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ABSTRACT

Water scarcity is a growing global problem and increasing population pressures, living standards and the growing
demand for environmental quality have evoked all the governments to represent better solutions about water resources
management. In addition, there are growing political ties for reducing water use in agriculture that follow enough
environmental benefits and increase the welfare of other water consumers. This further increases the economic analysis
to check the behaviour of farmers using mathematical programming techniques and has been followed the application of
Positive Mathematical Programming (PMP) especially. Applied policies include increased 5, 10, 20 and 30 percent in
water irrigation prices and reduced 10, 15, 25 and 30 percent in the amount of available irrigation water policies.
Farmer's response to these policies showed that increased costs and reduced available irrigation water are effective in
accepting deficit irrigation.
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INTRODUCTION

province is about 145 mm and is provided 38 / 90 percent of its groundwater from wells and 98/5% and
64 /3 percent, respectively, of the aqueduct and fountain. terms of water consumption, in different sectors
according to Statistics, 86/95 percent of water extracted from groundwater water resources consumption
is in agriculture, 34 / 3 percent of the drinking and 8/0 percent in the industrial sector. Excessive
withdrawals from groundwater aquifers have many complications, including decreasing water levels in
the plains of the province. Therefore adopted strategies are important to optimize water use, particularly
in terms of water shortages and drought. Among the policies that help to solve this problem is limiting the
amount of irrigation water available and water pricing.

Background

According to agriculture is the biggest consumer of water resources. Water production rate isn't
responder to increasing in demand for water. Moreover, Population growth, promoting social welfare,
agricultural and industrial development and protection of ecosystems is Causes by increased water
demand. These factors and important role of water in sustainable development has been Caused that
authorities more attention to demand management and water supply has in planning and macroeconomic
policy regional and national. Kerman province with an area of 175,069 km, population of 6 / 2 million
people, The elevation range of 190 meters in the Lut Desert until 4465 meters in altitude in Hezar
mountain and this province is located between geographical coordinates of 54 and 59 eastern longitude
and 26 and 31 north latitude. Annual rainfall in Kerman agricultural policy intervention is shifted. Based
on the results of this study, reduction in the acreage of wheat and bean and increase in the expected profit
of RFs are the consequences of increasing acreage of colza. But, as variance of profit increases, the net
impact of policy on the expected utility of RFs is not perfectly known. The results also indicated that the
use of pesticide increases through introducing colza into a cropping pattern. The effect of policy on water
use is different among RFs and they can't take this policy as a water demand management policy.
Cortignali and severini in 2009 Studied Irrigation water policies by positive mathematical programming
model. results showed that increasing water costs do not motivate adoption of DI techniques. Rather,
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farmers are induced to save water by switching from full irrigation to deficit irrigation when water
availability is reduced or the prices of irrigated crops are increased.

MATERIALS AND METHODS

PMP method

The PMP methodology, developed to calibrate agricultural supply models, assumes a profit-maximizing
equilibrium in the reference period. It recovers additional information from observed activity levels in
order to specify a non-linear objective function such that the resulting nonlinear model exactly
reproduces the observed behaviour of farmers. The Standard approach: (1) specification of a linear
programming model bound to the observed activity levels by calibration constraints, in order to derive
the differential marginal cost vector (m); (2) estimation of a quadratic variable cost function assumed to
capture all farming conditions not modelled in an explicit way and (3) the formulation of a quadratic
programming model including the variable cost function in the objective function. This model exactly
reproduces the behaviour observed in the base year and can be used to perform simulations on several
parameters of the model, including product and factor prices, subsidies and resource availability. The
variable cost function is assumed to be quadratic because this form is relatively easy to work with and has
the desirable property of increasing marginal cost functions for each activity, apart from the marginal
(least profitable) activity. Denoting the crops by j, the quadratic programming model can be compactly
written as:

max z =3 (r; = e (x,;)x,

J
5.t Z a;x,; <b,
j

x; 20

where Z denotes the objective function value; x; represents the production activity levels (hectares
allocated to crop j); rj denotes average revenue per unit of activity; o;jrepresents the scalar element of a
matrix of coefficients in the resource/policy constraints (index i); b; is the vector of available resource
quantities; ACj(x;) denotes average variable cost function per unit of activity and it has the following form:

1
ch=aj+5/5’jxj

where o and 3 are parameters to be estimated. Multiple sets of cost function parameters satisfy the
marginality conditions of the problem (1). One of the options for recovering these parameters is the
following [(Arfini and Paris,1995):

_ _H
a; =cy B = X!
Where cj are the observed accounting costs and p; are the dual values recovered by means of the following
calibration constraints:
X <xj(+a)  [u)]
Where x9; are the observed variable levels and e is a small positive number (4). In the Standard approach,
the parameters of the cost function for each activity are recovered for each land-use activity separately
from each other. In this way, different production technologies for the same crop (variants) are
considered as separate activities and are not considered that a large substitution among these variants
could occur in the phase simulation considering that they have similar technical-agronomic
characteristics. In fact variants generally refer to different ways of producing the same crop product and
differ only in terms of the amount of production factors used (e.g. amount of fertilizers and water,
irrigation technologies, crop protection technologies) and yield. Therefore farmers can be expected to
adjust cropping technologies more easily (i.e. switching from one variant to another) than cropping mix
(i.e. switching from one crop to another). Ro"hm and Dabbert [6] propose a different modelling approach,
given that the elasticity of substitution is expected to be higher between variants of the same crops than
between different crops. Denoting the crops by j and the variants by v, the quadratic programming model
can be written as:

max z = Z 2= Ay (x; ),
J v

st ZZai’/’vx/’v <b,
T Where average variable costs per unit of activity (ACjy)
X >0 are defined as~
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1 1
ch,v (xj,v) =a,, + E :Bj,vxj,v + E 7 Z Xiv

They introduce an additional slope parameter not included in (2) which is common to all variants of the
same crop. Therefore, there are two sets of slope parameters, one for each crop (yi;) and another for each
variants of the same crop (). As for the Standard approach, multiple sets of cost function parameters
satisfy the marginality conditions. Similar to the standard method, set coefficients of cost function creates
the ultimate conditions. Correction parameters are applied as follows:

. i
Jsv J

a. =c. ,IB_ = V= =1
v v v 0 > 0
o o s X J 30
Z Jw
v

Jjwv

Where c;j, are the accounting costs and the other parameters can be recovered on the basis of the results
of the original linear problem with two sets of additional calibration constraints:

DI I NIV

0 Where €; and € are small positive numbers (&1< €2); yjare
Xp SX5, (I+&,) ['u.f,v] dual values associated witr;l crops; and Wy alge dual)vaiues
associated with crop variants. The method used in this study is generalized method
Rohm and Dabbert
This method allows considering the activities that are not available in the reference period. Compared
with equations 9 and 10, the calibration limits as follows:

Dox;, <> x) (+e)+e;  [u]

X, < x;?‘\/_ (+&, )+é, [u;,] Where €3 is a sufficiently small positive number (g1< £2<

€3). In fact, considering that some variants are equal to

zero, an additive small positive number (&3) must be specified for the variants not observed (in this case
the DI techniques) in order to recover nonzero dual values in all cases [3].

1 1
ey (x,0) = @+ = B, + 7 2 XL 0,

2 0
K K Xy

ajw"‘ :Cjw"‘ ’ﬂjw" = 0 ’7] = 0 ’UjJ’ :'LljJ’ 1_ 0
%, Xy i

Where v j, are linear cost parameters that consider the relative weight of the variant v within the crop j.
This method of recovering the cost parameters satisfies the marginal conditions of the considered
problem. The parameter v is relatively large when the variant is cultivated on a limited share of the whole
crop j area. In the present study at %5 and %10 deficit irrigation techniques for basic products that were
not seen in years and Noteworthy is the Model, the base acreage for the year into consideration. Using
these models and policies to increase 5, 10, 20 and 30 percent of irrigation water and reduce the price of
10, 15, 25 and 30 percent in the amount of water available for irrigation will be discussed. To solve model
was used software GAMZ.

RESULTS AND DISCUSSION

sample farmers just is included Groundwater users that were divided into three groups of small farms
with less than 9 acres under cultivation, medium farms,10 to 18 hectares of farmland under cultivation
and large farms more than 19 hectares. This division is done using software Spss.16. Results from the
primary model using positive mathematical programming in Table 1 shows that increased acreage with
increased farm size .This could be due to poor management on large farms than small and medium farms.
After consideration of new activities, means activities that have been not observed in the base year, model
considers an initial cultivation for their. We considered two DI techniques for each of the five crops under
the assumption that the techniques reduce irrigation levels by 5% (crop 2) or 10% (crop 3) with respect
to the actual levels. These reductions are applied linearly to each irrigation without altering the irrigation
calendar. This simplyfied approach is used here given the small considered reductions (5% and 10%).
However, a less simplified approach should be used in future research to explore such important aspects
better.
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Tablel. Results of cropping pattern using positive mathematical programming corrected

production small medium larg
cornl 79.2 97.2 147.9
corn2 23.8 57.8 134.8
corn3

wheatl 62.0 13.4 51.0
wheat2 3.4 13.5 3.3
wheat3 4.7 5.0
barelyl 31.3 53.0 59.0
barely2 25.4 1.5
barely3 4.0
sugerbeetl 40.0 43.5 60.6
sugerbeet?2 3.2 10.5 5.3
sugerbeet3 4.5 6.2
potatol 8.0 78.8 18.0
potato2 5.4 23.6 1.0
potato3 3.7 23.6 3

full irrigation 220.5 286.0 336.4
deficit irrigation 74.1 129.0 164.1
total 294.5 415.0 500.5
percent of full irrigation 74.9 68.9 67.2
percent of deficit

irrigation 25.1 31.1 32.8

Source: Research Findings (crops2 and crops3 are deficit irrigation at 5% and 10%)

Results of policies to reduce the amount of water available in 5, 10, 15 and 25 percent and increase water
prices to levels 5, 10, 15, 20 and 30% are shown in the attached tables. According to Table 2, farmers for
crops: potatoes, sugar beet and wheat tend to be both techniques, but for corn and barley tend to be DI
techniques 5%. Due to the present DI techniques and due to the reduction of water consumption of the DI
techniques, this technique has been accepted by most farmers .Other groups were also similar. according
to the bottom two rows of the table, After implementation of policies, in full irrigation increased acreage
and DI techniques shows reduced acreage relatively, and The absolute decrease shows in both cases.
Decreasing water availability policies in 5, 10, 15 and 25 percent, deficit irrigation cultivation change in
small farms of 74.1 acre to 81.8, 103.2, 75.9 and 12.3 acres, in average farms of 129 farms in the thus, the
169.2, 187.3, 183.6 and 30.2 acres and in large farms from 164.1 to 183.8, 215.3, 85 and 3.1 acre. As you
can see deficit irrigation cultivation in the group initially increased and then decreased and for the three
groups is similar. Deficit irrigation cultivation decreased more than 15% through water availability
reduction; this decrease could be due to lack of supply of minimum water requirement. Full irrigation
cultivation in small farms of 220.5 to 193.8, 176.7, 125 and 37.9 acres, in farm average of 286 to 221, 185,
75.2 and 29.5 acres and in large farms 336.4 to 307.6, 270.9, 147.1 and 20.7 acres for all three groups was
the same. increasing prices Policies for 5, 10, 15, 20 and 30 percent of irrigated cultivation Full irrigation
changed for small farms to 197.6, 188.1, 132.6, 69.5 and 22.6 for medium farms to 254.2, 235.36, 232,
206.3 and 173.8 in large farms to 325.1, 290.6, 265.6, 236.5 and 212.2 ha that Shows a decreasing trend.
Deficit irrigation cultivation increased in small farms, 48.3, 77.2, 104, 131.5 and 107.5, and in average
farms to 89.1, 114.7, 141, 164.8 and 195 and for large farms to 49.8, 72.1, 82.7, 105.8 and 119.8 acres, too.
Decreasing water availability scenarios, reducing Full irrigation cultivation and increased in cultivation
deficit irrigation has three representative farms. For example, in decreasing water availability at 10%
scenario, reducing Full irrigation cultivation from 220.5 to 176.7 acres for a small farm, a farm medium of
286 acres to 185 and in large farms, as well as 336.4 to 270.9 ha. Deficit irrigation cultivation increasing
for small farms from 74.1 to 103.2 acres, the average farm of 129 to 187.3 and for large farms of 164.1 to
215.3, respectively. Decreasing water availability at 25 percent has been change in cultivation, small
farms from 294.5 to 9.6 acres farms average of 415 to 15.2 acres and larger farms than 5.500 acres to 1.8
hectares. Amount of deficit irrigation cultivation decreased for small farms from 74.1 to 4 acres, in
average farm of 129 to 1.1, and for large farms from 164 to zero. Increasing prices Scenarios were
followed, reducing Full irrigation cultivation and increased deficit irrigation cultivation. Percent decline in
cultivation farms in full irrigation in water availability Scenarios was lower than increasing price. One
reason is the low price of irrigation water; increased prices of this input had little effect on the pattern of
crops. Comparing the two scenarios, at 10 percent, shows that the total cultivation for farms, small,
medium and large, respectively, 295.5, 415 and 500.5 ha, full irrigation cultivation for each groups, 220.5,
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286 and 336.4 and deficit irrigation cultivation acreage is 74.1, 129.1 and 164.1, respectively. After than
decreasing water availability scenario at 10 percent, full irrigation cultivation changed to 176.7, 185 and
270 acres respectively and deficit irrigation cultivation increased to 103.2, 187.3 and 215.3 acres. After
running the increasing water prices scenario, at 10 percent, full irrigation cultivation decreased to 188.1,
235.3 and 290.6 acres and deficit irrigation cultivation increased to 116.9, 143.3 and 184.6, respectively.
Thus, can say that after scenario deficit irrigation techniques cultivation increased and this increasing in
decreasing water availability scenarios is greater than increased water pricing scenarios.

Table2: Cropping patterns in the policies in small farms

production base year Decreasing water availability % | increasing water pricing%

5% 10% 15%  25% 5% 10% 15% 20%  30%
cornl 79.2 60 49 43.8 248 64 58.7 47.5 34.8 4 63.4
corn2 23.8 25 26 33.8 4.8 26 28 34.8 14.8 4 61.6
corn3 7.2 9.6 7.2 9.6
wheat1 62 59 57 40.6 59 57 40.6 13.5
wheat2 3.4 4.5 6.5 5.7 7.5 13.5
wheat3 4.7 5.5 7.5 6.4 8.2
barely1 313 29.2 28 17.5 10 30.2 28.7 20.4 14.6 7 12.0
barely?2 25.4 20.9 19 15.5 7.5 209 29 19.5 11.5 7
barely3 6 7.5 6 7.5
sugerbeetl 40 38 36 18.1 38.8 37 17.1 12 6 13.9
sugerbeet?2 3.2 5.5 7.5 5.5 7.5 9 12 13 18.2
sugerbeet3 4.5 7.5 8 7.5 8 9.3
potatol 8 7.6 6.7 5 3.1 5.6 6.7 7 8.1 5.6 71.0
potato2 5.4 7.3 8.5 7.3 8.5 9 14.6 5.7 27.5
potato3 3.7 5.7 7.2 9.6 5.7 7.2 9.6 27.5
full irrigation 220.5 193.8 176.7 125 379 1976 1881 132.6 695 226 173.8
deficit irrigation 74.1 81.8 103.2 759 123 85 1169 1082 529 29.7 1483
total 294.5 275.6 2799 2009 50.2 282.6 305 240.8 122.4 523  322.0
percent of full irrigation 74.9 70.3 63.1 62.2 755 69.9 61.7 55.1 56.8 432 54.0
percent of deficit irrigation  25.1 29.7 36.9 37.8 245 30.1 38.3 44.9 43.2 56.8 46.0

Table3: Cropping patterns in the policies in medium farms

production base Decreasing water availability % increasing water pricing%

year 5% 10%  15%  25% 5% 10%  15%  20% _ 30%
cornl 97.2 64.9 53.8 38.4 140 665 66.1 65.2 64.3 63.4
corn2 57.8 60.1 61.2 45.3 186 585 58.9 59.8 60.7 61.6
corn3 12.8 17.5
wheat1 13.4 13.5 13.5 13.5 13.5 13.5 13.5 13.5
wheat2 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5
wheat3
barely1 53.0 50.1 41.4 23.0 11.1 520 42.4 44.3 31.0 12.0
barely2 4.0 6.0 12.0
barely3 13.0 17.9 23.7 3.0 5.0 7.0
sugerbeetl 435 231 13.5 5.6 44.5 36.6 33.7 241 13.9
sugerbeet2 10.5 13.2 14.0 13.5 14.6 16.4 17.1 18.2
sugerbeet3
potatol 78.8 69.4 62.8 8.2 43 77.7 76.8 75.3 73.5 71.0
potato2 23.6 283 31.6 57.3 5.8 241 24.6 25.3 26.3 275
potato3 23.6 28.3 31.6 57.3 5.8 24.1 24.6 25.3 26.3 27.5
full irrigation 286.0 221.0 185.0 75.2 29.5 2542 2353 232.0 2063 173.8
deficit irrigation 129.0 169.2 187.3 183.6 302 133.8 1433 1514 1629 148.3
total 415.0 390.2 372.3  258.8 59.7 388.0 378.6 3834 369.2  322.0
percent of full irrigation 68.9 56.6 49.7 29.1 494 655 62.2 60.5 55.9 54.0
percent of
deficitirrigation 31.1 43.4 50.3 70.9 50.6 345 37.8 39.5 44.1 46.0
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Table4: Cropping patterns in the policies in large farms

) base Decreasing water availability % | increasing water pricing%
production
year 5% 10% 15% 25% 5% 10% 15% 20% 30%
143. 144. 147. 154.
cornl 1479 | 1437 1422 691 31 1444 2 2 7 6
134. 138. 135. 128.
corn2 134.8 | 139.0 1405 683 31 1393 5 5 0 1
corn3 5.0 8.0
wheatl 51.0 48.0 43.0 17.2 50.0 48.0 43.0 23.0 14.0
wheat2 3.3 5.0 6.0 2.0 4.7 7.0 8.6 9.5 11.0
wheat3 5.0 7.0 12.0 6.6 6.0 7.4 8.7 12.0
barely1 59.0 54.0 40.0 32.0 660 540 420 360 210
barely2 1.5 3.0 6.5 4.0 7.0 10.0 11.0 13.0
barely3 4.0 8.0 13.0 5.0 7.0 8.0 9.0 11.0
sugerbeet1 60.6 46.0 30.7 14.1 5.7 46.6 334 26.5 20.8 16.6
sugerbeet?2 5.3 6.1 7.5 4.1 5.3 6.3 8.2 10.4 12.2
sugerbeet3 6.2 7.4 9.8 4.1 2.3 5.4 7.3 8.1 10.2
potatol 18.0 16.0 15.0 14.8 11.9 18.0 12.0 10.0 9.0 6.0
potato2 1.0 1.2 6.5 3.0 4.7 5.6 8.8
potato3 3 2.1 5.5 4.7 7.0 9.1 11.0 12.4
290 265. 236. 212
full irrigation 336.4 307.6 270.9 147.1 20.7 325.1 6 6 5 2
184 203. 211. 206.
deficit irrigation 164.1 183.8 215.3 85.0 3.1 171.2 6 0 6 7
475.  468. 448.  418.
total 500.5 491.4 486.2 232.1 23.8 496.3 2 7 1 9
percent of full irrigation 67.2 62.6 55.7 63.4 86.9 65.5 61.2 56.7 52.8 50.7
percent of deficitirrigation 32.8 37.4 44.3 36.6 13.1 34.5 38.8 43.3 47.2 49.3
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