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Nouveautés autour du package airGR
La galaxie airGR

Développement d’outils de modélisation hydrologique

But
Développer des outils collaboratifs pour la capitalisation et le partage des
savoirs autour des modèles GR

Objectifs
Recherche
I Développer des outils souples et efficients
I Intégrer les apports des travaux récents

Opérationnels, bureaux d’études & étudiants
I Développer des outils simples d’utilisation
I Réaliser le transfert de ces outils
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La galaxie airGR

Galaxie airGR | Outils

Un ensemble de packages R et d’interfaces graphiques pour mettre en œuvre
les modèles pluie-débit GR

airGR
rainfall–runoff

models

airGRteaching
for teaching
hydrology

GUI

airGRdatassim
data

assimilationairGRiwrm
water
resources
management

baseflow

index

airGRmaps

GR4J & GR5J
parameter maps
for France

1
Les interfaces graphiques sont disponibles sur sunshine.irstea.fr

4es Rencontres HydroGR airGR@inrae.fr La galaxie airGR 3 | 16

https://sunshine.irstea.fr/


Nouveautés autour du package airGR
La galaxie airGR

Package airGR

airGR | Fonctionnalités

Fonctionnalités implémentées

Suite des modèles pluie-débit de la famille GR
Modèle de neige CemaNeige
Algorithme de calage des paramètres des modèles
Critères d’évaluation de performance
Outils de manipulation et d’affichage des données

Nature de l’implémentation

Fonctions codées en et si besoin interfacées avec le Fortran
Cœur des modèles en Fortran pour assurer une bonne rapidité de calcul
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La galaxie airGR

Package airGR

airGR | Modèles disponibles

1 modèle de fonte et d’accumulation de la neige :
CemaNeige : modèle degré-jour (version simple ou utilisation de données
satellitaires)

7 modèles hydrologiques (globaux ou semi-distribués)
Modèle annuel
I GR1A : 1 paramètre

Modèle mensuel
I GR2M : 2 paramètres

Modèles journaliers
I GR4J : 4 paramètres (+ CemaNeige)
I GR5J : 5 paramètres (+ CemaNeige)
I GR6J : 6 paramètres (+ CemaNeige)

Modèles horaires
I GR4H : 4 paramètres (+ CemaNeige)
I GR5H : 5 paramètre (+ CemaNeige)
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Package airGR

airGR | Outils complémentaires

Critères disponibles :

RMSE : erreur quadratique moyenne
NSE : critère d’efficacité de Nash–Sutcliffe
KGE : critère d’efficacité de Kling-Gupta
KGE’ : critère d’efficacité de Kling-Gupta modifié
Possibilité de personnaliser son critère composite

Algorithme d’optimisation disponible :

Méthode pas-à-pas développée par Claude Michel
Possibilité de brancher des méthodes proposées dans d’autres packages
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Package airGR

airGR | Dernières nouveautés notables

Modélisation hydrologique semi-distribuée

un modèle au choix par sous-bassin (+ CemaNeige)
régularisation des paramètres
possibilité d’injecter les débits obervés ou simulés

Modélisation au pas de temps horaire

modèle GR5H (RunModel_GR5H() RunModel_CemaNeigeGR5H())
estimation de la capacité maximale du réservoir d’interception
pour GR5H (Imax())

Agrégation de chroniques (SeriesAggreg())

agrégation personnalisée (ex. : "min", "Q95", ..., personnalisable)
calcul de régimes
application directe sur les objets InputsModel & OutputsModel
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La galaxie airGR

Package airGRteaching

airGRteaching | Des outils informatiques adaptés aux besoins de chacun

airteaching

airGRteaching pensé pour :

faciliter l’usage des modèles par les personnes peu familières
avec la programmation informatique
proposer des outils clé en main

air

airGR pensé pour :

permettre une grande flexibilité d’utilisation
proposer des options plus poussées de modélisation

airGR & airGRteaching proposent les mêmes modèles hydrologiques,
mais se distinguent par des ergonomies différentes

4es Rencontres HydroGR airGR@inrae.fr La galaxie airGR 8 | 16



Nouveautés autour du package airGR
La galaxie airGR

Package airGRteaching

airGRteaching | Des outils informatiques adaptés aux besoins de chacun

airteaching

airGRteaching pensé pour :

faciliter l’usage des modèles par les personnes peu familières
avec la programmation informatique
proposer des outils clé en main

air

airGR pensé pour :

permettre une grande flexibilité d’utilisation
proposer des options plus poussées de modélisation

airGR & airGRteaching proposent les mêmes modèles hydrologiques,
mais se distinguent par des ergonomies différentes

4es Rencontres HydroGR airGR@inrae.fr La galaxie airGR 8 | 16



Nouveautés autour du package airGR
La galaxie airGR

Package airGRteaching

airGRteaching | Des outils informatiques adaptés aux besoins de chacun

airteaching

airGRteaching pensé pour :

faciliter l’usage des modèles par les personnes peu familières
avec la programmation informatique
proposer des outils clé en main

air

airGR pensé pour :

permettre une grande flexibilité d’utilisation
proposer des options plus poussées de modélisation

airGR & airGRteaching proposent les mêmes modèles hydrologiques,
mais se distinguent par des ergonomies différentes

4es Rencontres HydroGR airGR@inrae.fr La galaxie airGR 8 | 16
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La galaxie airGR

Package airGRteaching

airGRteaching | Fonctionnalités

Code informatique simplifié :

trois fonctions suffisent à la mise en œuvre de la chaîne de modélisation
sorties graphiques prédéfinies (statiques et dynamiques)

Interface graphique :

simulations des débits via un calage manuel des paramètres
calage automatique des paramètres
visualisation des états internes des modèles
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Package airGRteaching

airGRteaching | Interface graphique

Nouveauté :
modèle GR2M dans l’interface graphique
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Nouveautés autour du package airGR
La galaxie airGR

Interface graphique airGRmaps

airGRmaps | Interface graphique

Fournir des paramètres régionalisés en France pour les modèles hydrologiques
journaliers GR4J & GR5J

4es Rencontres HydroGR airGR@inrae.fr La galaxie airGR 11 | 16
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Package airGRdatassim

airGRdatassim | Assimilation de données de débit avec les modèles GR

Disponible sur le CRAN
Piazzi, G. and Delaigue, O. (2021). airGRdatassim: Suite of Tools to Perform
Ensemble-Based Data Assimilation in GR Hydrological Models. R package
version 0.1.3, doi : 10.15454/WEYYVZ,
https://CRAN.R-project.org/package=airGRdatassim.

1. Introduction
In recent decades, the ever-increasing urban sprawl in areas prone to hydrology-related hazard (Szewrański 
et al., 2018) and the impact of climate change on precipitation patterns (Pfahl et al., 2017) increasingly 
require efficient management of water resources. Skillful operational streamflow forecasting systems have 
been developed to support decision-makers in a wide range of real-life applications (Zappa et al., 2018), 
such as the forecasting of both flooding events (Alfieri & Thielen, 2015; Blöschl et al., 2017) and critical 

Abstract Skillful streamflow forecasts provide key support to several water-related applications. 
Because of the critical impact of initial conditions (ICs) on forecast accuracy, ever-growing interest is 
focused on improving their estimates via data assimilation (DA). This study aims to assess the sensitivity 
of the DA-based estimation of forecast ICs to several sources of uncertainty and the update of different 
model states and parameters of a lumped conceptual rainfall–runoff model over 232 watersheds in 
France. The performance of two sequential ensemble-based techniques, namely, the ensemble Kalman 
filter (EnKF) and the particle filter (PF), is compared in terms of efficiency and temporal persistence (up 
to 10 days) of the updating effect through the assimilation of observed discharges. Several experiments 
specifically address the impact of the meteorological, state, and parameter uncertainties. Results show 
that an accurate estimate of the initial level of the routing store of the conceptual model ensures the 
most benefit to the DA-based estimation of forecast ICs. While EnKF-based forecasts outperform PF-
based ones when accounting for meteorological uncertainty, the more comprehensive representation of 
the state uncertainty makes it possible to greatly improve the accuracy of PF-based predictions, with a 
longer-lasting updating effect. Conversely, forecasting skill is undermined when accounting for parameter 
uncertainty, owing to the change in hydrological responsiveness. This study extensively addresses several 
sensitivity analyses in order to provide useful recommendations for designing DA-based streamflow 
forecasting systems and for diagnosing possible deficiencies in existing systems.

Plain Language Summary Accurate streamflow forecasts are of critical importance to 
several real-time applications, such as water resource management and flood prevention. The predictive 
accuracy critically depends on the quality of the forecast initial conditions. Data assimilation (DA) 
techniques are increasingly being implemented to obtain the most likely estimation of forecast initial 
conditions through the assimilation of observed hydrological variables. This study compares the 
performances of two DA techniques, namely the Ensemble Kalman filter and the Particle filter, in terms 
of both efficiency and temporal persistence (up to 10 days) of the updating effect. The analysis addresses 
the impact of different sources of uncertainty and the update of different model states and parameters 
of a lumped conceptual hydrological model, when assimilating observed discharges over 232 watersheds 
in France. Results show that an accurate estimation of the initial level of the routing store ensures the 
most benefit of DA, as this state variable is the most correlated with observations. A comprehensive 
representation of the state uncertainty generally improves the estimation of the forecast initial conditions 
resulting from the assimilation. While the Ensemble Kalman filter outperforms the Particle filter in the 
short term, this latter guarantees a longer-lasting updating effect over the forecast horizon.

PIAZZI ET AL.

© 2021. American Geophysical Union. 
All Rights Reserved.

Sequential Data Assimilation for Streamflow Forecasting: 
Assessing the Sensitivity to Uncertainties and Updated 
Variables of a Conceptual Hydrological Model at Basin 
Scale
G. Piazzi1 , G. Thirel1 , C. Perrin1 , and O. Delaigue1 
1Université Paris-Saclay, INRAE, UR HYCAR, Antony Cedex, France

Key Points:
•  Estimation of forecast initial level 

of the routing store of a conceptual 
hydrological model ensures the most 
benefit from data assimilation

•  Updating forecast initial conditions 
using the ensemble Kalman filter 
results in a greater improvement in 
predictive accuracy in the short term

•  The particle filter guarantees a 
longer-lasting effect of the update of 
initial conditions over the forecast 
horizon

Supporting Information:
Supporting Information may be found 
in the online version of this article.
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Package airGRdatassim

airGRdatassim | Principe de l’assimilation séquentielle des données

Données observées incertaines sont assimilées pour contraindre le modèle
États mis à jour sont propagés dans les pas de temps futurs
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Package airGRdatassim

airGRdatassim | Faire de l’assimilation de données avec airGRdatassim

Fonctionnalités
Modeles disponibles
I modèles hydrologiques journaliers uniquement (GR4J, GR5J & GR6J)

Méthodes
I filtre de Kalman d’ensemble
I filtre particulaire

Variables assimilées
I débit

Variables perturbées
I incertitudes liées au forçage météorologique

(précipitations et/ou évapotranspiration potentielle)
I états du modèle

(niveau du réservoir de production, niveau du réservoir de routage et/ou
hydrogrammes unitaires)
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Package airGRiwrm

airGRiwrm | Modélisation de la gestion intégrée de la ressource en eau

Disponible sur GitLab

Code : https://gitlab.irstea.fr/in-wop/airGRiwrm

Site web : https://airgriwrm.g-eau.fr/
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Package baseflow

baseflow | Séparation des hydrogrammes
& comblement cohérent de lacunes par modélisation

Disponible sur le CRAN
Pelletier, A., Andréassian, V. and Delaigue, O., 2021, baseflow: Computes
Hydrograph Separation, R package version 0.13.2, doi :10.15454/Z9IK5N,
https://CRAN.R-project.org/package=baseflow.

Hydrol. Earth Syst. Sci., 24, 1171–1187, 2020
https://doi.org/10.5194/hess-24-1171-2020
© Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License.

Hydrograph separation: an impartial parametrisation
for an imperfect method
Antoine Pelletier1,2 and Vazken Andréassian2

1École des Ponts ParisTech, Champs-sur-Marne, France
2Université Paris-Saclay, INRAE, UR HYCAR, Antony, France

Correspondence: Antoine Pelletier (antoine.pelletier@inrae.fr)

Received: 25 September 2019 – Discussion started: 15 October 2019
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Abstract. This paper presents a new method for hydrograph
separation. It is well-known that all hydrological methods
aiming at separating streamflow into baseflow – its slow or
delayed component – and quickflow – its non-delayed com-
ponent – present large imperfections, and we do not claim
to provide here a perfect solution. However, the method de-
scribed here is at least (i) impartial in the determination of its
two parameters (a quadratic reservoir capacity and a response
time), (ii) coherent in time (as assessed by a split-sample test)
and (iii) geologically coherent (an exhaustive validation on
1664 French catchments shows a good match with what we
know of France’s hydrogeology). With these characteristics,
the method can be used to perform a general assessment of
hydroclimatic memory of catchments. Last, an R package is
provided to ensure reproducibility of the results presented.

1 Introduction

Hydrograph separation and the identification of the baseflow
contribution to streamflow is definitely not a new subject
in hydrology. This age-old topic (Boussinesq, 1904; Hor-
ton, 1933; Maillet, 1905) is almost as universally decried as
it is universally used. Indeed, two adjectives appear repeat-
edly in hydrology textbooks: artificial and arbitrary (see e.g.
Linsley et al., 1975; Réméniéras, 1965; Roche, 1963; Chow,
1964). Hewlett and Hibbert (1967) – the famous forest hy-
drology precursors – even added desperate, where Klemeš
(1986) compared the hydrograph separation procedures with
the astronomical epicycles (i.e. the absurd trajectories that
had been invented to maintain the geocentric theory before
the time of Copernicus and Galilei).

To assess baseflow, direct measurement is generally im-
possible, since it is a conceptual quantity, not a physical
one. Proxy approaches involving chemical tracer-based pro-
cedures are efficient but need chemical data and involve
their load of assumptions. Most approaches rely on solv-
ing an inverse problem, i.e. reckoning the quantitative causes
(here baseflow and quickflow) of an observed physical phe-
nomenon – total runoff. This procedure is very common in
hydrology; it is reasonably feasible when the variable can be
measured and a calibration procedure can be implemented.
But here again, the non-measurable character of baseflow
renders the question difficult.

It is perhaps impossible to propose a physically based
baseflow separation procedure (just because of the multiplic-
ity of flow paths that makes the procedure fundamentally
equifinal), and we will not argue about this point. But we
believe that even the imperfect conceptual–mathematical–
empirical methods in use could receive a non-arbitrary, im-
partial, repeatable parametrisation that could be used as a
general-purpose study tool over large catchment sets.

This paper focuses on a hydrograph separation method that
is based only on quantitative streamflow data and climate de-
scriptors and does not require a priori physical parametri-
sation, presented in Sect. 2. The originality of this method
lies in its parametrisation strategy, which we discuss in de-
tail in Sect. 2.2. The application of this procedure to a set of
1664 catchments, its geological coherence and its stability in
time are presented in Sect. 3.

1.1 The principle of hydrograph separation

Hydrograph separation is based on the following assumption:
streamflow can be divided into two components, baseflow

Published by Copernicus Publications on behalf of the European Geosciences Union.
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