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Abstract

Introduction: In this study first, a suitable economic planning model for
agricultural water resources management in Kerman province was
presented. Then the potential impacts of water supply policy plans on its
agricultural sub-sector were evaluated.

Materials and Methods: In the implementation section, a three-stage
calibration of a comprehensive economic model based on the positively
mathematical programming (PMP) method and the maximum entropy
(ME) approach were used. The required data and information are for years
2017-2018 that documentary and regional studies approach (regions A, B
and C in master plan of provincial cropping pattern) through the
organization of agriculture and water resources management in Kerman
province were collected.

Findings: The results show that with implementation of supply-side
policies, cropping patterns are developing towards acreage of low water
and cereal products in different areas of Kerman province and products
such as onions, cotton and vegetables have the largest reduction in
cropping pattern. Under these conditions, farmers pay about one-third of
the real value of agricultural water inputs in the form of water extraction
and transportation costs and farmers southern Kerman province have the
lowest level price elasticity of water demand (0.175). Corn and potatoes
respectively, by maintaining and sustaining acreage in A (Agriculture in
dry conditions) and C (agriculture in tropical conditions) regions provide
optimal patterns to supply needs in these region and adjacent region.
Conclusion: Therefore, under conditions of water supply reduction policy
the suggested patterns in the northern regions of Kerman province (A) are
better optimal than other regions patterns (B and C).
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Extended Abstract

Introduction

Planning and management of agricultural
water resources is one of the issues that is
considered an inevitable and urgent necessity
for Iran due to periodic and continuous
droughts and also the damages caused by it,
despite all the negligence. Among the
measures that exacerbate the consequences of
this phenomenon is the inefficient and
unprincipled use of available and limited water
resources in cropping patterns and agricultural
systems. This inefficiency, in addition to the
low efficiency of irrigation water transmission
systems, is due to the inconsistency of water
resources allocation in exploitation and
cultivation patterns, which has adverse
consequences, in addition to instability and
damage to natural and environmental areas,
economic and social areas. It also affects the
whole agricultural system (15). Today, in most
parts of the Iran country, due to various
reasons such as improper and irrational
extraction of available water resources,
problems such as drought and non-compliance
with the principles of protection in the use of
water resources, some of the country's water
resources have been destroyed or endangered.
They are destroyed (3). Kerman province, as
the study area in this study, is no exception.
Irrigation situation of agricultural lands and as
a result of water loss, especially in the
southern parts of the province, has become one
of the challenges in the field of agricultural
development (2). Lack of surface water
resources and reduction of irrigation water
supply, inefficient allocation of available
water resources and increasing uncontrolled
abstraction of groundwater resources, require
proper planning for the management of
agricultural water resources in  Kerman
province (12). For this purpose, in the present
study, an attempt was made to provide a
suitable economic planning model for the
management of the province's agricultural
water resources, considering the most
important issue facing the agricultural sector
of Kerman province (reducing irrigation water
supply). In order to adopt correct and practical
solutions and programs for the protection of
existing water resources by decision makers
and managers, the behavior of Kerman farmers

in terms of facing the policies of the water
supply side should be predicted.

Materials and Methods

The Positive Mathematical Programming
(PMP) modeling system, also known as the
"farm-level policy analysis planning model",
was first developed and introduced in 1995 by
professor Howitt. This multi-stage planning
model was developed to overcome the
problems in the calibration of Normative
Mathematical Programming (NMP) models.
The working method in this modeling system
is that first, by using a simple auxiliary linear
programming model, the optimal answer of the
model is obtained. Then, in another step, using
the double values of the constraints of this
model, the coefficients of a nonlinear degree
objective function (of degree two or more,
such as the exponential function) are obtained
so that the answer of the new model for base
year conditions is the actual base year values.
When estimating the nonlinear cost function of
the objective function of the Positive
Mathematical Programming Model (PMP), the
number of parameters to be estimated is
greater than the number of available data. This
causes the estimated degree of freedom to be
negative and therefore not all relevant
parameters can be estimated. To solve this
problem, several approaches are used, which
according to foreign research, the most recent
of these approaches is the benefit of the
maximum entropy (ME) approach. In general,
the calibration of the economic modeling
system presented in this study to analyze the
water supply side policy is as follows (13):
Step 1: Solve a simple linear programming
model to estimate shadow prices;

Step 2: Calculate the nonlinear cost function
(quadratic) calibrated and calculate its
coefficients;

Step 3: Calibrate the final PMP model using
the estimated nonlinear cost function.

In order to calibrate the modeling system
presented in this research, data and
documentary information related to the year
2017-2018 and GAMS software were used.
Data were collected by referring to the
relevant organizations in the two agricultural
and irrigation sectors of Kerman province.
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Findings

The results show that farmers in regions A, B
and C in Kerman province pay only about
33.2, 23.8 and 31.4% of the real value of
irrigation water input in the form of water
extraction and transfer costs, respectively.
Thus, the repayment of about two thirds of the
economic value of agricultural water is
ignored. The results showed that by
implementing this policy under scenarios of 10
to 40%, farmers will reduce the area under
irrigated crops such as potatoes, watermelons,
alfalfa and fodder corn and towards the
development of areas under irrigated wheat,
barley and corn they are inclined. This is due
to the lower water requirement of the above
products compared to water products on
potatoes, watermelons, alfalfa and fodder corn.
The results also show that onions, cotton and
vegetables, which have the highest water
requirement per hectare, in terms of policy,
experience drastic reductions in their area
under cultivation. Also, the results show that
cotton and vegetables are more sensitive than
other crops in region A, so that the area under
cultivation of these crops is reduced by
reducing water supply by more than 30%
compared to the base year, and this The crops
are out of the cultivation pattern of the region.
With the change in the cultivation pattern, the
total gross return from the cultivation pattern
increases from 51636.71 million real per year
to 50562.64 million real under the conditions
of applying the highest applied scenario,
which makes small changes (about 0.67 to
2.08%) is based on the conditions of the year.
It is observed that by implementing this policy
under scenarios of 10 to 40%, farmers in
region B will reduce the area under cultivation
of most selected crops and pay attention to
increasing the area under irrigated wheat (2.84
to 14.7%) and irrigated barley. (1.95 to 9.41%)
in the cultivation pattern lead to the conditions
of the base year. Under the conditions of
implementing the policy plans of closing
illegal wells, exploitation of groundwater
resources and construction of dams, diversion
structures and storage dams, which ultimately
lead to a reduction in the supply of water
resources in zone C, the area under forage corn
cultivation from 4551 to Reaches 3133
hectares. Under these conditions, the area
under onion cultivation decreases from 3893
hectares per year to 3034 hectares. Another
part of the findings indicates that the total

gross yield of farmers in region C under the
conditions of applying different scenarios of
reduced water supply (10 to 40%) are about
0.92, 1.87, 2.73 and 3.46%, respectively. The
reason for this decrease in the total gross yield
of optimal crop patterns is the sharp changes
in the area under cotton and vegetables and the
unwillingness of farmers in this area to
develop crops such as corn, watermelon,
alfalfa and forage corn in it is an agronomic
pattern.

Discussion

The results showed that Kerman farmers pay
only a part (about one third) of the real value
of agricultural water input in the form of costs
such as extraction and transfer and water input
in Kerman province is considered a relatively
free input. This can lead to the lack of optimal
allocation of water and uncontrolled
consumption of this input by farmers in the
field of agricultural lands (especially in region
A of Kerman province) (15). The rate of
change in total gross yield from the cultivation
pattern in region A of Kerman province was
less or lower compared to other regions (B and
C) of this province, so it can be concluded that
the current cultivation pattern in region A
compared to the current patterns of regions B
and C are more efficient and experience less
change in terms of water supply side policies.
Meanwhile, the cultivation patterns proposed
by the experimental model for region B, due to
being non-optimal compared to their base
year, follow the highest rate of change in gross
yield for Karman farmers (14). Another part of
the results showed that the most changes in the
economic value of water input are related to
region C in the south of Kerman province
(with agriculture in tropical conditions).
Therefore, the farmers of this region are forced
to pay a higher value or amount than the
farmers of regions A and B, with the
implementation  of  supply-side  policy
programs and the intensification of the
reduction of water supply (16).

Conclusion

Finally, under conditions of water supply
reduction policy the suggested patterns in the
northern regions of Kerman province (A) are
better optimal than other regions patterns (B
and C). Due to the high costs of water input in
this region, it is advisable for farmers in this
region to move to other income sectors (non-
agriculture) under the policy conditions.
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