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Abstract

In recent years drought and the continuous extraction of water
by digging deep wells have led to a drop in groundwater levels.
Therefore, in order to manage groundwater consumption for
sustainable use of water resources and also to maintain the
environmental balance of this important resource, appropriate
research and policies are needed. In the present study, in order
to make optimal use of groundwater in Qareh Toghan region
of Neka, the stochastic multi-criteria decision analysis
approach has been used under rainfall uncertainty condition.
The required data were collected as a library and GAMS
software was used to estimate the results. Based on the results,
by increasing the probability of rainfall up to 99%, an increase
in gross margin in the region would happen so that in scenarios
of 95% and 99% probability of rainfall, the gross margin was
increased by about 1.44 and 4.13%, respectively, compared to
the condition of 90% rainfall probability. Under these
conditions, the amount of groundwater abstraction in various
scenarios remained unchanged but the share of groundwater in
the total water consumption decreased. In contrast, in the case
of reducing the probability of rainfall to 99% compared to the
probability of 90%, the gross margin of the proposed cropping
pattern decreased by about 33.3%. In this condition, the
amount of groundwater abstraction decreased by about 32.8%
due to low groundwater level in the region and its unsuitability
in terms of salinity. However, the share of groundwater
consumption in relation to the existing conditions and in all the
mentioned scenarios remained constant. Therefore, due to the
high share of groundwater in agriculture in the region, as well
as increasing farmers' losses and the possibility of declining
groundwater levels in low rainfall years, it is suggested to
provide suitable plans for using surface water in the study area
for optimal management, and improving the environmental
conditions of groundwater in the region while supporting the
income status of farmers.

Keywords: Groundwater, Multi-Criteria, Neka, Optimization,
Rainfall.
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Table 1- Weights of gross margin maximization, risk minimization and groundwater abstraction
minimization
o Ol Sl g il Blis 9 Sy 5l Blis g (55l S Tas Slaal (9 - g

Goals Gross margin Risk of gross margin Groundwater abstraction
Weights 0.73 0.06 0.21
Negative deviation 0.001 0 0
positive deviation 0 0 0
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Table 2- Current and optimal cultivation level in terms of stochastic multi-criteria pattern at 95%
probability level
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Crop (Hectares)

Current situation

Optimal situation

Paddy rice-Shiroodi 2097 500
Paddy rice-Tarom 2365 3772
Soybean 0
Total area 4462 4272
Gross margin (Million Tomans) 114376.25 104913.14
Water consumption (Million m?) 44.35 39.45
Groundwater (Million m?) 37.70 30.16
Risk (Million Tomans) 11133.64 8793.77
Chemical fertilizers (Tons) 1407.70 1242.54
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Table 3- Current and optimal crop area in terms of increased probability of rainfall
Sk Jlain ] il 580 bl g 3 dinge 9 992 90 CulS b - Jgu

Crop (Hectares) s(i:tL:J;rteigrt'l 0% Optimasl);i);()uation 99%
Paddy rice-Shiroodi 2097 500 500 500
Paddy rice-Tarom 2365 3711 3772 3887
Soybean 0 0 0 0
Total area 4462 4211 4272 4387
Gross margin (Million Tomans) 114376.25 103426.83 104913.14 107693.30
Water consumption (Million m3) 44.35 38.90 39.45 40.48
Groundwater (Million m?) 37.70 30.16 30.16 30.16
Risk (Million Tomans) 11133.64 8675.04 8793.77 9015.90
Chemical fertilizers (Tons) 1407.70 1225.16 1242.54 1275.05
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Fig. 3- Changing the share of cultivation of Paddy Rice-Tarom and Paddy Rice-Shiroodi in different
scenarios of increasing the rainfall probability
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Fig. 4- The trend of changing the share of groundwater abstraction in Qareh Toghan Neka region by
increasing the rainfall probability

S, Jloia ] o381 (b S ylab 0,8 alluie )3 ouwe )y o Cudild g pew gd Wigy —F JSS

Table 4- Current and optimal crop area in terms of reduced probability of rainfall
S W)L Jloin ] (s byl 53 At 9 392 90 CuullS g —F Jou

Current Optimal situation
Crop (Hectares) situation 90% 5% 99%
Paddy rice-Shiroodi 2097 500 500 500
Paddy rice-Tarom 2365 2969 2560 1794
Soybean 0 0 0 0
Total area 4462 3469 3060 2294
Gross margin (Million Tomans) 114376.25 85484.58 75575.90 57041.49
Water consumption (Million m®) 44.35 32.22 28.54 21.65
Groundwater (Million m?) 37.70 27.39 24.26 18.40
Risk (Million Tomans) 11133.64 7243.07 6453.72 4982.07
Chemical fertilizers (Tons) 1407.70 1015.34 899.47 682.72
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Fig. 5- Changing the share of cultivation of Paddy Rice-Tarom and Paddy Rice-Shiroodi in different
scenarios of decreasing the rainfall probability
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Fig. 6- The trend of changing the share of groundwater abstraction in Qareh Toghan Neka region by
decreasing rainfall probability

SNy Jlisl ials b S olab o )8 ashio )3 gwojs ) ggiwlaﬁw,»@ﬂ”&,_j&&

Juoyd YYIY g ool cudS 56N LalBL dgw oy
Wil o5 Jlo balid o cawl g5l (Sl & ale talS
Jleinl Gials b g sialgs axlge (oYL (b b addate 5)5La8
Sl by olie il JUs cuiS o (1l S & (Sl
Jlinllh (S, (ials byl il 10 0o )0 YV/A 390 40 3 aojp
e (o Cunl 4Bl (ials asp A Jleis] 4 Cuns oy A4
Sl ylis solod 13 9 3250 Ll 4y Comd (e j o By
g ool ol el o3le b Loy> AD o 53 ey5Ska
O om0l Crge (Jits) (e o8 Jlo Ll cas
Iy @Y gw of5y5laS” Jlie 3 (Jg 9800 adlate (o))
piY Cpomed M)y ool iy (cAulded dons aS 2 Wialgs Cuwd
s 55 53 5l i S s 2 | 8 ol g
G 35 (alend (dgS Bpan g 39w Sy (e (JS it
(AL dgw 43 jeShe LS Eals & dsg b andl a8 cuwl asdly
Lo g (3Ll Lyl 390 1 (S Ll o by iSB cpl ialS

bl 5 e 59 Sl gm0 o) 5 Sl Gios @l
K Qb 08 adlate ofjyliS” GAlBL gm0 ialisl 4 poxie Loy
S9bse dibaio ajps ol iy b bulyd 90 pined 9
by sloglojl oo 3l p3Y @ 9 Ghigel 29 s Sl W

Al Jasas (655l e plojls dla |

Sweins ol 1y adlate (65,038 Lisy 1 (Bpae O 5l 2V e
oo el s 9 uJl..‘..ih.o L-ul)w »as u_ll> JRIRES Y LLSuss
4 g o dlge (Vb b b adlate 159l e slac]

9 0 e oS T Gy ot il 5 il
Sl e amg ol 4 G Pl dgm Sy g Jgine S
Gl b S oSl i bl gy b Lol e il S
Cawl 0393 0l o2 39250 (665 & Cnns IBL Do )3 (gdo > /Y
i g Sy g Ghrojs ol by i (Jilie 5 s
ool pimen ol a8l ialS o )d VY g oy Vi dgas
5 WY 290> ity (Bpae ghard clodsS g Ol i @l
dilale (5j)sliS (g)lul sluly ) &5 Lh e el aop WY
@ e (e ol 4 o ol )] cuiS (o581 g 0 nlgs
b (Sl Jlood Gl 2950 aois &l 1> grieS culyy
Sl 5 ol L uiS s i el 4 e 4o 24
g Al & jomie (6 (i g D (9900 JLB CudS o
15 AL gw & Giga cnl 0k 3 cuiS oS LANBL
e Jlatn] & G LS55 sy A 5 A0 Jlois] (glngy i
ol el a8l (51581 aoyd ¥V 5 VY Dgds iy (o)
g Cowl GBI 6y oy Ol cusly e a5 cul Jlbsyo
Ol b Bas O S5 (i o oo el 229 b

Gl 005 4 lgo

ol lag sl (( Sl Jleisl Gialil slagy b Jlie )
el 0397 5 3 Sl ol oS csla s Ly > LS5,k Jleis!
Uy st 3 8 5 L, nls Yo S i s o5
Ol €08 (pimen gdie o8 S 3 p)lo JUS g (9398 JUS
9 4 Cud ol 2l S 02 b bgw Jpamo Glien Ll
e ol o5 3y i €3S 5505 S h Jpane
e Jhin] & Cans 2oy3 A Jlainl b (S6,L ials bls g

V¥ oo bl oF 0 ylond qupadd Jlw oyl ! O ol ol
Volume 17, No. 2, Summer 2021 (IR-WRR)

AR



groundwater resources in determining the optimal
cultivation pattern of Qazvin plain. Agricultural
Economics and Development 20(77):29-56 (In
Persian)

Bazrafshan A, Rahimi F, and Mohammadi Kangrani H
(2016) Optimal water management in drought
conditions; Case study of Sarkhon plain, Hormozgan
province. Journal of Irrigation Engineering and
Iranian Water 6(3):113-117 (In Persian)

Bekri E, Disse M, and Yannopoulos P (2015)
Optimizing water allocation under uncertain system
conditions in Alfeios River Basin (Greece), Part A:
Two-stage stochastic programming model with
deterministic boundary intervals. Water 7(10):5305-
5344

Bisson R A and Lehr H (2004) Modern ground water
exploration. John Wiley & Sons INC, Publication.
USA.309p.

Charnes A and Cooper W W (1959) Chance-constrained
programming. Management Science 6(1):1-40

Dai Z Y and Li Y P (2013) A multistage irrigation water
allocation model for agricultural land-use planning
under uncertainty. Agricultural Water Management
129:69-79

Emamifar S, Mohammadian F, Mohammadi R, Abadi A
and AliMadad M (2020) Investigation of optimum
cropping pattern proportional to allocable water and
balancing aquifer (Case study of Qom-Kahak Study
Area). Journal of Water and soil Resources
Conservation 9(4):35-54 (In Persian)

Fathi F and Ziaei M (2010) Factors affecting
groundwater exploitation management using a multi-
objective planning model: A case study of
Firoozabad plain. Journal of Agricultural Science
and Technology and Natural Resources, Soil and
Water Sciences 14(53):155-164 (In Persian)

Garg N K and Dadlich S M (2014) Integrated non-liner
model for optimal cropping pattern and irrigation
scheduling under deficit irrigation. Agriculture
Water Management 140(C):1-13

GOmez-Limon J A, Gutiérrez-Martin C, and Riesgo L
(2016) Modeling at farm level: Positive multi-
Attribute utility programming. Omega 65:17-27

Gormaz-Cuevas D, Riffo-Rivas J, Montastruc L,
Bruning-Gonzalez M, and Diaz-Alvarado F A
(2020) A multi-objective optimization model to plan
city-scale water systems with economic and
environmental objectives: A case study in Santiago,
Chile. Journal of Cleaner Production 279:123737

Gui Z Y, Li M, and Guo P (2016) Simulation-based
inexact fuzzy semi-infinite programming method for
agricultural cultivated area planning in the Shiyang

31 Vb ot 45 ] ) el 0395 ] e 505 alllns ol gl
Sl W 995 g0 el sinj oy sl ayb 5l adlate 3 yae
g dilaie ipeinj ol wjlase Lulid S5y gl 355 00
Sl Y klpd o5)0liS el Cumsy il Coles pizeen

PV IF SR 1 PRI P B S E o)

(8 3Sslons

AVRAAY S U iings o ol ] 48,5 0l ey
d)l») u:.ujo éll».a 9 L;)”L.S P}LC oKy ‘_;La wLo.’> L &S ol

Dyden (1938 g S dliwg (i o Cunl 485 O)90

1- Multi-Criteria Decision-Making

2- Electrical Conductivity

3- Dynamic Programming

4- Deterministic Linear Programming

5- Fuzzy Goal Programming

6- Inexact Fuzzy Semi-Infinite Programming

7- Multi-Objective Stochastic Fuzzy Programming

8- Bi-Level Multi-Objective Linear Fractional
Programming
9- Multi-Attribute Utility Function
10- Chance-Constrained Programming
&lp -0

Abbasi F, Abbasi n, and Tavakoli A (2017) Water
productivity in agriculture; challenges and
perspectives. Water and Sustainable Development
4(1):141-144 (In Persian)

Agricultural Jihad Management of Neka city (2019)
(2019) Water and soil information. (In Persian)

Alipoor A, Davari K, Mousavi Baygi M, Sabuhi M, and
Izady A (2019) Determination of optimum cropping
pattern for groundwater stability. Journal of Water
Research in Agriculture 33(3):507-518

André F J and Riesgo L (2007) A non-interactive
elicitation method for non-linear multiattribute
utility functions: theory and application to
agricultural economics. European Journal of
Operational Research 181(25):793-807

Avazyar M, Ahmadpour Borazjani M, and Ziaee S
(2018) Optimization of cultivation pattern to
increase irrigation efficiency in lands under Mulla
Sadra Dam in Fars province. Journal of Water
Resources Engineering 11(36):21-32 (In Persian)

Barikani A, Ahmadian M, Khalilian P, and Chizari A H
(2012) Sustainable integrated use of surface and

VFev bl oF o lond (epaid Jlo oyl ml O galio Olidiss
Volume 17, No. 2, Summer 2021 (IR-WRR)

s.


https://doi.org/10.1016/j.jclepro.2020.123737

requirements. Trend Quarterly 65&66:117-144 (In
Persian)

Montilla-L6épez N M, Gdmez-Limén J A, and Gutiérrez-
Martin C (2018) Sharing a river: Potential
performance of a water bank for reallocating
irrigation water. Agricultural Water Management
200:47-59

Noor H (2017) Assessing the trend of groundwater
consumption and its current situation in Iran.
Rainwater Catchment Systems 5(2):29-38 (In
Persian)

Pourzand F and Zibaei M (2011) Application of
stochastic ideal planning in water resources
management: A case study of Firoozabad plain.

Journal of Agricultural Economics and Development
25(4):420-427 (In Persian)

Ren C, Li Z, and Zhang H (2018) Integrated multi-
objective stochastic fuzzy programming and AHP
method for agricultural water and land optimization
allocation under multiple uncertainties. Journal of
Cleaner Production 210:12-24

Sadoddin A, Halili M Q, and Mosaedi A (2010)
Reservoir operation management using multicriteria
decision making methods in Bustan Dam-Golestan
province. Journal of Iran Watershed Management
Science and Engineering 4(11):25-34 (In Persian)

Wang Y, Liu L, Guo Sh, Yue Q, and Guo P (2019) A bi-
level multi-objective linear fractional programming
for water consumption structure optimization based
on water shortage rick. Journal of Cleaner
Production 237:1-13

Xu 'Y, Li W, and Ding X A (2017) Stochastic multi-
objective chance-constrained programming model
for water supply management in Xiaoqging River
watershed. Water 9(6):1-18

Zand Razavi B, Khaniki H, Nasrollahi A, and Boostani
D (2019) Meaning reconstruction of participatory
water governance: A qualitative review of group
communication of groundwater beneficiaries of
Rafsanjan plain 2016-2018. Iranian Journal of Social
Studies 12(4):44-66 (In Persian)

Zeraatkish S 'Y (2016) Economic valuation of water in
the agricultural sector with an environmental
approach. Iranian Journal of Agricultural Economics
and Development Research 2-47(1):259-269 (In
Persian)

River Basin. Journal of Irrigation & Drainage
Engineering 143(2):05016011

Gutiérrez-Martin C and G6mez-Gémez C M (2011)
Assessing irrigation efficiency improvements by
using a preference revelation model. Spanish Journal
of Agricultural Research 9(4):1009-1020

Hardaker J B, Huirne R B M, Anderson J R, and Lien G
(2007) Coping with risk in agriculture. CABI
Publishing, Wallingford, UK.

Hosseinzadeh J, Sarbaz A, and Ghorbani M A (2017)
The effect of rainfall indices on groundwater
consumption and cultivation pattern (Case study:
Shabestar plain of Lake Urmia). Journal of Iran
Irrigation and Drainage 13(1):232-242 (In Persian)

Janat Rostami S, Khalgi M, Mohammadi K, and Malmir
M (2011). Management of groundwater aquifer
exploitation in Shahrekord plain. Sixth National
Congress of Civil Engineering, May, Semnan
University, Iran (In Persian)

Khoshravesh M and Valizadeh M (2016) Effects of
construction of irrigation and drainage network of
Shahid Rajaei reservoir dam on temporal and spatial
changes in the quantity and quality of groundwater
in Sari-Neka plain. Journal of Soil and Water
Sciences 20(2):1-14 (In Persian)

Li Y P, Huang G H, and Nie S L (2009) Water resources
management and planning under uncertainty: An
inexact multi stage joint-probabilistic programming
method. Water Resources Management 23:2515-
2538

Loukas L, Vasiliade A, and Dalezios N R (2003)
Intercomparison of meteorological drought indices
for drought assessment and monitoring in Greece.
8th International Conference on Environmental
science and Technology Lemnos Island, 8-10
September:484-491

Maroufi A, Rasooli Azar S, and Rezaei A (2014) Crisis
analysis of agricultural water resources management
in Iran. First National Conference on Water, Man,
Earth (In Persian)

Mazandaran Regional Water Company (2019) (In
Persian)

Meftah Halaghi M, Ghorbani Kh, Keramatzadeh A, and
Salarijazi M (2020) Crop pattern optimization by
using goal programming (Case study: Gharesu
basin). Journal of Water and Soil Conservation
27(1):163-180 (In Persian)

Mohammadjani A and Yazdanian N (2014) Analysis of
the water crisis in the country and its management

VFev bl oF o lond (epaid Jlo oyl ml O galio Olidiss
Volume 17, No. 2, Summer 2021 (IR-WRR)



