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Selecting the Potential Water Harvesting Sites 

Using Fuzzy GIS-Based Spatial Multi-Criteria 

Evaluation in Salah Al-Din  Governorate, Iraq 

Abstract- Remote sensing and GIS-based techniques were used to select the 

potential sites for water harvesting in Salah Al-Din Governorate, northern 

Baghdad/ Iraq. Spatial Multi-Criteria Evaluation (MCE) was used where seven 

criteria layers have been evaluated to identify water-harvesting sites, such as 

slope, stream order, precipitation, potential evaporation rate, soil type, distance 

to roads and the Normalized Difference Vegetation Index (NDVI). This method 

helps in locating water-harvesting sites in suitable places as well as improves the 

management of water resources in the study area. Fuzzy logic modeling was used 

to standardize the criteria layers, and the Fuzzy Gamma overlay was used to 

combine these layers together in ArcGIS 10.5. Specific criteria were used to unify 

all these layers. Finally, the final suitability map for the potential water 

harvesting sites in Salah Al-Din area was produced were twelve potential water-

harvesting sites within the study area have been identified according to the 

specific criteria used for this purpose and have a high potential for water 

harvesting.  This map will provide optimum sites to build dams in order to store 

the water, especially in drought-stricken areas. The results illustrate that the GIS 

can be used as a decision-making tool in water resources management in a 

scientific approach, which makes the decision making easier and accurate. 
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1. Introduction 

Water is a crucial need for a human in many 

aspects of living, such as domestic, industrial, 

municipal, agriculture, etc. However, its 

availability for those particular needs is depleted 

due to changes in environmental condition 

pertaining to water and to some extent to the 

increase of water requirement. The water-

harvesting process can be defined as collecting 

the water from the catchments area for useful 

usage. Water-harvesting method enhances 

agricultural productivity through leading the 

rainwater during run-off to the plants. The water 

harvesting approach offers significant potential 

for sustaining agricultural production spatially in 

the semi-arid region. 

Arid and semi-arid areas are frequently facing 

water scarcity problems for domestic use and 

agriculture. The arid and semi-arid area 

represents 35% of Earth's land, about 50 million 

km
2
 [1]. The water-harvesting method should be 

adopted essentially in arid and semi-arid areas, to 

treat the drought problem and the climate change 

conditions effectively. 

Integrated remote sensing (RS) data and 

geographical information system (GIS) can 

consider being an effective tool to identify the 

potential water harvesting sites. Generally, the 

multi-criteria decision problems include a set of a 

potential decision alternative that is evaluated 

based on specific criteria. GIS-based multi-

criteria decision analysis is a process that 

integrates the spatial data to get an overall 

assessment of the decision alternatives [2]. GIS-

based-MCE methods are the most effective 

method for the site suitability analysis. GIS 

technique is used to construct the site suitability 

model by formulating different criteria maps [3]. 

Over the last decade, a number of MCE studies 

have been performing in the GIS environment for 

various purposes with good results, such as 

Malczewski [4]; Srivastava, et al. [5]; Chen et al. 

[6]; Rikalovic et al. [7]; Adham et al. [8]; Aziz et 

al. [9]. 

This study aimed to select the potential sites for 

water harvesting in Salah Al-Din Governorate, 

North Iraq utilizing remote sensing and GIS-

based Spatial Multi-Criteria Evaluation (MCE). 

Fuzzy logic modeling was used to standardize the 

layers and combined the criteria layers together in 

ArcGIS 10.5. This research is important because 

it relates to several areas such as water 
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management, agricultural productivity, 

sustainable environment, and human livelihoods.  

 

2. Materials and Methods  

I. Study Area 

The study area lies in Salah Al-Din              

                        ,                       

                   –          ,                   

      36° 00' N (Figure 1). Topographically, it is 

semi-flat with the presence of some elevated local 

features represented by the deposits of river 

terraces and several depressions [10]. 

Geologically, most of the area is covered by 

Quaternary deposits (Pleistocene) included the 

alternation of sediments, sand, gravel, clay which 

belongs to recent sediments. Pre-quaternary 

deposits belong to Tertiary, which represented by 

Mukdadiyah Formation (Pliocene) which consist 

the alternation of sandstones, siltstones, 

claystones, and Injana Formation (U. Miocene) a 

sequence of silty, sandy, gravel and mud, suitable 

for groundwater storage. Tectonically, the area 

lies in the Stable and Unstable Shelf geotectonic 

units within the Mesopotamian zone, Ammara–

Tikrit secondary subzone [11]. The study area is 

an important economic area, where the population 

is working in agriculture, especially crops of 

grain production, such as wheat, barley, corn, 

farmers depend on rainwater and groundwater as 

water to plant some summer and winter 

vegetables. The areas of the two banks of the 

Tigris and the Al-Idhaim rivers depend on the 

water of these rivers for agriculture. 

 
Figure 1: Location of the study area 

II. Dataset 

The various dataset was used in this study; 

ArcGIS version 10.5 was utilized to analyze these 

data. The Universal Transverse Mercator (UTM) 

system, WGS 84 and zone 38 N was used to geo-

reference all the thematic-layers. 

a. DEM 

The NASA SRTM obtained elevation data using 

radar interferometry with a spatial resolution 1 

Arc Sec (30 m), this product was released on Jan 

2015 by the LP DAAC. The STRM V.3 is void-

filled using elevation data from ASTER GDEM2, 

USGS GMTED 2010, and USGS National 

Elevation Dataset [12]. In this study, STRM V.3 

DEM was used to drive the order of the stream 

using the hydrology tools in ArcGIS 10.5 (Figure 

2), in addition, to drive the slope map (Figure 3). 

 

 

 

Figure 2: DEM processing steps to derive the order of the stream 
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Figure 3: Slope map 

b. Satellite-based climate data 

Remote sensing rainfall estimation from the 

Tropical Rainfall Measuring Mission (TRMM) is 

a potential way of supplementing the rain gauge 

data with a good spatial distribution [13]. Climate 

data for the period 2000 – 2018 based on satellite 

data were downloaded and processed with spatial 

resolution 0.25 deg. Time-averaged map of 

precipitation rate monthly per mm/month is 

shown in Figure 4. 

The Global Land Data Assimilation System 

(GLDAS) aims to integrate the satellite-based 

data and ground observational data, by advanced 

land surface modeling and data assimilation 

techniques, to generate optimal fields of land 

surface states and fluxes [14]. The potential 

evaporation monthly rate was downloaded from 

GLDAS Model _NOAH025 in W/m
2
 for the 

period 2000 Jan – 2018 Jan. Time-averaged map 

of potential evaporation rate monthly 0.25 degree 

is shown in Figure 5. 

 

 
Figure 4: Monthly precipitation rate for the period 

2000 – 2018 

 
Figure 5: Monthly potential evaporation rate for 

the period 2000- 2018 

 

c. Land cover data 

Sentinel-2 Level-1C processing includes 

radiometric and geometric corrections with sub-

pixel accuracy. The Level-1C product results 

from utilizing a digital elevation model in order 

to project the image in cartographic geometry. 

Per-pixel radiometric measurements are provided 

in Top of Atmosphere reflectance along with the 

parameters to transform them into radiance. Six 

images were used to obtain the NDVI layer 

(Figure 6) using Equation [15]: 

(    )  
       

       
                                          (1) 

The NDVI is determined using the visible 

wavelength (Red) and near-infrared wavelengths 

(NIR). Strong vegetation will absorb most of the 

visible wavelengths that it receives and will 

reflect back a large proportion of the near-

infrared light, while poor condition vegetation 

will reflect more visible wavelength light and less 

near-infra-red light. The NDVI ratio for Sentinel-

2 is outlined in Equation 2: 

(    )  
             

             
                                (2) 

The distance to roads was determined using 

Euclidean Distance (Figure 7), which can be 

defined as the straight-line distance between two 

points on a plane. It generates a raster from a 

vector layer that indicates the existing distances 

from the figure to the rest of the field in a visual 

and colorful way. The output Euclidean distance 

raster contains the measured distance from each 

cell to the nearest source. 

Soil map was constructed from FAO (Figure 8), 

five classes of soil were found in the study area; 

which is young soils in alluvial deposits, soils 

with an accumulation of secondary calcium 

carbonates, soils with an accumulation of 

secondary gypsum, strongly saline soils, and 

sandy soils featuring (very weak or no soil 

development). 
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Figure 6: NDVI layer 

 

 
Figure 7: Euclidean distance to roads 

 
Figure 8: FAO soil map 

III. Multi-Criteria Evaluation 

Criteria evaluated as a fully continuous variable, 

Figure 9 shows the MCE steps. The criteria are 

called factors and reflect a different degree of 

suitability for the decision under consideration. 

The standardization process is converting the data 

to a uniform numerical scale [16]. In this study, 

MCE to identify the potential water-harvesting 

site was performed based on a number of criteria 

and constraints where seven specific criteria were 

chosen which is slope, roads, NDVI, stream 

order, precipitation, evaporation, and soil.  After 

that, the Fuzzy Gamma overlay method was 

applied to create the final suitability map. 

 
Figure 9: Multi-Criteria Evaluation (MCE) steps 

 

IV. Fuzzy Logic Method 

The Fuzzy Logic method proposed by Zadeh in 

1965 [17] is generally used to solve the complex 

topics and the membership function is employed 

to indicate the degree of the membership 

regarding a number of characteristics. Fuzzy logic 

membership enables the operator to decide that a 

site is suitable or unsuitable. The basic 

conception of the Fuzzy membership is replaced 

all layers value using range from 0 and 1, where 0 

means false while 1 means true and all values 

between 0 and1 have represented a transition 

between 1 to 0 as shown in the equation below 

[18]:   

 ( )                                                   (3)                                                                    

 ( )                                                   (4) 

            ( )  
(     )

(       )
                         (5)                                                                       

In this study, Fuzzy membership functions in Arc 

GIS 10.5 were applied to standardization the 

layers. The Fuzzy linear membership (FLM) 

applies a linear function between the minimum 

and maximum values specified by the user; any 

value below the minimum would be assigned a 

zero. The linear increasing or decreasing 

membership between two inputs was linearized in 

sigmoid shape. 

 

V. Fuzzy Logic Overlay 

The Fuzzy overlay is the final step in applying the 

Fuzzy logic to the criteria layers. In order to 

perform the Fuzzy overlay, one of the Fuzzy 

overlay types must be selected. There are five 

types of Fuzzy operators, which is, the Fuzzy OR, 

the Fuzzy AND, Fuzzy algebraic product, Fuzzy 

algebraic sum, and Fuzzy gamma operator. The 

Define the problem 
Determine the 

criteria 

Standardize the 
factors 

(Fuzzy membership 

functions) 

Determine the 
weight of each 

factor (Ranking) 

Aggregate the 
criteria (Fuzzy 

ovrerlay) 

Validate/verify the 
result 
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methodology flowchart utilizing Fuzzy logic 

overlay was illustrated in Figure 10. In this study, 

the Fuzzy gamma operators were used which 

based on Fuzzy algebraic product and Fuzzy 

algebraic Sum, the equations were illustrated as 

follows [19]. The Fuzzy algebraic product is 

defined as: 

               ∏   
 
                                  (6) 

Where µi is the Fuzzy membership function for 

the layer, I, and I = 1, 2, 3, n layers are to be 

combined. The Fuzzy algebraic sum is defined as: 

               ∏ (  
 
     )                       (7) 

In this, the operator output value is always larger 

than or equal to the largest contributing Fuzzy 

membership value. The gamma operation is 

defined as: 

              (                   )  
(                       )(   )                       (8) 

 

 
Figure 10: Surface water model utilizing Fuzzy logic overlay 

VI. Criteria Identification 

Generally, in Iraq, there is no criteria standard for 

water-harvesting because the use of MCE is a 

new approach there so that all the criteria were 

evaluated according to other water harvesting 

studies of such as AL-Adamat, 2008 [20], FAO, 

1999 [21], and Victor, 2016 [22]. The criteria that 

were used in the study are illustrated in Table 1.  

 

Table 1: Standardization layers used in surface water Fuzzy model 

No. Thematic Layer Type Source Criteria Linear Membership 
1 Land slope 

(Percentage) 
Raster STRM V.3 DEM Data ≤ 8% Min=8% 

Max=0% 
2 Stream order 

 
Raster STRM V.3 DEM Data > 3rd Order Min= 3

rd
 

Max= 7
th

 
3 Precipitation 

 
Vector Satellite-based Data /TRMM Maximize Min=12 

Max=66 
4 Evaporation 

 
Vector Satellite-based Data /GLDAS Minimize Min=330 

Max=240 
5 NDVI 

 
Raster multispectral satellite image > 0 Min=0 

Max=0.77 
6 Soil type Vector FAO maps Minimize Min=3 

Max=1 
7 Roads Vector Land use shapefile > 100 m Min=100 

Max=53000 

S
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DEM 

Land slope % 
Linear decreasing  
Fuzzy membership 

Stream order 
Linear increasing 

Fuzzy membership 

Meteorological data 

Precipitation  
Linear Increasing 

Fuzzy Membership 

Evaporation 
Linear decreasing  
Fuzzy membership 

Land cover/ use 

NDVI 
Linear increasing 

Fuzzy membership 

Soil type 
Linear decreasing 
Fuzzy membership 

Roads 

Linear increasing 
Fuzzy membership 

Fuzzy overlay 

Gamma 

Suitability map 
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3. Results and Discussion 

I. Standardization 

In order to apply the Fuzzy overlay, all the 

criteria layers should be on a uniform scale on the 

same units and therefore needed to be 

standardized [23]. In addition, the vector-layers 

must convert to raster format to aggregate these 

layers. Figure 11 shows layers standardizations 

using Fuzzy linear membership (FLM). 

a. Slope 

The slope is the inclination or gradient of a 

surface and generally expressed as a percent. 

Because of its influence on runoff and drainage, 

the slope is important for soil formation and 

management. According to FAO standard 

guidelines, the slopes that are less than 2% are 

very suitable for surface irrigation. Conversely, 

the slopes that are greater than 8% are not 

commonly recommended [21]. The slope layer 

was generated from STRM V. 3 DEM data. The 

slope values vary between 0-100. According to 

the FAO standard, the criteria of the slope must 

be less than 8 %. The decreasing linear Fuzzy 

membership was applied to standardize the slope 

layer, the maximum slope was set as zero and the 

minimum slope was 8%. 

b. Stream Order  

The stream order layer was generated from 

STRM V.3 DEM data using the Strahler method 

[24]. The Fuzzy linear increasing membership 

was used to standardize the stream order layer. 

The stream order value varies from one to seven, 

and the criteria of stream orders were higher than 

third order.  

c. Precipitation  

Time-averaged map of precipitation rate monthly 

was driven from TRMM data. The data 

interpolated using the Ordinary Kriging method. 

The monthly precipitation rate varies between 12-

55 mm/month. The Fuzzy linear increasing 

membership was used to standardize the 

precipitation layer.  

d. Evaporation  

The potential evaporation rate monthly was 

downloaded from GLDAS Model for the period 

2000-Jan - 2018-Jan. The monthly potential 

evaporation varies between 240-330 W/m
2
. The 

Fuzzy linear decreasing membership was used to 

standardize the evaporation layer.  

e. NDVI  

NDVI layer was obtained from analyses the 

Sentinel 2 images. The NDVI value varies from      

-0.57 to 0.77. The increasing Fuzzy linear 

membership was used to standardize the NDVI 

and the criteria of NDVI was greater than zero. 

f. Soil  

The soil map was obtained from FAO soil maps 

as a vector format. This feature was converted to 

a raster. The decreasing Fuzzy linear membership 

was used to standardize the soil layer.  

g. Roads  

Roads distance layer value varies from 0 to 53000 

m, the criteria of the road must be greater than 

100 m. The Fuzzy linear increasing membership 

was used to standardize the road layer, 100 m was 

set as the maximum distance and the minimum 

distance set as 53000 m.  

 

 
Figure 11: Criteria layers standardization using FLM 
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II. Sites Selection 

The slope, stream order, soil, roads, NDVI, 

evaporation, and precipitation were collective 

together after standardized using the Fuzzy 

overlay by Gamma 0.9 operation to identify the 

potential water harvesting sites in the study area. 

The resulting map shows a wide range (0 to 53%) 

of the degree of suitability of water-harvesting 

sites within the study area (Figure 12).  

To make the results logically and to limit the 

number of potential sites in the investigated area, 

         y               ≥  .                   y 

which results in 12 potential sites that distributed 

within the study area (Figure 13); these sites were 

fallen on the stream order within the study area.  

 

 
Figure 12: Final suitability map using Fuzzy overlay 

 

 
Figure 13: Potential water harvesting sites 

 

4. Conclusion 

 This study demonstrated the capabilities of GIS 

technology using Fuzzy logic models with remote 

sensing data, to identify the potential sites for 

harvesting water. 

 GIS-based MCE were used to produce a 

suitability map for potential irrigation site. This 

was enabled through the application of various 

spatial analysis tools. The analysis was applied to 

seven layers: stream order, roads, slope, soil, 

precipitation, evaporation and NDVI.  

 Twelve potential water-harvesting sites within 

the study area have been identified according to 

the specific criteria used for this purpose and 

have a high potential for water harvesting.  

 The results illustrate how GIS can be used as a 

decision-making tool in the water resources 

management in a scientific approach, which 

makes the decision making easier and accurate. 

Information derived from this study can be used 

to inform government, investors and other 

stakeholders on best land use practices. 
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