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Abstract

Determining the relationship between rainfall and runoff
for a watershed is one of the most important problems and
challenging task faced by hydrologists and engineers.
Conceptual hydrological models represent most suitable
tools for this purpose in case of data scarcity. In this work
we set up a comparative study between two conceptual
nonlinear models, the GR2M and the ABCD, applied to
semi-arid catchments located in north-west of Algeria.
Monthly rainfall, temperature and stream flow data are
available for the period 1971-2010. Overall, in calibration,
the two models perform similarly, whereas the results
show that the GR2M model performed better than the
ABCD in the validation phase. Such circumstance could be
caused by different motivations. On one side the different
number of model parameters that make the ABCD the less
parsimonious approach, with four parameters to be
calibrated. On the other side the inability of the ABCD
model to capture and describe the groundwater processes,
important for the cases study. Moreover the validation
phase embeds a large drought period, started in late 1980s,
which makes difficult model adaptation to different
hydrological regimes.

Keywords: Statistical comparison, non-linearity, GR2M,
ABCD.

1. Introduction

Much research has been conducted during the last century
to address the modeling of the relation between rainfall and
runoff. To simulate this relation in a hydrological
catchment two essential issues have to be investigated, the
hydrological knowledge of the catchment and the observed
data (Tiwari and Chatterjee, 2010; Hosseini and Mahjouri,
2016). The African northwestern Region, and particularly
Algeria, has experienced a decrease in mean annual
precipitation as showed by Gobanova and Meddi (2007).
In this aspect, the Tafna and the Oranian coastal basins
represents useful and interesting case studies but they have
been only sporadically investigated from their scientific
perspective, especially for what concerns the relation of

rainfall-runoff. In this paper, conceptual non-linear
hydrological model are used to analyze the hydrological
cycle for three different catchments locate in north-west of
Algeria. According to Bouanani et al. (2017), the
simulation of the transformation of rainfall-runoff in the
North West of Algeria using the models developed by
Cemagref GR indicates that the "reservoir models” are
more reliable and indicated than a model of the "black
box" type (Xiong et al., 2001), The same line of research
has been developed by many scientists such us (Kabouya,
1990; Kabouya and Michel, 1991; Makhlouf, 1994;
Makhlouf and Michel, 1994; Mouelhi, 2003; Mouelhi et
al., 2006a). In this paper, beyond the GR model (Mouelhi,
2006) with two parameters, the ABCD model with four
parameters (Thomas, 1981) is further applied, on a
monthly time step. This topic was selected to know the
model that more effectively simulates the monthly flows in
a semi-arid climate in the western north of Algeria, based
on a comparison of a various statistical index such as
BIAS, RMSE, and NSE. The results of the simulations will
help understand if conceptual models are suitable for this
area or whether it is needed to move to other classes of
hydrological model, either more physically based or purely
statistical.

2. Case of study

The area of study, located at the Western North of the
Algerian territory, extends on totality from the province of
Tlemcen and Oran on a total surface of about 13000 km?.
The present study bases on three sub-basins, two located in
the Oranian coastal area (Wadi Tlata and Wadi Mellah)
and the other in the basin of the Tafna (Wadi Chouly).
Their surfaces are respectively 95km?, 720km? and 170km?
and their location is illustrated in Figure 1. On the geologic
plan, the Oranian coastal is characterized by a rubbing
karstic formation (Benest, 1985) more than 70% with an
important permeability thus the presence of the large
Sabkha of Oran (water with strong salinities) in the east of
the catchment (Peron, 1883). Catchments formed by
materials with an important permeability as Karst they
ensure an important infiltration of surface waters (Amin et
al., 2017). In the hydrological plan, according to (Taibi et
al., 2017) studies of precipitation shows that in the western
of Algeria mark an offset in precipitation. The Oranian
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Figure 1: Location of the Study Area.

coastal is characterized by a significant decrease in rainfall
since the middle of the 1970s.

3. Methodology

In this paper, due to data scarcity the class of the
conceptual hydrological models has been selected. In
particular the GR2M (Makhlouf and Michel, 1994), and
the ABCD (Thomas, 1981) have been applied. For both
models, input  requires  precipitation,  potential
evapotranspiration and runoff at the monthly scale. The
number of parameters is limited to two for the GR2M and
four for the ABCD. Model parameters have been estimated
through a classical calibration phase and then used in a
validation phase for final statistical assessment and
comparison.

4.  Description of models

The GR2M model knew several versions, proposed in the
past by different authors (Kabouya, 1990; Kabouya and
Michel, 1991; Makhlouf, 1994; Makhlouf and Michel,
1994; Mouelhi, 2003; Mouelhi et al., 2006a), which made
it possible to improve gradually the performances of the
model. We presented in this paper the version proposed by
Mouelhi et al., (2006a) which appears the most powerful.
The two free parameters of GR2M are X1, the soil
moisture storage maximum capacity (mm), and X2, the
water exchange term with neighboring catchments (mm).

The ABCD water balance model is a simple hydrologic
model for simulating stream flow in response to
precipitation and potential evapotranspiration developed
by (Thomas, 1981). The model is comprised of two storage
compartments: soil moisture and groundwater. The
structure of the ABCD model shown detailed in (Thomas,
1981). The soil moisture gains water from precipitation
and loses water to evapotranspiration (ET), surface runoff
and groundwater recharge. The groundwater compartment
gains water from recharge and loses water as discharge.
The total streamflow is the sum of surface runoff from the
soil moisture and groundwater discharge. The two
parameters of the ABCD model are a, controls the amount
of runoff and recharge that occurs when the soils are
under-saturated. b, controls the saturation level of the soils.

¢, defines the ratio of groundwater recharge to surface
runoff. d, controls the rate of groundwater discharge

5. Rainfall-runoff relationship simulation results

To predict the monthly runoff, we use as input the data of
observed rainfall (mm) and runoff (mm). For the potential
evapotranspiration, we applied for the calculated by the
method of Thornthwaite (Valipour et al., 2017) from series
of monthly average temperatures. For the calibration and
the validation of each model, we used the data of the
following time interval (Table 1). The way of calibration
consisted to determine the optimal parameters from the
different quality criteria. We held the parameters for which
the quality criteria are optimal. To compare the results of
each model, we applied the root mean square error
(RMSE; (Hyndman and Khandakar, 2006)), bias and Nash-
Sutcliffe coefficient of model efficiency (Nash and
Sutcliffe, 1970).

n 1/2
RMSE = [%Z(Qmod,i - Qoss,i)2:| (1)

i=1

> ( Qe

NSE —1— =2 —
Z (Qoss.i - Qoss)z
i=1

- Qmod.i )2 (2)

i (Qmod,i - Qoss,i ) (3)
BIAS (%) = === *100
Z Qoss,i

Qobs and Qsim are respectively the values of observed and
simulated runoff, Qobs is the average value of Qobs, N is
the number of observations. The RMSE represent the
average measurement of the error in the simulation but it
does not provide any information on differences in phase.
The Bias index represent the average of all the various
errors and supervise if the models are over or
underestimated. The coefficient of effectiveness for models
of Nash- Sutcliffe, one of the indices is the most used for
the evaluation of the estimated power of the hydrological
models (Moriasi et al., 2007). Values for the calibrated
parameters and indexes statistics for the calibration and
validation phases are illustrated respectively in Table 2 and
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Table 3. Figure 2 illustrates moreover the visual
comparison between observed and modelled time series,

Table 1: Calibration and validation periods of the model

for the GR2M approach.

Calibration validation
TAFNA Chouly Wadi 1971-1988 1995-2006
Oranian Tlata Wadi 1979-1989 1990-2010
Coastal Mellah Wasi 1979-1990 1990-2011
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Figure 2: Results of calibration obtained by the GR2M maodel; (a) Display of the quality of the calibration; (b) Correlation

between observed and simulated Runoff.

Table 2: Calibrated model parameters for the two consider conceptual hydrological models.

Models ABCD
Basins/Parameters a b c
Chouly Wadi 0,39 17,95 0,44
Tlata Wadi 0,35 6 0,38
Mellah Wadi 0,52 12,21 0,94

GR2M
d X1 X2
0 5,6 08
0 4,53 0,55
0 7,13 0,66

Table 3: Calibration and validation performance statistics for each model and for each modelled catchment.

Calibration phase

Validation phase

Catchment Model RMSE NSE BIAS R2 RMSE NSE BIAS R2
Chouly GR2M 1,44 085 -1682 0,81 0,34 07 16,18 0,76
Wadi  agcp 1,38 09 -1931 0091 0,21 066 -848 0,48
Tlata GR2M 0016 084  -0,68 0,78 0,46 073 24,08 0,74
Wadi  agcp 0,34 0,84 -1437 085 0,14 065 7,51 07
Mellah GR2M 0,37 029 244 0,11 1,15 01 77,63 0,08
Wadi  agcD 0025 031 165 0,32 03 018 2145 0,06

6. Discussion and conclusion

Model performances (Table 3) during the calibration phase
appear almost similar and good, with an exception for the
results obtained for the Wadi Mellah, where the model
calibration neither for the GR2M nor for the ABCD

provided high values for the goodness-of-fit statistics. A
large underestimation of the ABCD is furthermore to be
highlighted for the Wadi Tlata catchment compared to the
same results provided by the GR2M simulation. Models

CEST2017_00694



performance during the validation period appear worst but
stil on an acceptable standard, especially for what
concerns the GR2M model, featured by the largest NSE
and coefficient of determination for both the Wadi Chouly
and the Wadi Tlata catchments. The worst performance of
both models during the validation phase is in part due to
the fact the model parameters have been adapted and are
optimal for a different period but it might be also due to
the long drought period embedded into the validation time
interval, that affected the area from late 1980s. Calibrated
parameters illustrated in Table 2 provide more insights
about the different performance for the GR2M and the
ABCD model. As a first point the ABCD model is the less
parsimonious approach, with four parameters to be set.
Such circumstance clearly makes the model less flexible
and less adaptable to changes in hydrological regimes.
Model parameters for the GR2M appear similar for all of
the analyzed catchments. This feature is typically
important in the case the model is used for regional scale
prediction. The ABCD parameters are instead rather
variable for the three catchments. This circumstance is
probably caused by the adaptation of the different
hydrological processes embedded in the model structure to
the different case study. What appear quite clear is the
inability of the ABCD model to capture and describe the
groundwater processes (d=0), which is of particular
importance for the cases study. The bad performance
obtained for the Wadi Mellah is probably to be seek in the
particular geological properties of the catchment for which
the hydrological process included in the conceptual models
do not represent probably the actual hydrological water
balance. Statistical models, without either a physical or
conceptual base, are advisable for this particular case.
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