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Accepted: 05 September 2018 Frequent droughts and their consequences result in theloss of groundwater, the deficiency of nutrients, thedrying of surface water resources, and substantially moreexploitation of the groundwater resources, which, altogether,cause the mobilization of saline waters to groundwatertables. This will impair the capacity of the aquifers and thequality of the water. The VIKOR method was applied to de-termine the best feasible solution according to the selectedcriteria including the local rainfall status in different years,soil permeability, land slope, and water quality indicators,including SAR, RSC, salinity for determination of groundwaterresources quality and land-use restrictions in the KashmarPlain in the northeast of Iran. The results of sampling per-formed on the Kashmar Plain showed that water qualitywas lost as one moved from the northern groundwatertables to the southern ones. The excessive use of groundwaterresources, the downfall of the groundwater level, and sub-sequently, the increased salinity account for the loss of theagricultural water quality and the land-use restrictions.Furthermore, the results of the model within years 2010and 2014 showed that if the current form of indiscriminateexploitation of groundwater resources is kept, it will leadto the mobilization of the salinity to the lowly-salineupstream regions. Therefore, it is necessary to focus onsustainable management of groundwater resources, controltheir indiscriminate exploitation, and minimize the damageto the groundwater tables in the study site. In addition,agronomists should work on limiting the use of agriculturalland by modifying the cropping pattern and on using deficit-irrigation methods. 
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INTRODUCTIONNinety percent of the world water has beenused in agricultural section (Rahman et al.,2004). This is equal to 90 percent in Iran (Re-gional Water Company of Khorasan Razavi,2014). Due to climatic conditions, rainfall dis-tribution, the slope of the land, and the factthat Iran is an arid country, water shortage isenumerated as a factor limiting the develop-ment of Iran. Severe restrictions and the de-cline of water quality on the one hand andpopulation growth, urban, agricultural, andindustrial development, and the growing de-mand for water on the other hand are chal-lenges that, if neglected, will hinder thedevelopment of the country in the near fu-ture. Accordingly, to prevent the critical situ-ation of water and the consequences ofcurbing the excessive use of groundwater re-sources in these areas, it is necessary to con-sider these issues. Kashmar County is severely suffering fromthe shortage of water resources in Iran and isfaced with a gradually increasing number ofproblems. This county is located in the south-west of Khorasan Razavi Province and theeastern periphery of the Kavir Plain. It re-ceives, on average, 680 Mm3 rainfall everyyear of which about 483 Mm3 (71%) is evap-orated directly, about 156 Mm3 (23%) is lostas surface runoff, and 41 Mm3 (6%) is infil-trated into the groundwater aquifers.  The va-riety of agricultural products is high in thiscounty, and various crops of subtropical andmoderate regions are cultivated (AgriculturalJihad Office of Khorasan Razavi, 2013). Ground tables are a dominant source ofwater for agriculture; however, their dis-charging rate exceeds their charging rate sothat the average decline of groundwater lev-els in Kashmar is reportedly more than onemeter a year (Agricultural Jihad Office of Kho-rasan Razavi, 2013). The factors underpin-ning replenishing the ground tables includethe infiltration of rainfall into the basin, thesurface flows of input from adjacent basins,the charging rate of groundwater, transfer ofwater from other basins, permeation of flood,

the returning water from farms, and urbanand industrial wastewater whose value de-pends on the conditions of the different re-gions of the Kashmar plain (Regional WaterCompany of Khorasan Razavi, 2014).The present study focused on agriculturalland in Kashmar Plain that was divided intoeight subsections of eight deep wells. To thisend, eight wells were sampled that irrigatedthe lands located in the northwest, west,southwest, and south of Kashmar. According to the area under irrigation inthe north-south part of plains, these wells in-clude Kalate Khan, Haji Abad, Argha, ShoorabNoghab, Ali Abad Barkal, Gharbe Shoorab,Shargh Sad Al-din, and Jafar Abad, respec-tively. According to the source of the ground-water table that is originated from themountains of northwest of Kashmar County,the well located in the Kalate Khan District isthe closest to the watershed that was selectedas the sample source. Water quality stan-dards and salinity have measured based onother wells that are far away from the water-shed. The water of the wells in this path(north to south) was sampled to determineits quality, its quantity, discharge rate, itsphysical and chemical changes, and its qual-ity impacts on surrounding agricultural land(irrigated with water). The climate of Kash-mar Plain, rainfall, permeability, soil charac-teristics, slope, and excessive exploitation ofthe groundwater resources, due to the popu-lation increase, has affected environmentalquality of the natural resource and conse-quently, the local people’s lives, as well as theefficiency and sustainability of water re-sources and agriculture. Therefore, the pro-tection of groundwater resources with theapplication of agricultural land use restric-tions is an appropriate strategy that shouldbe considered further.Accordingly, it is necessary to rank thestrategies of land use restrictions for variousdistricts of Kashmar watershed that em-anates from the northern mountains withvarying degrees of potential effects on envi-ronmental quality of groundwater sources
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(wells) and agricultural land. Since the inves-tigation of destruction and potential harm togroundwater resources rising from the exces-sive exploitation of arable lands are meas-ured and expressed in terms of severalcriteria, the multi-criteria analysis methodwas used as a technique for quality loss prob-lem and damage to groundwater resources.The VIKOR method was used in this study.This method expands multi-criteria opti-mization of complex systems to find alterna-tive compromised ranking according tocriteria selection (Opricov & Tzeng, 2004).In recent years, multi-criteria optimizationhas been widely used in environmental re-source management (Bryan & Crossman,2008; Chung & Lee, 2009). To the best knowl-edge of the authors, no study on agriculturehas used Multi-Criteria Decision Methods(MCDM) via the VIKOR method. However,some studies that have employed the VIKORmethod in other research areas are reviewedbelow.Hafezalkotob and Hafezalkotob (2017) pro-posed an interval target-based VIKOR modelsupported by interval distance and prefer-ence degree to solve machine selection prob-lems. Canto-Perello et al. (2017) proposed ahybrid model combining Delphi, AnalyticalHierarchy Process (AHP), and the VIKORtechnique for the selection of a rehabilitationproject considering social, economic, andlandscape indicators. Buyukozkan andKarabulut (2017) presented a combinationapproach integrating AHP and VIKOR for en-ergy project performance evaluation with asustainability perspective. Xu et al. (2017)used a VIKOR-based method to evaluate theservice performance of electric vehicle shar-ing programs in Beijing, China. Soner et al.(2017) applied AHP and VIKOR methodswithin an interval type-2 fuzzy context for se-lecting a hatch cover type for bulk carriers.Sharma et al. (2017) employed a novel En-tropy-VIKOR approach for optimizing theperformance of discrete V obstacles in a solarairflow channel. Ghorabaee et al. (2017) pre-sented an extended VIKOR method with in-

terval type-2 fuzzy sets for solving the multi-criteria project selection problem. San Cristo-bal (2011) studied the selection of renewableenergy projects in Spain using the VIKORmethod. In this study, AHP was used to deter-mine the weights and degree of criteria im-portance. The results showed that accordingto the options considered in the model, plantbiomass was the best choice. Liou et al. (2010) used the VIKOR modifiedmulti-criteria decision method to improvethe quality of airline passenger services tofamilies in Taiwan, and ultimately, it wasfound that it had improved different pro-grams for increasing  of customer satisfac-tion. Kuo and Liang (2011) studied thecombined VIKOR method and analyzed theGray relationship to assess the quality ofservice in seven northeastern Asia interna-tional airports. The results showed that themethod is effective and applicable to multi-criteria decision-making problems and in-cludes the unique quality traits in the fuzzyenvironment. Kaya and Ghahraman (2010)proposed the planning for multi-criteria re-newable energy via the hierarchical com-bined method and fuzzy VIKOR in Istanbulfor the best selection and location of energypolicy. The results showed that, among theoptions that were available for the creationof wind turbines, the wind energy is a renew-able and important energy in Katalka in Is-tanbul. Sanayei et al. (2010) studied thegroup decision method to choose their sup-plier by the fuzzy VIKOR method.The present study ranks problematic re-gions in an attempt to achieve sustainableagriculture. The area of the agriculture re-gions irrigated by the wells have been consid-ered between 50 to 100 acres and the cropsincluded wheat, barley, melons, grapes,pomegranates, and saffron. Groundwatersamples obtained from the wells are the onlysource of water supply for these crops. Datafor the study were collected from the Agricul-tural Jihad and Regional Water Company ofKhorasan Razavi during the years 2010 to2014.
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METhODOlOGyThere are several conflicting criteria to pri-oritize the agriculture problematic areas;therefore, a compromised solution is pre-ferred over an optimal solution. The VIKORmethod is a tool applicable to multi-criteriaanalysis that can be used for the recognitionof solution adaptive weights and criteria byselecting and ranking from a set of conflictingcriteria (Opricovic, 1998; Opricovic & Tzeng,2004; Tzeng et al., 2005; Tong et al., 2007).Alternatives in this study included eightagricultural areas with known wells, such asKalate Khan, Haji Abad, Argha, ShoorabNoghab, Ali Abad Barkal, Gharbe Shoorab,Shargh Saad Eddin, and Jafar Abad. The se-lected criteria for each subsection includedlow quality of water for assessment of envi-ronmental potential effects of the KashmarPlain, rainfall, permeability, land slope, anddistance of any alternatives to the originalwatershed. Since factors such as slope, rain-fall, and the distance of each subdivision tooriginal watershed can play an importantrole in the transmission of quality, these fac-tors were selected as measures of quality foreach subsection. The water quality criteriawere based on six factors: Electrical Conduc-tivity (EC), Sodium Adsorption Ratio (SAR),acidity (PH), chlorine (CL), Total DemandSolids (TDS) and excess carbonate (RSC).Two of these factors that represent the elec-trical conductivity and total soluble salts inwater (SAR) as the ratio of sodium ions to cal-cium and magnesium ions are more effectivethan other qualitative factors foragriculture(Chang & Chung, 2009). In addi-tion to salinity problem, the extra carbon inwater is another limiting factor that is repre-sented as RSC, and it encompasses the exces-sive carbonate and bicarbonate per liter tomilligrams of calcium and magnesium on theMeq. If the RSC in this ranking is more than2.5 Meq, water usage in agriculture is limited(Alizadeh, 2000). Since the factors that arementioned to determine the importance ofquality criteria and standards for multi-crite-ria analysis have different scales, they are

normalized by using 1 to 3 relationships(Chang & Chung, 2009). Equation 1 is a nor-malized indicator of Rainfall (R), Slope (S),permeability (F), Total Demand Solid (TDS),Electrical Conductivity (EC), the chlorine(CL), Sodium Adsorption Ratio (SAR), acidity(PH) and excess carbonate (R.S.C) criteria. Itset the values of these indicators between 0and 1. 
(1)

The distance criteria (DI) and water lossquality (PI) are normalized by using Equa-tions 2 and 3. PI is the mean of TDS index inwater, EC, the amount of CL, SAR, PH, and ex-cess carbonate (Chang & Chung, 2009). 
(2)
(3)

The VIKOR prioritization algorithmapproach can be described in the followingsteps (Chang & Chung, 2009):1- Determine the best fi*and the worst fi-values for the five criteria considered inwhole subsection: m represents subdivisionor any area of agriculture and n representsthe criteria in each subsection. In this study,it is considered that m = 8 and n = 5. (4)
(5)2- Compute the criteria optimal values andthe unfavorable values (Rj) for each subdivi-sion.
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(6)
(7)in which fij is the  ith criteria amount in thesubsection j and  w_i is the weight of each cri-terion. In this study, it was assumed that allcriteria would have a similar effect on rank-ing importance of each subsection. Thus, theweight of each criterion was 0.2,  i.e. w1= w2=………wn =1/n=0.23 - Compute the values Qj= 1, 2, … , m  bythe following relation: (8)

in which γ is the weighting strategy for themaximum desirable and (1(n) is the uniqueweight for the  undesirable values that areconsidered to be 0.5, generally. (9)

(10)(11)(12)4- Computing amount Qj ́ for each subsec-tion that is normalized by Equation 13. Thelargest amount for this indicator is represen-tative of farms use restriction ranking strat-egy performance for each subsection.
(13)

RESUlTS The rainfall average of Kashmar plain andits situation in comparison with other citiesof Khorasan Razavi province during the years1989-2014 is shown in Fig. 1. As can be seenin Figure 1, Kashmar plain is located in thecity's ranks of low rainfall in province.

Sustainable management of groundwater resources ...  / Shirzadi  and Esfanjari Kenari 

Figure 1. The rainfall average of Khorasan Razavi province during 1989-2014 Source: Regional Water Company of Khorasan Razavi , 2014
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Different factors of groundwater qualitativecriteria survey for different subdivisions in2010 and 2014 are presented in tables 2 and3. According to Table 2 and based on the irri-gation water quality guide in Table 1, all sub-sections have an EC > 0.7 (ds/m), except forHaji Abad and Argha and three subdivision(Gharbe Shoorab, Shargh Saad Eddin, andJafar Abad), are the problematic region be-cause of groundwater loss quality. In addi-tion, the evaluation of SAR in varioussubsections showed that, due to high SAR ofgreater than 3, all subsections are in therange of salinity problem except Kalate Khan.The water extra carbon in the total of regionswas less than 2.5 except for Argha subdivi-

sion. Based on the water quality standardsoutlined  in Table 1, the evaluation amount ofchlorine (water toxicity) and TDS showedthat Gharbe Shoorab, Shargh Saad Eddin, andJafar Abad are the regions with the mostproblems and highest water quality loss.Also, pH for all subsections is at the thresholdlevels of problem.In addition, by comparing Tables 2 and 3, itwas shown that the factors of water qualityloss criteria are increased in 2014 as com-pared to 2010, and this is representative ofan additive trend to groundwater quality lossand salinity increase due to excessive use ofagricultural lands and this makes agriculturalland use restrictions more apparent. 

Sustainable management of groundwater resources ...  / Shirzadi  and Esfanjari Kenari Table 1
Irrigation Water Quality Guide

Amount of water exploitation
Water quality criteria Unit No problem Problem Dangerous

Salinity EC ds/m <0.7 0.7-3 >3TDS mg/L <450 450-2000 >2000Ion toxicity SAR <3 3-9 >9CL Meq/L <4 4-10 >10PH Normal range 6/5 – 8/4R.S.C Meq/L Restriction of water consumption for agriculturalwhen R.S.C> 2.5Source: Alizadeh, 2000

Table 2
Different Factors of Agricultural Water Quality Loss Standards in the Different Subdivisions of the Kashmar Plain
in the Cropping Year 2010

Factor               
Subsection EC SAR Ph Cl TDS R.S.C

Kalate khan 0.838 2.86 8.2 4 527.94 0.51Haji Abad 0.591 4.2 8.3 0.8 372.33 1.65Argha 0.539 6.08 8.2 1 339.57 2.8Shorab Noghab 0.783 5.53 8.4 1.8 493.29 1.64Aliabad Barkal 26 12.54 8.1 17 16.38 0.31Garb Shoorab 9.85 24.71 8.4 68 6205.5 0.18Shargh Saad Eddin 13 21.11 8 80 8190 0.1Jafar Abad 14.060 25.85 7.9 94 8857.8 0.1
Source: Regional Water company of Khorasan Razavi (2014).
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Sustainable management of groundwater resources ...  / Shirzadi  and Esfanjari Kenari Table 3
Different Factors of Agricultural Water Quality Loss Criteria in the Different Subdivisions of Kashmar Plain in the
Cropping Year 2014

Factor               
Subsection EC SAR Ph Cl TDS R.S.C

Kalate khan 1.08 2.6 8.2 5.7 634.95 0.42Haji Abad 0.711 3.82 8.3 0.11 391.7 0.87Argha 0.599 5.02 8.3 0.9 315.25 2.92Shorab Noghab 0.656 3.71 8.6 0.82 323.10 2.03Aliabad Barkal 2.8 13.45 8.1 18.2 15.2 0.45Garb Shoorab 0.87 25.98 8.5 52.3 5899.5 0.26Shargh Saad Eddin 14.2 19.91 7.9 79.12 8431 0.21Jafar Abad 15 27.14 8 95.5 9120 0.19
Source: Regional Water company of Khorasan Razavi (2014).

Table 4
Restriction of Use of Agricultural Land (Q ') Method for Each Subsection VIKOR

Distance Rainfall Permeability Slope PI Q Q'

Kalate khan 0 10 10 10 2.80 0.5 2.6Haji Abad 1 7.24 6.79 10 3.52 0.51 2.5Argha 1.21 6.53 5.53 7 3.2 0.53 1.8Shorab Noghab 2.31 5.32 5.05 7 3.76 0.32 10Aliabad Barkal 2.93 4.21 3.44 1 3.71 0.83 1.1Garb Shoorab 5.84 2.17 2.40 4 7.34 0.42 3.9Shargh Saad Eddin 6.67 1.90 1.41 1 7.15 0.89 1Jafar Abad 10 1 1 1 6.87 0.73 1.3

After normalizing the factors f the ground-water quality loss criteria by Equation 3, theyare considered as criteria of quality lossalong with other effective normalized criteriaon land use restrictions ranking for deter-mining the priority of the agricultural subdi-vision. The results of this study are shown inTable 4.As can be seen in Table 4, according to the normal-ized criteria of rainfall, infiltration, the agriculturallands slope, and distance of each subdivision fromthe watershed, the subsection Argha  has a higherdegree of importance for the performance of landuse restrictions as per the highest value of Q'. Thus,

according to the results, a ranking of subdivision forthe performance of land use restriction includedArgha, Gharbe Shoorab, Haji Abad, Kalate Khan, AliAbad, Shargh Saad Eddin, Jafar Abad, and ShoorabNoghab, respectively. For the observation of saltfront advancing and quality loss of groundwater re-sources, the VIKOR method was performed accord-ing to the dataset of 2010 in different subdivisionsof the Kashmar plain, and the normalized amountof land use restriction ranking (Q') were obtainedon the basis of 2010 dataset, which is expressed incomparison with 2014 cropping year whose re-sults are summarized in Table 5.
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As can be seen in Table 5, the comparison of theresults of restriction situation of agriculture landuse of Kashmar Plain in different subdivisions fromthe north to the south in 2010 and 2014 reveal thatAliabad Barkal is ranked the fourth and fifth in2010 and 2014, respectively. Likewsie, Kalate Khansubdivision was ranked the fourth in land use re-strictions in 2010, while it is ranked the third in2014 that represents a salinity front progressiveand an increase of water quality loss from the southto the north of Kashmar plain. Therefore, it is nec-essary to prevent the destruction of agriculturalareas and reduction of groundwater quality, to usegroundwater resources of Kashmar plain appro-priately and optimally, and to meet the require-ments for accomplishing sustainable agriculture.
CONClUSIONMulti-criteria analysis via the VIKOR methodwas performed for agricultural land of Kash-mar plain. The results showed that in orderto achieve sustainable agriculture in theplains of Kashmar, salinity reduction, waterquality loss, reduction of groundwater de-cline, and damage to groundwater table, it isnecessary to rank agricultural land use re-strictions and change crops. According to theresults, Argha subdivision is also faced withthe risk of salinity and groundwater qualityloss due to excessive exploitation. It is neces-sary to revise crop programs for achievingsustainable agriculture and water resources

of this subsection. Furthermore, the compar-ison of water quality criteria and factors in2010 and 2014 showed that salinity frontand quality loss are advancing because of ne-glecting agriculture sustainability andgroundwater resources. Therefore, if thisprocedure continues, we will face water re-sources crisis and its consequences in thenear future in addition to the effects ofdrought. The continuous exploitation of thesegroundwater resources will gradually in-crease water salinity and will reduce theirquality resulting in soil salinity. Thus, totackle this problem, the amount of exploita-tion should be curbed and groundwater ta-bles should be recharged. Also, it should betried to take advantage of deficit-irrigationmethod and improve irrigation efficiency tocompensate it.
ACKNOWlEDGMENTSWe would like to thank Dr. Sabouhi for hisvaluable assistance.
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