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 The Wadi Al-Ghadf basin is located in an arid region characterized by seasonal rainfall 

concentrated in the winter season. The basin lacks a meteorological station to measure 

rainfall, posing a challenge to hydrological assessment. Therefore, this study aims to 

estimate surface runoff in the Al-Ghadf Valley using the Soil Conservation Service Curve 

Number (SCS-CN) model and evaluate its suitability for water harvesting in western Iraq. 

Mathematical models were applied to determine the volume of surface runoff and 

propose water storage solutions through the construction of a dam along the seasonal 

wadi course. Surface runoff values were calculated based on annual rainfall data and the 

maximum soil water retention capacity (S) for 2025. The analysis included the basin's 

natural characteristics, such as slope, land use, and hydrological soil group (HSG). The 

study relied on rainfall data from the Al-Rutba station (124 mm/year). The calculated 

annual surface runoff volume (QV) using the SCS-CN model, based on annual rainfall 

data, ranged from 2.28 to 169.24 million m³/year, with a total of 346.81 million m³/year. 

A design storm of 60 mm over 12 hours was simulated using WMS software, yielding a 

peak discharge of approximately 40 m³/s for the day (March 18, 2025). This represents 

the maximum flow rate during a period of rainfall only. The study concluded that it is 

feasible to construct two reservoirs, one with a capacity of 10.3 million m³ and the other 

with a capacity of 12.4 million m³, which could be used during drought periods. 
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1. INTRODUCTION 

 

The importance of estimating the surface runoff in Wadi Al-

Ghadf lies in its usefulness as  an instrument in the realization 

of various interrelated goals. These involve measuring the 

amount of water, minimizing water losses, increasing the rate 

of groundwater recharge, lessening the intensity of runoff, and 

sustaining water supply to human activities like grazing and 

rain-fed farming. Rainfall and its surface flow are basic 

determinants in the soil erosion process and are vital in 

supporting life. Thus, the importance of investment in this 

sphere of knowledge cannot be overestimated [1].  

The research problem is the lack of water sources in western 

Iraq because of the arid climate, which has put significant 

strain on the available water sources, especially groundwater. 

Lack of rainfall and runoff data is a major problem for 

researchers. One of the most effective methods to deal with 

such challenges is assumed to be the model created by the 

United States Department of Agriculture (USDA) [2]. Harsh 

climatic conditions, insufficient rainfall, and the infeasibility 

of the direct use of groundwater because of high salinity and 

depth are the main issues that arid areas of Iraq struggle with 

[3]. The Soil Conservation Service Curve Number (SCS-CN) 

approach forecasts runoff caused by rainfall by developing a 

correlation between the amount of runoff and land use 

properties. Its application in arid regions and in supporting 

dam construction to augment water storage has been widely 

reported in previous studies [4, 5]. The SCS-CN method is one 

of the most popular methods for estimating water harvesting 

potential. The Soil Conservation Service (SCS) of the USDA 

created it in 1970 and codified it in 1986. It is based on a set 

of mathematical equations that are applied to land cover, land 

use patterns, soil hydrology, vegetation type, and rainfall data 

[6]. This paper determines the depth and volume of surface 

runoff in the Wadi Al-Ghadf basin in order to determine the 

storage capacity of the proposed dams to collect rainwater.  

The study area suffers from water shortage due to low 

rainfall [7]. Results indicate that the SCS-CN model can be 

adequately applied to predict surface runoff in the Wadi Al-

Ghadf basin and to support water harvesting projects. This 

contributes to reducing the economic costs and time required 

to forecast runoff, particularly in distant locations where 

hydrological monitoring stations are not available, by using 

modern techniques such as remote sensing. This research can 

provide an estimated model for calculating surface water 

runoff in arid regions of western Iraq and maximizing the use 

of the rainy season during periods of drought [8].  

This limits the availability of hydrological data necessary 

for direct surface runoff estimation. Furthermore, the basin's 

nature and high rates of evaporation and seepage loss 

necessitate the development of small-scale storage facilities 

and local water harvesting systems to support human activities 

and enhance the utilization of floodwater in this arid 

environment. 
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2. MATERIALS AND METHODS 

 

2.1 Study area 

 

The study area is located in the Wadi al-Ghadf basin in 

western Iraq, within the western plateau of Anbar 

Governorate. The basin extends eastward, covering a total area 

of approximately 6,029.9 square kilometers. It is 

geographically bounded by longitudes 40°06′00″N to 

41°51′50″N and latitudes 32°20′00″E to 32°52′40″E (Figure 

1). 

The difference in elevation between the highest and lowest 

points of the basin is about 422 meters above sea level. The 

basin is located in a tectonically stable area and has relatively 

stable geomorphological features [8]. There is a hot and dry 

climate in summer with minimal rainfall in winter. The basin 

geology is Pleistocene and Quaternary in age, with a system of 

valleys, alluvial sediments, and deposits formed by seasonal 

floods in the upstream regions. The soils are a blend of 

mineral, chemical, and organic compounds that have 

developed under climatic forces [9]. The drainage network 

classification reveals four stream orders (Figure 2). 

 

 
 

Figure 1. Location of Wadi Al-Ghadf basin in Iraq 
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Figure 2. (A) Elevation, (B) geological maps, (C) slope, and (D) stream orders in the Wadi Al-Ghadf basin 
 

2.2 Data 

 

This paper was conducted within a Geographic Information 

System (GIS) environment by gathering data concerning the 

study region. It used Landsat 9 OLI satellite imagery, as of 

March 18, 2025, and a Digital Elevation Model (DEM). In 

addition, climatic information from the Rutba meteorological 

station was included, as shown in Tables 1 and 2. 

 

Table 1. Study area data 

 

Data Type Path Row 
Date / 

Period 
Sensor 

Landsat 170 37-38 
March 18, 

2025 
OLI-19 

DEM N/A 670 settings 4/4/2025 ALOS L-Band 

Land Use - - 2025 Digital 

Soil Map - - 2025 Digital 

Climate Data - - March Data reported by the weather station  

 

Table 2. Data sources and software used 

 

Software Used Source Image Date/Release 
Spatial 

Resolution 
Data Source 

ArcGIS 10.8 National Authority for Remote Sensing 2025/5/18 30 m Landsat 9 OLI/TIRS 

Global Mapper 25 Alaska Satellite Facility (ASF) 2021 12.5 m Digital Elevation Model (DEM) 

ArcGIS 10.8 Iraqi Geological Survey 2020 1: 250000 Geological Maps 

 Iraqi Geological Survey 2020 1:100000 Topographic Maps 

 

Table 3. Average rainfall for the Rutba station for the period (2000-2025) 

 
Month Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Average 

Rainfall rate/mm 21.2 14.4 21.1 13.5 4.7 0 0 0 0 14.1 17.3 18.5 124.8 
 

2.3 Climate data 

 

The basin is approximately 167.6 km long within the desert 

plateau of western Iraq, and its elevation reaches 422 meters 

above sea level. This elevation has affected rainfall amounts 

and made measurement difficult. Therefore, data from the 

Rutba station were relied upon. Rainfall is absent during the 

summer months, while it begins in October and continues until 

May, with an average annual rainfall of 124.8 mm/year (Table 

3). 
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2.4 Soil Conservation Service Curve Number model 

 

A number of mathematical models have been constructed to 

approximate surface runoff in drainage basins, specifically in 

arid areas. One of the most popular ones is the SCS-CN model, 

which was created by the SCS of the USDA [10]. 

This model is based on a series of mathematical formulas 

that are based on the availability of data associated with land 

cover, soil features, types of vegetation, and the quantity of 

rainfall [11]. The model used in this research was applied 

through the incorporation of the necessary data within a GIS 

environment using ArcGIS 10.8, in addition to the analysis of 

spatial changes with the help of remote sensing and satellite 

images [12]. The mathematical description of the SCS-CN 

model according to the USDA (1986) is as follows: 

 

𝑄 = (𝑃 − 𝐼𝑎)²/(𝑃 − 𝐼𝑎) + 𝑆 (1) 

 

where, 

Q = surface runoff depth (inches); 

P = precipitation depth (inches); 

Ia = initial abstraction (inches), representing losses before 

runoff begins (including infiltration, evaporation, and 

interception by vegetation); 

S = potential maximum retention after runoff begins 

(inches). 

Since the initial abstraction (Ia) is typically assumed to be 

20% of S, it is calculated using: 

 

𝐼𝑎 = 0.2 × 𝑆 (2) 

 

The value of S is calculated using the following equation: 

 

𝑆 = 1000/𝐶𝑁 − 10 (3) 

 
Because the original units are in inches, they are converted 

into millimeters to match the metric system by multiplying by 

25.4. Thus, Eq. (3) becomes: 

 

𝑆 = 25400/𝐶𝑁 − 254 (4) 

 

After obtaining the values of S, 𝐼𝑎, and Q, these layers are 

processed within ArcGIS 10.8 to estimate the surface runoff 

volume using: 

 

𝑄𝑉 = (𝑄 × 𝐴) × 1000 (5) 

 
where, 

QV = annual surface runoff volume (m³);  

Q = surface runoff depth (mm); 

A = basin area (km²). 

To determine the Curve Number (CN), the weighted 

average is calculated based on land use/land cover (LULC) 

classes using [13]: 

 

𝐶𝑁 = (𝐴1 × 𝐶𝑁1) + (𝐴2 × 𝐶𝑁2) 
+. . . ./(𝐴1 + 𝐴2 + 𝐴3+. . . ) 

(6) 

 
where, 

A = area of each land use/land cover type; 

CN = Curve Number corresponding to each land cover type. 

 
 

Figure 3. (A) Land cover classification and (B) hydrologic soil group 
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2.5 Land cover classification 

 

In the study area, LULC was classified using advanced 

geospatial methods to identify land associated with human 

activities, with the objective of determining the demands of 

agricultural and grazing activities. This helps in sustainable 

planning and resource management [14]. One of the most 

significant variables that were included in the development of 

the model is land cover. The analysis was based on the satellite 

image obtained from Landsat 9 OLI, and the supervised 

classification method was employed, which is also based on 

previous knowledge of the study area with the help of field 

observations. This classification led to five major classes as 

shown in Figure 3. 

 

2.6 Land cover classes 

 

Natural Rangelands: These are found in most parts of the 

study area and are mainly reliant on rain. Pastoralists make 

extensive use of them in the rainy season. The natural 

rangelands cover a total area of about 2,238.4 km2 . 

Agricultural Lands: Rainfed agriculture forms the basis of 

agriculture, and most agricultural lands are used to grow 

cereals. They are usually found in valley channels, and they 

consist of unconsolidated materials such as fine and coarse 

sand, small gravel, clay, and silt deposits that cover the valley 

floors. They have an approximate total area of 371.2 km2 . 

Sand Dunes: Sand dunes are distributed all across the basin 

and are created due to the deposition of materials carried by 

dust storms and the buildup of sediments owing to intermittent 

flows, which are then blown by wind. They have an area of 

about 53 km2 . 

Barren Lands: These are rocky areas, eroded spots, and 

remote valley channels where water erosion has stripped the 

soil cover, leaving behind sparse or no vegetation cover. The 

area of barren lands is about 675.5 km2 . 

Poor Soils: These are soils that have lost some of their vital 

elements because of erosion and weathering. They are mostly 

located on the slopes and are characterized by low potential 

for vegetation growth. They cover an area of about 2,691.8 

km2. 

 

2.7 Hydrologic soil group 

 

According to the classification of the Food and Agriculture 

Organization [15], soils are divided into four hydrologic 

groups based on their infiltration rates and moisture 

conditions. In the study area, and based on the SCS 

classification system, only one hydrologic soil group was 

identified, namely Group B, as illustrated in Figure 3 and 

Tables 4 and 5. 

 

 

Table 4. Hydrologic soil types in Wadi Al-Ghadf basin 

 

Group 
Runoff 

Depth 
Soil Type Porosity 

Infiltration Rate 

(mm/h) 

B Medium 
Sandy layer, shallower than Group A, with moderate infiltration after 

wetting (silty-loam or loamy-silty mixture) 
Moderate 

Moderate infiltration, 

3.81–7.62 

 

Table 5. LULC-HSG-CN cross 

 
LULC Class HSG Hydrologic Condition CN (AMC II) 

Sandy desert (Sand dunes) B Good 69 

Bare desert surface B Fair 71 

Rocky–gravel desert B Fair/Poor 79 

Wadi channels B Poor 82 
Note: LULC = land use/land cover, HSG = hydrological soil group, CN = Curve Number. 

 

2.8 Peak discharge estimation using Water Management 

System 

 

The Water Management System (WMS) software was used 

to simulate the hydrological response of a watershed and 

estimate the peak discharge resulting from a 60 mm rainfall 

storm over a 12-hour period in March 2025. The procedure 

began by extracting the basin boundaries, drainage network, 

and flow directions using a DEM. The Flow Direction 

algorithm was then applied to determine the flow direction 

between cells, followed by the Flow Accumulation algorithm 

to extract watercourses, divide the basin into sub-basins, and 

connect them to the hydrological network. 

Next, the Time of Concentration for each sub-basin was 

calculated based on the basin's morphometric characteristics, 

particularly the length of the main channel, the mean gradient, 

and surface features. The Time of Concentration was then used 

to construct the hydrograph and determine the time of arrival 

of the peak flow. To estimate rainfall losses, the SCS-CN 

methodology was used. CN values were determined by 

integrating land use maps with soil hydrological datasets 

within a GIS environment.  

These values were then used to calculate the effective 

surface runoff depth after subtracting primary losses, 

infiltration losses, and surface retention losses using standard 

SCS equations.  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Estimation of surface runoff in the Wadi Al-Ghadf 

basin using the Soil Conservation Service Curve Number 

model 

 

The CN value reflects the land cover and hydrologic 

conditions of the soil, indicating its water absorption capacity 

and, consequently, the basin’s response to surface runoff. CN 

values range from 0 to 100 [3]. In this study, CN values were 

obtained using tables prepared by the SCS, USA. After 

comparing these values with the conditions of the study area, 

the CN values for the Wadi Al-Ghadf basin were determined 

to range between 69 and 82 [16], as shown in Table 5 and 

Figure 4. 

CN values were extracted using the SCS-CN method under 
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the second pre-moisture condition (AMC II), which represents 

the average soil moisture before the storm. The study area is 

characterized by an arid desert environment; therefore, the 

second pre-moisture condition (AMC II) was chosen due to 

the lack of continuous monitoring data for soil moisture. CN 

values were determined based on land use and cover 

classifications, hydrological soil group (HSG B), and 

hydrological condition according to the National Engineering 

Manual issued by the Natural Resources Conservation Service 

(NRCS) (2004), Part 630, Chapter 9, Table 9-1, and SCS 

Report TR-55 (1986). 

Using equations in ArcMap 10.8 and the Raster Calculator, 

a map was created to identify areas with similar criteria, as 

well as to determine their areas and percentages. Climatic data 

from the Rutba station were used, taking into account the 

natural characteristics of the Wadi Al-Ghadf basin, the length 

of the main channel, the length of the basin center, 

precipitation characteristics, and soil erosion potential. As 

shown in Table 6 and Figure 4, the maximum potential 

retention factor (S) values ranged from approximately 55.76 

to 114.12 mm, corresponding to CN values between 69 and 

82, respectively. The highest potential retention factor (S) 

values were recorded when the CN values decreased, 

reflecting a high potential soil capacity to retain rainwater, 

while high CN values were associated with low S values, 

indicating a low potential water retention capacity. The surface 

runoff depth (Q) was calculated using the SCS-CN equation, 

based on the amount of precipitation (P), the potential 

retention factor (S), and the initial abstraction (Ia) values [12]. 

The surface runoff depth (Q) ranged from approximately 48.12 

to 76.24 mm, according to the results of the spatial analysis 

[17]. 

One of the most important elements of any hydrological 

research is to estimate annual surface runoff volume (QV) per 

year [18]. The results of calculating QV for the studied basins 

showed values ranging from 2.28 to 169.24 million m³/year, 

with a total of 346.81 million m³/year. These values represent 

the total surface water volume resulting from rainfall during 

the water year and do not reflect peak discharge, which 

represents the instantaneous flow rate measured in m³/s. Each 

hydrological indicator was treated according to its physical 

unit (Figure 5). 

 

Table 6. Surface runoff Curve Number (CN) for the Wadi Al-Ghadf basin 

 
QV (million m³/year) Q (mm) Ia (mm) S (mm) CN Area (km2) Rainfall Volume (m3/year) 

56.94 48.12 22.82 114.12 69 1183.1 147650880 

169.24 52.10 20.75 103.75 71 3248.2 405375360 

118.36 75.45 13.50 67.52 79 1568.7 207005760 

2.28 76.24 11.15 55.76 82 29.9 3731520 

346.81     6029.9 763763520 

 

 
 

Figure 4. Surface runoff parameters (A) Ia, (B) S, (C) Q, (D) CN of the Wadi Al-Ghadf basin 
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GIS served as the primary source for deriving the spatial 

characteristics of the basin and the CN values, while the SCS 

model calculated rainfall losses and converted rainfall to 

surface runoff. The WMS software then integrated these inputs 

with drainage network characteristics and concentration time 

to perform the final hydrological simulation and extract the 

peak discharge. 

This analysis was conducted for a storm event having a total 

rainfall of 60 mm in 12 hours on March 18, 2025, leading to a 

peak discharge of 40 m³/s. Due to the fluctuation in rainfall 

and the region's exposure to periods of drought, the most 

suitable way to measure the quantity and volume of runoff is 

to rely on the rainstorm, which is characterized by speed and a 

high rate of rainfall in a dry region. This necessitates finding a 

suitable method to measure the amount of water flowing 

during the storm, considering that most of the rain is sudden, 

rapid, and heavy, in addition to the fact that the torrents 

coming from the upper levels need time to reach the peak of 

the drainage in most of the area of the Al-Ghadf basin (Figure 

6).   

The value of the annual rainfall volume listed in the table 

(approximately 763 million m³) represents the annual volume 

of rainfall over the basin, whereas the WMS simulation is 

based on a single rainfall event. Therefore, the difference in 

the baseline between the two analyses is intentional, as each 

has a different hydrological objective. 

 

 
 

Figure 5. The Wadi Al-Ghadf basin annual surface runoff volume (QV) 

 

 
 

Figure 6. Hydrograph of the Wadi Al-Ghadf basin 
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The abundance of discharge in the basin is explained by the 

fact that the Wadi Al-Ghadf basin receives rainfall and directs 

it to the main channel and ultimately to the outlet [5]. In order 

to choose the appropriate locations where rainwater can be 

harvested, a number of steps were taken: 

(1) Stage One: This is the most important stage since it 

dictates the heights of the areas where water would be stored. 

This was carried out using the DEM of the basin to determine 

the areas with gentle slopes using the contour lines.  

(2) Stage Two: The stream order map was superimposed 

with contour lines to identify the flow direction of water 

channels.  

(3) Stage Three: It involves finding the appropriate sites 

where water can be collected and distributed to the local 

groups, with proper storage facilities during the rainy season. 

Two suggested dam locations were chosen in the Wadi Al-

Ghadf basin: 

First site: Located in the middle of the basin at Latitude 

32°45'36" N, Longitude 41°33'58" E, with a storage capacity 

of 10,300,000 m3. 

Second site: Located in the eastern part of the basin at 

Latitude 32°33'32" N, Longitude 40°58'46" E, with a storage 

capacity of 12,400,000 m3. 

The criteria for selecting the proposed dam sites were as 

follows: 

A set of preliminary hydrological and geomorphological 

criteria was adopted to assess the suitability of the dam sites. 

These values were not used as fixed limits for all 

environments, but rather as comparative thresholds 

appropriate to the desert and semi-arid nature of the study area. 

These criteria were selected based on methodologies for 

evaluating the sites of water harvesting facilities in dry basins, 

which emphasize the importance of slope, catchment area, 

stream order, and expected runoff volume in determining site 

efficiency. 

1-Slope: A slope value of 2.5 m/km was adopted by dividing 

the difference between the highest and lowest elevations of the 

catchment by the length of the channel, using a DEM and a 

GIS program. 

2-Extracting the catchment area, determining the flow 

direction, and calculating runoff accumulation using GIS 

software, as well as determining the drainage network and the 

number of sub-basins. 

3-Determining the number of levels in the watercourse 

according to the Strahler system [18]. 

To estimate the potential storage volume, the following 

relationship is used [19, 20]: 

 

V = P × A × C × 106 

 

where, 

V = Annual collectable runoff volume (m³/year); 

P = Annual rainfall (mm); 

A = Catchment area (km²) ; 

C = Surface runoff coefficient. 

Given an annual rainfall of 0.12 m and a runoff coefficient 

of 0.26, the collectable runoff volumes are: 

First basin:  

V = 0.12 × 2,500 × 0.26 × 10⁶ = 78,000,000 m³/year 

Second basin: 
 

V = 0.12 × 3,500 × 0.26 × 10⁶ = 109,200,000 m³/year 
 

According to the equation above, the annual runoff volume 

of the first secondary basin reached approximately 78 million 

m³/year, while it reached approximately 109.2 million m³/year 

in the second secondary basin. After accounting for losses due 

to evaporation, seepage, and other factors, the storage 

capacities of the two proposed reservoirs are (10,300,000 m³) 

for the first reservoir and (12,400,000 m³) for the second 

reservoir (Table 7).  

This value represents the expected annual volume of water 

entering the dam site before accounting for evaporation, 

seepage, and spillway discharge [21]. 

The quality value, however, does not depend solely on 

storage capacity. It is a composite indicator for assessing site 

suitability, with storage capacity being one of the evaluation 

criteria alongside slope, catchment area, stream order, and 

geological characteristics. It is calculated using a system of 

relative weights of criteria, the method employed in evaluating 

the sites of water harvesting [22]. 

The sites were selected because of their high capacity to 

collect rainfall and eventually form a reservoir. Besides, the 

water stored can serve the surrounding agricultural lands and 

help stabilize local communities (Figure 7, Table 8).  

The final location of any dam is only approved after the 

implementation of geological, geotechnical, hydrological, 

environmental, and economic surveys, and the results of this 

study represent a preliminary stage for identifying promising 

locations using GIS and remote sensing techniques.  

 

Table 7. Required engineering standards for each site 
 

Proposed Dam Dam Height Dam Length Reservoir Area (km²) Reservoir Volume (m³) 

First Dam 5 metres 250 metres 1.3 km² 10,300,000 

Second Dam 7 metres 420 metres 2.4 km² 12,400,000 
 

Table 8. Dam site suitability 
 

Criterion Standard Values Assessment  Suitability Result 

Slope 2.5 m/km 

Ensure the stability of the dam 

structure and minimize 

excavation and backfilling work 

Suitable 

Catchment area 6029.9 km² 

Sufficient water inflow for 

storage; Select a main channel 

with an appropriate discharge; 

Estimate. 

Suitable 

Stream order 4th order 

The storage volume is based on 

a Digital Elevation Model 

(DEM); Achieve the optimal 

ratio for the dam. 

Suitable 

Estimated storage capacity 3 million/m³ Height and storage volume. Suitable 
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Figure 7. Proposed dams and reservoirs in the Wadi Al-Ghadf basin 

 

 
4. DISCUSSION 

 

This research paper presents a methodology that combines 

geomorphological and hydrological data with GIS and remote 

sensing techniques to identify the potential for rainwater 

harvesting in arid regions. The maps generated using this 

methodology provide spatial data indicating the most suitable 

locations for water collection and storage [7]. This type of 

mapping can contribute to achieving environmental 

sustainability at both the local and regional levels in water 

harvesting efforts [23]. The map of potential dam sites in Wadi 

Al-Ghadf shows several locations with varying capacities for 

rainwater storage. Most of the water catchment areas that feed 

the dams are located upstream of the proposed dam sites. 

These sites are expected to have high storage potential under 

the implemented water management plan [19]. These basins 

can contribute to groundwater recharge when suitable 

geological and hydrogeological conditions are present, and 

storing water behind the dams would be the best way to 

improve water resources. This work posits that the 

hydrological behavior of drainage basins, specifically the 

basin's hydrological response, is influenced by CN values, 

which depend on land use and HSG, and may be modified by 

the pre-moisture condition (AMC), indicating the impact of 

spatial variation in soil and vegetation cover [20]. A surface 

runoff estimation technique is provided for different rainfall 

scenarios in the Wadi Al-Ghadf basin. This technique enables 

researchers to obtain accurate surface runoff predictions at 

low, medium, and high rainfall levels and can be integrated 

with broader hydrological models when needed. The study 

concludes that the SCS-CN model can be effectively applied 

to estimate surface runoff in the Wadi Al-Ghadf basin, western 

Iraq, facilitating water harvesting projects. This approach 

reduces economic and financial costs and saves time required 

for surface runoff prediction within the basin environment, 

especially when combined with modern technologies and 

remote sensing in areas lacking hydrometric stations [24]. 

 

 

5. CONCLUSIONS 

 

The study results demonstrate that the SCS-CN model can 

be effectively applied to estimate surface runoff in the Wadi 

Al-Ghadf basin, based on annual rainfall data, soil 

characteristics, and land use. The calculated surface runoff 

depth ranged from 55 to 114 mm during 2025. Using 

morphometric analysis and a DEM, two suitable sites were 

identified for the construction of earth dams for rainwater 

harvesting on watercourses with appropriate cross-sections. 

The estimated storage capacity of the first site was 12,450,000 

m³, and that of the second site was 10,500,000 m³. Integrating 

the SCS-CN model with GIS and remote sensing techniques 

contributed to identifying suitable locations for water 

harvesting facilities and estimating their storage potential. 

However, the adoption of these sites requires detailed studies, 

including hydrological analysis of rainfall frequencies, 

geological and geotechnical studies, environmental 

assessment, economic feasibility analysis, and engineering 

safety requirements to ensure the efficiency and sustainability 

of the water harvesting projects. 
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  Q = ( P − I a ) ² / ( P − I a ) + S


  I a = 0 . 2 × S


  S = 1000 / C N − 10


  S = 25400 / C N − 254


  I a


  Q V =  ( Q × A ) × 1000


  C N =  ( A 1 × C N 1 ) +  ( A 2 × C N 2 )


  + . . . .   / ( A 1 + A 2 + A 3 + . . . )


  + . . . .   / ( A 1 + A 2 + A 3 + . . . )



