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Abstract. Estimating actual evapotranspiration (AET) in agricultural semi-arid regions is important for crop
yield and drought assessment. The Surface Energy Balance System (SEBS) model, a physically based energy
balance model using satellite information is used to estimate AET at the 10 d scale, with a 3 km resolution. The
bucket bottom hole (BBH) model, a conceptual daily water balance model is calibrated using the equifinality
approach and run for simulating daily AET. Five watersheds located in northern Tunisia with areas varying be-
tween 56 and 448 km2 were calibrated using daily rainfall and potential evapotranspiration data as entry and river
discharge as output data. Sets of model parameters fulfilling both absolute relative errors of simulated discharge
less than 20 % and Nash–Sutcliffe coefficients greater than 0.75 were selected. Three years were selected for the
comparison (2010, 2017, and 2018). For every year, six subperiods of 10 d are considered belonging to January,
March, April, May, July, and September. Boxplots of AET-BBH estimations are plotted to achieve a comparison
with AET-SEBS estimates. It is found that AET comparisons are well favorable for January, March, and April
while less satisfactory for May and September. They do not match for July. AET-SEBS are much higher in com-
parison with AET-BBH estimates with an RMSE and MAE equal respectively to 17 and 19 mm 10 d−1. These
results may help stakeholders to assess AET coming from different data sources and models.
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1 Introduction

According to climate change studies, Tunisia experienced ex-
treme phenomena over the past decade (drought and flood-
ing) which would have a direct impact on agriculture and
therefore on the country’s food security (Verner, 2013). In
this context, it is important to evaluate evapotranspiration, as
a proxy for crop yield (Eagleson, 1994). Assessment of ac-
tual evapotranspiration is generally achieved using three dif-
ferent approaches (i) surface energy balance modeling (Bas-
tiaanssen et al., 1998; Roerink et al., 2000; Su, 2002), (ii) Hy-
drological modeling (Kite, 1997; Kobayashi et al., 2001), and

(iii) land surface modeling (Wang and Dickinson, 2012; Liou
and Kumar Kar, 2014). Because there is a lack of published
in situ evapotranspiration data in northern Tunisia, we aim
to compare (i) and (ii) methods. We select the Surface En-
ergy Balance (SEBS) model (Su, 2002) which is well-used
all over the world except in Tunisia. It is also proposed to
consider the Bucket Bottom Hole model (BBH) (Kobayashi
et al., 2001) which was previously analyzed for northern
Tunisia (Ben Jaafar and Bargaoui, 2020).

2 Study area

The study area is the northern part of Tunisia (North Africa)
(Fig. 1). It is generally known for its Mediterranean climate.
The main agricultural productions are cereals (wheat and bar-
ley) and olives. This area experienced several droughts in the

Published by Copernicus Publications on behalf of the International Association of Hydrological Sciences.



472 N. Abid et al.: Comparison of AET by SB-Model and BBH-Model in Northern Tunisia

Figure 1. Map of the study area with the localization of the five
watersheds (Barbara, Beja, Douimis, Joumine, and Sejnane) and the
distribution of the meteorological and runoff stations.

last years. According to the National Journal of the Repub-
lic of Tunisia, 14 years from 1993 are identified as dry years
for cereal crops resulting in damages for farmers and loss of
revenues from cereal yields. Five watersheds are considered:
Barbara, Beja, Douimis, Joumine, and Sejnane. The basin’s
areas vary from 56 to 448 km2 (Fig. 1).

2.1 In situ data

2.1.1 Meteorological data

In situ meteorological data are obtained from the National
Institute of Meteorology (INM) (https://www.meteo.tn/, last
access: 14 February 2024) at the level of ten weather sta-
tions: Beja, Bizerte, Jendouba, Kef, Kelibia, Nabeul, Siliana,
Tabarka, Tunis and Zaghouan (Fig. 1). Meteorological vari-
ables are mean daily air temperature in °C, mean daily air
pressure in Pascal, daily duration of sunshine in hours, mean
daily wind speed in m s−1, and mean daily specific humid-
ity (kg kg−1). The period from January to September corre-
sponding to the different stages of crop growth for the civil
years 2010, 2017, and 2018 are studied.

2.1.2 Hydrological and rainfall data time series

Daily precipitation and runoff data are provided by the Hy-
drological National Service. The basin precipitation is es-
timated using the Thiessen method based on a network of
available rain gauges (Fig. 1). Observations from the period
1950 to 1990 are used to calibrate the hydrological model
(Ben Jaafar and Bargaoui, 2020). Observations from 2010 to
2018 are used also to run the model with calibrated parame-
ters.

2.1.3 PET estimation using meteorological data

Monthly averages of minimum and maximum temperature
in °C are used to compute monthly PET using Riou (1980)
model. It is an entry variable to run the hydrological model
BBH. The nearest meteorological station is considered for
each basin (Fig. 1).

2.1.4 Soil map data

Soil texture data are used to estimate soil texture parameters
in the BBH model. Soil texture maps are available from the
digital agricultural map of Tunisia obtained from the local
water and soil divisions.

2.2 Remote sensing data

Remote sensing data consists of The Land Surface Analysis
Satellite Application Facility (LSA SAF) product: the Down-
ward Surface Shortwave Flux (DSSF) (W m−2), the Land
Surface Temperature (LST) (°C), the Albedo parameter, the
fraction of vegetation cover (FVC), and leaf area index (LAI)
with a 3 km spatial resolution and instantaneous to daily tem-
poral resolutions. In addition, we use the SPOT-Vegetation
data Normalized Difference Vegetation Index (NDVI) prod-
uct with 10 d and 1 km temporal and spatial resolutions re-
spectively. Moreover, the topographic information (Digital
Elevation Model DEM) was produced originally by NASA
with a spatial resolution equal to 90 m. We use all data as
input into the SEBS model.

ILWIS software environment is used to preprocess the
data files. Data were downloaded and then imported and
pre-processed using the GEONETcast Toolbox (Maathuis
et al., 2011). The resampling of imported products was
achieved into a geographic coordinate system datum WGS84
with a common 3 km spatial resolution.

3 Models and methodology

The Surface Energy Balance System SEBS is applied for the
study area at 3 km spatial resolution. The hydrological bal-
ance model is applied at the scale of the watershed (lumped
model). SEBS estimations are summed over the basin’s pix-
els and then averaged to be compared to BBH estimations.

3.1 Bucket Bottom Hole (BBH) model

The BBH model is a water balance model developed by
Kobayashi et al. (2001). Model inputs are daily precipita-
tion and potential evapotranspiration. Outputs are mean daily
river discharge data, actual evapotranspiration, percolation,
and capillary rise. The model has seven parameters which
are parameter (a) linked to the field capacity, parameter (b)
linked to the recession of soil humidity, (c) representing cap-
illary rise pressure, (p) representing soil porosity, (D) for
the thickness of the active soil layer (mm), (η) the inverse
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of efficient porosity, and (σ ) the resistance of vegetation to
evapotranspiration. Bargaoui and Houcine (2010) reformu-
lated parameters (a, b, c) using soil texture parameters: field
capacity (SFC), saturated hydraulic conductivity (Ks), effec-
tive soil porosity (p), and the soil water retention curve shape
parameter (B) as well as the thickness of the active soil layer
(D). Rawls et al. (1982) and Cosby et al. (1984) models are
adopted to estimateKs and SFC respectively. The weights for
computing spatial values of SFC and porosity are obtained
considering the percent of basin area occupied by every soil
texture type and the arithmetic mean. The geometric mean
is used for Ks because it is known to be log-normally dis-
tributed.

The three remaining parameters (D, η, σ ) are fitted us-
ing the observed rainfall and runoff time series. We divide
the observations into a training subset (calibration) and a
validation subset of 3 years in a systematic way (Ben Jaa-
far and Bargaoui, 2020). The model is running on the scale
of the daily time step and the fitting evaluation adopts the
10 d and monthly time steps. Two criteria are considered to
fit the parameters: (i) The relative error in absolute value
(AARE) and (ii) the Nash–Sutcliffe coefficient (NSC) (Nash
and Sutcliffe, 1970). All solutions with NSC> 0.75 are se-
lected if they perform AARE< 0.2. The ranges of research
are respectively 0<D ≤ 1500 mm, 0< η ≤ 1, 0< σ ≤ 2.5.
The generalized fractional sample test (GSST) proposed by
Coron et al. (2012) is adopted as well as equifinality (Beven,
2006) to identify model parameters. Finally, the selected sets
(D, η, σ ) are used to run the model from 2010 to 2018 con-
tinuously.

3.2 Surface Energy Balance System SEBS

The SEBS model developed by Su (2002) combines remote
sensing products and in situ meteorological data to estimate
turbulent surface energy fluxes and the evaporative fraction.
AET is estimated using the energy balance equation. The
SEBS model considers a dry limit (λE flux= 0) and a wet
limit controlling the sensible heat flux. The relative evapo-
ration (3r) is calculated from the sensible heat flux at wet
(Hwet) and dry (Hdry) limits (Su, 2002).

The pre-packaged SEBS model under ILWIS is applied
in this work. Considering crop evolution, essentially cereal
crops only six 10 d periods are considered: the first 10 d of
January (dec1), March (dec7), April (dec10), May (dec13),
July (dec19), and September (dec25).

3.3 Comparison of AET-BBH and AET-SEBS
estimations

Eighteen 10 d periods (six periods times 3 years) were con-
sidered to achieve comparison for each basin. Daily AET-
SEBS are summed over 10 d periods and spatially aggregated
at the level of the basin to be compared to BBH estimates.

Table 1. BBH model parameters (SFC, Ks, p) and observed ratios
of mean annual AET to rainfall and runoff to rainfall.
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Barbara 108 49 51 0.43 410.2 0.43 1982 to
1989

Beja 207 59 41 0.45 199 0.46 1950 to
1961

Douimis 56 84 16 0.43 290.7 0.43 1963 to
1974

Joumine 448 56 44 0.44 243.8 0.44 1966 to
1980

Sejnane 376 72 28 0.44 352.7 0.43 1961 to
1975

Table 2. Range of BBH model parameters (D, η, σ ) resulting from
the calibrated period for each basin.

Basin No. D η 6

solution (mm)

Barbara 6 50–350 0.37–0.93 0.07–0.81
Beja 10 750–1500 0.27–0.46 0.01–0.76
Douimis 7 150–1500 0.32–0.51 0.13–2.45
Joumine 9 1200–1500 0.29–0.44 0.01–0.95
Sejnane 13 250–1500 0.28–0.46 0.01–0.78

The agreement between the actual evapotranspiration esti-
mates is based on regression and box-plot analysis.

4 Results and discussion

Observation periods for BBH calibration are shown in Ta-
ble 1. The long-term annual water balance is written as

P +R+E = 0 , (1)

where P , R, and E respectively average long-term precipi-
tation, runoff, and AET. It is found that AET contribution to
water balance varies from 49 % to 84 % which highlights its
importance in this region. The results of estimating soil tex-
ture parameters SFC (capacity field), p (effective soil poros-
ity), and Ks (saturated hydraulic conductivity) are shown in
Table 1. The final number of solutions varies from 6 to 13 de-
pending on the basin. The range of selected parameters under
the equifinality framework is shown in Table 2.

Figure 2 shows the scatterplot per basin using the best so-
lution. For Beja and Douimis basins, significant coefficients
of determination are obtained (R2

= 0.6) and (R2
= 0.5) re-

spectively. Contrary to Barbara, Joumine, and Sejnane with
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Figure 2. Scatter plot of actual evapotranspiration simulated by
BBH model (AET-BBH) and derived by the SEBS model (AET-
SEBS) at the level of five basin and 10 d periods of 2010, 2017, and
2018.

Figure 3. Boxplots of AET-BBH set data and AET-SEBS estimates
for 2010, 2017, and 2018.

R2
≤ 0.4. Merging results of all basins and periods, the MAE

is found at 19 mm 10 d−1 and the RMSE at 17 mm 10 d−1.
Boxplots of AET-BBH and AET-SEBS estimations per pe-
riod (6 periods) and basin (5 basins) are presented in Fig. 3.
It highlights that AET-SEBS values go well with the set
of AET-BBH values described in boxes for the wet season
which correspond to the first 10 d of January, March, April,
and May, and are not satisfactory for the dry season corre-
sponding to the first 10 d of July and September unless for
Joumine and Sejnane basins.

AET estimations are constrained by PET with AET≤PET
meaning that the ratio should verify the condition
AET/PET≤ 1. Figure 4 shows the time evolution of this ratio

Figure 4. Time evolution of AET and PET ratio for both SEBS and
BBH results.

for both SEBS and BBH results. The condition is naturally
met for BBH. However, it is seen that it is not obvious us-
ing SEBS estimations. The pre-packaged SEBS model seems
to overestimate AET in northern Tunisia. The same result is
found by Lu et al. (2012) and Gibson et al. (2011) over a
semi-arid heterogeneous surface. They explain this discrep-
ancy (overestimation) due to the complexity of the SEBS
model which uses several parameters. These researchers in-
dicate that the analysis of the remote sensing product and the
interpolation of meteorological data over a semi-arid hetero-
geneous surface can be the potential source of errors that can
be spread through the processing sequence. Likewise, studies
by Gokmen et al. (2012), and Lu et al. (2012) indicate that
in varied landscapes where classes of different land cover
are combined into a single pixel, the SEBS model under-
estimates sensible heat flux leading to an overestimation of
AET. As approved by Lu et al. (2012), the SEBS model over-
estimates evaporative fraction below complex characteristics
of the surface cover. As highlighted by Huang et al. (2015),
AET overestimation is high in arid and semi-arid areas due
to the dominant water stress condition which is approved by
our case study as the 3 chosen years are declared as stressed
years.

5 Conclusions

Two models are selected to assess the actual evapotranspira-
tion in northern Tunisia at the basin scale. The SEBS model
adopts surface energy balance modeling and Satellite data
(LST, DSSF, LAI, NDVI, Albedo) as well as ground me-
teorological data. The lumped hydrological model (BBH)
is based on water balance modeling and ground data. Pa-
rameters of the BBH model are calibrated concerning two
performance criteria using two thresholds: absolute relative
bias< 0.2 and the Nash coefficient> 0.75 and adopting an
equifinality framework. The set of calibrated parameters (D,
η, σ ) with the best value of Nash criteria is adopted to cal-
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culate the AET. Values vary from 10 to 60 mm 10 d−1 de-
pending on the periods. We underline an overestimation of
AET-SEBS compared to AET-BBH with a mean absolute er-
ror (MAE) and a root means square error RMSE of about
17 and 19 mm 10 d−1. Therefore, other models and products
as MOD 16 and LSA SAF AET should be investigated for
estimating actual evapotranspiration in northern Tunisia.

Code availability. The SEBS model is included under Ilwis envi-
ronment which is free at https://www.itc.nl/ilwis/download/ilwis33/
(University of Twente, 2024). The code of the BBH model was de-
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