
GMDD
8, 2053–2100, 2015

Impact of forcing
variables on

ISBA-A-gs simulation
of ET

S. Garrigues et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Geosci. Model Dev. Discuss., 8, 2053–2100, 2015
www.geosci-model-dev-discuss.net/8/2053/2015/
doi:10.5194/gmdd-8-2053-2015
© Author(s) 2015. CC Attribution 3.0 License.

This discussion paper is/has been under review for the journal Geoscientific Model
Development (GMD). Please refer to the corresponding final paper in GMD if available.

Impact of climate, vegetation, soil and
crop management variables on multi-year
ISBA-A-gs simulations of
evapotranspiration over a Mediterranean
crop site
S. Garrigues1,2, A. Olioso1,2, D. Carrer3, B. Decharme3, E. Martin3, J.-C. Calvet3,
S. Moulin1,2, and O. Marloie4

1INRA, UMR1114 EMMAH, 84914 Avignon CEDEX 9, France
2Université d’Avignon et des Pays de Vaucluse, UMR1114 EMMAH, 84000 Avignon, France
3CNRM-GAME, UMR3589, Météo-France, CNRS, Toulouse, France
4URFM, INRA, Avignon, France

Received: 19 December 2014 – Accepted: 26 January 2015 – Published: 26 February 2015

Correspondence to: S. Garrigues (sebastien.garrigues@paca.inra.fr)

Published by Copernicus Publications on behalf of the European Geosciences Union.

2053

http://www.geosci-model-dev-discuss.net
http://www.geosci-model-dev-discuss.net/8/2053/2015/gmdd-8-2053-2015-print.pdf
http://www.geosci-model-dev-discuss.net/8/2053/2015/gmdd-8-2053-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


GMDD
8, 2053–2100, 2015

Impact of forcing
variables on

ISBA-A-gs simulation
of ET

S. Garrigues et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Abstract

Generic land surface models are generally driven by large-scale forcing datasets to de-
scribe the climate, the surface characteristics (soil texture, vegetation dynamic) and the
cropland management (irrigation). This paper investigates the errors in these forcing
variables and their impacts on the evapotranspiration (ET) simulated from the Interac-5

tions between Soil, Biosphere, and Atmosphere (ISBA-A-gs) land surface model over
a 12 year Mediterranean crop succession. We evaluate the forcing datasets used in
the standard implementation of ISBA over France where the model is driven by the
SAFRAN high spatial resolution atmospheric reanalysis, the Leaf Area Index (LAI) cy-
cles derived from the Ecoclimap-II land surface parameter database and the soil tex-10

ture derived from the French soil database. For climate, we focus on the radiations
and rainfall variables and we test additional datasets which includes the ERA-Interim
low spatial resolution reanalysis, the Global Precipitation Climatology Centre dataset
(GPCC) and the MeteoSat Second Generation (MSG) satellite estimate of downwelling
shortwave radiations. The methodology consists in comparing the simulation achieved15

using large-scale forcing datasets with the simulation achieved using local observations
for each forcing variable. The relative impacts of the forcing variables on simulated ET
are compared with each other and with the model uncertainties triggered by errors in
soil parameters.

LAI and the lack of irrigation in the simulation generate the largest mean deviations20

in ET between the large-scale and the local-scale simulations (equivalent to 24 and 19
months of ET over 12 yr). The climate induces smaller mean deviations equivalent to
7–8 months of ET over 12 yr. The soil texture has the lowest impact (equivalent to 3
months of ET). However, the impact of errors in the forcing variables is smaller than the
impact triggered by errors in the soil parameters (equivalent to 27 months of ET). The25

absence of irrigation which represents 18 % of cumulative rainfall over 12 years induces
a deficit in ET of 14 %. It generates much larger variations in incoming water for the
model than the differences in rainfall between the reanalysis datasets. ET simulated
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with the Ecoclimap-II LAI climatology is overestimated by 18 % over 12 years. This
is related to the overestimation of the mean LAI over the crop cycle which reveals
inaccurate representation of Mediterranean crop cycles. Compared to SAFRAN, the
use of the ERA-I reanalysis, the GPCC rainfall and the downwelling shortwave radiation
derived from the MSG satellite have little influence on the ET simulation performances.5

The error in yearly ET is mainly driven by the error in yearly rainfall and to a less extent
by radiations. The SAFRAN and MSG satellite shortwave radiation estimates show
similar negative biases (−9 and −11 Wm−2). The ERA-I bias in shortwave radiations is
4 times smaller at daily time scale. Both SAFRAN and ERA-I underestimate longwave
downwelling radiations by −12 and −16 Wm−2, respectively. The biases in shortwave10

and longwave radiations show larger inter-annual variation for SAFRAN than for ERA-I.
Regarding rainfall, SAFRAN and ERA-I/GPCC are slightly biased at daily and longer
time scales (1 and 0.5 % of the mean rainfall measurement). The SAFRAN rainfall
estimates are more precise due to the use of the in situ daily rainfall measurements of
the Avignon site in the reanalysis.15

1 Introduction

Evapotranspiration (ET) is a key component of the water balance and the energy bud-
get of land surfaces. It is an essential information to estimate air temperature and air
humidity of surface boundary layer (Noilhan et al., 2011) in atmospheric models and to
monitor river discharge in hydrology models (Habels et al., 2008). ET can be estimated20

from Land surface model (LSM) which describes the vertical exchange of energy and
mass between the soil, the vegetation and the atmosphere at hourly time scale. LSMs
have been designed to be coupled to atmospheric or hydrology models for large-scale
studies. Uncertainties in LSM simulation of ET can be attributed to (i) model structure
and parameters (referred hereafter as model uncertainties) and (ii) errors in the forcing25

variables used to drive the model and to integrate it spatially. The forcing variables con-
cern the climate and the land surface characteristics. They are generally provided by
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large-scale datasets characterized by coarse spatial resolution (10–50 km) which may
be not accurate enough to resolve the spatial and temporal variability of ET at regional
scale. Long-term prediction of surface fluxes and water balance requires to character-
ize the impact of forcing variables on LSM simulations at seasonal and multi-annual
scales.5

Atmospheric reanalysis results from the combination of atmospheric models and
meteorological observations. One challenge concerns the evaluation of their represen-
tativeness of regional climates (Bosilovich, 2013). Large differences among reanalysis
datasets and between these datasets and in situ observations are reported in Zhao
et al. (2011). The errors are the greatest at hourly and daily time steps and generally10

decrease at longer time scales (Zhao et al., 2011). They can be large in mountainous
regions due to unresolved topography variability and lack of dense network measure-
ments (Zhao et al., 2008; Wang et al., 2012). Air temperature is generally a robust
estimate (Quintana-Seguí et al., 2008; Decker et al., 2012). Zhao et al. (2011) found
median Mean Absolute Error (MAE) values ranging from 0.5 to 2 ◦C for 4 reanalysis15

datasets evaluated over 6 French sites. Rainfall and radiation are frequently reported
as the most uncertain variables (Szczypta et al., 2011; Bosilovich et al., 2013). Be-
sides, they are two main external drivers of ET (Teulling et al., 2009; Miralles et al.,
2011). For rainfalls, Zhao et al. (2011) found MAE ranging from 1.8 to 4 mmday−1. Re-
analysis generally fails to describe the spatiotemporal heterogeneity of precipitation of20

Mediterranean regions where rainfalls are frequently controlled by local convective ele-
ments (Anquetin et al., 2010; Szczypta et al., 2011; Bosilovich et al., 2013). The errors
in precipitation particularly affect the simulation of surface flux, soil moisture and veg-
etation growth which can have large impact on the simulation of hydrological variables
(Decharme and Douville, 2006a; Maggioni et al., 2012; Anquetin et al., 2010). Regard-25

ing radiations, their estimates are frequently inaccurate due to the few number of in situ
observations used to constraint the radiative transfer model used in the reanalysis (Car-
rer et al., 2012). Zhao et al. (2011) report daily MAE ranging from 20 to 60 Wm−2 for
downwelling shortwave radiations (referred as shortwave radiation or SWdown here-
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after) and from 10 to 20 Wm−2 for downwelling longwave radiations (referred as long-
wave radiation or LWdown). Underestimations in SWdown are frequently reported over
Mediterranean regions (Quintana-Seguí et al., 2008; Szczypta et al., 2011). New radi-
ation products derived from satellite observations, such as MSG/SEVIRI can advan-
tageously be used over these areas that lack high-resolution meteorological measure-5

ments in order to simulate the energy budget (Carrer et al., 2012).
The representation of the surface characteristics concerns all the variables used to

force the model in terms of land cover type and use, vegetation dynamic and soil prop-
erties. Since the model parameters are generally prescribed per land surface type,
errors in land cover map can induce large errors in LSM outputs (Avissar and Pielke,10

1989; Ge et al., 2009; Pijanowski et al., 2011). The soil texture is generally used to
infer the soil hydrodynamic properties through pedotransfer functions (Espino et al.,
1996; Baroni et al., 2010). It is a key variable for the spatial integration of the model
since the soil properties explain a large part of ET uncertainties (Braud et al., 1995;
Garrigues et al., 2015). The vegetation dynamic is represented by the Leaf Area In-15

dex (LAI) cycle. It is a key variable involved in the simulation of canopy conductance.
It is used to infer secondary parameters such as the vegetation cover which controls
evapotranspiration partitioning. LAI cycle can be described by a climatology or satellite
observations. Several studies have reported great discrepancies between distinct LAI
satellite observations (Garrigues et al., 2008; Lafont et al., 2011). Their spatial and tem-20

poral resolution may not be fine enough to represent the cropland dynamic. Garrigues
et al. (2015) highlight the large impact of the succession of crop cycle and inter-crop
periods on the temporal dynamic of ET over long period of time. Finally, agricultural
land management such as irrigation can significantly influence the surface energy and
water balance (de Rosnay et al., 2003; Olioso et al., 2005, 2013).25

The ISBA-A-gs version (Calvet et al., 1998) of the Interactions between Soil, Bio-
sphere, and Atmosphere (ISBA) model (Noilhan and Planton, 1989; Noilhan and Mah-
fouf, 1996) is considered in this work. ISBA relies on a single surface energy budget of
a soil-vegetation composite and a force restore scheme for heat and water transfers.
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Its A-gs component includes a coupled stomatal conductance-photosynthesis scheme.
In its standard implementation over France, ISBA is driven by the SAFRAN high spatial
resolution atmospheric reanalysis (Quintana-Seguí et al., 2008), the LAI cycles derived
from the Ecoclimap-II land surface parameter database (Faroux et al., 2013) and the
soil texture derived from the French soil database (King et al., 1995). These forcing5

datasets are operationally used in the SIM (SAFRAN-ISBA-MODCOU) system which
is dedicated to hydrology monitoring (Habets et al., 2008; Vidal et al., 2010a) and the
LDAS (Land Data Assimilation System) which combines the model and satellite obser-
vations to monitor vegetation and soil moisture (Barbu et al., 2013).

This work aims at evaluating the errors in various forcing variables and comparing10

their relative impacts on the ISBA-A-gs simulation of ET over a long period of time.
We focus on the rainfall and the radiation climate variables, the irrigation and two
key surface characteristics: the LAI cycle and the soil texture. We evaluate the forc-
ing datasets used in the standard implementation of ISBA over France. For climate,
additional datasets are tested which includes the ERA-Interim low spatial resolution15

reanalysis (Simmons et al., 2007), the Global Precipitation Climatology Centre dataset
(GPCC, Schneider et al., 2011) and the MeteoSat Second Generation (MSG) satel-
lite estimate of downwelling shortwave radiations (Carrer et al., 2012). These datasets
are frequently used for the implementation of ISBA at the continental scale and we
compared their performances with the SAFRAN reanalysis. We chose to evaluate the20

forcing variables over a crop site, for which the irrigation and the succession of crop
and inter-crop periods are critical drivers of ET dynamics. We explicitly represent crop
rotation in the simulation and we assess the impact of the forcing variables over a 12 yr
crop succession which has not yet been addressed. The evaluation is done for Mediter-
ranean climate for which the errors in the reanalysis estimates of radiation and rainfall25

were reported to be large (Szczypta et al., 2011). The evaluation is carried out at the
Avignon site which is representative of typical Mediterranean cropland and provides
12 years of continuous measurements of micrometeorological variables and surface
fluxes. The forcing variables are tested for a large range of surface and atmospheric
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states and are evaluated at hourly, daily and multi-year time scales. The methodology
consists in comparing the simulation achieved using large-scale forcing datasets and
the simulation achieved using local observations for each forcing variable. The per-
formances of each simulation are assessed against ET measurements. The relative
impacts of the forcing variables on simulated ET are compared with each other. We5

also evaluate how they compare to the model uncertainties triggered by errors in the
soil hydrodynamic parameters.

2 Site and in situ data

2.1 Site characteristics

The forcing datasets and ET simulations are evaluated over the “Remote sensing and10

flux site” of INRA Avignon1 (France, 4.8789◦ E, 43.9167◦ N; alt = 32 ma.s.l.). This site
is characterized by a Mediterranean climate with a mean annual temperature of 14 ◦C
and a mean annual precipitation of 687 mm. It is a flat agricultural field of 1.9 ha ori-
ented north–south in the prevailing wind direction. The crop rotation during the 12 year
period (Table 2, Fig. 1) consists in a succession of winter arable crops (wheat, peas)15

and spring/summer arable crops (Sorghum, maize, sunflower). During the inter-crop
periods, the soil is mostly bare. The soil texture comprises 33 % of clay and 14 % of
sand. The in situ values of the soil water content at saturation, field capacity and wilting
point are 0.39, 0.31 and 0.18. More information on this site can be found in Garrigues
et al. (2015).20

2.2 Field measurements

Half-hourly observations of the main climatic variables, the shortwave and longwave
radiation fluxes, the turbulent heat fluxes, the ground heat flux, and the soil moisture

1https://www4.paca.inra.fr/emmah_eng/Facilities/In-situ-facilities/Remote-Sensing-Fluxes.
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have been continuously monitored since 2001. The latent heat flux (LE) was measured
with an eddy-covariance system. The latter was composed of a 3-D sonic anemometer
set up in 2001 and of an open-path gas (H2O, CO2) analyzer set up in November 2003.
The system was monitored following the state of the art guidelines for cropland sites
(Rebmann et al., 2012; Moureaux et al., 2012). Fluxes were computed on 30 min inter-5

vals using the EDIRE software2. The flux data processing included spike detection on
raw data and standard eddy-covariance corrections. The ECPP (Eddy Covariance Post
Processing) software (Beziat et al., 2009) was used to discard spurious flux and to ap-
ply the Foken et al. (2004) quality control. In this work, only the best quality class of data
(Mauder et al., 2013) was used. An additional threshold of 100 Wm−2 on the energy10

balance non-closure was applied to eradicate very inconsistent fluxes. The mean and
the SD of the absolute value of the energy balance non-closure are 28 and 22 Wm−2,
respectively, which is comparable to the non-closure reported for cropland in Wilson
et al. (2002), Hendricks Franssen et al. (2010) and Ingwersen et al. (2010). Direct
measurements of LE were used over the 20 November 2003–26 June 2012 period.15

The percentage of valid measurement was 47 % (55 % for daytime). For the 2001–
2003 period, LE estimates were derived as the residual of the energy balance.

The crop characteristics (LAI, height, biomass) were regularly measured at selected
phenological stages. The vegetation height was linearly interpolated on a daily basis.
Daily interpolation of LAI was achieved using a functional relationship between LAI and20

the sum of degree days (Duveiller et al., 2011).

3 The ISBA-A-gs model

The ISBA model (Noilhan and Planton, 1989; Noilhan and Mahfouf, 1996) is developed
at the CNRM/Météo-France within the SURFEX surface modeling platform (Masson

2Robert Clement, ©1999; University of Edinburgh, UK, http://www.geos.ed.ac.uk/abs/
research/micromet/EdiRe.
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et al., 2013). In this study, we used the version 6.1 of SURFEX. ISBA relies on a single
surface energy budget of a soil-vegetation composite. Separate soil evaporation and
transpiration fluxes are simulated. In this work, the soil water transfers are simulated
using a force-restore scheme. They are represented by the time course of the volumet-
ric soil moisture of three reservoirs: the superficial reservoir of thickness d1 = 0.01 m5

to regulate the soil evaporation, the root-zone (from the surface to a depth d2) and the
deep reservoir which extends from the base of the root-zone to the total soil column
depth (d3). Regarding the vegetation processes, we used the A-gs version of ISBA
(Calvet et al., 1998, 2008). It simulates the photosynthesis and computes the stomatal
conductance as a function of the net assimilation of CO2. The simulation of the plant10

response to drought relies on distinct evolutions of the water use efficiency and is pa-
rameterized as a function of the maximum root-zone water stock available for the plant
(Calvet et al., 2012). The model is parametrized and run for 12 generic land surface
homogeneous patches which includes 9 types of vegetation.

In this work, ISBA-A-gs does not simulate the vegetation dynamic and the LAI cycle15

is provided as a forcing variable. The irrigation was not simulated by the model and is
also considered as a forcing variable. In Sect. 7, the irrigation module of the model is
tested and discussed. The soil depths and the vegetation parameters are given by the
Ecoclimap-II land surface parameter database described below. The soil parameters
are derived from soil texture using the pedotransfer functions embedded in the model20

which rely on the Clapp and Hornberger (1978) soil texture classification (Noilhan and
Lacarrère, 1995).
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4 Forcing datasets

4.1 Climate datasets

4.1.1 SAFRAN reanalysis

The SAFRAN dataset is produced by the French Meteorological Service (Météo-
France). It provides a reanalysis of the climate variables at 8 km horizontal spatial res-5

olution and hourly time scale over France back to 1958 (Quintana-Seguí et al., 2008;
Vidal et al., 2010b). The reanalysis is performed over climatically homogeneous zones
covering the French territory. Vertical profiles (vertical resolution of 300 m) of temper-
ature, humidity and wind speed are computed every 6 h from optimal interpolation
between the simulations from an atmospheric model (ARPEGE model with a spatial10

resolution of ∼ 20–30 km; Déqué et al., 1994) and the available in situ observations
(acquired by ∼ 600 stations over France). The downwelling shortwave and longwave
radiations are derived from a radiative transfer scheme which is not constrained by
observations (Ritter and Geleyn, 1992). The precipitation is computed on a daily ba-
sis from optimal interpolation between a climatology and the rain gauge observations15

within the climatic zone. All analyzed variables are temporally interpolated to hourly
values using physical constraints. They are projected over an 8 km Lambert grid. For
temperature, humidity, wind speed and radiation variables, it consists in affecting to
each grid cell the value of the vertical profile of the variable at the elevation of the grid
cell.20

4.1.2 ERA-Interim reanalysis

The ERA-Interim (ERA-I) reanalysis is produced by ECMWF (European Center for
Medium-Range Weather Forecasts) at a spatial resolution of 0.5◦ and a 3 h time step.
The reanalysis is based on a 4-D-VAR data assimilation scheme using the meteoro-
logical observations within a 03:00–15:00 UTC window (Simmons et al., 2007). Poor25
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performances have been reported for ERA-I rainfall (Szczypta et al., 2011). For the
ISBA implementation at continental scale, the ERA-I rainfall is corrected using the
Global Precipitation Climatology Centre dataset (GPCC v6, Schneider et al., 2011).
The latter provides monthly quality-controlled precipitation totals from 1901 to present
which were derived from data from 67 200 rain gauge stations world-wide. The GPCC-5

corrected ERA-I rainfall will be denoted ERA-I/GPCC hereafter.

4.1.3 MSG satellite downwelling shortwave radiation

In the framework of the Land Surface Analysis Satellite Application Facility (LSA SAF),
downwelling shortwave radiation is derived from the Spinning Enhanced Visible and In-
frared Imager (SEVIRI) instrument on board the MeteoSat Second Generation (MSG)10

satellite at a temporal frequency of 30 min and a spatial resolution of 3 km. This dataset
is available at http://landsaf.meteo.pt. The product characteristics and the estimation
method are given in Geiger et al., 2008 and Carrer et al., 2012. Under cloudy-sky con-
ditions, shortwave radiation is estimated using the strong anti-correlation between the
reflectance measured by the satellite and the solar radiation reaching the ground. Un-15

der clear-sky conditions, shortwave radiation is estimated using an atmospheric trans-
mittance model (Geiger et al., 2008). The MSG satellite dataset is available from 12
October 2004. Before this date, the SAFRAN shortwave radiation is used. Missing
MSG data represents 7 % of the 12 October 2004–26 June 2012 period. They were
replaced by the SAFRAN estimates. The MSG estimate of downwelling longwave radi-20

ation was not available for this work. Carrer et al., 2012 showed that this product has no
significant impact on the scores of the ISBA simultations and that the MSG shortwave
radiation has the largest added-value.

4.2 Surface characteristic datasets

The surface parameters of ISBA-A-gs are given by the Ecoclimap II database (Gibelin25

et al., 2006; Faroux et al., 2013). The latter provides land surface parameters for ∼ 273
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distinct land covers over Europe at 1 km resolution. Ecoclimap-II provides a monthly
LAI climatology obtained from the analysis of the MODIS satellite observations over
each land cover and land surface patch of the model (Faroux et al., 2013). For crops,
the fraction of vegetation cover and the vegetation height are derived using empirical
functions of LAI (Masson et al., 2004). The surface parameters and the LAI cycles are5

derived for each land surface patch of the model. The model provides outputs at the
surface patch scale which are aggregated at 1 km resolution using the proportion of
each land surface patch within the 1 km grid cell.

In the standard implementation of the model over France, the soil texture is provided
by the French soil database on a 1 : 1 000 000 scale map (King et al., 1995) which has10

been resampled over the SAFRAN grid at a 8 km resolution (Habets et al., 2008).

5 Methodology

5.1 Model implementation at the Avignon site

ISBA-A-gs was run at a 5 min time step. 30 min outputs of the state variables were ana-
lyzed. Continuous simulations were performed from 25 April 2001 up to 26 June 2012.15

The simulation was initialized once on 25 April 2001 using in situ soil temperature and
soil moisture measurements. The succession of crop and inter-crop periods is explic-
itly represented in the simulations which is illustrated in Fig. 1. In this work, we analyze
the model’s outputs at the land surface patch scale of the model. We do not consider
the outputs aggregated at 1 km resolution which does not match the field scale. The20

C3 crop patch was used to represent wheat, pea, and sunflower. The C4 crop patch
was used for maize and Sorghum. Inter-crop periods are represented by the bare soil
patch.
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5.2 Experimental design

This work aims at evaluating the impact of errors in large-scale forcing variables on
simulated ET. We chose to test the climate with a focus on the rainfall and the radiation
drivers, the irrigation and two key surface characteristics: the soil texture and the LAI
cycle. For each forcing variable, the simulations achieved with the large-scale datasets5

are compared to the simulations achieved with the local observations taken at the
Avignon site. Distinct simulations were designed (Table 3).

4 simulations were achieved using large-scale datasets for all the tested forcing vari-
ables. Soil texture was derived from the French soil database. LAI and vegetation height
were derived from Ecoclimap-II. No irrigation was accounted for. These simulations dif-10

fer only by the climate dataset:

– SSAF was conducted with the SAFRAN climate.

– SERA was conducted with the ERA-I climate.

– SGPCC was conducted with the SAFRAN climate where rainfall were replaced by
the ERA-I/GPCC rainfall.15

– SMSG was conducted with the SAFRAN climate where downwelling shortwave
radiations were replaced by the MSG satellite shortwave radiations.

The other simulations were achieved by replacing the large-scale dataset used for each
forcing variable by the corresponding local observations taken at the Avignon site. This
was done consecutively for climate, irrigation, soil texture and vegetation dynamic as20

indicated in Table 3. We obtained the 4 following simulations:

– Sclim was conducted with the in situ climate (denoted “clim”). Irrigation was not
accounted for and large-scale datasets were used for soil texture and vegetation.

– Sclim, irri was conducted with the in situ climate and the in situ irrigation (denoted
“irri”). Large-scale datasets were used for soil texture and vegetation dynamic.25
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– Sclim, irri, text was conducted with the in situ climate, the in situ irrigation and the in
situ soil texture (denoted “text”). Large-scale dataset was used for the vegetation
dynamic.

– Sclim, irri, text, veg was conducted with the in situ climate, the in situ irrigation, the in
situ soil texture, and the in situ vegetation dynamic (“veg”).5

We investigate the impact of:

– the climate: we compare the simulations forced by the distinct large-scale climate
datasets (SSAF, SERA, SGPCC, SMSG) with the simulation achieved with the in situ
meteorological observations (Sclim). We test:

– the reanalysis dataset comparing SSAF with SERA.10

– the rainfall dataset comparing SSAF with SGPCC.

– the satellite estimate of shortwave radiation comparing SSAF with SMSG.

– the absence of irrigation: we compare Sclim achieved without irrigation with Sclim, irri
where the local irrigation amount was added to rainfall.

– the soil texture: we compare Sclim, irri achieved with the texture from the15

French soil database and Sclim, irri, text achieved using the local soil texture,

– the vegetation dynamic: we compare Sclim, irri, text forced with the Ecoclimap-II
monthly LAI and vegetation height with Sclim, irri, text, veg forced with the in situ
LAI and vegetation height averaged over 10-days.

To compare the uncertainties triggered by the forcing variables with those generated by20

errors in the soil hydrodynamic parameters, the control simulation SCTL was achieved
using local forcing and in situ values for the soil moisture at saturation, the soil moisture
at field capacity and the soil moisture at wilting point. Garrigues et al. (2015) showed
that these parameters drive a large part of the uncertainties in simulated ET. SCTL is
compared with Sclim, irri, text, veg which was achieved using the ISBA pedotransfer esti-25

mates of these parameters.
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5.3 Simulation evaluation metrics

ET simulations are evaluated using LE (in Wm−2) computed at half-hourly time scale
and cumulative ET (in mm) computed at daily and 12 yr time scales. The impact of
using large-scale forcing variables on ET simulation is quantified through two distinct
evaluation efforts.5

The first one concerns the comparison of the simulation achieved with large-scale
forcing variable and the simulation based on local observations. We used the corre-
lation coefficient (r), the Root Mean Square of the Difference (RMSD), the Mean Dif-
ference (MD) and the SD of differences (SDD) between the simulations. The RMSD
quantifies the total discrepancies. MD quantifies systematic differences while SDD rep-10

resents random scattering between the simulations.
The second effort consists in evaluating the performance scores of each simula-

tion against eddy covariance measurements. We used the Root Mean Square Error
(RMSE), the bias between the simulation and the measurement (BIAS), the SD of the
differences between the simulation and the measurement (SDD) and the Nash index15

(NI, Nash and Sutcliffe, 1970). The bias quantifies the accuracy of the simulation while
SDD is an indication of the precision of the simulation. The performance scores were
computed over the 20 November 2003–26 June 2012 period for which direct LE mea-
surements were available. For comparison with measurements, daily ET was computed
over daytime when a minimum of 90 % of daytime time steps were valid. Uncertainties20

in the eddy-covariance measurements are not explicitly considered in this analysis.
As discussed in Garrigues et al. (2015), they mainly explain the random differences
between the simulation and the measurement.

We also evaluate the performance scores (r , BIAS, SDD) of the climate variables
(rainfall and radiations) against meterorological observations taken at the Avignon site.25
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6 Results:

Figure 2 shows the differences in cumulative ET between the simulation achieved with
large-scale forcing datasets and the simulation performed with local observations for
the climate, the irrigation, the soil texture and the vegetation dynamic, over the 2001–
2012 period. The differences between the simulation achieved with the pedotransfer5

estimates of the soil parameters and the simulation based on the in situ values is
presented and represents the impact of errors in model parameters. Table 4 reports
the metrics which quantifies the scattering in ET simulated with large-scale vs. local
forcing. Table 5 gives the performance scores of each simulation. Tables 4 and 5 show
similar responses to the tested forcing variables for LE at half-hourly time scale, daily10

ET and 12 yr ET. The following analysis is based on daily ET and 12 yr ET and is
transferable to LE. The following sub-sections describe the results for each forcing
variable and the comparison of their relative impact on ET is discussed in Sect. 7.

6.1 Impact of climate variables

The use of the SAFRAN climate in SSAF decreases the cumulative ET over 12 years15

by 343 mm (6 %) compared to the local climate simulation (Sclim). This represents 8
months of ET. The use of the ERA-I/GPCC climate in SERA generates larger random
scattering with Sclim for daily ET but leads to slightly reduced MD (−286 mm equivalent
to 7 months of ET). Regarding the simulation performances, the use of ERA-I/GPCC
decreases NI and increases RMSE (Table 5).20

The use of the ERA-I/GPCC rainfall in SGPCC instead of the SAFRAN rainfall slightly
increases ET random scattering with Sclim and does not affect MD (Table 4). It slightly
reduces the simulation performance scores (Table 5). Table 6 indicates that the ERA-
I/GPCC and the SAFRAN rainfall have very low biases at daily and longer time steps
(0.5 and 1 % of the mean measurement). Poor correlation and large SDD are found at25

3 h time scale. Correlation increases and relative SDD decreases at daily time scale.
This effect is more pronounced for the SAFRAN rainfall (relative SDD is divided by
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7.5 between 3 h and daily time step) than for the ERA-I/GPCC rainfall (relative SDD is
divided by 2.5 between 3 h and daily time step). At longer time steps, relative SDD of
both datasets decays at a rate which is consistent with the change of time support. At
daily and longer time scales, SDD of the ERA-I/GPCC rainfall are 3 times larger than
the SAFRAN ones and the biases are about half of the SAFRAN ones. Figure 3 shows5

that the ERA-I/GPCC rainfall is overestimated in winter and underestimated in spring
and summer.

The use of the shortwave radiation derived from the MSG satellite in SMSG instead
of the SAFRAN estimate does not significantly impact ET (Tables 4 and 5). We verified
that the metrics computed over the complete 2001–2012 period in Table 4 and 5 pro-10

vide similar results than the metrics computed over the 12 October 2004–26 June 2012
period over which the satellite shortwave radiation is used instead of the SAFRAN es-
timate. The comparison with measured shortwave radiation shows similar negative
biases (∼ −10 Wm−2) and SDD for SAFRAN and MSG at both half-hourly and daily
time scales (Table 7). The SAFRAN shortwave radiation is underestimated at midday15

in summer while the satellite estimate is underestimated in the afternoon. The ERA-I
shortwave radiation has an absolute bias 4 times smaller than SAFRAN. It is underesti-
mated in the morning and overestimated in the afternoon (Fig. 4). SAFRAN and ERA-I
underestimate longwave radiation by −12 and −16 Wm−2 (Table 7). Figure 5 shows
that SAFRAN describes an inverse diurnal cycle of longwave radiation and underesti-20

mates the maximum value in the afternoon. ERA-I shows consistent diurnal variations
but it is marked by a large negative bias through the diurnal and the seasonal cycles.
The biases in shortwave and longwave radiations translate in biases in simulated net
radiation which is overestimated using the ERA-I climate and underestimated with the
SAFRAN climate (Table 7).25

Figure 6 displays the errors in yearly rainfall and radiation for the SAFRAN and ERA-
I/GPCC reanalyses along with their impact on yearly ET. SAFRAN and ERA-I/GPCC
have contrasted inter-annual evolutions of yearly budgets. For SAFRAN, the yearly
rainfall error shows low inter-annual variation and ranges from −42 to 32 mm. The er-
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rors in yearly shortwave and longwave radiations show greater inter-annual variations
and range from −661 to −21 MJ and from −548 to −107 MJ, respectively. For ERA-
I/GPCC, the yearly rainfall error is frequently larger than SAFRAN and shows larger
inter-annual variability (−81 to 98 mmyr−1). The ERA-I errors in yearly shortwave and
longwave radiations are steadier than SAFRAN and vary from −52 to 179 MJ and5

from −625 to −385 MJ, respectively. This is related to the smaller SDD reported for
ERA-I radiations at daily time scale (Table 7). The differences in yearly ET between the
reanalyses and the local climate simulations fall within similar range of values (from
−82 to 3 mmyr−1 for SAFRAN and from −93 to 12 mmyr−1 for ERA-I/GPCC). Figure 6
shows that the evolution of the error in yearly ET is mainly related to the errors in rain-10

fall. This particularly holds true for GPCC. The impacts of radiations are smaller except
in 2008 and 2010 for SAFRAN.

6.2 Impact of irrigation

The lack of irrigation in Sclim decreases the cumulative ET by 973 mm over 12 years
(14 %, equivalent to 19 months of ET) compared to Sclim, irri for which the irrigation15

amount was added to the local rainfall. MD in ET between Sclim and Sclim, irri is about 3
times MD between the SAFRAN and the local climate simulations. Accounting for the
irrigation triggers the largest bias reduction with the measurements among the forcing
variables (Table 5: reduction of 70 % for daily ET). Irrigation and rainfall amount to 1295
and 7138 mm over 12 years. Figure 3 shows a large increase in cumulative amount of20

water in May–July due to irrigation which is related to the decreases in ET observed
for irrigated summer crops in Fig. 2 (brown curve).

6.3 Impact of soil texture

The use of the soil texture derived from the large-scale French soil database in Sclim,irri
decreases the cumulative ET over 12 years by 156 mm (2 %, equivalent to 3 months of25

ET) compared to Sclim, irri, text achieved with the local soil texture.
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6.4 Impact of vegetation dynamic

The use of the Ecoclimap-II LAI climatology in Sclim, irri, text increases the cumulative
ET over 12 years by 1063 mm (18 %, equivalent to 24 months of ET) compared to
Sclim, irri, text, veg achieved with in situ LAI and vegetation height measurements. This
is related to the overestimation of the Ecoclimap-II LAI over the crop cycle (bias of5

∼ 1 m2 m−2). Figure 7 shows that Ecoclimap-II overestimates low LAI during the early
and late stages of the crop cycle. However, it frequently underestimates the maximum
LAI for wheat crops (e.g. 2002, 2004, 2006) which explains the local decrease in ET
observed for these crop cycles in Fig. 2 (blue curve). Ecoclimap-II shows incorrect
decrease in LAI at the early stages of wheat crops (e.g. wheat in 2002). The maximum10

LAI of wheat crops is late compared to measurements. The timing of maximum LAI is
in better agreement with the measurements for summer crops (e.g. Sorghum in 2007
and 2009).

7 Discussion

7.1 Hierarchy of the impacts of the forcing errors15

LAI and the lack of irrigation generate the largest mean deviations in ET between the
large-scale and the local forcing simulations (equivalent to 24 and 19 months of ET
over 12 yr). The climate induces mean deviations 3 up to 4 times smaller (equivalent to
7–8 months of ET over 12 yr). The soil texture has the lowest impact (equivalent to 3
months of ET). However, the impact of the forcing variables is smaller than the impact20

of the soil hydrodynamic parameters (equivalent to 27 months of ET).
Changing the climate forcing dataset has little influence on ET simulation compared

to the impact of vegetation and irrigation forcing variables. The use of the ERA-I climate
and the GPCC rainfall slightly decreases the precision in simulated ET compared to the
SAFRAN simulation. But the accuracy is unchanged. The use of shortwave radiation25
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derived from the MSG satellite does not improve the ET simulation performances com-
pared to the SAFRAN simulation. When considering yearly values, the error in yearly
ET is mainly driven by the errors in yearly rainfall and to a less extent by the errors in
radiations.

The biases in ET generated by the large-scale forcing variables are lower than those5

triggered by the soil parameters. The use of the in situ soil parameters reduces the
biases by 74 % for daily ET. In the standard implementation of the model, the soil
parameters are derived from the ISBA pedotransfer functions. The latter were proved
to be inaccurate for the site under study (Garrigues et al., 2015). The overestimation
of the soil moisture at saturation triggers an underestimation of the soil evaporation10

during the wet bare soil periods. The overestimation of the soil moisture at wilting point
leads to the underestimation of the water stock available for the crop’s growth and the
resulting transpiration is underestimated.

This work highlights error compensations between the biases induced by the forcing
variables and the biases due to the errors in the model parameters. The overestimation15

of the Ecoclimap-II LAI cancels out part of the underestimation in ET triggered by the
soil parameters. This leads to apparent higher performance scores for the Sclim, irri, text
simulation based on Ecoclimap-II LAI than the simulation Sclim, irri, text, veg based on local
LAI (Table 5).

7.2 Analysis of the errors in the forcing variables20

7.2.1 Irrigation

Irrigation is a key component of the water balance of Mediterranean cropland. It rep-
resents 18 % of cumulative rainfall over 12 year for this site. It concerns summer crops
and thus affects ET from May to July. It induces much larger variation in input water
for the model than the differences in rainfall estimates between reanalysis datasets.25

It significantly increases evapotranspiration locally that could affect local climate (Len
et al., 2013). However accurate information on irrigation amount is rarely available over
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large areas. A possible strategy consists in simulating the irrigation amount required to
satisfy crop water needs. But one can wonder whether LSM irrigation models are rep-
resentative of actual irrigation practices. An irrigation model has been implemented in
ISBA-A-gs for C4 irrigated crops (Calvet et al., 2008). It consists in adding an amount
of 30 mm to the precipitation each time the simulated soil water content available for the5

crop reaches a predefined threshold (Calvet et al., 2008). We tested this model for the
irrigated crops of this experiment. The results are reported in Table 2. The simulated
irrigation amounts are largely overestimated except for maize in 2001 and Sorghum in
2009 which have more realistic estimates. Bias and SDD computed over 8 crop cycles
are 108 and 134 mm. Figure 8 shows accurate monthly irrigation estimates in April10

and May, unrealistic estimates during crop senescence in August and frequent over-
estimation of the inter-annual variability. The soil moisture thresholds used to trigger
irrigation are probably too high for this experiment and need to be adapted for Mediter-
ranean crops. Constraints on the irrigation period and the irrigation amount need to be
incorporated to better represent the actual agricultural practices. Adding the amount of15

irrigation water to rainfall may not be adapted for all types of irrigations (pressurized vs.
gravity distribution).

7.2.2 Vegetation dynamic

The Ecoclimap-II LAI climatology is derived from the 2002–2006 MODIS satellite obser-
vations at 1 km spatial resolution. The first explanation of the differences between the20

Ecoclimap-II LAI and the local LAI is the spatial and the temporal mismatch between
the satellite observations and the local field. The 1 km satellite pixel is composed of
bare soil and vegetation surfaces. Consequently, the maximum LAI of Ecoclimap-II is
reduced compared to that of the field measurement. This can explain the ET under-
estimation observed at the vegetation peak for wheat crops. The satellite observations25

comprise a mix of crops with possibly distinct cycles. Therefore, a particular crop cycle
cannot be represented, nor the local crop rotation. The monthly time step of Ecoclimap-
II can be too coarse to properly resolve the changes in crop phenology which explains
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the frequent inaccurate timing of the Ecoclimap-II maximum LAI. The second expla-
nation of the differences between the Ecoclimap-II and the local LAI is related to the
intrinsic uncertainties of the Ecoclimap-II LAI. Ecoclimap-II shows unrealistic crop cy-
cle compared to the local LAI measurements which are representative of typical crop
cycles of the studied region. As a climatology, it does not resolve the inter-annual vari-5

ability. The absence of discrimination between winter and summer crop patches ham-
pers the proper representation of crop succession. The inter-crop periods during which
the surface can be bare during long period of time (up to 9 months in this experiment)
are not represented. This leads to an underestimation of the bare soil surfaces and an
overestimation of ET simulated over a long period of time.10

7.2.3 Soil texture

While the clay and sand fractions given by the French soil database are significantly
different from the local values, the impact on ET is low. Soil texture is used in the model
to infer the values of the soil hydrodynamic parameters. Table 3 shows that the use of
the large-scale soil texture and the local soil texture lead to similar values of the soil15

moisture at saturation and the maximum water stock available for the crop (MaxAWC).
These parameters are key drivers of the simulation of soil evaporation and transpira-
tion, respectively. The steady MaxAWC is a consequence of the quasi-parallel shapes
of the ISBA pedotransfer functions used to estimate the soil moisture at field capacity
and wilting point (Noilhan and Lacarrère, 1995). This highlights the limit of these pedo-20

transfer functions to reproduce the spatial variability of the soil hydrodynamic properties
across various soil types.

7.2.4 Climate

Regarding radiations, the underestimation of shortwave radiation by SAFRAN at mid-
day in summer is in agreement with the Carrer et al. (2012)’s results. ERA-I shows25

a lower bias due to compensation effects through the diurnal cycle. This confirms the
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better performance scores of daily shortwave radiation reported for ERA-I in Szczypta
et al. (2011). Both SAFRAN and ERA-I underestimates longwave radiation. The biases
in shortwave and longwave radiations show large inter-annual variability for SAFRAN,
that may hamper their proper correction. The uncertainties in the reanalysis estimates
of shortwave and longwave radiations are attributed to shortcomings in the radiative5

transfer scheme and to an insufficient number of observations to constrain the reanal-
ysis. Conversely to Carrer et al. (2012), our work does not show higher levels of accu-
racy and precision for the MSG satellite estimates of shortwave radiations. The latter
are underestimated in the afternoon which leads to slightly larger bias than SAFRAN.
This can be related to the high occurrence of clear-sky conditions at the Avignon site10

for which the satellite measurements are not explicitly used. The clear-sky algorithm
relies on an empirical parametrization of the atmospheric transmittance and on a cli-
matology for the aerosol content. This may not be accurate enough to resolve the large
variations in the aerosol content generated by the frequent strong wind conditions in
the Avignon region. Besides, possible errors in the cloud mask used to trigger the15

clear-sky/cloudy-sky retrieval algorithm can have a large impact on shortwave radia-
tion estimates (Geiger et al., 2008).

Regarding rainfall, the SAFRAN estimates are more precise than the ERA-I/GPCC
estimates at daily and longer time scales. ERA-I/GPCC shows large inter-annual vari-
ability in yearly rainfall error which can reach up to 100 mm. The use of the in situ daily20

rainfall measurements of the Avignon site in the SAFRAN reanalysis may explain its
higher precision (Quintana-Seguí et al., 2008). The rainfall estimates of both datasets
are more uncertain at hourly time scale which reveals shortcomings in the rescaling of
daily values to hourly values.

7.2.5 Impact of spatial variability25

The spatial mismatch between the large-scale forcing datasets used to drive the model
and the field measurements can explain part of the discrepancies between the simu-
lations and the measurements. Due to the low topographic variability of the area, the
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climate observations of the Avignon site are representative of the area covered by the
reanalysis grid. This particularly holds true for radiation but larger variability can be
found for precipitation. The large-scale vegetation and soil data cannot exactly match
the local ones but their evaluation at local scale brings insight on their representative-
ness of typical cropland and soil of the studied region.5

The outcomes of this work show that the challenge for the spatial integration of a land
surface model over Mediterranean cropland mainly concern the representation of the
spatial variability in rainfall, irrigation, vegetation dynamic and soil hydrodynamic prop-
erties at the regional scale. Regarding rainfall, we showed that it is the main climate
driver of the errors in yearly ET. It is thus of paramount importance to improve the de-10

scription of its spatiotemporal heterogeneity to improve the simulation of water balance
at regional scale. While the SAFRAN rainfall is probably the most accurate and precise
reanalysis dataset over France, Zhao et al. (2012) showed that its spatial resolution
may not be fine enough to resolve rainfall spatial heterogeneity. This particularly holds
true for Mediterranean regions where rainfalls are governed more by local convective15

elements and mesoscale convection than by large-scale well-resolved dynamical pro-
cesses. The impact of the lack of irrigation on ET reported in this work provides an
indication of the errors that could be generated by the use of inaccurate rainfall forc-
ing over large areas. High resolution rainfall datasets derived from the combination
of terrestrial rainfall radar data, in situ observations and atmospheric models need to20

be developed to resolve rainfall spatial heterogeneity at regional scale. Regarding ir-
rigation, more accurate description of the variability of irrigation practices need to be
incorporated in LSMs (Ozdogan et al., 2010; Olioso et al., 2013). Regarding the soil pa-
rameters, the pedotransfer functions need to be improved to better resolve the spatial
variability of soil properties. Inverse modelling strategy could be developed to retrieve25

the soil parameters and the associated uncertainties (Scharnagl et al., 2011). Regard-
ing vegetation dynamic, the use of satellite observations with finer spatial and temporal
resolution (e.g. next SENTINEL-2 satellite) should provide finer description of the LAI
cycle of crops.
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8 Summary

The present study focuses on the errors in the large-scale forcing variables used to
describe the climate (rainfall, downwelling shortwave and longwave radiations), the ir-
rigation, the soil texture and the vegetation dynamic (Leaf Area Index, LAI). It aims at
assessing their impacts on the evapotranspiration (ET) simulated from the ISBA-A-gs5

land surface model over a 12 year Mediterranean crop succession. We evaluate the
forcing datasets used in the standard implementation of ISBA over France where the
model is driven by the SAFRAN high spatial resolution atmospheric reanalysis, the LAI
cycles derived from the Ecoclimap-II land surface parameter database and the soil tex-
ture derived from the French soil database. For climate, additional datasets used to10

drive the model at the continental scale are tested which includes the ERA-Interim low
spatial resolution reanalysis, the GPCC rainfall dataset and the downwelling shortwave
radiation derived from the MSG satellite. The methodology consists in comparing the
simulation achieved using large-scale forcing dataset and the simulation achieved us-
ing local observations for each forcing variable. The performances of each simulation15

are quantified against ET measurements. The relative impact of the forcing variables
on ET are compared with each other and with the modeling uncertainties triggered by
errors in soil parameters. The main outcomes of this work are:

– LAI and the lack of irrigation generate the largest mean deviations in ET between
the large-scale and the local-scale simulations (equivalent to 24 and 19 months20

of ET over 12 yr). The climate induces smaller mean deviations (equivalent to 7–
8 months of ET over 12 yr). The impact of the errors in the forcing variables is
smaller than the impact triggered by errors in the soil hydrodynamic parameters.

– The absence of irrigation which represents 18 % of cumulative rainfall over
12 years induces a deficit in ET of 14 %. It generates much larger variations in in-25

coming water for the model than the differences in rainfall between the reanalysis
datasets. Its simulation by the model was tested and provide inaccurate irrigation
amount and timing for the crops under study.
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– ET simulated with the Ecoclimap-II LAI climatology is overestimated by 18 % over
12 years. This is related to the overestimation of the mean LAI over the crop cycle
which reveals inaccurate representation of Mediterranean crop cycles.

– Compared to the SAFRAN climate, the use of the ERA-I reanalysis, the GPCC
rainfall and the satellite shortwave radiation have little influence on the ET simula-5

tion performances. The error in yearly ET is mainly driven by the errors in yearly
rainfall and to a less extent by radiations. SAFRAN and MSG shortwave radia-
tion estimates show similar negative biases (−9 and −11 Wm−2). The ERA-I bias
in shortwave radiation is 4 times smaller at daily time scale. Both SAFRAN and
ERA-I underestimates longwave radiation by −12 and −16 Wm−2, respectively.10

The biases in shortwave and longwave radiations show larger inter-annual varia-
tion for SAFRAN than for ERA-I. Regarding rainfall, SAFRAN and ERA-I/GPCC
are slightly biased at daily and longer time scales (1 and 0.5 % of the mean rain-
fall measurement). The SAFRAN rainfall estimates are more precise due to the
use of the in situ daily rainfall measurements of the Avignon site in the reanalysis.15

ERA-I/GPCC shows large inter-annual variability in yearly rainfall error which can
reach up to 100 mm.
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Table 1. Definition of symbols and acronyms.

BIAS Bias computed as the mean deviation between the simulated variable and the measured variable.
It quantifies the accuracy of the simulation.

BS Bare soil
C3 C3 type of crop
C4 C4 type of crop
d2 Rooting depth (m)
ERA-I ERA-Interim reanalysis climate dataset (spatial resolution of 0.5◦ and time step of 3 h)
ERA-I/GPCC ERA-I climate where rainfall was corrected using the GPCC rainfall dataset
GPCC Global Precipitation Climatology Centre dataset (version 6, Schneider et al., 2011) which gives monthly

quality-controlled precipitation totals.
Ecoclimap-II Land surface parameter database (spatial resolution of 1 km) used to run the SURFEX/ISBA model at global scale

(Faroux et al., 2013).
ET Evapotranspiration (given in cumulative value in mm at daily or multi-year time scales)
fclay Clay fraction
fsand Sand fraction
FSDB French Soil DataBase (King et al., 1995) which provides soil texture over the SAFRAN grid at a spatial resolution

of 8 km.
ISBA Interactions between Soil, Biosphere, and Atmosphere (ISBA) Land surface model.
ISBA-A-gs A-gs version of ISBA. A-gs indicates that ISBA includes a coupled stomatal conductance-photosynthesis scheme.
LAI Leaf Area Index (m2 m−2)
LE Latent heat flux (Wm−2)
LSM Land Surface Model
MaxAWC Maximum Available Water Content. It represents the maximum water stock available for the crop’s growth.
MD Mean deviation
MSG MeteoSat Second Generation satellite. We used the downwelling shortwave radiation derived from MSG observations.
NI Nash Index
NR Net Radiation
r Correlation coefficient
RMSD Root Mean Square of Differences (between two simulations)
RMSE Root Mean Square Error (between a simulated variable and its measurement)
SAFRAN Système d’Analyse Fournissant des Renseignements Atmosphériques à la Neige’ Analysis system providing data

for snow model. The SAFRAN reanalysis covers France with a spatial resolution of 8 km and at hourly time step.
SD Standard deviation
SDD SD of the differences
SEVIRI Spinning Enhanced Visible and Infrared Imager instrument on board the MeteoSat Second Generation Satellite
SURFEX “Surface externalisée” in French. SURFEX is an externalized land and ocean surface platform that describes the

surface fluxes and the evolution of four types of surface: nature, town, inland water and ocean. ISBA is the
land surface model used for nature surfaces.

SWdown Downwelling shortwave radaition
LWdown Downwelling longwave radaition
wfc volumetric soil moisture at field capacity (m3 m−3)
wsat volumetric soil moisture at saturation (m3 m−3)
wwp volumetric soil moisture at wilting point (m3 m−3)
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Table 2. 2001–2012 crop succession. T and Rain are the mean temperature and cumulative
precipitation, respectively, over the crop cycle.

Year Crop Sowing date Harvest date Rain T Irrigation Simulated
(mm) (◦C) (mm) Irrigation

(mm)

2001 Maize 25 April 2001 28 September 2001 232.0 20.7 375 300
2002 Wheat 23 October 2001 2 July 2002 399.0 11.6 0 na
2003 Sunflower1 16 April 2003 26 May 2003 68.0 17.1 40 120
2003 Sunflower 2 June 2003 19 September 2003 68.5 24.8 225 540
2004 Wheat 7 November 2003 28 June 2004 422.0 11.2 0 na
2005 Peas 13 January 2005 22 June 2005 203.5 11.9 100 330
2006 Wheat 27 October 2005 27 June 2006 256.0 10.7 20 na
2007 Sorghum 10 May 2007 16 October 2007 168.5 20.6 80 300
2008 Wheat 13 November 2007 1 July 2008 502.5 11.7 20 na
2009 Maize1 23 April 2009 15 June 2009 110.5 19.2 80 0
2009 Sorghum 25 June 2009 22 September 2009 89.0 23.6 245 300
2010 Wheat 19 November 2009 13 July 2010 446.5 11.6 0 na
2011 Sorghum 22 April 2011 22 September 2011 268.5 21.4 60 180
2012 Wheat 19 October 2011 25 June 2012 437.0 12.0 0 na

1 These crops were interrupted and replaced by a new one.
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Table 3. Characteristics of the simulations. FSDB stands for the French Soil DataBase used for
the large-scale soil texture. C3 and C4 correspond to the SURFEX crop patches and BS is the
bare soil patch. fsand, fclay are the fractions of sand and clay. d2 is the depth of the root zone.
wfc, wwp and wsat are the volumetric soil moisture at field capacity, wilting point and saturation.
MaxAWC represents the maximum water stock available for the crop’s growth. It is computed
as d2*(wfc-wwp). Cells with gray background indicate the local values of the forcing variables or
soil parameters. SCTL is the control simulation, based on local observations for the climate, the
irrigation, the soil texture, the vegetation dynamic and the soil hydrodynamic parameters.

Simulations
SSAF SERA SGPCC SMSG Sclim Sclim, irri Sclim, irri, text Sclim, irri, text, veg SCTL

Forcing CLIMATE
variables Rainfall SAFRAN ERA-I/GPCC ERA-I/GPCC SAFRAN Local Local Local Local Local

Shortwave SAFRAN ERA-I SAFRAN MSG Local Local Local Local Local
radiation
Other SAFRAN ERA-I SAFRAN SAFRAN Local Local Local Local Local
climate
variables

SURFACE
Irrigation NO NO NO NO NO Local Local Local Local
Texture FSDB FSDB FSDB FSDB FSDB FSDB Local Local Local
fclay; fsand 0.18; 0.2 0.18; 0.2 0.18; 0.2 0.18; 0.2 0.18; 0.2 0.18; 0.2 0.33; 0.14 0.33; 0.14 0.33; 0.14
LAI Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Local Local
Vegetation Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Ecoclimap Local Local
height

Soil Estimation ISBA pedotransfer function In situ
Parameters method

wsat (m3 m−3) 0.473 0.473 0.473 0.473 0.473 0.473 0.479 0.479 0.390
wfc (m3 m−3) 0.245 0.245 0.245 0.245 0.245 0.245 0.303 0.3 0.310
wwp (m3 m−3) 0.158 0.158 0.158 0.158 0.158 0.158 0.214 0.214 0.184
MaxAWC 109, 131 109, 131 109, 131 109, 131 109, 131 109, 131 111, 134 111, 134 189, 189
C3, C4 (mm)
d2 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.25, 1.5, 0.5 1.5, 1.5, 1.5
C3, C4, BS (m)
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Table 4. Influence of the large-scale forcing variables on the simulated evapotranspiration (ET)
at half-hourly (LE is used), daily and 12 yr time scales. The simulation achieved with large-scale
forcing is compared with the simulation performed with local forcing for distinct drivers. The last
row concerns the impact of using in situ soil parameters instead of the ISBA pedotransfer func-
tion estimates. The comparison metrics were computed over the 25 April 2001–26 June 2012
period. r is the correlation coefficient. RMSD is the root mean square of the differences, MD is
the mean difference (for Y vs. X, MD is computed as Y-X.), SDD is the SD of the differences. In
the last column, MD in cumulative ET over 12 yr is given in absolute value and in percentage of
the 12 yr cumulative ET simulated using the local forcing. The latter is translated in equivalent
number of months of ET.

Half-hourly LE Daily ET 12 yr cumulative ET
(Wm−2) (mmday−1)

Tests Simulations r RMSD MD SDD r RMSD MD SDD MD MD MD
(mm) (%) (months of ET)

Climate: SSAF −Sclim 0.87 38.3 −2.4 38.3 0.88 0.66 −0.08 0.65 −343 5.9 7.9
SAFRAN vs. local climate
Climate: SERA −Sclim 0.76 51.8 −1.9 51.7 0.82 0.79 −0.07 0.79 −286 4.9 6.6
ERA-I/GPCC vs. local climate
Rainfall: SAFRAN climate SGPCC −Sclim 0.82 44.9 −2.5 44.8 0.81 0.82 −0.09 0.82 −355 6.1 8.1
and ERA-I/GPCC rainfall vs. local climate
Shortwave radiation: SMSG −Sclim 0.88 38.9 −2.6 38.8 0.89 0.63 −0.09 0.62 −367 6.3 8.4
SAFRAN climate and MSG shortwave
radiation vs. local climate
Irrigation: Sclim −Sclim, irri 0.89 43.0 −6.7 42.5 0.85 0.94 −0.24 0.91 −973 14.3 19.1
No irrigation vs. local irrigation
Soil texture: Sclim, irri −Sclim, irri, text 1.00 9.0 −1.1 9.0 1.00 0.14 −0.04 0.13 −156 2.2 3.0
French database vs. local soil texture
Vegetation dynamic: Sclim, irri, text −Sclim, irri, text, veg 0.87 47.5 7.4 46.9 0.84 0.99 0.26 0.96 1063 18.0 24.1
Ecoclimap-II vs. local LAI
Soil hydrodynamic parameters: Sclim, irri, text, veg −SCTL 0.92 38.6 −10.3 37.2 0.92 0.79 −0.36 0.71 −1470 20.0 26.7
Pedotransfer vs. in situ estimates
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Table 5. Performance scores of ET simulations evaluated against in situ eddy-covariance mea-
surements. The metrics were computed over the 25 November 2003–26 June 2012 period for
which the direct latent heat flux (LE) measurements were available. Daily ET was computed
when 90 % of daytime measurements were valid for each day. The detailed characteristics of
the simulations are provided in Table 3.

LE (Wm−2) Daily ET (mmday−1) 12 year
cumulative ET (mm)

Simulations RMSE BIAS SDD NI RMSE BIAS SDD NI BIAS

SSAF 57.1 −13.1 55.6 0.46 0.94 −0.22 0.92 0.40 −880 (23 %)
SERA 65.5 −14.1 64.0 0.29 0.98 −0.29 0.94 0.35 −954 (25 %)
SGPCC 59.2 −13.1 57.8 0.42 0.97 −0.21 0.95 0.36 −882 (24 %)
SMSG 60.7 −13.6 59.2 0.39 0.95 −0.24 0.92 0.39 −917 (24 %)
Sclim 55.6 −10.8 54.5 0.49 0.92 −0.21 0.89 0.42 −731 (19 %)
Sclim, irri 54.3 −5.5 54.0 0.51 0.89 −0.06 0.89 0.46 −369 (10 %)
Sclim, irri, text 53.1 −4.4 52.9 0.53 0.87 −0.04 0.87 0.48 −290 (8 %)
Sclim, irri, text, veg 53.8 −13.2 52.1 0.52 0.90 −0.27 0.86 0.45 −892 (24 %)
SCTL 53.7 −0.6 53.7 0.52 0.84 0.07 0.84 0.52 −40 (1 %)
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Table 6. Evaluation of SAFRAN and ERA-I/GPCC cumulative rainfall against measurements
over the 2001–2012 period at 3 h, daily, 10 days, 30 days and yearly time scales. SDD and
BIAS are given in absolute value (in mm) and in percentage of the mean in situ measurement.

3 h Daily 10 days 30 days yearly

Mean in situ 0.22 1.74 17.36 51.83 657.10
meas. (mm)

r BIAS SDD r BIAS SDD r BIAS SDD r BIAS SDD r BIAS SDD

SAFRAN 0.53 0.00 1.46 0.97 0.02 1.57 0.98 0.21 4.48 0.99 0.61 7.03 0.99 8.22 20.14
(1 %) (674 %) (1 %) (90 %) (1 %) (26 %) (1 %) (14 %) (1 %) (3 %)

ERA-I/GPCC 0.46 −0.14 1.57 0.73 0.01 4.69 0.84 0.09 14.31 0.90 0.28 21.89 0.95 4.45 60.00
(66 %) (720 %) (0.5 %) (270 %) (0.5 %) (82 %) (0.5 %) (42 %) (0.7 %) (9.1 %)
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Table 7. Evaluation of SAFRAN, ERA-I and MSG downwelling shortwave radiation (SWdown),
downwelling longwave radiation (LWdown) and simulated net radiation (NR) against measure-
ments, over the 12 October 2004–25 June 2012 period, at 3 h and daily time steps. The
SWdown performances of all the datasets were evaluated considering only the time steps with
valid MSG SWdown, which represents 93 % of the period.

3 h Daily
SWdown (Wm−2) LWdown (Wm−2) NR (Wm−2) SWdown (Wm−2) LWdown (Wm−2) NR (Wm−2)
r BIAS SDD r BIAS SDD r BIAS SDD r BIAS SDD r BIAS SDD r BIAS SDD

SAFRAN 0.97 −9.5 65.8 0.79 −11.9 29.4 0.95 −4.5 55.4 0.95 −9.8 32.5 0.90 −11.9 19.2 0.86 −4.4 30.5
ERA-I 0.96 2.2 70.2 0.93 −16.1 17.4 0.87 4.8 87.5 0.96 2.1 28.4 0.97 −16.1 11.0 0.93 4.8 21.9
MSG 0.96 −11.2 67.6 NA NA NA 0.95 −3.7 54.4 0.95 −11.6 30.2 NA NA NA 0.90 −3.7 26.6
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Figure 1. Illustration of the typical succession of winter and summer crop over the Avignon site.
To represent the 12 yr crop succession in the simulation, the 12 year period is split into sub-
simulation periods corresponding to crop and inter-crop periods. The simulation was initialized
once on 25 April 2001 using the in situ soil temperature and soil moisture measurements. To
ensure the continuity between 2 contiguous sub-simulations, each sub-simulation was initial-
ized using the simulated soil moisture (W ) and soil temperature (T ) of the last time step of the
previous sub-simulation.
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Figure 2. Differences in cumulative ET between the simulation achieved with large-scale forcing
datasets and the simulation based on local observations for each tested forcing variable. The
detailed characteristics of the simulations are given in Table 3. Crop periods and inter-crop
periods are represented by grey background and white background, respectively.
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Figure 3. Comparison of SAFRAN, ERA-I/GPCC and local mean monthly rainfall. Irrigation
amount added to the local rainfall is also presented. The vertical bars represent the inter-annual
variability (± one SD).
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Figure 4. Comparison of SAFRAN, ERA-I and MSG downwelling shortwave radiations with
in situ measurements over the 12 October 2004–25 June 2012 period. Differences between
the reanalysis estimates and the local measurements are computed at hourly time scale for
SAFRAN and MSG and at 3 h time scale for ERA-I. In the MSG figure, the white lines corre-
spond to missing data. On the y axis, “Jan” and “Jul” stands for January and July. The two digits
indicate the year.
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Figure 5. Comparison of SAFRAN, ERA-I and in situ mean monthly downwelling longwave
radiation (LWdown in Wm−2) over the 25 April 2001–25 June 2012 period. The estimates cor-
respond to 3 h integrated values.
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a) SAFRAN                     b)ERA-I/GPCC

Figure 6. Impact of meteorological reanalysis on yearly budgets: Yearly values of downwelling
shortwave radiation (SWdown), downwelling longwave radiation (LWdown), rainfall and sim-
ulated evapotranspiration (ET) are evaluated for the SAFRAN (a) and ERA-I/GPCC (b) re-
analyses. For radiations and rainfall, the differences in yearly cumulative values between the
reanalysis variable and the local observation are represented. For ET, the differences in yearly
cumulative values between the simulation based on the reanalysis climate (SSAF and SERA) and
the simulation achieved with the local climate (Sirri) are shown. The radiation unit is given in
2.46×106 J to match the water flux scale given in mm (1 mm of ET is equivalent to ∼ 2.46×106 J
where 2.46×106 is an approximation of the latent heat for vaporization of water).
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Figure 7. Comparison of the Ecoclimap-II LAI with the in situ LAI over the crop cycles of the
12 year crop succession. Crop and inter-crop periods are represented by grey and white back-
ground, respectively.
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Figure 8. Comparison of the local and simulated mean monthly cumulative irrigation amount.
The vertical bars represent the inter-annual variability (± one SD). The total cumulative value
of in situ and simulated irrigation over 12 years are 1295 and 2070 mm, respectively.
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