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INTRODUCTION

There is a large consensus that the bulk of the adaptation strategies to climate
change will be driven by water issues. Already, some components of the water
cycle are of concern, such as precipitation frequency and intensity, show cover,
soil moisture, surface runoff, atmospheric water pressure, evapotranspiration,
and others (Bates et al., 2008). These findings stress the importance of quanti-
fying the impacts of climate change on the hydrologic cycle and evaluating re-
lated uncertainties.

The most common way assessing the impact of climate change on water re-
sources combines the use of climate projections and hydrological modelling.
Four main steps must be considered in such impact studies (Boé et al., 2009):
(1) Constructing gas emission/concentration scenarios,

(2) Modelling global climate,

(3) Downscaling and bias correcting the meteorological projections, and

(4) Estimating impact with hydrological models.

All these chained steps have associated uncertainties whose relative impor-
tance may differ between climate conditions and catchment characteristics.

HYDROLOGICAL MODELLING IN A CLIMATE CHANGE CONTEXT

Difficulty in using hydrological models in these impact studies stems from the
non-stationary nature of climate. Common practice usually assumes that pa-
rameters associated to the hydro-climatic conditions of the calibration data set
remain valid in other test periods, making implicit the assumption of the sta-
tionarity of the rainfall-runoff transformation.

However, in a climate change context, the contrasts of climate conditions be-
tween the calibration and projection periods are important, thus questioning
the stationarity hypothesis.

Hence model transposability in time under contrasted conditions must be
analysed in details and could even become a criterion for the selection of mod-
elling tools to be used in impact studies. To this end, demanding validation
methods must be designed.

OBJECTIVES

The main objective is to explore the structural uncertainties of a selection of
twenty lumped conceptual models and to quantify their robustness when cli-
mate conditions strongly differ between calibration and validation, following
two application modes: individual and collective (ensemble).

Our analysis mainly addresses the following two questions:
- What is the level of appropriateness of each selected model, in terms of
transposability in time (i.e. performance and robustness) under contrasted

conditions?

- Is there any added-value using all these models together or a subset of them
based on their performance and transposability in time?
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MATERIAL & METHODS

To answer these questions, the twenty hydrological models are evaluated indi-
vidually and collectively under the Differential Split Sample Test (DSST) frame-
work on two catchments, Au Saumon in Canada and Schlehdorf in Germany.
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Figure 1 : Location of the studied catchments

Model intercomparison has been identified as a convenient mean approaching
this project. This may provide information on model complementarity and thus
open ways to create multimodel combinations with improved efficiency.
Twenty lumped conceptual hydrologi- o
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the rainfall-runoff relationship. The
choice of these models is mainly based ;
on known performance and structural 500 - . S
diversity, i.e. 4 to 10 free parameters, | e (| LT

and 2 to 7 storage units.

INPUTS / OUTPUTS

recipitation input (liquid and melt)

Q: Simulated total output discharge

N : Groundwater storage (or slow routing)
R : Main routing storage (or quick routing)
Rs : Overland flow routing storage

Rss: Interflow (delayed) routing storage

Most of these model versions originate |

same tyy 0
M : Multi-layers storage

from the works by Perrin et al. (2001).

Figure 2 : lllustration of model structural diversity

The transposability in time of hydrological models is assessed and used as a cri-
terion for the selection of appropriate projection tools based on Differential
Split Sample Tests (Klemes, 1986). The idea is to calibrate the model on a time
series with selected characteristics and to validate it on contrasted time series,
placing the model in a demanding situation.

| We applied the three-step procedure be-
low to our set of twenty models:

- Select five non-continuous hydrologic
vears (1% Oct. to 30" Sept.) for four con-
trasted climate conditions: dry/warm
 (DW), dry/cold (DC), humid/warm (HW),
and humid/cold (HC), based on annual
precipitation and temperature,
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- Calibrate and validate on contrasted
Figure 3 : Time series clustering results for Au Saumon

time series: DW—->HC (calibration on
DW and validation on HC), HC->DW, DC->HW, HW—-DC,,

- Evaluate model performance using preselected criteria (i.e. Nash-Sutcliffe effi-
ciency) and comparatively assess the relative transposability of the tested mod-
els in the various configurations: DW—->HC, HC->DW, DC->HW, HW-DC.

DSST. Individual models (qgrey), twenty-member ensemble

RESULTS

Results are analysed following two points of view: individual (models compari-
son) and collective (ensemble analysis).

Model performance on DSST
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Individual results illustrate the difficulty
in identifying a single lumped model
that could behave well in terms of per-
formance and robustness, when tested
under all possible contrasted conditions.
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compromise individual models for each
catchment. This better robustness is RS S S S S N
quite difficult to explain solely based on T e T
the analySiS of model structure COMPO-  Figure 4 : Performance and rank in validation for the

nents and clearly dependent on the test DSST—Schlehdorf catchment
catchment.

A ST Seletiot A deterministic multimodel ensemble
analysis, taking the average of simu-
lated streamflow series as output,
was next performed. We explored the
simple twenty-member ensemble

and all other models combinations.

DW -> HC DW -> HC

The twenty-member ensemble gives
better results than the best individual
model for all DSSTs on the Au Saumon
catchment. Although the improve-
ment is not large, it is substantial in
all cases.

This holds for only one of the four
Schlehdorf DSSTs. Nonetheless, the
multimodel approach remains a valu-
Figure 5 : Mean daily interannual discharges for allthe  gble alternative since the best model
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is different for each DSST, a sign of a
lack of climate transposability.

(black) and observed discharge (red)

Results also reveal that many other model combinations (sub-selections) pro-
vide better performance than the twenty-member ensemble.

Au Saumon Schlehdorf
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We identified model combinations that .| |
also provide enhanced robustness rela- O.S-T ? T =
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With these efficient and robust ensem- s} :
bles, we evaluated the collective inter- 4 os!
est of each model, (i.e. the added-value o«
of the structure for an ensemble ap- o
proach in a climate change context for oz
each catchment). 01t
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Differential Split Sample Tests

A link exists between individual and Figure 6 : Individual and multimodel DSST validation

collective interest for Schlehdorf catch- performance. Boxplots (best multimodel combina-

ment but not for Au Saumon. tions), diamonds (twenty-model ensemble), and the
circles and squares, the individual models
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CONCLUSION

Evaluating hydrological model behaviour under contrasted conditions is, in our
opinion, a pre-requisite to climate change applications. This approach based on
Differential Split Sample Tests allowed climate transposability evaluation of all
twenty individual models, along with their collective qualities.

The analysis of the individual value of each lumped model showed that it is un-
safe to rely on a single lumped model, unless it is handpicked for each specific
catchment as highlighted by best-compromise models.

Taken together, the twenty models offered better climate transposability, as if
the many model structures compensate for one another's weaknesses, as illus-
trated by several results. More, this is the only approach that was successful for
both catchments, indicating a strong potential for catchment transposability.
Pushing further the ensemble philosophy, almost all possible model combina-
tions have been explored. Many combinations were found to provide increased
performance over the twenty-member ensemble.

It is also noteworthy that even if best performing models may more likely con-
tribute to the ensemble, worse-performing individual models can also success-
fully contribute to the ensemble.
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