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Abstract. The purpose of this study is to test the ability of the Landf&e Model SECHIBA
to simulate water budget and particularly soil moisturevad tifferent scales: regional and local.
The model is forced by NLDAS data set at 1/8th degree reswmiubver the 1997-1999 period.
SECHIBA gives satisfying results in terms of evapotraregon and runoff over US compared with
four other land surface models, all forced by NLDAS data setef common time period. The
simulated soil moisture is compared to in-situ data from@ebal Soil Moisture Database across
Illinois by computing a soil wetness index. A comprehenspproach is performed to test the
ability of SECHIBA to simulate soil moisture with a graduddange of the vegetation parameters
closely related to the experimental conditions. With défsalues of vegetation parameters, the
model overestimates soil moisture, particularly duringiswer. Sensitivity tests of the model to the
change of vegetation parameters are performed and showhthaiots extraction parameter has the
largest impact on soil moisture, others parameters suchAdsheight or soil resistance having a
minor impact. Moreover, a new computation of evapotrargiuin including bare soil evaporation
under vegetation has been introduced into the model. Thatsgsoint out an improvement of the
simulation of soil moisture when this effect is taken inte@ent. Finally, soil moisture sensitivity
to precipitation variation is addressed and it is shown $sétmoisture observations can be rather
different depending on the method to measure field capathiiren the observed field capacity
is deducted from the observed volumetric water profilesutited soil wetness index is closer to
the observations. Excepted for one station, the monthlynnoearelation is around 0.9 between

observations and simulation.
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1 Introduction

Land Surface Models (LSMs) are designed to simulate suidaoéitions with vegetation and soil
parameters that are calibrated at global scale. Howevany rstudies focus on regional scale for
model validation or climate change impacts. It is theref@@sonable to ask if the parameters of
the LSMs are able to represent surface conditions in agneewi¢h local measurements. Thus,
a comprehensive approach is performed in this study focosedater budget simulation at large
scale over the US and particulary on soil moisture contetdcal scale over lllinois (Fid.1). Soil
moisture is a crucial component of the water cycle. It stiprigfluences the partition of surface
fluxes between latent and sensible heat. It impacts on eaagspiration (ET) and consequently on
the turbulent fluxes into the boundary layer and also on sarfanoff. In climate simulations using
LSM coupled to Global Circulation Model (GCM), the captufealee variation of soil moisture state
during the year is important in order to have realistic feszkbetween continental surface and atmo-
sphere. Many works have focused on the sensitivity of LSM&8uo soil moistural.,
E@). The aim of this paper is to give an overview of the \lidf three water cycle components
simulated by the LSM SECHIBA (Sématisation des EChanges Hydriqad3nterface Biospbkre-
Atmosph‘ere.‘ Ducouds et aI.J 199‘3) at different spatial scales: ET, total rurmil soil moisture.

Over the US, the first two are compared with results of LSMsddrby the same North american
Land Data Assimilation System (NLDAlS, Cosgrove et‘al., émcing dataset, at 1/8th degree
spatial resolution over 1997-1999 period. Then, we foces awsmaller region of the US, the state

of lllinois (Fig. 1)), where in-situ soil moisture measuremehave been performed and merged into
a database tJv Robock et AI. (ZBOO). These observations ailatde for the studied time period
(i.e. 1997-1999) and allow us to evaluate the SECHIBA redolt simulated soil moisture. The
ability of the LSM SECHIBA to simulate monthly variation obi$ moisture is highlighted through

a gradual and comprehensive adjustement of the paramétides wegetation (LAI, root extraction,
height). The impacts of the change of the parameters on atedikoil moisture are studied. Then,
the uncertainties of dataset to assess the validity of thelation are analysed. The role of precipi-
tation rate during the studied period and the significanagedihing field capacity are highlighted.

2 Forcing data set and model
2.1 NLDAS forcing data set

NLDAS forcing dataset used to force the model covers all thédd States and a part of Canada
and Mexico. The time resolution is hourly and the latitudegitude spatial resolution is of 1/8th
degree which is quite high compared to the current forcirspligtion for LSMs generally around
half degree. This high resolution is useful to investigatel surface processes at regional scales with
better confidence and it is therefore suitable for this stiMlyDAS data set is a combination of Eta
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Data Assimilation System (EDAS) models outputs, obsesmaltiased precipitation and shortwave
radiation data. Precipitation forcing was built with Stdleourly Doppler Radar and River Forecast
Center gauge datLa (Baldwin and MitcHﬁ.ll. 1997), ClimataedRteon Center (CPC) daily gauge data
Higgins et al.} 2000) and reprocessed daily gauge data.er@dd shortwave values are derived

from Geostationary Operational Environmental SatellBOES) radiation data processed at the

University of Maryland and at the National Environmentatediite data and Information Service

J!Pinker et aH, 2003). The nine primary forcing fields of tleecing used for this study are summed
up in Table 1.
Precipitation is one of the most important forcing variabtiie to its strong impact on soil wa-

ter budget and consequently on soil moisture content saésonin NLDAS, precipitation data
comes from a combination of model outputs and observatidherefore, differences can be found
with in-situ data results which can be important for regioszale simulations. In this study, NL-
DAS precipitation is compared with in-situ observationsnfr 16 Illinois Climate Network (ICN)
stations averaged over lllinois, during the time period 29999. The mean annual value of NL-
DAS precipitation is 2.78amd ! over the period, 12 % higher than observations (2ud4d—1).
The highest overestimation occurs during spring and eanfyrser (Fig! 2a). The overestimation
is quasi-systematic during all the three years (Fig. 2b)weier, NLDAS precipitation variation is
quite satisfying (linear correlation is about 0.97) whére wet summer in 1998 and the dry autumn
in 1999 are well captured.

2.2 Model description

SECHIBA is the hydrological module of the LSM ORCHIDEE (ORgng Carbon and Hydrology
In Dynamic EcosystEms), a model of the Pierre Simon Laplasétute (IPSL), used to simulate
the hydrological exchanges between soil, vegetation andsgihere at a time-step Aft =30 min.

2.2.1 Vegetation and LAI

In each grid-cell, up to twelve Plant Functional Types (PFRdan be represented simultaneously
(plus bare soil), prescribed by the 1 km global land cover ithajgrnational Geosphere Biosphere
Programme (IGBPb, Belward et al., 1999) reduced by a dontitygre method to 5 km spatial reso-

lution with the Olson classification (Olson et al., 1983).)ifiaal fraction of vegetatiow (f1"**) is

thus defined for each grid cell. It is modulated by the LeafaAiedex (LAL,) growth, specific for
each PFT represented in the model, giving the fraction oéta@nf, :

fv = f min(2LAl,1) (1)

The fraction of bare soil(= 1) increases linearly as much as the decrease of the othéiofiac
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of vegetation £ < v < 13) with a LAl lower than 0.5:

13
fr=Fr (= L) 2)
v=2

where f["®* is the maximal fraction of bare soil.
The main method to simply simulate the LAI in the model, is teseribe it by a map

ABeIward et aI.L 1999) whose values come from NormalizedeDehce Vegetation Index (NDVI)
observations. We have chosen to compute the LAI dependirtheomariation of soil temperature
at 50cm depth ([so; in K) @r@ which has a smoothed seasonality dutia year. This
parameterization has been recently used in the model fotterlseasonality of LAI for numerical

, 200%, 2010) and this method

has been selected for our study. LAI growth is bounded by @mah(LAI™™) and a maximal

experiments which simulates irrigation with SECHIéA (Glhimteab

value (LAI**) of LAI. Between these limits, LAl growth depends on the a#ion of soil temper-
ature at 5@m depth during the year, bounded by minimﬁgggiﬂ) and maximal valuesI(;*) of

soil temperature at 5@n depth (both in K) that can be different according to the PFisatered
J!Guimberteall, 200%. 20‘10):

LA, = LA 4 f(Tyoq, ) (LAIRS — LAY 3)

wheref (Tsoi, ) (in K) is the function of growth of LAl for the PFT according the soil temperature
at 50cm depth:

2
F(Tan) = |1 [ e @
soit) = | 1= | s — 7
Tsoii, - Tsoilv

2.2.2 Soil hydrology

Soil moisture in SECHIBA model is defined for this study. Thyglrological scheme is described in
detailed iA Ducoudk et al‘. ‘(1993) an‘d D’Orqev.’sLI (2d06). The two metérs(= 2m) soil column
is represented by two moisture layers (Fi¢. 3), a superfmi@ subjected to strong ET and root

extraction, and a deep one only related to deep root extractiThe first layer has a thickness
smaller than the lowest one and its heighi ., in m) varies because it interacts strongly with the
atmosphere. Consequently, the soil moisture of the sugH&yer g, .. is directly controlled by
the moisture convergence:

d
&Qupper =P-E-D (5)

where gupper (kgm™2) is the amount of water available for the plants in the upmeervoir,
P = Rainf 4 Snowf (kgm~2s7!) is precipitation,E (kgm~2s~!) the total ET (that is to say the
sum of water loss through bare soil evaporation, evaparatiavater intercepted by the vegetation,
transpiration of the cover and sublimation), kgm~2s~1) the drainage between the two soil
layers (Ducharne et 6JI.. 1947ﬂﬁ1enil and Todi$ , 19932: Rowntree and Le‘an. 1994).
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The hydrological budget is computed for each PFT within thesimand then averaged over the
grid cell. With this bucket model, we assume that surfaceffitand deep drainage are produced only
when soil reaches field capacity (Whefper + Glower > Gtot WNEI€ lower (kgm—2) is the amount
of water available for the plants in the lower reservoir aqngd (kgm—2) the maximum amount of
water that vegetation can extract from the soil). In the nhdtie total water excess is prescribed as:
95 % in deep drainagéi¢m —2s~!) and 5% in surface runoff (kgm=—2s1).

The Soil Wetness Index (SWI) is used to describe the state ibfnsmisture and is use-

ful to compare the different LSMs outpu&s (Dirmeyer et L’:\D,OQ) but also in-situ observations

&Saleem and Salvucl:i, 2&02). This index presented hereesinsour study to compare SECHIBA
outputs and observations data. SWI gives a simple repragants the water stress for the vege-
tation and indicates the actual available soil water fonfdat each time. SWI ranges between 0
(lower this value, no more soil water can be extracted by ttés) to 1 (upper this value, no more
water can be retained by the soil over some days):
W — Wi
W= e s ©)

wherelV (kgm™2) is the actual equivalent water depth stored in the $6il;;; (kgm~2) the equiva-
lent water depth at the wilting point of the soil (determirmscdthe soil and the vegetation properties)
andWg. (kgm~2) the field capacity (based on soil texture alone) which regmés the retained water
in a natural soil after gravitation action.

The simulated SWI can be computed from the weighted averatie @bmposite amount of water
available for the plants into each PFT reservoir:

SWIORCH — Gupper + Qlower (7)
Qtot

whereg;.t is obtained by integrating the maximal soil water amountypetr of soil volume (v,.x =
150kgm~3):

Gtot = Ptot Wmax (8)

2.2.3 Evapotranspiration and root extraction
Evapotranspiration computation in the initial version of SECHIBA

ET is a sum of four components: evaporation of water interpy the coverf, in kgm=2s71),
transpiration of vegetatiorf{, in kgm~2s~!), bare soil evaporationf; in kgm—2s~!), and subli-
mation of snow (not detailed here).

In the initial version of SECHIBA, the intercepted water i@porated on the wet fraction of the
cover, Fwet, EQ.[9), which is the ratio between the amount of water (irecipitation P) received
by the leaf ¢, = f, PAt, kem~2) and the maximal amount of intercepted watef{* in kgm~—2).
The latter depends on the LAI and a coefficient 0.1 that converts LAI into size of interception
loss reservoir (Eq. 10).
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Fyet = —x ©)
xV

™ =af,LAL (20)

The evaporation of water intercepted by the cover Eq/11) takes into account the structural (or

architectural) resistanceq in sm~1), and the aerodynamic resistaneg i) sm—1!).

1

I, =min [Xvavawet <1+7:v> Epot] =min [ X, "] (11)

where X, = f, P (kgm~2s7') is the flux of water intercepted by the covef,.; (kgm 2s~')
the potential evaporatiom 0, 1956) ai** (kgm~2s~!) the maximal evaporation of water
intercepted by the cover.

At the same time, on the dry fraction of the leaves surfadés,( Eq.[12), transpirationT,,
Eq.[13) is computed. Transpiration is function of the canopsistance (including both bulk
stomatal and leaf aerodynamic resistanegs,, in sm~!) and the root extraction potentiéls,
ADe Rosnay and Polchér, 13)98) which reproduces the abflityads to extract water (detailed next).

Fdry:1—( o ) (12)
xv ax

1
T, = fuFary W Us, Epot (13)

Bare soil evaporationK;, Eq.[14), is computed through a resistancgei sm~, Eq. 15), pro-
portional to the relative dryness of the upper soil Iayej;{jerl inm).

1
E1:f1 <1+:1> Ulepot (14)
r = hdry T'soil (15)

upper;

wherery,; (sm~1) is the resistance per dry soil meter. Initially, it is eqtmB3000sm~2 as intro-
duced by Ducoudr et aJ. ‘(1993).

New computation of evapotranspiration in SECHIBA

According to‘ Boone et M (2004), ET simulated by SECHIBA mlerestimated compared with
other LSMs and especially bare soil evaporation comporiéns weakness will appear in the results
of simulations SECH1 to SECH4 described in section 5.2.1erdfore, a new parameterization
was implemented dy D’OrgevMOG) in the computation ofavfluxes between soil, vegetation
and atmosphere. This new parameterization will be testexirstudy in simulations SECH5 and
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SECHG6. The evaporation of water intercepted by the coveovs computed over the total surface
of the leaf. In a first approximation, each time the poteritiaf is not satisfied by evaporation of
intercepted water, the transpiration of the vegetatifiif{, EqJ16) takes over. It is constant as long
as the sum of transpiration and evaporation of interceptemis lower than potential evaporation.

1
T7°% =min [(I\’,“ax —1,), fv () U&Epot] (16)

1 + Tsy TTstoy
Ta

By this way, the sum of the evaporation of water interceptedhle leaves and the transpiration
reaches faster the potential than in the previous paraipeten. The total ET is consequently
enhanced.

Furthermore, the bare soil evaporatioR¢", Eq.[19) is computed more realistically because
a sub-fraction of bare soil uncovered by the vegetatjf}) is estimated by an extinction coefficient
(e=0.5):

fl=exp(—eLAL) (17)

This sub-fraction will increase with the decrease of the Itydically in autumn and consequently

enables the evaporation of the bare soil under vegetatiorewAfraction of bare soif] is defined in

the model: 5
D (18)
v=1
The bare soil evaporation is now computed over this newifract
1 13
E®™ = min l £l <1+> Us, Epot: Epot — »_ (I, +T°") (19)
Ta v=2

Root extraction

Transpiration of the cover is governed by the ability of theots to extract water from the

soil %Desborougf#, 1997). This phenomenon is representethéyermUs, in equations of ET

De Rosnay and PoIcheLr. 1&’98). It decreases exponenti&nwdry soil depth increases in or-

der to represent the potential of water extraction by thesr@6ig.4). It is more or less significant
according to the dry soil depth. When it rains, the superfieigér of the soil can be saturated and
no dry soil layer is presenhﬂ;yperv =0m andUs, = 1. ET is consequently maximal (at the poten-
tial value weighted by a term of resistance) and the rootsraree efficient in extracting water for
transpiration. On the contrary, under dry conditions, #ngel of dry soll bﬂ;{,erv) is formed and
increases whild/s, decreases exponentially approaching 0. The model sinsullagedifficulty for
the roots to extract water all the more their density is lawoider to simulate the different intensity
to extract water according to the PFT, different values efparametet, have been attributed for
each one. Therefore, a water extraction potential of rbgtss computed for each PFT and for each

soil layer. Two cases can be distinguished:
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1. if the superficial reservoir of the soil does not existyhis only one root extraction potential

(Eq.20)

2. if the superficial reservoir of the soil is present, onet@draction potential is distinguished
for each reservoir (Egs. 20 ahd 21) and the maximum betwetnibdaken (Eq. 22). By
this way, we favour the evaporation by the upper part of tlut system whose efficiency in

contributing water to transpiration is higher than IowemtﬁokDe Rosnay and Polcthr, 1998).

hdry
Uéfwer =exp | —¢yhiot % (20)
tot
hpper
UgPP =exp | —cyhot x (22)
hupperv
Us, = max (U;fwer,U;pper) (22)

3 Experimental design

The ability of the model SECHIBA to compute the water budgelistically at two different spatial
scales is tested. In a first time, simulations with SECHIBA performed over the US (Selt. 5.1)
where mean annual ET (from initial computation in the model) total runoff results are compared
with four LSMs (NOAH (National Centers for Environmentaleiction, Oregon State, University
Air Force, Hydrology Lab, Betts et ial., 1937; Chen eJt‘al.,l’éEk etal. 20d3), VIC (Variable In-
filtration Capacity LSM, Liang et aJ.. 199‘4: Wood e& E\I.. 199MOSAIC (Koster and Suaru;.ﬁ%,

199& Koster et al‘., 2000) and SAC (Sacramento Soil Wateoheting Model, Burnash et gl. 1973;

Burnash, 1995) during the numerical experiments performlslditchell etal. ‘(ZOOLL). The simula-
tions by the five models including SECHIBA have been perfatioeer the time period 1st October
1997 to 30 September 1999 with the same NLDAS forcing dataset

In a second time, the study is focused on the lllinois staget($.2) where measurements of soil

moisture content were initiated by the lllinois Water Slyr\}blollinger and IsalH, 19&4). Initially,
the distribution of vegetation in SECHIBA is prescribed hg tvegetation map. This distribution is
compared with the vegetation cover on which the measureswesre performed. Each measurement
station is associated with the corresponding grid cell efrttodel, according to the coordinate of the
station (see Tablel 3 in Appendix) as in Fig. 5. The vegetatarer of the map differs from the one
on which the measurements were performed (i.e. grass cdvigr)5a shows that few grid cells of
the model are covered by grassland (grid cells containiatjosts 9, 11 and 82) and less than 10 %
of their area is covered by this PFT. The prevailing type afatation over lllinois in the vegetation
map is the PFT €5 crops” type. Eight grid cells containing stations are cedeby the PFT 5
crops” at least by 90% (no. 1, 5, 6, 8, 9, 13, 15 and 16) accgriirrig/ 5b. Consequently, a direct
comparison cannot be established between results of atezhsimulated soil moisture over the grid
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cell and the measurements, until the proportion of one Pkibtisbove 90 %. So the first objective
is to gradually transform 5 crops” PFT (that is prescribed in the model) i@5* grassland” PFT
on these grid cells to be closer to the experimental conwiti®ect. 5.2/1). This allows a better
agreement with the local characteristics of the vegetatmrer on which the measurements were
performed, and an evaluation of the weight of each param#iat have been modified in the model,
on simulated soil moisture.

For the control simulation (SECH1, see Table 2), we starsthdy from the distribution of veg-
etation imposed by the vegetation map over the eight grid cehtaining high proportion ofC's
crops”. First, gradual changes of crops parameterssif'®* (SECH2, see Tablel 2), root extraction
parameter, and crop height (SECH3, see Table 2)) are performed. Thepyeseribed €5 grass-
land” PFT over all the grid cells (SECH4, see Tdble 2) and adkthe new ET computation (see
Sect] 2.2.3) is performed (SECHS5, see Table 2) to be closédyed to the experimental conditions
over a grass cover. At each step, the accuracy to simulate realistically the SWI seasonal varia-
tion is highlighted when compared to the lllinois in-situselvations database (described in sect. 4)
over the 1997-1999 period. Secondly, the sensitivity of swiisture to precipitation (SECH6, see
Table 2) is studied (Sec¢t. 5.2.2). Moreover, we test a diffeevaluation of field capacity from mea-
surements (Sedt. 5.2.3). Thirdly, a comparison of the tiabff simulated by the model with data
over the Kaskaskia River basin in lllinois (see Fig. 1 fordthon) is performed (Sedt. 5.3).

For both US and lllinois simulations, a four-year spin-ujg baen performed over the same year
1997 to reach a state of equilibrium under the applied farcin

4 Soil moisture database

Soil moisture data used in this study is part of the Global Blisture Databas«i (Robock et al.,
2000) which collect up to 15yr in-situ recordings of soil rsinire over more than 600 stations of
many countries (such as Russia, China, Mongolia, India &id The measurements in lllinois were
performed with neutron probes, first at eight grass-coveits$ in 1981 and then seven sites were
added in 1982 and two more in 1986. Finally, since 1992, eetCN stations (see Table 3 in Ap-
pendix) have collected data especially soil moisture aedipitation. Soil moisture measurements
were established on eighteen grass-covered stations @&xhdpare soil over the time period 1981—
2004. They were taken within 11 soil layers to a depth of twaearse the first in the top 0.4h of
the profile, then every 0:2 from a depth of 0.1n through 1.9n, and the last in the layer between
1.9m and 2.0m. Each site was visited twice each month: the week of the 1idhlze week of the
last day of the month during March through September, an@ each month during the last week
of October through Februa#y (Hollinger and Iﬁrd, 1994)cépted sand site at Topeka, silty loam
(or silty clay loam for De Kalb and Champaign sites) is thedprainant soil texture. In the 2-layer

hydrology version of SECHIBA, soil texture is not taken irocount so its impact on soil moisture
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content cannot be studied here.

5 Results and discussion
5.1 Water balance simulated over US

According to Figl 6, all the five models simulate the strongtcast between dried Western US where
annual ET rate is generally less th&h0mmyr—!, and humid Eastern US where annual ET rate is
able to reacl800mmyr—! and more. However, different patterns are simulated adogrthe mod-
els. The patterns are similar over western region (excepted California) between the models but
differences in ET rate are shown between VIC (Fig. 6b) and §AG./6d) or MOSAIC (Figl 6¢) of
about 100 % over Eastern US. SECHIBA (Fig. 6e) simulates asifillar to NOAH (Fig[ 6a), the

values being often betwe@0mmyr—* and800mmyr ' over Eastern US for these two particular

models. To establish the validity of the resu‘lts. Mitchélhke %200;1) have used observed stream-

flow and annual discharges from 1145 basins and convertéay(ttee basin area) to area-average
mean annual runoff. They showed that mean annual runofflatediby NOAH was in good agree-

ment with runoff data over southern and northern part of &astJS. Consequently, we conclude
that ET rate simulated by NOAH is satisfying whereas VIC usdmates it (and overestimates
runoff), contrary to MOSAIC and SAC which overestimate itheTfact that, over this region, ET

rate distribution obtained with SECHIBA is similar to NOAldgults is rather encouraging. Con-
sidering more precisely the Southeastern US region, weadbidwever that the ET rates simulated

with SECHIBA are larger than with NOAH along the coast. Thigiht be an improvement: actu-

ally, the study conducted ﬂ)y Mitchell etul. (2004) seemstmmsan overestimation of annual runoff
and consequently an underestimation of ET rate. This @iffee is also found between NOAH and
SECHIBA results over some parts of Northeast US, althougBIHBA remains more similar to
NOAH than to the three other models. Moreover, accordir{q theéll et al. ‘(2004), NOAH and
VIC overestimate the runoff rate over the state of lllin@scepted for extreme northeast), the val-

ues being between 400 aff0mmyr—!, whereas MOSAIC and SAC underestimate lllinois runoff
(between 100 an200mmyr—1). Itis quite satisfying that SECHIBA gives an intermediataoff of
about300—400mmyr—! (not shown) compared to the other models. Orders of magmitfiET and
runoff simulated by SECHIBA seems to be satisfactory ovetadrStates and particularly in Illinois

when compared Jo Mitchell et L‘:\‘I (2004). In the next sectiorgrder to evaluate soil moisture, we

focus our study on this state where many observations arabha

We note that after the completion of our study, a new compaligtween observations and results
from the same models has been publisl{ed (Xia @Ole@esérnew simulations have been
performed where the accuracy and consistency of the fotétg have been increased (NLDAS-2),
the four LSMs code upgraded and the study time period extetod@0 years 1979-200 al.,
’Ea). Contrasting results are obtained between thistagy (Xia et a”,é@b) compared to the

10
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previous one% (Mitchell et gl., 20‘0}1). Xia eJ gl. (20‘12b)n‘duhat Noah model overestimates mean
annual runoff (and thus underestimates mean annual ET) &sa®4 VIC results are the closest to
the observations.

5.2 Soil moisture simulated over lllinois
5.2.1 Progressive and comprehensive adjustements of vegdn parameters

The comparison of the SWI between simulation and obsenai®first performed over the eight
grid cells mentioned in Sect: 3. Over lllinois, the mean SWhpated from observed soil moisture
(hereafter called “SWI0") at 8 stations (Observations 8s)aha pronounced seasonality during the
year according to Fig. 7a. It is maximal during winter andyespring reaching 0.80 in March during
the period of low ET. The SWIlo is decreasing during vegetagjmwth in spring to the middle of
summer when climatic demand is maximal and thus water ugigkke vegetation significant. The
SWIo remains low during autumn with values around 0.40. Itsgha high variation during the three
years in average over lllinois where a dry event occurs dyitie autumn 1999 and the SWilo value
is less than 0.20 in November (Fig. 7b). This is due to the logcipitation occuring during this
period over lllinois (less than 0:amd~—! in November according to Fig/ 2b).

SECHIBA does not reproduce the soil moisture seasonalignahitial values of the vegetation
parameters are used (SECH1 simulation, see Tdble 2). This stinost saturated throughout the
year even during summer months where a decrease of only 1@¥isated (Fig. 7a). SECHIBA
does not capture well the amplitude of soil moisture vasiagiwith a variance3(77 x 10~3) largely
underestimated compared to observatidfs1(x 10~2). However, a seasonal variation is already
noticed in agreement with observations (Fig. 7b). Thesearksnare confirmed over each of the
eight grid cells (not shown).

Different hypothesis that could explain the global ovareation of the simulated SWI are succes-
sively highlighted and tested in this study. The parametéxegetation of the model are gradualy
changed to be closer to the experimental conditions. Rhstparameterization of LAl is changed
through two modifications (SECH2 simulation, see Table 2)e Maximum value of LAl initially
equal to 2.0 is increased to 3.5 which corresponds to a vely maximal value of LAI for grass-
land. Specific values of soil temperature determining ttesgeality of the LAl are now included
as described in Sect. 2.2.1. We obtain a seasonal variatioAlaloser to a grass cover expected
in such a temperate region like lllinois: values are arousrd zZluring winter whereas LAl increases
rapidly during April to reach maximal values in summer andyeautumn (Fig/ 8). The change
of the minimum value of LAI was also tested but had no signifidenpact on soil moisture (not
shown). In fact, during winter, ET is limited by the amountin€ident energy and the impact of
the vegetation cover is negligible. The effect of the LAlrie@se on soil moisture is not significant

during winter (Figl 7a) because the water uptake by the agigetthrough transpiration is near zero
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and only bare soil evaporation is occurring in SECH2 simatafsee Figl. ). A higher decrease in
soil moisture content compared to simulation SECH1 is fadunihg late spring (Fig. 7a) due to the
enhanced transpiration of the cover starting from the jeoibthe vegetation growth (up to about
+0.3mmd ! in June for SECH2 compared to SECH1, not shown) convertingeraaergy with

a higher LAI. Moreover, plants intercept more precipitatioot shown). Thus, total ET is increased
even more during summer but simulated SWI remains overettr@mpared to observations with
a mean relative error of variance greater than 80 %.

In order to improve the soil moisture seasonality and palaidy its decrease during summer,
the ability of the roots to extract the water from the soil ithanced. Therefore, the parameter
cy =4.0m™! is put to 1.0 (SECH3 simulation, see Table 2). The roots dgisiconsequently in-
creased allowing a higher transpiration (upitb.5mmd—! in July compared to SECH2 according to
Fig.[9). The significant effect of the roots on the transjmratorroborates the result of Feddes et al.
(Ega) who showed that transpiration is more sensitive ¢ontioisture content of a densely rooted

soil layer. Moreoverk De Rosnay and PoICI’Ler (1998) concthdetaking into account root profiles
improves the representation of the seasonal cycle of tiaigm. In our simulation, the roots have
a strong impact on soil moisture content and improves theilsited SWI seasonal variation with
a mean relative error of variance of 7%. SWI mainly decreasemd the period of vegetation in
summer and autumn (up to 37.5 % in September compared to SHEIg27a). Simulated SW! is in
better agreement with SWIo during autumn for the years 19971898 whereas the high decrease
observed in 1999 is not pronounced enough in SECH3|(Fig.Th® results obtained during the dry
season are different depending on the station. For exarapktation 9, the pronounced decrease
of the simulated SWI during autumn with SECH3 simulation caned to SECHZ2, induces a better
capture of the soil dryness during this season when comparg SWio (Fig. 10a). However, the
simulated seasonnality is poorly represented due to thewisture overestimation during spring in
both simulations. At station 16, a lower decrease of the kited SWI during spring induces a better
seasonnality even a systematic overestimation of the ateaiISWI throughout the year compared
to the SWio (Fig. 10b).

The height of SECHIBA vegetation is reduced from 1m ta:80which is more realistic to rep-
resent a grass cover. It has a little effect on soil moistunénd autumn (up to 6 % of increase in
October compared to SECH2, not shown) due to a slight deeiadsT (not shown), the surface of
exchanges of the plant with its atmosphere being reduced.

SECHIBA simulates a low bare soil evaporation (Fig. 9) andigaificant impact on soil moisture
is found (up to about 3 % of decrease in March compared to SEG@btZhown) when the resistance
of bare soil evaporation is tested (by dividing;; per 100). The results are quite similar over all the
grid cells studied (not shown). This test shows that a vafus8esm " for the resistance is already
large enough to simulate the decrease of bare soil evaponatien soil moisture is low.

In conclusion, a grass cover rather realistic is thus sitedlavith SECH3 where the maximum
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LAl is of 3.5 and the height of 3ém. The sensitivity tests highlight the major impact of thetso
extraction on soil moisture content in our model. The valfie,o= 1.0m~" allows more extraction
of water from the first 5@m of soil and soil moisture shows a higher decrease duringngmnd
summer in agreement with reality. The other parameters dsaoél height of vegetation or soil
resistance have a minor impact.

Another comparison is carried out that increases the sagpti order to improve the statistical
study. A new simulation is performed (SECH4 simulation, akle 2) where the parameterization
of vegetation in SECH3 is kept but the same PFT is setting/@leare on the grid cells of SECHIBA.
This allows us to include the results from all the grid cetf®taining the stations. This simulation
is judicious as far as there is no feedback from the surfadbamtmosphere. Thus, the impacts
of the vegetation around the studied grid cells can be lefteiVdl the same type of vegetation is
set across the model grid, simulated soil moisture contmiins overestimated compared to the
new average of observations (“Observationss”) Aaccording to Figl 1la. However, the seasonal
variation is slightly improved compared to SECH3 with a mealative error of variance of about
3.1%. This improvement could be explained by the increasbeofampling improving the statistic
for the simulation SECH4.

Bare soil evaporation simulated by SECHIBA is low. Thus, s m®mputation of ET which
allows bare soil evaporation under the vegetation (seéose2t2.3) is implemented in the model
(simulation SECHS5, see Table 2). In this simulation, theapeaterization of vegetation is the same
than in SECH4. Global increase in ET simulated by SECH5 is(let0%) compared to SECH4, in
average over the stations. Bare soil evaporation is nowlaiex throughout the year with SECHS5,
even when vegetation is present during summer (Fig. 12). oAg bs the total available energy
to evaporate do not change between the two simulationsydhspiration of the cover decreases
(evaporation of water intercepted by the cover does not@haignificantly). The global increase
in ET has a significant impact on soil moisture when SECH5 mmgared to SECH4. This change
improves the seasonality of soil moisture (FFigl 11a). A dase in soil moisture occurs throughout
the year and particularly during autumn (up to 16 % of de@eéasNovember). Simulated SWI is
mainly improved compared to measurements during the aui88i and 1998 whereas in autumn
1999 it remains overestimated (Fig. 11b).

In conclusion, the adjustement of the potential of wateragtion by the roots and the implemen-
tation of the new computation of ET in the model are essetttisimulate soil moisture in agreement

with measurements at fine scale.
5.2.2 SWI variation according to precipitation data set

Precipitation dataset is crucial in soil moisture studi@smentioned in section 2.1, we have found
differences between NLDAS and in-situ observations. Thnsther evaluation of precipitation is
tested in this study. NLDAS precipitation data is substituby the in-situ precipitation, for each
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station in the corresponding grid cell of the forcing grichiF allows an evaluation of a soil moisture
sensitivity to precipitation variation. The impact on swibisture is then studied with simulation
SECHS6 (see Table 2) including parameterization of vegataiind ET computation used in SECH5.

345 Mean annual SWI simulated by SECHIBA forced by in-situ préaipon is decreased compared to
SECHS5 (Figl 13) where NLDAS precipitation is higher tharsitt measurements (see Sect. 2.1).
However, the decrease of simulated SWI occurs only duringisenand autumn where it is now in
good agreement with the SWIlo (Fig./13a) and particularly fer year 1998 (Fid. 13b). The over-
estimation of simulated SWI during the autumn 1999 is greattiuced when in-situ precipitation

350 is used. Itis closer to the measurements which pointed oué miyness of the soil than the two
previous years at the same time period (Fig. 13b). Duringaviand spring, SWI simulated with
SECHS6 slightly increases compared to SECH5 and remainsragsically overestimated compared
to the SWIo (Fig. 13a). This is also found for most of the stati(Fig/ 14).

5.2.3 A different method to get measured field capacity

355 The estimation of field capacity measurement can be slighiffgrent whether it is performed in
laboratory or in-situ. Field capacity is usually measunedaboratory using “a pressure plate to
apply a suction of-1/3 atmosphere to a saturated soil sample. When water is no |deaéng
the soil sample, the soil moisture in the sample is deterchgravimetrically and equated to field
capacity.” @39). Field method which consist iigiating a test plot until the soil profile is

360 saturated is particulary restrictive for this type of stutlye suggest another method to measure the
field capacity. It is considered as the maximal value of vatrio water in the soil during the year.
Thus, we plot the monthly mean observed volumetric watefilpgin average over the stations
(Fig.'15) to deduce the field capacity: the maximal value déim®tric water during the year is
obtained in March on the 30-%h layer of the soil (we consider that the 0-&@ layer is not

365 representative of the field capacity at monthly time scalé)s value deduced from the volumetric
water profile (.39kgm~3) is lower than the measured field capacifty4( kgm=3). The SWiIo is
then recomputed with the new value of field capacity (comesing to “Observations 1sfc” in
Fig.'16) and its seasonality is compared to SECH6. The dserefithe field capacity in the re-
computed SWIo leads to an increase of the observed SWI pantigaluring winter and spring. The

370 simulated SWIfrom SECHG6 becomes consequently closer teeteemputed SWIo during the three
years with a better similarity in amplitude of the seasdpdfig./16).

5.2.4 Global analyze

To summarize in detail our results with simulation SECH& #mplitude and the phase of the

simulated SWI seasonality are represented for each stdtlthimois (triangle) in the Taylor diagram
375 ,@1) (Fig. 17) which is frequently used in modedienation studies. Overall, many stations

show a simulated SWI in good agreement with the SWIo includielg tapacity correction when
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SECHIBA is forced with in-situ precipitation and paraméted according to SECH6. Less than
the half of the stations presents a relative error of SWI witisesvations around 10 % and less.
SECHIBA captures quite well the phase of the SWI seasonaligy dlinois (more than 80 % of
stations shows a correlation greater than 0.85). The amdgipf SWI, which is very different
according to the station, is much harder to capture (abotb B0 stations have a standard deviation
of more or less 0.25 comparing to unit). Seasonality of satad SWI at station 10 is the closest to
the SWIo in term of amplitude (ratio of standard deviationlse to 1), phase (0.98 of correlation)
and magnitude (17.5 % of relative error). SWI at station 1Bésworst simulated because of its low
observed amplitude of SWI which SECHIBA cannot capture.

5.3 Simulated total runoff

The resulting total runoff simulated with SECH6 is compavnath Kaskaskia streamflow data (di-
vided by its corresponding basin surface) at Venedy stat@nt (3827 N; 89°37 W, Fig./1), ob-
tained from United States Geological Survey (USGS) for teagal 1997-1999. This watershed
is chosen because it integrates a large part of runoff owestluth-west of lllinois. Runoff simu-
lated with SECHG6 is underestimated by 24 %. However, dutedfitst half of the year, total runoff
is well simulated (the mean relative error is about 2.5 % Far period January—May). SECHIBA
reaches to capture the peak of runoff observed in March [}. During the rest of the year, the
simulated total runoff is null leading an underestimatioraverage over the year. This is partly
due to the parameterization of the hydrological model witighnot produce runoff and drainage as
far as simulated soil moisture does not reach field capabityhe parameterization of the model
used for simulation SECH®6, the improvement of root extmacipotential generates a level of soil
moisture content always far from the field capacity duringimer and consequently exacerbates the
limitation of the hydrological modelling to simulate totainoff. The use of a multilayer approach
to represent the vertical soil water diﬁusién (De Ro%a@@i“ De Rosnay et a‘., ZdOZ) should be

more satisfying to generate runoff and infiltration but ishrot been tested in this study. However,

underestimation of total runoff by SECHIBA can be due to thenplexity of the water exchange
between the deep soil and the surface through the watertteddlare included in the measurements
datasets but not represented in the model.

6 Conclusions

This paper investigated the ability of SECHIBA to compute slurface water balance at two differ-
ent spatial scales. At large scale (over the United Staasynd total runoff results from SECHIBA,

forced by NLDAS at 1/8th degree resolution, are in good age& with NOAH, considered as the
closest to observations. At local scale (over lllinois)| swisture content simulated by SECHIBA
forced by the same dataset has been compared to obsenfationa global soil moisture database.

15



415

420

425

430

435

When vegetation parameters are defined by experimental tawmsli the model is able to capture
rather well the seasonal variation of soil moisture. The mitagle, amplitude and phase are well
reproduced by the model over many stations. Uncertaintiediatic data, such as precipitation,
that can induce a bias in the simulations of soil moistureghzeen also pointed out. Extensions
of this study could be performed such as the use of the newolggical module or the dynamical
vegetation to improve the simulation of soil moisture comtévioreover, the study of the impact of
soil texture on soil moisture content is a reliable perspedb extend this study. The improvement
of spatial resolution is a big challenge for climate modgjliand particularly for the LSM which
simulates land-use change. In this study, it is rather emagiog to obtain a realistic soil moisture
seasonality at fine scale over lllinois with a global modathsas SECHIBA which includes the
simple hydrological model. Impact studies on water resesircan be addressed with more con-
fidence since soil moisture which has a crucial impact on magele, is well represented. For
example, Guimberteau et aLI. (2011) simulated with SECHIBApted with LMDZ (Laboratoire de
Météorologie Dynamique ZooAn. Hourdin et gl.. 2006) a significkTrease in summer precipitation

due to irrigation over the eastern part of the MississippieRbasin. Our comprehensive approach
of gradual changes of the vegetation parameters overisliwbich is part of this region, can lead to
a better understanding in the processes between the @dgagetation cover and climate.

Acknowledgements. We gratefully acknowledge Alan Robock to make available the soil moistaia loank
of Illinois (Robock et al., 2080). We thank NLDAS team to make availabl®©NS§ forcing dataset. We also
thank the two scientific software engineers Martial Mancip and PatrickkBnaan (both IPSL) for their help

about, respectively NLDAS forcing building for the SECHIBA model dadthe fusion of the observed pre-
cipitation in NLDAS fields. Simulations have been performed using compugltfacilities of the Institut du
Développement et des Ressources en Informatique Scientifique§I@RIRS, France).

INSU

Institut national des sciences de I'Univers

The publication of this article is financed by CNRS-INSU.

16



440

445

450

455

460

465

470

475

References

Baldwin, M. E. and Mitchell, K. E.: The NCEP hourly multi-sensor U.S gipéation analysis for operations
and GCIP research, Preprints, 13th Conference on Hydrology Beach, CA, Am. Meteorol. Soc., 54-55,
1997.

Belward, A., Estes, J., and Kline, K.: The IGBP-DIS global 1-kmdiaover data set DISCover: a project
overview, Photogramm. Eng. Rem. S., 5(9), 1013-1020, 1999.

Betts, A., Chen, F., Mitchell, K., and Janjic Z.: Assessment of the lamce and boundary layer models
in two operational versions of the NCEP Eta model using FIFE data, Meath®r Rev., 125, 2896-2916,
doi:10.1175/1520-0493(1997)125;2896:A0TLSA¢2.0.CO;2, 1997

Boone, A., Habets, F., Noilhan, J., Clark, D., Dirmeyer, P., Fax,&isev, Y., Haddeland, I., Koster, R.,
Lohmann, D., Mahanama, S., Mitchell, K., Nasonova, O., Niu, GP¥man, A., Polcher, J., Shmakin,
A. B., Tanaka, K., van den Hurk, B.,&ant, S., Verseghy, D., Viterbo, P., and Yang, Z.-L.: The Rhone
Aggregation land surface scheme intercomparison project: an ovei€limate, 17(1), 187-208, 2004.

Budyko, M.l.: Heat Balance of the Earth Surface (in Russian), Gigteoizdat, St. Petersburg, Russia, 255pp.,
1956.

Burnash, R. J. C., Ferral R. L., and McGuire R .A.: A generalizegbsnflow simulation system: Conceptual
models for digital computer, technical report, Joint Fed. State Rivexdast Cent., Sacramento, Calif., 1973.

Burnash, R. J. C.: The NWS river forecast system-catchmenetimgg in Computer Models of Watershed
Hydrology, edited by V. P. Singh, 311-366, Water Resour. Publ., Littleg@mlo., 1995.

Chen, T. H., Jankic, Z., and Mitchell, K.: Impact of atmospheric axeflayer parameterizations in the
new land-surface scheme of the NCEP mesoscale Eta model, Bounalgey Meteorol., 85, 391-421,
doi:10.1023/A:1000531001463, 1997.

Cosgrove, B., Lohmann, D., Mitchell, K., Houser, P., Wood, Eh&gde, J., Robock, A., Marshall, C., Sheffield,
J., Qingyuan, D., Lifeng, L., Higgins, R., Pinker, R., Tarpley,ahd Meng, J.: Real-time and retrospec-
tive forcing in the North American Land Data Assimilation System (NLDAS)ject, J. Geophys. Res.,
108(D22), 8842, doi:10.1029/2002JD003118, 2003.

De Rosnay, P. and Polcher, J.: Modelling root water uptake in a contgbeksurface scheme coupled to a
GCM, Hydrol. Earth Syst. Sci., 2, 239-255, d0i:10.5194/hess-21288, 1998.

De Rosnay, P.: Repsentation de I'interaction soegetation-atmospére dans le magle de circulation grérale
du Laboratoire de Mteorologie Dynamique thesis, State Univ. Pierre et Marie Curie, PariEA8l pp., 1999.

De Rosnay, P., Polcher, J., Bruen, M., and Laval, K.: Impact jpfigsically based soil water flow and soil-
plant interaction representation for modeling large-scale land surf@moegses, J. Geophys. Res.-Atmos.,
107(D11), 4118, doi:10.1029/2001JD000634, 2002.

Desborough, C.: The impact of root weighting on the response dfpieation to moisture stress in land surface
schemes, Mon. Weather Rev., 125(8), 1920-1930, 1997.

Dirmeyer, P., Zeng, F., Ducharne, A., Morrill, J., and Koster, Fhe sensitivity of surface fluxes to soil water
content in three land surface schemes, J. Hydrometeorol., 1(2}182, 2000.

D’Orgeval, T.: Impact du changement climatique sur le cycle de I'enAfeique de I'Ouest: modlisation et
incertitudes, PhD thesis, Universite Paris VI, 2006.

17


http://dx.doi.org/10.1029/2002JD003118
http://dx.doi.org/10.5194/hess-2-239-1998
http://dx.doi.org/10.1029/2001JD000634

480

485

490

495

500

505

510

515

Ducharne, A., Laval, K., and Polcher, J.:Sensitivity of the hydrolalgiycle to the parameterization of soil
hydrology in a GCM, Clim. Dynam., 14, 307-327, 1997.

Ducoudg, N., Laval, K., and Perrier, A.: SECHIBA, a new set of paranieagions of the hydrologic exchanges
at the land atmosphere interface within the LMD atmospheric global circolatiodel, J. Climate, 6(2),
248-273, 1993.

Dumenil, L., and Todini, E.: A rainfall-runoff scheme for use in the Hamgbclimate model, In: J. O'Kane
(ed.) Advances in theorical Hydrological Hydrology, A tribute to Jamesge, V.1 of European Geophysical
Society Series on Hydrological Sciences,Elsevier, 129-157, 1992.

Ek, M. B., Mitchell K. E., Lin, Y., Rodgers, E., Grunman, P., Kordh, Gayno, G., and Tarpley, J. D.: Im-
plementation of Noah land surface model advances in the National GdnteEnvironmental Prediction
operational mesoscale Eta model, J. Geophys. Res., 108(D22),@&d5.0.1029/2002JD003296, 2003.

Feddes, R., Hoff, H., Bruen, M., Dawson, T., De Rosnay, P.mByer, P., Jackson, R., Kabat, P., Kleidon,
A., Lilly, A., and Pitman, A. J.: Modeling root water uptake in hydrolodgiead climate models, B. Am.
Meteorol. Soc., 82(12), 2797-2810, 2001.

Guimberteau, M.: Analyse et modifications propes de la maglisation de l'irrigation dans un mete de
surface, Master's thesis, UniveisiParis VI and Laboratoire de &torologie Dynamique Paris Jussieu,
2006.

Guimberteau, M.: Modlisation de I'hydrologie continentale et influences de l'irrigation sur le cgleléeau,
PhD thesis, Universi Paris VI and Laboratoire de &€orologie Dynamique Paris Jussieu, 2010.

Guimberteau, M., Laval, K., Perrier, A., and Polcher, J.: Globfatfof irrigation and its impact on the onset
of the Indian summer monsoon, Clim. Dynam., online first, doi:10.1@0782-011-1252-5, 2011.

Higgins, R., Shi, W., Yarosh, E., and Joyce, R.: Improved UniteteStarecipitation quality control system and
analysis, NCEP/Climate Prediction Center Atlas, US Dept. of Commerce/Nedth&r Serv. Natl. Oceanic
and Atmos. Admin., Camp Springs, Md., 7, 40, 2000.

Hollinger, S. and Isard, S.: A soil-moisture climatology of lllinois, J. Clim&i), 822—833, 1994.

Hourdin, F., Musat, I., Bony, S., Braconnot, P., Codron, F.,rBsrie, J.-L., Fairhead, L., Filiberti, M.-A.,
Friedlingstein, P., Grandpeix, J.-Y., Krinner, G., LeVan, P., LiXZ, and Lott, F.: The LMDZ4 general
circulation model: climate performance and sensitivity to parametrizegdighyvith emphasis on tropical
convection, Clim. Dynam., 27(7), 787—-813, 2006.

Koster, R., and Suarez, M.: The components of the SVAT scheméhairceffects on a GCM'’s hydrological
cycle, Adv. Water Resour., 17, 61-78, doi:10.1016/0309-1708(24-8, 1994.

Koster, R., and Suarez, M.: Energy and water balance calculations Makaic LSM, NASA Tech. Memo.,
NASA TM-104606, vol. 9, 60 pp., 1996.

Koster, R., Suarez, M., and Heiser, M. : Variance and predictabilifyrecipitation at seasonal-to-interannual
timescales, J. Hydrometeorol., 1, 26-46, doi:10.1175/1525-76080§201;0026:VAPOPA2.0.CO;2, 2000.

Liang, X., Lettenmaier, D. P., Wood, E. F., and Burges, S. J.: A Erhgdrologically based model of land
surface water and energy fluxes for GCMs, J. Geophys. Res149815-14,428, doi:10.1029/94JD00483,
1994.

Mitchell, K., Lohmann, D., Houser, P., Wood, E., Schaake, J. oRbJA., Cosgrove, B., Sheffield, J., Duan, Q.,
Luo, L., Higgins, R., Pinker, R., Tarpley, J., Lettenmaier, D., Maik C., Entin, J., Pan, M., Shi, W., Ko-

18


http://dx.doi.org/10.1007/s00382-011-1252-5

520

525

530

535

540

545

ren, V., Meng, J., Ramsay, B., and Bailey, A.: The multi-institution Néwtherican Land Data Assimilation
System (NLDAS): utilizing multiple GCIP products and partners in a continetis&ributed hydrological
modeling system, J. Geophys. Res.-Atmos., 109(D7), D07S90,0db229/2003JD003823, 2004.

Olson, J., Watts, J., and Allison, L.: Carbon in Live Vegetation of MajarM/Ecosystems (ORNL-5862),
Environmental Sciences Division Publication, Oak Ridge National La¥.(USA), 1983.

Pinker, R., Tarpley, J., Laszlo, I., Mitchell, K., Houser, P., Wokd, Schaake, J., Robock, A., Lohmann, D.,
Cosgrove, B., Sheffield, J., Duan, Q., Luo, L., and Higgins, Rurfé&e radiation budgets in support of
the GEWEX Continental-Scale International Project (GCIP) and the GEWEXricas Prediction Project
(GAPP), including the North American Land Data Assimilation System (NLPR®ject, J. Geophys. Res.-
Atmos., 108(D22), 8844, doi:10.1029/2002JD003301, 2003.

Polcher, J.: Etude de la sensil@litlu climat tropicak la ceforestation, PhD thesis, UniveksiParis VI and
Laboratoire de Mteorologie Dynamique Paris Jussieu, 1994.

Robock, A., Vinnikov, K., Srinivasan, G., Entin, J., Hollinger, Speganskaya, N., Liu, S., and Namkhai, A.:
The global soil moisture data bank, B. Am. Meteorol. Soc., 81(6)142899, 2000.

Rowntree, P.R. and Lean, J.: Validation of hydrological schemeslifoate models against catchment data, J.
Hydrol., 155, 301-323, 1994.

Saleem, J. and Salvucci, G.: Comparison of soil wetness indices faeimgifunctional similarity of hydrologic
response across sites in lllinois, J. Hydrometeorol., 3(1), 80-912.20

Taylor, K.: Summarizing multiple aspects of model performance in desitiggram, J. Geophys. Res.-Atmos.,
106(D7), 7183-7192, 2001.

Walker, W.: Guidelines for designing and evaluating surface irrigatiatesys, FAO, Rome, 1989.

Wood, E. F., Lettenmaier, D. P., Liang, X., Nijssen, B., and Wetzel\WS. Hydrological modeling of
continental-scale basins, Annu. Rev. Earth Planet. Sci., 25, 279€d80Q0.1146/annurev.earth.25.1.279,
1997

Xia, Y., Mitchell, K., Ek, M., Sheffield, J., Cosgrove, B., Wood, Euo, L., Alonge, C., Wei, H., Meng, J.,
Livneh, B., Lettenmaier, D., Koren, V., Duan, Q., Mo, K., Fan,afd Mocko, D.: Continental-scale water
and energy flux analysis and validation for the North American Land Dasir#ilation System project phase
2 (NLDAS-2): 1. Intercomparison and application of model produgt$seophys. Res., 117(D3), D03109,
2012a.

Xia, Y., Mitchell, K., Ek, M., Cosgrove, B., Sheffield, J., Luo, L.|ohge, C., Wei, H., Meng, J., Livneh, B.,
Duan, and Lohmann, D.: Continental-scale water and energy fluxsisalyd validation for North American
Land Data Assimilation System project phase 2 (NLDAS-2): 2. Validatiomodlel-simulated streamflow,
J. Geophys. Res., 117(D3), D03110, 2012b.

19


http://dx.doi.org/10.1029/2003JD003823
http://dx.doi.org/10.1029/2002JD003301

Table 1. List of atmospheric forcing variables in NLDAS used for this study.

Name Description Units
Tair Two meters air temperature K
Qair Two meters air specific humidity kgkg !

Wind_.N  Ten meters wind speed Component) ms !
Wind_.E  Ten meters wind speed ¢component) ms~ !

Pours Surface pressure Pa
SWaown  Surface downward short wave flux Wm ™2
LWaown Surface downward long wave flux Wm 2
Rainf Rainfall rate kgm 2s~!
Snowf Snowfall rate kgm™ 25!

Table 2. List of the simulations performed with their numerical settings. Red colacates the changed value

of a parameter compared to the previous parameterization.

Simulations ~ Ti TG LA™ LA h cy Tsoil Number of grid ~ Bare soil evaporation  Precipitation
(°C) (m (Y  (s.m~2) cells for average under vegetation forcing

SECH1 0;20 0;2.0 1.0 4.0 33000 8 No NLDAS
SECH2 7,15 0;3.5 1.0 4.0 33000 8 No NLDAS
SECH3 7;15 0;3.5 1.0 1.0 33000 8 No NLDAS

- 7,15 0;3.5 0.3 1.0 33000 8 No NLDAS

- 7,15 0;3.5 0.3 1.0 330 8 No NLDAS
SECH4 7;15 0;3.5 0.3 1.0 330 17 No NLDAS
SECHS5 7,15 0;3.5 0.3 1.0 330 17 Yes NLDAS
SECH6 7,15 0;3.5 0.3 1.0 330 17 Yes In-situ
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Table 3. List of measurements stations with their references (hnumber, site codielinates and elevation). We
do not take into account stations 2 and 17 for the present study.

Number Name Site code Latitude (N) Longitude (W) Elevation (m)
1 Bondville BVL 4003 88°52 213
27182 Dixon Springs (bare/grass) DXG 3727 88°40 165
3 Brownstown BRW 3857 88°57 177
4 Perry ORR 3948 90°50 206
5 De Kalb DEK 4257 88°51 265
6 Monmouth MON 4065 90°41 229
8 Peoria ICC 4042 89°32 207
9 Springfield LLC 3931 89°37 177
10 Belleville FRM 3837 89°53 133
11 Carbondale SIU K.k 89°14 137
12 Olney OLN 3844 88°06' 134
13 Freeport FRE f24 89°40 265
14 Ina RND 3808 88°55 130
15 Stelle STE 4025 89°19 207
16 Topeka MTF 4018 89°54' 152
17 Oak Run OAK 4058 90°09 265
34 Fairfield FAI 3823 88°23 136
81 Champaign CMI 407 88°14 219

* Missing data for 1998 and 1999 for this station

* Measurements performed over bare soil for this station.

ILLINOIS

Fig. 1. Location of the lllinois state. Kaskaskia river and Venedy station are atsdized.
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— NLDAS
— ——in-situ

Monthly precipitation (mm/d)

Fig. 2. Monthly mean(a) and monthly(b) precipitation famd ") for NLDAS (black line) and in situ data
(dashed line), for 1997-1999

%
é/////w %;pff t

%411/1(7'

n  =2m

(Za

L ioner

Decp Drainaggee

Fig. 3. Scheme of the soil with hydrology in SECHIBA&upper andgiower (both inkgm™~?) are, respectively
the amount of water available for the plants contained in the upper and tegawoir,s,.. andhi™Y_ (both

in m) the depths of dry soil layers, respectively over the superficidltha deep soil reservoibupper (M) iS
the height of the superficial reservait,the runoff at the surfaced) (kgm~2s~!) the drainage between the two

soil layers,E (kgm~2s~1) the total evaporation anit (kgm~2s~') the precipitation
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Fig. 4. Water uptake function/s,, for each canop\l' (De Rosnay and Polcher. J1998). The profilesndiepn
the depth of the dry soil and the value of the constant
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Fig. 5. Fraction of PFT(a) “C5 grassland” angb) “C5 crops” covers on each grid cell across lllinois prescribed
by the vegetation map in SECHIBA. The 17 stations used for this study doated on the figure (see Table 3

in Appendix for their references).
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Fig. 6. Mean annual ETramyr ') over the United States, for the mean time period 1 October 1997—
30 September 1999, froifa) NOAH, (b) VIC, (c) MOSAIC (d) SAC and(e) SECHIBA. The first four maps

were taken frorjn Mitchell et al‘. (2004).
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Fig. 7. Monthly mean SWI averaged over the eight selected stations, fromwattiees and simulations SECH1
to SECHS3.(a) Averaged seasonal cycles affnj time series over the time period 1997-1999.
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Fig. 8.1997-1999 mean LAI seasonal cycle simulated from SECH1 and SE&idfaged for the 8 validation
grid cells (see Sect. 3).
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Fig. 9. Seasonal cycles of monthly mean ET components (sublimation not $itownd ') averaged over the
eight selected grid cells, from SECH2 and SECHS3, for the mean time p&8@d-1999. ET components are
E; (bare soil evaporation), Tv (transpiration) and Iv (evaporation deEwiatercepted by the cover).
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Fig. 10. Seasonal cycles of monthly mean SWI @) station 9 andb) station 16, from observations and
simulations SECH2 and SECHS3, for the mean time period 1997-1999.
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Fig. 11. Monthly mean SWI averaged over all the stations, from observationsS&@H3 to SECH5.(a)
Averaged seasonal cycles affnj time series over the time period 1997-1999.
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Fig. 12. Seasonal cycles of monthly mean ET components (sublimation not $tfownd ~!) averaged over
all the selected grid cells, from SECH4 and SECHS5, for the mean time p&®@d-1999. ET components are
E; (bare soil evaporation), Tv (transpiration) and Iv (evaporation dewiatercepted by the cover).
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Fig. 13. Monthly mean SWI averaged over all the stations, from observationSHSEand SECH6(a) Aver-
aged seasonal cycles afio) time series over the time period 1997-1999.
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Fig. 14. Times series of monthly mean SWI for each studied stations, from cditg@me and SECHS6, for the
time period 1997-1999.
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Fig. 15. Monthly mean volumetric water profiles averaged over all the stationsthiormean time period

1997-1999.
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Fig. 16. Times series of monthly mean SWI averaged over all the stations, fre@redtions, new profile of
observations and SECHS, for the time period 1997-1999.
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Fig. 17. Taylor diagram illustrating the statistics of SWI simulated with SECH6, from 1®97999. Each
station is represented by a colored triangle with its number. The Tayloradiaigra representation that provides
the ratio of the simulated and the observed standard deviation as a radiaiceigrom the origin and the

correlation of simulated SWI with observations as the cosine of the azimgtha ema polar plot.R correlation
F T (QRRCM -QORCH) (QRPS —QOBS)

7 QORCH 7 40BS

coefficient is computed according to the following equatidh:=
wheren is the month(1 < n < N = 36), QOR°™ andQ°"® are, respectively simulated and observed monthly
mean SWI andryorcn andogoss are, respectively simulated and observed standard deviations. Tare me
SWIo averaged over all the stations is plotted at (1,0): no error in stdnidaiation and zero correlation error.
The distance between the point (1,0) and the simulated result point isrficogal to the root mean squared
error. Good representation of the amplitude simulated by the model gcethpmobservations is traduced by
a triangle close to the dashed red line as radial distance. Good repteseafdhe phase is traduced by a short

distance between the triangle and the unit on the abscissa axis.
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Total runoff (mm/d)
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Fig. 18. Seasonal cycles of monthly mean total runaffid—!) on the grid cell corresponding to Venedy
station coordinates, from observations and SECHB, for the mean tirioel 4€97—-1999.
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