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Received: 10 November 2013, he objective of this work is to analyze the effects of decrease
Accepted: 19 January 2014 in water subsidies (increase in the price of the water) on
various economic sectors in order to promote the conservation
of this resource based on the actual price of water. But over the
past decades, various subsidizing methods hold the cost of water
down. On the other hand, the indiscriminate use of these
resources led the government to impose enormous costs. Deter-
mining the economic impact of subsidy reform can be an
essential factor in the determination of water price reform
scenarios. The methodology that will be used to explore the im-
plications on the economy will be a computable general
equilibrium model (CGE), previously designed for an analysis
of the direct taxes of the Andalusian economy (Cardenete and
Sancho, 2003), but now enhanced and extended to include emis-
sions of pollutants and the introduction of environmental taxes
(André, Cardenete and Velazquez, 2005). This model has been
further modified to introduce the variations in the water price
that this study investigates the effect of water subsidy reform on

Keywords: the economy based on six scenarios using computable general
Water  subsidies _reform, equilibrium model. Results show that by decreasing subsidies,
GDP, Computable general . . .

equilibrium  model  and GDP will reduce in all economic sectors. Government can
GAMS prevent the decrease in production by redistributing incomes.
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INTRODUCTION

That requires policy solutions and recommen-
dations to solve the problem of subsidies. Over
the past years, water pricing below the actual
prices has had an adverse effect on the economy.
Rapid growth of water consumption, reduced
performance, cost subsidy burden on the gov-
ernment budget, and the indiscriminate use of
water are some consequences of this policy.

The problem of water shortages in Iran in
years of drought and the intense competition for
this resource are well known. However, water
consumption by the productive sectors in the
country appears not to be rational because the
Iranian economy has an intensive water con-
sumption production system. This phenomenon
is due to many factors: the old water culture in
the region, the system of prices and tariffs of the
resource, the institutional system of concessions
of water use and other aspects that frame the
management system. It is impossible to analyze
the impacts of all of them in a single paper.
However, each component is important in build-
ing a complete picture of the role of water and
water policy in the future growth and develop-
ment of the Iranian economy.

The first studies about water as an economic
factor took part in 1950s, but operational dif-
ficulties limited the scope of their analyses.
Lofting and McCaughey (1968). Became able
to fix the problems by regarding water as a
production factor in a traditional input-output
model; then to evaluate the water needs of the
Californian economy. Later on we can find
many works which analyze the relationship
between water needs and the different produc-
tive sectors using input-output models
(Sanchez-Choéliz, et al., 1992; Bielsa 1998,;
Duarte, 1999; Duarte, et al., 2002; Velazquez,
2006; Dietzenbacher and Velazquez, 2006).

Several different methodologies have been ex-
plored in the analysis of water pricing (see, for
example, the excellent reviews of Johansson et
al., 2002, and Dinar and Subramanian, 1998).
Many analysts have employed variants on linear
programming approaches, such as those devel-
oped by Berbel and Gémez-Limo6n (2000) and
Doppler et al. (2002) as well as input-output
model applications such as the work of
Saenz de Miera (1998).

There is an extensive literature which has em-

ployed computable general equilibrium models,
and many studies with a similar objective to the
one that is the focus of the present paper. One of
the pioneers was an analysis by Dixon (1990),
in which he offered indications to the public au-
thorities of Melbourne, Sydney and Perth on ap-
propriate water prices. Horridge et al. (1993),
and Thabet et al. (1999) to analyze the impact
and efficiency of water prices. Nevertheless,
the use of CGE to analyze the reallocation of
water rights between users is less common.
Seung et al. (1998) studied the welfare gains of
transferring water from agricultural to recre-
ational uses in the Walker River Basin (located
in northwestern Nevada and in California).
Diao and Roe (2000) provide a CGE model to
analyze the consequences of a protectionist agri-
cultural policy in Morocco and show how the
liberalization of agricultural markets creates the
necessary conditions for the implementation of
efficient water pricing (particularly through the
possibility of a market for water in the rural sec-
tor). By using an applied CGE, Goodman (2000)
shows how temporary water exchanges provide
a lower cost option than the building up of new
dams or the enlargement of the existing water
storage facilities. To sum up, the analysis of
water allocation then requires a comprehensive
view of the economy, and applied CGE method-
ology gives a potential framework to assess and
compare policy options. For this purpose we use
a CGE to analyze the implementation of a water
market in the Balearic Islands. This CGE will
also allow us to quantitatively and qualitatively
compare the advantages of markets over other
alternatives such as desalinization plants.
Kumar and Young (1996) explained how a So-
cial Accounting Matrix (SAM) can be extended
to incorporate water resources and analyze the
implications of water pricing policies. In a similar
way, Susangkarn and Kumar (1997) used a general
equilibrium model to incorporate water as a sepa-
rate productive sector. Decaluwé et al. (1999) de-
veloped a general equilibrium model to compare
different water price policies as well as to ana-
lyze water production according to the use of
different technologies. Seung ez a/. (2000a) used
a CGE model to evaluate the impacts of water re-
allocation; in a other study, Seung et al. (2000b)
they used a dynamic model to analyze the tem-
poral effects of water reallocation from the agri-
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culture sector to recreational uses in rural areas
of Nevada. In a similar fashion, Briand (2004)
developed a static CGE model to estimate the
effects of a water price policy on production and
employment in Senegal. Using a slightly differ-
ent CGE formulation, Hewings ef al. (2005)
evaluated the impact of water reallocation from
agriculture to other productive sectors in a re-
cursive fashion that fully captured the feedback
effects. The major impact here was on agricul-
tural employment; the reallocation of water to
more productive sectors (in terms of value
added) could not compensate for the enormous
net loss in employment. Qin ef al. (2012) eval-
uated the economic impact of water tax changes
in china. The main conclusion drawn indicates
the main conclusion drawn indicates that water
price rise led to a reduction in total production,
total exports, GDP and household welfare. An-
other important finding is that the tax imposed
on the water has the greatest impact on the agri-
cultural sector. Cardenete ef al. (2011) analyzed
the effects that an increase in the price of the
water delivered to the agriculture sector to pro-
mote the conservation of this resource would
have on the efficiency of the consumption of
water and the possible reallocation of water to
the remaining productive sectors. The main con-
clusion drawn indicates that, although the tax
policy applied does not correspond to a signifi-
cant water saving in the above-mentioned sec-
tor, a reallocation of this resource is achieved
which seems to generate a more efficient and
more rational behavior from a production point
of view.

The paper has two objectives. First, we ana-
lyze the possible effects that a reducing in the
various economic sectors water subsidy would
have on the Iranian economy and on water con-
servation and Secondly, we evaluate the water
reallocation to sectors of the economy generated
by water price increases in various economic
sectors.

General equilibrium models and water policy
analysis

General equilibrium models, models that are
based on a comprehensive macroeconomic
structure optimized micro-economic princi-
ples to provide a review of economic policy
(Kehoe et al., 1983).

Walras general equilibrium models are based
on general equilibrium theory by Arrow -is ex-
panded. Walras general equilibrium model of
the design so that the overall macroeconomic is-
sues in the field of production and consumption
are in balance. The model assumes that the ra-
tional behavior of individuals in the quantities
supplied and demanded will apply. In fact, Wal-
ras general equilibrium system is based on the
mathematical characteristics of interdependen-
cies between production and consumption sec-
tors of the economy can be expressed in the
form of equations. How can we change the sys-
tem so that each of the independent variables,
the impact of different economic sectors. Walras
above problem using a system of trial and error
to be solved. This method of removing excess
demand due to price changes and the practice
continues to this surplus to zero.

Comprehensive social accounting matrixes,
given the wider economic context, represent a
nation or an economy is the interactions be-
tween the various inputs. SAM’s total physical
and financial flows in the economy at a particu-
lar point in time shows (Lofgren ef al., 2002).

SAM structure and design methods are not
standardized. A SAM requires only two condi-
tions:

1- The matrix must be square.

2- All rows (total revenue) and column (total
costs) for each account should be equal.

Although we can obtain some important in-
sights from partial equilibrium analysis, this
framework, when put into practice, is of a lim-
ited use for the analysis of the efficiency of
water rights allocation. The main criticism
comes from the fact that water is used in almost
all production activities, being an essential input
in many of them, and also from the fact that
water value is highly dependent on time and lo-
cation. Any change in the distribution of prop-
erty rights over water will probably have
consequences on the sectoral composition of the
economic product, on employment, on costs and
prices, and on the income distribution between
the rural and urban sectors. A market of property
rights will undoubtedly increase efficiency but,
as partial analysis also leads to partial answers,
in the case of water policy, when many effects
are a matter of political concern, it is also nec-
essary to provide a framework able to capture
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all the relevant economic effects of a changed
structure of water property rights.

Basic model structure

The social accounting marix consists of activ-
ities (agriculture, industry and mining, water
supply and services), commodities (agriculture,
industry and mining, water supply and services),
the factors of production (labor, capital, and
water), inputs (households, enterprises, govern-
ment and external world) are. Separate accounts,
products and activities because it is a commod-
ity may be produced by one or several activities
and an activity can produce multiple products.

In order to analyze the effects of economic
policies, fit the model considered in policy de-
sign and fit of the specified model can be used
to reduce the effects of different scenarios of the
water subsidy on macroeconomic variables in
general equilibrium of the economic. The pro-
duction technology uses a nested multilevel
CES, as shown in Figure 1.CES (constant elas-
ticity of substitution) functions are widely used
in CGE modeling to represent both production
and utility. They have the advantages of being
well behaved, with a decent degree of flexibility
and consistent with assumptions used in CGE
models (linear homogeneity/homothecity). The
standard two-variable CES production function
may be written as:

Y =A[BK? + (1 -,3)L3]19

where Y is the output, K and L the two produc-
tion factors, A is a scale parameter, £ and (1-p),
respectively, represent the share of factor K and

o Leontiel

Labour

KT
(3]

A cms T~

| Capital ‘ ‘ Land

Underground
Woater

factor L in total factor payments and r is related
to the elasticity of substitution
1
LB
1-p

One drawback of the CES function is that the
elasticity of substitution between any pair of
goods or factors is constant. To specify that this
elasticity between members of one subset of
goods or factors is different from the one be-
tween members of one subset and members of
another, it is necessary to combine the CES with
another kind of functions.

The bottom right side of Figure 1 shows the
Leontief water extraction technology (RW)
meaning that producing water for crops re-
quires underground water and energy. The
Leontief (fixed coefficients) function is a spe-
cial case of the CES function when oc— 0.
This function is commonly used to model the
use of intermediate (manufactured) inputs which
are combined with the other factors of produc-
tion to produce the final good. The CGE models
available in the literature do not explicitly con-
sider that water for agriculture is a produced
input. Following Boyd and Newman (1991)
and Decaluwe’ et al. (1999) we assume that
capital and land are also CES aggregates
(KT). First level aggregate inputs, raw water
and the composite capital land are specific
production factors of the agricultural sector.
Similar to that of Goodman (2000), our model
is more flexible than the alternatives provided
by, i.e., Seung et al. (1998), where land and
water enter in the production function with

Output, Y,
(5}

Imtermaedials
Inputs

RW (1)

Agricultural Water

/ .\:du:ir_f—hﬂ"“«.x
- i

Figure 1: Nested production technology (Go'mez et al., 2004).
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fixed Leontief coefficients.

In a second level the composite land-capital
and water are combined in the CES composite
KTW, which in a third aggregation level is
combined with labor (L) to obtain a CES
composite (KLTW) of all capital, labor and
nature production factors. Finally, the combi-
nation of all these factors with an aggregate
of intermediate inputs is combined with a
Leontief technology to obtain the final output
(Go'mez et al., 2004).

Nested production function equations

. AS Aen
RW = min [—,—]
aa ee

Where RW is the composite input water for
crops, AS is the volume of underground water
used, A., are these of the Armington aggregate
of the energy sector, and aa and ee are Leontief
coefficients.

1
KT = A% [Bl“K“h +(1- B‘“)'{'F‘“];E

Where KT is composite land and capital, K is
capital; T is land, A is the efficiency parameter,
Bk is the capital share parameter, r*'is the sub-
stitution parameter and s is the substitution
elasticity.

1
KTW = Ak [gReke™ + (1 — pre)Te™ ™

Where KTW is composite KT and RW, Ak is
the efficiency parameter, ** is the share param-
eter, r* is the substitution parameter and is sub-
stitution elasticity.

1
KLTW = All [B]lKDh ¥u (1 — BII)TDl.];r‘

Where KLTW is composite KTW and labor, L
A'? is labor, B'? is the efficiency parameter, is
the share parameter, and r'? is the substitution
parameter, and s'? is substitution elasticity.

KLTW A, A, A, I, 1,

1,

na;

=M "iia, "iia, " ila, "iiay iia,

where g €BM is a set of traded production sec-
tors, i€ BNM is a set of nontrade production
sectors, Y is output of irrigated agriculture,
11; is use of the intermediate input of the sec-
tor i, A, is use of the Armington(1969) ag-

gregate of the sector g, and vaa, iia, iiag,

and iia;,, are technical fixed coefficients
(Go'mez, 2004).

RESULTS

The goal of this research is analyzed the ef-
fects of reducing water subsidies on GDP. Re-
duce the impact of subsidies on the part of Water
on GDP in each of the sectors were calculated
and in table (1) is shown.

We have simulated changes in the reducing
water subsidies on various economic sectors,
with six different scenarios. As it can be ob-
served, these simulations assume that the
water price is increased significantly, with a
consequent potentially heavy sacrifice on the
side of the farmers. The reason for high impact
in agricultural sector is that about 90 percent
of water resource is used in this sector due to
low water price. Thus, increasing water price
led to increase in production price. This, in
turn, causes the decrease in agricultural pro-
duction. This is the point that government
should support and help farmers in order to
prevent production decrease.

According to table (1) the results of the im-
pact of reducing water subsidies in the form of
scenarios are given on GDP. Every six scenar-
i0s, reducing water subsidies (50, 100, 200,
300, 400 and 500), highest and lowest impact
are related to agricultural and water supply sec-
tor, respectively. However, the impact of de-
creasing production in the industry and mining
as well as services is negligible. And also the
results show that economic growth in various
scenarios to reduce water subsidies in agricul-
ture, water supply, mining industry and serv-
ices, respectively; from 0.57, 0.06, 0.16 and
0.35 percent in the first scenario to the 4.51,
0.66, 1.53 and 3.30 percent in scenario six is
decrease.

It is very important to show that the presence
or absence of a water market plays a crucial
role in the assessment of the convenience of
maintaining the existing facilities to increase
the supply of raw water (or of building new fa-
cilities for the same purpose). In the case of
our model, the existing water desalinization
plant represents this kind of facilities. As
water markets will result in a better allocation
of water among various economic sectors
water production.

International Journal of Agricultural Management and Development, 4(1): 33-40, March, 2014.
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Table 1: effects on domestic production to reduce water subsidies in various economic sectors in 2001 (billion rials)
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50% re- 100% re- 200% re- 300% re- 400% re- 500% re-
Current duction duction duction duction duction duction
Status in water in water in water in water in water in water
subsidies subsidies subsidies subsidies subsidies subsidies
Agricultural sector 112630 112050 111443 110330 109331 108429 107612
Changes to the current -.57 -1.11 -2.1 -2.98 -3.78 -4.51
situation (percent)
Department of Water 3041.7 3039.7 3037.6 3033.6 3029.6 3025.6 3021.6
Changes to the current -0.06 -0.13 -0.27 -0.4 -0.53 -0.66
situation (percent)
Department of Mining 426907 426207 425519 424174 422870 421606 420379
and industry
Changes to the cur- -0.16 -0.32 -0.64 -0.94 -1.24 -1.53
rent situation (percent)
Services 401349 399934 398539 395804 393141 390547 388019
Changes to the current -0.35 -0.7 -1.38 -2.04 -2.69 -3.32
situation (percent)
Source: Research findings
CONCLUSION 2- Low-interest loans and tax breaks for entre-

A complete model was determined in order to
investigate water resources and then six scenar-
ios for reducing water subsidies (50, 100, 200,
300, 400, and 500%) were applied. Finally, by
comparing the findings achieved by simulated
computable general equilibrium, the impact of
price shock on GDP was analyzed.

The results show that in all six scenarios about
reducing water subsidies (50, 100, 200, 300, 400
and 500%), highest and lowest impact are related
to agricultural and water supply sector, respec-
tively. However, the impact of decreasing pro-
duction in the industry and mining as well as
services is negligible. The reason for high impact
in agricultural sector is that about 90 percent of
water resource is used in this sector due to low
water price. Thus, increasing water price led to
increase in production price. This, in turn, causes
the decrease in agricultural production. This is the
point that government should support and help
farmers in order to prevent production decrease.

SUGGESTIONS
1 — Government can prevent the decrease in
production by redistributing incomes.

preneurs is to motivate the implementation of
water saving, water saving will result.

3 - The computable general equilibrium mod-
els, the parameters of the model and the stretch
can be exogenous. And the results of the sensi-
tivity analysis can be carried out, and compared
the results with different scenarios for traction.

4 - Standards for Imports efficient technology
in order to make optimum use of water re-
sources.
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