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Figure 1. Geographical location of Gorgan County.
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Table 1. Gorgan county groundwater balance sheet (MCM).

Sl FUREY b3l 5 gl Y
Exploitation Recharge Balance sheet items Row
. PRI 5 OL -
- 397.93 GHIR) E2300 T 1
Groundwater inflow
_ _ sl o 2 Sk 358 )
Rainfall infiltration on aquifer ol
B B w5 e GOk 2 5l 358 Recharge 3
Infiltration of surface and flood flows
_ _ ol ol 515, 4
Infiltration of irrigation
- 397.93 e 5
Total recharge
> 3l gl ,
4013 - SR 6
Well Exploitation
_ _ Setind 2l A5 ;
Groundwater Drainage
~ ~ RFER <l g
Aquifer Evaporation Exploitation
~ ~ i K 9
Bed Rock
L ey
1.59 - IR SIS T 10
Groundwater outflow
- ;‘ .
402.89 - R 11
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4.96 B \)ba‘ e,;"; = CJL,:JJ 12

Changes in aquifer storage
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Table 2. Different scenarios of groundwater exploitation in Gorgan County (MCM).
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1- Pareto frontier



o) Ko2 9 o W1

() el
Max (fi —d)?(fz —d2)? (Vo)
Subjectto dy < fi < f{
fo=9(1)
cou g b

e sl 5l Jool gy S 6 S s
Sl gl ot oGl e by
Jol ciiny 5o el odl LLIY Jodr 55 owe) 5
L P e L
ol 035] S jte Oges OVA B NN G e
g SIS 5w dader s sy 5 el
sl Wl amen ool sl 1)l Y pamme
AL blae aibe eSS el 0l sles
238 s s 3 2l )l (e
Sshoge edalie ¥ Jsds 3 &S jsboles
sl dalys bls .S o gl b sl
Sl 35S oy sbimes Aile 5 G50S
SRR IR S U P S GIVE SV S S -\ K
C]a..- Sl ol Gl Jae 31 SV s
I e S
503,55 yudd SV pamn l YL (6ol sm Joa
e R O R - I S
SleMbl ol § Jsds s ool al jRalS (O
Sl dpame 2 dng O3S 5 g @ by

el sl O sl gla g sl

Wy

b ol e il 5 el

cdlies gla liaeds 3 Ll 5l &S s gl Cule
domols ol (V) LS e €l 1y ol by ol
33 .:)ﬂ&a Cewdds Gialr -l-ujf BID) C’L““
Sl gL Sk s Al des SN el
oS del e Sl el sl 2

Md)ﬂjﬁﬁ) Sy el

Max (fy —di)(fz — d2) )

Subjectto dy < f; < f{
f2=9(f1)

5 e e b fi =6 S fi=d S
Cae Ods mb g € (6 olie wn sl
2 =) s Cussion S o0 55l
CInSS )yt e 5d 50 G ot
ol Sy 5 S 2SI S L s LT e 3 2
058 J= 1501 05 e S

Max (fi —d)(fz — d3) 0t

subjectto di < f; < f{

Loy 5 oolanl el 188 Ot J.:-a‘)
adgl Jdo a3 b 5 (VAVY) e 5 Slela
O8) oy 51 asasd Ly ol (8) A3 b pme L
SLOss oy ol 0 Sl bl el L
3 oy e ools OLSGLL I G a4 (Wi, W)
sty s ol S Gl Sl Gl nl )

S iy by & Sk cplpl e



ITAY (1) o,lowd (Y0) s S g O Chlis W Widg3s 4 pai

ci s 2l @l 5l (5l e it (5o gyl 53 dingy SIS 5 e 5 Al Al s ¥ Jpur
Table 3. Net income and optimal crop area for different groundwater exploitation scenarios.

a5 b
6 5 4 3 2 1 2
Scenarios
(e o & 3ek) uns s o gl
579 403 398 291 132 66

Groundwater exploitation (MCM)‘

(LS il 5) Y e gy 2S5 o

Optimal crop area (ha)Y

~

X8
29922 28379 28105 22219 13221 8443 f
Wheat
b
25559 23742 23742 17857 9531 5080
Soya
4448 4448 4448 4448 4448 4448 S
Potato
|.
0 0 0 0 0 0 *
Canola
5L
0 0 0 0 0 0 et
Bean
e o
764 764 764 764 764 764 heishe 5
Corn
2599 2599 2599 2599 2599 2599 G
Rice
0 0 0 0 0 0 NS
Tomato
0 0 0 0 0 0 e
Spring cotton
il ass
0 0 0 0 0 0 s
Summer cotton
0 0 0 0 0 0 >
Barley
64292 61207 60657 48887 30889 21334 g
Total
L, b el
2710000 2640000 2620000 2320000 1830000 1560000 (e 0sebe) palles ol

Net income (million Rials)

P LSLQAJ&L: C.w

1- Million Cubic Meter
2- Hectare
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Table 4. Payoff matrix of the two players.

L5l S gl o 2 oAl el SIS 5 e i ol il
(e ) a3 5 (b O ekse) (s) (a0 & glee) b 55l
Aquifer overexploitation Net income Crop area Groundwater exploitation Scenarios
coefficient (million Rials) (ha) (MCM)
0.1 1560000 21334 66 1
0.3 1830000 30889 132 2
0.7 2320000 48887 291 3
1 2620000 60657 398 4
1.1 2640000 61207 403 5
1.5 2710000 64292 579 6
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Table 5. Normalized payoff matrix of the two players.
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0.358 0.921 60657 398 4
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Table 6. Computational results of the Non-Symmetric Nash solution with varying weight selections.
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579 2710000 0 1 0 1
487 2660000 0.179 0.956 0.025 0.975
464 2650000 0.224 0.948 0.05 0.95
445 2640000 0.26 0.939 0.075 0.925
429 2630000 0.291 0.929 0.1 0.9
415 2620000 0.32 0918 0.125 0.875
401 2600000 0.346 0.906 0.15 0.85
388 2590000 0.371 0.894 0.175 0.825
376 2570000 0.395 0.881 0.2 0.8
364 2560000 0.418 0.868 0.225 0.775
353 2540000 0.441 0.854 0.25 0.75
341 2530000 0.463 0.839 0.275 0.725
330 2510000 0.484 0.824 0.3 0.7
320 2490000 0.505 0.808 0.325 0.675
309 2470000 0.526 0.792 0.35 0.65
298 2450000 0.546 0.775 0.375 0.625
288 2430000 0.567 0.757 0.4 0.6
278 2410000 0.587 0.739 0.425 0.575
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150 2080000 0.835 0.448 0.725 0.275
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127 1920000 0.88 0.312 0.825 0.175
118 1880000 0.898 0.274 0.85 0.15
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104 1810000 0.926 0.216 0.9 0.1
91.6 1780000 0.95 0.192 0.925 0.075
79.2 1670000 0.974 0.091 0.95 0.05
66.6 1610000 0.998 0.044 0.975 0.025
66 1560000 1 0 1 0
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Figure 3. Pareto frontier of the two players.
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Table 7. Optimal groundwater exploitation and net income in equal weights (MCM, million Rials).
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Abstract

Background and Objectives: One of the main limiting factors of the development of Iran's
agricultural sector is the shortage of water resources. The annual recharge of groundwater
aquifers due to atmospheric precipitation has not been able to compensate for this amount of
reduction in groundwater level. Also, farmers do not have enough economic incentives to
minimize negative environmental effects, such as reducing groundwater aquifers level.
Therefore, most decision-making issues in natural resources such as water resources
management face the problem of the existence of conflicting objectives, such as maximizing
economic benefits and minimizing negative environmental impacts. According to this, in the
present study, the game theory method was used to manage the groundwater resources.
Materials and Methods: The statistical population of this study is the total wells water of
Gorgan. In current study 88 questionnaires was completed by using stratified random sampling.
The information required includes the production costs and agricultural water wells information
in the 2014-2015. Accordingly, five scenarios for the exploitation of groundwater were
considered. In order to estimate the economic benefits and environmental impacts, farmers' net
income and groundwater resources exploitation were used respectively. The optimal application
of groundwater resources was then determined by Non- symmetric Nash equilibrium method.
Results: Based on the results of this study, the optimal crop area and the net income of farmers
were decreased by declining groundwater exploitation for irrigation. Furthermore, the results of
this study showed that when economic profit is considered as the only target, groundwater
exploitation is at its highest level of 579 million cubic meters and when environmental goals are
considered as the only target, the optimal groundwater scenario is in the minimum volume of
groundwater exploitation as 66 million cubic meters. When the same weight is considered for
environmental and economic goals, the best scenario for exploitation of groundwater resources
is 246 million cubic meters and farmers' income is 2340000 million Iranian Rials per year.
Conclusion: According to the results of sampling, farmers' exploitation from the groundwater
resources of the region is wasteful. Although this operation in the short run has led to an
increase in net profits, but it will lead to irreversible damage to the hydropower potential of the
region and the environment in the long run. Also, the results of this study showed that the
optimum exploitation from groundwater by game theory model should be less than the current
exploitation. The results of optimal cropping pattern showed that the optimum cropping area is
reduced by decreasing the used water.
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