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Interduction

The occurrence of climate change and its impact on water resources such as reduction of surface
water flows has led to vulnerability and instability of farmers' livelihoods. Currently, Qazvin plain
is one of the regions of Iran that is facing water crisis and severe water shortage. The reduction of
water allocated from Taleghan Dam to Qazvin plain has led farmers to take unauthorized harvesting
of water from wells in order to provide their livelihoods (Hosseini and Mazandarani Zadeh, 2022).
Despite farmers draining groundwater aquifers, most of their livelihoods still face problems due to
crop price fluctuations. Therefore, in this study, with the aim of providing livelihood to farmers
and preserving groundwater resources, the price of agricultural products has been predicted using
inverse demand function, Artificial Neural Network (ANN) and nonlinear regression methods. The
inverse demand function and ANN methods were used to predict the price of products without
guaranteed purchase price and ANN and nonlinear regression were used to predict the price of
products with guaranteed purchase price including wheat, barley, sugar beet and rapeseed.

Materials and Methods
Study area

The irrigation network of Qazvin plain is located 150 kilometers from Tehran. The purpose of
this network is to transfer Taleghan water through the dam to the Qazvin plain and cover about
58,000 hectares of land in Qazvin (Hashemi et al., 2020).

Invers demand function

The inverse demand function is a function in which price is expressed as a function of supply
quantity and is used to predict the price reaction of products to the amount entering the market. In
other words, using the inverse demand function, price changes can be predicted based on the
amount entering the market, and it can be used as a policy tool to regulate prices (Salami and
Rezaei, 2011).
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Avrtificial Neural Network
Acrtificial Neural Network are a model for information processing made by mimicking the
biological network of the human brain (Raei et al., 2020).

Results
A- Products with guaranteed purchase

The comparison of the ability of the ANN and the exponential function in predicting the
guaranteed purchase price indicates the higher ability of the ANN in predicting the price.

B- Products without guaranteed purchase

Price elasticity of demand for fodder corn, tomatoes, alfalfa, chickpeas, pinto beans, potatoes,
maize, and lentils was estimated -0.508, -1.111, -0.954, -0.914, -0.374, -0.529, -0.363 and -0.332
and -0.332 respectively. Investigation of inverse demand function ability and ANN indicates
greater ability of ANN in price forecasting. In order to ensure that the predicted prices for products
that do not have a guaranteed purchase depend on the amount of production, the sensitivity analysis
of the inverse demand system and the artificial neural network with the input elimination method
was done. Despite the high ability of ANN in price prediction, the prices predicted by this method
have little dependence on the amount of production and the main reason for better price forecasting
with ANN is good learning of past prices. According to the main purpose of this study, which is to
find the relationship between the amount of production and price, using the inverse demand
function method is better than ANN.

Discussion

The results show the high ability of ANN to predict the price of products with guaranteed
purchase and products without guaranteed purchase. Also, the price predicted by ANN has a small
dependence on the amount of production as the most important factor affecting the price compared
to the inverse demand function method. Therefore, in economic studies, the predicted prices for
agricultural products without guaranteed purchases cannot be relied against by ANN method.
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Table 1- Comparison of the ability of nonlinear regression and artificial neural network in
predicting guaranteed purchase in the calibration stage (Rials)

Crop MAE MSE

Name  Exponential Logarittmic  Power ~ANN  Exponential  Logarithmic Power ANN
wheat 1459.5 6400.2 6662.1 302.5 2694517.7 40966932.9  44383497.3 93858.5
barley 1845.7 5359.9 5624.8 300 3666223.8 29121741.8 31639335.9  130832.5
Sk;’ege"’t“ 686.4 1633.2 17124 1286  478109.7 26724172 29357121  22742.4
canola 7599.7 12899.3 12899.3 934 577811164.2 164987121.9 169804819.3 954152
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Table 2- The demand function of fodder corn, tomatoes, alfalfa, chickpeas, beans, potatoes, maize,

and lentils

Crop Name Demand function R?
Fodder corn InD = —0.501LnP + 0.345LnPm + 1.255LnPo + 0.302LnPmi 0.972
Tomato InD = —1.111LnP + 1.724LnCp — 0.874Lnlp 0.745
Alfalfa InD = —0.954LnP + 17.323LnPo + 0.322LnCp + 0.166Lnlp — 221.468 0.999
chickpeas InD = —0.915LnP + 2.524LnCp — 1.290Lnlp — 1.787LnPm 0.606
beans In = —0.374LnP — 0.043LnIm — 0.501LnEX + 0.228Lnlp + 0.549LnDo 0975

+ 1.005LnPo '
InD = —0.529LnP + 1.162LnCp + 1.094LnPo — 0.903Lnilp — 2.089LnPr

Potato + 0.838LnDo 0.791
Maize InD = —0.428LnP + 0.303LnPw + 0.297Lnlp + 1.546LnPo 0.632
Lentils InD = —0.332LnP — 0.418LnA — 0.026Lnlv + 22.236 0.627
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Table 3- Comparison of the ability of the inverse demand function and the artificial neural network
in predicting the price of fodder corn, tomatoes, alfalfa, chickpeas, beans, potatoes, maize, and lentils
in the calibration stage (Rials)

Crop name ANN Inverse demand function
MAE MAE MSE
Fodder corn 186.9 213.8 74575.1
Tomatoes 385.6 875.5 1056815
Alfalfa 599.7 2365.6 5732421
Chickpeas 4111.2 69849511 7858.7 20542591
Beans 11694.7 136767529 18971.5 262114361
Potatoes 1225.2 782.7 817923
Maize 561.7 336156.6 8257.2 48469803
Lentils 2662.8 9229.8 119200903
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Table 4- Sensitivity analysis of the production amount in the inverse demand function (Rials)

MAE MSE
Crop name Remove production quantity Remove production quantity
Fodder corn 2541.9 7404207.7
Tomatoes 2905 8717910.3
Alfalfa 7401.7 54861096
Chickpeas 25347.1 652629479.4
Beans 148377.7 22183176220.7
Potatoes 8541.6 72975038.2
Maize 12774.5 192100728.8
Lentils 163083.5 13142836211.4
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Table 5- Sensitivity analysis of artificial neural network inputs (Rials)

MAE
Cro
nam?e RemO\_/e Removal of the sale price of ~ Removal of the sale price of  Remove
production . . . . . .
. Sir Jaliz for the past two years Sir Jaliz last year inflation
guantity

Fggfner 412.7 1069.9 1829.8 187.2

Tomatoes 918.6 1746.9 765.6 525.6
Alfalfa 676.3 2373.4 5668.3 1336.3
Chickpeas 15 20054 10720.5 8151.5
Beans 19753.5 23989.5 28066.5 1812.5

Potatoes 491.3 1255.9 2148.9 500.2
Maize 5196.2 4940.2 4771 5341.2
Lentils 368 36220.5 4539.5 2038.5
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Table 6- Sensitivity analysis of artificial neural network inputs (Rials)
MSE

Removal of the sale  Removal of the sale
price of Sir Jaliz for price of Sir Jaliz Remove inflation

Cropname  Remove production

quantity the past two years last year
Fodder corn 185303 1170024 3360872 434344
Tomatoes 1140088.45 4951094.85 1159342.93 278362.17
Alfalfa 498502.8 5652911.6 32162676.1 2030935.7
Chickpeas 25 472471141 138719126.5 72085202.5
Beans 414156892.5 629247002.5 843551734.5 3489912.5
Potatoes 300133.5 1946584.1 8935016.9 270081
Maize 48493861.6 24448076 23063873.3 53170668.5
Lentils 270848 1318944471 35218566.5 4353062.5
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