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Abstract. Precipitation changes and water use patterns are two factors affecting the water quantity; obviously,
hydrologic processes are always linked to many elements in the watershed scale, so to understand water man-
agement issues it is fundamental to analyze the different elements of hydrologic processes occurring in the
watershed. In this study, the “SWAT” model (Soil and Water Assessment Tool) has been used to simulate the
water balance for the present climate conditions on a semi arid watershed located in the central North of Mo-
rocco (R’dom). The study watershed covers an area of 1993 km2, and is hosting farming, pasture and forestry
related activities. The water stress situation in the R’dom watershed can be summarized as limited resource facing
increasing water demand. SWAT model was first run and calibrated under current climate; and was driven with
downscaled climate simulations to generate future hydrological projections for R’dom watershed in the 2031 to
2050 horizon under two Representative Concentration Pathways (RCPs): 4.5 and 8.5. The results of the study
showed that the water balance in R’dom watershed is dominated by evapotranspiration and the water resources
distribution within the watershed is uneven and follows a decreasing gradient matching the flow direction. The
main results of climate change scenarios showed that R’dom watershed will undergo significant decrease of water
resources availability with more economic impact under the scenario RCP8.5 as all areas hosting the economical
activities will be affected and the highest changes of water yield should be under this scenario.

1 Introduction

The consequences of climate change on water cycle vary
greatly from region to other. The IPCC (2019) estimates
that streamflows should increase in high latitudes (such as in
Northern Europe) and in certain tropical regions, but should
decrease in lower latitudes (in particular in the Mediterranean
region and in the subtropical zones).

Water resources in the Mediterranean region are particu-
larly vulnerable to human activities; increase of populations,
tourism and agriculture development, industrial growth are

some examples of challenges faced by water resources in this
area. In addition to these factors, climate change represents a
further threat that can have a significant impact on hydrology
in the Mediterranean area (Abouabdillah et al., 2010).

While the main purpose behind the use of models is to
simulate a part of reality at the best possible approximation,
many of conceptual models are useful for understanding a
particular problem or for predicting the behaviors of a sys-
tem in the future (Krysanova and Srinivasan, 2015). In ad-
dition to the use of models to interpret the complexity of a
situation, results can sometimes be extrapolated to larger spa-
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tial or temporal scales or higher levels of organization with
similar conditions (Abouabdillah et al., 2014; Moriasi et al.,
2007).

Soil and Water Assessment Tool (SWAT) is a hydrological
modeling program designed by the United States Department
of Agriculture (Arnold et al., 1998). This model simulates the
production of water and sediments in large-scale watersheds,
complex basins, with different soil types, and uses and man-
agement conditions; it also simulates the effect of agriculture
practices or any other business activity can have on water
quality (Arnold et al., 2012; Moriasi et al., 2007).

SWAT model has never been applied in R’dom catchment,
and its use on this watershed under climate change context
is expected to reproduce the hydrological cycle components
within different emission scenarios to simulate future condi-
tions that would affect one or more of the physical processes
involved in the water cycle.

In this case, the R’dom catchment is a natural unit in which
forestry and agricultural activities are cohabitating and rep-
resent a typical basin for a big part of the Mediterranean area
in terms of challenges faced by water resources from both
quantity and quality aspects.

2 Objectives

The main purpose of this work is assessing water resources
in R’dom watershed under two RCP scenarios downscaled
from a regional circulation model in the near future (2031
to 2050) as a first millstone of 21st century investigations.
The selected RCPs were picked to cover the realistic scenario
of greenhouse gas concentration trajectory (RCP4.5) and the
pessimistic one (RCP8.5).

SWAT model has been used to simulate different processes
in the study area using the two RCP scenarios data with a
focus on streamflow response at sub-basins levels. Results
will help to understand potential climate change impacts on
water resources in a typical agro-forestry watershed in the
Mediterranean area, and will contribute to future water re-
sources management strategies in any watershed similar to
R’dom.

3 Materials and methods

3.1 Study area

Located in the north eastern of Morocco, R’dom watershed is
covering an area of 1993 km2 and includes two large plains
(Saiss and Gharb). Being a part of one of the largest hydro-
logic watersheds in Morocco (Sebou basin), R’dom water-
shed is characterized by a semi-arid climate and has a big
socio-economic importance due to the activities held inside
it (farming and forestry activities) (Table 1).

Table 1. Occupation percentages of major land covers in R’dom
watershed.

Land use categories Percentage (%)

Residential centre 3.69
Forest (oak) 7.98
Pasture and Barren 42.03
Wetlands/lakes 1.71

fa
rm

in
g

Wheat 12.23
Corn 9.83
Olive trees 10.59
Onion and potatoes 7.21
Sunflower 4.73

3.2 Model presentation

SWAT model gives chance to simulate a large number of
physical processes in the basin through the division of the
basin to several sub-basins based on a threshold area value
depending on the accuracy and the objectives of the study
(Arnold et al., 2012). Sub-basins are then divided into hydro-
logical response units (HRU) that represent a unique combi-
nation of soil type, land cover and slope. The subdivision of
the watershed allows the model to reflect different hydrologic
processes occurring at the level of each unit (evapotranspira-
tion, percolation, runoff . . . ) (Neitsch et al., 2002).

As all HRUs are connected and runoff drainage simulation
is based on slope (Lu et al., 2015), the basin water balance
was studied in the basin outlet where measured flow out data
are available (Souk Elhad gauge: x = 465943, y = 410043).

3.3 Input data collection and preparation

Being a very important step of any modeling work, data col-
lection and preparation for this study was performed with
high precision in order to run SWAT with a start conditions
reflecting the reality as much as possible.

For the topographic characterization of the study water-
shed, digital elevation model (DEM) of R’dom basin has
been extracted from the Shuttle Radar Topography Mis-
sion (SRTM) with a resolution of 30 meters.

SWAT soil database was updated by soil parameters of
R’dom watershed based on findings of the Agriculture Min-
ister’ studies on soil types of the area of Meknes-El Hajeb-
Sidi Kacem (Soils study at 1 : 100000 scale in the district of
Meknes for farming development – 1989).

A couple of soil parameters (such as: Saturation hydraulic
conductivity and Field capacity . . . ) were meant to be cal-
culated using an addition calculation program (Soil Water
Characteristics software ©, Version 6.02.74).

Land cover of R’dom basin was built based on satellite
image processing; after fields surveys in the main catchment
area to have preliminary insight about field situation, two
LANDSAT8 image scenes (taken on 2 April 2015) were pro-
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Figure 1. Digital elevation model of R’dom watershed.

cessed using ERDAS Imagine 2014 and ArcGis 10.2.2. Su-
pervised classification method was used by creating land use
classes based on their respective spectral signals.

Farming practices features were amended according to the
real agronomic practices held in R’dom watershed, especially
the operations that can have an effect on water cycle such
as: start and end of season dates, irrigation amount, tillage
machinery and frequency . . . etc.

Observed weather parameters were imported to the SWAT
and that included daily temperature (max and min) records
from 9 weather stations and daily rainfall from 4 recording
stations in and around the watershed. Inputs data series were
from January 2003 to December 2010.

3.4 SWAT simulation

3.4.1 SWAT parameterization on study catchment

Watershed delineation tool of ArcSWAT has been used to de-
lineate sub-basins based on Digital Elevation Model (DEM)
data. 27 connected sub-watersheds were identified and
stream network of R’dom basin was defined. Watershed out-
let was manually added to match the geographic location of
Souk Elhad gauge (Fig. 1); the selected station where flow
out process will be monitored to compare measured and pre-
dicted flows.

3.4.2 SWAT calibration and validation

In overall SWAT was run over the period of January 2004
to December 2009, the first two years have been allocated
to warm up process, the period January 2006 to Decem-
ber 2007 was dedicated to model calibration. Validation was
performed over the period January 2008 to December 2009.

For efficient calibration operation, sensitivity analysis was
carried out based on relative sensitivity equation to identify
the most influential SWAT parameters to focus on during the
calibration process.

The used equation of relative sensitivity is (Haan, 2002):

Sr =
[
(OP+1P −OP−1P )/OP

]
/[(21P/P )], (1)

where Sr is the relative sensitivity; OP+1P are model out-
puts with the input parameter being studied, set at the base
value (equal to the initial calibrated value) plus a speci-
fied percentage (often taken to be between 10 % and 25 %;
OP−1P are model outputs with the input parameter being
studied, set at base minus a specified percentage (often taken
to be between 10 % and 25 %); OP is the model output with
input parameter set at the base value; 1P is the prescribed
absolute change in the value of the input parameter and P is
the initial calibrated value (base value) of the input parame-
ter.

Following sensitivity analysis, Streamflow was examined
during the calibration process. A maximal agreement be-
tween observed and predicted water budget components was
the ultimate goal. This agreement was monitored by two pa-
rameters indicating the statistical goodness-of-fits and the
optimization of the objective functions of this study.

The used statistics tests are:

NSE= 1−

n∑
i=1

(Oi −Pi)2

n∑
i=1

(
Oi −Oavg

)2 , (2)

and:

R2
=


n∑

i=1

(
Oi −Oavg

)(
Pi −Pavg

)
[

n∑
i=1

(
Oi −Oavg

)2 n∑
i=1

(
Pi −Pavg

)2]0.5


2

, (3)

where Oi is the observed water yield for time period i; Pi is
the simulated value for the same period; Oavg is the mean of
observed water yield per time period and n is the number of
time periods.

The Nash–Sutcliffe coefficient (NSE) represents the
model’s precision in simulating the flood streamflow; the
maximum NSE value is 1.0 and occurs if predicted values are
perfectly matching measured ones, The determination coeffi-
cient, R2, provides an idea about how well is the correlation
between and simulated values (Arnold et al., 2012; Viola et
al., 2009).
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Figure 2. Observed Vs simulated monthly (a) and daily (b) discharge after manual calibration at the Souk Elhad flow gage.

3.4.3 Future climate data and model scenarios

The selected climate change scenarios for this study were
generated from the output of the global climate model
CNRM CM5 (Centre National de Recherches Meteo-
rologique) based on IPCC Assessment Report (AR5). There
are 4 different types of Representative Concentration Path-
ways (RCPs): RCP2.6, RCP4.5, RCP6.0 and RCP8.5 that
represent different alternatives of global development (Kim
et al., 2013). The CNRM participated in the Coordinated Re-
gional Climate Downscaling Experiment (CORDEX) with
different Regional Climate Models (RCMs) (Dosio, 2016).

In this study, the downscaled RCM CLMcom-CCLM and
two RCPs (4.5 and 8.5) were used. Grid size was 12.5 km
and the baseline was from January 1981 to December 2005.
The future simulation period for both precipitations and tem-
perature (max and min) was from January 2031 to Decem-
ber 2050. Linear scaling and variance scaling approaches
were used during the bias correction in order to show some
levels of bias against real measured precipitation and temper-
ature data respectively.

Table 2. Relative sensitivity values for all tested SWAT input pa-
rameters.

Parameters TWYD Runoff Baseflow

CN2 1.77 5.57 −0.55
SOL_AWC −0.31 −1.25 −0.64
ESCO 0.06 0.10 0.06
GWQMN −0.24 0.00 −0.38

With: CN2: initial SCS runoff curve number for moisture
condition II; SOL_AWC: available water capacity of the soil
layer (mm H2O mm−1 soil); ESCO: soil evaporation
compensation factor; GWQMN: threshold depth of water in
shallow aquifer required for return flow to occur (mm H2O).

4 Results

4.1 SWAT model application

4.1.1 Sensitivity analysis and calibration

After investigation of relative sensitivity of twelve different
SWAT input parameters for flow, 4 parameters were revealed
as the most influential (Table 2) with different sensitivity de-
grees.

During manual calibration process, the focus was on the
4 most influential parameters to parameterize SWAT to the
local R’dom watershed condition by comparing model flow
prediction with observed data at outlet level. The R2 and
NSE have been used to evaluate model prediction perfor-
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Figure 3. Observed Vs predicted monthly (a) and daily (b) discharge during the validation period at the Souk Elhad flow gage.

mance while bearing in mind that they should exceed 0.5 to
be able to judge the calibration as satisfactory according to
many papers (Arnold et al., 2012).

After several SWAT iterations, a satisfactory agreement
between simulated and measured discharge in both monthly
and daily time steps was found (Fig. 2); the NSE and R2 val-
ues were respectively 0.68 and 0.85 for the monthly time
step; 0.58 and 0.79 for the daily time step.

During SWAT model validation process, predicted dis-
charge trend followed observed discharge pattern during
all the validation period with NSE and R2 values of 0.88
and 0.91 for the month time step respectively, 0.65 and
0.73 for the daily time step (Fig. 3).

4.1.2 Water balance

Simulated over the period January 2006 to December 2009,
the R’dom water balance showed that actual evapotranspira-
tion is very important and represents around 83 % of annual
rainfall and irrigation, the surface runoff represents less than
2 % of the total annual rainfall (Table 3).

Total water yield is the sum surface runoff, lateral flow,
groundwater contribution net transmission losses; its distri-
bution within the R’dom watershed, Fig. 4 represents the av-
erage of simulated actual water yield by sub-basins. In over-
all the average total water yield is decreasing going from up-
stream (South) to upstream (North) taking the same trend of
altitude which is high in the South and low in the North.

Table 3. Average of simulated monthly Water balance components
of R’dom basin during the actual simulation period (2004–2009).

Month Rain Surf Lat TWYD ET
(mm) (mm) (mm) (mm) (mm)

1 71.15 7.96 3.17 19.28 11.43
2 37.75 4.28 1.13 13.92 16.15
3 29.5 3.98 1.14 9.44 15.68
4 20.35 1.78 0.1 7.9 32.5
5 15.79 0.5 0.1 1.27 33.86
6 5.38 0.14 0.08 0.73 25.52
7 4.75 0.04 0.04 0.43 14.47
8 2.19 0.38 0.06 0.65 14.15
9 20.32 0.7 0.13 0.98 16.31
10 33.47 0.97 0.13 4.28 12.62
11 49.28 1.74 0.09 13.06 12.7
12 56.33 6.85 3.1 17.22 10

Total 352.48 29.32 9.27 89.16 215.39

Percentage out of rainfall 8.31 % 2.62 % 25.29 % 61.1 %

With, Surf: surface runoff; Lat: lateral flow; TWYD: total water yield and
ET: evapotranspiration.
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Figure 4. Average of simulated total water yield by sub-basins un-
der for the period 2004 to 2009.

The main agricultural activities are held in the centre and
northern part of the watershed, the southern part of the basin
is covered mainly by forest and pasture lands.

4.2 Implication of climate change scenarios on
streamflow

The climate change scenarios that have been generated and
corrected statistically were used as inputs to the calibrated
SWAT model over the R’dom watered conditions, in order
to simulate future streamflow of the study watershed. The
same HRUs and crop management setting used for SWAT
calibration were kept for the future scenarios simulation with
the future rainfall and temperature data as the only changes.

As the big focus of this study was the to assess the poten-
tial effect of two climate change scenarios on streamflow pat-
tern in the R’dom watershed, the yearly average of total water
yield (TWYL), mm yr−1, was picked as the hydrologic vari-
able to monitor by sub-basin over the watershed. Total water
yield is considered as the sum of surface runoff, lateral flow,
groundwater contribution net of transmission losses.

Figure 5 represents the percentage of change of simulated
total water yield by SWAT at sub-basin scale under the fu-
ture scenarios RCP4.5 and RCP8.5 during the period 2031
to 2050 comparing to the actual simulation period 2004
to 2009.

On watershed scale, both scenarios showed decrease
on average water yield per sub-basin ranging from
−3 % (RCP4.5) till −47 % (RCP8.5). The biggest decreases
are more in the lower altitudes: the outlet and the watered
centre.

For the scenario RCP4.5, it is in the northern and centre of
the watershed where highest changes of TWYL average are
expected; these areas are hosting most of the farming activ-
ities in the R’dom catchment. The highest percentage of av-
erage TWYL decrease is expected in the northern sub-basins
and should range from −40 % to −49 %.

For the scenario RCP8.5, and in addition to almost all af-
fected areas in the RCP4.5, nearly all western sub-basins of
the catchment should be affected with percentages of aver-
age TWYL change ranging between −29 % and −40 %. It
is worthy to mention that most of sub-basins affected exclu-
sively in scenario 8.5 are home of forestry and pasture activ-
ities.

The analysis of the both climate change scenarios pro-
jected very significant impact on streamflow over the R’dom
watershed, this impact have different geographic distribution
inside the study catchment but the scenario 8.5 is likely to
be more economically significant as the streamflow change
is expected to be significant in areas where farming, pasture
and forestry activities are held.

5 Conclusion

This study assesses the impact of climate change on water
balance (represented by water yield variable) in the semi-arid
R’dom watershed situated in Morocco. Two emission sce-
narios (RCP4.5 and RCP8.5) were used to evaluate the cli-
mate change impact. SWAT is used to simulate the changes
in different components of water balance. The performance
of SWAT sensitivity analysis, calibration and validation pro-
cesses were satisfactory and confirmed the ability of this
model to simulate hydrological cycle in the R’dom water-
shed under climate change effects in the near future (2031
to 2050).

Both emission scenarios projected a decrease of the total
water yield in the entire R’dom watershed with more dis-
persed effect under the scenario 8.5 covering almost all the
area where the main economical activities are carried out.

The decrease of water availability in R’dom watershed will
definitely have negative impact on the availability of water
resources for both rainfed and irrigated agriculture as well
as on ecosystems in the forest within the watershed. This
change would affect also the economical and social balances
in the area as the main activities in the R’dom basin are
pasture and agro-forestry. Appropriate adaptation strategies
should then be implemented to face the climate change im-
pacts.

This study tried to prove the ability of a hydrologic mod-
eling tool to predict the situation of water resources under
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Figure 5. Changes of TWYL by sub-basins under future scenarios RCP4.5 and RCP8.5 for the period 2031 to 2050.

climate change effect in a Mediterranean basin. The main
outcome is that, in such semi-arid area, water resources are
very vulnerable. The results will be a starting point for fur-
ther analysis of other water balance components response to
climate change in the R’dom basin in order to provide more
data that will be useful for future water resources manage-
ment strategies in similar climatic conditions.

Data availability. The used data in this study are subject to intel-
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fore, the data are not publicly accessible.
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