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Abstract. A CO,-responsive land surface model (the ISBA- 1 Introduction

A-gs model of Metto-France) is used to simulate photosyn-

thesis and Leaf Area Index (LAI) in southwestern France Vegetation has a strong impact on the exchange of energy,
for a 3-year period (2001-2003). A domain of about water and carbon between the land surface and the atmo-
170000 km is covered at a spatial resolution of 8 km. The sphere. In particular, it influences the uptake and release of
capability of ISBA-A-gs to reproduce the seasonal and thecarbon dioxide from and to the atmosphere through photo-
interannual variability of LAl at a regional scale, is assessedsynthesis and respiration. In addition, the plant growth is
with satellite-derived LAl products. One originates from the governed by the climate. Improving the modelling of the
CYCLOPES programme using SPOT/VEGETATION data, land surface physiological processes is required to provide
and two products are based on MODIS data. The compariquantitative estimates of the surface fluxes for meteorologi-
son reveals discrepancies between the satellite LAl estimate@al, hydrological and climate applications.

and between satellite and simulated LAI values, both in their  Sensitivity and impact studies using state-of-the-art cli-
intensity and in the timing of the leaf onset. The model sim- mate models have shown the importance of the vegetation-
ulates higher LAI values for the C3 crops than the satelliteclimate feedback (Dickinson et al., 1991; Garratt, 1993).
observations, which may be due to a saturation effect withinSoil-vegetation-atmosphere transfer (SVAT) models were
the satellite signal or to uncertainties in model parametersoriginally designed to simulate exchanges of matter and en-
The simulated leaf onset presents a significant delay for C®rgy between the surface and the atmosphere, with vegeta-
crops and mountainous grasslands. In-situ observations atton leaf area index (LAI) as a forcing variable, rather than a
mid-altitude grassland site show that the generic temperaturprognostic state. A number of models have recently evolved
response of photosynthesis used in the model is not apprdo include biogeochemical processes (Foley etal., 1996; Sell-
priate for plants adapted to the cold climatic conditions of ers et al., 1996a; Calvet et al., 1998; Pitman, 2003), in order
the mountainous areas. This study demonstrates the potentitd) improve the representation of the dynamical behaviour of
of LAl remote sensing products for identifying and locating the vegetation. In such models, the active biomass is of-
models’ shortcomings at a regional scale. ten represented by the amount of leaf surface area per unit
ground area, expressed through LAI In most models, LAI
represents the one-sided green leaf area of vascular plants
and is a key component of the canopy conductance te CO

Correspondence to: J.-C. Calvet and water vapour, and of the carbon and water exchanges. It
BY (calvet@meteo.fr) must be noted that satellite greenness sees more than LAI,
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namely also non-vascular plant green surface, other organister-annual variability of the vegetation biomass. In the
than leaves, and dead brown matter. present study, two satellite data sets are considered: (i) the
Land surface models have served to investigate the roléModerate Resolution Imaging Spectroradiometer (MODIS)
of terrestrial vegetation on climate in regions of the globe Bi-directional Reflectance Distribution Function (BRDF)
where surface-atmosphere feedbacks are strong. Shukla arfdin etal., 2003), (ii) the SPOT/VEGETATION LAI (Weiss et
Mintz (1982) have shown by means of numerical simula-al., 2007). The considered period of time covers the three an-
tions that the evapotranspiration of vegetation widely im- nual cycles 2001 to 2003, which present contrasted climatic
pacts the global fields of rainfall and air temperature. Zengconditions. For instance, the year 2001 over France corre-
and Neelin (2000) investigated the role of the vegetation-sponded to a standard year in terms of climate, whereas the
climate interaction in African savannah to reach the con-summer of 2002 was relatively wet. In 2003, the spring and
clusion that the inter-annual climate variability plays a key summer periods were anomalously dry, as in many regions
role in the maintenance of savannah regions. Alessandri ebf Western Europe (Ciais et al., 2005).
al. (2007) showed that the introduction of interactive LAl in  The structure of this paper is as follows: first, the studied
a global climate model may have a strong impact on the sim+egion is described, together with the model, the atmospheric
ulations and that the used land surface model must be cardercing and the land cover database. Then, the MODIS re-
fully assessed, in particular its response to climate variableflectance values and the SPOT/VEGETATION observations
(e.g. air temperature). are presented. In-situ data used to assess the model per-
The land surface model ISBA-A-gs has proven to be a useformance for the case of mid-altitude grasslands, crops and
ful tool to investigate such environmental biophysical fac- forests, are presented. This is followed by a section dedicated
tors (Calvet et al., 1998, 2004, 2008). ISBA-A-gs is a0 to the comparison of the LAI simulations of ISBA-A-gs with
responsive model, which accounts for the vegetation assimthe satellite-derived LAI estimates over southwestern France,
ilation of CO,. It is able to simulate energy, G@nd water  which includes a discussion on the seasonal and inter-annual
vapour fluxes at the surface-atmosphere interface. Gibelivariability of the vegetation. Finally, the paper concludes
et al. (2006) evaluated the model performances at a globalith a discussion about the use of satellite LAl products, the
scale in the context of climatologic simulations, using at- model performance and shortcomings. Some issues are dis-
mospheric forcing fields from Numerical Weather Prediction cussed that deserve attention for future model development
(NWP) reanalyses and observations at a 1 degree resolutioand validation.
They compared 10 years of simulation of LAl with three
satellite-derived LAI datasets. It was found that the ISBA-
A-gs model is able to capture the general patterns of LAI2 Model implementation
observed from space and that the simulations fall within the
range of variability of satellite-retrieved LAI. Moreover, the 2.1 The ISBA-A-gs model
same authors highlighted the good agreement of the spatial
patterns along the vegetation growing season, between simu-he ISBA model (Interactions between Soil, Biosphere and
lated and satellite-derived LAl values, despite some discrepAtmosphere) (Noilhan and Planton, 1989; Noilhan and Mah-
ancies in the determination of the leaf onset. fouf, 1996) is a land surface model designed to calculate
While ISBA-A-gs proved to perform well at the global the exchanges of water and energy between the land surface
scale, with aggregated low-resolution LAl products, the useand the atmosphere, for use in numerical weather predic-
of the model at higher spatial resolution (e.g. for hydrolog- tion models and climate models. A G@esponsive version
ical or vegetation monitoring applications) needs to be as-of ISBA, called ISBA-A-gs (Calvet et al., 1998; Calvet and
sessed. The present work is an attempt to assess the peégoussana, 2001; Gibelin et al., 2006), allows accounting for
formance of the ISBA-A-gs model at the regional scale, atthe effect of the atmospheric carbon dioxide concentration
a relatively high spatial resolution (8 km). At this scale, as and the interactions between all environmental factors on the
well as at coarser scales, different types of vegetation (cropsstomatal aperture. ISBA-A-gs also calculates the two main
forests, grasslands) can be found in a model grid cell andcarbon fluxes between the land surface and the atmosphere
the sub-grid heterogeneity has to be represented. A tile apfi.e. gross primary production (GPP) and total ecosystem res-
proach is used and for a given grid cell, the model is runpiration). Optionally, ISBA-A-gs calculates the green LAI.
for each vegetation type found in the grid-cell. This study The model has undergone substantial modifications to ac-
is undertaken for a regional watershed, the Adour-Garonneount for soil moisture stress effects (Calvet, 2000; Calvet et
basin located in southwestern France, which was consideredl., 2004) and to include nitrogen dilution (Calvet and Sous-
in the framework of the CarboEurope Regional Experimentsana, 2001; Gibelin et al., 2006). Two distinct responses to
Strategy (CERES) campaign (Dolman et al., 2006). water stress are currently parameterized in the model: for
Satellite data available over time periods of several yearsnoderate soil water stress, some plants develop higher val-
provide consistent information to assess the reliability of aues of the water use efficiencW(; ) following a drought-
land surface model and its representation of the seasonal araloiding strategy, while others show little change or even a
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decrease iWy g, corresponding to a drought-tolerant strat-
egy. Moreover, the plant nitrogen content affects the ratio
between the total leaf biomass and LA, in kgm~2). The

ap ratio is calculated as a function of plasticity parameters
(e andf), and of the leaf nitrogen concentratioh, (Gibelin

et al., 2006). Standard values of the vegetation parameter:
of the model depend on the biome type and are summarizec
in Table 1. They were inferred from values determined by
a meta-analysis of the literature, sensitivity tests performed
at the global scale (Gibelin et al., 2006), and from values
used by previous local studies over southwestern France (Ri-
valland et al., 2005; De Rosnay et al., 2006; Sabater et al.,
2007). The southwest region of France is also the area re-
tained in the present study (Fig. 1).

The spatial heterogeneity within a grid cell is represented
by tiles (Fig. 2). Within the vegetation tile, each land cover
class corresponds to a combination of 12 generic surface
types or patches (bare soils, rocks, permanent snow and ice
deciduous broadleaf trees, evergreen broadleaf trees, conif
erous trees, C3 crops, C4 crops, irrigated crops, C3 nat-
ural herbaceous vegetation, C4 natural herbaceous vegete
tion, wetlands). ISBA-A-gs simulates the aggregation of the
different patches in the vegetation tile. The simulated LAI
shown in this study is always the average LAl of different B
vegetation types weighted by the fraction of area they cover. .3

The version of ISBA-A-gs used in this study is imbedded
into SURFEX (SURFace Externadis, Martin et al., 2007),  Fig. 1. The study area in southwestern France with its geographic
the modelling platform of Mteo-France. SURFEX includes |ocation in Europe (highlighted by the red square). The zoom shows
a description of soil and vegetation processes. It can be usettie topography of the study area (obtained from CGIAR CSL, http://
offline, forced by atmospheric analyses (or by local meteoro-srtm.csi.cgiar.org) and the location of the Laqueuille grassland site.
logical observations), or online, coupled with an atmospheric
model. In this study, SURFEX is used offline and there is no
feedback from the surface to the atmosphere. SURFEX i€C3 crops occurs at springtime (i.e. as soon as meteorological
used for research and operational applications. Several opsonditions become favourable to plant growth) and is sim-
tions of the land surface model are available (e.g. one — thisilated like the growth of natural vegetation (no sowing or
study — or several soil layers). ISBA-A-gs is one option of the emergence date has to be prescribed).
model. When ISBA-A-gs is used, the interactive vegetation
capacity may be activated or deactivated. So far, the ISBA-2.2 The soil and land cover databases
A-gs option was used for research applications, either offline
(e.g. Gibelin et al., 2006) or online (e.g. Sarrat et al., 2009).In the SURFEX modelling platform, the soil and surface pa-
For online applications, the simulations of the coupled modelrameters used by the land surface model are obtained from
last a few days, at most, and the interactive vegetation is dethe ECOCLIMAP global database (Masson et al., 2003).
activated (LAl values are prescribed). The latest version ofECOCLIMAP is a database of key surface parameters (soil
ISBA-A-gs in SURFEX (version 1) was used. It includes the texture, albedo, emissivity, roughness length, LAI, vegeta-
possibility to prescribe a crop emergence date and (optiontion fraction, and physiological parameters) for land surface
ally) to simulate irrigation for summer crops, i.e. crops sown modelling. The land parameters must be spatially consistent
in May and growing at summertime. In this study, the rep- and temporally coherent, and are projected onto a grid map
resentation of seeding and irrigation practices is used for thén two stages. First, a land cover classification is performed
C4 crops (maize), only, as maize is the main irrigated crop inby aggregating the pixel values presenting the closest time
the studied region. An irrigation amount of 30mm is added toseries of Normalized Difference Vegetation Index (NDVI)
the precipitation forcing each time the simulated extractablemeasured by the Advanced Very High Resolution Radiome-
soil moisture content (dimensionless) reaches a predefineter (AVHRR) sensor, onboard the NOAA (National Oceanic
threshold. This threshold decreases from 0.70 for the first ir-and Atmospheric Administration) satellite series. The classi-
rigation, to 0.55 for the second, 0.40 for the third, and 0.25fication is based on climate zones and pre-existing land cover
for the following ones (Calvet et al., 2008). The growth of maps. The version of ECOCLIMAP described in Masson et
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Table 1. Values of the ISBA-A-gs parameters for the five vegetation patches used in the simulations over southwestern France. An asterisk
shows the values proposed by Gibelin et al. (2006) at the global scale, when they are different.

Deciduous C3 natural
broadleaf Coniferous herbaceous

Vegetation trees trees  C3crops vegetation
parameters Names Units (patch 4) (patch5)  (patch7) (patch8)  (patch 10)
f Unstressed mesophyll conductance &@5 ms 1 0.003 0.002 0.001 0.001
Tm Potential leaf life expectancy day 230 365 150 150 150
LAl min Minimum Leaf Area Index rAm—2 0.3 1 0.3 0.3
Dif\ax Maximum leaf-to-air saturation deficit kg k¢ 0.109 0.124 0.050 0.050
gc Cuticular conductance nTd 0.00015 0.00000 0.00025 0.00025
O, Critical extractable soil moisture - 0.3 0.3 0.3 0.3
e Specific leaf area sensitivity tv;, m2kg—1op1 4.83 4.85 3.79 5.56
f Specific leaf area av; =0% nf kg1 2.53 —0.24 9.84 6.73
Np Leaf nitrogen concentration % 20 23(®»8 11(1.3) 2219 13
- Response to drought - Tolerant Avoiding  Avoiding Tolerant Avoiding

==
- >
V i

Grid mesh of the model
8km resolution

The tile « Vegetation » contains
12 patches

[ ] bare soils

[_Jrocks

[ ] permanent show and ice
[ ] deciduous broadleaf trees
[ evergreen broadleaf trees
[ coniferous trees

[ C3 crops

I C4 crops

I irrigated crops

I C3 natural herbaceous
I C4 natural herbaceous
I wetland herbaceous

Ry

(%4

-

™ \‘:.\

tiles : 4 surfaces types are considered in the grid mesh

(town, vegetation, sea, lakes)

Fig. 2. Sketch of the tile approach considered in SURFEX, the modelling platform including ISBA-A-gs.

al. (2003) consists of 215 ecosystems representing, as much More often than not, the ECOCLIMAP classes correspond
as possible, homogeneous functional vegetation types, @b a combination of the 6 main patches encountered over
1km resolution. Further, based on the classification nomensouthwestern France (i.e. bare soils, coniferous trees, decid-
clature and look-up tables, a global and monthly database ofious broadleaf trees, C3 crops, C4 crops, C3 natural herba-
surface parameters, organized in land cover types, is built. ceous vegetation). The fraction of those 6 patches is dis-
In this study, a dedicated ECOCLIMAP product was played in Fig. 3. The fraction of bare soils is mostly present

developed for a region of about 170000%rn south-

along the Mediterranean coast. C3 natural herbaceous veg-

western France. This specific ECOCLIMAP version hasetation is found in mountainous areas (grasslands of Massif
61 ecosystem classes representing a splitting of the initialCentral and throughout the Pyrenees). Deciduous broadleaf
CORINE land cover database (Heymann et al., 1993), withtrees are distributed throughout the domain except over the
an enhanced representation of agriculture (more agriculturalles Landes region, where coniferous trees are dominant. C3
crops are predominantly located in the West and in the East

classes).

Biogeosciences, 6, 1389—-1404, 2009
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of the city of Toulouse, whereas C4 crops are found close €4 crops
to the Garonne river, and in the North and South of the Les 46—
Landes forest. The vegetation fraction (veg) corresponds to { !
the percentage of vegetation within a patch. For crops, it *°|
is derived from LAI using the simple formula of Kanemasu
et al. (1977), veg=1-exp¢LAl), with «=0.6. For the Les ,
Landes forest, dominated by coniferous trees, the vegetatior 43 ! .
fraction is set to a constant value of 0.95. The same value is s
used for deciduous 42,
broadleaf trees and C3 natural herbaceous vegetation. Thi
parameter veg is set to O for bare soils, rocks and water sur- 44
faces.

C3 natural herbaceous

M4

latitude (°)

80
Coniferous trees

“.'.

IS
[

*. 60
2.3 Atmospheric forcing: the SAFRAN database al
2001-2003

latitude (°)
£

The atmospheric forcing data required for simulations over 4 40

France are provided by the atmospheric analysis systerr 42
“Systeme d’'Analyse Fournissant des Renseignements Ala 2 4 o 1 2 3 4
Neige” (SAFRAN) (Durand et al., 1993, 1999). Initially, it Bare soils

r20

was developed for snow monitoring in mountainous areas. 46—,

It was extended to the whole of France (Quintana-Segu L‘“‘

al., 2008) in order to monitor land surface processes (not ® b

only snow). SAFRAN produces estimates of meteorological g “ rf‘ 0
variables and incident radiation fluxes by combining obser- £ | .|..T"5/'

vations and analyses from model outputs. The latter allow 4, .

the determination of vertical profiles. It uses an optimal in- Ek,l

terpolation method over climatologically homogeneous areas 42;——————, 42,—

to build the meteorological fields, in order to ensure a good longitude (*) longitude (*)

coherence of the forcing. These areas are of irregular shapes

and cover surfaces of usually less than 1008 kihe ini-  Fig. 3. Percentage of the 6 main patches of ISBA-A-gs in south-

tial guess required for the optimal interpolation comes fromWestern France (top: C4 crops and C3 natural herbaceous vegeta-
outputs of the global scale operational NWP model ACtiontion' middle: coniferous trees and C3 crops, bottom: bare soils and
Recherche Petite Echelle et Grande Echelle (ARPEGE) ofi€¢iduous broadieaf trees).

Météo-France (Courtier et al., 1991) and from a re-analysis

of the European CenFer for Meteorological Wea.ther Fprecas{he domain considered in this study, the SAFRAN data cover
(ECMWF) modgl, re-interpolated from a Gaussian grid onto 4 51,61 cell grid. The accuracy of SAFRAN was evalu-
on a regular grid at 0%5¢0.5 resolution. The SAFRAN  j40 4 by Ouintana-Segat al. (2008) for the whole of France,

an_aIyS|s is completed by a pumb_er of observations: the an%\/ho found a reasonable agreement with independent in-situ
ysis of temperature, humidity, wind speed and cloudiness I$bservations

performed every six hours using observations from the syn-
optic network. The vertical profiles of these variables ares 4  simulations
calculated every 300 m. Next, the analysed values are inter-
polated at hourly time steps. All altitude profiles (tempera- Simulations covering a 3-year period (2001-2003) were per-
ture, humidity and cloudiness) as well as surface winds ardormed with SURFEX for the Adour-Garonne basin in the
linearly interpolated. Solar and long wave radiation are alsd‘offline” mode, i.e. without coupling the land surface with
calculated, using the radiative transfer scheme of Ritter andhe atmosphere. The chosen region is located between the
Geleyn (1992). The hourly precipitation and phase are estiAtlantic Ocean and the Mediterranean sea and includes the
mated by combining the hourly snow-rain transition altitude, Pyrenees and the Massif Central mountains (Fig. 1). The at-
the daily rain/snow ratio observations and estimations, andnospheric forcing data were obtained from a subset of the
relative humidity. Atmospheric pressure is measured at sSeSAFRAN database (as described above). The ISBA-A-gs
level and then interpolated at each grid point, while account-option of SURFEX was run in a configuration able to rep-
ing for differences in topography. resent the vegetation growth and the senescence phase, in
The SAFRAN database is referenced in the Lambert 2 ex+tesponse to meteorological conditions. In order to initialise
tended coordinate system at a resolution B&n?. Over  the LAl and the soil water content, the model was spun up by

www.biogeosciences.net/6/1389/2009/ Biogeosciences, 6, 1389—-1404, 2009
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repeating the simulations over the year 2001. The year 200Yegetation index, actually the simple difference between vis-
was chosen as the spin-up year, as its general climatic corible and near-infrared reflectance interpolated to zenith-nadir
ditions corresponded to average climatic conditions for thisobservations with the MODIS BRDF model. Then, the ef-
region, both in terms of temperature and precipitation. Af-fective LAI, L., is retrieved from the formulg CoverO=A-

ter two cycles, the main variables reached equilibrium condi-exp(—0.47L.). The clumping index (Cl) quantifies the level
tions. The simulations for the years 2002 and 2003 were themf foliage grouping within distinct canopy structures, such as
undertaken as open-loop runs. A value of LAl was simulatedtree crowns, shrubs, and row crops, relative to a random dis-
for each patch present in a given grid cell, and a grid averagéribution (Lacaze et al., 2002; Chen et al., 2005). A dynamic

LAI value was calculated. retrieval of Cl permits to account for mutual leaf shadowing
in the sensor field of view. Dividind., by Cl leads to the
2.5 Leaf onset calculations “true” LAI. For most vegetation canopies, Cl is less than 1,

which aims at increasing LAl values, from 10% for grass-
In this study, the leaf onset is defined as the date at which LAllands to 30% for forests, on average.
reaches an intermediate value of LAI (LAl The difference Below, the reprocessed MODIS LAl product, derived
between this intermediate value and the minimum LAl valuefrom MOD43B1, is called MODIS-RP. The initial Collection
corresponds to 40% of the amplitude of the seasonal cycle} LAl product is called MODIS-INI.
(White et al., 1997; Gibelin et al., 2006). The amplitude of
the seasonal cycle is defined as the difference between th&2 CYCLOPES products
maximum and minimum LAl observed over an annual cy-
cle, and LA}=0.4 LAlya0.6 LAlmin. This method is ro- The Carbon Cycle and Change in Land Observational Prod-
bust and well adapted for the comparison of different timeUcts from an Ensemble of Satellites (CYCLOPES) project
series (e.g. the remote sensing products and the model haV§s an initiative aiming at developing and producing global
different sampling times). In this study, this method was ap_surface parameters from space-borne sensors. In particular,
plied to both model simulations and satellite LAI observa- k€Y biophysical parameters (LAFAPAR and f Cover) were
tions. As the sampling time of the satellite products is ratherProduced for the period 1998-2003 based on the processing
coarse (about 10 days), a linear interpolation between tw@®f SPOT/VEGETATION data (Baret et al., 2007). Top of

dates is performed in order to retrieve the date at which LAl C&nopy reflectance values were corrected for surface direc-
is reached. tional effects in order to obtain normalized reflectances. A

neural network was used to retrieve LAI from the normalized
reflectances. The neural network was previously trained from
3 Remotely sensed Leaf Area Index synthetic reflectances produced by the SAIL model (Ver-
hoef, 1985) simulating the radiation transfer within vegeta-

Two satellite-derived LAl products were used: MODIS and tion canopies. _
CYCLOPES. They both cover the 2001—2003 period consid- !N this study, the Version 3 CYCLOPES LAl product (Pos-

ered in this study. tel, 2008) is used. It has a spatial resolution of 1km and is
based on a temporal composite window of 10 days. The un-

3.1 MODIS-based products certainty of this LAl product is discussed by Garrigues et
al. (2008).

The Moderate Resolution Imaging Spectroradiometer
(MODIS; http://modis.gsfc.nasa.gov/) is an instrument
on board NASAs Terra and Aqua platforms to collect

remote sensing information of the Earth atmosphere, 0ceang |44 validation of model simulations and remote sensing

and land surface. Collection 4 of MODIS LAI (Tian et .4 cts is needed. An optimal ground-truthing regional net-
al., 2000) product was analyzed first and was judged t0Q,, 1y of phenological observations should be dense, address
noisy at the 1 km spatial resolution for the study area,e main vegetation types, and cover the studied period. Un-

even after being class-averaged (see also Garrigues et a'|‘ortunately, the information available is local, patchy, and

2008). An alternative was to consider the LAl retrigval infrequent, and the importance of the lack of surface phe-
method proposed by Roujean and Lacaze (2002), relying oRy,qgical observations has to be stressed out. The available
Bi-directional Reflectance Distribution Function (BRDF), itormation is described below.

and to use the MODIS BRDF/Albedo Level 3 product

(MOD43B1). MODA43B1 is a global product at 1 km spatial 4.1 Mid-altitude grasslands

resolution, projected onto a sinusoidal grid, and with a

16-day composite time frame. In previous studies, the ISBA-A-gs model was validated over
The algorithm of Roujean and Lacaze (2002) first esti-a variety of sites, representing contrasting vegetation types.

mates the fractional cover of vegetatiofiGover) from a  In southwestern France, different types of crops and forests

4 In-situ observations

Biogeosciences, 6, 1389-1404, 2009 www.biogeosciences.net/6/1389/2009/
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are found, as well as semi-natural mid-altitude grassland$ Comparison of satellite-derived and simulated
used for extensive grazing. Although C3 natural herbaceous LAl values
vegetation was simulated by ISBA-A-gs before, at various
spatial scales (Gibelin et al., 2006; Sabater et al., 2008), thertn this study, the satellite LAl is used as an indirect means
was no specific representation of the grazed mid-altitudeto evaluate the vegetation growth component of ISBA-A-gs.
grasslands found in southwestern France. In this study, inRemotely sensed LAI is known to present two drawbacks:
situ observations were used to verify the model's perfor-(i) it must be corrected for clumping to obtain a true value
mance. in agreement with modelled LAI definition; (ii) it saturates
Measurements were made by the Institut National de laat high LAl values (Pontailler et al., 2003). However, the
Recherche Agronomique (INRA) at an upland semi-naturalcomparison between satellite and modelled LAl is instruc-
grassland site (438 N, 2°44 E; 1040 ma.s.l.) near Laque- tive, in particular to assess the ability of the model to repre-
uille, Puy de Mme, France during 2002—-2004. The site andsent the seasonal and the inter-annual variability (Gibelin et
the experimental set-up are described in Allard et al. (2007)al., 2006).
Meteorological and eddy-covariance €flux measurements Figure 4 displays the 2001—2003 LAl simulated by ISBA-
were performed. GPP estimates were derived by Allard efA-gs and the satellite-derived datasets (MODIS-RP, MODIS-
al. (2007) from the net ecosystem exchange observationdN, CYCLOPES), for the major types of vegetation of south-
Two paddocks differing in N fertilisation and grazing pres- western France: coniferous trees, C3 crops, C3 natural herba-
sure were investigated. In this study, the “extensive” paddockceous vegetation and deciduous broadleaf trees. The ISBA-
was considered, as it was more representative of the majorityA-gs results correspond to mixed patches, and, in this figure,
of the mid-altitude grasslands found in the mountainous areasnly pixels that contain at least 85% of the same patch are
of southwestern France (the Pyrenees and Massif Centralonsidered. The number of selected gridpoints for the 4 se-
LAI observations were performed at the grassland site oflected patches is, 62, 78, 19, and 23, respectively. The tem-
Laqueuille in 2002. They are shown in Fig. 7 of Vuichard et poral evolution of LAl for C4 crops is not shown because a
al. (2007). The low-fertilized and extensively grazed grass-modelled pixel dominated by this patch over the study area
land of Lagueuille grew rapidly in June and reached a maxi-could not be found. Indeed, the percentage of C4 crop within

mum LAI of about 2.5 m~2 at the beginning of July. a pixel reaches only a maximum value of 45%. Table 2
presents the simulated and satellite-derived leaf onsets and
4.2 Crops and forests LAI peaks.

The seasonal and inter-annual variability of LAl is driven
to a large extent by climate. Figure 5 shows the 2001-2003
average monthly incident shortwave radiation and air tem-
2006; Jarosz et al., 2009). R , perature at noon, as well as the monthly precipitation for

In the case of a wheat crop (Lamasge), maximum LAI two contrasting climates within the studied area (Fig. 1b):
was attained at the e'?d of Ma}’ and the SENescence occurrge queuille and Toulouse. The climatic conditions of 2001,
in June. A rapeseed fleld_(Aura)jpresented maximum LAl .are representative of the average climate of the region. In
values at the end of April anq the senescence _occurred "}001, the annual amount of precipitation is about 1200 mm at
June. A barley field (Montbartier) presented maximum LAI Laqueuille, with a maximum in March and April, and about
values at the beginning of May and the senescence occurreéiSOmm in, Toulouse. with a maximum in Aprii and May.
in May. The maximum LAl of irrigated maize fields (Saint- Maximum air temper:altures vary from 32 in Toulouse and

Sardos) was attained in July and remained stable till th 0°C at Laqueuille, in August, to°€ in Toulouse and-1°C
senescence, which occurred in October. Carbon fluxes an t Laqueuille, in December. Figure 5 shows that 2003 was

LAI observations at Lamas@ue and Auraé are described ;
: . markedly warmer and dryer at both locations. The mean
for a 3-year period (2005-2007) ireBiat et al. (2009). Fonthly air temperatures are much higher in spring and sum-

A few field observations of LAI were performed in 2005,
close to Toulouse, over crops and forests (Dolman et al.

In the case of a sessile oak forest (the Agre forest), leat ., 5503 than in 2001 and 2002. In 2001 and 2002, the area

emergence Vl\i;a:l _observe(?j at tr(;e e”nd ofdMarch. . AfterlleAzla eceived similar amounts of rainfall, though during different
emergence, Increased gradually, and a maximum seasons: in 2001, the majority of the precipitation was ob-

value was attained in June (at the beginning of June or laterServed in spring (March, April and May) whereas the main

depending where LAl was measured). Over the Les I“”mdezﬁain events in 2002 occurred later during the summer, thereby

forest (coniferous trees) site of Le Bray, the maximum LAl supplying the fully developed vegetation with a higher water
of the understory and of the trees were observed at the engvailability at this time of year

of June, and at the end of July, respectively. The total LAI of
the forest (trees and understory) reached a maximum valu

8.1 Seasonal variability in 2001
of 3.9 m~2 at the beginning of July. y

In Fig. 4, the MODIS-RP and CYCLOPES satellite-derived
LAl present much lower maxima, i.e. present smaller
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C3 crops C3 natural herbaceous

s MODIS-RP

—— CYCLOPES
MODIS-INI

—— ISBA-Ags

LAl (m? m™)

JMMJSNUJIMMUISNIMMISN JMMJ SNJIMMISNIMMISN
2001 2002 2003 2001 2002 2003

Fig. 4. Evolution of the average LAI for various vegetation patches in southwestern France, between 2001 and 2003, simulated by the

ISBA-A-gs model (black line) and derived from MODIS-RP (red line), MODIS-INI (green line), and CYCLOPES (blue line) products, for
pixels containing at least 85% of the same patch.

a) Incident radiation other hand, the MODIS-INI maximum LAl values are higher
than for MODIS-RP, for the deciduous broadleaf trees, the
coniferous trees, and the C3 natural herbaceous vegetation.
The CYCLOPES algorithm produced lower maximum val-
M T s N T M M T s N T MM T s ues than those obtained from MODIS-RP. With the exception
b) air temperature of C3 natural herbaceous vegetation, the simulated peak LAI
is markedly higher than the MODIS-RP and CYCLOPES
peak LAl Table 2 shows that the difference in peak LAI
is particularly large for CYCLOPES (more than 3m—2
in the case of C3 crops and deciduous broadleaf trees).
¢) rain The modelled LAI peak occurs one to two months after the
S I A A satellite-derived peak.
200 L 1 For the C3 crops, another significant difference between
- 1 the satellite and simulated LAl is the fast senescence simu-
L h il MlblnljhmﬂwljhghNh@ﬂﬂlﬂﬂhubl‘w lated in July. This rapid change in LAl is not reflected in the
2001 2002 2003 satellite signal which displays a smooth decrease starting in
May, at the end of spring. In this region, the senescence of
Fig. 5. Mean monthly incident shortwave radiati(a and air tem-  C3 crops (e.g. wheat) generally occurs in June (see Sect. 4.2)
perature(b) _at noon, and_monthly preupltatlon |_n u_nlts of kgﬁw and these crops are harvested in July.
(c), atthe site of Laqueuille, Massif Central (solid lines, dark bars) 16 case of C3 natural herbaceous vegetation, the largest
and in Toulouse (grey dashed line, grey bars), derived from Ir]'discrepancies are found during the first stage of the growing
situ observations and from the SAFRAN database, respectively, be-"~"
tween January 2001 and December 2003. period (the leaf qnset). Thg model and MODIS-RP p(_aak LAI
values are consistent, while the CYCLOPES value is much
lower, again. The shift of the seasonal cycle is more acute
than for C3 crops. In particular, the peak LAl simulated by
ISBA-A-gs presents a delay of more than 2 months. How-
ever, the senescence period presents a better agreement.
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amplitude cycles, than the simulated LAI. The MODIS-INI
LAI product is noisy, with a number of spurious low values
during the vegetation period. For C3 crops, the MODIS-INI
maximum LAl value is lower than the MODIS-RP product,
and the interannual variability is more pronounced. On the
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Table 2. Average maximum LAI, leaf onset daté,(), maximum LAI date for various vegetation patches in southwestern France for the
period 2001 and 2003, simulated by the ISBA-A-gs model and derived from MODIS (reprocessed and initial Collection 4, “RP” and “INI",
respectively) and CYCLOPES products, fopixels containing at least 85% of the same patch. For leaf onset, the averageajug,is

given together with the standard deviatiory, , and the minimum and maximum valu@sy, d,x: <do>=+04,, [don, dox].

Patch Maximum LAl Leaf onset Maximum LAI
(85% threshold) n  Product (Mm=2) (DoY) (DoY)

2001 2002 2003 2001 2002 2003 2001 2002 2003
Coniferoustrees 62 ISBA-A-gs 526 5.17 4.75 186.1 123t6.2 123t3.7 225 273 225
(patch 5) [123,167] [118,162] [119,147]

MODISRP  3.05 295 299 843  92t57 8957 193 193 177
[78,94]  [82,103] [74,99]

MODISINI 515 4.88 527 44347 42t523  74:52.2 225 177 193
[1,147]  [1,152] [6,148]

CYCLOPES 261 246 244 1202 12344 120:2.3 195 195 165
[109,123] [107,129] [109,123]

C3.crops 78 ISBA-A-gs  5.08 559 450 13004 12865 120:4.1 193 209 177
(patch 7) [109,150] [113,145] [114,132]
MODISRP 354 337 326 6806  64t0.6  64:0.8 145 145 129
[60,62]  [63,65] [63,68]
MODISINI 222 1.62 1.30 88534 70:£39.0 72247 161 161 145
[1,200]  [0,190]  [10,147]
CYCLOPES 207 226 182 @&®9  7k14 8338 135 135 135
[57,72]  [70,76] [78,93]

C3.naturalherbaceousegetation 19 ISBA-A-gs 477 481 4.17 1587  154t5.7 140t6.4 241 273 209
(patch 10) [143,166] [140,161] [120,150]
MODIS.RP 438 412 4.14 5.0 THA4.9 TH46 177 177 145
[62,81] [62,82] [59,77]
MODISIINI 597 6.34 441 83343 96:33.5 13@60.9 145 161 161
[9,136] [0,148] [12,242]
CYCLOPES 312 293 299 18%.9 104t8.0 10A43.3 165 165 165
[82,109] [80,110] [97,111]

Deciduousbroadleaftrees 23 ISBA-A-gs 5.86 553 5.03 129.3 132:8.0 119%9.6 225 225 209
(patch 4) [103,138] [119,145]  [98,131]
MODIS_RP 400 3.86 3.88 746.2 75+5.9 7THA43 177 177 161
[67,84] [68,84] [66,78]
MODIS_INI 509 466 4.14 5252.0 7Gt47.8 106£38.3 161 177 161
[1,149] [17,132] [21,151]
CYCLOPES 278 271 267 1827.2 98t7.3  106t2.5 165 165 165
[94,112]  [90,110] [103,110]

Concerning the deciduous broadleaf trees and coniferouMODIS-RP data, but underestimate the intensity of LAl
trees, the modelled LAl is higher, with an offset of 1.8 to (which is in agreement with the observations made in this
2.2nfm~2 for MODIS-RP and 2.6 to 3.1Am~2 for CY-  study).

CLOPES. Contrary to C3 crops and deciduous broadleaf Figyre 6 presents a spatial comparison of the modelled and

trees, for coniferous trees, the modelled LAl is always aboveyiopIS-RP LAI at four dates in 2001. The MODIS-RP data
the MODIS-RP and CYCLOPES observations, even in Win-are ysed, only, as they have been corrected for clumping ef-

ter. Moreover, the peak LAI simulated by the model elxhibits.fects_ Discrepancies between the LAI simulations (top row
a delay of about one month compared to the satellite estif Fig. 6) and the satellite-derived LAI (bottom row of Fig. 6)
mates. are discernable. The springtime vegetation growth simulated
Finally, one may notice that the start of vegetation de-by ISBA-A-gs (from DoY 33 to DoY 145), is more vigor-
termined with CYCLOPES is in better agreement with the ous along the Atlantic coast and in the Garonne valley. On
model than from MODIS-RP for C3 natural herbaceousDoY 33, the highest values of LAI (around Zm—2) are
vegetation, coniferous trees and deciduous broadleaf tree$ound in these low altitude areas. The highest LAl value is
Weiss et al. (2007) suggest that the CYCLOPES products ofsimulated for the coniferous trees of the Les Landes forest.
fer a better timing of the phenology of the vegetation thanThe simulated springtime vegetation growth is much lower
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Fig. 6. Leaf area index for four dates in 2001, (top) simulated by ISBA-A-gs and, (bottom) retrieved from MODIS-RP. From left to right:
day of year (DoY) 33, 145, 209, 305 (2 February, 25 May, 28 July, 1 November 2001, respectively).

Pyrenees (except close to the Atlantic coast) and of Massif
Central. A contrasting result is obtained with the MODIS-RP 46
LAI for the mid-altitude C3 natural herbaceous vegetation, as
it seems to grow more rapidly than in other areas (Fig. 6). At
the end of July (DoY 209), the simulated LAl reaches max- 45¢
imum values (up to 6 Am~2) for most regions except for
portions of the agricultural areas composed of C3 crops. For
the latter, the senescence is already finished. At the end o
October (DoY 305), the C3 crop area around Toulouse and &g
the region along the Mediterranean coast present markedly™
low LAl values. At that time, the LAl remains high (more
than 4 n¥ m—2) for deciduous broadleaf trees and coniferous
trees, only.

Like Fig. 4, Fig. 6 shows that the modelled plant growth ‘ . . ‘ ‘ 70
depends on both the climate and the vegetation type. As ther¢ 4?2 -1 0 1 2 3 4
are no phenological attributes in ISBA-A-gs, the simulated .
vegetation growth is driven by the climate. For example, longitude
the main driver of the senescence of C3 crops like wheat, in
ISBA-A-gs, is the summer drought. If favourable conditions Fig. 7._Le_afonset for the year 2001 esti_mated with ISBA-A-gs. The
(e.g. rainfall suppressing the drought) occur at the end of the¢al€ indicates the day of year (DoY) i.e. the date of growth of the
summer or during the autumn, the model is able to SimuIa,[evegetatlon according to the definition used in Gibelin et al. (2006).
re-growths (Calvet et al., 2008).

Figure 7 presents for 2001 the simulated leaf onset, de-
fined as the date at which LAl reaches an intermediate value Figure 8 shows the difference between model and satel-
of LAI (Sect. 2.5). The leaf onset first starts along the jite |eaf onset. The CYCLOPES and MODIS-RP prod-
Mediterranean coast and along the Atlantic coast (southeasticts are considered. The calculation of the leaf onset from
ern and western parts of the domain, respectively). Those rethe satellite data allows identifying clear patterns, resem-
gions are less cloudy at springtime, with higher temperaturesp|ing those of the simulations. However, the comparison be-
To the south of the Les Landes forest and north of TOU'OUSQWeen the model and the satellite leaf onset shows a tempo-
(i.e. central part of the map), the modelled leaf onset occurga| shift that varies from one grid cell to another. Figure 8
between DoY 120 and DoY 140 whereas over mountainousshows that in 2001, these differences occur, particularly, in
areas (northeast of the map and Pyrenees), it occurs later, bgre cultivated region in the centre of the study area. Also,
tween DoY 140 and DoY 180. the differences with MODIS-RP are very large for the mid-

altitude C3 natural herbaceous vegetation of the Pyrenees

for the mid-altitude C3 natural herbaceous vegetation of the Leaf Onset (ISBA-A-gs) 2001

[0)
©
2 44
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Fig. 8. Differences in leaf onset (days) between the ISBA-A-gs model simulations and (top) CYCLOPES and (bottom) MODIS-RP satellite
data for 2001, 2002 and 2003. In most cases, delays in the simulated leaf onset are observed.

and Massif Central. Figure 8 confirms that the leaf onset deciduous broadleaf trees and for the coniferous trees, the sim-
rived from CYCLOPES agrees better with the modelled leafulated LAI cycle shows a stronger magnitude than the one
onset. There is a general agreement of the spatial distributiodetected by satellite, with a delay of the annual peak.

Of, t:]‘e leaf onset d|fferbenﬁes o;MOD:S-RPIan? CYCL(;?;ES For C3 crops, the two contrasting climatic annual cycles

with ISBA-A-gs. For both products, lower leaf onset differ- ¢ 5905 and 2003 influence the simulated LA (Fig. 4). In

ences are observed in the Les Landes area and close to t%03 a low maximum LAl value~4 m? m—2) occurring at
Mediterranean coast. Also, leaf onset differences are smalle[rhe e’nd of June is simulated. whereas the maximum value
in 2003. is higher in 2002 (about 6fm—2) and occurs at the end of
July. More realistic dates of peak LAl can be derived from
the MODIS-RP and CYCLOPES products, ranging from the

In Sect. 5.1, the 2001 annual cycle was considered in order t§€¢0nd week of May to the end of May. In 2002, ISBA-A-gs
verify the simulation of the seasonal cycle. As the behaviourSimulates two marked peaks within the cycle of C3 crops: the
of the model may change from one year to another, thresecond peak (a regrowth caused by rainfall events) is simu-
annual cycles are now considered: 2001, 2002, and ZOO:J’gted in the autumn. In the studied area, intermediate crops
While 2001 is climatologically a standard year, 2002 and (IlKé nitrogen fixing legumes) are not commonly used. In
2003 are marked by a wet and cool summer, and a very dnl;nost cases the agricultural fields are left unperturbed after
and hot spring and summer, respectively (Fig. 5). In 2003'the harvest and natural vegetgtion growth or crop regrowth
the unusual low amount of precipitation and high tempera-May occur. Although the satellite observed a slow decrease
tures caused an early stress of the vegetation and accelerat8f LA! in 2002, neither CYCLOPES nor MODIS-RP de-
the senescence. tected this marked second maximum. The _model seems to
Model vs. satellite differences are observed for all the veg-have astrong response to the climate variability .Wh'Ch IS not
etation types, throughout the studied period (Figs. 4 and 8)_observed by the satellite products. An explanation could be

The model generally simulates a delayed and higher maXi_the difficul@y to represent the C3 crop diversity in the model.
mum LAI than that estimated with the satellites. However, in 2003, due to a marked summer drought, both

The simulated LAl of C3 natural herbaceous Vegetationsimulations and satellite-derived data present a shorter cycle
reaches about the same maximum values as suggested by t%the plant growth.
observed data from MODIS-RP but a delay of 2 months is For C3 natural herbaceous vegetation and deciduous
apparent in 2001 and 2003, 3 months in 2002. For the debroadleaf trees, the modelled and observed vegetation cycles

5.2 Inter-annual variability
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in 2001 and 2002 are similar. In 2003, the satellite-derived
LAI (MODIS-RP, CYCLOPES), presents a weak regrowth
at the end of August or in September. This is consistent with
the moderate regrowth simulated at the end of August. For
deciduous broadleaf trees, the drought of 2003 induces a de-

A. Brut et al.: Modelling LAI at a regional scale with ISBA-A-gs

(including, e.g. dead leaves) and the senescence as seen
from space may occur later than in the real world. This
effect accentuates the misrepresentation, in the satellite
LAI products, of the last phase of the vegetation growth.

crease of the simulated LAI in July, which is observed, to 5.3.2 Uncertainties in model simulations

some extent, by MODIS-RP and CYCLOPES.

While for the mid-altitude C3 natural herbaceous vegetation

5.3 Discussion about the leaf onset

and for C3 crops the satellite LAI products permit to iden-

tify a shortcoming of the model, it is difficult to conclude for
The discrepancy between the satellite and modelled LAl,other model's grid cells presenting a less pronounced differ-
and the large differences in leaf onset may be attributed teence in leaf onset.

the shortcomings of either model or satellite LAI products,

Several sources of uncertainty in the simulated LAI have

or both. Figure 8 and Table 2 show that on average, theo be considered:

modelled leaf onset occurs later than the satellite leaf on-

set, for all vegetation types. The best agreement is found for — The plant-extractable water capacity of soils and the

C3 natural herbaceous vegetation and deciduous broadleaf
trees along the northern border of the Pyrenees, and for the
Les Landes forest (mainly composed of coniferous trees).
For MODIS-RP, the difference in leaf onset is particularly
acute for the mid-altitude C3 natural herbaceous vegeta-
tion of Massif Central (north-east of the domain). For CY-
CLOPES, the largest differences are observed for C3 crops.

For all the vegetation types and for both MODIS-RP and
CYCLOPES, the differences vary from one year to another.
The median difference in leaf onset (and standard devia-
tion) are 72-2.8 day, 643.8 day, and 5&2.8 day, for
2001, 2002, and 2003, respectively, for MODIS-RP, and
50+4.7 day, 4&5.5 day, and 2%3.8 day, for 2001, 2002,
and 2003, respectively, for CYCLOPES. The lowest median
difference is observed for 2003, with the most marked sum-
mer drought.

The very high variability of leaf onset dates presented in
Table 2 for MODIS-INI (standard deviations ranging from
24 to 60 days) confirms the difficulty in using this product.

5.3.1 Uncertainties in satellite products

A surprising result is that the onset of vegetation given by
CYCLOPES may significantly differ from MODIS-RP (Ta-
ble 2).

Several sources of uncertainty in the satellite LAl products
have to be considered (Garrigues et al., 2008):

— the inability of the satellite products to represent the
high LAl values observed at the end of the growing sea-
son (the saturation effect). The saturation effect tends to
level out the last phase of the vegetation growth period,
and to produce an apparently earlier calculated leaf on-
set. The lower discrepancy between the modelled and
the satellite-derived leaf onset in 2003 may be due to
the lower peak LAI values reached during this wet year,
decreasing the saturation effect;

— while the model simulates a green LAl the satellite-
derived LAl is influenced by all the vegetation elements

Biogeosciences, 6, 1389-1404, 2009

plant rooting depth used in the model are quite uncertain
parameters. In the functional approach used in ISBA-
A-gs, these parameters influence the plant response to
drought and the date at which the simulated maximum
LAl is reached. Calvet et al. (2008) have shown that
the parameters used in ISBA-A-gs for C3 crops permit
to simulate realistic LAl and biomass values for wheat
in southwestern France. In this study, the maximum
extractable soil moisture of low vegetation varies with
soil texture and reaches 135 kg against 124 kg m?
used by Calvet et al. (2008) for wheat. A sensitivity
analysis of the model (not shown), indicates that over-
estimating the maximum extractable soil moisture in-
creases the length of the growing period and delays the
maximum LAI and the leaf onset.

The parameters used for C3 crops permit to represent
wheat (Calvet et al., 2008), but other C3 crops are
present in the studied region and contribute to the satel-
lite observations. The difficulty to represent the land
surface heterogeneity in a land surface model, the agri-
cultural practices, and to account for the presence of
several C3 crops other than wheat (e.g. barley, rapeseed,
in southwestern France), with different growing cycles,
is a source of uncertainty. Generally, ISBA-A-gs has
difficulties in representing the earliest leaf onsets (e.g.
those observed for barley and rapeseed). Working on
model parameters could help solve this problem. Then,
a specific patch would have to be added in order to rep-
resent those early growing crops. Also, a specific patch
would be needed to represent C3 summer crops (e.g.
sunflower). Upgrading the model would require a de-
tailed land use map for crops, covering the studied area,
based on high-resolution satellite data. Such a land use
map has still to be developed.

A potential source of uncertainty in the simulations of
ISBA-A-gs is the temperature response of photosynthe-
sis. In the current version of the model, a uniform op-
timum temperature of 3Z is used, and is too high for

www.biogeosciences.net/6/1389/2009/
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plants adapted to cold climates like mid-altitude C3 nat- In-situ Observations
ural herbaceous vegetation of Massif Central (Gilmanov _ "*[ T T T
et al., 2007). g

In order to confirm this hypothesis, the daytime simulated
GPP of mid-altitude C3 natural herbaceous vegetation was
compared to the observations at the Laqueuille site (Sect. 4)

as a function of air temperature (Fig. 9). Figure 9a shows 3 8 118 5 7 81 1aB e E s ®
that high GPP values are observed betwedd &nd 23C.

The observed maximum GPP in Laqueuille is reached at an
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perature and the simulated GPP is very low. These different & °°/ - éééégﬂ I .

levels of vegetation activity at low temperatures permit to ex- O s 4 1 8 5 7 9 moaa 15 17 10 21 28 25 27 2

plain the discrepancy between the observed and the modelle.. Alr Temperature [C]

leaf onset. In addition, it seems that mid-altitude grasslands ) ) o
assimilate less carbon in warmer conditions (Allard et al., 7'9- 9- The gross primary production (GPP) of a mid-altitude grass-
land versus air temperature (top) measured in-situ at Laqueuille

2007; Gilmanov et al., 2007). As a consequence, the c’b'Massif Central) for the 2004 annual cycle and (bottom) estimated

sgrved land mpdelled LAl reach comparable magnitudes buf ... ISBA-A-gs (with temperature parametefgand7’ as in Cal-

with a time shift. vet (2000) for C3 plants) at the same location and for the same pe-
riod of time. Binned values are presented: 25—-75% percentiles (blue
boxes), median values (red bars), 1.5 times the interquartile range

6 Conclusions (whiskers), outliers (+).

This paper presents an evaluation of the vegetation growth

component of the ISBA-A-gs land surface model, at a re-, )
gional scale. The model was implemented in the SURFEXt can be recommended that observation operators based on

modelling platform of Meo-France and used to represent the simulated radiative transfer within the vegetation canopy

the vegetation evolution over three years in southwesterP€ dhevtejloped gnd |mplemented||(;1 t|r|1e Iaﬂd sur:;aclze qugls.
France, a heterogeneous area including various agriculturaséyJC observation operators would allow the model to mimic

crops, grasslands, deciduous broadleaf tress and coniferolig® satellite LAl products and reduce the bias between the

trees. The LAl simulations were compared to three differ-© servations and the simulations. This is a prerequisite for

ent satellite-based LAI products: LAI estimates were cus-02ta assimilation (Sabater etal., 2008). _

tomized from the MODIS BRDF product or derived from the Moreover, this study demonstrated that large differences
MODIS Collection 4 dataset. and the CYCLOPES V3 LAl between the existing satellite LAI products and the ISBA-A-
product was used. Deriving LAl products from remotely 95 simulations were a powerful indicator of the main model’s
sensed reflectances is still challenging. The difference beShortcomings. The particularly large difference in leaf on-
tween the MODIS and CYCLOPES LAI products, as dis- set for C3 natural herbaceous vegetation permitted to iden-
cussed in this study, demonstrates that the retrieval proced§y @ weakness of the model (the misrepresentation of the
may be affected by significant uncertainties. The comparisord@ptation of the photosynthesis temperature response to
showed large discrepancies both between the satellite prod:0ld/mountainous regions), and this was confirmed by in-situ
ucts and between satellite and simulated LAI. The satellite-0PServations at the site of Laqueuille.

derived products present different maximum values of LAI
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