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Abstract. The aim of this article is to test the sensitivity of 1 Introduction
the West African hydrological cycle to infiltration processes

and to river reinfiltration pathways. This is done through sen-,q proposed byGuo et al.(2009, the hydrological part of
gitivity experiments to both inputs and paramterization set-y,o surface-atmosphere feedback loop can be divided into
tings of the ORCHIDEE Land-Surface Model. The parame- e glements: The occurence of precipitation (P) changes
terizations to take into account the effects of flat areas, pondgij moisture (SM) through the partitioning between sur-
and floodplains on surface infiltration, and the effect of rootss, e runoff and infiltration (P-SM link); then increased SM
and deepjs.o_il compactness on infiltrat'ion.are firs? describedi,yours higher evapotranspiration (ET) depending on the in-
The sensitivity analysis to parameterization settings shows;jiyation capacity in the soil and on the root uptake (SM-
that the surface infiltration processes have a stronger impagt link): finally, ET may have an impact on future pre-

in the soudano-sahelian region and more generally in Semi(:ipitation through a complex process (ET-P link)Guo

arid African regions, whereas the rootzone and deep-soil iny; g1 (2009 have analysed the strength of this feedback

filtration also play a role in the guinean and intermediate r€-o0p within the framework of the multi-model experiment

gion; betvyeen grid a.nd. humid ones. In the equatorial a”‘éLACE (the Global Land-Atmosphere Coupling Experi-
semi-humid regions, infiltration processes generally play 8mnen). |t was shown that the global simulation of the SM-ET

minor role. The infiltration parameterizations may explain | is strongly variable among the different models used.
part of the difference between simulated and observed river GLACE has also led to the conclusion that West Africa

discharge in semi-arid and intermediate basins. The sensi-

tivity analysis to the Land-Surface Model inputs shows that's On€ of th? mgin h.Ot spots of strong surface-atmosphere
different sources of uncertainty might also explain part of coupling during its rainy season (JJA) through the ET-P link

the error. Indeed, the precipitation forcing in the whole West(KOSter et al. 2004 200§. However, the strength of the SM-

African region, the long-term storage in the soudano-saheliarff T Nk has notbeen thoroughly tested and documented.
region, the soil types in the guinean region and the vegetation One of the aims of the African Monsoon Multidisciplinary
types in the equatorial region are significant sources of errorsAnalysis (AMMA) project is to better understand the role of
Therefore, observations and analyses of small scale infiltraland-surface processes in the monsoon and to contribute to
tion processes as well as continuous measurements of rivéhe development of climate models — and therefore Land-
discharges in West Africa are essential to ensure the reliabilSurface Models (LSM) — that better represent the surface-

ity of future calibration for the infiltration parameterizations. atmosphere feedbacks and the SM-ET link. Recent devel-
opments in the hydrological module of the ORCHIDEE —

ORganising Carbon and Hydrology In Dynamic EcosystEms
(Krinner et al, 2005 — LSM have focused on processes that
can be critical for the representation of the SM-ET link in the
West African hydrological cycle. These developments can be

Correspondence tol. d'Orgeval divided into two main categories which relates to the vertical
BY (tristan.dorgeval@Imd.jussieu.fr) and to the horizontal water transfers in ORCHIDEE.
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The developments of the vertical water transfers focused Sections 3 and 4 use different forcing datasets because the
on the physical representation of infiltration through the res-corresponding methodologies could not be applied with both
olution of a diffusion equationde Rosnay et gl.200Q datasets. The data and methodology are therefore described
2002. The implementation of an explicit diffusion scheme in the first subsection of each section.
allows for a detailed representation of the infiltration pro-
cesses at different levels in the soil. It is therefore possible to
make an accurate distinction between the effects of differenf ORCHIDEE land-surface model
types of infiltration involving surfaceReugeot et al2003
Cappelaere et al2003, rootzone and deep soil processes
(Beven 1982 1984. Though the impact of changes in infil-
tration with depth was studied at different scalBg¢harme — the energy balance is solved ofxl1° grid boxes,
et al, 2006 Chen and Kumar2001, Stieglitz et al, 1999, which is the scale of the forcing used
the impact on ET has not been documented at the regional
scale for West Africa where the SM-ET link appears to be of — the hydrological balance is solved separately on three
such significance. different tiles that make up each grid box. The size of

The developments of the horizontal water transfers in OR- the tiles depend on the distibution of vegetation.
CHIDEE focused on the simulation of river flomid@o-Duc ) ) i
et al, 2007, 2005 through the parameterization of different ~ ~ the river flows are computed through basins defined at a
reservoirs in a routing scheme. This allowed for the vali- 0.5x0.5" scale.
dation of ORCHIDEE against river disqharges for the years |, this section, the hydrological module and the routing
1951-2000 and the world’s 10 largest river basMg¢-Duc o dule are more specifically described.
et al, 2007, 2009. It showed that ORCHIDEE accurately
simulates most of the largest rivers, which means that thez 1 Hydrological module
P-SM and SM-ET links are reasonably well represented at
the regional scale. A routing scheme is an interesting wayThe hydrological module used in this article is fully de-
to test and validate land surface processes at the regionakribed and tested id’Orgeval (2009. It is based on de-
scale. Decharme and Douvill€2006 validated the outputs velopments byde Rosnay et ak2000Q 2002. Partitioning
of 6 GSWP2 models against 80 gauging stations in 33 basinbetween surface infiltration and runoff is computed through
across the globe, using the TRIP (Total Runoff Integratinga time-splitting procedure. This allows to solve the surface
Pathways) routing modelQki et al, 1999. At a smaller infiltration of precipitation with a finer timestep than 30 min-
scale,Decharme et al2006 used river discharges from the utes. The spatial heterogeneity of the local maximum in-
Rhone-AGG database to validate new developments in thdiltration rates is approximated by an exponential probabil-
ISBA LSM. d’'Orgeval and Polchef2008 also showed that ity density distribution Pecharme and Douville2006 Yu,
the variability of large West African river discharges over the 2003. The vertical diffusion of water in the soil column is
years 1951-2000 is correctly represented by ORCHIDEE solved by the Fokker-Planck equation wktan Genuchten
and that precipitation changes explain the main part of thig1980-Mualem (1976 parameters. Bare soil evaporation is
variability. However, the differences in mean absolute dis-the maximum upward hydrological flux permitted by the dif-
charge were not analysed and the role of reinfiltration pathfusion if this flux is inferior to potential evaporation. An
ways such as pond®éugeot et al2003 Cappelaere et al. adaptedMonsi and Saek{1953 law is used for bare soil
2003 or floodplains Prigent et al. 2007, 2001) in West  evaporation under vegetation. Water extraction from roots
African river basins was not thoroughly investigated. is determined by an exponential root profitke(Rosnay and

Therefore, the aim of this article is to evaluate the large-Polcher 1998 and free drainage is the boundary condition
scale sensitivity of the hydrological cycle in ORCHIDEE to at 2 m below the surface.
different infiltration processes over West Africa and to vali- 13 different vegetation types are defined with parame-
date continental scale simulations against river discharges. ters given in Table 1. The default map is derived from the

Section 2 is a description of the ORCHIDEE LSM with IGBP map with Olson classificationlé Rosnay and Polcher
a special emphasis on the new infiltration parameterizationd4998. Vegetation types are grouped into 3 ensembles (bare
and their relevance for the West African region. Section 3soil, trees, and grass/crop). Transpiration and interception
focuses on the sensitivity of evapotranspiration to surfaceloss are computed separately for each vegetation type, but
rootzone and deep-zone infiltration by sub-regions in Westhe induced throughfall and root uptake are aggregated per
Africa. The sensitivity of large river discharges to the reinfil- vegetation ensemble. Therefore, in each grid box, the hydro-
tration processes in river basins across Africa is presented ifogical balance is computed for three tiles corresponding to
Sect. 4. A discussion on the validation of ORCHIDEE and the 3 different vegetation ensembles. 3 different soil types
ways to improve simulations follows in section 5 before the are defined with parameters given in Table 2. The default
conclusions in Sect. 6. map is derived from a dataset Bgynolds et al(1999. The

The version of ORCHIDEE used in this article works at three
different scales:
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Table 1. Vegetation types in ORCHIDEE and main param- Table 2. Parameters used in Van Genuchten equations for each soil
eters: H height (in m), ¢ root coefficient which represents type. Values are taken froi@arsel and Parrisfil989 for three

the inverse of the typical root depth (inmh) (de Rosnay and defined USDA soil types K is the saturated conductivity amd
Polcher 1998, ry structural resistance which represents the im- anda are two parameters.

pact of the canopy structure on the vegetation-atmosphere transfers

(in s.m1). *BS=Bare Soil, BL=Broad-leaved, NL=Needleleaf, Type USDA name K n o

G=Grass, C=Crop, EG=Evergreen, RG=Raingreen. -1

mm-d—1 m

Coarse Sandy Loam 1060.8 189 75

Ensemble Type Climate H c Ts . .
Medium  Medium Loam 249.6 156 3.6

Bare soil BS 0 0 0 Fine Clay Loam 62.4 131 1.9
Tree BL/EG Tropical 45 0.8 100
Tree BL/RG Tropical 30 08 75

\
1
2
3
;1 Tree NL/EG Temperate 20 1 50  gpj (Beven 1982 1984. In ORCHIDEE, the saturated con-
6
7
8

Tree BL/EG Temperate 20 08 50  qyqiivity K, is modified in a similar way to what is done in
ggg Et//lég TeBn(;fee;?te 1250 (1)'8 5%0 Decharme et al(200§. The main differences are tht,
Tree BL/EG Boreal 5 1 50 is constant from 0O t@)j=0.3m, and can be decreased by a
9 Tree NL/RG Boreal 15 08 50 factor 5 at most. This factor is chosen to roughly correspond
10 Grass/crop G/C3 Temperate 05 4.0 3 toachange ofsoiltype from coarse to medium or medium to
11 Grasslcrop G/C4 Tropical 06 25 5 fine. The new conductivity profile is given by:
12 Grass/crop C/C3  Temperate 1.0 20 5 1 2—2im
13 Grasslcrop C/C4  Tropical 1.0 20 10 K@) =K;- max<§, min <1, e o )) (2

wherez, = 0.5m is the characteristic depth of exponential
decay forK; (corresponding to the same exponential decay

dominant soil type over a grid box is used for each tile in the ™ ;
grid box yp g as inDecharme et a2008). In order to ensure the consis-

New parameterizations have been introduced to represerif ncy between the value_s of the difierent param_eters .Of the
three infiltration processes (sufrace infiltration, deep-soil in- an Genuchten fqrmulatlorm, ando a(;ebalso mOd'rf]'ed V\Il'th f
filtration, rootzone infiltration) that are considered to be im- IKS' Two drelgressmns jrs comput(ra] eltweenft €va L(’jes 0
portant to accurately represent the West African water cycle og(e) and logK,), and between the values of lag an

Parameters for this version of ORCHIDEE have been fixedlog(KS) given byCarsel and Parris{1988 for the 12 USDA

in accordance with validations against Hapex-Sahel observa§0II types. The obtained linear models allow to compute

, ) i .
tions (Goutorbe et a).1994. More details are provided in the a_ndnl frtgm KS]; ;Lh's pararpeterlz_atlpn W?str:/allda;[e(: :L]roug_h
description of the parameterizations below and’i@rgeval simuiations ot the evapotranspiration at the end of the rainy

(2006 season in the Hapex-Sahel experiment.

211 Surface infiltration 2.1.3 Rootzone infiltration

Depending on the slope of the land surface, the surface runof}-he presence of vegetation tend_s to increase the_ soil poro_sny
in the rootzone and therefore to increase infiltration capacity

may reinfiltrate, especially through small pond systems that( . ;
, . Beven 1982 1984. For each vegetation typeon a given
are common in West AfricedReugeot et 812003 Cappelaere soil type, a multiplicative factok,, depending on depthis

etal, 2003. In ORCHIDEE, reln_flltrat!on s allowed N C4S€ " yefined and the saturated conductivity is modified as follows:
of slopess belowsmax = 0.5%, with reinfiltrated fractiory;

. 1—cyz
given by: K 2
K,(z) = max(( I;"ax) , 1) 3)
S K
Vs = max(O, 1-—

1)

SmaX) Where Kmax = 71280mm.d~1 is a constant taken as the
Integration ofy, over the grid box gives the mean reinfiltra- maximum saturated conductivity value given Garsel and
tion rate for the grid box,. Surface intiltration parameters Parrish(1988, ¢, is the root coefficient for vegetation type
have been fixed in order to obtain reasonable simulations of (see Table 1). The modified saturated conductivity for the
bare soil evaporation in Hapex-Sahel observations. tile is given by:

K@ = K} -T2 Ko (@) &)
Where K is the conductivity taking into account the effect

The compactness of the soil increases with deptta¢ the  of soil depth (see Sect. 2.1.2), is the fraction of vegeta-
smallest particles tend to percolate towards the bottom of theion typev on the tile. It is computed as the ratio between

2.1.2 Deep-saoil infiltration
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(1-y)R

Fig. 1. ORCHIDEE river routing scheme. The hydrology module Fig- 2. ORCHIDEE routing scheme with floodplain and pond mod-
computes the partitioning of precipitation (P) into infiltration () and ules. Optional features are in the dashed boxes. In the hydrology
surface runoff (R) and then into evapotranspitration (ET) and sub-module, the floodplain and the pond reservolrg, V) are char-
surface runoff (D) for each grid box. In the routing module, Each acterized by their surface ared#f, Sp) over which they receive
grid box is divided into successive basit @', ...) defined by their ~ Precipitation (P), they evaporate at the potentiel raje), and they

surface areaf). Each basin includes 3 reservoi§ (i=1, 2, 3). infiltrate into the soil (I). In the routing module, the floodplain reser-
The river reservoir¥y) receives flow from head waters of the river VOIr receives flow from head waters of the rivep4,) and flows
(Qi"). The surface and subsurface runoff reservoits nd V) back (© fp) into the river reservoirl(;). The ponds receive a frac-

receive surface and subsurface runoff fluxes from the hydrologicafion s of the surface runoff (R) whereas the surface runoff reservoir
module. The water flows out of each reserv@?et, i=1,2,3)to only receives the fraction-1y,. See Figl for more details.

the next reservoir@; ).

et al, 2009 and flooded area$(igent et al.2007, 2007) in

. the Niger Inner Delta for the period 1993-2000.

the surface covered by thg vegetatlop type and the sgrface The maximum area for floodplains per basigsy is given
covered.by the c orresponding veg_etauon ensemble. This fOrE)y the aggregation of fields “Reservoir”,"Freshwater marsh,
mula allows to increase exponentially the saturated Conducl'iloodplains" and "Pan. Brackish. Saline wetlands” from the
tivity for z< - for each vegetation type. Here the parame- Global Lakes and Wetlands Database -GLWDel{ner and

terization was calibrated in order to obtain a reasonable evaps )i 2004. In caseSmax>0, O from the preceding basin
. . . .- . . . 5 . max: ]
otranspiration variability in Hapex-Sahel simulations. flows into the floodplain reservoir instead of the river reser-

Voir.
The floodplain reservoir (see Fig) is characterised by its
, , volume Vy,. In order to compute the floodplain aréa,,
The routing module is based ¢fagemann et al199§ and a hypothesis is made about the shape of the bottom of the

Miller et al. (1999. Surface, subs_urface runoft, f'ind_ river floodplain, in order to link the height of the floodplain, to
fluxes are routed through three different reservoirs in each, volumeV, and its area s, in caseS, < Smax
fp fp fp = Smax

basin of each grid box (see reservditsi=1, 2, 3 for basins

2.2 Routing module

B, B',... in Fig.1). _ hyp B

Each reservoir has a different time constant which onlyS/» = MiN{ Smax. Sz (h_o) ®)
depends on the mean slope of the river and on three con-
stants fixed globally (one per reservoir type). The basin mapvhere Sg is the total basin aredip = 2m is a constant.
is based on STN-30pFekete et a).2000, at 0.5 x0.5. For floodplains, = 2 indicating a convex bottom, and a
This simulates horizontal water movements in the large riverfloodplain that expands more quickly as it rises. Integrating
basins and allows to compute river discharges. This rout-Ssp overia would provideSy, as a function o,

ing scheme is described more thoroughlyNigo-Duc et al. Over the are& s, the evaporation from the floodplain is

(2005 2007 and is shown in Figl. at the potential level and the rainfall directly fills the flood-
plain reservoir. Optionally, water from the floodplain can be

2.2.1 Floodplains reinfiltrated into the soil at an infiltration rate that equals hy-

draulic conductivity of the first 2 cm of the soikg,,,). The
A floodplain module is included in this version of OR- impact of reinfiltration in the floodplain is tested in Sect. 4.
CHIDEE to deal with swamps and floodplains such as theFinally, the floodplain flows into the river reservoir with a
ones observed in the Niger Inner Delta or in the Congo basintime constanlrfp-ss%, which tends to zero when the flood-
Parameters have been fixed through validations against satghlain is empty and ta s, when the floodplain is spread out
lite retrievals of climatological floodplain height&énnero  over the whole basin.

Hydrol. Earth Syst. Sci., 12, 1387401, 2008 www.hydrol-earth-syst-sci.net/12/1387/2008/
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2.2.2 Ponds inter-model standard deviation around the average). This is
used to give a reference for the uncertainy in simulating the

An optional pond module is added in order to provide a first-West African hydrological balance before presenting the sen-

order simulation for small ponds that reevaporate and reinsitivity experiments in Sect. 3.3.

filtrate surface runoff over flat areas, such as the ones doc-

umented in the Niamey regioriPéugeot et al.2003 Cap-

pelaere et a).2003. Parameters have been fixed to have 3-2 Hydrological balance in ORCHIDEE simulations

pond areas of the same order as the ones given by the “tempo-

rary v_vetlands”_ field in GLWD Igehn_er_and Doll2004. Th? , ORCHIDEE outputs for the control simulation (CTL) are

principle of this module is very S|m|Iar.to. the.floo.dplams compared to GSWP2 outputs in F&y.

one. When the module is activated, reinfiltration is not put

directly into the soil column (see EG). Instead, the rein-  The region where ORCHIDEE differs the most from the

filtrated fractiony, goes into a pond reservoir (volumg). ~ GSWP2 multi-model mean is the equatorial regioh %5

The relationship between pond area and height is the sam@ N). It is the only one where the difference between OR-

as for floodplains (see E®), but for 8=0.5 (concave bot- CHIDEE and the multi-model partitionings of precipitation

tom). Ponds reinfiltrate into the soil at an infiltration rate into ET and total runoff (surface and subsurface runoff) ex-

that equals hydraulic conductivity of the first 2 cm of the soil ceeds one standard deviation of the model outputs (shaded

(KZCI’H1 same as for the ﬂoodp'ains)_ area). ET from ORCHIDEE is far less than the ET estimated
with the other models, due to a much lower average tran-
spiration which leads to high subsurface runoff values. The

3 Impacts of soil infiltration on evapotranspiration main parameterizations impacting the transpiration without
impacting surface runoff are the change of infiltration ca-
3.1 Data and methodology pacity with soil depth and the canopy structural resistance

(see Table 1). This structural resistance represents the impact

The forcing used in this section is the baseline forcingOf the canopy structure on local turbulence and therefore on
BO from GSWP2 — Global Soil Wetness Project, Phase lithe efficiency of vegetation-atmosphere transfer (in"$)m
(Dirmeyer et al, 2002 — covering 1986—-1995 globally at the It provides the link between potential evaporation above the
1° x 1° scale. Outputs from the 15 GSWP2 models and fromvegetation and maximum evapotranspiration at the leaf level.
the new version of ORCHIDEE are used. Each modelran 10 |, the guinean region (N—1C N), the main difference is
years (1986-1995) of simulation after a free number of years, the pare soil evaporation, which is much lower for OR-
of spin-up on 1983 and 3 consecutive years of spin-up (1983cHipEE. These values are partly compensated by higher
1985). The whole forcing (1983-1995) has a 3h timestepyanspiration, but overall ET is lower. The main parame-
and is based on NCEP/DOKgnamitsu et 8).2002, as  terization in ORCHIDEE determining bare soil evaporation
part of the ISLSCPII initiative. Participating models are pre- ithout changing the rest of the processes infiltration and
sented in Table 3. The version of ORCHIDEE participating evapotranspiration processes is Mensi and Saek{1953
in GSWP2 (e Rosnay and Polchet998 is older than the |5y that determines bare soil evaporation under vegetation.
one described in Sect. 2 and used in the next subsection. Thene | Al map used has also a significant role in determining
older version is not analysed individually in this article and ¢ partitioning between bare soil evaporation — favoured by
only appears through the GSWP2 multi-model analysis.  |qw LAI — and transpiration — favoured by high LAI.

Our analysis will be conducted over the land surface

bounded by the latitudes®S and 20N, and by the lon- In the soudano-sahelian region {20-15'N), OR-
gitude 20 W and 30 E. This area is divided into 4 re- CHIDEE simulates a zonal average of each kind of ET close

to the multi-model mean. Finally, ORCHIDEE generally
tends to produce more subsurface runoff and less surface
runoff than the multi-model mean. Therefore, the partition-
ing between surface runoff and infiltration might be a signif-
icant source of uncertainty in the soudano-sahelian region,
even if ET is of the same order. This partitioning between
surface runoff and infiltration is currently mainly impacted

gions for which the sensitivity to infiltration processes is
separately analysed: equatoriat &5 N), guinean (8 N—
10° N), soudano-sahelian (10/-15° N) and saharo-sahelian
(15° N-20° N). These regions correspond to specific geo-
graphic characteristics: the equatorial region is mainly cov-
ered by rain forest, the guinean region is a transition re-
gion composed of humid mountains and of dry plains, the o
soudano-sahelian region is a semi-arid one with a strong sedY the parameterization of flat areas.
sonality of precipitation and vegetation. Finally, the saharo- The differences between ORCHIDEE and the GSWP2
sahelian region is on the edge of the desert. multi-model mean does not imply that ORCHIDEE is wrong
In Sect. 3.2, the hydrological balance of ORCHIDEE is but they point out regions where the land-surface processes
presented and compared to the GSWP2 multi-model averagare differently represented or calibrated in the different mod-
and to the spread between GSWP2 models (indicated by thels.

www.hydrol-earth-syst-sci.net/12/1387/2008/ Hydrol. Earth Syst. Sci., 12, 13822008
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Table 3. Description of GSWP2 models. The time step is given in hours (h) or minutes (min). Two models have a different time step
for energy balance (E) and soil hydrology (S). The structure indicates the number of layers for hydrology (H) and for temperature (T).
Parameters for soil (S) come either from GSWP-2 (Sg) or from the model default configuration (Sd). For vegetation (V), two datasets were
made available: IGBP (Vi) and SiB (Vs), and some models used default one (Vd). Only one model includes a dynamic vegé}ation (V
More details are given iDirmeyer et al(2006.

Name Institute Time step  Structure  Parameters Reference
BucketllS U. Tokyo 3h 1H1T n/a Manabe(1969
CLM2-TOP  U. Texas 1hE 10H10T Sdvd Bonan et al(2002
5minS
Sland U. Maryland 20 min 1H2T Sdv Zeng et al(2005
HY-SSiB GSFC 30 min 3H2T Sd Vs Mocko and Sud200])
ISBA CNRM 5min 3H2T Sd Vi Etchevers et a200))
LaD GFDL 30min 1H18T Sd Vs Milly and Shmakin(2002
MOSES2 Met Office 30min A4HAT Sd vd Essery et al(2003
Mosaic NASA 30 min 3H2T Sg Vs Koster and Suare1992
NOAH NOAA 15min 4HAT Sg vd Ek et al.(2003
NSIPP-C. NASA 20 min 3H6T Sg Vs Koster et al(2000
ORCHIDEE IPSL 30min 2HTT Sd vd Krinner et al.(2005
SiBUC Kyoto U. 1lh 3H2T Sg Vvd online
SSIBCOLA COLA 30min 6H6T Sg Vs Dirmeyer and Zeng1999
SWAP IWP 3h 2H1T Sg Vi Gusev and Nasonoy2003
VISA U. Texas 3hE 10H10T SdVvd Yang and Niu(2003
5minS

(@) (b) ()

wn wn wn
™ o a2
9 =2 2 T Mult
kS " ORCHIDEE
0 E v 0
T N b € « 7 <
€ o | g o | T o | B Gswr2 spread
E" S E«
o o W E v |
© - = o
> =3 =
O o | N o | o |
- e - -
[
wn wn wn
° il % 2
o | o | I - = o |
°© T T T T T T © T T T T T T ° T T T T T T
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20
Latitude Latitude Latitude

(d) (e) (f)

Drainage (mm/d)

00 05 1.0 15 20 25 30 35
Runoff (mm/d)

00 05 1.0 15 20 25 30 35

Transpiration (mm/d)
00 05 1.0 15 20 25 30 35

Latitude Latitude Latitude
Fig. 3. Zonal (20 W-30 E) and temporal (1986—-1995) averagdéa)afvapotranspiratior(p) bare soil evaporatior{c) interception loss(d)

transpiration(e) subsurface runoff an¢f) surface runoff given by GSWP2 multi-model mean (in black) and by ORCHIDEE (in red). The
shaded area corresponds to multi-model mean plus or minus the standard deviation of GSWP2 model outputs.
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Table 4. Summary of sensitivity tests performed with ORCHIDEE. o _ | m ss5n
-~ B 5N-10N
. O 10N-15N
Name Principle 9 | | O 15N-20N
i
BS Bare soil evaporation not allowed under vegetation
11 Reinfiltration not allowed in flat areas 5 8- 0.05 009 0.13 0.18 022
12 Infiltration not increased by roots 2
13 Constant infiltration with depth g g -
CR Canopy structural resistance doubled §
(8]
g %
>
L
3.3 Sensitivity experiments to soil infiltration g 1
In order to explore more precisely the role of the differ- R
ent infiltration processes, some sensitivity experiments to l
the three infiltration parameterizations of this new version ° -
of ORCHIDEE are performed in this sub-section, respec- CTL-BS  CTL-I1 CTL-12 CTL-13  CTL-CR
tively called 11, 12 and 13. Two additional experiments are Sensitivity experiment

done to compare the impact of infiltration parameterizations
to the parameterizations that play a dominant role in evapofig. 4. Relative mean evapotranspiration anomaly (1986—1995) be-
transpiration processes. The first experiment is on the role ofween the control simulation and each sensitivity experiment in 4
bare soil evaporation (BS) and the second on the role of thelifferent regions defined by their latitude boundaries (zonal mean
canopy structural resistance (CR) which is a main limiting between 20W-3( E). The evapotranspiration change index gives
factor for interception loss and transpiration at the leaf level.the ratio (%) between the evapotranspiration anomaly for the indi-
Table 4 presents the five sensitivity experiments. Each sencatéd region and the maximum evapotranspiration anomaly among
sitivity experiment consists of a GSWP2 baseline simulationthe 4 regions. The maximum evapotranspiration anomaly value is
. . indicated above each bar group.

(forced by baseline forcing BO from 1986 to 1995).

The ET anomaly between the control experiment (CTL)
and ea_ch sen§|t|V|ty experlmen_t IS cqmputed for the 4 d|ffe_r-4 Impacts of river reinfiltration on discharges
ent regions of interest (equatorial, guinean, soudano-sahelian
;e;‘ngi ;a;r]aro—sahellan: see Sect. 3.1) and results are presentf(_jL Data and Methodology

Sensitivity to bare soil evaporation (CTL-BS) is higher in |, ¢hig section, simulations of ORCHIDEE are performed

the soudano-sahelian region than in other regions. This is dug, the river scheme and the floodplain module activated.

to the fact that LAl is much more variable there and there-po 404 module is also used for the sensitivity experiment
fore the relationship between LAl and bare soil evaporation,, gact 4.3, Forcing data is NC®lgo-Duc et al, 2009,

(Monsi and Saekil953 is crucial. Impact of this change on | vi1 is based on NCEP reanalysiéajnay et al, 1996,
the guinean region is much less important. corrected by CRU dataNew et al, 2000. For each simu-
Reinfiltration for flat areas (CTL'I].) also has a dominant lated Coup|e of year Y_Y+1, 8 years of Spin_up are performed
impact on the soudano-sahelian region, but it plays an im+or y-3, and then the model is run chronologically from Y-3
portant role in the guinean region too. Indeed, there is ag v+1.
large guinean zone with low orography betweenAband Outputs are validated against African river discharges
5° E where the parameterization of reinfiltration significantly .51 the UCAR (University Corporation for Atmospheric
changes the partitioning between surface runoff and infiltra-pesearch) databasentip://dss.ucar.edu/datasets/ds552.1/
tion. In order to get a more robust idea of ORCHIDEE perfor-
The impact of roots on infiltration (CTL-I2) is slightly mance, rivers from the whole African continent are used
more important in the guinean region than in the soudanohere. The period used for validation consists of two sets of
sahelian one. The impact of depth (CTL-I3) is even moreyears: 1954-1955 and 1971-1972. These two sets are cho-
important in the guinean region. These two features may b&en because they are the years when most river discharges are
linked to the presence of vegetation with longer roots in theavailable without missing values among the African stations.
guinean region. This will be discussed in Sect. 5. Moreover, 1954-1955 is during a humid phase and 1971—
Finally, the above-mentioned parameterizations have vern972 is the beginning of the drought that lasted until the be-
little impact on the equatorial region, in which ET is mainly ginning of the 90s. Therefore the validation of ORCHIDEE
sensitive to the canopy structural resistance (CTL-CR). on both periods gives an idea of its robustness. Multi-year
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Table 5. Stations from the UCAR database selected for OR- & =
CHIDEE validation.*Area is given in 18 km?
a .
Name Station River Lon-Lat Aréa
West-African catchments 0 | ;
KoN  Koulikoro  Niger 7.5W-12.¢N 120 ~ "|Koulikoro
MaN  Malanville  Niger 3.4E-11.9N 1000 w 1alanville
Bav  Bamboi B.\Volta 20W-82N 134 2 e
EdS  Edea Sanaga 10E-3.8N 132 ki % .
amboi
Central and East-African catchments o
KiC Kinshasa Congo 15°F-4.3 S 3475 : .
Malanville — N
DoN Dongola  Nile 305E-19.2N 2694 el v Nigjr
. . o (=] o
Chs Chiromo Shire 35%E-16.6 S 150 Bamboi — Black V.
Lud Luug Juba 42BE-3.6 N 179 Fdea — Sanaga
w
|

means of ORCHIDEE river flow outputs are compared to
observations. The validation chosen here only tests the an-
nual averages of river discharges and does not allow for the
identification of errors in the annual cycle.

In the UCAR database, river discharge stations are se-
lected according to 4 criteria:

— The size of the catchment. ORCHIDEE’s basin map
scale is 0.5x0.5°, which may lead to significant errors
in the catchment area for small basins or for stations g
that are close to a confluence. Therefore stations are%
discarded if their catchment area is below 100 008 km
or if ORCHIDEE's error in the catchment area exceeds
20%. However, the small size of the catchments will

30

20

-15

-10

See detailed map

Kinshasa — Conge

still be a source of uncertainty even if these threshold § Dongola — Nile
are respected, because modeled and observed catchme Chiromo — Shire
do not perfectly match and high precipitation areas may % Luug — Juba
be misplaced.
10 0 10 20 30 40 50
— Position on the river. If two stations are on the same g

river, and the behaviour of ORCHIDEE is similar for

both of them, only the downstream one is shown. iy 5 Maps of the catchments simulated by ORCHIDEE for West
For example on the Niger basin, only Malanville and Africa (left) and Central and East Africa (right)

Koulikoro are kept.

— Floodplains surrounding the station. If the station is
surrounded by floodplains (less than 100 km), the corre

Two maps of the catchments simulated by ORCHIDEE are

ria and are described in Table 5.

“given in Fig.5.
In the figures presented in the next sections, the mean dif-
. . ference over the 4 years between ORCHIDEE’s results and
be between two floodplains or before a floodplain, and . .
! . . the discharge observations are presented for each catchment
therefore ORCHIDEE simulations may not be consis- . . . :
tent with the observations. All the stations on the Chari " percent of the observed discharge. This mean difference
are discarded by this crite.rion will be called ’error’ thereafter. Positive percentages indi-
y ' cate overestimations by ORCHIDEE. Next the sensitivity to
— Availability of data over the 4 given years (1954—1955 forcing, parameters and parameterizations is analysed. For
and 1971-1972). each test, the change in discharge that would come from
the change of forcing, paramters or parameterization is com-
Only 8 African catchments correspond to the above crite-puted. If the change tends to compensate for the error, a “sen-
sitivity bar” is drawn in the same direction as the error bar. If

sponding output from ORCHIDEE is the discharge after
a large simulated floodplain. In reality, the station might
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the ’sensitivity bar’ is opposite, it means that the change of(de Rosnay and Polchek998. Howver, this sensitivity test
forcing, parameter or parameterization tends to worsen thés somewhat limited because both maps come from the same
control result. original FAO databaseFpod and Agriculture Organization

Before conducting the sensitivity tests to infiltration pro- 1978, the difference being in additional datasets used, and
cesses in floodplains and ponds, an analysis of the uncein the algorithm to convert the original database into FAO
tainty linked to the LSM inputs is performed. The aim is to soiltypes. For vegetation types, the default map is derived
provide a reference to compare with the sensitivity tests orfrom the IGBP map with the Olson classificatiotke(Ros-
river infiltration processes. The role of three LSM inputs is nay and Polcherl998. The sensitivity experiment consists
tested here: precipitation, soil and vegetation. in changing the map to a map derived frddterling and

To estimate the sensitivity to the precipitation forcing, it Ducharng20086.
is not possible to perform a direct sensitivity experiment be-
cause only one forcing was available for two pairs of years4.2 Role of LSM inputs
(1954-1955 and 1971-1972). ORCHIDEE control simula-
tions are forced by NCC, which means that monthly precip- Results are presented in F&y. Two basins — Malanville and
itation values come from CRU (NCEP values are correctedPongola catchments — have a discharge error beyond 90%
by CRU on a monthly basis). A precipitation dataset from of the observed discharge, four — Koulikoro, Bamboi, Edea,
IRD (Institut de Recherche pour leéDeloppement) is used Chiromo — give an error between 30-60% and two below
to compare with CRU. This dataset consists of daily values25% — Kinshasa and Luug. ORCHIDEE overestimates the
of precipitation from 1968 to 1992, interpolated on°a1° river flows for 6 of them and underestimates 2 of them —
grid over West Africa lle Barke et al, 2002. For each West Bamboi and Chiromo. Results are fairly similar in both sets
African basin (Table 5 and Fidy), the average anomaly be- 0f years apart from the discharges at Malanville. This means
tween IRD and CRU datasets over each basin and over the 2that the interannual variability of discharge at this station is
years is computed. Then an analysis of interannual variabilnot well represented, which may be due to the parameteriza-
ity of precipitation and total runoff is done in a simulation of tion of floodplains ¢"Orgeval and Polche200§. Moreover,
ORCHIDEE forced by NCC from 1951 to 2006’'Qrgeval no link was found between the main vegetation, soil, orogra-
and Polcher2008. The ratloR(,_"—R between interannual Phy or other geographical parameters and the discharge error
standard deviation of total runoff and precipitation is com- among the different basins, which means that ORCHIDEE
puted for each basin. This gives a first estimate of the im-does not have any systematic bias depending on one of these
pact of a precipitation anomaly on total runoff anomaly in Simple parameters in this region.

ORCHIDEE. The values for the four basins are between 0.9 Precipitation uncertainty is shown in Fi§.to be of ma-
and 0.95 and precipitation anomaly for each basin is mul-jor importance. It is even larger than the model error at
tiplied by R, in order to give an estimation of total runoff Malanville, it represents half of it in Koulikoro and Edea
anomaly due to the change of precipitation dataset. Finallycatchments, but only 2.5% of the error at Bamboi. For the
total runoff is integrated over the basin area to give the dis-East African basins, IRD data is not available and the uncer-
charge anomaly. tainty could not be evaluated.

This discharge anomaly is a first guess of ORCHIDEE's Uncertainty linked to the soil map seems to be significant
error due to the precipitation forcing. It is computed over only in Luug, where it is close to half of the observed dis-
a large period (1968-1992) to be more robust and cohereharge. In the other catchments, it is not a first-order uncer-
ent with the IRD dataset, but it has to be noted that the untainty: the discharge anomaly due to the change of soil map
certainty value is not computed for the same years as ORis below 10% of the observed discharge. A closer analysis
CHIDEE's error. Moreover, the uncertainty is given by the shows that Luug is the only basin where a significant part of
biases in the multi-year average value of precipitation inte-the soil is classified as medium in one map and as fine in the
grated over each basin. The real uncertainty might be higheother (not shown).
because total runoff anomalies do not respond linearly to pre- Finally, the impact of vegetation change is around 50%
cipitation anomalies. Therefore, there might be precipitationof the observed discharge for Kinshasa and Malanville. It
anomalies that compensate for each other in the multi-yeais also close to 20% for Luug, and may account for the dis-
average or in the integration over the basin, but which leadcharge error. Uncertainty linked to vegetation is the highest
to total runoff anomalies that do not compensate. Howeverfor the large basins where bare soil is not dominant (Kin-
as the uncertainty computation can not be significantly im-shasa and Malanville, but not Dongola). An analysis of both
proved with currently available data, the given value shouldmaps shows that in semi-arid and intermediate basins the
be used as a first estimation. IGBP map has more C3 grass and tropical forests where the

For soil types, the control simulation is performed with Sterling and Ducharn€006§ map has more C4 grass. In
a dataset byReynolds et al(1999. The sensitivity exper- equatorial basins, the IGBP map has more C3 grass and bare
iment is done by changing the soil map back to Ambler  soil where theSterling and Ducharn@006 map has more
(1986 map which used to be the control one for ORCHIDEE equatorial forests. This uncertainty may be linked to the
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Fig. 6. Errors and sources of uncertainty in ORCHIDEE simulations for 8 river catchments (see Table 5), in percent of observed discharge for
1954-1955 and 1971-1972. The end points of the black T-bars indicate individual values of discharge errors for 1954—-1955 and 1971-1972.
Crosses indicate that no precipitation data was available to evaluate uncertainty coming from the precipitation input.
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Fig. 7. Errors and sources of uncertainty in ORCHIDEE simulations for 8 river catchments (see Table 5), in percent of observed discharge.
Crosses indicate that no precipitation data was available to evaluate uncertainty coming from the precipitation input.

classification of heterogeneous vegetation grid poiSterf ~ corresponding description). The second one consists in

ling and Ducharng2008. adding a pond module (see Fjand corresponding descrip-
o _ . o tion) to the routing scheme. Results are presented in7Fig.
4.3 Sensitivity experiment to river reinfiltration where discharge error and precipitation uncertainty are also

. . L o plotted as a reference.
The aim of this subsection is to present the sensitivity of

river discharge simulated by ORCHIDEE to reinfiltration in  Reinfiltration in floodplains is a major source of uncer-
African river basins. The two sensitivity experiments per- tainty in the 3 largest catchments — Malanville, Kinshasa and
formed are linked to the parameterizations of floodplainsDongola —, whereas it is negligible elsewhere. Indeed, maxi-
and ponds. The first one consists in allowing the watermum floodplain areaSmay for these basins are much higher
in floodplains to reinfiltrate into the soil (see Fig.and than for the other ones: they represent more than 35060 km
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for each of the three basins, whereas it is less than 2080 km Malanville
for the others. This represents a floodplain fraction of more
than 1.5% of the catchment area for the three large basins. — Observations
The only other catchment which has a floodplain fraction _
larger than 1.5% is Koulikoro, but for a much smaller catch-
ment size. It can be infered that for a same maximum flood-
plain fraction, the impact is more important in large catch-
ments because the time of residence of water will be longer
in the large aggregated floodplains within the larger catch-
ments. So the parameterization of floodplains has a stron
impact on the simulated hydrological cycle of the largest
basins and the most important factors are the residence tim
of water and the surface covered, which will help to deter-
mine the additional ET. An example of the annual cycle sim-
ulated by ORCHIDEE is given for Malanville in Fi§. The
annual cycle is simulated by three versions of ORCHIDEE:
without the floodplain module (this version is not used in © 7
the rest of the article), with the floodplain module and with
floodplain and reinfiltration process in the floodplain. This
highlights the role of floodplain for this particular basin. Months
Ponds seem to be a much less important component o

the basin scale hydrological balances. However, their Impacyears 1954-1955 and 1971-1972: observed (black), simulated with-

is non-negligible in the three most arid basins — Malanville, ot fioodplain module (red), with floodplain module (green) with
Dongola and Luug. The other important factor is the orog-fioodplain and reinfiltration (blue).

raphy of these basins, because the fraction of surface runoff
that flows into ponds is directly linked to the average slope
in the grid box in our parameterization.

15

Without floodplain

— Floodplain

12

Floodplain and Reinfiltration

1000m3/s)

Q:hargé?x

D

3
|

ig. 8. Mean annual cycle of river discharge at Malanville for the

low proportion of bare soil naturally decreases the part of
bare soil evaporation and reduces the impact of surface in-
filtration. On the other hand, the longer roots tend to in-
crease infiltration into the rootzone and can extract water
from deeper layers in the soil where infiltration is slowed

5 Discussion

Section 3 has shown that infiltration processes have a vari b the i d ; Th N
able role depending on the latitude of the region considere own Dy the Increased compaciness.  tese reasons accoun

in West Africa, which is mainly due to the zonality of pre- or the stronger impact of rootzone and deep-soil infiltration

cipitation and vegetation. The regions of interest for the in-Parameterizations in the guinean region.
filtration processes clearly are the intermediate regions be- Schematically, the partitioning of the throughfall (precip-
tween the humid and arid ones. In the humid regions such aBation minus interception loss) between evapotranspiration
the equatorial region, the atmospheric demand is the Iimitingand total runoff first involves a partitioning between bare soll
factor, soil moisture being available in sufficient quantity. In €vaporation, suface runoff and surface infiltration, and then a
the arid regions such as the saharo-sahelian region, the limpartitioning between transpiration and subsurface runoff. In
iting factor is precipitation, almost all of it being evaporated the guinean region, the partitioning of precipitation is mainly
at the surface. Therefore, in these two regions infiltrationsensitive to the second partitioning whereas in the soudano-
processes play a marginal role. sahelian region, the first partitioning also plays a significant
In the intermediate regions such as the guinean regiofole. Indeed, according to the GSWP2 multi-model mean,
and the soudano-sahelian region, both atmospheric demarffire soil evaporation plus surface runoff represents respec-
and precipitation have an impact. Therefore, infiltration pro-tively 34% and 43% of the throughfall in the guinean re-
cesses play an important role in determining the partitioninggdion and the soudano-sahelian (transpiration plus subsurface
of precipitation into evapotranspiration and total runoff. The runoff represents respectively 66% and 57% in the guinean
guinean region is mainly influenced by rootzone and deepand soudano-sahelian region). In addition, root extraction
soil infiltration processes, whereas the soudano-sahelian rd0 the soudano-sahelian region is more concentrated in the
gion is more sensitive to surface infiltration and evaporationfirst layers of the soil (not shown), which may be another
processes. Reasons are linked to the types of climate an@xplaination for the predominance of surface infiltration pro-
vegetation: the guinean region is more humid, there is a£€sses in this region.
lower proportion of bare soil and vegetation has longer roots In order to compare results from Sect. 3 and from Sect. 4,
than in the soudano-sahelian region. On the one hand, thi is necessary to find a classification for the basins studied
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Table 6. Details on precipitation observations and mean total runoff .ther.e by a canopy _structurql re_S|stance thqt IS too h'gh’ r.esullt-
given in mm.d"L over each basin.* N=mean number of rain- NG iN a decrease in transpiration. Increasing transpiration in
gauges in 18km2, %y - o=percentage of grid boxes wheke>2, the humid regions by reducmgl the canopy structural resis-
P mean precipitation anft mean total runoff (surface plus subsur- tance would lead to reduced discharge error. It would also
face runoff) in mm.d1 averaged over each basin and for the years cause ORCHIDEE to yield results which are closer to those

1954-1955 and 1971-1972. obtained with the other LSMs in GSWP2 (see RBp.How-
ever, the sensitivity to the vegetation map is high for example
Basin P* R N* %y.o* for the river discharge at Kinshasa. So, the vegetation map
KoN 40 12 23 100 may be responsible for part of the error.
MaN 1.0 007 10 65 In the intermediate basins, ORCHIDEE underestimates
BaB 25 0.15 31 100 river discharges by 30—-60% and the sensitivity experiments
EdS 46 13 11 100 performed do not indicate that the forcings or the river rein-
KicC 40 10 27 46 filtrations explain this error. It is possible that the parameter-
DoN 1.7 0.08 6.7 85 izations of rootzone and deep-soil infiltration in ORCHIDEE

Chs 22 020 8 100

which have been fixed according to Hapex-Sahel observa-
LuJ 1.8 0.09 29 95

tions leads to an overestimated transpiration in the intermedi-
ate basins. Interestingly, Fi§.also shows that transpiration

is higher in ORCHIDEE than in other LSMs for the interme-
similar to the classification of the different subregions. Meandiate regions such as the guinean region. However, there is
precipitation and total runoff are presented for each basin imo observation that leads to question the much lower bare soil
Table 6. According to these figures, river basins can be clasevaporation in ORCHIDEE than in other LSMs for this re-
sified as follows: gion. As infiltration processes are important in these basins,
the soil map might be a significant source of uncertainty. In-
deed, uncertainty linked to the soil proved to be small but the
sensitivity experiments conducted for this analysis were not
sufficient to draw any definitive conclusion because the dif-
ferent soil maps used here are based on the same sources of

— Intermediate basins (Bamboi, Chiromo) receive an aver_information (the database froffbod and Agriculture Orga-

age precipitation close to 2.5 mmHand produce total nization(1978§).

runoff close to 0.2 mm.d (river discharge representing In the semi-arid basins and especially in the large ones
5-10% of the precipitation) (Malanville and Dongola), ORCHIDEE overestimates river

discharges. However, this overestimation can be explained
— Semi-arid basins (Malanville, Dongola, Luug) receive by the precipitation uncertainty, which is high in Malanville
an average precipitation below 2 mmidand produce and should also be a first-order uncertainty at Dongola and
total runoff below 0.1 mm.d' (river discharge repre- Luug because the density of raingauges is quite low (see
senting 5% of the precipitation). Table 6). Moreover, surface reinfiltration plays an impor-
tant role in these basins, which is consistent with the role of
No basin is classified as purely humid or arid, because th&urface processes in semi-arid regions such as the soudano-
basins generally extend over different region types and theresahelian region. These reinfiltration processes may also ex-
fore are impacted by infiltration processes in intermediate replain a major part of the error in ORCHIDEE simulations,
gions. and should be the focus for the large semi-arid basins. Er-
In the semi-humid basins, ORCHIDEE overestimates riverrors in the river discharge might also be explained by water
discharges by 20-50%. However, almost half of the errorstorage and release in the basins at timescales longer than
can be explained by errors in the precipitation forcing. For2 years (the discharge being averaged over two couples of
the Congo basin at Kinshasa, no analysis of the precipitayears). These types of storage were shown to have a signif-
tion uncertainty was carried out but the low density of rain- jcant impact at small scalé¢ugeot et al.2003, but their

gauges (mean number of raingauges per grid box and numrole at large scale does not seem to be of major importance
ber of grid boxes with more than two raingauges — see Ta{d’Orgeval and Polche2008).

ble 6) indicates that the precipitation uncertainty should be

very high. The parameterization of reinfiltration in the Congo

floodplains can also entirely explain the error. For the two6 Conclusions

other basins (Koulikoro and Edea), surface infiltration has a

negligible impact, which is consistent with the fact that sur- In this article, new infiltration parameterizations have been
face infiltration processes are not dominant in semi-humidpresented and tested at large scale over the West African
areas. The overestimated river discharge could be explainetegion. Three parameterizations for soil infiltration aim at

— Semi-humid basins (Edea, Koulikoro, Kinshasa) receive
an average precipitation above 4 mmtdand produce
total runoff above 1 mm:d (river discharge represent-
ing 25% of the precipitation).
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representing respectively the impact on infiltration of flat ar- from the ongoing satellite observations of the floodplains’
eas, roots in the soil and changes in soil compactness witkize Prigent et al.2007) and height Gennero et al20086.
depth. Two modules to simulate river reinfiltration in flood- At larger scale, the AMMA field experiment also covers
plains and ponds were also introduced. These paramterizahe gradient between the guinean and the saharian regions
tions allowed for the identification of sensitivities in the West through a transect around the Greenwich meridian. Work
African hydrological cycle that should not be specific to OR- accross scales with different types of modelling and obser-
CHIDEE. vations at different scales should help to improve the param-
First, the sensitivity to soil infiltration parameterization eterizations cited abové8pone and de Rosnag007). So,

was investigated. It allowed to classify the different im- the AMMA project should increase our knowledge by giving
pacts of infiltration: Surface infiltration has a stronger im- more insight into the link between various scales involved
pact on the soudano-sahelian region whereas rootzone and surface-atmosphere feedbacks and by offering a means to
deep-soil infiltration have a stronger impact in the guineanvalidate regional parameterizations of small scale processes.
region. Next simulations of river discharge were compared
to observed river discharge and the sensitivity to the riverAckn0W|edgemem3Ne wish to thank Alain Perrier and Guy
reinfiltration processes was tested. The results of the simRichard for helpful disussions on ORCHIDEE developments.
ulations led to a classification between semi-humid, inter-we also thank Thanh Ngo-Duc for his help on ORCHIDEE
mediate and semi-arid basins. The river discharge simulasimulations, and Anne-Charlotte Vivant for her initial work on
tions in these three basin types are respectively sensitive tloodplains in ORCHIDEE. We finally thank Paul Dirmeyer for
the canopy structural resistance, to the rootzone or deep-soflis initial help with GSWP2 simulations and Sharon Sterling for
infiltration processes and to the river reinfiltration processesher precious advices on the use of vegetation maps. This work
However, calibration of Land Surface parameterizations ovef?2s been conducted with R (Development Core Tean2003.
the semi-humid, intermediate and semi-arid basins should S 'ésearch was done within the AMMA framework. Based on a

. . . . rench initiative, AMMA was built by an international scientific
take into account the uncertainties associated with the vege-

. h i dthel group and is currently funded by a large number of agencies, espe-
tation map, the soll map and the long term storage processe fally from France, EU, US and Africa. It has been the beneficiary

Moreover, precipitation is a major source of uncertainty for of 3’ major financial contribution from the European Community’s
the simulations in almost every basin (to a lesser extent in thesixth Framework Research Programme. Detailed information on
small guinean basins). scientific coordination and funding is available on the AMMA

Therefore, the validation of new parameterizations in anylinternational web sitéttp://www.amma-international.org
African region through integrative measurements such as
river flows faces many challenges because uncertainty linkedtdited by: J. D. Kalma
to the different inputs (e.g. soil, vegetation, precipitation) is
high. Improving the observation systems for these diﬁerent% CENTRE NATIONAL INSU
inputs should be the first step for future validation of infil- serEnnase
tra_ltioq processes in West Africa. The impolrtance of. UNCerrpq hyblication of this article
tainty implies that the model should be recalibrated with carejg financed by CNRS-INSU.
to avoid over-parameterization. Indeed, if parameterizations
were changed or new paramterizations added in order to re-
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