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[1] Given their strong interaction with both climate and the carbon cycle, wetlands and
surface waters need to be parameterized in global general circulation models. For this
purpose, a new simple flooding river scheme is proposed and evaluated over South
America. The flood dynamics is described through the coupling between the ISBA land
surface model and the TRIP river routing model including a prognostic flood reservoir.
This reservoir fills when the river height exceeds a critical value and vice versa. The
reservoir interacts with the soil hydrology through infiltration and with the overlying
atmosphere through precipitation interception and free water surface evaporation. The
model is tested in off-line mode using the 10-year ISLSCP-2 atmospheric forcing. The
evaluation is made against satellite-derived inundation estimates as well as in situ river
discharge observations. Besides a basin-scale increase in annual surface evaporation, the
results show improved monthly discharges over the Amazon and Parana rivers, as well as
a reasonable agreement between the simulated flooded areas and satellite-derived
inundation estimates.

Citation: Decharme, B., H. Douville, C. Prigent, F. Papa, and F. Aires (2008), A new river flooding scheme for global climate

applications: Off-line evaluation over South America, J. Geophys. Res., 113, D11110, doi:10.1029/2007JD009376.

1. Introduction

[2] Wetlands areas and inland water surfaces cover
�4–6% of the Earth’s land surface [Prigent et al.,
2007]. At a coarse resolution and in first approximation,
they can be separated in two categories: anthropogenic and
natural. Manmade wetlands are associated with rice fields
and agricultural irrigation while natural inundated areas are
related to river flooding, lakes, marshes, and large ponds.
All these wetlands are the world’s largest source of methane
[Houweling et al., 1999; Matthews, 2000; Bousquet et al.,
2006] and could have contributed significantly to global
warming since preindustrial time [Shindell et al., 2004].
They have a strong influence on the annual cycle of river
discharges in both tropical and high-latitude areas that also
emphasize their relevance for water resource management.
Finally, they affect the Earth’s climate through their impact
on the land surface water and energy budgets [Krinner,
2003]. Nevertheless, the lack of consistent data and techni-
ques remains a major obstacle for characterizing their
global variability. This situation has been improved recently
with the various efforts to estimate surface water spatial and

temporal dynamics [Alsdorf et al., 2007]. For instance,
using a multisatellite technique, Prigent et al. [2007] now
offers the first global estimates of monthly inundation
extents over almost a decade (1993–2000) and at a 0.25�
horizontal resolution.
[3] Besides observations, the understanding of the wet-

lands interactions with climate, hydrology, and biochemis-
try requires numerical tools making it possible to analyze
the mechanisms that control the extent or volume of the
main wetland reservoirs and ultimately to predict their
evolution from daily to climate change timescales. Recent
efforts have been made to represent natural inland water
surfaces in atmospheric general circulation models
(AGCMs). Some studies use an implicit representation
without any dedicated surface reservoir in order to estimate
the potential feedback of wetland methane emissions on
climate change [Gedney et al., 2004]. Simple explicit
parameterizations have been proposed, but they usually
prescribe the residence time of water into predimensioned
reservoirs [Bonan, 1995; Coe, 1998; Krinner, 2003] and are
therefore not suitable for climate change studies. Except for
big lakes, wetland reservoirs are not static in space-time and
evolve with environmental and climate conditions, which is
a key question regarding global warming since the methane
emissions are mainly related to the wetland evolution
[Bousquet et al., 2006].
[4] The first goal of this study is to describe a new simple

river flooding scheme for global climate and hydrological
applications. The second objective is to assess the influence
of seasonal floods on the simulated water budget over South
America. South America has been selected because the
main mechanism that controls the natural wetland dynamics
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is related to river flooding, which allows us to evaluate
this preliminary scheme without the representation of
lakes, marshes, and large ponds. It is important to note
that this study is the first step of an attempt to represent
the evolution of all inland water surfaces in AGCMs. The
flooding scheme relies on the coupling between the
Interaction Sol-Biosphère-Atmosphère (ISBA) land surface
model (LSM) [Noilhan and Planton, 1989] and the Total
Runoff Integrating Pathways (TRIP) river routing model
(RRM) [Oki and Sud, 1998] (http://hydro.iis.u-tokyo.ac.jp/
�taikan/TRIPDATA/TRIPDATA.html). The evaluation is
made in off-line mode using the ISLSCP-2 global atmo-
spheric forcing already used in the Global Soil Wetness
Project [Decharme and Douville, 2007]. The simulations
are evaluated against in situ river discharge measurements
and satellite-derived inundation estimates from Prigent et
al. [2007]. The river flooding scheme is presented in
section 2. The experimental design, as well as these data,
is described in section 3. Results are shown in section 4
while a discussion and the main conclusions are provided
in sections 5 and 6, respectively.

2. River Flooding Scheme

[5] To represent river flooding, a simple coupling between
ISBA and TRIP is proposed (Figure 1). ISBA is a relatively
simple LSM that uses the force-restore method to calculate
the time evolution of the surface energy and water budgets
[Noilhan and Planton, 1989]. Recently, a comprehensive
subgrid hydrology has been included in ISBA to account
for the heterogeneity of precipitation, topography, and
vegetation in each grid cell. A TOPMODEL approach
[Beven and Kirkby, 1979] has been used to simulate a
saturated fraction, fsat, where precipitation is entirely con-

verted into surface runoff (Dunne’s mechanism) [Decharme
et al., 2006]. Infiltration (Horton’s mechanism) is computed
via two subgrid exponential distributions of rainfall inten-
sity and soil maximum infiltration capacity. Finally, a tile
approach is used to represent land cover and soil depth
heterogeneities [Decharme and Douville, 2006a]. The TRIP
RRM has been developed by Oki and Sud [1998] at the
University of Tokyo. It is used at Météo-France to convert
the simulated runoff into river discharge using a global river
channel network at 1� resolution. The original TRIP model
is based on a single prognostic reservoir whose discharge is
linearly related to the river mass using a uniform and
constant flow velocity. In the present study, a simple
groundwater reservoir and a variable streamflow velocity
have been added following Arora and Boer [1999] in which
the variable velocity is computed using the water depth
related to the stream water mass and assuming a rectangular
river cross section. The prognostic equations for the
groundwater reservoir, G (kg), and the stream reservoir,
S (kg), are given by:

@G

@t
¼ Qsb � QG

out

@S

@t
¼ QS

in þ QG
out þ QF

out

� �
� QF

in þ QS
out

� �
��������

ð1Þ

where Qsb (kg s�1) is the deep drainage simulated by ISBA.
Qin
s represents the sum of the surface runoff simulated by

ISBA within the grid cell with the water inflow from the
adjacent upstream neighboring grid cells and Qout

s (kg s�1)
the grid cell discharge proportional to the variable stream-
flow velocity [Arora and Boer, 1999]. Qout

G (kg s�1) is the
groundwater outflow proportional to a time-constant
determined according to the dominant soil textural property
into the grid cell [Arora and Boer, 1999]. Finally, Qin

F and
Qout
F (kg.s�1) represent the flood inflow and outflow,

respectively.
[6] The floodplains are explicitly represented into the

surface water and energy budgets computed by ISBA. The
floodplain roughness length is estimated using the Char-
nock’s formula, while the albedo of the surface free water
varies with latitude [Cogley, 1979]. A new floodplain
reservoir, F (kg), is introduced into TRIP within each grid
cell of the hydrological network and linearly coupled with
the stream reservoir:

@F

@t
¼ QF

in þ A Pf � If � Ef

� �
� QF

out ð2Þ

where A (m2) is the grid area and Pf, If and Ef (kg m�2 s�1)
the precipitation interception by the floodplains, the
reinfiltration, and the direct free water surface evaporation
estimated by ISBA, respectively. If occurs if the flooded
fraction, fflood, is superior to fsat, and depends on the soil
maximum infiltration capacity. Floods arise when the
water height of the stream reservoir is higher than the
critical height of the river bed, hc (Figure 2). This critical
height varies linearly from the river mouth to the upstream

Figure 1. Schematic representation of the ISBA-TRIP
coupled system. The surface runoff and the deep drainage
flow into the stream and the groundwater reservoir,
respectively. The stream reservoir has a rectangular
geometry used to compute a variable velocity. The flood-
plains reservoir is cubic and defined by a width (Wf), a
length (Lf), and a height (hf). The surface evaporation,
precipitation interception, and soil infiltration from the
floodplains are explicitly represented. More details can be
found in section 2.

D11110 DECHARME ET AL.: FLOODING AND WETLANDS MODELING

2 of 11

D11110



regions of the basin. More details can be found in
Appendix A.

3. Experimental Design and Data Sets

[7] The experimental design is similar to Decharme and
Douville [2007]. An off-line hydrological simulation with
the new flooding scheme (Flood) is compared to a control
experiment without flooding (CTL). In addition, two sensi-
tivity experiments to the hc parameter are also performed
using hc ± 20% globally. ISBA is integrated with a 5 min
time step and coupled with TRIP once a day. Spin-up is
performed using forcing data beginning 1 July 1982 and
ending 31 December 1985, while the evaluation is made on
the 1986–1995 period.
[8] Briefly, the meteorological forcing is the same as in the

Global Soil Wetness Project (http://www.iges.org/gswp/). It
covers more than 13 years (July 1982 to December 1995) at a
3-hourly time step and a 1� resolution. This data set is based
on the National Center for Environmental Prediction/
Department Of Energy (NCEP/DOE) reanalysis. Correc-
tions to the systematic biases in the 3-hourly reanalyses
are made by hybridization with global monthly climatol-
ogies [Dirmeyer et al., 2006]. Note that the precipitation
forcing used in this study is based on the P3 alternative
product, presumed to be better than the B0 baseline
product in which gauge undercatch has appeared to be
overcorrected over middle and high latitudes [Decharme
and Douville, 2006b]. The 10-year mean precipitation
over the evaluation period (1986–1995) is given in
Figure 3. The soil and vegetation parameters are specified
according to the 1-km ECOCLIMAP database of Météo-
France [Masson et al., 2003]. The annual mean Leaf Area
Index (LAI) and grid-cell mean topography over South

Figure 3. Ten-year mean precipitation (1986–1995) in mm/day and land surface characteristics over
South America. The annual mean LAI (m2/m2) and the grid cell mean topography (m) are given.

Figure 2. Spatial distribution of the critical height of the
river bed, hc (m), computed within the 1� by 1� hydrological
network of the TRIP RRM. More details can be found in
Appendix A.
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America are also given in Figure 3. For the Amazonian
equatorial forest (in the north), LAI exceeds 4 but is
smaller over grassland and/or cropland areas.
[9] Over the evaluation period, the simulated discharges

are compared to gauging measurements from the HyBAm
data set (http://www.mpl.ird.fr/hybam/) for the Amazon and
the Global Runoff Data Center (GRDC; http://www.grdc.
sr.unh.edu/index.html) for the Parana. In addition, the
satellite-derived inundation estimates from Prigent et al.
[2007] are used to evaluate the spatial distribution and the
time evolution of the simulated flooded fractions over the
1993–1995 period. This data set quantifies at the global
scale the monthly variations of the distribution of surface
water extent at �25 km sampling intervals.
[10] It is derived from a complementary suite of satellite

observations: Advanced Very High Resolution Radiometer
(AVHRR) visible (0.58–0.68mm) and near-infrared (0.73–
1.1mm) reflectances and the derived Normalized Difference
Vegetation Index (NDVI); passive microwave emissivities
between 19 and 85 GHz estimated from the Special Sensor

Microwave/Imager (SSM/I) observations calculated as in
the work of Prigent et al. [2006] by removing the
contributions of the atmosphere (water vapor, clouds, rain)
and the modulation by the surface temperature, using
ancillary data from visible and infrared satellite observa-
tions from the International Satellite Cloud Climatology
Project (ISCCP) [Rossow and Schiffer, 1999] and the
NCEP reanalysis [Kalnay et al., 1996]; and finally, back-
scatter at 5.25 GHz from the European Remote Sensing
(ERS) satellite scatterometer. With the three sources of
satellite data, an unsupervised classification is performed,
and the pixels with satellite signatures likely related to
inundations are retained. For each inundated pixel, the
monthly fractional coverage by open water is the obtained
using the passive microwave signal and a linear mixture
model with end-members calibrated with scatterometer
observations to account for the effects of vegetation cover.
Global monthly mean surface water extent data set is
created with a 0.25� spatial resolution at the equator and

Figure 4. Spatial distribution expressed in mm d�1 and difference (in %) between the 10-year mean
surface evaporation simulated by CTL and Flood experiments. The comparison between CTL and the
sensitive experiments (hc ± 20%) is also shown. Note that the mean value over the domain is given in the
title of each picture.
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is currently available for 1993–2000 [Prigent et al., 2007;
Papa et al., 2006, 2007].

4. Results

[11] The comparison given in Figure 4 between the
10-year mean surface evaporation simulated by the CTL
and Flood experiments shows that the introduction of
the flooding scheme leads to a significant increase in
surface evaporation, especially over the flat and herba-
ceous/cultivated regions of the Parana river basin (in the
south). Over the Amazon, the increase is weaker since the
direct evaporation from the free water surface is limited by
the shading of the equatorial forest (cf. Appendix A). Note
that the increase in surface evaporation is not very
sensitive to the value of the hc parameter.
[12] To evaluate these simulations, the simulated and

observed discharges are compared over the Amazon and
the Parana River basins. The simulated annual runoff is
validated using the annual discharge ratio criterion (Ratio =
Qsim / Qobs ), while the root mean square error (RMS), the
correlation (r) and the efficiency (Eff) [Nash and Sutcliffe,
1970] criteria measure the model ability to capture the

monthly discharge dynamics. This last skill score is defined
as follows:

Eff ¼ 1:0�
P

Qsim tð Þ � Qobs tð Þð Þ2P
Qobs tð Þ � Qobs

� �2 ð3Þ

where Qobs represents the observed temporal mean. Eff can
be negative if the simulated discharge is very poor and is
above 0.5 for a reasonable simulation. The mean annual
cycles, as well as the monthly anomalies calculated over the
whole observation period are represented in Figure 5. Over
the Amazon, all scores are relatively insensitive to the
flooding scheme, even if the anomaly correlation is
appreciably enhanced. Conversely and in keeping with the
stronger impact on surface evaporation, all discharge scores
are significantly improved over the Parana. The only
exception is the anomaly correlation that is slightly reduced,
though the flooding scheme produces a realistic damping of
the magnitude of the monthly discharge anomalies. Note also
that the results are not very sensitive to the value of the hc
parameter, suggesting that our approach is relatively robust
and that a 1-km topography might be sufficient to design an
explicit river flooding scheme for global applications.

Figure 5. Mean annual cycle (left) and 10-year time series of monthly anomalies (right) of simulated
and observed discharges over the (top) Amazon and the (bottom) Parana rivers basins. Simulations with
(Flood) and without (CTL) the flooding scheme are presented as well as the sensitive experiments to hc
(±20%). Note that monthly efficiencies (Eff) shown on the left are calculated over the whole 10-year
discharge observation period. The ratio between simulated and observed annual mean discharges (Ratio),
as well as the root mean square error (RMS), is given. The correlation (r) between simulated and observed
monthly anomalies is also shown.
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[13] Figures 6 to 8 compare the simulated flooded frac-
tions to the satellite-derived inundation estimates from
Prigent et al. [2007]. Basin-averaged annual cycles and
monthly anomalies are shown for the Amazon and the
Parana rivers (Figure 6). Over the Amazon, the mean annual
cycle and the interannual variability are well captured even
if the simulated flooded fractions seem to be underesti-
mated. This bias is also found over the Parana where the
monthly anomalies are less consistent with the satellite
estimates than over the Amazon. The spatial distribution of
the 3-year mean (1993–1995) simulated flooded fractions
is also compared with the satellite data (Figure 7). The
patterns are reasonable even if strong biases are found
over flat and/or vegetated regions (as shown in Figure 3).
Finally, the spatial display of the seasonal changes in
simulated and satellite-derived flooded fraction extents is
given in Figure 8. This figure shows that the bias found in
Figure 7 is quasi similar over each season and the domain
average values point out that the seasonal changes are
appreciably reproduced.
[14] The sensitivity experiments indicate that a lower hc

value (�20% in this study) could reduce this basin-scale
underestimation over the Amazon (Figure 6) but not for
good reasons. This reduction is mainly due to a significant
amplification of the overestimation of the simulated flooded
fractions over the upstream part of the basin that is already
shown in the Flood experiment (Figure 7). Over the Parana,
the sensitivity to hc is negligible. Indeed, the ratio between
the mass of water available for flooding and the water mass
in the streambed is more important than over the Amazon,
as it is shown by the discharge ratio criterion with and
without the flooding scheme (Figure 5). The hc especially
controls themaximumwater mass in the streambed (Figure 1,
Appendix A). Over the Parana, this maximum water mass is
always less important than the potential mass of water

inflowing or leaving the floodplains during the wet season
and then the variations in hc values appear negligible.

5. Discussion

[15] Our results suggest that the proposed simple flooding
scheme improves the off-line simulation of the Amazon and
Parana River discharges while providing a reasonable
estimation of the variability of the inundated areas. Some
aspects of the scheme are obviously questionable, such as
the choice of the critical height of the river bed (hc), the
simplified geometry of the river stream and flood reservoirs,
or the use of the Manning’s formula for computing the mass
transfer between them. Note however that the scheme is
supposed to be used in global climate applications at a
relatively low horizontal resolution (0.5� to 1�). Moreover,
the sensitivity experiments with different values of hc
suggest that the model is relatively robust, without any
particular tuning.
[16] As far as the annual mean water budget is concerned,

the implementation of the flooding scheme leads to a clear
reduction (from 54 to 13%) in the overestimation of the
Parana discharge, while the Amazon discharge remains
underestimated by 10%. Different reasons can account for
such residual biases: deficiencies in the ISBA land surface
model, uncertainties in the atmospheric forcing, and possi-
ble anthropogenic influence on the observed discharges
[Chapelon et al., 2002; Fekete et al., 2004; Ngo-Duc et
al., 2005; Decharme and Douville, 2006b]. Another limi-
tation is the resolution of the digital elevation model
(DEM) which can induce an underestimation of the simu-
lated flooded fraction through a failure to represent very
flat regions or areas smaller than the horizontal and vertical
resolution of the DEM [Coe, 1998]. In addition, satellite-

Figure 6. Comparison between simulated flooded fractions (Flood) and satellite-derived inundation
estimates (Obs) over the Amazon and the Parana river basins during the 1993–1995 periods. The mean
annual cycle and 3-year time series of monthly anomalies are shown in percent of the basin total area. All
statistics are calculated over the whole 3-year period. Notations are the same than in Figure 4.
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derived inundation estimates could show some limitation,
especially in densely vegetated areas [Prigent et al., 2007].
[17] Nevertheless, the flooding scheme itself will need a

more detailed validation, through an extension of the off-
line simulations in both time (longer atmospheric forcings)
and space (other river basins). Several assumptions will
need to be tested more carefully such as the existence of a
single floodplain in each grid cell and the use of a simplified
geometry. Moreover, the strongest negative biases found in
Figure 7 are mainly related to permanent open water areas
(lakes or marshes) that are detected by the satellites but are
not simulated by the flooding scheme. For example,
Martinez and Le Toan [2007] have shown that these
permanent water bodies are important in the downstream
part of the Amazon basin, in which the flooded fractions
are indeed underestimated by our model.

6. Conclusion

[18] This study describes an original river flooding
scheme for global hydrological and climate applications.

The model is based on the coupling between the ISBA land
surface model, in which a flooded fraction has been defined,
and the TRIP river routing model, in which a flood reservoir
has been introduced. It is tested over South America where
seasonal floods have a clear influence on the observed river
discharges, using off-line simulations at a 1� by 1� resolu-
tion driven by the 1986–1995 ISLSCP-2 atmospheric
forcing. The flooding scheme accounts explicitly for the
precipitation interception by the floodplains, the direct
evaporation from the free water surface and the possible
reinfiltration into the soil. The simulated river discharges are
evaluated against in situ gauging measurements over the
Amazon and the Parana rivers basins, while the simulated
flooded areas are compared to satellite-derived inundation
estimates from Prigent et al. [2007].
[19] The implementation of this scheme leads to an

increase in surface evaporation (especially over Parana)
and thus affects the land surface water and energy budgets
at the daily to interannual timescales. Such processes are
expected to have significant regional impacts on climate

Figure 7. Spatial comparison between the 3-year mean simulated flooded fractions and satellite-derived
inundation estimates (Obs) over South America. The Flood simulation as well as the sensitive
experiments to hc is shown.
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Figure 8. Spatial display of the seasonal changes in flood extent (in percent) for both (top) the
satellite-derived inundation estimates and (middle) the Flood simulation. The domain average values
(in percent of the total surface) are given in each title panel for each season: winter (DJF), spring
(MAM), summer (JJA), and autumn (SON). (bottom) The seasonal biases are also shown.
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variability and the ultimate objective will be to introduce
this ISBA-TRIP coupled hydrology in the CNRM global
climate model. Nevertheless, the scheme will first need to
be further validated in off-line mode. The positive impacts
found on the simulated Parana and Amazon River dis-
charges will have to be confirmed over other large river
basins using an extended atmospheric forcing such as the
global 1948–2000 data set of Sheffield et al. [2006]. Further
improvements could be made by adding an explicit repre-
sentation of lakes, marshes, and large ponds. In addition, the
treatment of groundwater in TRIP could be considerably
improved by using a two-dimensional approach where the
water flux between the groundwater and ISBA or the stream
reservoir as well as the water exchange between each
neighboring grid cell could be explicitly calculated [Fan
et al., 2007; Miguez-Macho et al., 2007]. Finally, the
flooding scheme could be coupled to a biogeochemical
scheme in order to simulate the natural emissions of
methane and their possible sensitivity to global climate
change, either in off-line or coupled mode.

Appendix A: Flooding River Scheme

[20] As for the stream reservoir, a rectangular geometry
is assumed to represent the floodplain reservoir in each
grid cell. The flood outflow, Qout

F (kg s�1), and inflow,
Qint
F (kg s�1), from this reservoir (equation (1)) are given

by:

QF
in ¼

vin

W þWf

Mf ðA1Þ

QF
out ¼

vout

W þWf

dF þ 1� dð Þmax 0;Mf

� �� � d ¼ 08F > Mf

d ¼ 18F � Mf

����
ðA2Þ

where F (kg) is the water mass in the floodplain reservoir,
Wf (m) is the floodplain width, and Mf (kg), in absolute
value, is the potential mass of water inflowing (positive Mf)
or leaving (negative Mf) the floodplain reservoir assuming
an equilibrium state between the stream and the floodplain
water depth:

Mf ¼ rwLf W hs � hc � hf
� �

ðA3Þ

where rw (kg m�3) is the water density, Lf (m) and hf (m) are
the length and the depth of the floodplains, hs (m) is the
water height of the stream reservoir, hc (m) is the critical
height of the river bed, and W (m) is the stream river width.
W is estimated at each river cross section using a
geomorphologic relationship and then varies from the river
mouth to the upstream grid cells [Arora and Boer, 1999].
W+Wf represents the distance covered by Mf from the
stream to the floodplains or conversely. Here vin and
vout (m s�1) are the flood inflow and outflow velocities
computed using the Manning’s formula:

v ¼
ffiffiffiffi
sf

p

nf
R
2=3
f ðA4Þ

where nf = 0.1 is the Manning roughness coefficient for
the floodplains while sf (m m�1) and Rf (m) are the slope
and the hydraulic radius respectively at the interface
between the floodplain and the river stream:

Rf ¼
Lf max 0; hs � hcð Þ � hf
�� ��

Lf þ 2 max 0; hs � hcð Þ � hf
�� �� ðA5Þ

sf ¼
max 0; hs � hcð Þ � hf
�� ��

W þWf

ðA6Þ

where hf is calculated with the help of the actual
distribution of the elevation in each grid cell. The
elevation, E (m), is available at a 1 km by 1 km resolution
using the HYDRO1K data set (http://edcdaac.usgs.gov/
gtopo30/hydro). For each pixel i, a local height, hi (m), is
calculated according to hi = Ei�Emin where Emin is the
grid cell minimum elevation. Therefore, for each hi
associated with a fraction, fi, of the grid cell, a potential
volume of flood, V(hi) (kg), can be simply calculated as
follows:

V hið Þ ¼ rw A
Xi
0

fi

 !
hi �

Pi
0

hifi

Pi
0

fi

0
BBB@

1
CCCA ðA7Þ

The flooded fraction, fflood, can be estimated at each time
step and in each grid cell by comparison between the
water volume into the floodplain reservoir, F, computed by
TRIP (equation (1)) and this potential volume V(hi):

F ¼ V hið Þ ) fflood ¼
Xi
0

fi ðA8Þ

So, hf, Wf, and Lf within the grid cell ca be simply
calculated as follows:

hf ¼
F

rwAfflood

Lf ¼ max 0:01L; r
ffiffiffiffiffiffiffiffiffiffiffiffi
ffloodA

p� �
Wf ¼

Afflood

Lf

�������������
ðA9Þ

where r is the meandering ratio fixed to 1.4 as
recommended by Oki and Sud [1998]. Here hc varies
linearly with the river width and it is simply computed in
each grid cell as follows:

hc ¼ hmin � hmaxð Þ Wmouth �W

Wmouth �Wmin

þ hmax ðA10Þ

where hmin (m) and hmax (m) are the minimum and the
maximum river bed height over the basin, respectively.
Wmouth (m) andWmin (m) are the river width at the river mouth
and at the upstream grid cell over the basin, respectively. Here
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hmin = 1 m if Wmin < 500 m and 5 m elsewhere while hmax =
5 m ifWmouth < 1000 m and 10 m elsewhere (Figure 2). Note
that this empirical formulation (equation (A10)) leads to a
drastic sharp transition in hc value at the basin boundary,
especially in the upstream part of theAmazon. This fact could
be improved by using a nonlinear function and by adding
information on the distance to the river mouth.
[21] Finally, because ISBA uses a single surface temper-

ature, a new fraction, pff, is added in each grid cell to
account for the effect of the floodplains on the surface
energy budget. A fraction of vegetation masked by the
floodplains, pf,veg, is first estimated and is combined with
the TRIP flooded fraction, fflood, as follows:

pf ;veg ¼ min
hf

hf þhveg
; fflood

h i
pff ¼ 1� vegð Þfflood þ veg pf ;veg

��������
ðA11Þ

where hveg (m) and veg are the height and the fraction of the
vegetation, respectively. According to the ECOCLIMAP
database, hveg = z0/0.13 where z0 (m) is the vegetation
roughness length. Then, the direct evaporation from this
flooded fraction is simply estimated by:

Ef ¼ pff raCHVa qsat Ts;Psð Þ � qa½ � ðA12Þ

where ra is the air density, qa is the air humidity, Va is the
wind speed, CH is the drag coefficient depending upon the
thermal stability of the atmosphere, and qsat is the saturated
specific humidity that depends on surface temperature, Ts,
and pressure, Ps.
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