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Context and objectives of the workshop

Articles and conferences on hydrology usually focus on success stories, i.e. case
studies where hydrologists have been able to produce so-called ‘successful’ model
runs. As a consequence, scientific meetings have become rather stereotyped: failure
stories, the salt of scientific progress, have been excluded, and hidden in a secret
place.

We postulate here that we can find this secret place, which we will call from now on
the court of miracles, by analogy with what was described by Victor Hugo in his
famous novel The Hunchback of Notre Dame. The court of miracles was the secret
place of Paris, where all the monsters, thieves, beggars of the city were hiding.

The goal of this workshop will be to explore collectively the court of miracles of
hydrological modelling.

How to define hydrological monsters?

By hydrological monsters, we mean catchments, hydrometeorological situations and
extreme events (flood and low flows) that somehow caused unexpected or apparently
unsolvable problems in terms of (1) measuring and observing, (2) behaviour
understanding and modelling, (3) uncertainty quantification and (4) decision making
in an operational context.

Why should we be interested in the failures of hydr ological models?

Hydrological models are tools created to help us better understand the behaviour of
catchments and to provide predictions, i.e. simulations or forecasts, which are used
by engineers, managers and decision makers. All predictions carry their part of
uncertainty, and to provide users with an honest assessment of this uncertainty, we
need to analyse all results, whether successful or not.

By hiding model failures, by reducing the variability of our results, we believe
sometimes that we may increase artificially the a priori confidence of users. This is a
short-sighted view: our users, when confronted to the actual variability of possible
results, will loose confidence towards hydrological tools. Besides, knowing that an
approach is a dead end could be useful to others (if published... which quite never
happens).

Which benefits can we expect from the exploration o f the Hydrological Court of
Miracles?

There are two main reasons for calling for a renewed look at all the outliers discarded
from hydrological studies:

identifying new ways to improve the predictions of our models. By hiding our
failures, we miss the opportunity to learn what was wrong. So the damage is
first scientific;

regaining the confidence of our model users by a more realistic assessment of
model uncertainty. Indeed, the gap between the satisfactory performances
published in scientific articles and the actual practice in operational conditions
results in a loss of credibility from model end-users.






Workshop program

First day — Wednesday 18 June 2008

8:00 — 9:00 Registration
9:00 — 9:30 Introduction to the workshop objectives
9:30-12:30 Session 1: How much bizarre is really bizarre?
Chairman: Ghislain de Marsily
9:30-10:30 Keynote speakers: Rémy Garcon and Thibault Mathevet
10:30 — 11:30 Poster session and coffee break
11:30-12:30 General discussion (incl. short presentations)
12:30 — 14:00 Lunch
14:00 - 17:30 Session 2: A priori good-looking and weird catchmen
why do they turn into a modeller’s nightmare?
Chairman: Pierre Hubert
14:00 - 15:00 Keynote speaker: Jens-Christian Refsgaard
15:00 - 16:15 Poster session and coffee break
16:15-17:30 General discussion (incl. short presentations)
From 19:30 Workshop dinner in a restaurant (La Dame de Canton)

(see details page 77)

Second day — Thursday 19 June 2008

9:00-12:00 Session 3: There are no hydrological monsters, only
models with huge uncertainties
Chairman: Andras Bardossy
9:00 — 10:00 Keynote speaker: George Kuczera
10:00 — 11:15 Poster session and coffee break
11:15-12:30 General discussion (incl. short presentations)
12:30 — 14:00 Lunch
14:00 - 17:30 Session 4: There are no hydrological monsters, only
decision-making issues
Chairman: Eric Parent
14:00 — 15:00 Keynote speaker: Roman Krzysztofowicz
15:00 - 16:15 Poster session and coffee break
16:15-17:30 General discussion (incl. short presentations)
19:00 — 21:30 Wine and cheese tasting at ENGREF

(see details page 78)




Third day — Friday 19 June 2008

9:00-12:30 Session 5: What can we learn from monsters?
Chairman: Vazken Andréassian
9:00—-10:00 Synthesis of the four sessions by chairmen
10:00 —10:30 Discussion
10:30 — 11:00 Coffee break
11:00 -12:30 Plenary discussions and perspectives
Workshop closure
12:30 — 14:00 Lunch
14:00 — 19:00 Visit of the gardens of the Versailles castle and of the hydraulic

network that feeds the fontains — Possibility to play frisbee
(see details page 79)
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SESSION 1

How much bizarre is really bizarre?

This session focuses on the problems related to the observation, the description and
the definition of hydrological monsters, without a priori reference to modelling.

Chairman:
Ghislain de Marsily
Académie des Sciences, Paris, France
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Keynote presentation

How much bizarre is really bizarre?

Rémy Gargon and Thibault Mathevet
EDF-DTG, Grenoble, France

Bizarre? Monstrous? In society, in science, we are used to call objects that deviate
from an expected standard as bizarre or monstrous... Hydrology is not an exception
to this rule! Considering this fact, the bizarre or the monstrous represents every
object that has a low probability to occur or that our models are unable to represent.
Finally, the bizarre or the monstrous does not characterise the object under study,
but the limits of our models to describe this object.

The objective of this presentation is to show that the bizarre or the monstrous occurs
more often than we believe, especially in hydrology. First, we try to describe some
classical a priori models that hydrologists trust, that could sometime be wrong. We
give examples based on more that 50 years of hydrometeorological practice at EDF-
DTG. These examples describe classical rainfall or streamflow measurments horrors,
some limits of the watershed concept or difficulties in the spatialization of local
measurements. Then, we try to show how the misuse of statistical models can
generate some bizarre or monstrous results. We give examples on outliers, the
homogeneity hypothesis and the stationarity hypothesis. Then, we show how difficult
it is for hydrometeorological forecasters to anticipate, to believe that extreme
(monstruous) events can occur. We give examples on the May 2008 flood events.
Finally, we wish to show that the bizarre or the monstrous is not something to reject.
Conversely, we should encourage and develop the study of the bizarre and the
monstrous in hydrology. We believe that it is an incredible opportunity for our models
to improve their explanatory and predictive capacity.
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Monsters never behave like my model... nor like the  ir neighbors
Vazken Andréassian, Nicolas Le Moine, Charles Perri  n and Julien Lerat
Cemagref, Antony, France

Monstrous behaviors are often implicitly defined as opposed to normal behaviors...
but people often forget to define what they do consider as normal. We argue here
that, in hydrology, there is no such thing as a normal behavior, and that the
judgement that we can make on any behavior will depend on an implicit or explicit
reference.

Very often, a hydrological model of the Rainfall-Runoff (RR) type is chosen as
reference, and a catchment which will not be properly represented by the reference
model will be classified as an outlier, i.e. a monster. However, we all know the flaw of
this reasoning: models are far from perfect (they should perhaps be considered
monsters in priority!) and the meteorological forcing of catchments is sometimes
known with considerable uncertainty. A quick example will demonstrate the
incoherence of the RR model-based classification: we can imagine two identical
neighbor catchments, which behave similarly. If the raingage network is dense on
one of them, and extremely sparse on the other, this will result in a good estimate of
the rainfall input in one case, and in a poor one on the other. One of the catchment
will be normal, the other an outlier, even though they are perfectly similar!

A possibility could consist in using several RR models and to define as outliers only
those catchments whose behavior cannot be reproduced by any of the models.
Unfortunately, this wouldn't change things much, because all the existing RR models
are equally affected by the rainfall input problems. This is why we propose here to
use a completely different kind of model, a 'runoff-runoff' model inspired by the
classical paired-catchment approach of forest hydrologists: to simulate the discharge
at the outlet of a given catchment, we use as input the measured discharge of a
neighbour catchment.

We show that crossing the two types of models allows a drastic reduction of the rate
of monstrosity in our French dataset.
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Climate change effect or improvement in the measure ment device?
Bénédicte Augeard, Julien Tournebize, Patrick Ansar  t and Gaélle Tallec
Cemagref, Hydrosystems and Bioprocesses Research Unit, Antony, France

Long term measurement is crucial to understand the impact of human activities on
hydrology. The Orgeval catchment (70 km East from Paris) is one of the oldest
experimental catchment in France: streamflow and rainfall data are available since
1962 in a set of embedded watersheds. The main goal is to acquire and provide
scientific knowledge to be used for the management of water resources and risks
(drought and floods) along with the assessment of human impacts on water regime
and quality.

However studying one catchment behaviour along a long period requires a high
confidence in the data. Do the changes in measurement device, in monitoring
procedures or in people in charge of this monitoring have an impact on data quality?
Are these effects negligible compared to those related to changes in land use,
climate change, water management within the catchment?

This study focuses on one of the Orgeval sub-catchment, Mélarchez (700 ha). 80%
of the surface is artificially drained to allow intensive agriculture, and this drainage
strongly impacts the hydrological behaviour. Four hydrological seasons can be
distinguished: (i) intensive drainage season in winter (high rainfall restitution rate) (ii)
groundwater contribution in summer season without drainage (low rainfall restitution
rate) (iii) two transition periods in spring and autumn. Rainfall restitution rate during
each season is chosen to detect catchment hydrology change in time.

Significant increase in rainfall restitution rate is surprisingly observed during some
drainage seasons after 1994: runoff amount becomes higher than rainfall amount,
which never happened before... Are we faced with a hydrological monster?
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Study monster floods on ungauged catchments
Eric Gaume
LCPC, Nantes, France

This presentation will illustrate the results of a European post flood field investigation
conducted within the HYDRATE project after the extreme flash floods that occurred in
Slovenia in September 2008. The data collected revealed an unforseen rainfall-runoff
dynamics for a mountainous catchment with steep slopes, shallow soils and a schist
bedrock. Despite the high rainfall rates and amounts (200 to 300 mm within a few
hours), the runoff coefficients remained moderate (20 to 30%) during the flood event.

Hydrological "common sense" is often contradicted by the facts. Post-flood reanalysis
are therefore needed.
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Statistical estimation of precipitation over French mountain ranges

Frederic Gottardi ¥ and Charles Obled @
) EDF — DTG, Grenoble, France
@ LTHE, Grenoble, France

The estimation of snow storage and precipitation, essential for managing
hydroelectric reservoirs of EDF, still remains subject to considerable uncertainties.
EDF-DTG currently seeks to develop some tools for robust interpolations, able to
provide a reliable estimate of precipitation and snow water equivalent at any point in
mountainous areas. The developed tools are essentially based on the ground sensor
network of DTG, which measures precipitations, snow depth and water equivalent
over French mountains. In the long term, these tools should make it possible to
progress towards a better spatial vision of the daily or "event" precipitation, as well as
of the snow cover on the ground, based on measurements taken all over the basins
requiring an operational hydrological forecast.

To develop this model, a very large database was collected for the main mountainous
areas, gathering precipitation data from France but also Switzerland, Italy and Spain.
This tool makes use of a Digital Elevation Model with a mesh of 1 km. Since the
orographic effect is dominant in the explanation of precipitations in mountain, a linear
relation is considered for each pixel to connect precipitation to elevation. This
procedure takes into account a specific distance between the target pixel and the
measurement points located in its vicinity, whose mode of selection and weighting
conditions the quality of the results.

The use of a cross validation made it possible to evaluate the level of accuracy of the
model for the Alps, the Pyrenees, and the Central mountains. One can regard the
results as very encouraging taking into consideration those obtained by other
methods, which is undoubtedly the fact of the local character of this mode of
reconstitution.
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Uncertainty of our streamflow data: a few concepts to show hydrometrical
monsters!

Thibault Mathevet, Cécile Carré, Rémy Garcon and Ch  ristian Perret
EDF — DTG, Grenoble, France

River streamflow data are the basis of many hydrological studies involving e.g. the
calibration of rainfall-runoff models and hydrological predictions. The reliability of
hydrological studies depends greatly on streamflow data quality. However, up to now,
continuous streamflow estimation is a rather difficult task. In fact, continuous
streamflow estimation depends on three different steps: (1) continuous water stage
measurement, (2) river streamflow gauging for given water stages, and (3) calibration
of rating curve. Streamflow quality depends on many parameters, such as gauging
section sensitivity, hydraulic control of the gauging section, gauging practice, stage
measurements, rating curve calibration, etc... Moreover, the most important
parameter is the stability of the gauging section and hydraulic control across time.
Non-stationarity of flow conditions around the gauging section usually greatly
modifies the water stage - discharge relationships, and greatly decreases streamflow
data quality.

In this poster, we present an empirical statistical method developed to quantify
streamflow data uncertainty. For a given gauging station, this method takes into
account the characteristics of the gauging section, the sample of gauging points and
the sample of rating curves. Given the stability of the gauging section, time is taken
into account to model the likely evolution of streamflow uncertainty, in function of the
gaugings frequency and rating curves modifications. Compared to other streamflow
uncertainty estimation methods, the novelty and interest of this method is to explicitly
take into account flow measurement practices and gauging section behaviour across
time. This method, still under development, will be tested on a sample of French
rivers gauging stations.
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Water and sediment yield during extreme events in m ountainous marly
catchments (Draix, Alpes-de-Haute-Provence, France)

Nicole Mathys @, Michel Esteves @ and Sébastien Klotz @
) Cemagref, Erosion Torrentielle, Neige et Avalanches, Grenoble, France,
@ LTHE Grenoble, France

The floods generated in small mountainous basins are often devastating flash floods.
The damages due to sediment transport are often more important than those due to
the water itself. Predicting runoff, erosion and sediment yield presents a strategic
interest due to the impact of these extreme events and the need for natural hazard
mitigation engineering. In order to get field observations and data and to improve
knowledge, four small watersheds (from 1000 m2 up to 1 km?) have been monitored
by Cemagref since 1984 in Southern French Alps. The geology of the basins consists
mainly in black marls which are very sensitive to runoff erosion. As a result, sediment
production and transport are particularly high, reaching annual erosion rates over
10" kg km™ year™. Most of the sediment delivery is due to a reduced number of flood
events: for 20 years of records, the twenty highest floods represent 50 to 60 % of the
total sediment yield. Therefore, the analysis of these extreme events is of primary
interest. Very often, the water and sediment flows are difficult to measure due to
monitoring problems: less accurate rating curves for high water levels, sediment
concentration measuring sensors out of their range, and even for the highest flows
destruction of the measuring devices.

The paper describes the measuring devices used in Draix and discusses the
accuracy of the data for intense events. A record spanning of almost 20 years allows
us to discuss the concept of extreme event analysing the complex non linear
relationships between precipitation, runoff generation and sediment availability and
transport capacity. Then, the highest events registered on the Laval basin (0.86 km?)
during this period are analysed for their 3 components: water discharge, suspended
sediment yield and bed load sediment yield. The observations and data collected
from smaller basins (Roubine gully, 1330 m2 and Moulin basin, 0.09 km?) highlight
the processes involved in these events at smaller scale. In addition a seasonal
pattern in the sediment delivery at the outlet is observed which could explain part of
the non linearity.
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Can weather radar data be deregularized?
Thomas Pfaff and Andras Bardossy
University of Stuttgart, Germany

Weather radar data has been analyzed with respect to its regularization properties.
Radar measures radially, hence data at different distances from the antenna
represents an integral over a volume of the atmosphere of a different size. Data and
the resulting variograms should therefore exhibit certain properties of a regularized
regionalized variable. The dataset for the study consists of a series of thunderstorms
between 20.08.2006 12:55 and 21.08.2006 20:50 UTC. Radar scans taken every 5
minutes by the radar station Turkheim operated by the German Weather Service
(DWD) were available in original polar coordinates. From this data mean variograms
were calculated for each range-bin and theoretical variograms consisting of two
exponential type components were fitted to these to see how the parameters range
and sill vary with increasing distance from the radar. The shorter range component,
which explains 80% of the total variance, exhibits an increase in range with distance
that is approximately on the order of the size of the scanned volumes and could be
explained by regularization. The increase in range of the longer range component is
larger and cannot be attributed to regularization alone.
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High altitude outliers: When snow under-catch combi ned with altitudinal
gradients yield unbelievable water balance results
Audrey Valery and Vazken Andréassian
Cemagref, Antony, France

Determining the precipitation actually fallen in mountainous basins may turn out to be
a nightmare, even before applying one single hydrological model. One way to
illustrate this is to look at the water balance of catchments affected by snow. Indeed,
they may present unrealistic physical behaviours: annual runoff could be (much)
greater than annual estimated precipitation on the catchment, or at least, annual
measured precipitation.

We point out two main difficulties about our monster: on one hand, the
underestimation at the gauge stations and, on the other hand, the altitudinal effect on
precipitation. These two hydro-meteorological aspects are enhanced by the scarcer
point measurements at high altitudes than in valleys. Besides, they are correlated:
the higher the altitude, the more uncertain the altitudinal gradients (low stations
density) and the more important the underestimation of the precipitation (higher
guantity of snow).

In order to improve our precipitation knowledge on mountainous catchments and to
try to bring a solution about this monstrosity, we start our work by the determination
of altitudinal gradients for air temperature. This meteorological data present the
advantage to be more spatially homogeneous than the precipitation, and it will be
very useful in the correction of solid precipitation losses. Then we work on the
determination of altitudinal gradient for precipitation, despite the probable importance
of very local influences. Finally, we look at the possible corrections of the solid
precipitation underestimation.

We present our results on three countries: Switzerland, Sweden and Canada
(Québec).
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SESSION 2

A priori good-looking and weird catchments: why do they
turn into a modeller’s nightmare?

This session focuses on unexpected or apparently unsolvable modelling problems,
on the issue of model adequacy at the local or regional scale, and on how we can
learn from monsters.

Chairman:
Pierre Hubert
IAHS, Paris
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Keynote presentation

Both good-looking and weird catchments can turn int 0 a modeller’s nightmare

Jens Christian Refsgaard * and Jeppe Rglmer Hansen

! Geological Survey of Denmark and Greenland (GEUS), Copenhagen, Denmark
2 COWI A/S, Denmark

2

This presentation tells a real-life story of a modelling study that in many respects
failed in achieving its objectives. The study was carried out in 2003 as part of a
Danish government policy process aiming at identifying cost effective measures to
reduce nitrate loads from agricultural diffuse pollution in order to be able to meet
Water Framework Directive requirements of achieving good ecological status in
surface water by 2015. To support this process we established a distributed model
that was expected to have predictive capabilities with respect to assessing impacts of
local scale measures. The distributed model established for the 1050 km2 Odense
Pilot River Basin was based on a combination of two model codes: (a) DAISY which
simulated root zone processes including flow (Richards’ equation), plant growth, N-
processes and agricultural management; and (b) MIKE SHE/MIKE 11 which
simulated the catchment flow and transport processes in surface water and
groundwater using a 500 m horizontal grid and 9 subsurface layers.

The modelling results showed severe shortcoming as compared to the expectations.
The simulations of catchment discharge were not as good as previous simulations
with lumped models. An analysis of the results suggested that a key problem was the
conceptualisation, especially with respect to representing catchment heterogeneity.
Subsequent analysis in a PhD study showed that the dominating nitrate reduction
process in the subsurface (where 50 % of the nitrate disappears) is governed by
geological heterogeneity with length scales smaller than the grid size of the numerical
model. This poses a severe limitation for predicting the effects of local scale
measures, which was one of the reasons for choosing a distributed modelling
approach.

The entire modelling process was carried out in a policy context with very short
deadlines, small allocated resources and confusion about terms of references and
roles and functions of the involved actors. This context, which is far away from the
ideal modelling process recommended in protocols for good modelling practice,
significantly contributed to the problems and nightmare experienced.
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The hunting of the hydrological Snark
Vazken Andréassian and Nicolas Le Moine
Cemagref, Antony, France

The archetype of the unknown monster is certainly the Snark, which has been
described by Lewis Caroll in his poem entitled The hunting of the Snark (Caroll,
1876). Here, we try to propose a strategy allowing the hunting of the unknown
hydrological monster which we all try to deal with in this workshop. In particular we try
to define:

which type of research team is needed to hunt the hydro-snark?

which kind of hydrological models may be of help to try to locate the hydro-snark?

what kind of GIS devices may be useful to map hydro-snark breeding grounds?

Reference:

Caroll, L. 1876. The Hunting of the Snark - An Agony in Eight Fits. Available online at
http://etext.library.adelaide.edu.au/c/carroll/lewis/snark/complete.html
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Artificially sub-surfaced drained watershed: A simp ler or more complex
hydrology?

Claire Billy, Bénédicte Augeard, Hocine Henine, Jul  ien Tournebize and Yves
Nédélec
Cemagref, Hydrosystems and Bioprocesses Research Unit, Antony, France

In France, subsurface drainage concerns nearly 3 million hectares, which represent
10% of the agricultural surface. In waterlogged soil areas, it covers the main
proportion of the catchment, up to 80% in the agricultural Brie area, East of Paris,
France. This work focuses on experimental and modelling studies carried out at a
small drained agricultural catchment, Goins (130 ha), in the Brie region. Rainfall and
discharges from the catchment outlet were monitored since 10 years. Agricultural
subsurface drainage (buried perforated pipes at 1 m depth and with a 10 m spacing)
strongly affects the hydrological behaviour of this catchment: a continuous discharge
is observed only during the winter wet period when precipitations are higher than
PET and when the shallow water table rises the drain level. Catchment outflow
corresponds mainly to drainage water, as surface runoff is limited thanks to the
artificial drainage and as there is no deep groundwater contribution. In other words,
the drainage system appears to be a hydrological shortcut, theoretically simplifying
water transfer.

Soil profile models are often used to describe the hydrology of small drained
catchment provided that soils are homogeneous. Indeed, the lag time of water
flowing through pipes can often be neglected. One of these models, DRAINMOD, is
widely applied to predict water flows and water quality at the plot scale by calculating
the water balance between two drains (soil profile scale). Thanks to the pipe network,
changing from the soil profile scale to the watershed scale seems to be easier.

From these considerations, we have used DRAINMOD to make rainfall/runoff
simulations of Goins catchment. If the flow dynamics is well reproduced, peak events
and consequently annual cumulative outflows are over-estimated. Actually, during the
drainage season, we observed that the rainfall restitution (outflow amount vs. rainfall
amount) was smaller (50%) compared to the simulated ones (around 80 %). A
possible explanation of these results could be the existence of a deep infiltration from
the perched water table towards the underlying Brie aquifer.

Taking into account this deep infiltration in the model, we succeeded to well
reproduce both cumulative outflows and peak events during the drainage season.
But, a modelling problem remains for the transition periods (beginning and end of the
drainage season):. all the peak events are overestimated. One of the physical
reasons suggested is that the perched water table may settle (or disappear) gradually
in the watershed, so that only a part of the watershed surface contributes to the
drainage outflow.

This complexity in drainage hydrology is of great importance to assess the transfer of
pesticides and fertilizers, which are commonly applied during these transition periods.
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Comment faire plus d’écoulement avec moins de pluie ? (How to increase
discharge with less rainfall)
Alain Dezetter and Jean-Emmanuel Paturel
IRD - HydroSciences Montpellier, France

HydroSciences Montpellier utilise depuis de nombreuses années les modeles GR, en
particulier au pas de temps mensuel, sur des bassins d'Afrique de I'Ouest et
Centrale. Cette région d’Afrigue connait depuis 1970 une diminution de la
pluviométrie, bien identifiée par une « rupture statistigue » au sein des séries
chronologiques. Cela a des conséquences sur les ressources en eau de surface et
sur I'environnement. Pour certains bassins sahéliens, depuis 1970, en dépit d'une
diminution de la pluviométrie, les coefficients d’écoulement augmentent et les
écoulements peuvent donc augmenter. Dans ces conditions, il semble intéressant
d’étudier le comportement des modéles utilisés : « comment faire plus d’écoulement
avec moins de pluie ? » En fonction de la sensibilité du modeéle aux entrées Pluie et
ETP et tous parametres du modele étant égaux par ailleurs, cela est impossible.
Plusieurs options sont envisageables. A ce jour, nous en avons exploré 2 : * caler les
parametres des modeéles sur des périodes, a priori, stationnaires : avant et apres
1970. L’analyse montre que des configurations de parametres stables s'‘observent
aussi bien pour des "bassins a séries stationnaires” que pour des "bassins a séries
avec modification notable en leur sein". Par contre, tous les "bassins a séries
stationnaires” se caractérisent par des parametres stables. * essayer de donner un
sens « physique » ou « environnemental » a un des parametres : c’est ainsi que la
hauteur du réservoir sol d’'une version du modele GR au pas de temps mensuel a été
assimilée a une capacité de rétention en eau. L’analyse montre que pour certains
bassins, cette hauteur doit varier dans le temps afin que les débits simulés restent
comparables aux débits observés, au sens de la fonction critere choisie. Il est
intéressant de noter par ailleurs que, corrélativement, I'étude d’images satellites a
différentes périodes montre que I'environnement a graduellement varié, résultat d'un
changement climatique et des activités humaines.
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The failure story of modeling the Somme River basin with a catchment-based
Land Surface Model: outlier catchment or outlier mo del?
Simon Gascoin
UMR Sisyphe, Université Pierre et Marie Curie, Paris, France

The Somme River is a groundwater-fed stream located in North West France
(catchment area = 5566 km?). The main aquifer is the Chalk aquifer which contributes
to 90% of the river discharge. Outside the river corridor, the water table depth
averages 60-m. The fast rise in the water table is considered to be responsible for the
major flood that occurred in 2001 in the region of Abbeville, the main town before the
outlet in the English Channel. The CLSM (Catchment Land Surface Model) is a
catchment-based Land Surface Model (LSM) model that has been applied to the
Somme River basin using 18 years of meteorological and streamflow data. CLSM
relies on the concepts of the rainfall-runoff model TOPMODEL to account for the
lateral distribution of soil moisture and its influence on runoff generation. As
TOPMODEL is conceived to represent base flow from a shallow water table, it is not
surprising that CLSM is not amenable to realistically simulate the groundwater-fed
Somme River catchment, despite an extensive calibration exercise. At this stage, we
show that it would be unfair to blame the Somme River basin as an outlier catchment
and that the problem is the general lack of groundwater storage in the Land Surface
Models. The implementation of a groundwater reservoir characterized by a simple
linear storage-discharge considerably improves the runoff calculation. Nash
efficiencies exceed 0.7 for several parameters sets, as peak flows are smoothed and
low flows are sustained during dry periods. This parameterization is a contribution
toward a better representation of water transfers in CLSM that enables to simulate
the discharge of a groundwater-fed river, but in no case it is a full success story, as
CLSM still hardly simulates the 2001 flood.
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A ‘monster’ that made the SMAR conceptual model ‘ri ght for the wrong
reasons’
Monomoy Goswami and Kieran M. O’Connor
Department of Engineering Hydrology, National University of Ireland, Galway, Ireland

During 2001-2002, based on R2 efficiency and Index of Volumetric Fit values,
simulation of the Fergus river flows indicated that the conceptual Soil Moisture
Accounting and Routing (SMAR) model consistently outperformed a number of black-
box models. Subsequently, in investigating any loss of flow through subsurface
karstic features, we verified from the overall water balance that losses were
substantial. This raised the question of why the conservative SMAR model had
performed well on this non-conservative catchment. Analyses revealed that, to
compensate for the excess volume of total runoff generated by the model's
conservative water balance component, the memory length of the surface runoff
response function had been unrealistically curtailed in the optimisation process,
thereby violating the conservation property of the routing process. In reducing the
total volume of output flows to match more closely the recorded flows by conceptual
distortion, the catchment behaved as a ‘hydrological monster’, the conservative
model being ‘right for the wrong reasons’. Clearly, the unwelcome discovery of such
an unrealistic truncation called for re-examination of the model structure to account
more sensibly for actual losses while achieving high model efficiency. Clearly, a fully
conservative model cannot perform well on a non-conservative catchment system. It
is physically more reasonable in such cases to modify the water balance component
to reduce the total volume of generated runoff while still preserving conservation in
the routing process. Hence, for such catchments, we devised two alternative non-
conservative model variants, SMAR-NC1 and SMAR-NC2, with NC indicating ‘non-
conservative’. These performed better while maintaining a realistic shape for the
surface-runoff response function, thereby making the model ‘more-right for less-
wrong reasons’. This presentation highlights the karstic Fergus catchment as a
hydrological monster in the context of the conservative SMAR model. The proposed
SMAR variants are an attempt to ‘tame the monster’.
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To what extent the SIM hydrological model can it be poor, and why?
Florence Habets Y, Pere Quintana Segui ® and Eric Martin
W UMR Sisyphe/ENSMP, Fontainebleau, France
@) Météo-France/CNRM-GAME, Toulouse, France

The SIM hydrometeorological model developed by Météo-France and ENSMP is
used over the entire France, and can thus simulate the riverflow at more than 600
river gauges. Two versions of SIM were developed. The differences in the new
version are 1) a new parameterisation of the soil hydrology, and 2) a calibration of the
associated parameters based on the simulation of some riverflows. Although the new
version significantly improves the simulation of the riverflow, there are some outlier
river gages that are still badly simulated. For some of them, such results were
expected, since the poor quality of the results is associated with either a structural
weakness of the model (no explicit resolution of the existing water table) or to
anthropogenic effect (dams, derivation). But for some of them, the poor quality is
associated to no evident reasons or to several possible reasons. Some of the
problems are located in the Mediterranean region, and in the North of France. A multi
model comparison in the Somme basin (northen France) has shown that none of the
4 models were able to accurately simulate the riverflows of 3 tributaries, while their
simulations of the riverflow at the outlet of the basin were fair to good. The poster will
present part of those results.
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Very good prediction of a distributed rainfall runo ff model but for all wrong
reasons
Pawan Kumar Thapa and Andras Bardossy
Institute of Hydraulic Engineering, Universitaet Stuttgart, Germany

Addressing several issues like sedimentation, water quality, conservation measures,
environmental and geomorphologic studies etc, needs the prediction of erosion
patterns which, in turn, needs runoff source areas within the catchment. Several
modeling alternatives exist, all with certain potential and limitations. The use of a
distributed rainfall-runoff model is basis for identification of such areas. Such model,
even in case of physically-based, needs prior calibration of some or many
parameters. The optimization and prediction capability of those distributed models is
being assessed based on their ability to correctly predict lumped hydrograph at
watershed outlet.

The presented work aims to show the unreasonable consequences that we have
encountered while calibrating and applying a distributed rainfall runoff model. The
model used was WaSIM-ETH, a physically based spatially distributed rainfall-runoff
model. At first to apply for events in a small agricultural catchment in central Belgium,
its 11 parameters were calibrated using Gauss-Marcquardt-Levenberg algorithm. As
is the trend, the calibration was done with objective function of minimizing prediction
errors in the catchment outlet. Very nice results were obtained with closely matching
hydrographs and Nash-Sutcliffe efficiency as high as 0.97 in calibration and 0.81 in
validation. But when the modeled runoff source areas within the catchment were
investigated, a very much unrealistic patterns were observed with almost all the
runoff are coming from a small isolated patch in the catchment. Further we calibrated
the model using more accepted Schuffle Complex Evolution (SCE-UA) algorithm, in
addition, and applied to a bigger Rems catchment in southern Germany where also
we found that very good model performance, naturally evaluated at outlet, were not
accompanied by the reasonable runoff patterns within the catchment.

Those results show the very good predictions by the rainfall runoff model but for all
wrong reasons. This probably indicates that the better hydrograph prediction does
not guarantee better hydrology representation.
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Identification and characterization of « outlier » catchments in the upper part of
the Mosel river basin
Claire Lang *, Gilles Drogue *, Didier Francois *, Daniel Viville ?, Etienne
Dambrine ® and Nadine Angeli *
(1) Centre d’Etudes Géographiques de I'Université de Metz, France.
(2) Centre de Géochimie de la Surface, Strasbourg, France
(3) INRA Centre de Nancy, Champenoux, France
(4) INRA Versailles-Grignon, Thivernal-Grignon, France

1

The submitted poster aims at presenting and characterizing some catchments
belonging to the upper part of the Mosel river basin (a mesoscale area of 10 000
km2), for whom the daily continuous conceptual rainfall-runoff (RR) model GR4J fails
to reproduce properly the rainfall-runoff relationship. The first step of the study was to
compute the efficiency of the RR model for a set of more than 50 catchments located
in the investigated area (Lang et al., 2008) along with the mean annual runoff deficit
calculated as the difference between mean annual rainfall and mean annual runoff. In
the light of these results and on the basis of the available data, four “types” of
problematic catchments were identified as being representative of different sources
of model failure in the study area: i) catchments with karstic influences, ii) catchments
with a disturbed rainfall-runoff relationship due to mining activities (e.g. drainage from
the iron mines), iii) catchments which are subject to uncertainty in the quantification
of RR input data (e.g. orographic rainfall) and discharge data, iv) catchments
including wetlands (peat-bog hydrology). These different sources of poor model
performances and the clustering of outlier catchments in the upper Mosel river basin
advocate the necessity of performing specific work on such catchments (e.g. field
measurements) for improving the RR model used and better understand the gap
between fiction and representation of reality.

References

Lang C., Gille E., Francois D., Drogue G., 2008. Improvement of a lumped rainfall-
runoff structure and calibration procedure for predicting daily low flow discharges.
Journal of Hydrology and Hydromechanics, to be published.
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Hydrological outliers: when monstrosity stems from a bad initialization of
rainfall-runoff models
Nicolas Le Moine and Vazken Andréassian
Cemagref, Antony, France

The simulation of the rainfall-runoff relationship in calibration as well as in control
(“validation”) mode relies on finite-length input and output time series (rainfall,
potential evapotranspiration and discharge). Therefore a simulation always consists
in a set of behavioral laws together with a set of initial conditions, and we might not
be surprised that the misspecification of the latter might yield poor simulations.

It is a common practice in hydrology to 'sacrifice’ a short part of the available data
(typically 1 or 2 years) as a 'warm-up' period in order to initialize the model's state
variables before starting to compute the error function. However, we may still
encounter catchments for which such a short period is not enough to ‘'forget’ the initial
condition.

We will try to identify those 'elephant’ catchments and the way to deal with them. We
will test a couple of solutions that may be used to initialize a model (hamely, the
GR4J daily time step model) in the case of long-term memory effects. Those
solutions range from the full optimization of initial conditions (together with the
model's structural parameters) to more robust ones, such as the identification of the
asymptotic behavior of the model when some of its parameters reach extreme
values.
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Monsters redemption with the help of upstream flow measurements
Julien Lerat
Cemagref, Antony, France

Rainfall and potential evapotranspiration are the main input variables used by rainfall-
runoff models to calculate river discharges at a catchment outlet. When the studied
catchment is large or well monitored, gauging stations may exist upstream of the
target point. Upstream flow observations may provide valuable information for
downstream flow modelling and a way to account for this additional information
should be proposed.

Many authors report significant improvements of downstream simulations when
upstream discharges are accounted for in the modelling scheme. However,
streamflow data are scarce and flow values are often regarded like an output of
hydrological models rather than an input.

Our work has two main objectives. First, we want to confirm and explain the
performance gains obtained with rainfall-runoff models that make an explicit use of
upstream discharge. The generality of our conclusions is supported by a comparison
of models on a large set of catchments showing a wide variety of configurations.
Second, we investigate the impact of degraded upstream data on downstream
simulations to challenge the robustness of the approach.
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The Serein River: a lovely leaky catchment
Florent Lobligeois @, Julien Lerat @, Yan Lacaze @, Sylvain Chesneau ® and
Olivier Piotte @
1) cemagref, Antony, France
@) DIREN lle-de-France, Gentilly, France

The Serein River (the adjective "serein” means serene, calm) is a tributary of the
Yonne River which then feeds the Seine River. The Yonne River is known as the
"unruly child" of the Seine basin, as it is one of the tributaries with the flashiest
response. In spite of its limited size (10,887 km?) in comparison with the Seine basin
in Paris (43,800 km?), the Yonne River generates important amounts of water. Its
flood waves are fast and reach Paris in 3 or 4 days. This may cause significant
problems in terms of operational forecasts for the flood forecasting service (based at
the Regional Direction for Environment — DIREN) in charge of flood forecasting in the
Paris area.

The Serein River which contributes to this specific behaviour shows complex
generation mechanisms and propagation of floods. However this complexity does not
seem to originate from the spatial distribution of rainfall. Usual simulation and
forecasting models do not simulate this complex hydraulic behaviour with a good
enough accuracy. Therefore the DIREN decided to carry out a study to better
understand the hydrological and hydraulic behaviour of the catchment and to improve
modelling tools.

To overcome modelling difficulties, a simulation scheme that couples a rainfall-runoff
and a full hydraulic model was developed. The coupled model is evaluated on past
observed events. This scheme should provide more accurate flood simulations to let
forecasters issue forecasts more serenely on the Serein River.
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Is it possible to take a big-eared flying elephant for a bird?
Georges-Marie Saulnier, Benoit Chapon and G. Fourqu et
EDYTEM — CNRS, Le Bourget du Lac, France

Models are an attempt to understand, describe and use our a-priori knowledge of the
catchments behavior. Whatever the type model is, empirical or fully-“physically
based”, some calibrations of some of the model parameters are always needed. One
of problem that rises then in the hydrological modeling is that two models with
conflicting assumptions may lead to consensual reproducing of the modeled
hydrological behavior of studied catchments. For example, some illustrations will
show how a fully Hortonian and a fully Hewlettian model based can lead to non-
detectable differences in terms of acceptability or rejection of the two models as soon
uncertainties in the forcing and prognosticated variables are taken into account. This
could lead to suggest that “hydrological models can not be validated”... An alternative
answer could be to reconsider the way hydrological models are applied on studied
catchments. In particular can models be calibrated in a different way that avoids
errors compensating? Some first results will be presented that illustrate a calibration
based on the only discharge time-series. This provides a set of optimized parameters
and an effective rainfall inversed time-serie. Comparisons between these inversed
effective rainfall time-series and the observed one clearly show the influence of the
two contradictory Horton and Hewlett runoff assumptions. Thus this may illustrate
some thoughts on the need for some new testing methods that respect the paradigm
that significantly different hydrological assumptions within different models should
lead to discernible quality results of these models.

Day 1 Poster # 20

41



Hydraulic-hydrologic spatially distributed modellin g of extreme flood events
with overbank flow on farmed catchments

Jérébme Ghesquiere, Dennis Hallema, Roger Moussa
INRA, U.M.R. LISAH, Montpellier, France

During the last two decades, extreme flood events which occurred in Southern France are a
major threat to human life and infrastructures. These are generally due to intense rainfall
intensities, and are poorly understood due to the lack of experimental sites and accurate and
long-term hydro-meteorological data. The lack of understanding hydrological processes,
sometimes compounds problems of flooding, with settlements, roads and other structures in
agricultural zone such as ditches, pipes and tillage practices inappropriately located and
designed relative to the flood risk.

In agricultural zone, the drainage network is generally formed by man-made ditches which
generally follow agricultural field limits, and consequently, water flow doesn’t necessarily
follow the steepest slope of the catchment surface topography. Thus when overbank flow
occurs, we can expect that the ditch networks modify the average distance and slope
between the fields and the catchment outlet; major changes are also observed on the
pathways followed by the flow, because depending on the position of the ditch on the
hillslope, overbank flow is either routed on hillslope and then deviated towards another
subcatchment, either routed back to the ditch. Another limitation is the way pipes function in
the system. Pipes are generally located on the ditch network under roads. During intense
flood events, the flow regime can vary, and pipes can block the flow of water because of their
limited dimensions and consequently reduce the flow of water downstream of the pipe. Water
can be stored upstream the pipe and/or re-routed through the hillslope to another ditch. In
addition to limiting the understanding of hydrological processes in ditches and pipes, this
situation handicaps human use and development in agricultural regions, necessitating the
use of spatially distributed modelling approaches for prediction of sites prone to flooding,
planning of damage minimisation activities, and for environmental prediction of the impact of
land use changes.

The focus of this paper is on spatially distributed modelling of intense floods with overbank
flow on an elementary farmed basin with a dense network of ditches and pipes, and the
fundamental problems associated with their estimation, illustrating these through the
particular example of an application in the Roujan experimental basin (0.91 km?) located
Southern France. The distributed hydrological model of flood events MHYDAS (Distributed
Hydrological Modelling of AgroSystems) was extended in order to simulate overbank flows,
and is designed to operate with high-resolution Digital Elevation Models, which are becoming
increasingly available. The transfer function consists of a one-dimensional diffusive wave
approximation for channel flow and a quasi-two-dimensional diffusion wave representation of
floodplain flow. The model was applied to simulate flood events between 1992-2006 on the
Roujan basin. First the model parameters were calibrated on flood events without overbank
flows, and then the parameters of the modules related to the overbank flow were calibrated
on events where overbank flow occurs. The model was validated on a set of flood events,
and the model was applied to simulate the impact on hydrographs of land use change such
as a modification of the geometric properties of the ditch network such as width, height, slope
and topology. Results show the importance of the role of the ditch network and the pipes on
the form of the hydrograph, the lag time, the runoff volume and the peak discharge. The
model enables to quantify the overbank hydrograph flow on each ditch and pipes. These
simulations enable the decision-maker to compare different land use configurations and to
propose country-planning schemes. The methodology proposed herein is useful for
simulating both sensitivity analysis of distributed hydrological models on farmed catchments,
and the long-term geomorphologic evolution of the ditch network especially after land use
changes.
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SESSION 3

There are no hydrological monsters, only models wit h huge
uncertainties

This session focuses on strategies to deal with monsters by explicitly quantifying
uncertainties.

Chairman:
Andras Bardossy
Institut fir Wasserbau, Stuttgart, Germany
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Keynote presentation

There are no hydrological monsters, only models wit h huge uncertainties!
George Kuczera
University of Newcastle, Australia

The proposition that there are hydrological monsters (as distinct from real monsters)
raises some challenges for the hydrologic science community. Monster catchments
are “deviants” whose behaviour is far from what the hydrologist expects. As social
beings we label monsters so we can exclude or marginalise them. However, as
scientists we should (figuratively speaking) embrace monsters. They do us a service
in exposing the frailties of our science, the limitations of our world view as expressed
by the implicit and explicit hypotheses/assumptions that underpin our models. In truth
they are not monsters but opportunities to improve hydrologic science. To exploit
these opportunities hydrologists need a framework to sift through hypotheses often in
the presence of considerable noise. This presentation explores how the Bayesian
framework can assist in the context of conceptual rainfall-runoff (CRR) models. A
CRR model represents a hypothesis of how rainfall is transformed into runoff. It is
mostly likely wrong but nonetheless can still be useful. However, sub-grid variability
and mis-specification of processes, inter alia, introduce an irreducible model or
structural error about which little is known. Moreover, our observation systems are far
from perfect. The principal catchment forcing, rainfall, is often subject to very large
error. Even streamflow gaugings are not immune from large errors. So when the
hydrologist encounters a monster, is it really a monster? A Bayesian total error
framework is presented to show how the different sources of error contribute to
predictive uncertainty, how the hypotheses made about the rainfall-runoff process
and errors can be scrutinized and what are the consequences of limited information.
Two prima facie monster catchments are presented to illustrate these concepts.
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Impact of uncertain rainfall on distributed hydrolo gical modelling: successful
or unsuccessful story?
Daniela Balin and Michael Rode
Helmholtz Centre for Environmental Research-UFZ, Germany

If until now uncertainty analysis was almost synonym with parameter uncertainty and
propagation of it in the simulated outputs, recently there is an increased awareness
on the importance of other sources of uncertainty in the modelling approach. The
vast majority of previous applications studying the impact of other sources of
uncertainty report to conceptual lumped hydrological modelling structures. Different
statistical Bayesian calibration methods have been proposed to cope with different
sources of uncertainty in the hydrological community in which the input uncertainty is
considered as arising from point errors in rainfall measurement. The three
methodologies apply the Bayesian approach for conceptual lumped or at best semi-
distributed hydrological models and they conclude that to robustly estimate
parameters and to reduce uncertainty of the simulated output, input rainfall
measurement error is one important source that has to be accounted for. The three
methods treat rainfall statistically as an unknown parameter that has to be estimated
with the other hydrological parameters. Simultaneously adjustment for measurement
error and hydrological parameters clearly led to adjustments towards improving the fit
of the hydrological responses, and this is mathematically coherent given the
assumption that the model structure is true. However rarely do we feel as confident in
a model structure as all models are imperfect, simplistic representations of the reality.
As each model is a different schematic representation of the reality, one
consequence of this approach is that the posterior distribution of the so estimated
true rainfall will be conditional on the model structure that has been used. If the
approach is acceptable from the mathematical point of view where all modelling
guantities are abstract this is more difficult to accept from the environmentalist point
of view where the observed rainfall and its true posterior distribution should
independent of the hydrological model structure that has been used.

Much less studies have been done to study the influence of the rainfall measurement
errors when complex and fully distributed hydrological models are used. Given these
considerations, we propose in this study a different way of dealing with input
uncertainties. We separate the problem and study the uncertainty in the rainfall input
prior to any modelling stage and in a second step we use the output from the first
step as input for the second step and we apply a classical statistical MCMC approach
to compute uncertainty of the model parameters and the simulated results.
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Balance between calibration objectives in hydrologi cal modelling
Martijn J. Booij and Maarten S. Krol
University of Twente, Enschede, The Netherlands

The robustness of hydrological models is determined by issues such as model
performance under different calibration and validation conditions, extrapolation
behaviour and propagation of uncertainties. Different conditions are commonly
expressed by different objective functions such as the Nash-Sutcliffe coefficient and
the root mean square error of peak flows. These different objective functions can be
combined into multi-objective functions for calibration purposes. However, it is
generally not known which balance between different objectives should be used, i.e.
which weights should be assigned to the different objective functions. Most multi-
objective approaches in the literature assume a certain balance between objectives
depending on the simulation purpose of the model user. An alternative way is to
assess the optimum balance based on an aggregated measure, for instance a fuzzy
measure or a scaled multi-objective function. This avoids the selection of weights and
makes the process less subjective. In this study, three different measures to assess
the optimal balance between objectives are compared: combined rank method,
parameter identifiability and model evaluation. Four objectives (water balance,
hydrograph, high flows, low flows) are included in each measure. The contributions of
these objectives to the specific measure are varied to find the optimal balance
between the objectives for each measure. The methods are applied to nine middle-
sized catchments (350-2500 km2) and using a typical conceptual hydrological model.
Results indicate that differences in the optimal balance between the combined rank
method and parameter identifiability on the one hand and model evaluation on the
other hand are considerable. The theoretically optimal balance would be a situation
without trade-off between single objectives. For some catchments and measures, this
situation is almost obtained. On average, the combined rank method’s performance
is somewhat better than the parameter identifiability’s performance (respectively
3.6% and 5.0% from theoretical optimum), where the model evaluation’s performance
is considerably less (22.4% from theoretical optimum).
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Can the spatial variability of rainfall explain why some catchments appear
monstrous?
Marie Bourqui ?, Charles Perrin @, Vasken Andréassian @ and Cécile
Loumagne @
) ENSMP, Fontainebleau, France
> Cemagref, Antony, France

It seems that no consensus has been reached yet among hydrologists on the
usefulness of the information of rainfall spatial variability for hydrological modelling.
That is what reveals a careful literature review on the many articles on this issue
(Bourqui, 2008).

Here we investigated the impact of spatially disaggregating the rainfall inputs of three
hydrological lumped models on their performance. Starting from the mean areal
rainfall calculated as an average of the available raingauges, we divided it into two
new inputs, namely the upstream and the downstream rainfalls calculated using the
raingauges situated on the upstream and downstream parts of the catchment
respectively. These new inputs were used to feed two sub-models run in parallel,
whose outputs were then combined. This split of the available raingauges was
compared to a random split of the available raingauges. Model efficiencies in terms of
flow simulations obtained with the different input options are compared.

Results indicate that the use of the information on rainfall spatial variability leads
some catchments to join the Court of kings whereas others definitely sink in the Court
of miracle even if the variability of their rainfall is large.

Reference:

Bourqui (2008). Impact de la variabilité spatiale des pluies sur les performances des
modeles hydrologiques (Impact of rainfall spatial variability on the performance of
hydrological models). PhD Thesis, ENGREF, Paris, 327 p.
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Bayesian tools to include historical monster floods in a statistical inference
Eric Gaume
LCPC, Nantes, France

This presentation will show how historical extreme peak discharge values, even if
uncertain, can be valuated in a statistical inference process and how they may
significantly modify our view on flood statistics. Two examples will be shown: 1)
Evaluation of historical peak discharge values on 4 small gauged watersheds in the
Aude region (France), 2) Evaluation of historical extreme in a regional flood
frequency analysis in the Cevennes-Vivarais region (France).
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Study of sensitivity of the Bayesian recursive para meter estimation (BARE) to
the "monstrosity” of the discharges
Mouna Laaroussi and Zoubeida Bargaoui
Ecole Nationale d’'Ingénieurs de Tunis (ENIT), Tunis, Tunisia

With through this study, we propose to test, by digital simulation, the sensitivity of the
Bayesian recursive parameter estimation (BARE) to the "monstrosity” of the
discharges. A monstrous series of discharges is generated on the basis of fictive
discharges, simulated using a GR4J rainfall-runoff model and on which more or less
significant anomalies are superimposed. The BARE is used for the training of one
parameter at the same time by fixing the three others. Parameters representing the
maximum capacity of the reservoir of production, the underground exchange and the
capacity at one day of the reservoir of routage are adapted whereas the parameter of
the basic time of Hydrogramme Unitaire is supposed to be known. The prior
distribution is supposed non informative and the residues are supposed to be
distributed according to a generalized exponential law. The catchment area to which
these experiments are related is a Mediterranean basin of the North of Tunisia. Two
hydrologic years are used as support with the study, whose one of average rainfall
and the other wet one, has a total rainfall (521 mm; 759 mm), a rain annual maximum
day (40 mm ; 88 mm), a number of days of rains (104 J; 132 J) considering that (4 J;
9 J) have a pluviometry higher than 25mm/j. Each year was studied separately. The
monstrosity presents an average deviation from 3% to 5% having one centile 0.75
variable from 17 % to 24 %. The results prove that whatever the level of "monstrosity"
is, the three parameters can be identified at the end of a period varying from 2 to 7
months for the first year. While, for the second year, a convergence is obtained at the
end of 2 to 4 months but towards a biaised value. In all cases, a more significant time
of convergence is necessary when the monstrosity is exaggerated. So, the process
of training BARE seems to be dependent on the level of monstrosity of the
discharges and the hydrological mode of the year. Key words: model rain flow,
parameter, Bayesian recursive estimation (BARE), training, uncertainty.
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A toy model to study the modification of the tail o f probability distribution
function by a catchment
Thierry Leviandier
ENGEES, Strasbourg, France

Extreme values theory (EVT) tells that under some conditions, the distributions of a
variable sampled with maxima taken on different step of time tend to a Generalised
extreme value distribution, which tail's "heaviness" is characterized by a shape
parameter also termed extreme value index. The theory does not try to explain the
value of this parameter which must be fitted against data. In the other hand, there
exist non-linear models that generate GEV or GPD PDF (starting from instance from
uniform PDF) and determine there extreme value index, but their ability to represent
a catchment is far from obvious. What we really need to validate either data or
models on extreme events, and discuss outliers, is a model able to transform the tail
of a rainfall distribution into the tail of a runoff distribution, in a way compatible with
event based or continuous rainfall-runoff models. A very simple model of conditional
probabilities is proposed to meet this need, based on the outputs of a rainfall model
validated on real world data. This simplified model is able to generate a PDF of the
output with an extreme value index different from that of the input. The properties of
this model are expected to open the possibility to integrate external information to
predict, or at least to reduce the uncertainties of the estimation of the extreme value
index. External information may be for instance regionalized parameters of a rainfall-
runoff model. Moreover, this model is stable when iterated a great number of times,
what corresponds to simulate a sequence of process, or of subcatchments. This
stability by iteration is different from the max stability of the EVT, linked to sampling.
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Predictions in Ungaged Catchments: Favoring Hydro-d iversity rather than
Hydro-Eugenics

Ludovic Oudin @, Vazken Andréassian ®, Charles Perrin @, Claude Michel @
and Nicolas Le Moine @
@ Université Pierre et Marie Curie-Paris6, UMR 7619 Sisyphe, Paris, France
@ Cemagref, Hydrosystems and Bioprocesses Research Unit, Antony, France

Eugenics' is a theory initiated and promoted by the famous statistician-geographer-
meteorologist Francis Galton (1822-1911), mostly known among hydrologists for
introducing in biometrics the Galton law (i.e. the log-normal distribution), the
correlation and the standard variation measures. With eugenics, Galton was aiming
at improving the qualities of a human population, by such means as discouraging
reproduction by persons presumed to have undesirable inheritable traits and
encouraging reproduction by persons presumed to have desirable inheritable traits.

A hydrological equivalent to the eugenic controversy lies in regionalization studies,
where modelers attempt to guess parameter values for their models at ungaged
locations. In these studies, hydrological information (i.e. mean flow values, model
parameter values, etc.) has to be transferred from 'donor’ or 'reference' catchments to
the ungaged ones. We propose to summarize the hydro-eugenic debate by the
following question: should we keep poorly modeled catchments as potential donors in
regionalization studies?
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Mapping outlier catchments in terms of mean annual streamflow, baseflow and
flood estimation at the country scale
Marine Riffard and Vazken Andréassian
Cemagref, Antony, France

Estimating mean flow or low flow and flood percentiles remains a difficult task of
modern hydrology, especially on ungauged catchments. When establishing
determination methods, one problem lies in the treatment of outlier catchments, i.e.
those catchments that do not fit the expected law or estimation relationship. What
can we learn from these outlier catchments? This study investigates this issue by
mapping characteristic flow estimates over a set of 920 gauged catchments spread in
France.

We used simple regression relationships to estimate mean flow, the 10-year flood
and the 5-year minimum monthly flow from several catchment physical and climatic
descriptors. While these relationships yield satisfactory results at the national scale,
large errors could be found on a limited number of catchments. Mapping the errors
obtained by applying these relationships gave insight on the location of outliers and
on possible sources of errors. Regional patterns could be observed. Interestingly,
outlier catchments are not systematically the same for the three target variables. As
could be expected, the definition of a hydrological monster may come from the view
point it is looked at.
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Log transformations in hydrology of extremes: discu ssion on the range of
applicability

Renata Romanowicz
Institute of Geophysics, Polish Academy of Sciences, Warszawa, Poland

The aim of this paper is the application of nonlinear transformations and, in particular,
log-transform, to describe hydrological processes under extreme conditions. The
difficulty of ob-taining good hydrological predictions in extreme conditions lies both in
the nonlinear charac-ter of processes governed by extreme hydrological signals and
in the inaccuracy of extreme flow measurements, particularly in early records. The
logarithmic transformation of flows has been applied in hydrology since the discovery
that flow process can be described by a log-normal distribution. Examples of the
application of log-transformed flows can be found in many research papers.
However, the main purpose of previous applications was normalization of the error
between simulated and observed flow. The new approach discussed here consists of
the application of log-transform that leads to a formulation of rainfall-flow as a rate of
change process, instead of a typical mass balance problem. It applies a Stochastic
Transfer Function approach to log-transformed flow. In this paper we discuss the
ranges of applicability of that formulation using a number of catchments from Great
Britain, Poland and Australia. We show the application of log-transform to modeling
flood from snow-melt for a lowland Polish catchment, Narew. Rainfall-flow modelling
in karstic catchments is the other application considered in this paper (the Thet
catchment, UK). The third example examined is the ephemeral River Canning in
Western Australia. The approach is compared with the State Dependent Parameter
transformation of model input, leading to Hammerstein-type models as well as the
physically based TOPMODEL with explicit exponential store. In this respect, the log-
transformed transfer function model has certain interesting similarities with
TOPMODEL. The paper explores these similarities, gives a physical explanation of
the model structure and estimates model predictive uncertainty.
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The Art and Science of Hydrologic Post-Processing: Can We Make Our Own
Miracles?

John Schaake
National Weather Service, United States
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Absolute versus relative outliers: identifying catc hments which are outliers for
all models and catchments which are outliers for so me models only
Mamoutou Tangara, Charles Perrin, Vazken Andréassia n and Jean-Louis
Rosique
Cemagref, Antony, France

Hydrological models sometimes (often?) fail to produce satisfactory simulations. The
causes of failures can be manifold: model structure, calibration difficulties, spatial
variability, catchment boundary definition, data errors or representativeness,
determination of initial conditions, etc. Among these, model structure may be one of
the most important sources of uncertainty. However, modelling studies often use a
single model, so it is difficult to evaluate the part of the total error due to the model
structure only. In case of model failure, should the model be systematically blamed
for that?

A good way to evaluate the role of model structure is to test a large number of
models representing a variety of conceptualisation. This gives an indication of the
error that may be due to the choice of the model structure.

We adopted this approach on a set of more than 1000 French catchment, on which
we tested 17 model structures at the daily time step. Results clearly show that some
catchments are outliers only for some models while others are outliers for all. A map
of the relative model performances was made to try to identify regional trends in
model performance.
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Critical evaluation of parameter consistency and pr edictive uncertainty in
hydrological modeling: a case study using Bayesian total error analysis
Mark Thyer, Benjamin Renard, Dmitri Kavetski, Georg e Kuczera, Stewart

Franks and Sri Srikanthan
School of Engineering, University of Newcastle, Australia

The Bayesian total error analysis (BATEA) framework provides a holistic approach to
hypothesize, infer and evaluate probability models describing input, output and model
structural error. This study evaluates and compares the ability of BATEA and
standard calibration approaches (standard least squares (SLS) and weighted least
squares (WLS)) to address two key requirements of uncertainty assessment: (i)
reliable quantification of predictive uncertainty and (ii) reliable estimation of
parameter uncertainty. The CRR model used was the GR4J model. The case study
catchment was challenging due to the semi-arid climate, ephemeral responses and
high rainfall gradients in the catchment. A novel quantile-based diagnostic was
developed for assessing whether the total predictive uncertainty is consistent with the
observations. This showed BATEA provides a considerable improvement over
SLS/WLS. Parameter reliability was evaluated by comparing parameter estimates
obtained for GR4J with the same catchment runoff but with different rainfall gauges
and time periods. BATEA provided more consistent, albeit more uncertain, parameter
estimates than SLS/WLS. The implication is that the WLS/SLS-derived parameter
estimates are fitting to the noise in the rainfall data. For CRR regionalization this may
obscure the relationship between CRR parameters and catchment attributes. In
contrast, BATEA has the potential to remove this obstacle to regionalization. Despite
these gains, this application of BATEA indicates there remains some significant
challenges to reducing predictive uncertainty of CRR models. Robust identification
and discrimination of both input error and model structural error remains elusive.
Examination of the GR4J model states and the inferred input errors is undertaken as
a potential indicator for model improvements, but further work is required to enable
BATEA diagnostics to provide model enhancements and reduce predictive
uncertainty.
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Poor rainfall data quality leads to hydrological mo nsters
David Post and Jean-Michel Perraud
CSIRO Land and Water, Canberra, Australia

As hydrologic modellers, we understand that there is an error term associated with
our predictions of hydrologic response but generally make the rather bizarre
assumption that our model inputs are error-free. In reality, the input climate data used
to calibrate our rainfall-runoff models is available only at limited locations within a
catchment or in some cases only somewhere close to the catchment. Only in very
few applications is high-quality spatially-variable climate data used to drive either
lumped or distributed models. As a result, the quality of the input climate data used to
drive hydrological models can be highly variable.

To investigate the effect of input rainfall data on the quality of calibrated rainfall-runoff
models, two widely used daily rainfall-runoff models (SIMHYD and Sacramento) were
calibrated using the four methods shown below on 238 catchments in south-eastern
Australia varying in size from ~ 100 km? to 2,000 km?:

1: Single raingauge closest to catchment centroid,

2: Weighted (Thiessen polygon) average of all raingauges;

3: Arithmetic average of 5 km (SILO) rainfall grid;

4: Distributed 5 km (SILO) rainfall grid.

The calibration and simulation results for all 238 catchments clearly show that there
is substantial improvement in model efficiencies with improved spatial representation
of input rainfall data. The results also suggest that the improvements are generally
greater in larger catchments than in smaller catchments. This is to be expected as
there is a greater likelihood that rainfall will show greater spatial variability in larger
catchments and therefore a single raingauge is unlikely to capture all of the rainfall
events adequately.

Thus, even well-behaved catchments with good hydrologic records can become
‘hydrological monsters’ if the input rainfall used to drive our rainfall-runoff models is of
poor quality. We believe that the greatest improvement in the regionalisation of
hydrologic response to ungauged catchments can be achieved through improving the
hydrologic representation of gauged catchments, and these results indicate that such
improvements can be most readily achieved through the collection and use of higher
quality rainfall data.
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SESSION 4

There are no hydrological monsters, only decision-m aking
issues

This session focuses on decision making on hydrological monsters (catchments or
events) and the issues of operational and/or real time modelling practice.

Chairman:
Eric Parent
ENGREF-AgroParisTech, Paris, France
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Estimating climate change impacts on river flows ac ross the UK: how
uncertainties in model structure can affect predict ions

Vickie A. Bell @, Alison L. Kay @, Robert J. Moore @, Nick S. Reynard ® and
Richard G. Jones ©
@) Centre for Ecology and Hydrology, Wallingford, UK
@) Met Office Hadley Centre (Reading Unit), University of Reading, Reading, UK.

A grid-based hydrological model, the Grid-to-Grid (G2G) model, is being used to
estimate natural river flows on a 1km grid covering the UK. The distributed model
uses a single set of parameters for the whole domain of coverage. It is therefore
reliant solely on digital datasets of elevation, soil and urban land-cover to incorporate
the spatially-varying effects of the landscape on river flows. The model is being used
to obtain a preliminary assessment of the effects of climate change on extreme river
flows across the UK. This assessment makes use of rainfall and potential
evaporation from a Regional Climate Model for a future climate as input to the G2G
model. The modelled flows allow the change in flood risk to be estimated for locations
of interest. Using the G2G hydrological model we are able to demonstrate the
importance of accurately simulating historical river flows across a range of scales,
soils and topographies before such a model is used in impact studies. If the G2G
model is configured solely using topographic data, it provides good results in areas
where runoff production is terrain-dominated, but in lowland groundwater-dominated
areas the model predicts excessive flow peaks. The introduction of the effect of
soil/geology on runoff-production leads to greater simulation accuracy in these areas,
and results in a very different picture of how climate change would affect river flows in
the coming century. The analysis underlines the importance of ensuring the accuracy
of the baseline simulation before examining any ‘anomaly’ due to climate change.
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Can a freakish event out of a long series be blamed for apparent model failure?
An analysis of the sensitivity of continuous evalua tion criteria

Lionel Berthet, Nicolas Le Moine, Vazken Andréassia  n, Julien Lerat and
Charles Perrin
Cemagref, Antony, France

Criteria based on the root mean square error are commonly used to evaluate the
performance of hydrological models. Due to their quadratic form, these criteria put
more emphasis on the largest model errors. These mostly occur during flood events
as hydrological models tend to produce heteroscedastic errors. Hydrologists
interested in those events could put up with such a fact if they are not looking for the
most likely simulation but for the best performance over some determined events. But
this behaviour may hamper the interpretation of performance criteria calculated over
long periods due to the role of specific events in the total model error.

Using such criteria is difficult to justify if one cannot ensure that the performance
criterion converges when the length of the data series increases to infinity. This non
convergence may happen if the error magnitude increases too fast with the event
magnitude, in comparison with the increase of the intensity of events with the return
period. Since a longer data period is more likely to contain a rare event, the
performance criterion may be driven by this extreme event.

This problem is investigated in the case of flow forecasting. In forecasting
applications, the use of data assimilation techniques considerably modifies the
distribution of model errors compared with those obtained in simulation mode. The
main part of the total errors is generally concentrated on the time steps where large
flow variations are observed. This is especially true for short lead times for which the
forecasted discharge is mainly driven by the assimilated data.

The poster discusses the role of major events in the calculation of continuous criteria
and the problem of criteria interpretation in this context.
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On the assessment of uncertainties of flood dischar ge observations for
hydrological models
Hélene Bessiere
IMFT, Toulouse, France

The MARINE (Modélisation de I'Anticipation du Ruissellement et des Inondations
pour les évéNements Extrémes) model is a flash flood forecast model developed for
real time exploitation of small watersheds. Inside this physically based model, the
infiltration capacity is evaluated by the Green and Ampt equation and the surface
runoff calculation is based on the hypothesis of the kinematic wave. In order to better
represent the heterogeneities of the rainfall as well as the various behaviors of the
land surface, the model is spatially distributed. Despite the improvement of their
physical realism, physically based models suffer from extreme data request, scale
related problems and over-parameterization. Therefore, calibration of parameters,
usually of a few key parameters, is a necessary step in the model development. In
this study, after a sensitivity analysis of the model, an estimation of the most sensitive
parameters involved in the model calibration was implemented. The estimation
procedure is based on a variational data assimilation technique called the adjoint
state method determining the optimal control variables minimizing a cost function.
The objectives are to improve the understanding of land surface hydrology and to
reduce uncertainties linked to hydrological system characterization during flash flood
generation. The methodology is applied on the Gardon d’Anduze catchment, located
in southern France. This Mediterranean catchment, of 545 km? drainage area, is
often affected by flash floods. A weighted mean-squared error is the cost function to
be minimized. Results show that the methodology may be used to parameterize and
calibrate fully distributed physically based models. Furthermore, the methodology
contributes to improve flash flood generation understanding and to validate the model
physical hypothesis. From an operational point of view, the methodology is employed
to assimilate observations of the upper part of the basin and it results in reliable
forecasts at the outlet. Finally, the methodology should allow early identification of an
imminent flood and should contribute to the improvement of a hydro-meteorological
prediction chain.
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Title
Lucien Duckstein
GRESE — AgroParisTech, Paris, France

The failures, difficulties and some successes encountered as we applied various
techniques to hydrology and water resources problems are summarized. These
techniques include stochastic modeling, fuzzy rule-based analysis and multicriterion
decision making.

Applications to rainfall-runoff, infiltration, effect of atmospheric forcing functions on
local/regional hydrology are discussed, under possible climate change.
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Gauged catchments highly perturbed by human activit ies. Are we obliged to
consider them as ungauged? The case of the Upper Rh  one River

Benoit Hingray, Bettina Schaefli, Abdelkader Mezgha  ni, Markus Niggli, Gabriel
Faivre, Frédéric Guex, Yasser Hamdi and André Musy
Swiss Federal Institute of Technology, Lausanne, Switzerland

For the development of design flood scenarios and for flood forecasting issues, an
hydrological simulation model has been ordered by the Wallis Canton for the Upper
Rhone River catchment, a mesoscale alpine catchment in the Swiss Alps (5500
km?2). The Laboratory of Hydrology and Land Improvement from EPFL developed a
distributed version of the model presented by {Schaefli, 2005}. The extension of the
initial lumped daily model to a model that allows simulations at an hourly time step
and for the whole catchment arose a number of difficulties {Hingray, 2006}. The
simulation at a sub-daily time step required first the modification of model concepts,
not adapted any more for spring periods where the snowpack is not mature enough
to allow direct runoff production from snow melt. Numerous problems arose also for
estimating model parameters. Among those: 1.A very small number of sub-
catchments have been gauged for the region. 2.When available, data required for
calibration do not cover concomitant periods. Hourly meteorological variables are
available at best from the 1980’s. Discharge data are perturbed from the 1950’s
already (dams, derivations) and waterworks operations and corresponding discharge
data are confidential. 3.The space variations of met. variables are crucial but
unknown (Prec. + Temp.). Moreover, water balance is highly uncertain (glacier
storage and release, small number of met. stations, no met. measurements in high
elevation zones....) 4.Equifinality problems in parameters estimation are high,
potentially leading to low spatial coherency of parameters over the domain, This
called for a significant adaptation of the estimation procedure. It finally relies on
information coming from various additional sources (from other catchments and time
periods, from hydrological data other than that classically used for well instrumented
catchments). Even if not fully satisfactory, the simulation model is rather robust and is
able to produce reasonable discharge reconstitutions. New measurements and data
from hydroelectricity companies are expected to improve its simulation skill in the
next years.
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Monsters in flood forecasting: can we reduce the nu mber of 'outlier’
catchments by using two different model initializat ion strategies?

Pierre Javelle @, Lionel Berthet | Patrick Arnaud @ and Jacques Lavabre @
Cemagref, Antony, France

Should flood forecasting models be continuous or event-based? This question is still
a matter of debate in the hydrological community and it seems that no general
answer was provided so far. Does the choice of one or the other strategy significantly
impact the quality and robustness of the forecasts? Can it be responsible for the
failure of a forecasting model? The objective of this study is to bring some new
insights in this debate by overtaking the limits of previous studies that were carried
out on a single or a limited number of catchments.

This study aims to compare two different types of flood forecasting approaches. The
first one runs on a continuous mode (i.e. initial conditions are determined only at the
beginning of the time series), while the second one is event based (i.e. initial
conditions are determined before each flood event). To test these strategies, we used
the lumped hydrological models developed at Cemagref over the last decades. They
were applied at the hourly time step on a large set of about 1000 French catchments
to get general conclusions. These catchments are various in size (10 to 10000 km?)
and cover a wide range of hydro-climatic conditions. A common framework was used
to evaluate the two approaches in the same conditions.

Results were mapped to try to establish regional trends. From an operational point of
view, this should help flood forecasting services to choose which initialization strategy
to use in their particular interest area (i.e. continuous or event based) to limit model
failures. This should also be matter for thought for the future directions of
improvement of flood forecasting models.
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How far can topographic control of flood response b e used in distributed flood
modelling and forecasting?

Robert J. Moore, Steven J. Cole and Vicky A. Bell
Centre for Ecology and Hydrology, Wallingford, UK

Runoff production and water translation through river networks can be strongly
controlled by the spatial pattern of elevation. Water pathways reflect changes in
elevation: their length, slope and pattern exert a strong control on the shaping of the
hydrograph as the flood propagates downstream. In upland areas, terrain slope can
be a remarkably strong surrogate for water absorption capacity and its control on
runoff production. An example application of a grid-to-grid hydrological model over
upland Britain is given. Runoff production within a grid-square is represented by a
probability-distributed absorption capacity formulation that directly uses terrain slope.
For lowland areas in particular, the link between terrain slope and water absorption
capacity can be much weaker and the transition from flashy to damped flood
responses may not be a function of drainage area alone. In such situations a simple
terrain-based model formulation breaks down unless -calibrated to individual
catchments for which gauged flow records are available. An example “hotspot” of
simple model failure is presented where river flows from two adjacent catchments,
one about twice the area of the other but having a flashier response, cannot both be
simulated using a single area-wide model parameter set. Incorporating soil property
data explicitly in an extended model formulation leads to more robust model
performance. The robustness of model transfer is allowing research to progress to an
area-wide application of the grid-to-grid model across Britain. This will provide a
proof-of-concept and trial in support of operational flood forecasting and warning. The
approach yields an area-wide vision of flood risk as well as providing an attractive
way of forecasting ungauged basins. The terrain-based form of the grid-to-grid model
is expected to still have value, particularly for upland areas and as a means of quickly
identifying “hotspots” where a more extended approach to flood modelling is
warranted.
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Searching for a universal hydrological criterion: i n the land of the blind, the
man with one eye is king
Laetitia Moulin
Université Pierre et Marie Curie, Paris, France

A large body of hydrological literature has been devoted to the development of
rainfall-runoff models. Nevertheless, the question of the evaluation of their outputs is
still open. These criteria are sometimes considered as too abstract, not enough
representative or not enough adapted to operational stakes. This often leads to reject
their use, especially by operational flood forecasting services, restricting it to search
works. This work tried to deals with these outcast criteria, with the hope for finding
the best one, the one that could be extracted from the court of the miracles of
hydrological modelling. In order to examine various criteria on a real application case,
a complete calibration and validation study has been conducted with six lumped
conceptual models using the same standard split sample test approach on eleven
catchments with various area ranges (from 20 km2 to 3200 km2) inside the upper
Loire river area (France). A rich operational rainfall and runoff data set is available for
these catchments frequently affected by severe flash floods. Performances of the six
models were rated with various criteria. First, the widely used Nash and Sutcliffe
efficiency was used giving a reference value. Then, other criteria specifically adapted
to the evaluation of forecasting models were also proposed and tested: persistence
criterion, criteria based on the discharge variations, criteria based on evolution
tendencies or on detection discharge threshold exceedance. This work leads to the
disappointing conclusion that, even if each criterion can give information about
quality of modelling concerning a special aspect of flood hydrograph, especially
information concerning the modelling limits, the difficulty to obtain a universal criterion
remains. As a consequence, the wide use of Nash and Sutcliffe criterion could be
made closer to the idea that beggars can't be choosers.
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Will climate change turn our hydrological models in to monsters?
Charles Perrin, Meggy Hau, Pierre-Francois Staub an  d Vazken Andréassian
Cemagref, Antony, France

The climate predictions provided by the IPCC for the next decades indicate that many
regions over the world will be subject to major changes of their climate conditions,
with modifications of temperature and precipitation patterns. GCMs run under various
scenarios of CO2 emissions provide simulations of these changes, which then can be
used to feed hydrological models to provide estimates of changes in flow regimes.
However these hydrological models are calibrated under present-day conditions and
their ability to well behave under conditions that were never recorded before is
difficult to assess. To which extent may this produce uncertainty in hydrological
predictions under climate change? Are our present-day models able to extrapolate to
these unknown future conditions?

This work proposes a diagnosis of the capacity of hydrological models to cope with
climate changes. The objective is to evaluate their extrapolation ability using past
observations. The assessment framework derives from the differential split sample
test proposed by Klemes (1986), in which the hydrological model is tested on
calibration and validation periods with contrasted conditions. Here to enhance
differences between calibration and validation periods, we chose non-continuous
periods constituted by years with extreme (minimum or maximum) characteristics in
terms of precipitation (or temperature). In the available record, we selected
independent five-year periods (one made of the five wettest years in the record and
the other made of the five driest years) on which we applied the split sample test.
This test was made on a large set of French catchments, using two hydrological
models. Results give some insights on the extrapolation capacity of hydrological
models and on the uncertainty that may be generated in climate change applications
by the way models parameters are estimated.

Reference

Klemes, V. (1986). Operational testing of hydrological simulation models.
Hydrological Sciences Journal, 31(1), 13-24.
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No monsters, no miracles: hydrology is not an outli er of nonlinear sciences!
Daniel Schertzer ®?, Shaun Lovejoy © and Pierre Hubert @
! Université Paris-Est, ENPC/CEREVE, Marne-la-Vallée, France
2 Météo-France, CNRM, Paris, France.
% McGill University, Physics dept., Montreal, Canada.
* Université P.& M. Curie, SISYPHE, Paris, France.

End-users may be basically right for being tired of excessive hydrological model
uncertainties, not to mention simplistic approximations and crude models. The ever
increasing sophistication of parameters fitting may indeed difficultly hide their lack of
physical basis, their scale dependence, as well as their inability to fit together widely
diverse behaviours. More generally, we might have to admit a lack of qualitative
improvement of hydrological modelling. In fact, operational hydrology may have long
suffered from a divorce with theoretical hydrology, which has on the contrary greatly
stimulated nonlinear sciences. For instance, more than a century ago fractals were
considered as geometrical monsters whereas decades ago river networks became
classical fractal objects, rainfall and discharges are now classical examples of
multifractal fields. These characteristics are still often ignored by operational
hydrology, whereas they not only explain its current limitations, but also how to
overcome them. This is particularly important when assessing: - the effective
multiscale information that can be extracted from the huge amount of satellite
remotely sensed hydrological data (e.g. TRMM, ENVISAT), - non stationarity with
respect to low-frequency variability, - the hydrological extremes at various space and
time scales, their mutual inter-relations, as well as inter-relations with more moderate
behaviours, - the intrinsic predictability limits of hydrological processes that are upper
bounds on our effective predictive capacity and therefore determine the required
model quality to be achieved. In summary, it is timely to recognize that the
hydrological court of miracles is depopulated.

Day 2 Poster # 22

71



Predictive Uncertainty in Hydrological Forecasting

Ezio Todini
DSTGA - Universita di Bologna, Italy

This presentation aims at discussing and, wherever possible, at providing an answer
to the following basic questions in real time flood forecasting:

(1)
(2)
3)
(4)
(5)
(6)

(7)
(8)

Why do we need to assess “predictive uncertainty” (PU) in hydrological
forecasting?

What is the difference between PU and input, model, parameter, etc.
uncertainty?

Does PU need to incorporate input, model, parameter, etc. uncertainty?

Are we currently correctly estimating PU and how can we assess it?

What is the role of Kalman Filters and “uncertainty processors” in the
estimation of PU?

Do we need continuous uncertainty processors or can we limit our approaches
to “binary uncertainty processors”?

What is the role of meteorological/hydrological ensembles?

How can we incorporate meteorological ensembles into hydrological PU?
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Final days of the spring flood: looking for the mel t of hidden snow
Richard Turcotte, Alexandre Roy and Thomas-Charles Fortier Filion
Ouranos, Centre d'expertise hydrique du Québec, Québec, Canada

Final days of the spring flood: looking for the melt of hidden snow In snow dominated
water regime such as Quebec (Canada) environment, reservoir management plans
often include winter draining and spring filling periods that aim for the reduction of
spring flood impact while, at the same time, guarantying the complete filling of
reservoirs at the end of the spring season. In this context, the role of operational
hydrology is to provide accurate forecast of spring flood volumes which help reservoir
managers to target these opposite objectives. Hydrological models forced by both
forecasted meteorological variables and climate time series, representing potential
future variability, may be used as main hydrological tools for forecast preparation in
the extended streamflow forecast (ESP) mode. In such a snow melt dominating
condition, the snow water equivalent (SWE) on the ground is one of the more critical
initial conditions for accurate forecast preparation since it generates a large part of
the runoff. It appears that, over the last years, major errors for spring flood volume
assessments were obtained when using the Quebec flow forecasting system despite
the fact that a stand-alone snow model (used for SWE initial conditions) and a
hydrological model (used for inflow forecast) produced generally good results when
working independently in calibration and validation periods.
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Complex hydrosystem could be manage: example of Cha  rente basin?

Fabien Christin 2
! UMR 8148 IDES, Paris-Sud University, Orsay, France
> UMR G-EAU, IRD, AgroParisTech, Cemagref, Cirad, Cemagref, Montpellier, France

In period of low-flow, some river basins face an imbalance between available water resources and
water uses. In France, the development of irrigation since 1970’s is the most important cause of this.
The Upstream Charente river basin in France faces an important imbalance added to high sensitivity
of water resource to climatic conditions. The water management in Charente is based on two main
actions: a Volumetric Management of irrigation withdrawals (VM) and a Decision Support System
(TBR).

The VM is implemented in this basin since the creation of a new dam (Mas-Chaban) in year 2000,
which allows to resupply the river. A VM consists to find an equitable water distribution among users
and to define water access rules, taking into account the water scarcity level. VM already exists in
systems where water supply is foreseeable with a good probability (aquifer or dam).

The TBR model (Tableau de Bord de la Ressource en eau) is a DSS model with hydrologic
modules, based on the Mordor model from EDF, and irrigation water demand modules. According to
the low volumes available for water dam releases and the important water demand, managers are
faced with the task to identify optimal or near-optimal water management solutions in highly complex
hydrosystems.

In fact, none of the two solutions is effective for the moment. No management instrument is
able to limit the effects of the farmers’ over-equipment in pumping capacity (farmers have a
pumping capacity at least twice higher than the maximal discharge capacity of dams). The
lack of knowledge on the irrigation withdrawals makes TBR forecasting quite difficult. Thus,
we investigate economic instruments that can match simultaneously many objectives: to
prevent the effect of farmer’s over-equipment, to control farmer’s withdrawals and to conduct
farmers to give information on their irrigation practices (volumes and flows rate, at least, one
week in advance). Therefore, this integrated Hydrologic-Agronomic-Economic solution could
improve TBR forecasting in low-flow situation. From these new information in the DSS,
managers could better evaluate water dams releases and, accordingly, try to reduce the
numbers of irrigation interdictions, and so, the pressure on the water resources.
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Social events

Wednesday 18 June, 19:30 — Workshop dinner
Thursday 19 June, 19:00 — Wine and cheese tasting
Friday 20 June, afternoon — Visit the gardens of the Versailles castle
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Wednesday 18 June, 19:30 — Workshop dinner

Location:
The dinner will be at the restaurant La Dame de Canton on a boat on the Seine River
(also called Guinguette Pirate).

Address

Port de la gare

quai Frangois Mauriac

75013 PARIS

Tel: 0145844171

Web: www.damedecanton.com
The boat is located in front of the
National Library

Participation
40 euros per person

How to go there from ENGREF (about 25 minutes)

Take Metro Line #6 Direction Nation at Montparnasse station
Stop at Quai de la Gare (10™ station)

The restaurant is five minutes walking from the station.

Location map

Paris Rive
Gauche
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Thursday 19 June, 19:00 — Wine and cheese tasting

Location
The wine and cheese tasting will be at ENGREF (workshop building).

Organization
It is organized by the International Club of Social Hydrology
(www.hydrologiesociale.org) and sponsored by EDF-DTG.
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Participation
15 euros per person
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Friday 20 June, afternoon — Visit the gardens of th e Versailles castle

Details of the visit

You will be able to visit the gardens during the afternoon (and play frisbee for those
who want to!).

A visit of the hydraulic network that feeds the fountains will be organized at 16:00.

How to reach the castle

Take suburb train (Direction Dreux) at Montparnasse station. Stop at Versailles
Chantiers (trip is about 20 minutes). The castle is 20 minutes walking from the
station. A grouped departure from ENGREF will be organized after lunch.

Location map

Participation
The return ticket to go from Paris to Versailles is 5.6 euros
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