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How To Estimate The Depth Of Cumulative 
Infiltration And Runoff Using The SCS-CN Model 

And GPM-Final Satellite Rainfall In A 
Mediterranean Arid Region 

 
Mounir Ouaba, Mohamed Elmehdi Saidi, Sara Boughdadi   

 
Abstract: One of the major challenges of integrated water resources management is the lack of rainfall data in some regions. Satellite precipitation 
products could be an effective solution for the lack of data. In response to this challenge, this study evaluates the use of Integrated Multi-Satellite 
Retrievals for Global Precipitation Measurement (IMERG-GPM) Final satellite products, applying the Soil Conservation Service (SCS) hydrological 
modeling method to estimate the depth of runoff and cumulative infiltration in a basin without any rain gauge station (El Hallouf). We first compared the 
GPM-Final rainfall with rainfall data observed in five rainfall stations (Sidi Rahal, Marrakech, Abadla, Chichaoua and Talmest). The result reveals that the 
GPM-F products showed an average bias overestimation of 21.49 % and an improvement in the correlation coefficient of 0.59; 0.85; 0.78 at the daily, 
monthly and yearly time scale, respectively, was examined. The estimation of the depth of runoff and cumulative infiltration is done with a Curve Number 
(CN) sec. Using GPM-F products, the result over an 18-year period was 166.81 mm and 4.98 mm for the average depth of runoff and cumulative 
infiltration, respectively. This article clearly demonstrates that the integration of GPM Final products with the SCS-CN method provides a powerful tool 
for estimating the depth of runoff and infiltrated water in El Hallouf basin. Hydrologists and water management administrations in developing countries 
can benefit from the proposed method to estimate water inflows in regions where there is a lack of rainfall data. 
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1 INTRODUCTION 
The hydrological behavior of a basin plays an important 
role in water resources management, for example, flood 
risk forecasting, hydropower production, irrigation and 
infiltration planning [24]. The accurate assessment and 
estimation of runoff, which is considered one of the key 
factors in basin management, is critical and presents a 
challenge to hydrologists and planners. In many 
countries, large regions are poorly gauged or ungauged at 
all, limiting the accurate quantification of the water 
balance [16]. In North Africa, the lack of long records of 
hydro-rainfall data at different time steps is frequently 
faced with [9]. In turn, in Morocco several basins are 
ungauged which makes the implementation of models for 
the quantification of groundwater or surface water 
resources, the predetermination of extreme events, the 
forecasting and prediction of climatic or hydrological 
phenomena limited. To overcome this problem of lack of 
hydrological data in ungauged regions or with a low 
density of hydro-rainfall measurement networks, new 
satellite data have made it possible to fill this gap with 
estimated data on rainfall, soil moisture, temperature, 
evapotranspiration, glaciers and ice caps [2], [4], [7], [9], 
[15], [17], [22]. Several studies in different regions of the 

world, for example in Bhutan [39]; East Africa [3], [37]; 
Morocco [9], [29] have validated the potential of these 
satellite data as well as their global availability in regions 
lacking hydrometeorological stations [16], [28]. Yet, 
several efforts have been made in this direction, the most 
attractive of which is the Predictions in Ungauged Basins 
(PUB) project launched in 2003 by the International 
Association of Hydrological Sciences that aims to 
integrate remotely sensed data into hydrological models 
[16], [38]. 
In recent years, several approaches have been developed 
to describe rainfall-runoff relationships that are based 
particularly on the coupling of transfer and infiltration 
models. Numerical models are an important tool, 
especially for unraveling complex issues where there are 
many inputs and the accessibility of prior information is 
limited [5]. Among them are HEC-HMS [31]; Visual 
MODFLOW and SWAT [8]; IHACRES [14], so the choice 
of one of them depends on the availability of data, the 
processes to be taken into account and the way the 
relevant processes are to be described [20]. In several 
literatures, the Soil Conservation Service Curve Number 
(SCS-CN) method is one of the most used approaches 
[21] especially in the Mediterranean region and has 
become increasingly popular due to its flexibility and 
simplicity [8], [10], [19], [28]. Different numerical models 
using the SCS-CN method are applied to the numerous 
basins in Morocco [8], [26], [28]. In response to this 
challenge of lack of observed data, our study aims to 
estimate the depth of runoff and cumulative infiltration in 
areas where data have not yet been determined. To date, 
no study in the literature has been conducted to estimate 
the depth of runoff and cumulative infiltration using GPM-
Final in North African. Moreover, the objective of this 
study was twofold; first (1) to evaluate the GPM-Final 
satellite rainfall data with observed data at different time 
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scales (daily, monthly and yearly) using the most 
commonly applied evaluation indices. Then (2) apply the 
SCS-CN hydrological model to estimate the depth of 
runoff and cumulative infiltration in the ungauged El 
Hallouf basin, using the validated GPM-Final rainfall 
products. The remainder of this paper is organized as 
follows. Section 2 presents the study area and data set. 
Section 3 describes the methodology including a brief 
introduction of the SCS-CN method selected for the study 
area. Section 4 describes the results of the evaluation of 
GPM-Final rainfall data and their validation with observed 
data, in addition, the results of the SCS-CN model in El 

Hallouf basin. Finally. Section 5 presents a conclusion 
and recommendations for future studies. 
 

2 STUDY AREA AND DATA 
El Hallouf basin is defined by an area of 204 km

2
, is 

bordered to the north by the Bahira plain and to the south 
by the Haouz of Marrakech. The geology of El Hallouf 
basin is characterized by almost all Paleozoic formations 
consisting of eruptive or metamorphic material. The 
climate of the region is arid with strong contrasts of 
temperatures leading to a strong variability of rainfall with 
altitudes that do not exceed 960m. The generation of 
surface runoff depends on the intensity of precipitation [6].

 

 
Fig. 1. Geographical situation of El Hallouf basin 

 

2.1. In situ and satellite data

The observed rainfall data were collected at the stations 
of Sidi Rahal, Marrakech, Abadla and Chichaoua over a 
period of seventeen years (2001 to 2017) as well as at the 
station of Talmest over a period of fourteen years (2001 to 
2014) from the rainfall stations installed by the Tensift 
Hydraulic Basin Agency in Marrakech (Table 1). For El 
Hallouf basin, satellite rainfall products provided by the 
Global Precipitation Measurement (GPM) community 
were downloaded from (https://earthdata.nasa.gov/) as 
explained by [18]. Among these data, the products 

GPM_IMERG-Final [27], with a spatial-temporal resolution 
of 0.1° x 0.1° and daily, respectively. 

 
Table 1  

Data extracted in the study area 
Station  Data Longitude Latitude Altitude (m) 

Sidi Rahal Rain -7.47 31.64 687 
Marrakech Rain  -8.03 31.55 460 
Abadla  Rain -8.56 31.71 250 
Chichaoua Rain -8.75 31.54 340 
Talmest Rain -9.26 31.86 53 

 
 

 
 

 
 

 

2.2. Soil data 

https://earthdata.nasa.gov/
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In order to measure the curve number (CN) data in our 
study area, we downloaded the land cover map from the 
Food and Agriculture Organization of the United Nations 
(FAO) global database (https://wapor.apps.fao.org/) in the 
same way as [1]. The reliability of these data is proven in 
several similar studies [13], [30]. 

 
Fig. 2. Land use in the El Hallouf basin 

 
Table 2 

Type of land use 
Basin Bare soil 

(Km
2
) 

Urban 
(Km

2
) 

Dispersed 
vegetation (Km

2
) 

Total area 
(Km

2
)             

El Hallouf 176.41 5.36 22.23 204 

 

2.3. Evapotranspiration 

The potential evapotranspiration (PET) data used in this 
study were calculated using the formulation proposed by 
[25], using the observed temperature data provided by the 
Marrakech station (Fig. 1) for an eighteen-year period 
(2001 to 2018). 
 

3 METHOD 
In this section, we explain the methodology distinguished 
for estimating the depth of runoff and cumulative 
infiltration. Firstly, we evaluate the GPM-Final satellite 
rainfall data at different time scales, comparing its 
simulated data with observed data for five rainfall stations 
(Sidi Rahal, Marrakech, Abadla, Chichaoua and Talmest). 
Secondly, the ArcGIS 10.3 software is adopted to 
determine the land cover for different variables (urban, 
bare soil, dispersed vegetation), using the FAO land use 
map, and subsequently, exploiting the CN data provided 
by the USDA tables to calculate the Weighted Curve 
Number (WCN). Finally, we apply the SCS-CN method to 
estimate the depth of runoff and cumulative infiltration 
considering the antecedent dry moisture conditions, since 
the runoff generation mechanism in arid regions is 
controlled by the intensity of precipitation and the 
antecedent soil moisture content. 

 

3.1. Evaluated the products GPM-Final 

For the quantitative evaluation of the performance of the 
GPM-Final satellite product with the observed data and 
their effects on the estimation of water inflows, four 
validation indices were retained in our methodology. The 
relative bias (%) was used to measure the agreement 
between the mean value of the simulated data and the 

mean value of the observed data, equation (1). The root 
mean square error (RMSE) was chosen to estimate the 
mean size of the error between the simulated and 
observed data, equation (2). The correlation coefficient 
(CC) to assess the agreement between the simulated and 
observed data by equation (3). The mean absolute error 
(MAE) is calculated by equation (4). This method of 
evaluating satellite rainfall products was successfully 
applied in the study of [26], [39]. 
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3.2. SCS-CN method 
The SCS method was developed by the Soil 
Conservation Service [32]; it is widely used and is 
an effective method for determining the approximate 
amount of direct runoff in a watershed [35]. The 
curve number (CN) parameter was developed from 
an empirical runoff analysis [33], [34]. The SCS-CN 
runoff model is written as follows: 

   
        

       
                                 

                                                        

Where: 
                  
                        
 
                                                       
                             
The initial abstraction (Ia) is written by the following 
equation: 

                     (6) 

Thus, the runoff Curve Number (CN) is then related 
by equation (7): 

  
    

  
                       

CN has a range of 30 to 100, depending on soil 
moisture. 
We extracted the amount of evaporated water from 
the surface runoff (Qi) by equation (8): 

                               (8) 

Where: 
                     
                                  
3.3. Curve Number 
The weighted Curve Number (WCN) was calculated 
on the basis of different soil types in the El Hallouf 
basin, by applying the following equation: 
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https://wapor.apps.fao.org/
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Where:   
                          
  

                                                       
   

                                                   

Land use in the study area was determined from the 
land use map downloaded from the United Nations 
Food and Agriculture Organization global database 
[1], as well as, the hydrological soil group type B 
was identified from the silty texture and infiltration 
capacity of the soil in El Hallouf basin [6], [40].    
To present the soil moisture status, the normal 
weighted Curve Number (WCN II) is inserted into 
the SCS-CN model in the dry form (WCN I), using 
the adjustment coefficients for the Antecedent 
Moisture Condition (AMC) from Table 3 that are 
applied by [36]. Similarly, the method for calculating 
WCN was recently applied in the study by [12]. 

 
Table 3 

Adjustments to select curve number for soil 
moisture conditions 

Curve Number 
(AMC II) 

Factors to Convert Curve Number for AMC 
II to AMC I or III 

AMC I (dry) AMC III (wet) 

10 0.40 2.22 
20 0.45 1.85 
30 0.50 1.67 
40 0.55 1.50 
50 0.62 1.40 
60 0.67 1.30 
70 0.73 1.21 
80 0.79 1.14 
90 0.87 1.07 
100 1.00 1.00 

 

3.4. Cumulative infiltration 

Cumulative infiltration is the maximum flow of water 
that the soil is capable of absorbing through its 
surface, when it receives an effective rainfall, this 
infiltration is calculated by: 
                                                          
On the basis of the relations previously developed, it 
is possible to establish the expression of the 
infiltration rate, by replacing equation 10 in equation 
5a, that can be written: 

       
       

       
                     

Where: 
                                 
The depth of infiltrated water in El Hallouf basin, 
was measured by (Tensift Hydraulic Basin Agency), 
the average infiltrated depth is 11 mm yearly.  

The result of the cumulative infiltration simulated by 
equation (11) was compared with the observed data 
by the following equation (12): 

      
       

  
                    

Where: 
                                                 
                                              

 

4 RESULTS AND DISCUSSION 
4.1. GPM-Final Product Evaluation 

The accuracy of GPM satellite rainfall compared to 
ground-based rain gauge data must be analyzed 
beforehand. In order to use the satellite data in the SCS-
CN hydrological model. The GPM_Final products were 
evaluated against observed data using four statistical 
indices (BIAS, RMSE, CC and MAE), at the grid cell scale 
corresponding to the rain gauge, as well as at different 
time scales (daily, monthly and yearly) during the 
available period from 2001 to 2017 (Table 4). Table 4 
shows that the GPM_Final product underestimates 
precipitation, although at the grid cell scale, with a bias of 
-27.43% for the Sidi Rahal rain gauge; while these 
products GPM_Final overestimates the precipitation with 
a bias of 17.09; 50.83; 40.75 and 26.23 for the rain 
gauges of (Marrakech, Abadla, Chichaoua and Talmest) 
respectively, as well as, it overestimates the rainfall with a 
mean bias of 21.49 for the five rain gauges. For the mean 
correlation coefficient, a significant improvement is shown 
from 0.59 to 0.85 at the grid cell scale, for the daily and 
monthly time scales, respectively, while, a slight 
improvement of the CC is noted from 0.78 for the yearly 
time scale (Table 4), it is deduced that the simulated 
satellite products (monthly and yearly) represent a very 
significant agreement with the observed data, similarly, 
the mean of RMSE and MAE represent low error values 
at different time scales (Table 4). The GPM_Final 
products are correlated with the observed data in each 
rain gauge in order to know the trend between the two. 
While, the correlation is good when the data are 
cumulated at monthly and yearly time scale for the 
coefficient of determination R2 as shown in Figure 3. This 
correlation confirms the good relationship between the 
cumulated GPM_Final rainfall and the cumulated in situ 
rainfall. Our results, they are similar to that of [39], in their 
studies, they showed that the monthly satellite rainfall is 
well correlated with the monthly observed rainfall, with a 
correlation coefficient of 0.88 at the grid-cell scale. 
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Table 4 

Evaluation indices of GPM_Final at the grid-cell 
scale for the entire period (2001–2017) 

Pixel Time 
Scale 

CC RMSE 
(mm) 

MAE (mm) BIAS (%) 

GPM 
Sidi Rahal 

Daily 0.53 3.35 0.91  
Month 0.82 19.86 13.06 -27.43 
Year 0.68 105.91 91.55  

GPM 
Marrakech 

Daily 0.49 3.25 0.77  
Month 0.82 14.32 9.15 17.09 
Year 0.86 43.54 32.25  

GPM 
Abadla 

Daily 0.68 2.51 0.58  
Month 0.86 15.77 9.61 50.83 
Year 0.74 91.56 82.74  

GPM 
Chichaoua 

Daily 0.62 2.67 0.59  
Month 0.84 16.14 9.37 40.75 
Year 0.77 79.85 68.98  

GPM 
Talmest 

Daily 0.63 3.94 0.84  
Month 0.91 18.23 10.45 26.23 
Year 0.86 84,23 70.17  

 Daily 0.59 3.14 0.73  
Mean Month 0.85 16.86 10.32 21.49 

 Year 0.78 81.01 69.13  
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Fig. 3. Evaluation indices of GPM-F at the grid cell scale correspond to the rain gauge for the five stations
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4.2. Apply the SCS-CN model in El Hallouf basin 

The WCN calculated from the land use map (Figure 2) is 
83.93 and 66.30 for normal and dry antecedent moisture 
conditions, respectively. Thus, the maximum potential 
infiltration of the soil S and the initial height of precipitation 
escaping runoff Ia, estimated in El Hallouf basin is 5.08 
mm and 1.02 mm, respectively, for the antecedent dry 
moisture conditions (Table 5). 

 
Table 5 

SCS-CN model parameters 
AMC  WCN S (mm) Ia (mm) 

Normal 83.93 1.91 0.38 
Dry 66.30 5.08 1.02 

 
El Hallouf basin is characterized by an average annual 
rainfall of 258.85 mm, moreover, the average depth of 
evaporated runoff is equal to 86.04 mm (Table 6). The 
comparison between simulated and observed infiltration 
showed an underestimation of average bias of -54.72%; 
similarly, the depth of runoff retained after subtracting 
different loss components (ET, infiltration, S and Ia) is 
166.81 mm, as shown in Table 6. Figure 4 shows how the 
change in water inflow annually has been over the period 
2001 to 2018, in which we noted that runoff estimation is 
related to two key factors, in particular, total precipitation 
and evapotranspiration. For example, in the year 2003 
and 2008; the precipitation was 255 mm for both years, as 
well as evapotranspiration is 104 mm and 68 mm for the 
two years, respectively. As a result, the runoff depth was 
144 mm and 180 mm for the year 2012 and 2013; 
respectively. On the other hand, the infiltrated depth that 
we have estimated has taken an almost stable curve, on 
the one hand, this is due to the dry soil moisture 
conditions (CN I) initially set in our arid region, on the 
other hand, to the maximum potential soil infiltration S 
calculated in Table 5. We deduce that, evapotranspiration 
and soil moisture are the factors that control the 
occurrence of runoff in the El Hallouf basin. 

 
Table 6  

Estimated water inflows using the SCS-CN model 
AMC Pt  

(mm) 
ET  

(mm) 
I  

(mm) 
Q  

(mm) 
BIAS I  

(%) 

Dry (WCN 
I) 

Min 175.01 81.83 4.94 87.22 -55.09 
Mean  258.85 86.04 4.98 166.81 -54.72 
Max 344.34 86.87 5.01 251.44 -54.45 

 

 
Fig. 4.  Estimated water inflows for each year 
 

5 CONCLUSION 
The objective of this study is to collect internationally 
available satellite data for integrated water resources 
management, including GPM_Final satellite rainfall data 
and satellite land use maps.   Firstly, satellite rainfall data 
were evaluated and analyzed with observed data by 
parameters often used in statistical analysis. Secondly, 
we exploited the land use maps (FAO) to calculate the 
Weighted Curve Number (WCN) in the study area using 
tables from the United States Department of Agriculture 
(USDA). Then, we applied the SCS-CN method to 
estimate the depth of runoff and cumulative infiltration in 
El Hallouf basin, which is characterized by an arid climate. 
The main conclusions are as follows: 

(1) Statistical comparison between GPM_Final 
satellite data and observed data from five 
rainfall stations showed that we can use its 
satellite products with an average bias 
overestimate of 21.49 %; 

(2) The FAO satellite maps and the data from the 
table (USDA) allowed us to determine the 
weighted Curver Number to the normal soil 
moisture condition; 

(3) This approach based on the use of satellite data 
and the application of the SCS-CN model 
allowed us to estimate water inflows such as 
the depth of runoff and cumulative infiltration in 
a region where observed data have not yet 
been determined. 

The evaluation of the accuracy of satellite rainfall is 
similar to the study previously conducted by [26], 
[39]. Similarly, the use of the CN table method 
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provided by the USDA [11]. Finally, the runoff 
volume estimate by the SCS-CN method is 
comparable to that of [35]. Therefore, we can 
consider this approach to estimate the depth of 
runoff and cumulative infiltration using satellite data. 
On the other hand, it is recommended to carry out 
studies in other arid regions to further evaluate the 
applied method, as well as, evaluate this approach 
under wet soil moisture conditions. 
Funding: This research received no external 
funding. 
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