%
Lower Orange 121 31% 20% 2% 21% 0% 2% 24%
Fish-Tsitsikamma 134 7% 4% 0% 66% 0% 1% 22%
Gouritz 133 2% 21% 2% 63% 0% 1% 11%
Olifants/Doorn 262 1% 48% 1% 17% 0% 0% 33%
Breede 361 2% 40% 4% 21% 0% 0% 33%
Berg 361 1% 57% 3% 12% 0% 0% 27%
Source: South Africa 2002 Water-SAM and CGE model.
Table 6. Agricultural production and water use by crop
Production Land area Yields Irrigation water use
quantity Total Irrigated Rainfed Irrigated Volume (1000 m*
(1000 mt) (1000 ha) (%) (mt / ha) (mt/ ha) (mil m®) / ha)
Total - 7,629 20.46 - - 7,274 4.66
Summer cereals 10,377 3,356 8.99 2.82 5.83 1,242 412
Winter cereals 2,689 1,047 15.57 2.17 4.72 593 3.63
Oils & legumes 1,422 1,103 5.31 1.24 2.14 190 3.24
Fodder crops 2,943 956 24.66 249 4.86 655 2.78
Sugarcane 21,157 470 28.30 41.30 54.43 1,386 10.42
Cotton & tobacco 150 59 53.31 1.86 3.10 91 2.87
Vegetables 4,482 187 100.00 - 24.02 796 4.27
Citrus fruits 1,472 63 100.00 - 23.22 451 7.12
Subtropical fruits 602 51 100.00 - 11.77 375 7.33
Deciduous fruits 3,339 249 100.00 - 13.43 1,293 5.20
Other horticulture 171 87 100.00 - 1.95 203 2.32

Source: South Africa 2002 Water-SAM and CGE model.
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Table 7. Estimated value of marginal product (VMP) of water use for selected crops

Crop-water production function coefficients Average Price in VMP in

(kg and mm) water use 2002 2002

&g By 4 (mm) (R/kg) (RIM°)

Banana -330,000 683.3 -0.3333 ° 1,008 2.08 242
Cotton -10,783 ° 548 -0.0352 ™ 297 0.88 2.99
Lucerne 6,130 ~ 126 -0.0022 376 0.89 1.16
Maize -10,783 °© 548 -0.0352 ™ 430 0.89 2.18
Nectarine 0o 150.0 0.0000 ~ 678 1.20 3.01
Peaches 0o 286 0.0000 ~ 460 1.10 3.13
Potatoes -226,523 9909 -0.9356 451 1.74 3.15
Sorghum 912 216 ° -0.0034 108 0.93 1.94
Soyabean -12,625 48.7 -0.0288 409 1.02 2.58
Sugarcane -350,688 608.3 -0.2113 1,042 0.13 2.20
Sunflower 824 ° 280 -0.0429 ° 120 1.29 2.28
Wheat 1564 57 ° 0.0083 ~ 374 1.89 2.25

Source: Own estimates using crop water use data from research field trials (ARC, 2000). Prices are from
the United Nation’s Food and Agriculture Organization (FAO, 2007). ~and ““denotes significance at 10 and
20 percent level respectively. Average crop water use calculated using production yields from the 2002

Census of Commercial Agriculture (StatsSA, 2002).

Table 8. Water use by WMA and water users

Water use, 2002 (million m®)

Irrigation Heavy Light Domestic Total
industries industries (households) water use
National 7,274 296 9,498 4,432 21,500
Limpopo 193 8 104 40 346
Luvulvhu-Letaba 451 6 649 34 1,140
Crocodile-Marico 342 24 1,304 459 2,130
Olifants 339 41 359 78 817
Inkomati 662 4 159 30 854
Usutu-Mhlatuze 526 3 233 74 836
Thukela 312 10 199 54 575
Upper Vaal 254 99 2,233 1,968 4,555
Middle Vaal 371 6 274 132 784
Lower Vaal 552 5 194 107 858
Mvoti-Umzimkulu 479 41 2,303 503 3,326
Mzimvubu-Keiskamma 34 5 178 123 339
Upper Orange 271 9 159 83 521
Lower Orange 407 1 255 70 733
Fish-Tsitsikamma 371 6 87 151 614
Gouritz 129 2 145 45 321
Olifants/Doorn 497 1 20 28 546
Breede 648 1 39 46 733
Berg 435 24 603 407 1,470

Source: South Africa 2002 Water-SAM and CGE model.
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Figure 2. National water demand curves for selected crops
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Source: Authors’ estimates using crop water use data from research field trials (ARC, 2000). Current
average water use and corresponding value of marginal product is marked on each crop’s demand curve.

Figure 3. Water shadow prices for selected crops

Value of marginal product (R/m3)
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Source: Own estimates using crop water use data from research field trials (ARC, 2000). Average tariff and
irrigation costs from Hassan and Matlanyani (2004). Estimated shadow price after removing irrigation
tariffs and costs are reported for each crop.
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Table 9. Micro impacts of the Regional Irrigation water liberalization scenario

Change in water shadow prices

Changes in production, land areas and water use

Average | Percent Production quantity Agricultural land area Irrigation water use
base value | change (1000 mt) (1000 ha) (mil m®)
(R/1000 Base Percent Base land Percent Base water Percent
m3) quantity change area change use change
National 0.57 -2.9 All crops 48,801 - 6,992 -1 7,274 0
Summer cereals 10,377 0.7 3,356 -1 1,242 =77
Limpopo 0.76 -28.8 Winter cereals 2,689 -1.4 1,047 -7 593 -15
Luvulvhu-Letaba 0.90 -21.2 Oils & legumes 1,422 -5.9 1,103 -13 190 -15
Crocodile-Marico 0.53 0.7 Fodder crops 2,943 5.8 956 19 655 -100
Olifants 0.67 -5 Sugarcane 21,157 -3.9 470 -10 1,386 -39
Inkomati 0.47 -11.1 Cotton & tobacco 150 62.1 59 12 91 282
Usutu-Mhlatuze 0.38 10.3 Vegetables 4,482 35.3 187 31 796 57
Thukela 0.41 13.4 Citrus fruits 1,472 173.4 63 129 451 281
Upper Vaal 0.54 -16.5 Subtropical fruits 602 -2.6 51 -24 375 13
Middle Vaal 0.46 -4.3 Deciduous fruits 3,339 12.6 249 0 1,293 31
Lower Vaal 0.36 6.7 Other horticulture 171 -32.2 87 -36 203 -79
Mvoti-Umzimkulu 0.42 -2.9 Irrigated field crops 21,204 - 924 -59 - -
Mzimvubu-Keiskamma 0.69 -17.8 Summer cereals 1,759 -75.7 302 -76 - -
Upper Orange 0.35 6.2 Winter cereals 770 -13.9 163 -25 - -
Lower Orange 0.41 9.7 Oils & legumes 125 -12.5 59 -17 - -
Fish-Tsitsikamma 0.59 20 Fodder crops 1,147 -100 236 -100 - -
Gouritz 0.37 21 Sugarcane 7,239 -36.2 133 -41 - -
Olifants/Doorn 0.87 -11.4 Cotton & tobacco 98 129 32 84 - -
Breede 0.79 -10.5 Rainfed field crops 27,598 - 6,068 7 - -
Berg 0.82 -13.5 Summer cereals 8,617 16.3 3,055 7 - -
Winter cereals 1,919 3.6 884 -4 - -
Oils & legumes 1,296 -5.3 1,044 -12 - -
Fodder crops 1,796 73.4 720 58 - -
Sugarcane 13,918 12.8 337 3 - -
Cotton & tobacco 52 -64.8 28 -68 - -
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Table 10. Existing natural and manmade interregional water transfers

Total water ~ Share of transfer in... (%)

transferred Sending Receiving
(mil. m®) region region
Total interregional water transfers 5,528 - -
Water transfer schemes 1,415 - -
Orange River Project
From Upper Orange to Fish-Tsitsikamma 714 17.4 50.8
Thukela-Vaal transfer schemes
From Thukela to Upper Vaal 431 49.7 34.8
Lesotho Highlands Water Project
From Lesotho to Upper Vaal 270 n/a 10.8
Major river-based transfers 3,962 - -
Vaal river
From Upper Vaal to Middle Vaal 799 321 73.7
From Middle Vaal to Lower Vaal 603 55.6 49.2
Orange river
From Upper Orange to Lower Orange 2,360 57.6 90.0

Breede river
From Breede to Berg 200 26.7 18.3

Source: Own calculations using StatsSA (2000).
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Table 11. Regional agricultural land allocation under the National Irrigation water liberalization scenario

Absolute change in crop land allocation compared to the Regional Irrigation water liberalization scenario (1000ha)

All Thukela-Vaal scheme Orange River Project Other
Regions Thukela Upper Middle Lower Upper Lower Fish- regions
Vaal Vaal Vaal Orange Orange Tsitsikamma
Irrigation water demand
Base (mil. m®) 7,274 312 254 371 552 271 407 371 4736
New transfers (mil. m®) 0.0 348 -140 -100 -108 -243 -233 476 0.0
All crops 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Summer cereals 0.4 -8.8 2.1 -9.6 8.3 4.8 8.9 -1.6 -3.8
Winter cereals 46.7 3.3 -1.2 19.0 -6.6 -5.6 5.1 -0.6 33.4
Oils & legumes -6.9 -1.6 -3.1 -4.5 -1.9 3.8 0.4 0.0 0.0
Fodder crops -24.5 -5.5 6.0 15 34 11.3 20.3 -33.3 -28.1
Sugarcane -9.1 -9.3 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Cotton & tobacco -4.2 0.3 -0.4 -3.0 0.1 -4.2 0.8 0.4 1.9
Vegetables -12.1 114 -2.4 -2.9 0.3 -9.7 -37.1 0.6 21.7
Citrus fruits 27.0 10.2 -0.1 -0.1 -0.1 0.0 -0.1 32.3 -15.1
Subtropical fruits -1.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.6 -1.6
Deciduous fruits -14.5 0.0 -0.8 -0.4 -3.6 -0.3 0.7 1.9 -12.0
Other horticulture -1.9 0.0 0.0 0.0 0.0 0.0 1.1 -0.2 -2.6
Irrigated field crops -92.3 10.5 -28.1 -16.5 -17.2 -40.9 -5.0 0.6 4.3
Summer cereals -33.0 19 -15.0 -5.6 -4.0 -9.9 -2.0 0.0 1.6
Winter cereals -45.3 3.5 -8.8 -4.6 -8.9 -24.8 -3.3 0.1 14
Oils & legumes -12.2 15 -3.9 -3.2 -4.2 -2.0 -0.4 0.0 0.0
Fodder crops 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sugarcane 2.8 3.2 0.0 0.0 0.0 0.0 0.0 0.0 -0.4
Cotton & tobacco -4.6 0.4 -0.4 -3.1 0.0 -4.3 0.6 0.5 1.7
Rainfed field crops 94.8 -32.1 314 19.9 20.5 50.9 40.5 -35.7 -0.6
Summer cereals 33.4 -10.7 17.1 -4.0 12.3 14.7 10.9 -1.7 -5.3
Winter cereals 92.1 -0.2 7.6 23.6 2.3 19.1 8.4 -0.7 32.0
Oils & legumes 5.3 -3.1 0.8 -1.3 2.3 5.7 0.8 0.0 0.0
Fodder crops -24.4 -5.5 6.0 15 3.4 11.3 20.3 -33.3 -28.1
Sugarcane -11.8 -12.4 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Cotton & tobacco 0.3 -0.1 0.0 0.1 0.1 0.0 0.1 -0.1 0.2

Source: Results from the South Africa 2002 Water-CGE model.
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Table 12. Regional agricultural production under the National Irrigation water liberalization scenario

Absolute change in production compared to the Regional Irrigation water liberalization scenario (1000mt)

All Thukela-Vaal scheme Orange River Project Other
Regions Thukela Upper Middle Lower Upper Lower Fish- regions
Vaal Vaal Vaal Orange Orange Tsitsikamma

All crops
Summer cereals 17.1 -23.5 -5.8 -6.1 23.9 -31.7 23.1 -4.5 41.7
Winter cereals -15.1 17.2 -25.7 35.0 -42.9 -105.3 0.6 -0.4 106.3
Oils & legumes -5.7 -1.1 -6.6 -3.6 -4.3 2.1 0.2 0.0 7.6
Fodder crops -15.3 -15.4 235 9.9 17.1 19.8 64.3 -101.5 -33.0
Sugarcane -90.4 -373.4 0.0 0.0 0.0 0.0 0.0 0.0 283.1
Cotton & tobacco -23.8 0.8 -1.3 -14.4 0.2 -21.1 2.7 25 6.9
Vegetables -35.2 258.9 -58.2 -17.7 10.9 -159.3 -783.3 12.6 760.9
Citrus fruits 1,165.0 510.3 -1.2 -1.0 -2.1 0.0 -2.5 1,038.0 -376.6
Subtropical fruits 3.6 0.4 -0.1 0.0 0.0 0.0 -1.7 121 -1.2
Deciduous fruits -139.8 0.0 -20.0 -3.0 -56.5 -3.2 -1.6 67.2 -122.8
Other horticulture 1.6 0.0 0.0 -0.1 0.0 0.0 5.1 -0.3 -3.2

Irrigated field crops
Summer cereals -197.2 12.3 -79.9 -38.5 -25.0 -71.3 -12.7 0.3 17.6
Winter cereals -254.8 17.6 -47.4 -26.8 -50.4 -133.5 -21.8 0.2 75
Oils & legumes -26.6 35 -9.2 -6.8 -9.6 -4.6 -1.0 0.0 1.1
Fodder crops 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sugarcane 216.8 158.4 0.0 0.0 0.0 0.0 0.0 0.0 58.4
Cotton & tobacco -24.6 0.9 -1.3 -14.7 0.0 -21.2 2.3 2.9 6.5

Rainfed field crops
Summer cereals 214.3 -35.8 74.1 324 48.9 39.6 35.8 -4.8 24.1
Winter cereals 239.7 -0.4 21.8 61.8 7.5 28.2 225 -0.6 98.8
Oils & legumes 20.9 -4.6 2.6 3.2 5.3 6.7 1.1 0.0 6.5
Fodder crops -15.3 -15.4 235 9.9 171 19.8 64.3 -101.5 -33.0
Sugarcane -307.1 -531.8 0.0 0.0 0.0 0.0 0.0 0.0 224.7
Cotton & tobacco 0.7 -0.1 0.0 0.3 0.1 0.1 0.4 -0.4 0.4

Source: Results from the South Africa 2002 Water-CGE model.
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Table 13. Macroeconomic and consumer price effects of liberalizing regional and national irrigation water markets

Base value Regional irrigation scenario National irrigation scenario
Percentage change (%)
GDP factor cost 100.00 0.03 0.01
Aagriculture 4.32 4.48 5.43
Field crops 1.79 -3.82 -4.56
Horticulture 1.00 26.41 31.84
Livestock 1.28 -0.08 -0.05
Other 0.26 -0.23 -0.28
Non-agriculture 95.68 -0.18 -0.24
Consumption 62.77 -0.04 -0.08
Investment 15.32 0.02 0.03
Government 18.43 -0.06 -0.09
Exports 32.43 0.31 0.36
Aariculture 3.65 31.73 38.43
Field crops 0.59 -8.81 -10.41
Horticulture 2.16 55.38 66.98
Non-aariculture 96.35 -0.88 -1.08
Processed foods 3.03 -1.14 -1.43
Imports -28.95 0.35 0.40
Aagriculture 2.17 3.90 476
Field crops 1.46 5.45 6.63
Horticulture 0.23 1.80 2.30
Non-agriculture 97.83 0.27 0.30
Processed foods 2.98 0.41 0.54
Final value
Exchanae rate 1.000 0.997 0.996
Consumer prices (CPI) 1.000 1.001 1.002
Summer cereals 1.000 1.038 1.044
Winter cereals 1.000 1.026 1.034
Oils & leaumes 1.000 1.026 1.030
Fodder crops 1.000 1.054 1.060
Sugarcane 1.000 1.053 1.061
Cotton & tobacco 1.000 0.995 1.001
Vegetables 1.000 0.862 0.871
Citrus fruits 1.000 0.678 0.637
Subtropical fruits 1.000 1.021 1.028
Deciduous fruits 1.000 0.982 0.995
Other horticulture 1.000 1.046 1.052

Source: Results from the South Africa 2002 Water-CGE model.



Table 14. Factor market impacts of liberalizing regional and national irrigation water markets

All sectors Agriculture only
Base Regional National Base Regional National
value irrigation irrigation value irrigation irrigation
Factor employment Change (absolute) Change (absolute)

Labor (1000s) 8,239 13.7 17.9 648 32.0 42.8
High-skilled 1,300 0.0 0.0 44 2.0 2.7
Skilled 3,275 -4.8 -6.8 27 1.3 1.7
Unskilled 3,664 18.4 24.7 577 28.6 384

Capital (index) 506 0.0 0.0 21 0.5 0.6

Land (1000 ha) - - - 7,629 0.0 0.0

Irrigation water (mil m?) - - - 7,274 0.0 0.0

Factor returns Change (%) Change (%)

Labor (R1000) 63,176 -0.20 -0.28 16,554 0.0 0.1
High-skilled 147,505 -0.26 -0.37 36,225 0.1 0.3
Skilled 61,982 -0.02 -0.03 46,529 0.8 1.2
Unskilled 34,330 -0.20 -0.26 13,647 0.0 0.0

Capital (index) 100 -0.32 -0.46 100 -0.3 -0.5

Land (index) - - - 100 133.4 160.5

Irrigation water (R/m°) - - - 0.57 2.9 -1.2

Source: Results from the South Africa 2002 Water-CGE model.
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Table 15. Changes in real per worker consumption spending

Rural and urban households

Rural households

Urban households

Base Change from base (%) Base Change from base (%) Base Change from base (%)

value Regional National value Regional National value Regional National

(R) irrigation irrigation (R) irrigation irrigation (R) irrigation irrigation
All regions (national) 90,903 -0.06 -0.09 59,001 0.22 0.23 101,860 -0.11 -0.15
Limpopo 63,579 -0.32 -0.29 49,559 -0.69 -0.62 77,891 -0.07 -0.07
Luvulvhu-Letaba 65,905 -0.34 -0.49 67,742 -0.54 -0.77 63,146 -0.01 -0.06
Crocodile-Marico 103,839 -0.19 -0.25 50,317 -0.22 -0.30 130,635 -0.18 -0.25
Olifants 73,989 -0.14 -0.22 55,365 -0.03 -0.15 89,711 -0.20 -0.25
Inkomati 60,393 -1.70 -2.06 47,809 -3.28 -4.01 71,305 -0.78 -0.93
Usutu-Mhlatuze 90,445 0.68 0.78 67,928 1.64 1.92 110,571 0.15 0.16
Thukela 79,984 1.01 1.95 58,554 2.97 5.71 94,264 0.20 0.39
Upper Vaal 107,955 -0.17 -0.23 78,138 -0.31 -0.68 113,155 -0.15 -0.18
Middle Vaal 53,151 0.80 0.70 44,726 3.75 3.46 55,888 0.04 -0.02
Lower Vaal 66,170 0.68 0.50 58,544 1.65 1.25 71,211 0.15 0.09
Mvoti-Umzimkulu 85,468 0.25 0.27 47,388 2.55 2.91 96,051 -0.06 -0.10
Mzimvubu-Keiskamma 107,827 -0.11 -0.19 78,615 -0.50 -0.69 127,987 0.05 0.02
Upper Orange 75,902 0.18 -0.45 40,132 1.48 -1.81 102,790 -0.20 -0.06
Lower Orange 56,653 -0.31 -2.22 56,073 -0.66 -7.31 56,828 -0.21 -0.71
Fish-Tsitsikamma 86,579 0.13 0.94 51,180 2.39 11.99 94,113 -0.13 -0.33
Gouritz 78,418 0.50 0.47 60,456 2.60 2.65 82,978 0.11 0.07
Olifants/Doorn 47,368 -0.85 -0.67 47,159 -2.87 -2.46 47,473 0.14 0.22
Breede 58,412 -1.78 -1.99 82,210 -5.53 -6.04 53,723 -0.66 -0.77
Berg 103,566 -0.13 -0.18 60,703 -1.66 -1.99 106,913 -0.06 -0.10
Quintile 1 (low) 26,973 0.26 0.28 59,001 0.22 0.23 30,306 0.10 0.16
Quintile 2 38,539 0.21 0.24 21,804 0.60 0.54 43,599 0.07 0.14
Quintile 3 49,048 0.07 0.08 28,853 0.61 0.55 52,934 -0.01 0.02
Quintile 4 62,189 0.09 0.13 38,224 0.39 0.29 61,713 -0.08 -0.08
Quintile 5 (high) 149,918 -0.14 -0.20 63,370 0.51 0.66 161,047 -0.14 -0.21

Source: Results from the South Africa 2002 Water-CGE model.
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Table 16. Household water demand by expenditure quintile

Population Per capita Water demand

Number Share spending Total Share Per capita  Urban-rural

(1000s) (%) (R) (mil m?) (%) (1000 m?) ratio
National 44,770 100.0 16,404 4,432 100.0 99 -
Urban 25,207 56.3 23,062 4,157 93.8 165 11.7
Quintile 1 2,439 5.4 1,702 50 11 21 7.9
Quintile 2 3,545 7.9 3,516 140 3.2 40 6.6
Quintile 3 4,860 10.9 6,340 303 6.8 62 5.0
Quintile 4 6,211 13.9 12,697 626 14.1 101 4.0
Quintile 5 8,152 18.2 55,823 3,038 68.5 373 31
Rural 19,564 43.7 7,824 275 6.2 14 -
Quintile 1 6,734 15.0 1,843 18 04 3 -
Quintile 2 5,535 12.4 3,548 33 0.8 6 -
Quintile 3 4,008 9.0 6,440 50 1.1 12 -
Quintile 4 2,341 5.2 13,889 60 1.3 25 -
Quintile 5 945 2.1 66,362 115 2.6 121 -

Source: South Africa 2002 Water-SAM and CGE model. Per capita spending is average consumption
spending on all commaodities. Rural-urban ratio is calculated on capita water demand.

Table 17. Macroeconomic results of the Water-Restricted (111) and Water-Liberalized

Urbanization (IV) scenarios

Base value Water-restricted urbanization =~ Water-liberalized urbanization
Change from base (%)
GDP factor cost 100.00 0.13 0.12
Agriculture 4.32 -5.66 -6.37
Mining 8.72 -0.06 0.02
Manufacturing 19.90 0.59 0.61
Food processing 3.03 3.33 3.26
Electricity 2.03 1.63 1.67
Water 0.45 3.12 5.13
Construction 2.27 0.15 0.14
Services 62.30 0.33 0.34
Consumption 62.77 0.21 0.20
Investment 15.32 0.07 0.06
Government 18.43 0.14 0.15
Exports 32.43 -0.04 -0.06
Agriculture 3.65 -3.54 -6.21
Non-agriculture 96.35 0.09 0.17
Imports -28.95 -0.05 -0.07
Agriculture 2.17 -13.57 -13.32
Non-agriculture 97.83 0.26 0.23
Exchange rate 1.000 1.002 1.002
Consumer prices (CPI) 1.000 0.998 0.998
Agriculture 0.980 0.982
Processed foods 1.000 0.999 1.000
Other goods/services 1.000 1.003 1.002
Electricity 1.000 1.003 1.003
Distributed water 1.000 1.031 1.000

Source: Results from the South Africa 2002 Water-CGE model.
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Table 18. Agricultural production results of the Water-Restricted (I11) and Water-Liberalized Urbanization (IV) scenarios

Base production (1000 mt) Change from base (%)
Water-restricted urbanization Water-liberalized urbanization
Summer cereals 10,377 3.4 3.4
Winter cereals 2,689 0.4 0.3
Oils & legumes 1,422 -23.7 -24.0
Fodder crops 2,943 -11.0 -11.2
Sugarcane 21,157 -2.6 -3.0
Cotton & tobacco 150 -18.7 -19.3
Vegetables 4,482 -24.2 -24.1
Citrus fruits 1,472 21.8 17.3
Subtropical fruits 602 -14.5 -17.0
Deciduous fruits 3,339 -4.7 -7.9
Other horticulture 171 -15.0 -16.1

Source: Results from the South Africa 2002 Water-CGE model.

Table 19. Factor market results of the Water-Restricted (111) and Water-Liberalized Urbanization (V) scenarios

All sectors Agriculture only
Base Water-restricted Water-liberalized Base Water-restricted Water-restricted
value urbanization urbanization value urbanization urbanization
Factor employment Change (absolute) Change (absolute)

Labor (1000s) 8,239 -20.0 -26.0 648 -59.0 -65.9
High-skilled 1,300 0.0 0.0 44 -4.2 -4.8
Skilled 3,275 13.0 12.7 27 -2.5 -2.9
Unskilled 3,664 -33.1 -38.8 577 -52.3 -58.2

Capital (index) 506 0.0 0.0 21 -1.6 -1.6

Land (1000 ha) - - - 7,629 0.0 0.0

Irrigation water (mil m3) - - - 7,274 0.0 -51.4

Factor returns Change (%) Change (%)

Labor (R1000) 63,176 -59.0 -65.9 16,554 0.97 1.71
High-skilled 147,505 -4.2 -4.8 36,225 0.98 1.74
Skilled 61,982 -2.5 -2.9 46,529 0.90 2.03
Unskilled 34,330 -52.3 -58.2 13,647 1.07 1.80

Capital (index) 100 -1.6 -1.6 100 0.38 0.41

Land (index) - - 100 -11.22 -10.72

Irrigation water (R/m®) - - 0.57 -9.43 -5.32

Source: Results from the South Africa 2002 Water-CGE model.



Table 20. Household worker populations and consumption effects of the Water-Restricted

(111) and Water-Liberalized Urbanization (V) scenarios

Base labor % Change Total Percentage change (%)
population under Water- consumption Water- Water-
(12000 restricted per worker restricted liberalized
workers) urbanization (Rands) urbanization urbanization
All households 8,239 -0.24 89,021 0.21 0.20
Quintile 1 (low) 727 -0.29 22,786 12.06 12.03
Quintile 2 994 -0.32 32,291 13.94 13.92
Quintile 3 1,281 -0.40 44,171 5.98 5.98
Quintile 4 1,789 -0.40 62,189 -2.14 -2.17
Quintile 5 (high) 3,448 -0.07 149,918 -1.15 -1.15
Urban households 5,168 18.40 112,262 -10.84 -10.82
Quintile 1 (low) 157 180.69 26,353 8.52 8.54
Quintile 2 312 108.62 39,814 451 453
Quintile 3 604 55.36 50,834 -1.26 -1.24
Quintile 4 1,275 -0.39 61,713 -1.76 -1.74
Quintile 5 (high) 2,821 -0.03 161,047 -1.05 -1.04
Rural households 3,071 -31.62 49,909 15.23 15.08
Quintile 1 (low) 570 -50.11 21,804 -4.68 -4.81
Quintile 2 682 -50.11 28,853 -4.44 -4.56
Quintile 3 677 -50.17 38,224 -2.14 -2.25
Quintile 4 514 -0.43 63,370 -3.06 -3.21
Quintile 5 (high) 628 -0.28 99,904 -1.81 -1.94

Source: Results from the South Africa 2002 Water-CGE model.

Table 21. Domestic water transfers under the Water-Liberalized Urbanization scenario

Water use, 2002 (mil. m®) Domestic Urban Share of
Irrigation Domestic Urban  transfer (mil. m® irrigation water
use (%)
National 7,274 9,794 514 -7.1
Limpopo 193 112 6 -2.9
Luvulvhu-Letaba 451 655 35 -7.8
Crocodile-Marico 342 1,328 71 -20.6
Olifants 339 400 19 -5.7
Inkomati 662 163 9 -1.3
Usutu-Mhlatuze 526 236 13 -2.4
Thukela 312 209 11 -3.4
Upper Vaal 254 2,332 121 -47.5
Middle Vaal 371 280 15 -4.0
Lower Vaal 552 199 10 -1.9
Mvoti-Umzimkulu 479 2,344 125 -26.0
Mzimvubu-Keiskamma 34 182 10 -28.6
Upper Orange 271 168 9 -3.2
Lower Orange 407 256 14 -3.4
Fish-Tsitsikamma 371 92 5 -1.3
Gouritz 129 147 8 -6.1
Olifants/Doorn 497 21 1 -0.2
Breede 648 40 2 -0.3
Berg 435 627 33 -7.5

Source: Results from the South Africa 2002 Water-CGE model.
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Table 22. Impact matrix of simulated policy scenarios

POLICY
IMPACTS

POLIC Y SCENARIOS

Liberalize
regional
irrigation

water markets

Liberalize
national
irrigation

water markets

Water-restricted
competition from

higher urbanization

Water-liberalized
competition from

higher urbanization

Irrigation water use No change | No change No change --
Non-agriculture No change | No change + ++
Irrigation water - - + ++
Total GDP + + + +
Agricultural GDP ++ ++ -- -
Non-agriculture GDP - - + +
Absorption + + + +
Production of food - - + +
Price of food crops + + - -
Exchange rate + + + +
Consumer prices + + - _
Rural incomes + + - -
Urban incomes - - + +
Total employment + + - -
Rural employment ++ ++ -- -
Non-agriculture + + + +
Total exports empl. + + + +
Agricultural exports ++ ++ _ _
Non-agriculture - - + +
Total imports + + - -
Agricultural imports ++ ++ -- -
Non-agriculture + + + +
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