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Figure 1. Area of study
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Figure 2. Changes in annual unit hydrograph of groundwater in Qazvin Aquifer

Table 1. Number and quantity of discharge of deep and semi-deep wells in the Qazvin Aquifer (Source: Statistical
Center of Iran, 2001-2022)

Semi-deep well Deep well .

Year Number Discharge (MCM) Number Discharge (MCM) Total discharge (MCM)
2001-2002 6956 89 3551 1570 1689
2002-2003 6956 89 3551 1570 1659
2003-2004 8080 66 4229 1697 1763
2004-2005 5309 43 3959 1617 1660
2005-2006 5259 22 3914 1608 1630
2006-2007 5316 24 4066 1613 1637
2007-2008 5316 24 4066 1613 1637
2008-2009 5316 24 4077 1614 1638
2009-2010 5412 26 3871 1605 1631
2010-2011 3981 57 4067 1478 1535
2011-2012 5972 71 4292 1528 1599
2012-2013 5972 77 4292 1009 1086



Semi-deep well Deep well

Year Number Discharge (MCM) Number Discharge (MCM) Total discharge (MCM)
2013-2014 5972 113 4291 898 1011
2014-2015 5948 102 4236 796 898
2015-2016 4240 148 4251 1664 1812
2016-2017 4240 148 4251 1664 1812
2017-2018 4947 54 5629 1361 1415
2018-2019 5696 58 5035 1294 1352
2019-2020 5696 58 5035 1294 1352
2020-2021 5721 59 5035 1294 1353
2021-2022 5669 58 4983 1244 1302
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Table 2. Classification of Qazvin aquifer based on electrical conductivity
Class number Electrical conductivity (umho/cm)
EC<250

250<EC< 750

750< EC<1500

1500<EC<2250

2250< EC<3000

3000<EC<4000

4000<EC<5000

5000< EC<7000
7000<EC<10000
10000<EC<13000

EC>13000

"
e = N N N

Table 3. Matrix of water withdrawal coefficients per transaction

BSl:e)l,leel;-T Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class9 Class10 Class 11
Class 1 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Class 2 0.87 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Class 3 0.84 0.87 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Class 4 0.80 0.84 0.87 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Class 5 0.75 0.80 0.84 0.87 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Class 6 0.70 0.75 0.80 0.84 0.87 0.90 0.90 0.90 0.90 0.90 0.90
Class 7 0.65 0.70 0.75 0.80 0.84 0.87 0.90 0.90 0.90 0.90 0.90
Class 8 0.60 0.65 0.70 0.75 0.80 0.84 0.87 0.90 0.90 0.90 0.90
Class 9 0.53 0.60 0.65 0.70 0.75 0.80 0.84 0.87 0.90 0.90 0.90
Class 10 0.47 0.53 0.60 0.65 0.70 0.75 0.80 0.84 0.87 0.90 0.90




Buyer—

Seller | Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11

Class 11 0.40 0.47 0.53 0.60 0.65 0.70 0.75 0.80 0.84 0.87 0.90

e 0 als O g S5k & slize 5 oS ISTs 355 dnl b cnsd wods 3 O g 5L slaasl o ped ull
el 25
@TW&;W Sledbl 3l 5 IS0 4 slite 5 oS HISTs axxl e sl oS

Wl 35l Olias a0 by o el 51588 slas b (6410815 sl 5t 5n @11 6l (o158, @ Jls e g0 x5 e
Jilos Sl slnn & By sl it 5l S a0l ST g SOl Sl 53 15 08l 3L T 5 0l 6 pme T Ol
ol O g 3L 4 3555 sl Olslize o)
sdlad asli b me 5 (01415 0 1) Oldline dgad sl Jols (IS5 L Lolss S jlae il s ‘093 flf

e s cela) Wl alr Sl OF g 51 st g SO a6 305 (e3date O3 o g ol a4l w5 L
wor Sl b caiblge Lels oS s &l S8 @ 1) 0ol e ael lanl ol il ge ol 0115 e g sduled (oL
sl b me S L1 Ol po g b 5l as (Sauled adol b sduled fmmen ol DLl gliaal ol o @ ol 011 e e
Al ol b Ol S5 5 sy b ed sl Ll o sas O G (S 3 AL (Stuled il S 5 e
SIS Sl e g o8

sosde SIL a4 55 lp bl S e plnil Al o nl 53 5L 4 3555 Sl OF Sl s 5 5558 Cands pDland
slplas il (Salad BB )28 oS oo 5o el (o520 b LB LS rils S 5 Sles S 5 035 0 S
355 OG5l 53 T b aslsl b S ol 1 55 550 Slogshe il 1ol 011 e g
)'teuav_?p-L!aMJ‘K\}\iaML@LEJV:_o-J{M:r)L@:;r@

Sl oS8 Bl byl (S Bl el S Sl b2 e i b ol a0 on e ol
JW'/.M Suso e SOL 534S (G IST LG JW@Q@MU Sl il 553 e 5 3 S el s (gladlate
S eY b Sre i b plp by 28 b 533 8 e amlie (ol UL OF g T ST w66 1L s 5 SUL
Wlsp 53 ot pn aemlie LIS S 5 558 0 ammlons SIS Jany (1) aaly Gollas Sl oy pn e O g oo
A e 5l 3 Dlalbe Glon 1) S o (el ol anilons (V) aasly Gy )b 51 a5 oa3ls oo 5 pine (S0l e 00

V. = (A+ WH) x Q, )

2SS s sl a3ls 23 Q el SULe 35 Cele WH (e 2e) 6l a8ls OF g VI () alal;
3,558 ol 4 (s s O18) ol ] s s Ol g Sl oLl @S Sl el Ol A 5 (Gl
el odd et Cell 000 A sie e Lyl 5 s a8 e ALl me (6513 e e 4l 5
e o3 tamiy o8

B3 i o (SIS (oS e sl gund s T B 85 OBl [ pam L landr B8 e (b Sl
wo,e glajme 355 o o IS L Lol Jame wul Sy 55 03 8 o JSKE Sldllas 85 5 oy jlaes 5 CuiS
5 S sl Oy e 5 il dh (STl gl w56 s adsl bl Lo STy LB O e il sas ol



Lidl'“s Sl JSA 4 p\! ol B JL:.O‘ QL&) de C,.J‘:j. adeds L;Qj-ﬁ‘ C,.LLLQ ol Lo e JALZ Lol L;La)jm

ST Bl oS sk a3l e Ol sl (Qu) Lol 5 Q) 4o Sl OF s S 353 o Bl e 4 T sl a

Cend i 4 S OB 3 b L 1 plS e OF 53 oS ol lelal (godns 0L Cd cpl 5,8 13 Jalas o

Spd o plnil g Do ol e e akgy pl s (Tahamipour, 2019) 51> 13 Jsla Camdy 53 S50 1,5 s
(Kiani, 2016) 3 52 o Jol> g3lal ;LS

Moo ab - A

U IS b w o blge sl S a5 L OF Cad 5 O Gl Jllie o bl saas 0lis O Lol =t
ui.l.b'uJ.a\f«@@j@\):}éj\ﬁjsjj»gfjmblfxﬁdrm4.',}§>“.MJJQLLSwldlakg\)ogdlﬁgT&ul}J
SaS T b Ol e 5 OLIS Colw 40 6 ) (Dinar and Tsur, 2021) S o Sl s Jolge 5 Lolys (O cnd w3le

3 gr 0313 Sialed (V) daly &g 0 Vpeme Lol S 331 of

Qd=f(P'I:T:PS;---) (Y)

ol 03 el oS G ame Maln T olgm 5 Of gl 2 T (VS L cd Ps VIS 3 Plolss Sltie Qg O s oS

Sl (s Sole 4 (S S 4 Ol GV 552 (gl 6l O g 51 LolE U Sl S 51 it e,

Aoy 3 o | gTWj)l._\zdiéﬂ sy b e didg b 4 (el I S edge o VIS ,\:jjjdfd.w\




1
T

[ERARCEEN LRI SN il [ | [
T O U 7 or T TR T o d‘”')’ﬁ“ﬁ>"" NS AN A

=

[ &, . w
4o peoe b -2

s e 0L died O Wl 4 ol il laced 3 OB ASas e S 1 T ke &S ol gladaly Of 4 e =t
3ils (S ss et 5 bostlo s ol mbe 4 i 5 Glaau s (O b dile dloie flge 4 b
Sad e &I daly, O 4 as o &b S ,sb 4 .(Dinar and Tsur, 2021)

Qs =f(PCTR,...) ™)

FERTS Ow sﬁyqduR,uwuﬁjj@,uT‘.\_JJ:L;L«,%AC‘YSWPX s e laie Qs O s &S

ol Ol g 4 2 b e B Sl sk e ol 53 o

' Jor Feene Ol o Plos (g 55 295



S S Sdle Culs s Gl b s 50 0 5 il Bl S Jsere Sl Blu 050 S5 s

ol 0 L;":’J:".‘;' j.plfu 9 ol odaline ﬁ)l.ac O (Uhug:-) LAQJLGJ Ql;uja t},w Q.); cL..:oS haa ‘U‘i’j) U'l‘ BE s

w‘ﬂ)‘}gzmoﬂa:ﬁ&-dl})bOLs ‘Jj:j)
Yi = Bo+ BiXs + BoXy + -+ BiXi + &1 )

Llas Sl &1 50 e Jatee oo Bi s 51 o0 Bo ot 355050 Jaie it i (o 3551 ) ails ie yi oS
el It slaeile it
G2 b b il s 5 S BB 05 55 e G2 e laelile Sl 5 (eed 5 Slaoiie ol o Sl ol
dsl anils Ll Jde 5 Wesls a5 aeS o Ols 1) ola S5 b o3 ol s Culey Jyame Sla e Bl 050 S5 SIS
ol 3w
AL e Ll 05 S5 e e
Al i L bl (o Sle @
sl w\:MNJS sla e Lol Jue glals @
ol ot Sl 350 LB Sla e & e Sl 5Kee 2 ol kil Olees AL Lo CSer bl e
28 el et L OB — s 05T ASle pla0ge 5T 51 015 e 5 50
woly s edaline gl 4 WL sdaline o by e gl kil anill Soeeas ot UL lax O @
osleal M:;ﬁ- o Sl N e Gy Q}Aﬂ L0 sl s — s 6Laoj.aﬂ sl

Sy

b Sl (Sen Ll 308 s G s e 4 2 nl AR il als b mis bl ekl 3L e
oIS st oo b T = Sl Osasl e il sl sl S 05 e a5 e s (slalne sl s

23S eslizal laeile 3L
ol o3l F ool 5l 0gan S5 (guls me w2 8l 5 RD) pand s b Sl Ogee S5 Jde iun i 8 oLl (8l

el

Capwlas> | uld
je‘):&.-.} &_Aij..p .]G.Muj;.d ‘Q..;Sﬂ)cla.ﬂh.»}u Les .L..»}Lc ‘uT&)ﬁwb}M 6-’»&)} \O‘j\' 4cnij¢:x;$~)f44
S e cd ol cwd cailies Ol jske cpl ol cd sl atls ol Cad (6, ool Ges b i

el el dles (0) gl S o3l L ol gyl 523l 455 Sl b sdd S5 sla pie

X 100 (0)

*

Lﬁ\ﬁ)b L;SQLJJ &L.A.:AP* LJE..! J)jﬁjhb‘.zjw'éb\ét)av\,& JJ‘)TJ{ L;JL:J&L.A.:EP L(M)J) &;ML...;- Q\J:AS cé)T)b‘\S
el 3 e

AR



kMol g bosls
dales Of o alaie slaosls 5l a0 5 Lol 6 e Gl L ol 5 55 skl e elal e cnl )
—iS 25 2Y) ol (IS gl o (5SS puame W5 slaanpa old W5 slaan s (Es 5 s L L el
e Ol ol s 8 5 ey 8 ol eslizal 3550 SaS3 IS ol Gas G AU wysa 5 (ol wlr 5 ST
VEY Jl ol OV pumms A 55 ansa sl 0l a5 S o Lod 5 O135LES Mol s o3 o (S 5 o b
ST e 5L IS Sl S5 SNl ple 5 53 Olid lidlps Olosle 51 Lz o533 (55,5188 sler Olesl S|
5 el o alolre 4 56 L s OF CaSe e VAMYT oSGl ol At VE0Y 3T B VEY 5 Gl gsllel, Olej
alae Ol 553 Cad s o ol o3 Ologs T B b Cad Sl 5 Ol Yoo Ll s Ol s o Bl

ol (8) Jg

Table 4. Trading volume and selling price of water in the market

Number Transaction volume (CM) Sale price (Rial) Number Transaction volume (CM) Sale price (Rial)
1 67376 50000 21 37931 43000
2 44001 20000 22 11905 54000
3 88900 50000 23 57472 48500
4 22230 47500 24 1111 60000
5 65990 20000 25 4100 60000
6 60588 50000 26 9000 50000
7 33334 50000 27 2223 60000
8 11112 50000 28 11494 56500
9 61112 50000 29 45977 50000
10 100000 50000 30 276031 32500
11 66666 45000 31 90446 50000
12 66666 55000 32 90720 40000
13 17050 58000 33 16666 55000
14 39286 40000 34 11000 50000
15 57472 48500 35 61068 50000
16 70763 42400 36 123490 45000
17 90000 43000 37 22223 60000
18 39617 56000 38 1667 50000
19 12000 50000 39 89674 50000
20 10000 50000
g b
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Table 5. Results of the demand function estimate

Variable Coefficient Std. Error t-Statistic Prob.

C 17552.69 76202.55 0.230343 0.8193

P -0.662975 0.324099 -2.045591 0.0494

1 -3.64E-09 9.93E-09 -0.366660 0.7164

(60 1.02E-07 1.68E-08 6.071819 0.0000

S -7088.785 1306.157 -5.427208 0.0000

PU -10259.70 12007.13 -0.854467 0.3994

A 0.008357 0.002442 3.422170 0.0018

TE 8096.732 5300.079 1.527663 0.1367

AR(1) 0.291922 0.176505 1.653903 0.1082

SIGMASQ 5.67E+08 1.55E+08 3.655347 0.0009
R-squared 0.751544 Mean dependent var 50115.14
Adjusted R-squared 0.679412 S.D. dependent var 48385.91
S.E. of regression 27396.36 Akaike info criterion 23.48460
Sum squared resid 2.33E+10 Schwarz criterion 23.90254
Log likelihood -471.4343 Hannan-Quinn criter. 23.63679
F-statistic 10.41895 Durbin-Watson stat 2.062723

Prob (F-statistic) 0.000000
Inverted AR Roots 0.29

Table 6. Results of Breusch—Pagan test

F-statistic 1.158519 Prob. F(7,33) 0.3525
Obs*R-squared 8.088008 Prob. Chi-Square(7) 0.3249
Scaled explained SS 3.972584 Prob. Chi-Square(7) 0.7829
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Series: Residuals
8- Sample 1 41
7] Observations 41
6 Mean -269.2135
5 Median -4156.293
Maximum 39755.73
4 Minimum ~ -62487.95
3 Std. Dev. 24116.59
Skewness -0.316533
2 Kurtosis 2.703946
" Jarque-Bera  0.834386
0 Probability ~ 0.658894

-60000 -40000 20000 0 20000 40000
Figure 3. The results of the normality test of the residuals
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Table 7. Results of the supply function estimate

Variable Coefficient Std. Error t-Statistic Prob.

C 165804.0 114431.9 1.448932 0.1571

P -2.091071 0.781327 -2.676307 0.0116

co -9.13E-09 7.34E-08 -0.124321 0.9018

WI -4866.731 12584.07 -0.386737 0.7015
WR 0.004962 0.021615 0.229554 0.8199

D 1252.239 289.8745 4.319935 0.0001

TE -12435.09 7818.992 -1.590370 0.1216
R-squared 0.550658 Mean dependent var 50983.59
Adjusted R-squared 0.466406 S.D. dependent var 49522.40
S.E. of regression 36174.88 Akaike info criterion 23.99127
Sum squared resid 4.19E+10 Schwarz criterion 24.28985
Log likelihood -460.8297 Hannan-Quinn criter. 24.09840
F-statistic 6.535869 Durbin-Watson stat 2.351799

Prob(F-statistic) 0.000141

Table 8. Results of Breusch—Pagan test

F-statistic 2.156992 Prob. F(8,30) 0.0737
Obs*R-squared 11.23085 Prob. Chi-Square(8) 0.0815
Scaled explained SS 10.22182 Prob. Chi-Square(8) 0.1156
12
Series: Residuals
Sample 1 39
104 Observations 39
8 | Mean 4.20e-12
Median -53.20889
6 Maximum 95753.87
N M inimum -51823.10
Std. Dev. 33196.34
4 Skewness 0.800340
Kurtosis 3.703803
2 |
Jarque-Bera  4.968463
Probability 0.083390
0 EEE DR

-40000 0 40000 80000
Figure 4. The results of the normality test of the residuals
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Figure 5. Sensitivity of the equilibrium water price to a five to 15 percent change in the parameters considered
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Economic Analysis of the Secondary Water Market and
Estimating the Equilibrium Price (Case Study: Qazvin Province)

ABSTRACT

The increase in water demand and the uncontrolled harvesting of groundwater resources in the Qazvin Plain has led to a
sharp drop in groundwater levels and adverse environmental consequences. Since 2023, the right market has been
established, including productivity markets (selling water from agriculture to industry) and secondary markets (selling
water from agriculture to agriculture) in order to increase productivity and protect groundwater resources in the
province. The study was conducted to identify factors affecting supply, demand and supply function estimation, demand
function and water equilibrium price estimation. Using data on traded water volume, selling price, production costs,
well specifications, irrigation technologies, annual water share, cultivated area, storage coefficient, farmer income, and
temperature from July 2023 to December 2024, supply and demand functions were estimated using the ordinary least
squares regression method. The price coefficient in the estimated demand function is equivalent to -0.663 and in the
supply function it is equivalent to -2.091. The equilibrium price of water in the secondary market was estimated at 4682
tomans and the results of the sensitivity analysis showed that the equilibrium price is highly sensitive to temperature , as
well as the estimated equilibrium price in the water market is higher than the penalty for excessive water withdrawal in

Y.



this plain. This can lead to a decrease in farmers' willingness to purchase water from the secondary market and an
increase in unauthorized groundwater extraction. Therefore, it is recommended to revise the regulations regarding
penalties for excessive water withdrawal from authorized wells.

Keywords: Water rights market, Water pricing,, Demand management, Groundwater resources.
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