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Abstract

The increase in population, the occurrence of droughts and the
uncontrolled extraction of groundwater resources have limited water
resources. One of the new topics in water resource management is the
formation of water markets, which is used as a tool for water resources
reallocating. In order to increase productivity and manage water
resources, the water rights market in Qazvin province has been piloted
since March, 2023. The aim of this study is to examine the water
supply mechanism in the water right market and estimate the supply
function in secondary and productivity markets. The secondary market
is a market in which suppliers and applicants are both from the
agricultural sector and the productivity market is a market where
suppliers are from the agricultural sector and applicants from the
industrial sector. To estimate the supply function, the principles of
microeconomics and the Ordinary least squares regression method
have been used. The supply function was estimated using data from
July 2023 to December 2024 on the volume and selling price of water
traded in the market, production costs, well depth, operating hours,
technologies used including pump type and irrigation system type,
annual water right amount and cultivation area. The price coefficient
in the productivity market was estimated at 0.277 and 2.046 in the
secondary market. The negative price elasticity of supply in the
secondary market indicates that risks exist for farmers to enter the
secondary market, and this risk can cause unwillingness of farmers to
enter.
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Table 1- Supplier information in the productivity market
990082 )3 3 2 GBS adye O] ) oo

Supply Price Area . Depth  Irrigation Time
Row (m?) (Rial) (ha) Water right (m) system Pump (hr)
1 60588 50000 83 1026190 1o Surface Vertical - 05
irrigation turbine
2 88900 50000 100 760000 130 Pressure g ovancy 3600
irrigation
3 67376 50000 50 467350 joo Surface Vertical =49
irrigation turbine
4 89674 50000 30 684835 150 Surface Buoyancy 3397
irrigation
5 100000 50000 100 820000 150 Surface Buoyancy 3813
1rrigation
6 10000 50000 35 279000 115 Pressure g vancy 5000
irrigation
7 22230 47500 100 760000 130 Pressure g ovancy 3600
1rrigation
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Table 1 (continued)- Supplier information in the productivity market
829054 5134 50 O (EAGS as e Oledbl -Y Jgua wals!

Supply Price Area . Depth Irrigation Time

Row (m°) (Rial) (ha)  Vaterright = system Pump (hr)

8 44000.8 20000 50 467350 100 Surface irrigation Vertical 4490
turbine

9 65990 20000 100 760000 130 Pressure irrigation Buoyancy 3600

10 33334 50000 83 1026190 120 Surface irrigation Vertical 4673
turbine

11 11112 50000 100 820000 150 Surface irrigation Buoyancy 3813

12 57472 48500 18 385070.4 135 Pressure irrigation Buoyancy 4420

13 57472 48500 25 279338 140 Pressure irrigation Vertical 3527
turbine

14 16666 55000 21 271949 160  Pressure irrigation Vertical 4542
turbine

15 70762.9 42400 18 385070.4 135 Pressure irrigation Buoyancy 4420

16 90000 43000 83 48150 160 Pressure irrigation Buoyancy 4450

17 39617 56000 35 279000 115 Pressure irrigation Buoyancy 5000

18 11905 54000 25 279338 140 Pressure irrigation Vertical 3527
turbine

19 123490 45000 53 543888 140 Pressure irrigation Buoyancy 3777

20 22223 60000 53 543888 140 Pressure irrigation Buoyancy 3777

21 37931 43000 25 279338 140 Pressure irrigation Vertical 3527
turbine

22 17050 58000 39 820000 117 Pressure irrigation Vertical 3155
turbine

23 66666 45000 100 820000 150 Surface irrigation Buoyancy 3813

24 1111 60000 6 83450 100 Surface irrigation Vertical 3320
turbine

25 45977 50000 42 365472 145 Pressure irrigation Vertical 3525
turbine

26 2223 60000 6 83450 100 Surface irrigation Vertical 3320
turbine

27 11000 50000 16 151128 100 Surface irrigation Buoyancy 4198

28 66666 55000 100 820000 150 Surface irrigation Buoyancy 3813

29 9000 50000 6 83450 100 Surface irrigation Vertical 3320
turbine

30 39286 40000 39 820000 117 Pressure irrigation Vertical 3155
turbine

31 12000 50000 35 279000 115 Pressure irrigation Buoyancy 5000

32 61067.5 50000 12 181958.4 170 Surface irrigation Vertical 4212
turbine

33 4100 60000 6 83450 100 Surface irrigation Vertical 3320
turbine

34 61112 50000 100 820000 150 Surface irrigation Buoyancy 3813

35 11494 56500 6 83450 100 Surface irrigation Vertical 3320
turbine

36 276030.7 32500 136 736992 200 Pressure irrigation Buoyancy 3412

37 90446 50000 160 750000 160 Surface irrigation Vertical 3497
turbine

38 90720 40000 20 79200 100 Pressure irrigation Vertical 3500
turbine

39 1667 50000 53 543888 140 Pressure irrigation Buoyancy 3777
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Table 2- Supplier information in the secondary market
a9l 150 10 Of WS as e CleYb! -Y Jous

Row Sl(lll:lg)l Y g:;s ?;;;‘ Water right D(enp;;h Irrigation system Pump "l(“:lT)e
1 24482.7 127500 18 385070.4 135 Pressure irrigation Buoyancy 4420
2 131585 137500 82.35 820275 132 Surface irrigation Buoyancy 3711
3 1112 140000 6 83450 100 Surface irrigation Vertical turbine 3320
4 1191 137500 18 385070.4 135 Pressure irrigation Buoyancy 4420
5 5241.76 137500 100 820000 150 Surface irrigation Buoyancy 3813
6 14450.8 128500 25 154224 130 Surface irrigation Vertical turbine 4611
7 44444 136000 100 820000 150 Surface irrigation Buoyancy 3813
8 15000 110000 83 48150 160 Pressure irrigation Buoyancy 4450
9 33814.62 137500 160 750000 160 Surface irrigation Vertical turbine 3497
10 8366.4 137500 6 83450 100 Surface irrigation Vertical turbine 3320
11 22570.99 133000 41.78 365472 145 Pressure irrigation  Vertical turbine 3525
12 22680 137500 20 79200 100 Pressure irrigation ~ Vertical turbine 3500
13 27194.9 137500 21 271949 160 Pressure irrigation ~ Vertical turbine 4542
14 54007.68 137500 136 736992 200 Pressure irrigation Buoyancy 3412
15 10485.936 137500 16 151128 100 Surface irrigation Buoyancy 4198
16 26975 137500 39 820000 117 Pressure irrigation ~ Vertical turbine 3155
17 15518 100000 18 385070.4 135 Pressure irrigation Buoyancy 4420
18 27763.2 133000 71 607000 145 Surface irrigation Buoyancy 3356
19 11495 110000 249 279338 140 Pressure irrigation  Vertical turbine 3527
20 14688 135000 83 1026190 120 Surface irrigation Vertical turbine 4673
21 11495 135000 41.78 365472 145 Pressure irrigation ~ Vertical turbine 3525
22 41038 107000 52.9 543888 140 Pressure irrigation Buoyancy 3777
23 16540.7 105000 18 385070.4 135 Pressure irrigation Buoyancy 4420
24 17842.3 105000 83 48150 160 Pressure irrigation Buoyancy 4450
25 16433.8 107000 24.9 279338 140 Pressure irrigation ~ Vertical turbine 3527
26 70125 133000 59.97 626975 130 Pressure irrigation Buoyancy 4611
27 15266.88 137500 11.85 181958.4 170 Surface irrigation ~ Vertical turbine 4212
28 7626 101000 100 820000 150 Surface irrigation Buoyancy 3813
29 10404 110000 35 279000 115 Pressure irrigation Buoyancy 5000
30 15000 140000 136 736992 200 Pressure irrigation Buoyancy 3412
31 19596 110000 100 820000 150 Surface irrigation Buoyancy 3813
32 3000 140000 6 83450 100 Surface irrigation ~ Vertical turbine 3320
33 8334 137500 18 385070.4 135 Pressure irrigation Buoyancy 4420
34 10000 100000 100 820000 150 Surface irrigation Buoyancy 3813
35 5000 110000 35 279000 115 Pressure irrigation Buoyancy 5000
36 8334 100000 100 820000 150 Surface irrigation Buoyancy 3813
37 22156 100000 39 820000 117 Pressure irrigation ~ Vertical turbine 3155
38 27844.2 100000 50 467350 100 Surface irrigation ~ Vertical turbine 4490
39 15147 90000 83 1026190 120 Surface irrigation Vertical turbine 4673
40 44280 120000 100 760000 130 Pressure irrigation Buoyancy 3600
41 22418 120000 30 684835 150 Surface irrigation Buoyancy 3397
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Table 3- Regression model results in the productivity market
$2985%2 134 35 g5y Jdo -V Jge

Variable Coefficient Std. Error” t-Statistic Prob.™

C -5047.159 27864.23 -0.181134 0.8574

P 0.271950 0.133512 2.036891 0.0497

A 4.802074 69.55882 0.069036 0.9454

WR 0.023456 0.009440 2.484685 0.0182

CO 1.53E-07 1.85E-08 8.278807 0.0000

IS 1682.114 4244 474 0.396307 0.6944

T -8.275014 4.234781 -1.954059 0.0592

PU 2748.380 4561.009 0.602582 0.5509
R-squared 0.743243 Mean dependent var 22462.14
Adjusted R-squared 0.688780 S.D. dependent var 22690.08
S.E. of regression™" 12658.14 Akaike info criterion 21.90317
Sum squared resid*™*** 5.29E+09 Schwarz criterion 22.23752
Log likelihood -441.0149 Hannan-Quinn criter. 22.02492
F-statistic 13.64662 Durbin-Watson stat 1.826509

Prob (F-statistic)™*** 0.000000

* Standard Error, ** Probability, *** Standard Error of the regression, **** Sum of squared residuals, ***** Probability (F-statistic)
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Table 4- Results of Breusch—Pagan test in the productivity market
S92 3134 2 OB — g ogeil W -F Jgua

F-statistic Observations Scaled explained  Prob**. F (7.33) Prob. Chi- Prob. Chi-
R-squared SS* Square (7) Square (7)
2.033831 12.35709 7.783913 0.0801 0.0894 0.3520
* Scaled explained Sum of Squares
** Probability
14
Series: Residuals
12 | Sample 141
Observations 41
10
Mean -5.41e-12
8 Median 203.4758
7] Maximum 24591.75
M inimum -22531.70
6 Std. Dev. 11497.33
Skewness 0.244521
4 Kurtosis 2944696
2 - Jarque-Bera  0.413793
Probability ~ 0.813104
0 |
-20000 -10000 0 10000 20000

Fig. 4- The results of the normality test of the residuals
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Series: Residuals
] Sample 1 39
8 | Observations 39
] Mean -4.29¢-12
6 | Median -5414.196
Maximum 101348.1
Minimum -67025.52
4 Std. Dev. 33282.52
Skewness 0.702650
] Kurtosis 4.037790
2
Jarque-Bera  4.959304
m Probability ~ 0.083772
0 ‘ L T T T T
-40000 0 40000 80000
Fig. 5- The results of the normality test of the residuals
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Table 5- Regression model results in the secondary market
w90 5150 52 Ogew Ty Jre -0 g
Variable Coefficient Std. Error” t-Statistic Prob.”
C 56751.24 75932.74 0.747388 0.4606
P -2.046469 0.812133 -2.519871 0.0173
(6[0) -3.51E-08 8.47E-08 -0.415017 0.6811
PU 2759.364 14434.99 0.191158 0.8497
A 364.5827 295.4687 1.233913 0.2268
IS -206.7357 13966.62 -0.014802 0.9883
WR -0.023322 0.031505 -0.740271 0.4649
D 871.6440 343.8987 2.534595 0.0167
T -7.081180 12.21650 -0.579641 0.5665
R-squared 0.548322 Mean dependent var 50983.59
Adjusted R-squared 0.427874 S.D. dependent var 49522.40
S.E. of regression™" 37458.24 Akaike info criterion 24.09902
Sum squared resid"™*" 4.21E+10 Schwarz criterion 24.48291
Log likelihood -460.9308 Hannan-Quinn criter. 2423675
F-statistic 4.552373 Durbin-Watson stat 2.352811
Prob (F-statistic)™"™" 0.001046

* Standard Error, ** Probability, *** Standard Error of the regression, **** Sum of squared residuals, ***** Probability (F-statistic)
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Table 6- Results of Breusch—Pagan test in the secondary market
29U )15b 52 OBL - hgx o9esl @ —F Jgs>

F-statistic Observations Scaled explained  Prob™. F (7,31) Prob. Chi- Prob. Chi-
xR-squared SS* Square (7) Square (7)
1.744903 12.38443 11.13056 0.1286 0.1349 0.1944

* Scaled explained Sum of Squares
** Probability
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1- Positive Mathematical Programming

2- State Wide Agricultural Production Function
3- Joint-Probabilistic Interval Multistage Programming
4- Marginal Cost

5- Average Variable Cost

6- Ordinary Least Squares

7- R-squared

8- Prob (F-statistic)

9- Durbin—Watson

10- Breusch—Pagan Test

11- Jarque—Bera Test
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