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Introduction

Our country is among regions facing water scarcity as a large area of Iran is located in arid and semi-arid
climates. So, comparing the annual average rainfall with annual mean annual precipitation on the planet, the
rainfall in Iran is less than one-third of the the world, in addition, the amount of rainfall and the area in which the
agricultural main water user are located, does not match.The average annual rainfall in the world is about 850
mm and for Iran is about 250 mm, which is 40% less than the annual rainfall in Asia and approximately 33% less
than the annual average of the world. The province of Hamedan has an area of 19493 square kilometers, located
in the west of Iran between 33 degrees and 59 minutes to 35 degrees and 44 minutes north latitude, 47 degrees
47 minutes and 49 degrees, and 30 minutes east along the meridian of Greenwich.

This province area consists of four plains including bahar, Kabotrahang, Razan and Qahavand. The water
catchment area of Hamedan-Bahar plain, also known as Siminrood, is located on the northern slopes of Alvand
altitudes with an area of 2,243 square kilometers. The plain is 880 km? and the surface area of the main aquifer is
468 km? (Fig. 1).
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Figure 1- Location of Hamedan-Bahar Plain and its Main Aquifer Area
This plain, based on climatic divisions, is located in a cold semisolid climate and has a cool, mountainous
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climate. The ban on the development of exploitation of groundwater in the Hamedan-Bahar plain has been
applied since the year 1992 due to the negative balance and the susceptibility of supplying drinking water in the
cities of Hamedan, Bahar, Laljin.

Around, 330 of the 609 plains in the country have been declared forbidden due to excessive perceptions.
Hamedan-Bahar plain has been faced with a serious problem of water shortages due to excessive withdrawal of
groundwater and negative water balance and the expansion of the area under irrigated production, as the annual
rate of groundwater loss in this plain is 1 meter.

The main objectives of this research are to estimate the economic value of groundwater in the agricultural
sector of Hamedan-Bahar plain and to determine the optimal cropping pattern in the studied area using the
GAMS programming model and mathematical programming.

Eshraqgi and colleague (7) on "Estimating the economic value of water in wheat production in Gorgan," have
surveyed the demanders using a production function approach in 2012-2013. The results show that the economic
value of water was estimated at 1564.5 Rials per cubic meter of water. Zeratakish (23), on "The economic
valuation of water in the agricultural sector with an environmental approach in the Lichter plain”, used a
multidisciplinary mathematical programming approach. The economic value of water with a limit of 50, 60 and
70 percent was determined as 250, 1500 and 3050 rials, respectively.

Mohammad Ayattha Watto and Amin William (2016) addressed a positive mathematical planning approach
for estimating and valuing groundwater in Pakistan. Their results indicate that limiting groundwater extraction
forces farmers to irrigate the demand for water. Azavara et al. (2012), conducted a study using the PMP method
to evaluate the economic irrigation water in three California regions. The analysis of the results showed that the
final economic value of water is at least 2.5 times the price paid by the users.

Materials and Methods

In this study, a dynamic mathematical programming model was used to evaluate the economics of

groundwater in the agricultural sector. The general form of the model is as follows:
Max:NPVGM=
% 2 Xs[(pi y(w, fer, e, pes, 0)55 —
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The objective function (equation 1) of the dynamic programming model is to maximize the gross returns of
the crop activities of the region.In this equation NPVGM is the return of the program from the agricultural
activities of the study area, p_i the price of the product i, y_ijs of the product i produced with the irrigation
system j in area s (kg/ha), c_ijs, the variable cost of production of product i with irrigation system j In area s per
hectare, cw water consumption cost, cfer fertility cost, CE fertilizer cost, cpes cost of various chemical pesticides
and co cost of other inputs including power, machinery. In this regard, X_ijs is the crop area i produced by
irrigation method j in s, w, water input, fertilizer input chemical fertilizer, e energy input, pes input chemical
pesticide, and other inputs. The limitation of production inputs, including water, land, labor, and chemical inputs
and the market, is generally referred to in equation (2) in which b_ijs is the technical coefficient of inputs and
B_i is the amount of each of them. Equation (4) represents the cost function of water used for agricultural
activity in which pw is the price or tariff of a unit of water, CWE_e The cost of extracting water from the surface
of the earth and pumping and distributing it at the farm level per unit area (ha) and AW The amount of water
consumed per hectare is from different crops.

Results and Discussion

As the Table 1 shows, products such as tomatoes, watermelons, sugar beets and chickpeas have been
eliminated from the cultivar pattern, the high water requirement, the energy required for these products and the
low price, have led to an increase in farmers production costs if this pattern is implemented in the area, so
cultivation of these products have not been economical for farmers in the region. The cultivation of potato and
alfalfa products that have high water demand are significant in the pattern, which can be due to the economic
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benefits and high yield of these two products in the region. Cultivation of cobbler products, such as cucumber, is
low in optimal cropping patterns. Low-crop cultivation such as corn, rapeseed, garlic and pumpkin in the optimal
pattern is due to market constraints in the region and low yields of these products (corn, rapeseed, garlic and
pumpkin).

Table 1- The Pattern of Cultivating the Studied Area in Optimum (unit: ha)

Product hamedan lalejin Bahar salehabad

Alfalfa 1489.500  1760.773 381.977 -
Barely - 1526.398 - -
Corn - 500 - -
Canola - 291.727 708.273 -
Cucumber - 2552.500 - -
Garlic 800 - - -

Potato 1489.500  2552.500  1090.250 1204
Pumpkin - - 500 -

Wheat 1489.500  1026.102  1090.250 1204

Beans 689.500 - 590.250 1204

Source: Research Results
Estimating the economic value of groundwater in the regions

According to Table 2, the economic value of groundwater for each meter in Hamedan region is 3543 Rials,
Lalejin 4538 Rials, 4015 Rials bahar and Salehabad 3690 Rials.

As these figures indicate, any additional water supply unit in the region can increase the gross margin of
farmers as much as the calculated economic value of water. The average economic value of water in the
Hamedan plain-spring is 3946.5 Rials.

Table 2- Results of Groundwater Economical Valuation in the Study Area (Rials)

Avrea of study Economic value of water (per cubic meter)
hamedan 3543
lalejin 4538
bahar 4015
salehabad 3690
Average plain of hamedan- bahar 3946.5

Source: Research Results
Conclusion

Since the main objective of this study is to estimate the economic value of water in the region, the results
showed that the economic value per cubic meter of calculated water in the study area is higher than the current
price of water in the region. Therefore, any additional unit of water intake in the region can be as much as the
calculated economic value of the water to increase the gross margin of farmers in the studied area.

Keywords: Dynamic mathematical programming, Economic valuation, Groundwater, GAMS, Hamedan-
Bahar plain
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Figure 1- Location of Hamedan-Bahar Plain and its Main Aquifer Area
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Table 1- The Pattern of Cultivating the Studied Area in Optimum (unit: ha)

Jonao 208N L bl ke oed¥ glaes
Current Cropping .
Product Pattern Total  Salehabad Bahar Lalejin Hamedan
g
2759 3632 - 381 1760 1489
Alfalfa
= 2445 1526 - - 1526 -
Barely
= 450 500 - - 500 -
Corn
l‘
o 43 1000 - 708 292 -
Canola
ke 666 2552 - - 2552 -
Cucumber
e
. 538 800 - - - 800
Garlic
10815 6336 1204 1090 2552 1489
Potato
Salsas 527 500 - 500 - -
25
F 5599 4809 1204 1090 1026 1489
Wheat
Leg)
296 2483 1204 590 - 689
Beans

G5 gl xie
Source: Research Results
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Tabel 3- Results of Gross Margins of Products in
Optimum Cropping Pattern

adhio (Jby Or9alee) 1o
Zone Quantity (Million Rial)
Ohon 6887810.708
Hamedan
oY 7148527.150
Lalejin
e 4741399.755
Bahar
gl 3639706.005
Salehabad
(Gmstt) s ,alsb o35 22417440

Total Gross Return

o glaaidl txie
Source: Research Results
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Table 2- Volume of Water Consumed by Region in
Optimal Mode
ailie (e yio ko) e
Zone Quantity (Million m®)

Olber

43143190
Hamedan
oY 85054390
Lalejin
e 30056880
Bahar
Ll 27374750
Salehabad
Bypae o JS 185629200

Geiod sloadly txie
Source: Research Results
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Table 4- Results of Groundwater Economical Valuation in the Study Area (Rials)

(o g0y gl3l 4 JU,) ©F golaidl i3,
Economic Value of Water (Rials per m3)

i
Zone
Olm

Hamedan
oY

Lalejin
e
Bahar

3543

4538

4015

3690

Mean

3946.5/n

52200 (gladidly 1xuio
Source: Research Results

Slacs)byosee Jod 4 & e —laen Cub 53 ooy 4 (e
slocads 1 (S plgie 4 WYY Jlo 1 (65,0laS” (is )3 490
et J (S plamin Ol ol Cod il 0uh pMlel deglos
Cdd ol eing 2l 9 5l Gt oolitel Carge <90 Jele
5ol sllas JlieSs dg0 & aad o L b oy Gl 0
ke Calo pj 299 ple (pizmen g dalllas 3)90 dilale > (i)
05 5 ) lie Sl ol oy 5> Cudlids 5 S (gl Y
2l U8 5 s 5 ol lie Sl e sy i Jols
<l S ced ol jl Ble (eloial 5 (oladl Jolse
el o aline (ran Wod (o sl hen CuB 53 (5)5liS
5 3 03l ol et 095 ol 9 <l s @l
o) oLl g 0y)8" al s iuli8l 4 ke Lol £y Y pame
O nd sy il (sl il Lol 5ok 5l odles
il Glssal 4l5s g (sl e J5S )3 s 590 i Ll e
bwgy 65yl Lisu 5 Ol Cuodd oS 294 o o 1Y AL
g S0P (oBly Cuosd 0 4 398 (e (1055 @ LD @l e

29 (5 S gl dilato 3 o e 28 ym

dlpsnlun 9 (G 5 domls

aoby 5o S5l 605 oy b les —lied b p ol eolazdl
= W= (el b 3 GAMS Jlsdle 5 30)b 5l bgy (535
olj s (Jby YFAS Joleo) (]S 5 0015,068 dalllas Jolis asliio
(Ul $OVA) e ¢ 3155 el (L) BSVY) S 5 (lymallyd
Joazs whw a Sl o) o ddlaio gl ond &8l)) aigy cuis
o B allas 3350 i S 5 g 5§ s
sy (Joase pl pdaw sslg 4o ol YL Byae b Lol sl
Ql)l_io.as 9 (§2)9 (3850 E.JL.: b aS cuwl assl oals 3 (=0
Cuoud b odids duwlmo i)l duslie 5 (wyp Cpzmed )b Cillas
Sy po odlail o3yl a5 ol L addllas 390 ddlaie y3
acibio ) Ol (b cadd | iy adlls 3yg0 adlaie >

oo e 39:0 & 257 b 85 3903 S e lyicoe ) A3 s

&l

1. Amirnezhad H., Fazelian S., and Hosseini Yekani S.A. 2015. Groundwater Valuation in Agricultural Exploitation,
Case Study: High Gravel Long Range Rice in Behshahr Plain. The First International Conference and Third
National Conference on Agricultural Engineering and Management of the Environment and Sustainable Natural

Resources. Feb 29.

2. Ansari V., and Mirzaie H. 2015. The Study of the Effect of the Policy of Pricing Agricultural Products on the
Economic Value of Water (Case Study: Sugar Beet Cultivation in Neyshabur City). Journal of Agriculture
Economic and Development of Iran. Volume 46. Number 3.

3. Al-Karabliehk E., Salman Z.A., Al-Qmari S.A., Wolf H., Al-Assad A.T., Hunaiti A.D., and Subah M.A. 2012.
Estimation of the economic value of irrogation waterin Jordan. Agriculture Science and Technology B2: 487-497.

4. Aizadeh A. 2009. Applied Hydrology. Sixteenth Edition. Imam Reza Publishing House.

5. Alizadeh A. 2003. Applied Hydrology.Imam Reza Publishing House.



v

e 63 29UAS i 3 (G 1) T alie GOLaBl (6,135 35l A lS 3 (IS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bakhshi A., and Moghadasi R. 2015. Application of Positive Mathematical Planning for Water Allocation in the
Agricultural Sector, Case Study: Sarakhs Plan Agriculture. Agricultural Economics and Development Economics.
Year 23. No 92.

Bakhshi A., Daneshvar Kakhaki M., and Moghadasi R. 2011. Application of Positive Mathematical Programming
Model to Analyze the Effects of Alternative Water Pricing Policies in Mashhad Plain. Journal of Agricultural
Economics and Development (Agricultural Sciences and Technology) 25(3): 284-294.

Balali H., Khalilian S., Viaggi D., Bartolini F., and Ahmadian M. 2011. "Groundwater balance and conservation
under different water pricing and agricultural policy scenarios: A case study of the Hamadan-Bahar plain”.
Ecological Economics 70: 863-872.

Balali H., and Viaggi D. 2015. “Applying a System Dynamics Approach for Modeling Groundwater Dynamics to
Depletion under Different Economical and Climate Change Scenarios”. Water, 7(10): 5258-5271.
DOI: 10.3390/w7105258.

Cortignani R., and Severini S. 2009 .Modeling farm- level adoption of deficit irrigation using positive
mathematical programming. Agricultural Water Managemen. 96: 1785-1791.

Chandrasekaran K., Devarajulu S., and Kuppannan P. 2009. Farmers' Willingness to Pay Forirrigation Water: A
Case of Tank Irrigation Systems in South India. 1: 5-18.

Dehghanpour H., and Sheikh Z. 2013. Determining the Economic Value of Agricultural Water in the Yazd-
Ardakan Plain of Yazd Province. Agricultural Economics and Development 21. No 82.

Eshraghi F., Keramatzadeh A., and Golzari Z. 2016. Estimating the Economic Value of Water in Wheat Production
in Gorgan. Journal of Water Research in Agriculture VVolume 30. Number 4.

Ghaderzadeh H., Hajirahimi M., and Abdolghozlojeh A. 2013. Determination of the Economic Value of Irrigation
Water in Potato Production Using Production Function Estimation Method in Hamedan- Bahar Plain. The Firse
National Conference on Water Crisis. May 25-26. Khorsgan.

Gallego-Ayala J. 2012. Selecting Irrigation Water Pricing Alternatives Using a Multimethodological Approach.
Mathematical and Computer Modeling. Article in Press.

Gharghani F., Bostani F., and Soltano Gh. 2009. The Effect of Irrigation Water Reduction and Water Price
Increase on Cultivar Pattern Using Positive Mathematical Programming Method, Case Study: Eghlid City in Fars
Province. Journal of Agricultural Economics Vol, 1. No. 1.

Howitt R., Medllin-Azuara J., Macewan D., and Lund R. 2012. Calibrating Disaggregate Economic Models of
Agricultural Production and Water Management. Journal of Science of the Environmental Modelling and Software
38: 244-258.

Huang G.H., Rozelle S., Howitt R., and Wang J. 2010. Irrigation Water Demand and Implications for Water
Pricing Policy in Rural. China International Food and Agriculture Policy 143: 57-79.

Keramatzadeh A., Hassanvand M., and Tahmasebi J. 2016. Investigating the Farmers' Response To Agricultural
Water Policies In The Agriculture Sub-Sector Of Khorramabad Using PMP", Journal Of Agricultural Economics
And Development, Vol. 24, No. 93, Spring.

Keramatzadeh A., Chizari A., and Sharzei. 2011. The Role of the Water Market With Projective Military Planning
Approach, A Case Study: Downstream of Shirin Dam, Bojnourd Valley. Journal of Iranian Agricultural Economics
and Development Research 42-47(1): 27-42.

Keramatzadeh A., Chizari A., and Mirzaei A. 2006. Determining the Economic Value of Agricultural Water Using
the Optimal Crop Model Model for Agrarian and Horticultural Integration. Case Study: Barz and Shirvan Dam.
Agricultural Economics and Development. 54: 60-35.

Mousavi S.H., Shahabi S. 2015. The Effect of Guaranteed Purchase Policy on Wheat Crop on the Economic Value
of Groundwater Resources, Case Study: Orzouyeyeh-Kerman Plain. Journal of Agricultural Economics and
Development 29(2): 217-223.

Mesa-Jurado M.A., Martin-Ortega J., Ruto E., and Berbel J. 2012. The economic value of guaranteed water supply
for irrigation under scarcity conditions. Agricultural Water Management 113: 10-18.

Mousavi N., and Gharghani F. 2011. Assessment of Agricultural Water Policy Assessments from Groundwater
Resources Using Positive Mathematical Programming Model, Case Study: Eghlid County. Quarterly Journal of
Economic Research 11(4): 65-82.

Medellan-Azuara J., Harou J., and Howitt R. 2010. Estimating economic value of agricultural water under chaning
conditions and the effectsof spatial aggregation. Science of the Total Environment 408(1): 5639-5648.

Molle F., Venot J., and Hassan Y. 2008. Irrigation in the Jordan Valley: are Water Pricing Policies Overly
Optimistic?. Agricultural Water Management 95: 427-438.

Nabizadeh Zolpirani M., Amirnezhad H., and Shanazari A. 2014. Estimating the Economic Value of Water for
Rice Crop Using the Production Function Method (Case Study: Babol). 16" National Rice Conference. January 27-
28.

Parhizgari A., Sabouhi M., Ahmadpour M., and Badia Barzin H. 2014. Simulation of Farmers' Response to Pricing
Policies and Irrigation Water Quotas, Case Study: Zabol City. Journal of Agricultural Economics and Development



Vo) 5l o) oo FF ol c(o)yslisS drwgi 3 Sbaidl 4y FA

29.

30.

31

32.
33.

34.

35.

36.

37.

28(2): 164-176.

Rafiei H., Aghapoursabaghi M., and Darbandi E. 2012. Estimating the Economic Value of Water in Corp
Production, A Case Study of Gotvand County. National Conference on Water and Wastewater Engineering.
Rahnama A., Kohansal R., and Dorandish A. 2012. Estimating the Economic Value of Water Using a Positive
Mathematical Programing Approachan in Quchan City. Journal of Agricultural Economics 4(4): 133-150.

Rigby D., Alcon F., and Burtons M. 2010. Supply Uncertainty and the Economic Value of Irrigation Water.
European Review of Agricultural Economics 37: 97-117.

Anonymous, Salnameh Amari Hamedan. 2015. Deputy Governor of Hamedan Governorate Planning.

Vaziri A., Vakilpour M.H., and Mortazavi S.A. 2016. The Effect of Irrigation Water Economical Price Pricing on
the Pattern of Cultivation in Dehgolan Plain. Agricultural Economics Research 8(3): 81-100.

Yoo J., Simonit S., Connors P.J., Maliszewski J.P., Kinzig P.A., and Perrings C. 2013. The Value of Agricultural
Water Rights in Agricultural Properties in the Path of Development. Ecological Economics 91: 57-68.

Zeraatkish S.Y. 2016. Environmental Economics Assessment of Water in the Agricultural Sector with
Environmental Approach. Iranian Journal of Agricultural Economics and Research 2-47(1): 259-269.

Zarei N., Mehrabi Basharabadi H., and Khosravi M. 2014. Estimating the Economic Value of Water in Potato
Corp Production, Case Study: Villages in Kurdestan and Hamedan Provinces. Quarterly Journal of Rural
Development Strategics 10(3): 19-32.

Zaremehrjerdi M. 2011. Determination of Optimal Cropping Pattern and Water Valuation Using Combination of
Mathematical Planning Methods Under Risk and Residual Value, Case Study: Azerouyeh Region of Baft. Journal
of Water Research in Agriculture Vol: 25. No 2.



