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Modeling the optimal combination pattern of water saving policy instruments
in the agriculture subdivision of Qazvin province using by positive
mathematical programming (PMP) with approach of concave cubic
production function

Abstract

The groundwater level in Qazvin province has dropped due to excessive harvesting
and changing weather conditions. The policy adopted over the recent years for this
province is the change in the cropping pattern. However, the government cannot
change farmers to eliminate high water consuming crops and cultivate low-water
using crops without using motivational or punitive policy instruments. According to
the mentioned issues, the main objective of this study is to determinate an optimal
combination of water saving policy instruments in crop subsector of Qazvin
province. In order to achieve this goal, 246 farmers were selected by stratified
sampling method and the related information was collected by the questionnaire in
2016. The models used in this study were classified into three categories. In the first
section, the POLS regression method extended by Peykani was used to overcome
the defects of econometric methods in relation to the wrong sign problem related to
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parameters estimate and estimation of a well-defined production function and the
defect of Howitt by replacing the Hewitt’s average farmer with an average farmer
defined by econometrics. Doing so, we will be able to identify a concave cubic
production function satisfy the law of diminishing marginal products for inputs. In
this process, for homogenous farmers classified into different groups, the POLS
method is able to estimate the well-defined production function for crops for each
product and calibrate the yield for crops for individual farmers grouped into an
average farmer. In the second part, a multi-processes Nonlinear Goal Programming
(NGP) model under a multiple continuous production process was used. In this
section, the estimated concave cubic production function of crops were included in
the gross profit function of the farmers and therefore, a nonlinear goal programming
model was formed according to the concave cubic profit function and other goals
and constraints in the region. An increase of 15 percent in gross profit of farmers, a
10 percent reduction in agricultural water consumption, a stable employment in
current status, and a 15 percent reduction in the use of chemical fertilizers and
poisons were considered as ideal goal with related target values. By solving the NGP
model, the optimal pattern was determined and the results were compared with the
current situation. According to the results, optimal solution of input use, farmers in
the region will be able to save both waters in producing water saving crops and save
in fertilizers and poisons. Uses of this will also help farmers to achieve their desired
profits. Finally, in the third section, a positive mathematical programming (PMP)
model under a multiple production process was used. Calibrated performance
functions related to different crops and groups were included in the gross profit
function of farmers, and farmers' behavior was simulated according to the existing
constraints in the region under the production function approach. Then by applying
the policy instruments on PMP model under the three scenario the results, for
achieving the optimal NGP model were evaluated. Based on the results, with the
implementation of the fourth scenario, the pattern of using inputs goes to the NGP
model, and at the same time, the share of consumption of inputs in the ideal model,
which simultaneously provides the ideal goals of farmers and policymakers in the
region, can be achieved.

Keywords: Water-saving crops, Qazvin plain, optimal combination of policy

instruments, POLS method, multi-processes Nonlinear Goal Programming (NGP)
model, multi-processes Positive Mathematical Programming (PMP) model.

77





