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Types of uncertainties considered

1. Uncertainty in General Model Circulation (GCM)

m 7 GCMs from CMIP3 experiments under the A1B emissions scenario
m Downscaled with a weather type method (Boé et al., 2006)
u Representative range of changes for the 2050s

® Increase in temperature (1.4°C to 3.5°C)
® Small decrease in precipitation, more marked in summer (-20%) but
with high regional discrepancies
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2. Uncertainty in hydrological model structure (HM)

m GRA4J: lumped conceptual model calibrated on each target
catchment (Perrin et al., 2003)

m ISBA-MODCOU: a suite of a land surface scheme and a distributed

hydrogeological model not fully calibrated at the catchment scale
E (Habets et al., 2008)
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Hydrological modelling framework

Catchments

1522 catchments, 543 common to
GR4J and Isba-Modcou

Hydrological runs

Under Observed climate

B Run (and calibrated for GR4J)
under Safran reanalysis (Vidal
et al., 2010) over 1961-1990

Under GCM-derived climate Regime
© Snow influenced

m Control period (1961-1990) © Other
m Future period (2046-2065)
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High and low flow indices

Low flow indices

= QMNADB: annual minimum monthly flow with a 5-year return period
(policy threshold in France)

= QO95: daily flow value exceeded 95% of the time

m Low flow month: average month of annual minimum flow




High and low flow indices

Low flow indices

= QMNADB: annual minimum monthly flow with a 5-year return period
(policy threshold in France)

= QO95: daily flow value exceeded 95% of the time

m Low flow month: average month of annual minimum flow

High flow indices

= Q10: daily flow value exceeded 10% of the time
m QJXA10: annual maximum daily flow with a 10-year return period

m Flood day: average Julian day of annual maximum flow
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Analysis framework

Changes and errors

period \ datatype Observed Safran-derived GCM-derived

Observation
Control

Future
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Analysis framework

Changes and errors

period \ datatype Observed Safran-derived GCM-derived
Observation

Control | |
Future

m Index-specific changes examined between GCM-derived control and
future periods
u Index-specific errors computed:

B E1lj: hydrological modelling bias
® E2,: natural (modelled) variability
B E3 . hydrological impact of GCM bias over control period
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Analysis framework

Index-specific 14-member multimodel changes

What are the projected multimodel average changes?
= Multi-GCMs (7) x multi-HMs (2) average change p

How consistent are those multimodel changes?
® Multi-GCMs (7) x multi-HMs (2) signal-to-noise ratio ||

What is the most prominent type of uncertainty?

m Decomposition of variance between hydrological models and GCMs
(von Storch and Zwiers, 1999, chap. 9)

Is it possible to reduce the uncertainty in changes?
m Variance weighted by index-specific normalized and combined errors
1
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Results
Multi-GCMs multi-HMs average changes

Low flow indices

Dramatic decrease
of low flows over

France
Average Small increase in
change (%)
@ -100 QMNAG5 for
@ -80
s snowmelt-fed
-40 catchments

High flow indices

e 0@ 06000O0CO0
N
S

10 Small decrease in
Q10 and QJXA10

Small increase in
the Cévennes area
(severe convective

events) .
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Results
Multi-GCMs multi-HMs average changes

Low flow month

Low flow indices

Average Positive 15—day |ag

h:

(monthe) of low flow month

20 over most of France

2

e Alpine snowmelt-fed

@6 . .
regime evolving
towards rainfall-fed
regime

Average

change . . .

(days) High flow indices

@ -200

@ -150 . .

o -100 Earlier flood day in

0 -50 the south-eastern

oo

° 50 part

Shifts from various
seasons
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Low flow indices

Results Consistent changes
for QMINA5 (and
Q95)

Highly consistent
changes for the
aquifer-dominated
Seine basin

Signal-to-noise ratio } =

QMNAS Low flow month

Poorly consistent
changes in low flow
month

High flow indices

Consistent changes
for Q10

Highly consistent
changes for Alpine

catchments
Signal-to-noise ratio Poorly consistent
e >4 O 1-2 H
o o changes in flood day




Low flow indices

RESUltS HM structure =

main source for
QMNAS5 and Q95

Smaller proportion
for Seine basin (and
Alpine catchments)

50-50 for low flow
month

Proportion of variance due to hydrological models

QMNAS5 Qo5 Low flow month

QIXAL0

High flow indices

GCM configuration
= main source for
Q10 and QJXA10

Smaller proportion
for Seine basin

GCM configuration
Proportion of variance due to hydrological models = main source for

® >038 O 02-04 flood day
@ 06-08 O <02
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Results

Ratio of weighted variance to variance Low flow indices

Q95 Low flow month

Large reduction of
variance for
QMNAS5 and Q95

Moderate reduction
for low flow month

A few cases of
increase

High flow indices

Small reduction in
variance for Q10
and QJXA10

Moderate reduction
for flood day

Weighted variance / variance
@ 00 O 15
O 05 @ 20
O 10 @ 25

A few increases
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Conclusions

What are the projected multimodel average changes?

m Dramatic decrease of low flows over France
m Rather small decrease in high flows

m Alpine snowmelt-fed regimes evolving towards rainfall-fed regimes

How consistent are those multimodel changes?

m Consistent changes for low flows, especially for the
aquifer-dominated Seine basin

m Generally poorer agreement on high flows, except for Alpine
catchments

m Poor agreement on seasonality changes

©
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Conclusions

What is the most prominent type of uncertainty?

m Hydrological models for low flow indices
u Both types equivalent for low flow seasonality

m GCMs for high flow indices (and mean flows, see Christierson et al.
(2012))

Is it possible to reduce the uncertainty in changes?

m Yes, in most cases, by conditioning on present-day errors
m Detailed analysis yet to be done to assess most relevant error types

B Quality of measurements / anthropogenic influences: high and low
flow reference networks (Giuntoli et al., 2012a,b)

Hydrological modelling errors: different performances between HMs
Natural variability between observation and control period
Hydrological errors due to biases in downscaled GCM climatology
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