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Abstract

This study presents an analysis of climate chamgmadcts on the water resources
of two basins located in Northern France, by irdégg four sources of
uncertainty: climate modelling, hydrological modsll, downscaling methods,
and emission scenarios. The analysis focused onevodution of the water
budget, the river discharges and piezometric heGdgen hydrological models
were used, from lumped rainfall-discharge to distied hydrogeological models,
and led to quite different estimates of the watabce components. One of the
hydrological models, CLSM, was found to be unaldlesimulate the increased
water stress and was thus considered as an oewxier though it gave fair results
for the present day compared to observations. AbBhothere were large
differences in the results between the models,ethveas a marked tendency
towards a decrease of the water resource in tleesrand aquifers (on average in
2050 about -14% and -2.5 m, respectively), assedtiatth global warming and a
reduction in annual precipitation (on average In5®@0+2.1 K and -3%,
respectively). The uncertainty associated to cknmabdels was shown to clearly
dominate, while the three others were about theesanaber of magnitude and 3 to
4 times lower. In terms of impact, the results fdun this work are rather
different from those obtained in a previous studyen though two of the
hydrological models and one of the climate modeé&semused in both studies.
This emphasizes the need for a survey of the diinchiange impact on the water
resource.

Introduction
Global warming is unequivocal (IPCC 2007; Meeh&kt 2007), and is expected

to lead to an increase in the use of water foringplenergy production and
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irrigation, and to increased evapotranspirationl(R@02; Parry et al., 2007). This
increased water use may be achieved by increasegipg from groundwater,

rivers or dams, depending on the availability oé tlesource, which is also
directly affected by climate change. In Europeraased precipitation is likely to

occur in winter in the northern areas, while sotrileurope is expected to suffer
a decrease in precipitation (Arnell et al., 200hri§tensen et al., 2007). Northern
France is located on the border of these two zamesis therefore subject to
considerable uncertainty, partly connected with thet that the precipitation

regime is linked to both the large scale circulatémd the regional pattern of soil
moisture, with a signal that varies depending an gbason (Vautard and Yiou,
2010; Boé 2012). These variables have a large gprethe climate projections

for Europe (Boé et al., 2009b), as confirmed bydhalysis of the ENSEMBLE

projections, which used several global and regia@haiate models over Europe
and showed that the uncertainty was associated with scales (Déqué et al.,
2012).

Although it has a mid-latitude oceanic climate, thern France can suffer from
water resource issues, mainly because of the gmigemic water demand. The
high population density (above 200 inhabitant$kparticularly in the Paris area,
together with intensive agriculture (for instannghe Beauce region) and a dense
industrial fabric lead to high water demand fom#nng, irrigation and cooling.
Such pressures affect water resources in termsialfty (Meybeck et al., 1998;
Verjus 2008), and in terms of quantity since exeedg low groundwater levels
have led to restrictions on use in some areasefegral years. In such conditions,
the evolution of the climate is causing concernutlibe availability of water
resources, especially in the context of regionaketigoment, which is tending to

increase the population density.

To gain better insight into the impact of climateange on the water resources of
the Seine and Somme basins of northern France Ex¢1ySS project included
several sources of uncertainty: it used two emissiscenarios, seven climate
models, three downscaling methods and seven hyglcalomodels ranging from
simple rainfall-discharge models to more compledrbgeological models. Few
previous studies have addressed the uncertaintyected with the combination
of emissions scenarios, climate models, downscatieghods and hydrological
modelling (Wilby and Harris, 2006; Kay et al., 2Q0@0rgen et al., 2010; Chen et
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al., 2011; Chen et al., 2012); most studies haee& @sther several downscaling
methods but only a single hydrological model (Dé#nd Coulibaly, 2005; Khan
et al., 2006; Prudhomme and Davies; 2009, Boé.e@09; Quintana Segui et
al., 2010), or just one downscaling method withesal hydrological models
(Ducharne et al., 2007; Bae et al., 2011; Tend.e2@12).

The first part of this article presents the obsédndimate data, and the
hydrological models, downscaling methods and claratange projections used.
Then, the projected climate change in the two lsasipresented, together with its
impacts on hydrology in terms of water budget, ril@wvs and aquifer levels. The
uncertainties associated to the results are treusised.

Materials and Methods

Baseline climate data

The baseline climate data were taken from the SARRAalysis (Durand et al.,
1993; Quintana Segui et al., 2008) which provideée solid and liquid
precipitation, downward solar and atmospheric tamha 2-m air temperature and
humidity and 10-m wind speed, all at an hourly tistep on an 8-km grid. Daily
Potential Evapotranspiration (PET) was then congputsing the Penman
Monteith formula (Monteith, 1965). For the periofl71-2000, the mean annual
precipitation is above 900 mm/year in the eastar pf the basin and can be
lower than 650 mm/year in the western part (FigyrePrecipitation is lower than
potential evapotranspiration in 55% of the dom&lean annual 2-m temperature
varies by only 3 K throughout the domain, with warnair in the urbanized areas
and in the centre of the basin.

Hydrological models

To account for the uncertainty associated with tigdrological models, seven
models already set up on the basins under studg wsed in the RExHySS
project (Table 1). As the Seine and Somme basiescharacterized by the
presence of large aquifers that are estimated toumt for 40% and 80%,
respectively, of the discharge at the outlets (Reu®t al., 2004; Négrel and
Petelet-Giraud, 2005), three of these models efplisimulate multi-layer

aquifer transfer (MARTHE, MODCOU and SIM), thre&«eaaquifer storage into



account with a 1D vertical approach (CLSM, EROS @#RDENIA), and one
does not consider the aquifer explicitly (GR4). Tafothe hydrological models
are based on a soil-vegetation-atmosphere trassfeme (CLSM and SIM), and
thus compute the diurnal evolution of the water anédrgy budgets instead of
using daily PET. Four of the models were appliedotth basins, while two
models were set up for the Somme basin only, aedarthe Seine basin only.

As the hydrological models were already set uphm Ibasins, their calibration
period, calibration method and initial conditiondfeted, preventing the model
performance from being attributed to the modelcitne or calibration practice.
However, as the groundwater initial conditions nmapact the simulations over
several years, a common method was used for tke thydrogeological models:
the initial piezometric heads were derived base@ steady simulation that used
the mean annual recharge estimated from the firsgehrs of the simulation. A
brief analysis of the hydrological model resultspresented in Table 1 for the
main river gauges of the two basins shown in Figur&ccording to the observed
discharge availability, different periods were u$edthe two gauges. All models
obtained reasonable results, with a daily efficiedash and Sutcliffe, 1970)
above 0.67 and even above 0.8 in 68% of the cétmsever, the bias could be
rather large, up to 22% for MODCOU on the Seinearba3nline resource 1 gives
additional insight into the monthly cycle. For tlhgroundwater, an inter-
comparison study had already been performed ochtakk aquifer of the Somme
basin with MARTHE, MODCOU and SIM (Habets et al01B). On the 45 wells
in common, MARTHE was shown to obtain best resuiigh a determination
coefficient of 71%, while MODCOU and SIM obtaine8l &nd 67% respectively,
the average biases being 0.88, -0.8 and -0.19 m.

Climate models and emission scenarios

Six time-slice climate projections made during CBlIBnd analysed in AR4
(Meehl et al., 2007) were used. These six projastiare based on the AlB
emissions scenario (IPCC 2000) and were selectatieobasis of an analysis of
their climate change impact projected over Franu# anore precisely, on the
most marked change in terms of weather regime aacitation. In addition to
these six global climate models (GCMs), projectidmmsn the Arpege climate
model (Gibelin et Déqué, 2003) were used. This ha@s chosen because of its



finer resolution over France (around 100 km) du¢h use of a stretched grid.
Two of the Arpege projections used different enoigsiscenarios (A1B and A2)
and were only available for the end of the centand the last one was available
continuously from 1950 to 2100. Such continuousjgmtton is important for
hydrological impact studies because it can be ueethfer a methodology to
initialize the long-term response of the aquifeezometric head for the time-slice

projection.

Downscaling methods

It is necessary to downscale climate projectionsytdo reduce their bias and to
make them compatible with the finer spatial resotlubf the hydrological models
(Maraun et al., 2010). In RExHySS, three downsgatimethods previously used
over France were applied. Two of them, the coneeali anomaly method (AN)
and the quantile mapping (QM) are based on staistomparison with local
analysis, while the weather typing (WT) method @sdd on an analysis of large
scale circulation. They used the SAFRAN present-clayiate data so that the
downscaled climate projections reached 8-km spatédolution. The AN
considers that the mean local future climate itesthibut that there is no evolution
of the frequency distribution of the variables, efhmeans, for instance, that there
is no modification of the precipitation spells (thember of wet days is the same
in the future as at present). In our case, the aliemmwere computed at the
monthly time scale, following the method of Caballeet al. (2007), and
considered as additive for the temperature and adtiphicative for the
precipitation. The QM was more complex since nobpdy the mean of the
variable but the whole probability density functiaras corrected, based on a
seasonal approach. It was therefore usually apmiredegional climate models
(Déqué 2007). In order to be able to consider thationship between the
atmospheric variables, the QM was applied to a imaontaining the set of
variables and not independently on each time vecoable. The WT (Boé et al.,
2007 and 2009) was based on the analysis of the-lrale processes to provide a
relationship between the large and regional scélesnsidered that similar large-
scale patterns would lead to similar local-scaldepas. Thus, each day of a
given season in the future was taken to have ayproxhe same season of the

present-day analysis, and this proxy was used dwighe the spatial pattern and



the diurnal cycle of the given day, with speciaatment for the temperature,

which was assumed to be significantly warmer infthere.

The three methods allow good consistency to beirdadan the parameter (e.g. a
rainy day has humid 2-m air). Only the anomaly rodtlsonserves the average
impact projected by the GCM. The averaged impannhfthe other two methods
can differ from that of the GCM due to their momphkisticated bias correction,
which can modify both the spatial pattern and tlaege of the impacts.
Comparisons of these methods over France as a Bo&et al., 2009) and on
the Mediterranean part of France (Quintana-Seguil.et2010 and 2011) have
shown that, although the two most sophisticatedhods, QM and WT, gave
rather similar results compared to the simple AN,aimey could lead to some
important local differences on both average andeext values (more precisely,

mean summer temperature and driest summer premopita

WT was applied to all climate model runs, while @Md AN were applied only
to the finer spatial resolution ARPEGE-V4 modelgumhus, only the ARPEGE-
V4 model runs with the A1B and A2 emissions scasawere downscaled using
the three methods (see Table 2). A detailed asssgsvhthe downscaled climate
projection for the present day is given in onliasaurce 1.

Results

Projected climate change

Evolutions of the mean precipitation, PET and 2imeanperature as provided by
the 12 downscaled climate projections (DCPs hexedibr the periods 2047-2067
(2050 hereafter) and 2082-2099 (2080 hereaftegoagpared to the present day
(1971-2000) on average over the domain are presdrable 2. There is general
agreement that the temperature will have increbsetl.7° to 2.7° in 2050, and

2.2° to 4.2° in 2080, and that the PET will haver@ased by 11 to 22% by the
2050s and by 15 to 32% by around 2080. There ssdgeeement on precipitation.
On an annual basis, the evolution of precipitatranies by +0.4% to -14% in

2050 and by +4% to -24% in 2080, with only two loé t12 projections predicting

an increase in precipitation. There is not mucliedéhce between downscaling

methods on an annual basis but seasonal differemeemore marked (see online
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resource 2).

Impact of climate change on the water budget

There were a total of 19 DCPs for the two periaa$ &1 hydrological modelling
cases on the two basins, which makes a total of @&@¥&ibilities. However,
because of the simulation cost, not all the hydyalal models used all the DCPs,
and only 147 were effectively available (70%). Tihgpacts of climate change
estimated by these 147 simulations on total ruacdf presented in Figure 2 and
summarized inrable 3 The main result is a general agreement on a deeref
the total runoff for all the hydrological modelsdaall the downscaled climate
projections except the wettest ones (GM in 208@, @a in 2050). The average
decrease is about 20% in 2050 and about 30% in @g&gQre 2). However, there
is a large spread, which is associated with bothDICPs and the hydrological
models. The standard deviation connected with t#eous DCPs for a given
hydrological model ranges from 2 to 19%, and thainected with the various
hydrological models for a given GCM ranges frono2¥7% (Table 3). Most of
the discrepancies on the hydrological models aleste@ to only one of them,
CLSM. When CLSM is excluded, the standard deviatolower than 9% (Table
3). CLSM is the only hydrological model to projectmedian decrease of the total
runoff larger than 30% in 2050 and larger than 5892080. This is connected
with an increase of the median actual evapotraatpir larger than 10% in the
two basins in the future. Indeed, the soil moistiwréCLSM is sustained by an
upward groundwater flux that almost doubles in filieire compared to present
days although the ground water level decreasess, Téssociated to some
weaknesses on the management of the soil watesssfeinted out in an
independent study, may lead to unrealistic res(si® online resource 3 for a
detailed analysis).

When the average impact of climate change on totabff without the CLSM
model is analysed, it clearly appears that thegasgociated with DCP (about O
to -30 % in 2050, and about +4% to -40% for the B@BINg A1B emission in
2080) is larger than the range associated withdigdical modelling (—10% to -
24% in 2050, and about —23% to -48% in 2080). Theaict of the downscaling

methods is also rather large, with an average ilmpadhe Seine basin in 2080
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varying from -32% to -50% (Figure 2 and Table 3).

Impact on river flows

Figure 3 presents the monthly anomalies of theeSamd Somme river flows in
2050 and 2080 compared to the present day clinfdte. sets of DCPs and
hydrological models vary for each basin and eacloges does the total number
of simulations (see caption). The mean monthly aal@m® in the Somme basin
are around -20% in 2050 and -30% in 2080, whilhexSeine basin, the decrease
is larger in summer (-30% in 2050, -40% in 208@nthin winter (0% in 2050 and
-15% in 2080).

In the Somme basin, about 10% of the DCPs projesbst no change on the
annual cycle in both periods (slight increase imten and slight decrease in
summer), while in contrast, 10% project a decredsgproximately 30% in 2050
and above 50% in 2080 throughout the year. The Intypmariations are more
pronounced in the Seine basin: more than 25% afal df0the DCPs project an
increase of the riverflow from February to April 2050 and 2080 respectively,
while 25% of the simulations project a decreasthefsummer discharge by about
30% and 40% in 2050 and 2080 respectively. For 20880s, 75% of the
simulations project a decrease of the discharggetathan the average decrease

projected in the mid-century (Figure 3).

Impact of climate change on piezometric heads

The piezometric heads in the Seine and Somme basiresssimulated by two and
four hydrological models respectively. The numblewells simulated varied: 143
wells located on the free part of the aquifer layler SIM and MODCOU in the
Seine basin, and, for the chalk aquifer of the Sem®T wells for GARDENIA
and MARTHE, and 50 wells for MODCOU and SIM.

The average evolutions of the piezometric headeptefl by all available DCPs
are a diminution of the piezometric by 2.45 and2317 in the Somme basin in
2050 and 2080, respectively, and by 3.88 and 6.05 tlme Seine basifrigure 4,

detailed results from the 1W continuous simulatiwa given in online resource
4). The two most contrasted DCPs are 2W and G$htwo basins, which is



consistent with the results obtained on the tatabff. On the Somme basin, for
which four hydrological models were available, éogiven DCP (2W), the largest
uncertainty associated with the hydrological modgiresents 5 m while, for a
given hydrological model, the largest uncertairdgahes 8 m. When the results
obtained with the same climate projection but wiifferent downscaling methods
are considered, the WT and QM methods reach atwariaf 1, 3 and 5 m for

MARTHE, SIM and MODCOU respectively, while the thredownscaling

methods lead to an uncertainty of 2 m for GARDENWkich is the only model

used for the three projections. GARDENIA presehtsweakest evolution of the
piezometric heads for a given DCP. This might be wuthe fact that, in a lumped
model, the piezometric heads are proportional ¢dekiel of a deep reservoir, and
neither the evolution of the piezometric head grathor the relationship with the
river is explicitly considered. The evolution ofetlpiezometric head is more
pronounced on the Seine basin than on the Somne, wasch might be due to

the selection of the piezometric wells, with morella/located close to the river in
the Somme basin. The amplitude of the aquifer @eserés similar to that obtained
by Gordeniaux et al. (2011) in a Belgian basin, lamger than the amplitude
obtained by Jackson et al. (2011) on a chalk aguifé&England. This could be

explained by differences in the evolution of thegppitation.

Discussion

A detailed analysis was made of the uncertaintyh \aih appropriate statistical
method to manage the heterogeneous set of availaipact projections (see
online resource 5). Not surprisingly, the climatedels appear to be the main
sources of uncertainty, which is in agreement wWité literature since about a
decade (see, for instance, Arnell, 1999; Bergstednal., 2001; Nissjen et al.,
2001). The three other sources of uncertainty, tlee ones associated with
downscaling methods, emissions scenarios and tth@logical models are about
the same range of value and about three times lthaerthe one associated to the
climate modelling, at least when one focuses onatiraual discharge, and when
only physically sound results were kept. Indeedwdts possible to reduce the
uncertainty on the hydrological modelling by comsidg one model as an outlier
for physical reasons, highlighting a good fit watlsingle observed variable (here,
the riverflows) is not sufficient to enable a motielbe considered as a suitable
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tool for a projection study. Other sources of utaiaty were, however, neglected
in this study. For instance, some physical feedbaskthe impact of the CO2 on
plant transpiration or the modification of diresaporation from groundwater are
not explicitly taken into account by the modelss@lthe land use was considered
fixed, as was the anthropization of the water resgsi (no change in pumping
pressure) although previous studies have shown lduigje impact on the water
resource (Holman 2006; Candela et al., 2009). Euribre, the uncertainty
associated with the natural variability was notlexby addressed, although it had
a large impact on the discharge of French riversr dkie last century, and is
recognized as being important in the early decadeslimate projections
(Hawkins and Sutton 2009; Kay et al., 2009; Teangt Boé 2013). Although this
uncertainty analysis is not complete, it nevertbelappears that none of the four

sources of uncertainty taken into account can lgéented.

The overall signal obtained in RexHySS is a clemréease of the water resource
of the Seine and Somme basins. This is consistéhtthe study by Boé et al.
(2009), which shares some hydrological projectianth RexHySS, but rather
different from the one by Ducharne et al. (2009}, Wwhich a larger increase of
winter flow was compensating the decrease of sunfioer to lead to a quite
stable annual discharge. Such results were obtdiyedmploying two of the
hydrological models used in this study (CLSM and MGDU) and a former
climate projection with the A2 emission scenaridisTis the first time that two
fairly recent climate change impact studies onen€ln basin have provided such
contrasted results. For instance, the results éf@&al. (2009) are quite consistent
with those obtained in the Rhone and Garonne basitts earlier projections
(Etchevers et al., 2001; Caballero et al., 200%)s Ts perhaps due to the fact that
those two basins have a large snow component, fachaglobal warming has
quite a clear impact, whereas the Seine basinriiyhaffected by snowfall and
thus depends on the evolution of the rainfall, Wwhis more uncertain. This
reinforces the interest of knowing wether the us€WBIIP5 climate projections
would lead to similar results. CMIP5 GCMs also patja general tendency for an
increase of winter precipitation and a decreasaiofmer precipitation in northern
France (Terray and Boé, 2013). A first comparisbregional climate modelling
performed in the framework of the CMIP5 Cordex ekpent has shown a larger

spread in winter precipitation. However, a full quamson is not yet possible
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because these projections have to be downscaled.

Although the present article does not focus on dékeemes, the hydrological
extremes projected by RExHySS have been analysea @ompanion paper
(Ducharne et al., 2011), which reports that thk offloods returning within 10-

year and 100-year periods is quite stable.

Conclusion

This article has attempted to present a full anslyd the impact of climate

change on the hydrological component of two bakinated in northern France,
by including the analysis of surface water and gdwater. A set of 147

hydrological projections based on seven hydroldgioadels, seven climate

models, three downscaling methods, and two emisssgenarios was analysed.
There is a general agreement on a decrease aférdlow at the outlets of both

basins by at least 14% by the 2050s and at le&t &2 the 2080s. More than
90% of the hydrological projections predict a daseeof the summer flow at the
outlets of the Seine and Somme basins (althoughghéess true for the Somme in
the 2080s), and a decline of the piezometric héadst least 90% of the wells.

However, the results present a large spread, witagnitude of the signal on

river flow and piezometric head of the same ordemagnitude as the standard
deviation. About 10% of the hydrological projectorstimated a chance of
increased river flow in winter in the Seine andutjoout the year in the Somme,
while 10% projected a decrease of more than 40%ritteg discharge at the

outlets. The uncertainty on the evolution of thezpmetric head seems even
larger, since the range of variation can reach 8nnaverage over the simulated

piezometers.

The spread is mainly due to the uncertainty astetiawith the climate
projections, especially because of two wetter doatesl climate projections that
give an opposite signal on the evolution of thezpieetric head and discharge.
However, it has been shown that the other threecesiof uncertainty taken into
account in this study, i.e. the emission scendhie,downscaling method and the
hydrological model, are also important, and théteotsources of uncertainty as
physical feedbacks and natural climate variabiigre not taken into account.

Therefore, there is a need to make a survey ofntipact of climate change in
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such basins. A systematic approach will be helpethb availability of climate
services, such as the DRIAS project over Frahte:(/www.drias-climat.f).
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CLSM EROS| GARDENIA |GR4 | MARTHE| MODCOU | SIM

Spatial SD SD L L D D D

resolution

Water budget | Hourly Daily Daily Daily Daily Daily 5 to 30

minutes

Energy budget| Yes No No No No No Yes

Aquifer 1D 1D 1D No Pseudo- | Pseudo-3DPseudot

transfer 3D 3D

Piezometric No Yes | Yes No Yes Yes Yes

Head

References Ducharng Thiéry| Thiéry 2003 | PerrinThiéry Ledoux erHabets
et al.,| 2004 et al.,[1990 al.,, 2007,et al.,
2007, 2003 |Habets etKorkmaz |2008,
Gascoin al., 2010 |et al.,| Habets
et al., 2009 et al,
2009 2010

Somme |Eff |0.67* 0.85 0.67 | (0.84)* |0.87 0.79

Abbeville (0.76)

5600 knf | Bias| 3.00% -2.92 2.6 | 3.00* -0.78 11.45

(%)

Seine Eff [0.87 0.86 0.81 0.625 0.79

POses  gias[-4.44 | 1.53 10.99 20.61 7.18

65000 (%)

km?

Table 1 Main characteristics of the hydrologicald®mloand the statistical results obtained at the
two main river gauges of the two basins: SD: seistritbuted, L: Lumped, D: Distributed.
References written in italic provide details on thplementation of the model in the basin: Eff is
the daily efficiency (Nash and Sutcliffe, 1970) doids ((1.-Qsim/Qobs)*100.). The time period
for the comparison with the observation in the Sanbasin is from 25 dec 1985 to 27 Jul 2003
(6400 days), the one in the Seine basin is fromuty A981 to 31 Jul 2001(6938 days). A*
indicates that the period is from 1/8/1985 to 3@DE. The 7-day efficiency is given in
parentheses. A grey box indicates that the hydicdbgnodel was not applied to the basin in

question.
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emissiondownscalinf 2050 2080
AcronymGCM scenariognethod
P [PEJT [P [PETT
A2 AN - 29.94.2
2A ARPEGE-V4 15.3
A2 QM - 131.53.8
20Q ARPEGE-V4 23.7
A2 WT - 30.53.6
2W ARPEGE-V4 22.2
A1B AN - [22.63.3
1A ARPEGE-V4 11.8
A1B QM - 125.32.9
1Q ARPEGE-V4 18.(
A1B WT - [19.62.4F [25.93.1
1W ARPEGE-V4-CONT 14.( 15.9
A1B WT -4.321.92.7 |32.23.8
GO GFDL_CM2_0 14.2
Gl GFDL_CM2_1 AlB WT -4.[5.11.7}19.5[26.23.0
EC ECHAM5/MPI-OM |Al1B WT 0.4| 13)2.2}-6.826.03.5
MR MRI-CGCM2.3.2 |AlB WT -4.?1.21.9-6.318.92.6
GM GISS-MODEL-ER | A1B WT —O.Til.El.73.8 15.8.2
CC CCCMA_GCGM3 _[1A1B WT -5.’&8.(2.5 -3.2[23.93.2

Table 2 : Downscaled climate projection used heirtimpacts on the Precipitation (P), Potential
evapotranspiration (PET) and 2-m temperature (Eyayed over the Seine and Somme basins for
the 2050s and the 2080s as projected by the doledspeesent day GCM climate. AN: anomaly
method, QM: quantile mapping, WT: weather typinggrey column means that the projection is
not available for the period. The acronyms begigniith a number refer to the emissions
scenarios (1 for A1B, 2 for A2), while the lettgands for the downscaling method. The other
acronyms stand for projections using A1B emissimenario and WT.
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DCPs Somme 2050 Seine 2050 Somme 2080 Seine 2080
All All but 1 All All but 1 All All but 1 All All but 1
A -44+/-1 Id -32+/-6 Id
20Q -31+/-7 Id -37+/-14 | -31+/-7
2W -65+/-14 | -60+/-5 | -59+/-15 -50+/-3
1A -40 Id -25+/-4 Id
1Q -32+/-5 Id -33+/-13 -27+/-6
1w -43+/-22 | -34+/-5 | -32+4/-5 id -43+/-27 | -32+/-5 -34+/-6 -34+/-6
GO -21+/-8 Id -19+/-14 | -134/-6 -40+/-5 Id -49+/-19 | -40+/-9
G1 0+/-5 Id -9+/-14 -3+/-7 -5+/-4 Id -24+/-17 | -16+/-6
EC -15+/-5 Id -12+/-9 -8+/-2 -29+/-6 Id -34+/-15 -27+4/-4
MR -26+/-3 Id -27+/-7 -24+/-4 -26+/-5 Id -31+/-10 -27+41-7
GM -1+/-2 Id -14+/-11 | -8+/-3 +4+/-8 Id -1+/-13 -6+/-3
CC -23+/-6 Id -26+/-15 | -18+/-5 -20+/-3 Id -21+/-18 -12+/-5
Hydrological
models Somme 2050 Seine 2050 Somme 2080 Seine 2080
CLSM -87 -36+/-8 -96+/-4 -53+/-17
EROS -20+/-11 -39+/-2
GARDENIA -23+/-13 -48+/-14
GR4 -19+/-12 -10+/-10 -28+/-18 -23+/-14
MARTHE -28 -33+4/-15
MODCOU -12+/-14 -15+/-11 -27+/-15 -24+/-14
SIM -19+/-14 -19+/-11 -29+/-19 -29+/-15

Table 3 Anomaly on the total runoff in percent mstied for the two basins and the two periods in
%. For each downscaled climate projection and digdical model, the average anomaly +/- the
standard deviation computed on the available sitins are given (but the average is not
computed from the same number of members). For®, the statistics obtained by all

hydrological models except CLSM are also providddr{eans identical, no change).
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Figure 1 Spatial distribution of the mean annuacjpitation (left), ratio of the precipitation to
potential evapotranspiration (centre) and 2-m teatpee (right) on the domain, as provided by
the SAFRAN analysis from 1971 to 2000.
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Evolution of the total runoff in 2050 (%)
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Evolution of the total runoff in 2080 (%)
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Figure 2 Evolution of the runoff (%) for mid-cemputop) and end-of-century (bottom), for each
hydrological model (x-axis) for the Seine basindles) and the Somme basin (squares), for each
downscaled climate projection. The acronyms of Bi@Ps are given and, for each model, the
boxes indicate the average impact +/- the standevétion.
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Figure 3 : Monthly evolution of the Seine (leftjdaBomme (right) river flows for the mid-century

(top) and end-of-century (bottom) relative to thimidated present day climate (1971-2000). The
envelope represents the minimal and maximal valaegach month, the continuous blue thin

lines the 10 and 90 quantiles, the dotted lines2heand 75 quantiles, and the black line the
average. The average in mid-century is plottedhatbiottom with pink diamonds. The number of
simulations varies on each plot: 36 and 37 forSbae basin at mid-century and end-of-century,
and 26 and 39 respectively for the Somme.
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Figure 4 Evolution of the piezometric head (m) aerage for each of the simulated wells as
projected by the hydrological models for each DGPthe Seine basin (filled squares) and the
Somme basin (circles). The acronyms of the DCPg&en, and the boxes indicate the average
impact +/- the standard deviation. The upper ppregents the results for the mid-century, and the

bottom one the end-of-century.
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Evaluation of the downscaled climate modelling in

present day
The comparison of downscaled present day GCM simuk (hereafter DPD)

with present day analyses or observations helpmderstand some properties of
the downscaling methods and characterize someepi@ccies associated with the
deficiency of these methods or with the uncertaiasgociated on the natural
variability. A DPD is not an atmospheric analysiglas not intented to reproduce
the day-to-day meteorology. However, over a 30-yeaiod, the main climate
characteristics can be captured by the DPD. Thiwly in this part the
assessment is performed on the mean monthly cyye.construction, the
anomaly method only provides data for the futucepsly the Quantile Mapping
and Weather Typing present-day projections aresassge by comparison with the
baseline analysis, and when used by the hydrolbgiodels.

Comparison with the present day atmospheric analysis.

Table 4 presents a comparison of the downscaleskptrelay climate modelling
with the SAFRAN analysis over the 30-year period X871-2000 for the
precipitation, potential evapotranspiration and germature averaged over the
domain. The DPD temperature and PET are quite ¢tosiee SAFRAN analysis
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on average, with biases lower than 0.35 K and 3%pectively, and a mean
monthly correlation close to 100%. Focusing ongtexipitation, the mean bias is
lower than 1% for six DPDs out of 10, but reach&s fér two DPDs (GM and

G1). The correlation computed on the mean montiyecreaches 80% for three
DPDs, but is lower than 40% for two DPDs (GO and.@he two downscaling

methods applied to the same ARPEGE-V4 simulatigp §éad 2W) show rather
contrasted results with biases of +0.86% and -1,5418% correlations of 54 and

84% respectively.

Analysis of the hydrological modelling forced by present-day downscaled
GCM climate

The use of the DPDs instead of the baseline foramagysis by the hydrological
models led to some differences in the simulatidnhe river discharge. Figure 5
and

emissiondownscalinf 2050 2080
AcronymGCM scenariognethod
P [PETT [P [PETT
A2 AN - [29.94.2
2A ARPEGE-V4 15.3
A2 QM - 31.53.8
2Q ARPEGE-V4 23.7
A2 WT - 130.53.6
2W ARPEGE-V4 22.2
A1B AN - [22.63.3
1A ARPEGE-V4 11.8
A1B QM - [25.32.9
1Q ARPEGE-V4 18.(
A1B WT - 19.24- [25.93.1
1w ARPEGE-V4-CONT 14.( 15.9
A1B WT -4.321.92.7 |32.23.8
GO GFDL_CM2_0 14.2
Gl GFDL_CM2_1 AlB WT -4.15.11.7}19.5(26.23.0
EC ECHAM5/MPI-OM |A1B WT 0.4| 13/2.2}-6.8[26.03.5
MR MRI-CGCM2.3.2 |AlB WT -4.81.31.9-6.3|18.92.6
GM GISS-MODEL-ER | A1B WT -O.Fl.E1.73.8 15.8.2
CC CCCMA_GCGM3_[LA1B WT —S.FB.CQ.S -3.2[23.93.2
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Table 2 : Downscaled climate projection used heirtimpacts on the Precipitation (P), Potential
evapotranspiration (PET) and 2-m temperature (Eyanyed over the Seine and Somme basins for
the 2050s and the 2080s as projected by the doleaspeesent day GCM climate. AN: anomaly
method, QM: quantile mapping, WT: weather typinggry column means that the projection is
not available for the period. The acronyms begignwith a number refer to the emissions
scenarios (1 for A1B, 2 for A2), while the lett&iands for the downscaling method. The other
acronyms stand for projections using A1B emissienario and WT.
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present the results for the Seine at Poses conhparth the simulations
performed with SAFRAN. For GR4, MODCOU and SIM, tB&Ds lead to an
average -13% negative bias on the Seine river flathv a standard deviation of
10%, while they lead to an average positive bias%f+10 for EROS. CLSM
shows the strongest sensitivity to the DPDs, withaaerage positive bias of 8%
and a standard deviation of 20%. This large stahdawiation is mainly due to
the use of the Arpege-V4 simulation downscaled wite Quantile Mapping
approach (1Q and 2Q). The reasons for such behasareunot clear. Although
CLSM uses not the daily potential evapotranspiratiat the downscaled hourly
values of the eight atmospheric variables, thadss the case for SIM, which does
not show the same behaviour. Arpege-V4 was alsondoaled using the WT
method (1W and 2W). The impact of these two dowlivsganethods was rather
large since, on average over the five hydrologmwatiels, the mean annual river
flow increased by 13% for QM and decreased by 1deANT. There was more
discrepancy in the estimates of the river flow bg tydrological models when
they used the forcing of the two downscaling meghapplied to the same climate
model than when they used the same downscalingothetipplied to various
GCMs. However, the number of cases was too smalkh fgeneral conclusion to

be reached.

From this analysis, it can be said that i) in nemthFrance, the QM and WT
downscaling methods applied to present day sintratof climate models lead to
atmospheric forcings that are suitable for use pgrdlogical models to infer

annual river flow close to the one simulated udiageline meteorological forcing
and also close to observations ii) The hydrologioatlels are obviously sensitive
to these DPDs, but they do not react in the samg. Wae discrepancy is

considerable even for similar hydrological modegley (lumped, distributed, with
or without explicit representation of groundwatemd iii) the downscaling

methods can lead to notable differences in the DRIB&h are probably linked to
the natural variability of the climate model aswhdy Terray and Boé (2013) by

analysing the various member of the CMIP5 climatelefs over France.

References:
Terray L, Boé J (2013) Quantifying 2tentury France climate change and related unogigai
C.R. Geoscience 345 136-149.
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Emissions DMRO502010P PET T
AcronymGCM scenarios
Bias [CorBias |Cor|BiagCor
% %
2A ARPEGE-V4 A2 AN Y
2Q ARPEGE-V4 A2 QM Y (0.86 [0.54-2.71 1.0 0.1170
2W ARPEGE-V4 A2 WT Y [F1.57(0.842.71| 0.990.270
1A ARPEGE-V4 A1B AN Y
1Q ARPEGE-V4 A1B QM Y [0.86 |0.54-2.71 1.0 0.1170
1w ARPEGE-V4-CONTA1B WTlY Y [1.28|0.772.78| 0.990.260
GO GFDL_CM2_0 A1B WTJY |Y -0.13(0.392.01| 0.990.2099
Gl GFDL_CM2_1 A1B WTlY Y }5.17(0.341.07| 0.990.140
EC ECHAMS5/MPI-OM |A1B WTlY Y [0.97(0.811.71 O.S)QO.F)O
MR MRI-CGCM2.3.2 |A1B WTlY Y -0.66|0.741.62 0.990.?40
GM GISS-MODEL-ER |A1B WTlY |y [4.43(0.842.52] 0.990.280
CC CCCMA_GCGM3_)1B WTJY Y [-0.45(0.672.20| 0.990.180
2.18 2.14 283.19
SAFRAN mm/d  |jmm/d K

Table 4 Precipitation (P), Potential evapotransipna(PET) and 2-m temperature (T)
averaged over the Seine and Somme basins for 1@ {2r the SAFRAN analysis and
the downscaled present day GCM climate. Cor starfds correlation

JSAFRANGCM

USAFRANO-GM
cycle. DM: downscaling method, AN: anomaly meth@M: quantile mapping, WT:
weather typing. Y in the 2050s and 2080s columdgates the availability of the climate
projection for the period.

(cor= , with o the covariance) which was computed on the mearthiyon
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CLSM |EROS | GR4 MODCOUSIM Standard

Downscaled Average | deviation
GCM
2A

20Q 46.5 5.3 5 6 2.7 13.1 18.7

2W -3.1 -17 -15.7 -15.4 -19.6 -14.2 6.4

1A

1Q 46.5 5.3 5 6 2.7 13.1 18.7

1w -3.6 11.0 -17.3 -17 -19.5 -9.3 13.0

GO 8.3 11.9 -15.9 -16.1 -13.6 |-5.1 14.0

Gl -6.1 0.6 -25.9 -25.6 -24.6 -16.3 12.6

EC 0.7 10.8 -15.9 -17.7 -16.8 |-7.8 12.9

MR 2 14 -13.8 -12.5 -14.3 -4.9 12.6

GM -7.5 -22.4 -22.9 -23 -19.0 7.6

cc -0.4 -17.1 -18.7 -19.2 -13.9 9.0
Average 8.3 5.2 -13.4 -13.4 -14.5

Standard

deviation |20.6 10.0 10.3 10.9 9.7

SAFRAN 488.8 518.6 566.9 615.1 547.2

(m3/s)

Table 5 Difference (%) between the Seine river #omt Poses computed by the hydrological
model forced by the downscaled present-day GCMatknfor the period 1970-2000 and the flows
computed by the model forced by the SAFRAN analgsir the 1971-2001 period (the reference

value is provided in the SAFRAN line, in*fs). Last two columns: average and standard dewiati

associated with each downscaled present-day GQihtgi. Last two lines: average and standard

deviation associated with each hydrological model.
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Figure 5 Monthly river flows of the Seine at Po¢eg/s) observed (thick red line) and
simulated by the hydrological models using the SARRanalysis (thick green line) over
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either QM (blue lines) or WT (black lines).
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Projected climate change

Figure 6 presents the evolution of the seasonakandal precipitation, PET and
2-m air temperature as projected by the 12 dowadcelimate projections for

2050 and 2080. There is a trend towards decregsaxpitation in summer and

autumn, but no clear signal in winter and sprindne Tdifference between

downscaling methods is exacerbated on the summmapei@ture for the

ARPEGE-V4 A2 projection (Figure 6), for which theNAand QM provide an

average increase of 6° in 2080, while WT only giesgl® increase. Another
difference that might have an important impact loe hydrology is the evolution

of the precipitation in winter. While AN and QM kk#&o weak decreases (-1.5%
and -6% respectively), WT leads to a larger dee¢d$%).
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Figure 6 Seasonal and annual evolutions of theigptaton (%,
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the DCPs, those
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Impact of climate change on the water balance
Figure 7presents the evolution of the mean actual evaporédr each period as

simulated by each hydrological model forced by B@Ps. In the 2050's, the
median evolution of the actual evaporation is claseero for each hydrological
model except MODCOU (-5%) and CLSM (above +10%)thHa 2080’s, all the

hydrological models estimate a median decreaskeoéttual evaporation by 5 to
15% except CLSM which estimates an increase by ri@e 10%. CLSM thus

appears as an outlier model here.

To investigate the source of such dispersion, eotlgh analysis was performed.
Monthly evolutions of the actual evapotranspiratieariation of soil moisture and
river flow at the outlet of the Seine basin (Posesjording to four hydrological
models for the present day, 2050 and 2080 areeplotiFigure 8 In the present
day (black lines), although the mean total runsf§imilar for all the hydrological
models, the other two variables show more discrgpanthe maximum value of
the monthly evapotranspiration ranges from 2 to ®/day, and the annual
amplitude of the monthly soil water storage ranfyjesn 1 to 4 mm/day. This is
because the hydrological models only use the disaharge as a control variable,

and do not (or cannot) assess the other termseoivétter budget. But, as already
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pointed out by previous studies, the uncertainty tb@ soil moisture or on
evaporation in the present day leads to largerntaiogy in the future (Bergstrom
et al., 2001, Douville et al., 2002, Boé and Tei2898, Severinatne et al., 2010).

In the 2050s and 2080s, the increase in atmospheiier demand leads to an
increase in actual evapotranspiration in springiclvlis associated with a faster
decrease of the soil water storage. This incretmesvater stress, which, in turn,
leads to a decrease of the actual evapotranspiratisummer time. This is true
for all models except CLSM, for which actual evapaospiration is sustained by a
larger depletion of the soil moisture (about twibe present day value), with
dramatic consequences on the river flow. Indeed$SMLis able to mobilize a
larger soil water resource, partly due to an upwérmd from the groundwater
which almost doubles from present day to future (@2 mm/d to about 0.36
mm/d on average over the whole basin). Upward wiatgrfrom groundwater to
surface can be effective when the saturated zoslealkow (Miguez-Macho et al.,
2007, Kollet 2009). However, this is not the case fmost of the Seine
groundwater bodies. Moreover, according to hydrtmgoal simulations, such
fraction is projected to decrease. For instance MO@DCOU about 18% of the
Seine basin has an aquifer lying within 5 m of Hejpt present day, and about
14% in the 2050s. Thus, the results of CLSM arebady unrealistic, and a
previous independent study has pointed out that rifmdel shows some

weaknesses in managing soil water stress.

Therefore, it is very likely that the spread indiidsy this hydrological model can
be classified as a “bad source of uncertainty’,dleser to a wrong simulation of

the physical processes than to a real source @frtaiaty.
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Impact of climate change on the piezometric head
of the continuous climate projection
Figure 9presents the evolution of the piezometric headsawerage and for the

quantiles 10, 25, 75 and 90, as projected usinglilecontinuous simulation
relative to the mean computed over the period 1BXI0. The piezometric head
shows a decreasing trend, which is more marketh®6eine basin (about 6 m on
average for MODCOU to 7 m for SIM at the end of ttentury) than for the
Somme basin (about 2 m on average for GARDENIA to #h SIM). However,
there is a large difference in the well respongegoth basins, about 10% of the
wells show almost no variation (these wells are lavthe valley, close to the

river). In the Somme basin, a 5-m decrease of igmometric head is predicted on
25% of the wells by all models except GARDENIA (fwhich this threshold is

reached by more than 10% of the wells) and a 1@&anedse is predicted for 10%
of the wells in MOCOU and SIM at the end of the toey (these wells being

located on the plateaux). In the Seine basin, emnIfecrease is predicted for 10%
of the wells by MODCOU and for more than 25% of thells as early as mid-
century by SIM. As SIM and MODCOU share the samedefilmg of the
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groundwater transfer, this difference is due putelyhe estimation of the water
budget since the actual evapotranspiration is pteje to undergo a larger
decrease in MODCOU than in SIM, thus limiting theccease of the aquifer
recharge in MODCOU compared to SIM.

GARDENIA_SOMME MARTHE_SOMME
0] 10| —]
2 15 2 75 Q25
E L = 8 — 15 1
I s 3ol oo ]
§ 25 £ 25 7 / — average )
::é o ANV AR I / : A AN AR -
VY R A 3= LUV YA AR
s VA VLSV v W) = f oLy i kVM ANLINVIRI
i KA
é 10| i; -10 \/\/
£ ns| Z s 1
as| -15
10-1954 03-1982 07-2009 12-2036 04-2064 09-2091 10-1954 03-1982 07-2009 122036 012068 09-2091
MODCOU_SOMME SIM _SOMME
10— 2 107 :
L — ql0 L — ql0
£ 715 q25 E 15 q25
= r q75 =1 r q75
g s A — q90 g s — q90
2 sz' /x‘ — average 2 2'5’ — average
5 25 N AR AL 5 s
é as| A _g 5|
2 of l: 0|
2 ns| 3 125
| 15
10-1954 03-1982 07-2009 12-2036 04-2064 09-2091 10-1954 03-1982 07-2009 12-2036 012068 292001
MODCOU_SEINE SIM_SEINE
10| 10
L T ] L — ql0
g 75 Q25 z 75 q25
1 5» q75 -§ 5* I q75
3 I — q90 E I \ — 990
LE: 25 A [\ — average é 25 A\ ‘ﬁ — average
S o A Z o[ Iy VA A/\ AAMAANAA A A ]
£ AW VSO B I ALY VN
(ot B e BN N I AW WYY
- SIS N | A
3 | e 5 10| Y .V\ A
Z 125 - £ s ! mAN Y
A T s
t \ Wl YW L

10-1954 03-1982 07-2009 12-2036 04-2064 09-2091 10-1954 03-1982 07-2009 12-2036 04-2064 09-2091

Figure 9 Annual evolution of the piezometric heu$ projected on the Somme and Seine basins
by the hydrological models for the 1W continuousH)@ comparison with the average 1971-
2000 period. The average over the simulated welfdatted in thick black lines, the quantiles 10
and 90 are plotted in red, and the quantiles 257&nid green.
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Uncertainty analysis
In order to understand its origin, an analysis leé tincertainty was made by

investigating the variance associated with theoumrisources, i.e. the climate
modelling, the hydrological modelling, the emissicstenario, and the
downscaling methods. To do this, we focused on realvi@ encompassing the
characteristics of the basins: the evolution of tiecharge at the outlets. To
perform such analysis it is necessary to use a bememous set of impact
projections, and we used the method of Kendall &ndhrt (1977) described in
Déqué et al. (2007) to reconstruct the missinge&llo avoid using a sparse
matrix, as only one climate model was downscaleddweral methods and using
two different emission scenarios the analysis waslenin three parts: first, an
analysis of the results using the seven climatgeptions based on the AlB
emission scenario and downscaled by the WT methboth allowed us to study
the uncertainty associated with the hydrological elimate modelling in the two
periods of interestT@able §, then an analysis of the results using a givenate
model (ARPEGE-V4 in 2080), but with two differenmession scenarios and
three downscaling methodsaple 3 and finally, an analysis of the results in 2080
with all climate models, hydrological models, doealing methods and

emissions scenarios (Table 3). In this way, the fivgdb matrices used to compute
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the variance were almost complete, and the staisthethod applied to fill the
matrix had a smaller impact. For instance, Tiable § there are only two
components: the hydrological models and the climatédels (noted with indices i

and j respectively). The total variance in the cafSEable 6is given by:

V=H+G+HG eql
with
H = Zi:].nb_hydro(X (I) a X())2 eq2
G= ZFlnb_ proj(x('j) - X())2 eq3
and
HG = Zi:l,nb_hydrOZQzlnb_PrOj (X (i) = X (@)= X)) + X("))2 eq4

where X(..) is the average of the evolution forhkelhgdrological model and each
climate model, X(i.) is the average of the evolatad the hydrological model i for
each climate model, nb_hydro is the number of hgdjioal models, and nb_proj

is the number of downscaled climate projections.

This method estimates missing values, using theoappation:

X(ij) =X @)+ X(.j) = X(.) eq5
In such cases, the variance associated with theological model is expressed as
V(H)=H + HG and the sum V(H) +V(G) thus exceeds 100%.

The evolution of the discharge computed with théBAdrojections with the full
matrix (without missing values) shows a rather éamdecrease of the river
discharge (-14 and -18 % in 2050, -24 and -22%0B0Xor the Seine and Somme
basins respectively) but with an uncertainty, egped by the standard deviation,
that is about as larg@d4ble §. The discharge decrease is more pronounced when
the same estimation is made using the ARPEGE-V4{egions with different
emission scenarios and downscaling methods (-3440% in 2080 for the Seine
and Somme basinsTable 7 but the standard deviation is reduced, which

reinforces the signal of a marked decrease inigehdrge.

Without considering the results of CLSM, Table ®&wh that the main source of

uncertainty is clearly the climate models for akims and periods, although it is
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not strongly dominant for the Seine in 208@ble 7shows that the uncertainties
associated with the downscaling methods and thestéom scenarios are of the
same order as that associated with the hydrologicalels, and are even higher in
the Somme basin. The consideration of the fourcasuof uncertainty in 2080,

although involving the use of a sparse matrix, les results that are in between
the two previous estimations (Table 3). The vamasncbtained confirm that the
uncertainty on the climate models dominates, wittotal variance about three
times above the other ones, the three other sowfcascertainty being of the

same order of magnitude, at least as regards tpacimon the evolution of the

annual discharge.

It can be seen in the tables that quite differenictusions would be reached if the
CLSM projections were taken into account, as theach of the uncertainty

associated with hydrological modelling would thendveater.
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Type Seine at Poses Qobs=53%sn | Somme at Abbeville:
Qobs=34.9 rifs

All All but CLSM |All All but CLSM

2050

Missing values| 3 (out of 35) | 2 (out of 28) 15 (otid2) | 9 (out of 35)

V(H) 59 27 88 29

V(G) 47 77 13 77

Evolution -99+/-68 -76+/-54 ~11+/-10 T+-4
2080

Missing Values| 7 (out of 35) 6 (out of 28) 19 (ofid2) | 13 (out of 35)

V(H) 51 43 84 21
V(G) 51 58 16 82
Evolution “157+/-102 | -133+/-90 | -12+/-12 -8+/-5

Table 6 Uncertainty analysis of the impact of eimchange on the discharge at the outlets of the
Seine and Somme basins around 2050 and 2080 fdnyttr®logical projection using the AlB
climate model downscaled by the WT method: numifemizsing values reconstructed by the
statistical method, variance (%) associated withuthcertainty of the hydrological model (V(H))
and the GCM (V(G), and evolution of the annual bisge expressed in*fa.
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Type Seine at Poses Qobs=53%sn | Somme at Abbeville
Qobs=34.9rs

All All but CLSM |All All but CLSM

Missing values| 7 (out of 30) | 4 (out of 24) 12 (otiB6) | 8 (out of 30)

V(H) 91 53 91 30
V(DM) 10 43 8 62
V(SRES) 11 38 11 68
Evolution -219+/-82 -183+/-40 -18+/-10 “14+/-3

Table 7 Uncertainty analysis of the impact of cliemehange on the discharge at the outlets of the
Seine and Somme basins around 2080 for the hydcalogrojections made with the ARPEGE
climate model under SRES AlB and A2 scenarios, d@mgnscaled by the WT, AN and QQ
methods: number of missing values that were recactsid by the statistical method, variance (%)
associated with the uncertainty of the hydrologicaddel (V(H)), the downscaling method

(V(DM)) and the emission scenario (V(SRES)), andletion of the annual discharge expressed in
m3/s
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Type Seine at Poses Qobs=53%mn | Somme at Abbeville

Qobs=34.9rs
All All but CLSM |All All but CLSM
Missing values| 163 (out o0fi30 (out o0f210 (out of170 (out of
210) 168) 252) 210)
V(G) 45 69 39 82
V(H) 48 18 64 25
V(DM) 11 14 7 16
V(SRES) 9 15 9 15
Evolution -186+/-107 -155+/-81 -14+/-13 -11+/-9

Table 3 Same as Table 2 but with all the climatesr/(G) is the variance associated to the
climate runs.
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