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Abstract. The heterogeneity of Agroecosystems, in terms
of hydric conditions, crop types and states, and meteoro-
logical forcing, is difficult to characterize precisely at the
field scale over an agricultural landscape. This study aims
to perform a sensitivity study with respect to the uncer-
tain model inputs of two classical approaches used to map
the evapotranspiration of agroecosystems: (1) a surface en-
ergy balance (SEB) model, the Two-Source Energy Bal-
ance (TSEB) model, forced with thermal infrared (TIR) data
as a proxy for the crop hydric conditions, and (2) a soil-
vegetation—atmosphere transfer (SVAT) model, the SEtHyS
model, where hydric conditions are computed from a soil
water budget. To this end, the models’ skill was compared
using a large and unique in situ database covering differ-
ent crops and climate conditions, which was acquired over
three experimental sites in southern France and Morocco.
On average, the models provide 30 min estimations of la-
tent heat flux (LE) with a RMSE of around 55 W m~2 for
TSEB and 47 W m—2 for SEtHyS, and estimations of sensible
heat flux (H) with a RMSE of around 29 W m~—2 for TSEB
and 38 Wm™2 for SEtHyS. A sensitivity analysis based on
realistic errors aimed to estimate the potential decrease in
performance induced by the spatialization process. For the
SVAT model, the multi-objective calibration iterative proce-
dure (MCIP) is used to determine and test different sets of
parameters. TSEB is run with only one set of parameters

and provides acceptable performance for all crop stages apart
from the early growing season (LAI < 0.2 m?> m~—2) and when
hydric stress occurs. An in-depth study on the Priestley—
Taylor key parameter highlights its marked diurnal cycle and
the need to adjust its value to improve flux partitioning be-
tween the sensible and latent heat fluxes (1.5 and 1.25 for
France and Morocco, respectively). Optimal values of 1.8-2
were highlighted under cloudy conditions, which is of par-
ticular interest due to the emergence of low-altitude drone
acquisition. Under developed vegetation (LAI > 0.8 m?> m~?)
and unstressed conditions, using sets of parameters that only
differentiate crop types is a valuable trade-off for SEtHyS.
This study provides some scientific elements regarding the
joint use of both approaches and TIR imagery, via the devel-
opment of new data assimilation and calibration strategies.

1 Introduction

Exchange of water at the soil-vegetation—atmosphere inter-
face is of prime importance for weather forecasting and for
climate studies (Shukla and Mintz, 1982); it is also a key
component for hydrology, and therefore catchment water bal-
ance (Milly, 1994), as well as for agronomy in order to im-
prove irrigation scheduling (Allen et al., 1998). Despite the
abundant literature on the subject, there is no consensual ap-
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proach regarding its spatialized estimation, and the contribu-
tion of evapotranspiration (ET) to the global hydrologic cycle
remains uncertain (Jasechko et al., 2013). There are several
in situ techniques available to measure ET (Allen et al., 2011)
but most suffer from a lack of spatial representativeness. This
prevents their use as a sustainable solution for regional appli-
cations, especially for agricultural landscapes where spatial
heterogeneity — in terms of farming and technical itineraries,
including the resulting pattern of moisture conditions — is
high. By contrast, remote sensing offers an attractive alter-
native due to the synoptic and repeated data acquisition it
provides. Indeed, even if ET is not directly observable from
space, remote sensing data in different parts of the electro-
magnetic spectrum are related to the characteristics of the
land surface governing the evapotranspiration process.

Within this context, several approaches combining remote
sensing data and land surface models of various complex-
ity have been proposed for the regional monitoring of ET
(Courault et al., 2005), from the most conceptual approaches
that modulate the evaporative demand by an empirical coef-
ficient (the so called “crop coefficient”, Allen et al., 1998),
to the complex and mechanistically based soil-vegetation—
atmosphere transfer (SVAT) models that require a large num-
ber of inputs. In-between, the surface energy balance (SEB)
models, constrained by thermal infrared radiative tempera-
ture observations, have been gaining influence over the last
decade (Choi et al., 2009; Diarra et al., 2017). Several authors
have intercompared the different SEB-based approaches for
mapping ET with noticeable discrepancies (see Zhan et al.,
1996; French et al., 2005; Timmermans et al., 2007, 2011;
Chirouze et al., 2014). Among the different SEB models, the
Two-Source Energy Balance (TSEB Norman et al., 1995)
emerged as a robust and accurate model for evapotranspi-
ration mapping over semiarid crops (Anderson et al., 2007;
Chirouze et al., 2014; Diarra et al., 2017). This model is
now extensively used in the scientific community and has
been the subject of numerous refinements since the origi-
nal Norman et al. (1995) version (Kustas and Norman, 1999,
2000; Anderson et al., 2008; Colaizzi et al., 2012, 2014,
etc.). Nevertheless, both approaches have rarely been com-
pared, although the joint use (via data assimilation technics)
of snapshot evapotranspiration maps from SEB approaches
and dynamic SVAT predictions appears promising (Crow
et al., 2005, 2008). This is certainly attributed to the different
underlying diagnostic or prognostic equations of the mod-
els with respect to the distinct purposes of the approaches in
terms of temporal and/or spatial resolutions of evapotranspi-
ration estimates.

Based on either SVAT or SEB models, the estimation of
surface evapotranspiration implies dealing with the method—
model complexity issue (Carlson, 2007; Kalma et al., 2008),
as well as with incomplete knowledge available to document
or to constrain them. For instance, with regards to remotely
sensed TIR data, McCabe and Wood (2006) showed how
the spatial resolution of TIR data used as input in the SEB
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method impacted the spatial variation of flux estimates. At
a higher resolution, another source of uncertainty is the sur-
face temperature fluctuations in relation to atmospheric tur-
bulence (Lagouarde et al., 2013). The lack of knowledge on
scaling effects when fluxes are intercompared at the same
scales using aggregation or disaggregation methods has also
been pointed out by several authors as a scientific issue for
evapotranspiration mapping (Kustas et al., 2003, 2004; Nor-
man et al., 2003). Although limited in time and focused
on semiarid and sparse grasses and crops, several studies
have also been dedicated to analyzing the sensitivity of the
TSEB model to uncertain inputs, including radiative tem-
perature, meteorological forcings or vegetation descriptors
(Zhan et al., 1996; Anderson et al., 1997; Kustas and Nor-
man, 1997; Li et al., 2005; Timmermans et al., 2007; Kustas
et al., 2012). Likewise, others have focused on the sensitivity
of SVATSs to these inputs (Franks et al., 1997; Calvet et al.,
1998; Wood et al., 1998; Pitman et al., 1999; Olioso et al.,
1999; Robock et al., 2003; Petropoulos et al., 2009). Within
this context, the comparative study of Crow et al. (2008) that
focused on a SVAT model and the TSEB approach is the ba-
sis of our work. Indeed, as a preliminary step toward the joint
use of both approaches via data assimilation, the purpose
of this study is the comparison of the TSEB model (Nor-
man et al., 1995) and the SEtHyS SVAT model (described
in Coudert et al., 2006), in terms of overall performance, er-
rors and domains of validity where model inputs and param-
eters are uncertain. This is carried out here using a large and
unique in situ database covering several crops and seasons
under relatively well-watered conditions and in a limited ad-
vection environment.

This paper is organized as follows. After briefly introduc-
ing the datasets and both models (Sect. 2), the analysis of the
models’ performance is presented (Sect. 3.1). Then, we fo-
cus on the sensitivity analysis results (Sect. 3.2) and on dis-
cussions related to parameters and inputs (Sect. 4). Finally,
conclusions and perspectives are drawn in Sect. 5.

2 Data and methods
2.1 Model descriptions

The two-source energy balance budget, which is similar for
both models, is first described. Then, differences in the solv-
ing methods and associated assumptions, as well as differ-
ences in flux parameterization, are briefly discussed.

2.1.1 The two-source energy budget

In the two-source energy balance, total sensible (H) and total
latent heat (LE) fluxes arise from the soil and vegetation heat
and vapor sources. Applying energy conservation and con-
tinuity principles, the energy budget can be described using
the following set of equations:
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H = Hisoil] + Hiveg] (1)
LE = LE[s0il] + LE[veg], 2)
Rn = Rn[soil] + Rn[veg], (3)
Rnsoil] = Hisoil] + LE[s0il] + G, and 4)
R,=H+LE+G, &)

where G is the ground heat flux and R, is the net radiation.
All fluxes are expressed in Watts per meter squared (W m~2).
The H and LE flux expressions are given in Shuttleworth and
Wallace (1985, Egs. 6 and 7, p. 843) for a resistive scheme
(following analogy with Ohm’s law) of a one-dimensional
description of energy partition for sparse crops assuming hor-
izontal uniformity. The respective H and LE expressions for
the complete canopy between the level of mean canopy flow
and the reference height can then be written as follows:

H==22(7,— 1) and 6)
ra

LE = — PCp (ex — o) @)
ra

a

where y is the psychrometric constant (mbK~!); rd is the
aerodynamic resistance between canopy source height and
reference level (sm™!); e, and eq are vapor pressure (mb)
at canopy source height and reference height, respectively;
and Ty and Ty are temperature (°C) at canopy source height
and at reference height, respectively. The components’ ele-
ments from soil and vegetation (LE(soi1, LE|veg], H[soil] and
Hveg1) are expressed in the same way, according to the as-
sociated resistances. Afterwards, the vapor pressure deficit at
the canopy source height is introduced. The system now be-
comes a set of five equations with six unknowns, namely veg-
etation temperature Tjyeg], soil temperature Tjsoi1), canopy-
space temperature T{canopy], and the corresponding water va-
POr PIessures e€fveg], €[soil] ad €[canopy]- The next steps of the
classical solving of a two-source energy balance system are
to express Tjcanopy] s a function of Tjyeg) and Tjsji) using the
continuity equation in H, and Tjveg] as a function of Tjsoi
using the energy budget of vegetation. In addition, the heat
conduction flux in soil (G) is either estimated from the net
radiation (TSEB model) or the residual of the energy bud-
get (SEtHyS model) as detailed in the Appendix. The solv-
ing method consists in the linearization of the equations of
the previous system. The basic differences between the ap-
proaches is that for SVATs models, soil temperatures at dif-
ferent depths are prognostic variables tightly linked to wa-
ter mass balance, whereas radiative temperature is a forcing
input for the SEB models used to infer Tjyeg) and Tisoin as
detailed below.

2.1.2 TSEB

The TSEB model was first described in Norman et al. (1995)
and has been the subject of several refinements. The solving
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principle is briefly described below, and the version of TSEB
used is described in Sect. 2.4. TSEB is forced by a radio-
metric surface temperature Ti,q so that soil and vegetation
temperatures contribute to Traq in proportion to the fraction
of the radiometer field of view ( fy) that is occupied by each
component, thus adding a sixth equation to the system above:

1/n
Traa(0) = [ fo X Tisegy + (1 = f) X Ty | @®)

where the factor n is usually fixed to 4 (Becker and Li, 1990).
The available energy at the soil surface is computed consid-
ering an exponential extinction of net radiation (i.e., Beer’s
law):

—Kk x LAI

v/2cosb '

where the factor « is set to 0.45 for the spherical distribu-
tion of leaves following Roos (1991), and R, is estimated
from measured shortwave and longwave components. The
conduction flux in the soil is expressed as a fraction of the
available energy at the soil surface:

Rn[soil] = R, x exp 9)

G=TI x Rn[soil], (10)

where I' is an empirical coefficient that is usually equal
to 0.35 (Choudhury et al., 1987). Finally, the resolution
of this set of equations relies on the (strong) assumption
that vegetation generally transpires at a potential rate. The
Priestley—Taylor equation gives a first estimation of canopy
transpiration (Norman et al., 1995, Eq. 12):

LE[veg) = apT X fg X X Rp[veg]s (11)

Aty
where apr is the Priestley—Taylor parameter, f, is the green
vegetation fraction cover, A is the slope of the saturation va-
por pressure vs. temperature curve and y is the psychromet-
ric constant. apt values ranges between 0.5 and 2.0 (Hssaine
et al., 2018) according to meteorological conditions includ-
ing advections, the green fraction of vegetation and the soil
water availability with an average value of around 1.3.

In the “series” resistance network used in this study (see
justification below) and described in Norman et al. (1995,
Fig. 11), the sensitive heat fluxes are expressed as follows:

Tisoil1 — T
H[soil] = pcp [soil] - [canopy] (12)
S

between the soil surface and the canopy air space,

Tiveg) — T ]
H[veg] — pcp veg - canopy (13)
X

between vegetation and canopy air space, and

T[canopy] - Ta

H = pcp "
a

(14)
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between canopy air space and the reference height for atmo-
spheric measurements. Here 7, ry and r, are the associated
respective resistances given in Eqs. B1, A8 and 6 in Nor-
man et al. (1995). H|yeg) is then computed as the residual
of the vegetation energy balance (Eq. 1). Tjveg) is derived
from Hiyeg]; Tisoiny is derived from Eq. (8); H[soij is com-
puted from Tisoi1j and LE[s0i; as a residual of the soil en-
ergy balance (Eq. 1). Should LE[.ij; be found to be negative,
meaning that there is condensation on the soil surface, which
is very unlikely during the day, then the initial value of the
Priestley—Taylor coefficient apr is iteratively reduced until
LE|s0i1] = 0 following Anderson et al. (2005) and Li et al.
(2005).

In agreement with Li et al. (2005), the “series” layout of
resistance (Norman et al., 1995) was found to provide more
accurate results overall (not shown) and also less sensitivity
to vegetation cover estimate. Furthermore, for model com-
parison, it was also relevant that both resistance networks
were similar in TSEB and SEtHyS models.

2.1.3 SEtHyS

The SEtHyS — French acronym for “Suivi de I’Etat Hy-
drique des Sols” or monitoring of the hydric condition of the
soils — SVAT model physics and the main parameterizations
are described in Coudert et al. (2006). The main equations
of SEtHyS are summarized in Appendix A. The model be-
longs to the “two sources, two layers” SVAT model category.
Specifically, the coupled water and energy budget is solved
for the vegetation and soil sources, and the soil description
for water and heat transfers is based on the force-restore
Deardorff formalism (Deardorff, 1978). The model requires
atmospheric and radiative forcing as well as surface biophys-
ical parameters as inputs. It calculates the energy and wa-
ter fluxes between surface and atmosphere and simulates the
evolution of soil and canopy temperatures, air temperature
and specific humidity within the canopy, as well as the sur-
face and the root zone soil water content. The heat and water
transfer calculation within the soil-vegetation—atmosphere
continuum is based on a resistance concept. The resistance
network is made of four nodes: the reference height for the
low atmospheric weather forcing, inside the vegetation at the
displacement height plus the roughness length, just above
ground at the soil roughness length and at ground level. The
aerodynamic resistances — above and inside the vegetation
canopy — are determined with the wind speed profile descrip-
tion inside the canopy from Shuttleworth and Wallace (1985)
and Lafleur and Rouse (1990). The evapotranspiration cal-
culation takes partitioning between free water in the canopy
and the rest of the leaves into account (Monteith, 1965; Dear-
dorff, 1978) and is based on the stomatal resistance for the
“big leaf” model from Collatz et al. (1991). The vegetation
photosynthesis and stomatal resistance parameterizations are
the same as those used by the SiB model (Sellers et al., 1996).
The soil hydrodynamic properties to calculate water trans-
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fer processes within the soil porous network are given by
Genuchten (1980). The ground heat flux conduction is ob-
tained as the residual of the soil energy budget. Finally, the
radiative transfer model included in the model for the TIR
domain (Frangois, 2002) allows for the simulation of bright-
ness temperature and radiative temperature, and thus presents
the possibility to constrain the model with TIR data (Coudert
and Ottlé, 2007; Coudert et al., 2008). The SEtHyS model
requires a set of about 22 parameters, which are presented in
Table 2.

2.2 Sites description and data

The experimental dataset was gathered in the southwest of
France (Béziat et al., 2009) and the southeast of Morocco
(Chehbouni et al., 2008; Jarlan et al., 2015) as shown in
Fig. 1. As presented in Table 3, all necessary data to run,
calibrate and evaluate models were collected over three agri-
cultural sites, spanning a total of seven culture cycles from
seeding to harvest: four wheat (Triticum aestivum L.) crops,
one sunflower (Helianthus annuus L.) crop and two corn
(Zea mays L.) crops. Experimental sites differ by manage-
ment practice (culture rotation and irrigation), soil proper-
ties, topography and climate (six temperate crop cycles and
one semiarid crop cycle). The Auradé (43.55°N, 1.11°E)
and Lamasquere (43.50° N, 1.24° E) experimental sites are
located near Toulouse in southwestern France and are part of
the “Sud-Ouest” project (Dedieu et al., 2001; Béziat et al.,
2009). Both experimental sites experience a temperate cli-
mate. A rotation of wheat and sunflower is cultivated in Au-
radé, whereas a rotation of wheat and irrigated corn is culti-
vated in Lamasquere. A complete description of the site fea-
tures and datasets are presented in Béziat et al. (2009). The
Sidi Rahal (31.67° N, 7.60° W) experimental site is located
on the Haouz Plain in central Morocco and is part of the
“SUDMED” project (Chehbouni et al., 2008; Jarlan et al.,
2015). It is part of an irrigated agricultural area that expe-
riences a semiarid climate, where wheat is the most widely
grown crop. More information about the site and dataset is
given in Duchemin et al. (2006).

Each experimental station collected standard meteorologi-
cal data at 30 min time step intervals: global incoming short-
wave and longwave radiation (Rg and R,, respectively), wind
speed (U,), air temperature (7,), atmospheric pressure (P,),
relative humidity (RH) and rainfall. The four components
of the net radiation (R,) were measured using a CNR1 ra-
diometer (Kipp and Zonen, Delft, NL). Land surface tem-
perature (LST) was computed from measured upward and
downward longwave components of the net radiation, using
the Stefan—Boltzmann law and an estimation of surface emis-
sivity (Becker and Li, 1995). Sensible (H) and latent (LE)
heat fluxes were measured continuously using eddy covari-
ance (EC) systems (Moncrieff et al., 1997; Aubinet et al.,
2000). Fluxes were processed with classical EC filters and
corrections (Béziat et al., 2009). The accuracy of flux esti-
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Figure 1. Locations of the experimental sites in France (a) and Morocco (b).

Table 1. TSEB input parameters (nine parameters in total) with reference values and optimal values obtained from the sensitivity analyses.

Category Parameter ~ Description (unit) Literature  Reference = Optimal
range  value value
Optical Agoil Soil albedo 0.05-0.35 0.15 0.14
properties Avegetation ~ Vegetation albedo 0.10-0.30 0.3 0.3
Egoil Soil emissivity 0.94-097 - 0.94
Evegetation ~ Vegetation emissivity 0.90-0.99 - 0.97
€ Surface emissivity — involved to compute surface temperature  0.96-0.99 - 0.96

(Ts) from CNR1 measurements
Vegetation S Leaf size (m) — involved in computing surface resistance - 0.01 0.01
characteristics ~ apr Priestley—Taylor coefficient — involved in estimating canopy 12 1.26 1.3-1.5

transpiration (Eq. 11)

Surface Soil energy partition coefficient: G =T x Ry[soi1] (Eq. 10) - 035 0.35
properties K Coefficient of the exponential extinction of net radiation to 0.3-0.6 045 0.4

compute available energy at the soil surface (Eq. 9)

mates is expected to range between 5 % and 30 % (Eugster
et al., 1997; Wilson et al., 2002). Soil heat flux (G) was sam-
pled using heat flux plates located at depths ranging from
5 cm to 100 cm. Automatic measurements were then comple-
mented by vegetation samples. Vegetation height () and the
green leaf area index (LAI) were collected periodically along
crop cycles and interpolated using the piecewise cubic Her-
mite algorithm. Green LAI was determined from destructive
measurements with a LiCor planimeter (LI-3100, LiCor, Lin-
coln, NE, USA). In order to obtain an estimation of the frac-
tion of green (fy), total LAI (LAIgreen + LAlyeliow) Was ex-
trapolated from green LAI data by applying a linear decrease
starting at the LAl maximum and ending at harvest with a
value of LAlpta1 = 0.8 X LAlax. In order to assess the poten-
tial loss of accuracy of meteorological inputs at the landscape

www.hydrol-earth-syst-sci.net/23/5033/2019/

scale and the impact on model simulations, SAFRAN re-
analysis data (Quintana-Segui et al., 2008) were used within
this study. SAFRAN is based on an optimal interpolation be-
tween a background estimate obtained from Météo-France’s
numerical weather prediction model (ALADIN) and weather
station observations, except for precipitation, which relied
on the ground station network only, and the incoming radia-
tion fluxes (downwelling surface shortwave and longwave),
which were computed from the radiation scheme of Ritter
and Geleyn (1992) from the outputs of a numerical weather
forecast model and the solar constant at the top of the atmo-
sphere (for shortwave incoming radiation). Data were kindly
provided by Météo-France.

Hydrol. Earth Syst. Sci., 23, 5033-5058, 2019
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Table 2. SEtHyS input parameters (22 parameters in total) with initial uncertainty ranges used for MCIP calibration.

Category Parameter  Description (unit) Initial uncertainty range
Optical Eg Bare soil emissivity 0.94-0.99
properties Asec Dry soil albedo 0.225-0.35
Ahum Wet soil albedo 0.1-0.22
Winf Moisture parameter for albedo calculation 0.15-0.29
Wiup Moisture parameter for albedo calculation 0.291-0.5
Agy Vegetation albedo 0.16-0.32
Vegetation Vinax0 Leaf photosynthetic capacity (Rubisco) (umol m—2 ) 30-200
characteristics lgf Dimension of the leaf along the wind direction (m) 0.01-0.08
kwstr Empirical parameter for water stress calculation 0.01-0.1
Ground DPhc “Half critic” hydrologic potential (m) —200-100
properties Wmax Saturated soil water content (m3 m_3) 0.3-0.5
Wresid Residual soil water content (m3 m—3) 0.05-0.15
hvg Scale factor in the Van Genuchten retention curve model (m) —1.161-0.251
nyg Shape parameter in the Van Genuchten retention curve model 1.168-1.331
Kgat Saturated hydraulic conductivity (m sfl) 24x1078-27x107°
AElim Empirical parameter for limit evaporation 1-50
bElim Empirical parameter for limit evaporation 1-50
Fiherm Correction coefficient of the volumetric soil heat capacity (J m3KDH 052
dpy Root zone depth (mm) 200-2000
Initialization Wg0 Initial soil surface water content (m3 m_3) -
variables wy Initial root zone water content (m3 m_3) -
biasyo Error in deep soil temperature (K) —2-2

2.3 Assessing the model skills

Keeping in mind that we plan to spatialize a SVAT model,
whose parameters are highly dependent on growth stage of
vegetation, we must be able to determine sets of param-
eters representing specific phenological stages and hydric
conditions (stressed/non-stressed). For this reason, evalua-
tion was not performed continuously over the entire crop cy-
cles, but specific periods of interests were identified to assess
the model skill. These periods were chosen to be 10d long
in order to catch synoptic-scale variability of the weather,
as shown by Eugster et al. (1997) with the help of spectral
analysis. This duration is also short enough to remain repre-
sentative of a specific phenological stage, and long enough
to gather a sufficient amount of data. For each crop cycle,
four specific study periods were chosen, each corresponding
to the following phenological stages: rising/emergence stage
(0.1 < LAI <0.3), growth stage (rapid increase of LAI and
LAI~ 1), maximum development stage (around LAI maxi-
mum value) and senescence stage (LAI decreases). Starting
days of periods were adjusted to optimize the quality of avail-
able data, as the datasets are subject to sporadic measurement
issues and energy closure inconsistencies (filtered to a mini-
mum of 80 %).

In order to better assess the differences of model skills dur-
ing stress periods, water stress is quantified along the whole
crop cycles using two indicators:

Hydrol. Earth Syst. Sci., 23, 5033-5058, 2019

— the evaporation stress (SE, Boulet et al., 2007) related to
the ratio between real and potential evapotranspiration
events:

LE
SE=1-— , (15)

Epot

where LEpo is computed using the Penman—Monteith
equation (canopy resistance is estimated following
Jarvis, 1976 formulation with a minimum value of
90sm_l);

— the soil wetness index (SWI, Douville, 1998, among
others) of the root zone ranging from zero at wilting
point to one at field capacity:

Wy — Wyi
SWI = ﬂ, (16)
Wee — Wit
where W, is the root zone water content, Wy, is the wa-
ter content at field capacity, and Wy is the water con-
tent at wilting point.

As cultures from our dataset are irrigated or in temperate ar-
eas, most stress periods are found during senescence phases,
when water resources are low or irrigation is stopped. The
model skills are assessed using classical statistical metrics
including the root-mean-square error (RMSE), the mean ab-
solute percentage deviation (MAPD), bias and the determi-
nation coefficient (r2).

www.hydrol-earth-syst-sci.net/23/5033/2019/
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Table 3. Site characteristics and overview of available cultures and crop cycles.

Site Auradé Lamasquere Sidi Rahal

Location France France Morocco

Latitude 43.54984444° N 43.49737222° N 31.665852° N

Longitude 1.10563611°E 1.23721944° E 7.597873° W

Climate Temperate Temperate Semiarid

Soil type Clay loam Clay Clay

Sand (%), silt (%), clay (%) 21,47, 32 12, 34, 54 20, 34, 46

Depth (m) 0.6 1 1

Slope (%) 2 0 1

2004  Culture - - Wheat™
Growth cycle length (d) - - 133
Maximum LAI (m2 m_z) - - 3.76
Cumulated rain (mm) - - 135
Cumulated irrigation (mm) — - 120

2006 Culture Wheat Corn* -
Growth cycle length (d) 246 123 -
Maximum LAl (m*>m~2)  3.13 3.33 -
Cumulated rain (mm) 397 132 -
Cumulated irrigation (mm) 0 148 -

2007  Culture Sunflower Wheat -
Growth cycle length (d) 157 271 -
Maximum LAl (m? m~2)  1.74 4.47 -
Cumulated rain (mm) 456 531 -
Cumulated irrigation (mm) 0 0 -

2008  Culture Wheat Corn™* -
Growth cycle length (d) 248 175 -
Maximum LAI (m®>m~2)  2.39 3.28 -
Cumulated rain (mm) 491 397 -
Cumulated irrigation (mm) 0 50 -

* Trrigated cultures.

2.4 TImplementation of the models

Considering our objective was to compare a complex SVAT
model with the TSEB tool (which was taken as an example
of a simple and robust approach), a different strategy was ap-
plied for the implementation of the two models. The 22 pa-
rameters of the SEtHyS model were finely tuned for each
crop and each phenological stage. The objective of this cali-
bration was not to fit the data best, but rather to evaluate the
sensitivity of model outputs to potentially poorly calibrated
parameters when the model is to be applied to an heteroge-
neous agricultural landscape at the field or intra-field scale.
To this end, four different cases corresponding to four differ-
ent sets of parameters were considered to quantify the poten-
tial loss of performance due to incorrect parameter values.
The four cases are listed below from the “best” conditions
(when the parameters are calibrated for each site, each crop
and each phenological stage) to the worst conditions (when
generic values are used):

www.hydrol-earth-syst-sci.net/23/5033/2019/

. site and period specific parameter sets (hereafter re-

ferred to as “optimal”) for each site, crop class (i.e., type
of culture) and phenological stage. Note that the analy-
sis of the model skill (Sect. 3.1) is performed using this
parameters set;

. more generic parameter sets depending on crop class

and phenological stages only (hereafter referred to as
“pheno + cult”);

. if no information is available for characterizing phenol-

ogy, a calibrated set of parameters for the entire cultural
crop cycle is computed (hereafter referred to as “culture
only”);

. the last case corresponds to the “optimal” parameter

set but is applied to another crop class in order to take
potential errors that are likely to occur when working
with a land use map into account (referred to as “un-
adapted”).
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What we consider the “best” case is very unlikely for a spa-
tialized application of the tool, as even the largest available
database will never cover all of the conditions encountered at
the scale of an heterogeneous agricultural landscape where
each plot has its specific soil, technical itinerary, hydric sta-
tus, an so on. Thus, our objective is to get different pa-
rameter sets with values close to what is expected for each
type of condition (crops, climate, site, phenological stage,
etc.) but without assigning too much importance to the val-
ues themselves. To help perform the calibration, a stochas-
tic multi-objective calibration method (m