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A B S T R A C T  
 

Inattention to water as a key parameter of sustainable development, leads the long-term and planned 
management for the water to be marginalized. In this regard, proper and optimal utilization planning and 
management of surface and ground water resources is very important. In this study drought utilization 
motitoring and management of surface and ground water resources for the Qaryat-Al-Arab watershed, located 
in Kerman, has been investigated. Kerman is among the regions of Iran that does not benefit enough 
precipitation. At first the region drought status was predicted and monitored using K nearest neighbor (KNN) 
model. The present model gave appropriate estimations of drought status for the study area, and reasonable 
values of the statistical coefficients showed that the present model is efficient and suitable. Finally due to the 
drought status and classification and also surface and ground water resources condition, the water resources 
allocation respect to the management modeling were proposed for the study area. 

doi: 10.5829/ijee.2019.10.04.08 

 

 
INTRODUCTION1 

 

Iran, with an average annual precipitation of 240-250 mm, is 

among the regions of the world that does not benefit enough 

rainfall. The main part of the country is covered by the arid 

and low-water areas, thus, water has played a crucial role in 

its economic development since long time ago. Hence, proper 

management of surface water and especially ground water 

utilization has a significant role in maintenance and optimized 

usage of water resources [1]. When the issue of water resource 

constraints is raised, the proper management of the 

sustainable and economical use of these resources is also 

being addressed. Thus, one of the main factors limiting the 

development of the agricultural sector in Iran is water. In this 

regard, the experts believe that, if there were no restrictions 

on water resources, most of the country lands could have been 

cultivated and planted [2]. 

Due to fluctuations in the surface water resources, despite 

the high and considerable volume of water, they cannot be 

taken as a reliable source for supplying water for various 

applications, especially in the agricultural sector irrigation. 

The level of surface and ground water resources utilization in 

each region is directly related to the water needed for 

agricultural products irrigation in that area. When the surface 

water supply is less than the amount demanded, the combined 
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utilization of surface and ground water resources can make 

water supply more secure and increase the availability of the 

irrigation water when needed. Particularly in the event of 

drought, the stabilizing role of the water supply is more 

evident. Harvesting more than feeding on ground water 

aquifers, disturbs the system balance, lacks the stability and 

reduces the storage of ground water aquifers and ultimately 

makes the sustainable agriculture impossible. Therefore, in 

order to achieve sustainable development of agricultural 

sector, balancing between nutrition and harvesting 

underground resources is of a great importance. Proper 

utilization of surface and ground water resources in this sector 

can help to establish this balance and ultimately help to 

sustainable exploitation of water resources [3, 4]. On the other 

hand, the proper management of surface water has an 

important role in supplying the water needs for the agriculture 

and industry. With increasing water requirements for various 

uses, acceptability in optimal utilization of surface and ground 

water resources has been increased. This is a strong reason for 

the need for special attention and a new approach to the issue 

of proper management of surface and ground water resources 

[4].  

Considering the importance of the optimal and proper 

exploitation of surface and ground water resources, 

remarkable studies have been carried out on this issue at the 
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national and international levels. Calow et al. [5] investigated 

the distinct groundwater systems character and their reaction 

to predominant and changing environmental conditions in 

Drought-prone Areas of Africa. White et al. [6] investigated 

the effects of climate impacts in water resources planning and 

management. In various researches the conjunctive 

management of surface and groundwater resources has been 

considered as a solution for proper utilization of water 

resources [4, 7-9].   

In this study, the management of surface and ground water 

utilization with emphasis on drought conditions for Qaryat-

Al-Arab watershed in Kerman province has been 

investigated. Kerman province is one of the provinces in Iran 

with low rainfall, and has always been in shortage of water 

resources. On the other hand, Qaryat-Al-Arab watershed is 

one of the main sources of Kerman fresh water supply. 

Therefore, proper management and optimization of the water 

resources of this area, especially in drought conditions, which 

water shortage crisis reaches its maximum importance, can 

play a significant role in helping to solve the issue of water 

shortage and supply of water resources in this province. 

 

 

METHOD AND MATERIALS  
Case study 

Qaryat-Al-Arab watershed (city of Golzar) is located in 

Kerman Province, south eastern of Iran. Geographically, this 

area is located at 29.7108 North and 57.0408 East on Iran map 

and at 2312 meters above the sea level. This city population 

is about 12,000 people and covers an area of 330 hectares. 

The geographical location of the area has been shown in 

Figure 1. 

Qaryat-Al-Arab is one of the most important sources of 

fresh water supply in Kerman. The existence of springs, 

qanats, and numerous rivers in this area has added value to the 

importance of this region as a source of water supply. The 

situation of Golzar water resources has been presented on 

Table 1. 

 

Drought monitoring and prediction 

Drought is a very important and destructive weather 

phenomenon which affects almost all areas of the planet. It is  

 

 

 
Figure 1. Geographical location of Qaryat-Al-Arab watershed 

(city of Golzar) 
 

 

TABLE 1. The water resources situation in study area 

Number of 

active wells 

Important 

Rivers 

Number of 

natural springs 

Number 

of qanats 

74 Chari Haft-koosk 4 73 

usually caused by a reduction in rainfall over a given period 

of time. This phenomenon begins slowly and its impact 

appears gradually over a relatively long time period in various 

sectors, including agriculture, water, environment, 

economics, and so on [10].   

Drought prediction plays a very important role in reducing 

the damages caused by this phenomenon in water resources 

systems. Drought monitoring systems are one of the important 

tools to take appropriate measures to deal with the effects of 

drought disruption, which can provide timely information on 

the durability, severity and development of drought in a 

region. Considering that reducing the rainfall is a major issue 

in drought incidence, most of these systems and indices used 

in drought monitoring are based on rainfall [11]. 

In general, drought indices are applied to predict and 

monitor this phenomenon. The main objective of using these 

indices is to define the characteristics of this phenomenon 

quantitatively. There are various indices have been developed 

to quantify and monitor drought condition including: rainfall 

anomaly index (RAI) [12], Palmer drought severity index 

(PDSI) [13], Bhalme and Mooly drought index (BMDI) [14], 

reclamation drought index (RDI) [15], standardized 

precipitation index (SPI) [16] and etc.  

The standardized precipitation index (SPI) proposed by 

McKee et al. [16] to enhance the detection of onset and 

monitoring of drought for numerous time scales. The SPI is 

calculated, according to the long-range records of 

precipitation data for a desirable period, and then a probability 

distribution (most likely gamma distribution) can be matched 

to the long-range data records. Using following equations, a 

Z-standard normal distribution of the cumulative probability 

can be obtained with variance of one and mean zero. 
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where the constants C1 to C3 and d1 to d3 can be computed as 

follows, and H(x) refers to cumulative probability function. 
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After the numerous time series were obtained according to 

precipitation data, this data is sorted in increasing order. Then 

the empirical probability distribution is computed as follows: 

1+
=

n

m
ECP

 
(3) 

where n refers to the total precipitation data number, and m 

expresses the row number of sorted precipitation data. The 

classification system defined drought intensities resulting 

from SPI is shown in Table 2. 

 
Nearest neighbor algorithm 

Nonparametric machine learning algorithm such as k-nearest 

neighbor algorithm (k-NN) can be widely applied in data 

mining  and  pattern  recognition.  In  this  method  a  sample 
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TABLE 2. The SPI drought classification [16] 

SPI Values Drought Status Class 

+2 and more 

1.5 to 1.99 

1 to 1.49 

0.99 to -0.99 

-1.49 to -1 

-1.99 to -1.5 

-2 and less 

extremely wet 

very wet 

moderately wet 

near normal 

moderately dry 

very dry 

extremely dry 

1 

2 

3 

4 

5 

6 

7 

 

 

which is unknown is classified according to the known 

classification of data in its neighborhoods [17, 18]. 

At first in the method, the distance between training and 

test data should be determined. For example Euclidean 

distance can be applied as follows: 
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where X expresses training data which can has specific 

parameters (x1 to xn), and Y expresses test data with specific 

parameters (y1 to yn). 
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The calculated distances of all the attributes in the training set 

are sorted, and the nearest neighbors can be determined 

according to maximum similarity. Then the K number of 

nearest neighbors should be calculated. The optimum value 

for K nearest of the neighbors is acquired using n-fold cross 

validation method. The method deals with dividing the data 

set into n approximately equal-sized parts. For each part (the 

nth part) the model is fitted to the other data parts (n-1). After 

calculating the model error rate for all values of K (k= 1, 2, 

…, K), the best value of K with minimum error rate can be 

obtained [19]. 

 

Model of water resource management 

Management and planning of surface and ground water 

resources, respect to the long-term quantitative and 

qualitative limitations, require special attention to 

understanding the governing components and also the 

problem formulation. These components includes distribution 

of water resources, drainage status, characteristics and 

capacity of water transmission and distribution networks, 

water demands, ecology and environment of the region and 

etc. [20].  

The application of optimization techniques can be a useful 

approach in adoption of design strategies for the utilization 

management of surface and ground water resources. These 

models are mostly based on mathematical and optimization 

algorithms. In general, the overall structure of a proposed 

management model for surface and ground water resources 

can be as follow: 
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In the model, the goal is to minimize the function F, 

(optimization of water consumption), under the constraints 

governing the problem G. Supply refers to the all available 

surface and underground water resources in the region, and 

Demand refers to the various uses of water. 

 

 
RESULTS AND DISCUSSIONS 
 

In this paper, the precipitation data of Qaryat-Al-Arab 

watershed (city of Golzar) from 1967 to 2013 were 

utilizedsed. According to the precipitation data, standard 

normal distribution function and moving time series for 

different time scales were determined. Then the standard 

precipitation index was calculated. Figures 2 to 6 present the 

standard normal probability distribution function and the 

precipitation cumulative probability distribution function for 

3-, 6-, 12-, 24- and 48-month time scales. 

According to the standard normal probability distribution 

function and the precipitation cumulative probability 

distribution function, the SPI values for different time scales 

were calculated. According to the calculated values of SPI, 

the KNN model was applied to determine the most probably 

drought condition in the study area for different years. At first 

the calculated SPI values should be normalized using the 

following equation: 

)(

'

x

xx
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(6) 

In Equation (6), X’ refers to the normalized attribute value, 

σ(x) and �̅� represent the standard deviation and mean of the 

attribute in the reference data set. 

After that, the best value of the K was calculated by 

fourfold-cross validation approach. Figure 7 represents the 

method precision respect to the SSE coefficient (Sum of 

Squares Error).

 

 

 

Figure 2. Cumulative probability distribution function and 3-month SPI values 
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Figure 3. Cumulative probability distribution function and 6-month SPI values 

 

 

 
Figure 4. Cumulative probability distribution function and 12-month SPI values 

 

 

 
Figure 5. Cumulative probability distribution function and 24-month SPI values 

 

 

 
Figure 6. Cumulative probability distribution function and 48-month SPI values 

 
It can be seen that three values of K including 15, 16 and 20 

have the same lowest error rate. Therefore, the value of K 

equal to 20 was chosen for the rest of calculations. After 

determining  the  best  value  of  the  K  from  the nearest 

neighbors attributes, the most probably drought status of the 

study area was determined using the K-NN model. Figure 8 

illustrates the region drought classification and situation 

respect to the standard precipitation index (SPI) for duration 

of the desirable time periods. 

 To evaluate the present model precision and accuracy,  

some statistical coefficients including the coefficient of 

Pearson's r (r), root mean square error (RMSE), mean 

absolute error (MAE) and coefficient of residual mass (CRM) 

were calculated by the following expressions [21]: 
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Figure 7. The K-NN model error rate in fourfold-cross validation 

method 
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Table 3 indicates the values of these coefficients. Due to 

obtained results presented in Table 3, high value of the 

Pearson correlation coefficient shows strong relationship 

between variables, and the low RMSE, MAE and CRM values 

show low error and reasonable precision of the present model. 

Monitoring and prediction of drought status in a region 

play a remarkable role in appropriate management of water 

resources. By evaluating and monitoring the Qaryat-Al-Arab 

watershed water resources, the situation of water resources 

summarized in Tables 4 and 5 and illustrated in Figure 9. 

 

 

 
Figure 8. Geographical location of Qaryat-Al-Arab watershed 

(city of Golzar) 

 

 
TABLE 3. Evaluation and precision of the K-NN model 

CRM MAE RMSE r 

0.0019 0.108 0.124 0.866 

TABLE 4. The situation of qanats in study area 

Average 

temperature 

Average 

Discharge 

(M3) 

Utilization 

hours 

Utilization 

days in a 

year 

Annual 

Discharge 

(M3) 

Number 

15.7 oC 193721.1 24 365 13560480 73 

 

 
TABLE 5. The situation of natural springs in study area 

situation 

Average 

Discharge 

(M3) 

Utilization 

hours 

Utilization 

days in a 

year 

Annual 

Discharge 

(M3) 

Number 

permanent 31536 24 365 126144 4 

 

 

 
Figure 9. Average Discharge of streams in study area (mM3) 

 

 
Regarding the analysis of the area drought condition and the 

results are presented in Figure 8. It can be found out that in 

recent years, the area has suffered from rainfall below normal 

and relatively drought conditions. Based on the presented 

results and decision making diagrams, and the annual 

precipitation in the region, drought and water resources 

conditions can be estimated. Finally, the best decision is made 

for utilization of surface and ground water resources. The 

allocation of water resources during year 2011 presented in 

Table 6 and Figure 10. 

 

 
TABLE 6. The allocation of water resources during year 2011 

Ground 

water 

Surface 

water 

average annual 

piezometric surface 

Drought 

class 

Drought 

Status 

53 percent 47 percent 50.59743 5 
moderately 

dry 

 

 

 
Figure 10. The allocation of rivers in the study area 
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CONCLUSIONS 
 

In the present paper, the utilization management of Qaryat-

Al-Arab watershed surface and ground water resources with 

emphasizing the drought conditions was investigated. At first 

the situation of water resources and also hydrological 

parameters in the study area ware examined. Using the K 

nearest neighbor approach the most probably drought 

situation of the region was determined based on SPI index. 

The model results showed that the region has faced moderate 

to intense drought conditions in recent years that are 

consistent with local observations. Evaluation of the proposed 

method with statistical coefficients including (r=0.866), 

(RMSE=0.124), (MAE=0.108) and (CRM=0.0019) indicated 

that the proposed model is efficient and accurate. Then 

according to the drought status and surface and ground water 

resources conditions, the allocations of water resources 

respect to the management modeling were projected for the 

study area. 
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 چکیده 

باشد. از این حیث مدیریت ریزی شده برای آب میعنوان پارامتر کلیدی توسعه پایدار، منجر به حاشیه رانده شدن مدیریت درازمدت و برنامهعدم توجه به آب به  

مینی حوضه های سطحی و زیرزبرداری از آب. در مطالعه حاضر به بررسی مدیریت بهرهباشدبرداری صحیح و بهینه از منابع آب سطحی و زیرزمینی مهم میبهره

ترین وضعیت خشکسالی ترین همسایگی، محتملشود. در ابتدا با استفاده از مدل نزدیکقریه العرب در استان کرمان با تاکید بر شرایط خشکسالی پرداخته می

باشد. شد که این مدل توانمند و دقیق میمنطقه تخمین زده شد. نتایج حاصل از مدل از دقت قابل قبولی برخوردار بود و نیز با بررسی ضرایب آماری نشان داده 

 ، مدل مدیریتی تخصیص منابع آب ارائه گردید.در نهایت با توجه به منابع سطحی و زیرمینی منطقه و نیز وضعیت خشکسالی
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