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Abstract: Problem statement: Because of growing demand for water resourceseasing cost of
supplying water and overdraft of underground wateconomists suggest water pricing policy to
improve water allocation efficiency in Iran. Whilkue to political risk, economic and cultural
concerns, government tends to reject that advites $tudy addressed questions of what policy
alternatives to water pricing could be used to wmpr irrigation water allocation efficiency.
Approach: Three policy options include water pricing, watemplementary input factor taxes and
output taxes were examined. In order to minimize gfhoblems of bias produced by fully aggregated
models, sample farms were classified into homogemapoups of farmers by means of clustering
technique. The analysis carried out by means oitid@dMathematical Programming (PMP), utilizing
quadratic cost functiondResults: Results showed that effects of alternative pdicieere strongly
dependent on group of farmers and that would creatlespread effects on policy goals across
clusters. The results also indicated that watecimyi policy worked well in reducing the irrigation
water use when the water price level was high aitidhewe, in most cases, higher effects than other
policy scenariosConclusion: Low level of input taxation wasn't a good driverdecreasing irrigation
water demand and keeping the welfare level. Watieing and output tax policies were better suited
and effective than water complementary input fatdaation but both input factor tax and output tax
policy at certain rates could be alternatives ttewpricing policy. Water pricing policy had notitde
effects on social and environmental goals, whiputrand output taxes had small effects on thatsgoal
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INTRODUCTION water delivered, it lacks the incentive for effitieuse
of irrigation water. In the case of groundwater
Water scarcity and its impacts on agriculturalresources, price is between 0.25-1.0% of the
production and food security are growing concernsommercial value of crop yield. Irrigation waterlian
worldwide. Increasingly, water scarcity is descdlas is heavily subsidized. It has been estimated thater
a major challenge facing Iran, an arid and semiariccharges in public irrigation schemes only cover 1%
country, with an average annual precipitation (868) the supply co&¥. Limitations of development water
which is less than one-third of the world averalge. resources, apparently poor management and large
Iran, irrigated agriculture is responsible for 8986 losses of water in Iranian irrigated areas compel t
agricultural production, with only 52% of the culited implementation of demand water policies. Such
area -6.7 million ha-consuming 90% of the totalavat demand policies consist in the main of the pubdie r
supply?®. Overdraft of groundwater resources hasallocation of water resources, water pricing and
caused negative balance of groundwater and oui®f 6 alternative irrigation  policies such as water
plains of the country, 150 plains are restricted. A complementary input factor taxes and output tdx8s
present, pricing irrigation water is based on tle s Using empirical evidence from Iran to assess the
called equitable distribution law of 1988. Accoglito  effectiveness of water pricing in curtailing demand
this law, surface water charges are based on sonierry***"*lhave estimated a 10, 3.5, 3 and 10 fold
percentage of the value of output (output priciBipce  increase for irrigation water prices in differeegions,
this system of pricing is not based on the volurhe orespectively. It concerns the low farmer responsess
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at observed prices ranges. Therefore agricultusderv Table 1: Basic data per representative farm

prices need to be raised significantly or introdgdci Cluster number

alternative irrigation policies. The |mplementat|(|)im Characteristics 1 2 3 4 Average
these economic instruments would produce collaterati "z 2850 23490 369.00 276.0 -
effects, such as a decrease in agricultural incantka  No. of farms 35.0 63.0 37.00 21.0 -
reduction in the demand for agricultural labor. TheAverage farm 13.9 373 1000 131 186

; ; it i ; size (ha)
solutlo_n to get rid of water scarcity is to improwater Gross margin 65 106 2110 122 148
allocation and concentrate on the integrated wabel ;5 i o ha)
land management, emphasizing on the agricultureﬁandnabor ratto 149 035 006 010 05
water manageméht®. The objectives of this research (ha man-day)
are to evaluate alternative policy options to eani '(f”gst[?)n water  5096.00 4429.0 5761.00 4663.00

i m~ha

how well they can serve as a proxy of water pricingoi ot er 21700 2060 33600 62900 369.0
policy in study area and to analyze the potentigacts (Rials m?)
on cropping pattern, Irrigation water demand, welfa Notes: *: Official exchange rate is 9500 Rials §3 dollar

labor employment and environment for each alteveati

strategic policy. In sum, knowing the farmers res® stage to construct RFs. Considering classification
to these new policies will indeed illuminate theid®n  variables reveals that these variables almost comfo
making process of policy choice to attain the d&bir ith Day's aggregation conditidfs RFs were selected
goals of reducing water demand and alleviating wateon the basis of Hierarchical cluster analysis and
scarcity. clustering was performed using the Ward's minimum
variance criterion as the clustering method andhsspl
MATERIALSAND METHODS Euclidean distance as measure. The hierarchical tre
(dendrogram) showed the appropriate number of
The methodology is intended to simulate thecysters for this sample as four. The main desuspt
impact of alternative water policy scenarios, based  statistics for each cluster are shown in Table 1.

the following steps: (1) representative farms (RFs  The farms in cluster 2 with an average farm size o
(2) The Model; (3) Definition of water policy scei@s;  37.3 ha, are larger than other farms while farms in
(4) simulation of responses. cluster 3 have smallest size with an average fare s

13.1 ha. Both clusters 2 and 3 include farms wlii t
Representative farms: As the economic and social highest Gross margin per hectare, but cluster 3istm
characteristics of farms, vary from farm to farnmthin  of 37 farms with lower acreage and cluster 2 consi
region, the same policy instruments can lead td®3 farms with highest acreage. Farms in clusteasd
extremely different results. Consequently, policy-4 also have on average the smallest land/laboo, rati
makers need to preliminarily know the effects ttie# =~ compared to farms from the other two clusters.sit i
new policies can induce on the homogeneous grofips tikely that these farms have a larger number obiab
farmers. The aim is to identify farms with per hectare and so called, production processeneth
homogeneous characteristics with respect to théarms compared to farms from clusters 1 and 2ksrla
production activities, to the resources usage anith¢ intensive. Comparing total available irrigation wmat
economic features of study area. The cluster aisalysand total acreage per cluster indicates that onagee
was intended to gather farms within relatively farms in the first and the third clusters use higlages
homogeneous groups in order to account forof water per hectare than the first and the segpadps
heterogeneity between groups of faffls To construct  of farms. In other words, first and the third greupf
the PMP models, a random sample of 172 farmers waarmers planted water-intensive crops and two other
selected from the Mashhad plain in Khorasan pravinc groups grow crops with low water requirement. For
of Iran. Data were obtained from sample farmers byach group of farmers price of water and water
way of structured questionnaire and personaktonsumption per hectare has similar behavior, sb th
interviews. It is necessary to assess the relevahttee  from first to fourth cluster price of water and wat
variables to the problem being investigated andtiise consumption per hectare increases.
factor analysis to remove highly correlated vaeabl
In the next stage, to avoid aggregation bias, werlus Model: The study uses an extended version of the
classification variables for any individual farmefn standard PMP model calibration apprd&th Once
income and resource use per hectare, endowment bbmogeneous groups of farmers (clusters, or Risg h
different resources) which were acquired from pasi  been defined, the second stage builds the matheahati
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models. The modeling analyses will be presenteskda for preventing linear dependency between the stratt
on results of four models, developed for samplenfar constraints and the calibration constraints. Intamdto

In order to allow independent simulations basedhen dual values for the limiting allocable resourcig, (this
decision-making behavior of the various groups ofconstrained program generates dual valugsf¢r each
farmers to be run, each cluster has been modeleaktivity except for the marginal activity.

separately. For this purpose, the basic elementspf In the first stage, calibration constraints arelext
mathematical model; i.e., decision variables, dbjec to the initial base-year linear program to, bindihg
function and set of constraints, have to be outlifithe  activities to the observed levels of the baseline.
PMP calibration method adopted in this model w#is ~ Howitt™ and Paris and Howitt! interpret the dual
non-linear cost function and a CES production fiomct variable vectorA, associated with the calibration
for each production activity. The value of eachiafsle  constraints as capturing any type of model mis-
per cluster is an average of individual farms ideldiin  specification, data errors, aggregate bias, risgiabier
that cluster. Since the publication of a comprelvens and price expectations. Graindorgeal .’ attributed
study on PMP in agricultural policy models by dual variable vector\, to heterogeneous land or
Howitt"¥), this calibration approach has become ajvestock quality. In the perspective of calibratim
standard methodology6 and hasloqggn employed iRon-linear decreasing yield function as in Howkt
various models at farfi®, regiona’**'®?% and sector  this A, represents the difference between the activity
level'¥. A farm level and multi-crop program is average and marginal value products. In the aftexna
proposed for this study following Howit*®. The perspective of calibrating a non-linear increasiust
approach adopted can be divided into three difterenfynction as in Paris and Howft, this dual vectoh, is
stages: (1) The construction of a usual linear @Y interpreted as a differential marginal cost vedtuat
model with calibration constraints, (2) The usetlé  together with the activity accounting cost vector

resulting dual values to calibrate the parametéthi® reyeals the actual variable marginal cost of stipgly
nonlinear objective function (3) The simulation of {he ghserved activity vectog.x

agricultural policy changes. In stage (1), we cdesi In the second stage, marginal values (dual values)
the following Linear Program (LP): from the previous stage are used along with the-bas
_ year data set to calculate parameters needed by a
max Z=Z PYX-20 f x @) quadratic cost function and a CES production famcti
J These functions together form a nonlinear prograa t
Subject to: produces the base year solution without calibration
constrains. In this stage the dual values calibth&ée
Ax<b [A] 2 parameters of the nonlinear objective function. For
reasons of computational simplicity and lackingsty
X<X,+E  [A,] (3) arguments for other type of functions a quadratistc
function is wusually employed in the objective
x>0 4) functio™®. However any type of nonlinear function

with the required properties is acceptable to #tep.
The general version of this variable cost functfon

4 = the objective function value s

P ando = Represent the price per unit for output i angéach crop, as q_u_adrgnc in the acreage allocatedeto
accounting costs per unit of input j, CTOP. o be specified is:
respectively 1

X = the non-negative vector of surface cultivatedC" = d'x+= x'Qx (5)
with production i 2

Y, = Indicates the production vyield in the Where:
reference year d = Denotes vector of parameters associated wéh th

linear term
Equation 2 and 3 denote the resource constraint9 = A symmetric, positive semi definite matrix of
and calibration constraints, respectively. Aratrix of parameters associated with the quadratic term

technical coefficients in resource constraints wégh

elements. b shows the vector of available resource The parameters are then specified so that tharline
levels and ¥is non-negative vector of observed activity marginal variable cost functions (MCfor different
levels.e represents the vector of small positive numbersrops fulfill:
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v (0 =
MC = 6Ca)((x ):d+Qx° Wi, ©6) y =f(x) (10)
Ax<b [A] (11)
To solve this system of n equation for n crop, PMP
modelers rely on various solutions. Judezal™® ., (12)

directly derived the unknown parameters of thelfina
non-linear model from the Kuhn-Tucker conditions. Equation 9 maximizes Total Net Revenue (TNI)

Paris and Howit'! exploited the maximum entropy corresponds to a farm group, while Eq. 11 and £ ar
estimator to determine all elements of the vedt@nd  .,hqiraint sets for production factors. The fiestt in

mat_rixZ] Q using the Cholesky factorization while, gq 9 shows the total revenue and the two lastgenm
Pari¢’ generalized the PMP framework into agq g form a quadratic cost function. This calibtht
Symmetric  Positive Equilibrium Problem.  Among 54e| can be used for policy change simulations Th

them, the average cost approach used in this stuq¥ogels were solved and developed using solver

which equates the accounting cost veotorto the  \yNOS, run over GAMS as the optimization software.
average cost vector of the quadratic cost functind

leads to: Definition of water policy scenarios. In order to

simulate the impacts of various policy scenarios we
employed water price, input and output policiesuesd

) ) to water use. As indicated in Table 2, three policy
where, q denote the n diagonal elements of matrix Q.scenarios were simulated using PMP models: (1) Wate
By using the prior information, technology is pricing policy; (2) An input tax policy; and (3) An
represented by a CES production function, whichoytput tax policy. Each scenario has multiple sub-
allows input substitution among production factdise  scenarios. The water pricing scenario observes the

0; =2\, /% andd=w -\, forall& 1,.. @)

CES production function is usually written as: effects under different irrigation water pricingvéds.
The first price level (W1) is 100% increase in ewmtr
y =G(Zn:B,--X,Y)W @8) water price. The g;econd an.d third price. levels (@\g
= W3) are 100% increase in water price levels plus
changing the irrigation water constraint to lesantithe
Where: binding level by 10 and 20%, respectively. Changing
y = An output price of nitrogen fertilizer (N-fertilizer) and fgicide
X; = An input affects on crop production costs and consequently
a = Scale (yield) parameter changes welfare, irrigation water demand and crappi
B, = Share parameter patterns. The tax rates for these resources £8 €il)

and 50% (12). The output tax scenario taxes sugat b
The CES share and scale parameters are estimatedd tomato production since these crops are ifcigat
according to Howift by using the first-order water intensive among all other crops in study afen
conditions for input allocation. Details of estinomt  output tax is a price cut on the producer sideCatd1)
appear in Howift®. The substitution parameteris  and 20% (O2) which could take the form of reducing
related to the elasticity of substitutienby the relation the subsidies on corresponding crops.
o = 1/ (1%). Wherey = (0-1)/0, ZBi =1 ando is prior The models were developed in order to derive the
results of the policy simulation which are presdnite

value elasticity of substitution. The elasticity ioput o
four categories:

substitution coefficient of the CES function (EQ. i8
derived from empirical sources. In the third stathe,
derived cost parameters and the base-year da@reset
used to specify a non-linear program that incluttes
original constraints except the calibration coriatsa
Formally, the calibration stages lead to the follmyy ~Water conservation: The projected consumption of

Economic impacts. are measured by percentage
change in TNI.

model structure adapted from HoWitt water measured in tha”, is the variable that policy
makers wish to control via different policy options
max Ti= py- dx %XQx/2 9) Water conservation is measured by the decreasieg ra
of demand for irrigation water after implementing a
Subject to: certain policy.
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Table 2: Description of policy scenarios in Mashp&n

Scenarios Water pricing policy Input tax policy Puit tax policy

Sub-scenarios WI W2 W3 n-fertilizer Fungicide Sulgeet Tomato

* *

Water pricing *
Input tax
Output tax

* *

Land reallocation: Variation in level of activities is
measured as an indicator of reallocating land irtput
different crops in response to enforced policies.

Social impact: irrigated agriculture is the main source
of employment in study area. We expect that chaiges
policy rules could affect the social structure bfst

4 (3): 206-214, 2009

Economic impact: The percentage change in welfare
from its base level is reported in Table 3. Resfutis
policy scenarios simulation indicate that watercing
policy scenarios have the greatest negative impact
TNI of RFs. while input tax policies function ateth
opposite state and have a negligible negative effac
TNI. The fall in total welfare ranges between 0 and
55% of the current TNI, depending on the cluster. A
reduction in welfare is the lowest with the cluster.e.,
the farms with highest farm size and the lowest
Irrigation water consumption per hectare. Altervati
policies, especially water pricing policies, had
significantly decreased welfare level related tbRF.

region. This phenomenon can be evaluated via clsangeince Farms in 4th RF experience the highest water

in agricultural Labor use.

Environmental impact: An environmental effect of
growing relevance is the pollution caused by the afs
agrochemicals in agriculture. The percentage chamge
consumption of N-fertilizer and fungicide are takas
indicators of the environmental impact of agrictddu
activities that caused by the policy options.

Area of study: The practical application of the

price, there is a slight difference between curr@md
shadow water price with this group of farms. The
results show that change in welfare vary acrossdrigs
alternative policies so that different pricing midis
produce clear differential effects on the irrigatiarms

of study area. W2 and W3 policies have larger ¢ffec
on welfare than W1 policy. Input tax policy has dma
effects than water pricing and output tax policy
scenarios on farmers' total welfare. Both input and
output tax policies have inappreciable effect amfa

methodology proposed above is based on the comynuni{evel- N-fertilizer tax affects crop production t®snd

of irrigators of the Mashhad plain in Northeastlian.
The climate in the area is typically dry with amaal
average precipitation of 203 mm. In this area,cadftire
faced with over-exploitation and critical conditforof
groundwater aquifers so that there is a differeate
1.06 bcm between recharge of water resources (8§ b
and discharges from them (9.66 bcm) in Mashhadhplai

RESULTS

therefore production decisions. However, until thg
rate of N-fertilizer increases by more than 50% dee
not see appreciable changes in reduction of welfare

In the fungicide tax scenario, changing the
fungicide cost has limited effects on the welfazgel.
When fungicide costs increase 50%, the welfarelleve
decreases by less than 0.1% (ranges between 0 and
0.07%). Twenty five percent of output tax (O1) will
decrease level of welfare more than the 11 ancV2l|
while output tax at 50% (O2) decreased more welfare

This section analyses the results obtained fronhan OL. Itis necessary to emphasize that thetedie

solving PMP models simulating alternative scenarios

farmers™ welfare would be quite different in theufo

Model runs for each RF and policy alternative wereClusters considered. This decrease in the profitylof

performed by using GAMS as the optimization

irrigated agriculture, especially as a result oftewa

software. Results include water conservation, landficing interventions, might well lead in to the

reallocation, economic, social and environmental

impacts.

Table 3: Reductions in total welfare (%)

withdrawal of a large percentage of farmers from
agriculture.

Input tax policy

Output tax policy

Water pricing policy n-fertilizer Fungicide Sargbeet Tomato
Model No. WI w2 w3 11 12 11 12 o1 02 o1 02
1) 7.1 11.8 11.8 0.01 0.04 0.02 0.07 0.60 0.80 311 1.13
2) 5.8 11.0 11.0 0.04 0.11 0.01 0.02 0.06 0.06 024 4.40
3) 6.5 125 125 0.01 0.02 0.02 0.04 2.70 5.00 05.0 9.00
4) 28.0 53.0 55.0 0.10 0.30 0.00 0.00 3.80 10.00 .002 1.50
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Table 4: Water conservation in different scenafi¢}

Input tax policy Output tax policy
Water pricing policy n-fertilizer Fungicide Sargbeet Tomato
Model No. WI W2 W3 11 12 11 12 o1 02 o1 02
1) 330 64.0 64.0 - - - - - 16.4 - -
2) 240 34.0 34.0 4.0 4.0 3.90 4.00 13 13.0 24 24
3) 8.8 17.6 19.7 0.2 0.2 0.18 0.18 5 9.0 2.9 5.0
4 - 8.0 16.0 - - - - - - - -

Table 5: Water pricing effects on cropping pattern

Cluster 2 Cluster 3

Percentage change from base Percentage chrangbdse
Water pricing scenario Base (ha) w1 W2 W3 Base (ha) W1 W2 w3
Wheat 156.0 -4.0 -8 -8 41.0 +0.1 +0.3 +0.3
RF-wheat 1401.0 +0.4 +1 +1 105.0 +20.0 +50.0 +50.0
Barley 18.0 -18.0 -35 -35 69.0 -10.0 -54.0 -54.0
RF-barley 75.0 +7.0 +11 +11 19.0 +1.0 +3.0 +3.0
RF-chickpea - - - - 45 -100.0 -100.0 -100.0
Sugar beet 17.0 -100.0 -100 -100 44.0 -21.0 -23.0 23.0-
Potato 195 -0.3 -1 -1 2.0 0.0 0.0 0.0
Onion - - - - 5.5 -1.0 -25 -25
Tomato 45.0 -3.0 -9 -9 55.0 0.0 -2.0 -2.0

Water conservation: Water conservation is measured water. Taxation on sugar beet and tomato production
by the decreasing rate of demand for irrigationewat decreases irrigation water demand as expected. The
after implementing a certain policy, as shown ilbl€al. main contributions to irrigation water reductionear
Water pricing policy works well in reducing the from sugar beet and tomato. At the 25% tax rate, th
irrigation water use in the Mashhad plain when thedemand for irrigation water falls by 13 and 5% e t
water price level is high. Water pricing intervemts case of RF (2) and (3), respectively. At this taxel,
result a reduction in demand for irrigation watgrto  demand for irrigation water remains fixed in theeaf
64%. When the water price level is twice as much aswo other RFs. Taxation on sugar beet lead to mighe
current shadow price (W1), this policy would leadat  planted area of tomato and vice versa. Thus awctefée
significant reduction in the quantity of water demdad  output tax policy that follows irrigation water
by different group of farmers. The reduction mainly conservation must comprise taxation on both crops
comes from Sugar beet, Potato and tomato. Sincsimultaneously. Altogether, Water pricing and oaitpu
current low water prices for all farms coincidedttwi tax policies have more influence on water demand
high shadow prices, raising water price to W1, W@ a while input tax policy remains inefficient.

W3 levels, lead to prices higher than current shado

prices and consequently result significant reduciio  Land reallocation: The base cropping area for each
water demanded at farm level. Inputs tax will afffdie  crop (in hectare) and the percentage change frem it
cropping decision and hence the demand for iregati base level are reported in Table Since input and
water. However, until the price of N-fertilizer im@ases output taxation didn't have substantial effect oput's

up to 50%, there are no appreciable changes idemand in the case of RF (1) and RF (4) and for
reduction of irrigation water use, especial in tixse of  simplicity, cropping pattern changes shown only Rét

1st and 4th RFs. When the N-fertilizer tax incrsalsg  (2) and (3). The cropping area decreased for al@ibst
25 and 50%, the demand for irrigation water de@®gas major crops except rain-feed crops, as the pricgatér

by a similar percentage in the case of 2nd andR¥tsl,  increased. Because of its high water requiremeigars
while in the case of two other RFs irrigation waterbeet excludes from cropping pattern in the casRfef
demand still remains fixed. In the fungicides tax(2). When the W2 water pricing level implementdus t
scenario, changing the fungicides cost has similachanges of cropping patterns are almost the sana¢ as
impact on irrigation water demand as N-fertiizaxt the W3 level. From the perspective of cropping
policy so that these two policies could be an alitive  patterns, the most affected crop is sugar beet hwhic
option for each other in reducing demand for idiiga  only uses less than 1 and 13% of the total irrgyati
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water at the base level in the case of RF (2) &)d (
respectively. The production of rain-feed cropshsas
rain-feed wheat and rain-feed barely, increasegoup
50% along with the increasing water price.

Environmental impact: The introduction of irrigation
water pricing and output taxation would also rediee
fertilizer consumption, as shown in Table 7. Crepsh

as onion, tomato and sugar beet with high water
requirements have higher requirements for N-fedili
and fungicides than others with lower irrigatioreds.
The results have shown that in the case of RFsdl4an
the system is basically stable and able to matcét wio
the scenarios without any change in the total

Social impact: Performing the cited scenarios would
lead to changes in the employment, as shown ineTébl
The decrease in farm labor is a social impact chbgse
substitution of the most water intensive crops sash
sugar beet, potato and tomato, which are normddly a consumption of N-fertilizer and fungicides. So Tafl
more labor-intensive, by others with reduced watet  includes only environmental impacts in the cas®B$§
labor requirements. These changes in farm laboertp 2 and 3. As water price increases farmers with high
on the farmers' behavior and range from reductign brates of water utilization per hectare (RF 2 and RF
16% in current labor demand (RF 3 foy &enario) to reduce consumption level of N-fertilizer signifidhn

an increase by 0.24% (RF 3 for 12 scenario) inentrr while others are not induced to change their Nilizet
labor demand. Farm operations in the study area amonsumption level. Again, the impact of differenput
based on family labor with little hired labor. So, tax policies on N-fertilizer consumption appearsbt®
changes in demand for labor would basically benegligible. Output taxation may increases the N-
translated into changes in farmers’ leisure. A hdlig fertilizer consumption by some crops, but total N-
change happens with demand for labor as the irgput t fertilizer consumption remains fixed or decreases.
policy implemented. There exist a variety of resgeEm Although, fungicide accounts for a small portidn o
to other policies among different groups of farmé&s  production cost, results shown that alternativeicyol
that output taxes, lead to lower employment lehaint options have noticeable effect on fungicide
water pricing policies. After performing a scenario consumption and consequently are efficient polifoes
farmers change wuse of labor but after labor'seducing usage of this input (Table 8). Sugar beet,
redistribution, total employed labor remains fixed. potato and tomato have a much higher applicatite ra
Taxation on sugar beet causes transferring of ahwr of fungicide than other crops. Therefore a fungiciax
tomato production and vice versa. Consequentlal tot decreases the cropping area of these crops theltyfin
labor employed in farm remains unchanged. results reduction in fungicide consumption.

Table 6: Changes in employment (%)

Input tax policy

Output tax policy

Water pricing policy n-fertilizer Fungicide Sargpeet Tomato
Model No.  WI W2 W3 11 12 11 12 o1 02 o1 02
) -1.40 -1.40 -1.4 - - - - - - - -
2) -3.60 -3.60 -3.6 -3.70 -3.70 -3.70 -3.70 -3.8 -3.70 -3.7 -3.60
3) -2.80 -11.80 -5.4 +0.30 +0.27 +0.27 +0.24 -6.0 -9.60 -9.3 -16.00
4) -0.08 -0.08 -9.0 -0.08 -0.08 - - -0.08 -0.08 -0.08
Table 7: Reduction in N-fertilizer utilization (%)
Input tax policy Output tax policy
Water pricing policy n-fertilizer Fungicide Sargpeet Tomato
Model No. wi w2 W3 11 12 11 12 o1 02 o1 02
2) 4.13 6.3 6.0 1.40 1.60 1.6 1.40 1.4 4 1. 1.4 1.4
3) 5.80 11.8 12.2 0.11 0.14 0.1 0.11 45 8.3 26 48
Table 8: Reduction in fungicide in different scaoan(%)
Input tax policy Output tax policy
Water pricing policy n-fertilizer Fungicide Sargbeet Tomato
Model No. wi w2 w3 11 12 11 12 o1 02 o1 02
2) 5.5 10.0 10.0 1.02 1.10 1.00 1.03 0.3 0.3 4.0 9 6
3) 2.0 54 54 0.12 0.14 0.02 0.06 2.5 5.0 13.4 .025
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DISCUSSION not be used if the policy goal is to limit irrigati water.
A fungicide tax may not be a good driver in deciegs
This research intended to provide a betteirrigation water demand and keeping the welfareellev

understanding of alternative irrigation policies similar. Water pricing and output tax policies aedter
compared to water pricing by examining irrigation suited and effective than water complementary input
policy options for the Mashhad plain in Iran. Two factor taxation.
important conclusions can be drawn from this redear However, Policy scenario outcomes in reality will
From the methodological point of view, is worth not be as smooth as in our results. It is worth
emphasizing the advantages of cluster analysis angmembering that achieving the positive impacts
PMP methods. Indeed, from the policy making point o discussed here would require an appropriate legdl a
view, water pricing policy performs more effectitan  social framework. Since irrigation water in Iran
input and output tax policy to reduce irrigationtera historically and legally has been regarded as ancom
demand and conserve water. The actual behaviagood and most farmers still believe that price lué t
patterns vary significantly when specific groups ofresource should not increased, a slow evolution of
irrigators (clusters) are studied. farmers' mentality is required, in the direction of
By comparing the change from base level, theregarding water as an economic good and risingepric

model results show that increasing irrigation waterof this scarce resource.

price has large effects on welfare at farm levellavh
certain rates of input and output taxes can deerdas
demand for irrigation water and welfare level a kit
addition, input tax policy has small effects thaatev 1.
pricing and output tax policy scenarios on farmers'
welfare. The input tax policy was not an effective
policy in this study. In other words, N-fertilizemd 2.
fungicide are not a close complement to irrigation
water. The comparisons also indicate that inpuegax
and output tax at higher level could be as an radtire
option for water pricing. Taxation on sugar beeidl¢o
higher planted area of tomato and vice versa. Qugpu 3.
on tomato and sugar beet could be used to reduce
irrigation water demand on these two crops. Thisildio
promote cultivation of less water intensive but
profitable crops such as cerealSropping patterns
changed appreciably for water pricing policies. Whi
input tax and output tax policies were not effeetin
changing cropping pattern and had limited effeats o 4.
the cropping pattern. Results indicate that culibraof
sugar beet, potato and tomato decrease more than le
water intensive crops. Output taxes, lead to lower
employment level than water pricing policies but a
slight change happens with demand for labor as thé.
input tax policy implemented. Impact of differenput
tax policies on N-fertilizer consumption appearsbt®
negligible.

CONCLUSION
Water pricing policy works well in reducing the
irrigation water use when the water price levehigh
and will have, in most cases, higher effects thtmero 6.
policy scenarios. As water price increases farmétis
low rates of water utilization per hectare reduce
consumption level of N-fertilizer significantly,
others are not induced to change their N-fertilizer
consumption level. Low level of input taxation skbu
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