E3S Web of Conferences 167, 02002 (2020)
ICESD 2020

https://doi.org/10.1051/e3sconf/202016702002

Estimation of surface runoff using NRCS curve number in some
areas in northwest coast, Egypt
Mohamed E.S1. Abdellatif M.A1. Sameh Kotb Abd-Elmabod2, Khalil M.M.N.3
1

National Authority for Remote Sensing and Space Sciences (NARSS), Cairo, Egypt
Soil and Water Use Department, Agricultural and Biological Research Division, National Research Centre, Cairo 12622, Egyp
3 Soil Science Department, Faculty of Agriculture, Zagazig University, Zagazig, Egypt.
2

Abstract. The sustainable agricultural development in the northwest coast of Egypt suffers constantly from
the effects of surface runoff. Moreover, there is an urgent need by decision makers to know the effects of
runoff. So the aim of this work is to integrate remote sensing and field data and the natural resource
conservation service curve number model (NRCS-CN).using geographic information systems (GIS) for
spatial evaluation of surface runoff .CN approach to assessment the effect of patio-temporal variations of
different soil types as well as potential climate change impact on surface runoff. DEM was used to describe
the effects of slope variables on water retention and surface runoff volumes. In addition the results reflects
that the magnitude of surface runoff is associated with CN values using NRCS-CN model . The average of
water retention ranging between 2.5 to 3.9m the results illustrated that the highest value of runoff is
distinguished around the urban area and its surrounding where it ranged between 138 - 199 mm. The results
show an increase in the amount of surface runoff to 199 mm when rainfall increases 200 mm / year. The
north of the area may be exposed to erosion hazards more than the south and a change in the soil quality
may occur in addition to the environmental imbalance in the region.

1 Introduction
Sustainable agricultural development in arid and semiarid areas requires water to enable the establishment of
agricultural projects that provide food for the population.
In Egypt, the water issue is considered one of the topics
that conquer the attention of the Egyptian government
due to the population increase in terms of food scarcity in
addition to regional challenges with the Nile Basin
countries. Therefore, by 2020 is expected about 20
percent will be consuming more than it has in Egypt.
Water scarcity in Egypt could endanger the country and
create instability [1-3] Estimating the volume of runoff in
the northern regions of Egypt is considered one of the
important things to explain how to take advantage of the
lost water that causes many environmental hazards such
as soil degradation, desertification and many
environmental hazards [4-9].Surrounding factors such as
terrain and climate are influence the rate of soil erosion,
as the precipitation rate is the main factor determining the
volume of runoff and the excess water moves from the
surface towards the natural slope. Moreover, the runoff
flow rate depends on several factors such as
rainfall intensity, soil texture, infiltration rate, organic
matter contents, vegetation cover, slope and aspect [1012]. The soil water retention potential (S) and curve
number model considers affecting surface runoff [13].
The amount of surface runoff is affected by the ground
cover since increasing the vegetative ground cover

reduces the erosion of the surface layer and vice versa
[14]. Land use and land cover are considered important
factors that reduce runoff as field crops, trees and shrubs
in addition to forests affect the magnitude and direction
of runoff and water storage capacity [15]. During the past
three decades, satellite imagery and remote sensing
provided data on natural features, and this was reflected
in the accuracy of calculating surface runoff and potential
floods. GIS has helped modeling surface runoff of
ecological importance based on spatial hydrological
modeling [16, 17]. Satellite data can contribute to
building the number curve taking into account the type of
land use /land cover and hydrologic soil groups based on
SCS CN where ,GIS is used as an efficient tool for
preparation input date required by SCS CN model for for
increasing water use efficiency to determine the suitable
management of arid and semi-arid ecosystems and to
support the maximized of returning water benefits in such
conditions [18-20]. Several studies have been used Soil
Conservation Service Curve Number (SCS CN) and the
Potential Maximum Soil Water Retention (PMSWR)
based on HSGs, the use of land and land cover as well as
topographic factors such as slope and direction of
inclination can be taken into account in estimating runoff.
[21, 22]. despite CN model was Initially established to
assess runoff in small agricultural farms and basins,
however, it was then used on large areas and in different
land uses where, the study area is threatening by several
factor such population growth is the most significant
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factor effecting urban sprawl of the current study is to
integrate remote sensing data, soil and GIS using
hydrological model to estimate surface runoff in the area
located between Sidi Barrani and Sallum area

2 Material and methods
2.1 Location characteristics
The study area lies between longitude (25°8` 55`` to 26°
51` 36``) and Latitude (31°4` 6`` to 31°39` 40``), in the
area between sidi barrani and Sallum area as shown in
Figure 1. The catchment area is 766685.98 ha and has a
maximum altitude of 250 m above sea level (asl). The
climate of the study area is considered as a part of the
Mediterranean region and their rainfall is a seasonally
and characterized by fluctuations of the minimum and
maximum daily temperatures. However rainfall in
February 2020 recorded about 135 mm according to
weather
underground
website
(http://www.wunderground.com/history ) these values are
high comparing with the same time . Mean and maximum
temperature in February 2020 was 18.51 and 22.78 °C.
Satellite image that cover the study area was using
Landsat 8 with spatial resolution 30 m acquired in
November 2020. Digital elevation model (DEM) with 30
×30 m resolution was derived using Shuttle Radar
Topography Mission (SRTM) and elevation points were
recorded during the field survey by GPS.

Fig. 2. Digital elevation model

Fig. 3. Slope distribution at the catchment area.

2.2 Land use
Satellite image (Sentinel-2) acquired in November 2019
was used to produce Land use/land cover of the
investigated area. Support vector machine (SVM) was
used for this purpose. SVM method is considered as a
good method for delineation land use land cover types
[23-29] in which taken neighboring pixels in consecration
for characterizing the classes of agriculture, bare soil,
water, and urban land-use.

2.3 Watershed delineation and soil sampling
Watershed area was delineated using GIS techniques and
the network of stream and sub-catchments that contribute
to a single stream based on DEM. The elevation ranged
from 0 to 250m figure 2. In addition, the slope ranging
between 0 to 4.3% figure3. 24 soil profile sites were
identified by computing hydrologic soil groups (HSG),
soil type, and land-use for the region and combining them
to hydrologic response units using GIS. Soil physical
analyses were investigated according to [22]. The
dominant soil types are sandy loam, loamy sand, loam
and sand clay loam soil. Soil field capacity varied from
20 to 45.8 %, while dry bulk density varied from 1.5 to
1.75 g cm-3.
2.4 Estimation of Surface runoff
Quantitative evaluation of surface runoff by applying
SCS-CN model using the equation of universal water
balance:

P = Q + E + S
Fig. 1. Location of the study area

(1)

Where
P:
precipitation,
Q:
runoff,
E:
evapotranspiration, S: storage term. Natural resource
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conservation service modified the water balance to the
following equation:
Q=P (F/S)
(2)

The runoff mapping was done using Inverse distance
weighting (IDW) [30]. It is considered one of the most
effective methods in separating urban areas, agricultural
areas, using satellite image .This method has depends the
calculation of intermediate values based on the nearby
known points. According to this method the adjacent
points have more weights than distant points and vice
versa)

Where F: actual loss, S: potential loss. Evaporation of
universal water balance equation and storage term has
been included into the relation of actual (F) and water
potential loss (S). By substituting F (actual loss):

F = P−Q

3 Results and discussion

(3)

3.1 Surface runoff

runoff was formulated as:
Q=P2/ (P+S)

Quantitative evaluation of surface runoff by integration
SCS-CN model, remote sensing , soil data using GIS.
The land use /land cover greatly affects the increasing the
ability of the soil to reduce filtration and the preservation
of soil water in the surface layer as it leads to increased
water retention in surface soil and effected in the
distribution of soil pores [18].
The results of mapping Land use land cover showed
that agriculture land occupies an area about 1.5 % of the
total area Where agriculture is limited to coastal areas and
valleys that depend on water harvesting by traditional
methods that can be used for field crops that do not
require a large amount of irrigation. Therefore, the
agricultural practices in the study area is small compared
to the areas where agriculture depends on groundwater
and Nile delta areas., urban areas occupies an area 1.3 %
and bare soil occupies about 95.5 of the total area as
shown in table (1) and figure (4). The northwest coast of
Egypt suffers from a lack of agricultural development due
to the lack of agricultural projects that depend on
monsoon rains during the winter months.

(4)

Equation 4 explains runoff as a function of
precipitation and water potential loss (S) that is identified
as retention potential or maximum amount of water that is
held by the soil. Since runoff is produced if there is
rainfall, the term initial abstraction (Ia) has been
introduced [14], that is subtracted from the total rainfall
to retrieve effective precipitation:

Pe = P − I a

(5)

Where: Pe: effective precipitation, Ia: initial
abstraction. Ia is all losses before runoff begins that
includes water retained in surface depressions, water
abstracted by vegetation, evaporation, and infiltration.
NRCS-CN approach is expressed as:
Q = (P-0.2S)2/ (P + 0.8S) for P > Ia;
Q = 0 for P ≤ Ia;

(6)

The relation of the potential water retention S to the
curve number is shown in the following equations:
S = (25400/CN) – 254

(7)

Conceptually, CN can vary from 0 to 100, that is
corresponding to S = ∞ and S = 0 respectively.
Q=

(P − 0.2S )2
(P + 0.8S )

P

Q = 0 otherwise

(8)

Where:
Fig. 4. Land use land cover of the study area

Q: surface runoff [mm]
P: precipitation [mm]
S: potential water retention [mm]

The soil of watershed area varying between sandy
loam, loamy sand, loam and sand clay loam soil.
Saturated hydraulic conductivity is varying from 5 to 55
cm.d-1. Soil field capacity varied from 20 to 45.8 %,
while dry bulk density varied from 1.5 to 1.75 g cm -3.
Organic matter contents vary from 0.14 to 0.8%.
The soil of watershed area varying between sandy
loam, loamy sand, loam and sand clay loam soil.
Saturated hydraulic conductivity is varying from 5 to 55

The computed monthly summarized direct runoff was,
taking into account that the precipitation is equal or
higher than 0.2S[14].
2.5 Spatial distribution mapping
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cm.d-1. Soil field capacity varied from 20 to 45.8 %,
while dry bulk density varied from 1.5 to 1.75 g cm -3.
Organic matter contents vary from 0.14 to 0.8%.

[31-33]. Figure 9 shows that when the rainfall rate
increases to 200 mm and this rate is happen frequently, it
was notice an increase in the amount of surface runoff to
199 mm comparing with 139 at rainfall 140mm/year.
This means that the amount of annual rain is the factor
affecting the amount of surface runoff in the absence of
factors that reduce runoff, such as the rare of ground
cover and suitable management. On the other hand It has
been observed that the north of the region has been
affected mare than the south as the slope helped increase
the risk along with the soft texture of the soil, which can
be removed and moved in the absence of a natural plant
that reduces erosion. The phenomenon of runoff has
many effects on environmental equilibrium, not only on
the change of soil properties, but also on surface water,
and it has also affected the up growth of species of
natural plants. In addition, it may cause environmental
pollution as a result of transport the heavy elements from
one place and concentrating them in another place [3438].

Table 1. Land use land cover of the study area
LULC

Area/_hect.

Area %

Agriculture

10045

1.55

Bare soil

731792.5

95.5

Sabkha

7257.7

0.95

Sand

5939.9

0.7

Urban

11649.42

1.3

total

766685.6

100

The weeds, and organic materials in the surface layers
contribute to increasing the ability of the soil to retain
water on the one hand in increasing the aggregation of
soil consistency on the other hand It also helps in
providing the natural plant with the appropriate nutrients.
It also helps in increasing the soil aggregation and
improving its physical and chemical properties. Thus, it
makes the soil more resistant to water erosion. The area is
characterized by almost flat to sloping as, the northern
parts have slope values ranging between 1- 4.2 %. In
addition, the southern part has slope gradient ranging
reached to 63 % as shown in figure 3. Furthermore, HSG
was calculating soil parameters and land use (Table 1)
where the results revel that C group is the dominant in the
study area. Meanwhile group D occupy the smallest areas.
Spatial distributions (S) are mainly determined using
LULC and soil types of the areas Figure 5. The results of
using SCS model based on the next parameters, slope,
aspect, soil texture, infiltration, rate and soil water
retention. Figure 6 illustrated the spatial distribution of
CN values for the study area as they ranging between 60
to 96. Spatial distribution of water retention of the study
area varies between 0 to 6.7. the most of the area have
average of water retention ranging between 2.5 to 3.9 mm
Figure 7. The runoff in February 2020 where the rainfall
amount reached around 140 mm these values is high
comparing with the same time year the results showed
that runoff value ranges between 133 to 139 mm Figure 8.
The maximum values were recognized at the slope area
and foot slops. Runoff values ranging between 136-139
in the area located at south of study area where slope
tends to generate more runoff than do lowland areas. On
the other hand an about 7% of the total study area that
characterized by lowest values of runoff ranging between
133 to 135 as the soil texture vary between sand clay
loam to loamy sand. The results show that the areas with
the highest slope are more exposed to the risk of
corrosion than other flat areas. We notice that in the
valley areas that have a large slope receive large amounts
of erosion and may change the properties and quality of
the soil where the salts are concentrated in the north of
the region and may create various environmental hazards.

4 Conclusion
The Surface runoff in the north west coast is considered a
hazard phenomenon that threat the agricultural
development. Surface runoff is associated with many
factors such as soil moisture and topographic parameter
such slope and aspect beside land-use, influences rate,
water holding capacity, is affected by soil characteristics
such as texture, soil organic matter. Remote sensing
images consider as helpful and essential tools for
estimation and monitoring the environmental phenomena
and supply with essential information about the type of
land use. Thus, the integration of remote sensing data and
soil properties using the NRCS-CN model. This study
highlights the magnitude of spatial distribution of surface
runoff in Sidi Barrani and Sallum. Finally, the results
obtained show the spatial distribution of the amount of
surface runoff, so it is necessary to devise suitable
solutions to mitigate the effects of the severity of runoff.
The necessity of developing water harvesting methods
and raising the efficiency of storing water from surface
runoff for its potential use in sustainable agricultural
development.

Fig. 5. Spatial distribution of HSG
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