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Abstract

One of the important steps towards optimizing land productivity and water availability for the semi-arid and arid areas is the
identification of potential sites for water harvesting. Therefore, this paper uses the Geographical Information System (GIS)
techniques to select the optimized sites for water harvesting in Al-Qadisiyah Governorate, Iraq. Geographic water management
capabilities are applied as a spatial analysis model. Data from global data repositories are retrieved followed by rescaling them to
a spatial resolution to acquire a manageable input data set. The Soil Conservation Service Curve Number (SCS-CN) model is
used to calculate the potential runoff as an intermediate input. Multi-Criteria Evaluation techniques are adopted to identify the
relative importance and suitability levels of the input parameters set to manage the water supply. The suitability for identifying
irrigation pond and dam location(s) was considered in this study. To achieve this goal, the criteria for eligibility for water
harvesting areas have been completed on the basis of the conditions in the study methods. Based on the hydrological and
geomorphological standards of the study area, suitable sites for harvest areas were identified and it was divided into four classes
in terms of their suitability for water harvesting, namely very low, low, moderate, and high suitable for water harvesting. It can be
concluded that the findings of this research can be used to assist in water resources management as an efficient planning tool to
ensure sustainable development of the water in Iraq who suffers from water shortages.

Keywords Water availability - Remote sensing - Clean water quality - Rainwater harvesting - Runoff - Multi-criteria - GIS

Introduction

Water is a significant and limited resource that has many
uses. Global climate variability, growing population, and
economic development increase the pressure on resources.
Freshwater has become vulnerable to depletion and mar-
ginalization especially in semi-arid to arid zones when
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rainfall rates are unstable. The Middle East is known as
an arid to a semi-arid area where average annual rainfall
does not exceed 166 mm/year (Al-Ansari, 1998). Due to
this fact, water scarcity became an extremely important
factor for the stability of the counties in the area and an
integral element in its economic development and prosper-
ity (Al-Ansari and Knutsson, 2011). Iraq relies on its water
resources on the Tigris and Euphrates Rivers. The flow of
these rivers started to decrease due to climate changes and
the construction of dams within the upper parts of the
catchments (Al-Ansari, 2016). One of the means to over-
come this problem is using non-conventional water re-
sources like waste water treatment and re-use as well as
water harvesting (Haider et al., 2019).

Water harvesting has become an increasingly important
practice due to global warming and the depletion of fresh
water sources. Moreover, other issues that should be consid-
ered are the discharge of groundwater and pollution, the need
to recharge groundwater through water harvesting, and the
processes of collecting and storing rainwater for later use (Al
Maliki et al., 2020).
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The accumulated rainwater is stored in reservoirs, ponds,
and groundwater. Many academics, specialists, and non-
specialists have reinforced the use of water harvesting tech-
niques because of their low cost and simple implementation to
address the water crisis (Adham et al., 2018). These tech-
niques represent the artificial nutrition used in the manage-
ment of water resources around the world. In general, water
harvesting involves the storage of water flow to recharge the
shallow aquifers using these technologies with several advan-
tages (Al-Abadi et al., 2017). One of the advantages is the fact
that rainwater has relatively low level of pollutants; and there-
fore, it is recommended to be used in crop cultivation as in
which there is no chlorine (Khattak et al., 2016). In addition,
rainwater can supplement existing water supplies, such as
groundwater and urban water, reducing the costs and meeting
the basic water needs, and it also supports environmental pro-
tection efforts (Wen et al., 2019).

Several researches were carried out to see the validity of
rainwater harvesting in different parts of northern Iraq. All
data indicated that adequate quantities of water can be cap-
tured for use through using this technique (Zakaria et al.,
2012, 2013, b, 2014; Al-Ansari et al., 2013, 2014). In this
work, a different area within the southern part of Iraq is to
be investigated.

In the governorate of Al-Qadisiyah, Iraq, farmers cannot
obtain a permanent source of water. The lack of water in the
Euphrates river has compensated by rainwater and groundwa-
ter (Gowing et al., 1999). The groundwater level in Al-
Qadisiyah lands has gradually decreased (ljaz et al., 2017).
The soil salinity is gradually increased due to climate change
and the drilling of random wells by farmers. This situation
highlights the need to establish a rainwater storage system,
which can then be used as an additional source of water during
the dry seasons (Haddad et al., 2014).

There are several factors that affect the choice of suit-
able water harvesting sites (Boudaghpour et al., 2015).
One of the decisive factors is the earth’s slope; other fac-
tors include land use and soil type (Vijayakrishnan et al.,
2016). The potential for runoff and proximity to the points
of irrigation systems, drinking water, geology, drainage
along the slope of the land, land use, and soil type are also
criteria for determining appropriate water harvesting sites
(Sayl et al., 2016). In addition to the above factors, rainfall,
soil depth, and other environmental and socio-economic
factors have been used to select soil permeability
(McCredie et al., 2017). The potential of runoff, flow ar-
rangement, and catchment area is a criterion for selecting
convenient sites for different water harvesting/recharging
areas (Krois and Schulte, 2014). As in the UK, appropriate
harvesting areas have been identified using a GIS-based
remote sensing support system (Mahmoud et al., 2014).
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Specifically, researchers used sets of thematic classes, in-
cluding excess rainfall, slope, curve number (CN), soil
texture, land use/land cover, remote sensing data, and lim-
ited field survey to determine the best location of the water.
In a study in Iraq, specifically Erbil city, Hameed identified
appropriate areas for irrigation using GIS and multi-criteria
assessment. The analytical hierarchy analysis was used to
estimate the weight of each factor (Prasad et al., 2014).

Multiple standards have been also used by other re-
searchers. For example, Prasad et al. (2014) adopted this
analysis to identify the ideal location for harvesting water
at the Besangan watershed in the Ajmer area. The authors
examined different layers to assess the weights of the stan-
dards, which included soil strength, slope, rainfall data,
Landsat 8, geomorphology, histology, small community
distribution, and flow streams. Mahmoud et al. (2014)
identified the possible water harvesting sites by integrating
the potential of continuous runoff in GIS frameworks to
estimate the area’s runoff potential. Krois and Schulte
(2014) used the Soil Restoration Service Curve (SCS-
CN) number as an effective method for identifying poten-
tial runoff areas in a semi-arid zone.

This paper aims to locate suitable water harvesting areas in
Al-Qadisiyah Governorate using remote sensing techniques
with GIS. The use of appropriate factors and criteria affecting
the considered area has not been exploited in the open litera-
ture. The results of this study will help the decision makers to
add new aspects to develop water management plans in Al-
Qadisiyah Governorate and ultimately the solution of water
scarcity in the city.

Study area

The study area, Al-Qadisiyah Governorate, is one of the
governorates of Iraq. It is in the plains center-south of the
country. The Euphrates river and one of its main tribu-
taries called the Shamiya river, both are run through this
governorate. It is located between 31° 20" 00" N to 32°
20" 00" N latitude and 44° 40’ 00" E to 45° 40’ 00" E
longitude as shown in Fig. 1. The overall area of the
considered site is 8957.682 km?. The highest and lowest
altitudes are 96 m and — 47 m respectively, with mean sea
level. The location of the considered study area is in the
dry climate region having an average temperature of
25 °C with an annual precipitation of 180 mm (please
see Iraqi Agro met network https://agromet.gov.ig/en/).
The observation of precipitation was almost done in July
as in this period the cumulated annual precipitation falls
by around 70%. The geomorphology of the considered
site comprises of a flat plain. Soil textures are loam,
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sandy loam, and silty loam. The land use of this area
includes four types, namely 50% rangeland, 30%
agriculture, 10% settlement, and 10% mining according
to the files of the Ministry of Municipalities and Public
Works, Al-Diwaniyah sewerage directorate.

Methodology

It is of interest to use a process for identifying an additional
source of water to represent a rainwater storage system in
which the Iraqi climate, specifically Al-Qadisiyah
Governorate, is considered. The workflow in Fig. 2 shows
the detail of the model used in this study. The next sub-
sections represented by the data collection, preparation, and
analysis introduce the description of the main parts of the used
workflow.

Data collection

To determine potential surface rainwater harvesting sites,
which is the main aim of this work, the findings are ob-
tained by using spatial differences in landscape character-
istics like the land cover (https://earthexplorer.usgs.gov.),
slopes, digital elevations DEM (https://vertex.daac.asf.
alaska.edu/#.), rainfall (please see Iraqi Agro met
network https://agromet.gov.ig/en/), soils, and land use
(according to the files of the Ministry of municipalities
and public works, Al-Diwaniyah sewerage directorate).
Figure 2 illustrates the methodology used in this study,
consisting of three phases namely pre-treatment, mapping,
and major processing of potential harvest sites. The pre-

treatment includes collecting primary data, for example,
coordinates of the principle highlights of the considered
site and on-site soil analysis. In terms of the secondary
data, it includes collecting the observable meteorological
information (precipitation) by the cooperation with the me-
teorological services department and various forms of gov-
ernment departments and other necessary data obtained
from Al-Diwaniyah sewerage directorate which belongs
to the Ministry of Municipalities and Public Works.

Data preparation and analysis of pre-processing

The sets of spatial data are used in this study as follows: digital
elevation ALOS satellite (DEM) of 12-m resolution devel-
oped for the preparation of digital elevation model, download
the image in November 2018, slope (varied between 5 and
16%), aspect map with watershed deranges (high drainage
density with suitable rainfall), and stream order of the area.
Other sets of spatial data that should be considered are admin-
istration boundary, road, land used, soil type, agricultural
land, topographic map, surface water, satellite image
Landsat 8 with a 30-m resolution, and precipitation (https:/
earthexplorer.usgs.gov.) download in September 2018 for the
clarity of the atmosphere during this period.

Several zones lacked point measurements of rainfall and
actual evapotranspiration. An inverse distance weighting
(IDW) algorithm is available in the ArcGIS Geostatistical
Analyst and uses points represented by the weather stations’
round boundaries for estimating any non-sampled position,
according to the hypothesis that things further away are less
similar compared to those near one another. Therefore, it is
used to estimate the amount of rainfall as shown in Fig. 5a and
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Fig. 2 Methodology model study
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evapotranspiration in the study area shown in Fig. 5b. The
interpolation result revealed that the average annual rainfall
of the study area was 150 mm for the period of 2000-2019.
Figure 5 illustrates the average rainfall and evapotranspiration
in the study area for the period of 2000-2019 according to the
weather stations under the Iraqi Agro met Network (https:/
agromet.gov.ig/en/). The watershed drainage, and stream

precipitation event (https://agromet.gov.ig/en/). This method
has also been used for determining the runoff availability to
assess the potential to harvest rainwater (Boudaghpour et al.,

200.0

150.0 y =1.763x - 196.33__

order and slope of the study area were derived from the g 1000 Re = 086;‘22’

ALOS satellite DEM. Land use was classified by conducting o ) /

a supervised classification in the GIS. A maximum likelihood 50.0

algorithm is adopted to assort the Landsat 8 images using the /

reference (https://earthexplorer.usgs.gov.) shown in Fig. 8. In 00 /

this work, runoff depth is estimated utilizing the SCS CN 130 150 17(; 190 210 230
mm

model. This model is selected as it has frequently been
adopted to predict the surface runoff for a known
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Fig. 3 Rainfall-runoff coefficient
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Fig. 4 Comparison of the current results (K: runoff coefficient of current
results) with previous studies (Kv: runoff coefficient of previous studies)
(Buraihi and Shariff 2015)

2015). Therefore, the SCS CN model is selected for the cur-
rent work to evaluate the runoff depth. To derive curve num-
bers required to predict the runoff depth of the considered site,
maps of land cover/land use and soil texture are used. These
maps are reclassified into a group of hydrological soil accord-
ing to the classification system of the United States
Department of Agriculture. The Soil Conservation Service
model for rainwater water harvesting [9] is used to evaluate
the runoff depth. This equation can be expressed as follows:

0= (P-1.)" ((P-1,) + )" (1)

44°40°0°E 45°40°07E
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O represents the runoff depth in millimeters.

S represents the highest potential retention in millimeters.

P represents the rainfall in millimeters.

1, represents the initial abstraction in millimeters.

1,= 0.3 S is recommended for the study area (Prasad et al.,
2014).

25400
S = N 254 (2)

S represents the potential maximum retention after the
starting of runoff in mm.

CN represents the curve number.

CN was estimated by matching the soil map and land cover
on the rainfall-runoff processes by GIS with vector data
layers. The soil types were classified in the hydrological soil
group based on the soil texture and the infiltration rates for
each soil type. It ranges from 1, which represents 100% rain-
fall infiltration and no production of effective runoff, to 100,
which represents 0% rainfall infiltration and high production
of effective runoff. Low values of the curve number illustrate
low runoff potential while high values of the curve number
illustrate high runoff potential. To combine the effect of each
criterion into one map, the weighted overlay tool is adopted in
this study. This involves assigning values of weights/scale
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Fig. 5 Interpolation method used (IDW) map for rainfall (a) and interpolation method used (IDW) map for evapotranspiration from point weather

stations under the Iraqi Agro met Network (b)

@ Springer



1154 Page60f9

Arab J Geosci (2020) 13: 1154

related to every criterion, including its effect on the total suit-
ability model. The annual runoff coefficient (K), shown in Eq.
3, is derived based on the annual flow depth. This annual flow
factor gives an indication of the percentage of precipitation
that was converted into an effective flow. Figure 6 shows
the value of the runoff coefficient which is not less than 0.5.

_ Total Seasonal Runoff(mm)
~ Total Seasonal Rainfall(mm)

(3)

Results and discussion

A high positive correlation was found between runoff
depth and the amount of rainfall. The linear relationship
can be expressed as y=1.763x—196.33, where x is the

annual mean rainfall and y is the runoff depth. In addition,
the value of R? is relatively high (0.93) which means 93%
variations in dependent variable Y are explained by the
independent variables present in our model as shown in
Figs. 3 and 4 (Abdulla & Al-badranih (2000), Najmaddin
et al. (2017), Hussein & Othman (1988)). Figure 5 illus-
trates the strong correlation between the two factors. Soil
texture as the main parameter was used along with other
parameters to evaluate the runoff depth using the CN ap-
proach. Runoff depth can reasonably be considered of high
priority and weight because it was derived from the main
parameters as shown in Fig. 6.

The areas, having a large runoff depth equal to or more than
183.3 mm/annum with a large coefficient of annual runoff
limited from about 0.72 up to 0.82, are located in high drain-
age density.
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The current model was validated by comparing the co-
efficient (K) and (Kv) for the current study, with the ref-
erence from Buraihi and Shariff (2015). The value of the
trendline of the coefficient of determination is (R*)=
93.71% for the current study while the equivalent value

(Buraihi and Shariff 2015) is (R%)=99.12%. This good
agreement gives confidence to use the current model.
This study considered the suitability of sites to identify
agricultural ponds and dams. To achieve this goal, the criteria
for eligibility for water harvesting areas have been completed
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Fig. 9 Map suitability level for
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on the basis of the conditions in the study methods (Figs. 7 and
8). Based on the hydrological and geomorphological stan-
dards of'the study area, the suitability for identifying irrigation
pond and dam location(s) was considered in this study. To
achieve this goal, the criteria for eligibility for water harvest-
ing areas have been completed on the basis of the conditions
in the study methods. Based on the hydrological and geomor-
phological standards of the study area, suitable sites for har-
vest areas were identified and it was divided into four classes
in terms of their suitability for water harvesting, namely very
low, low, moderate, and high suitable for water harvesting.
Figure 9 shows a map of the relevance of different harvest
areas.

Conclusions

The current study used remote sensing techniques and geo-
graphic information systems to select suitable water harvesting
areas in Al-Qadisiyah Governorate, Iraq. These techniques were
combined with a multi-criteria evaluation method in conjunc-
tion with other criteria to obtain the best decision. The selection
of suitable water harvesting areas relies on the accuracy and
quality of the available data, including the methods used to
collect, process, and deliver the data. The availability of high-
quality data and the distribution of weights are highly reliable
and efficient. The results led to classify the studied area into four
classes in terms of the suitability for the water harvesting,
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namely very low, low, moderate, and high suitable for water
harvesting. This research will contribute to the enhancement of
the available water resources in the country if the selected sites
will be utilized for water harvesting. This will contribute to the
sustainable socio-economic development of Al-Qadisiyah
Governorate, Iraq. Rainwater harvesting is an alternative (and
for many reasons better) water supply to the normal surface
water—based supplies from reservoirs or groundwater-based
supplies from wells tapped into underground aquifers.
Rainwater harvesting helps manage stormwater runoff to pre-
vent erosion, flooding, and poor water quality in our lakes and
streams. It is recommended to perform further research to ana-
lyze the chosen sites to test the sub-surface layers and suitability
of the soil for water harvesting purposes. A field visit plays a
significant role in terms of validation.
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