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New airGR developments

The GR rainfall-runoff models

Overview

GR models is a family of lumped hydrological
models designed for streamflow simulation at
various time steps applied in numerous countries

and for diverse applications

The models are freely available in an R-package
called airGR (Coron et al., 2017, 2021)

The models can easily be implemented on a set
of catchments with limited data requirements
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The airGR constellation

An ensemble of R-packages and graphical user interfaces for running GR
rainfall-runoff models

airGRmaps

GR4J & GR5J
parameter maps
for France

airGRteaching
for teaching

airGR

baseflow rainfall-runoff
index models

airGRdatassim

a a assimilation
airGRiwrm
water ressources
[UERELENEN

The GUIs are available on sunshine.irstea.fr INRAZ
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New airGR developments

Main components of the airGR package

Inputs

Required:

* Precipitation time series

* Pot. evaporation time series
Optional:

* Temperature time series

(for snow module or to compute pot. evaporation)

* Hypsometric curve (for snow module)

+ Latitude (to compute pot. evaporation)

+ Streamflow time series (to calibrate the model)

4

Pot. evaporation computation
formula)

Hydrological models
* GRAH, GRSH (hourly)

+ GR4J, GR5J, GR6! (daily)
* GR2M (monthly)

* GR1A (annual)

tion algorithm

Calibration / Validation

testing procedure
Snow module
CemaNeige Criteria for model

calibration and evaluation

4

Outputs
Simulated streamflows time series

Internal state variables time series
Efficiency criteria (if obs. streamflow provided)
Plot diagnostics for simulation INRAZ
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New features since EGU-2020

m Semi-distributed GR hydrological modelling

> the RunModel () function now allows to run semi-distribution
> new RunModel_Lag() function to perform a single run for the Lag model
> new vignette to explain how to manage with semi-distribution

m New version of the SeriesAggreg() time series aggregation function

> can compute: regimes, quantiles, mean, sum, min, max
> can be applied on: data.frame, list and outputs of CreateInputsModel ()
and RunModelx* ()

m Multi-objective calibration
> explanation added in the Plugging in new calibration algorithms vignette

airGRteaching

m The GUI launched by the ShinyGR() function can now run the monthly
GR2M model (in addition to all daily models)

INRAZ
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New airGR developments

Towards semi-distributed hydrological modelling

Sub-catchments are simulated from upstream to downstream
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New airGR developments

Running semi-distribution with airGR

Data preparation completed with upstream information

# Qupstream: upstream observed discharges

# LengthHydro: distance between upstream catchment outlets & the downstream one [km]

# BasinAreas: wupstream and downstream areas [km?]

InputsModelDown <- CreateInputsModel (FUN_MOD = RunModel_GR4J, DatesR = BasinObs$DatesR,
Precip = BasinObs$P, PotEvap = BasinObs$E,
Qupstream = QObs[, c("Upl", "Up2")],
LengthHydro = c(85, 52)
BasinAreas = c(1450, 427, 870))

Calibration using the combination of Lag model for upstream discharges
transfer and GR4J model for the discharges of the downstream subcatchment

CalibOptionsDown <- CreateCalibOptions(FUN_MOD = RunModel_GR4J,
FUN_CALIB = Calibration_Michel,
IsSD = TRUE) # specify that it's a SD model

OutputsCalibDown <- Calibration_Michel(InputsModel = InputsModelDown,
RunOptions RunOptionsDown,
InputsCrit InputsCritDown,
CalibOptions = CalibOptionsDown,
FUN_MOD = RunModel_GR4J)

INRAZ
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Performing data assimilation of streamflow with the GR models

m Piazzi, G., Thirel, G., Perrin, C. & Delaigue, O. (2021). Sequential data
assimilation for streamflow forecasting: assessing the sensitivity to uncertinties
and to updated variables of a conceptual hydrological model at basin scale.
Water Resources Research, 57, doi: 10.1029/2020WR028390.
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RESEARCH ARTICLE  Sequential Data Assimilation for Streamflow Forecasting:
1010292020 W00 Assessing the Sensitivity to Uncertainties and Updated
Koyboins . Variables of a Conceptual Hydrological Model at Basin

of the routing sore of aconcepal  SCale
hydrological model ensuresthe most

benefit from data assimilation G. Piazzi' ©, G. Thirel' , C. Perrin' ©, and 0. Delaigue’
+ Updating forccast nital conditions
using the ensemble Kalman filter "Université Paris-Saclay, INRAE, UR HYCAR, Antony Cedex, France

esults ina greater mproverment in
e shortterm

- “The paticl fier parantees .
Jonpertting el of e updatcof | ADSEIACE Skillful streamflow forecasts provide key support to several water-related applications.

inital conditons over he forecast Because of the critical impact of initial conditions (ICs) on forecast accuracy, ever-growing interest is

Horizon 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
Supporting Information: model states and parameters of a lumped conceptual rainfall-runoff model over 232 watersheds in
Supporting Information maybe found  France. The £ 1 ble-based techniques, namely, the ensemble Kalman

i the online version of this article. filter (EnKF) and the particle filter (PF), is compared in terms of efficiency and temporal persistence (up

t0 10 days) of the updating effect through the assimilation of observed discharges. Several experiments

Correspondence o specifically address the impact of the ical, state, and parameter inties. Results show

G o that an accurate estimate of the initial level of the routing store of the conceptual model ensures the INRAZ
et hemafit 10 the DA-hased astimation of farseast 10 While B Fohased farseasts nntnorfarm PF-

EGU-2021 — © INRAE. All rights reserved airGR@inrae.fr airGR: semi-distribution and data assimilation 9118


https://doi.org/10.1029/2020WR028390

New airGR developments

Principle of sequential data assimilation

Uncertain observed data are assimilated to constrain the GR model and the
updated states are propagated through future lead times using the GR model

assimilation
simulation forecasting
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Running DA with airGRdatassim

airGRdatassim features

= Model available
> only daily hydrological models (GR4J, GR5J & GR6J)
m Methods

»> Ensemble Kalman Filter (EnKF)
> Particle Filter (PF)

m Assimilated variable
> streamflow
m Specific perturbation procedures

> meteorological forcing uncertainties
(precipitation and/or potential evapotranspiration)
> model states
(production store level, routing store level and/or unit hydrographs)

INRAZ
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Running DA with airGRdatassim

Data preparation:

## package loading
library(airGRdatassim)

## loading catchment data
data(L0123001, package = "airGR")
Param <- c(X1 = 194.243, X2 = -0.088, X3 = 117.740, X4 = 1.680, X5 = 0.000)

## run period selection
IndRun <- seq(which(format(BasinObs$DatesR, format
which(format (BasinObs$DatesR, format

"%Y-Ym-%d") == "2006-01-01"),
"AY-Y%m-%d") == "2007-01-01"))

## preparation of the InputsModel object
InputsModel <- CreateInputsModel(FUN_MOD = RunModel_GR5J, DatesR = BasinObs$DatesR,
Precip = BasinObs$P, PotEvap = BasinObs$E)

INRAS
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Running DA with airGRdatassim

Perturbed meteorological ensemble:

## number of ensemble members
NbMbr <- 30L

## preparation of perturbed meteorological ensemble

InputsPert <- CreateInputsPert(FUN_MOD = RunModel_GR5J,
DatesR = BasinObs$DatesR,
Precip = BasinObs$P, PotEvap = BasinObs$E,
NbMbr = NbMbr)

## results preview on a subset on one perturbed wvariable
plot (InputsPert[IndRun], which = "PotEvap")

Potential evapotranspiration ensemble
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Running DA with airGRdatassim

Data assimilation simulation using Particle Filter:

OutputsModelDA <- RunModel DA(InputsModel = InputsModel,
InputsPert = InputsPert,
Qobs = BasinObs$Qmm,
IndRun = IndRun,
FUN_MOD = RunModel_GR5J, Param = Param,
DaMethod = "PF", NbMbr = NbMbr,
StatePert = c("Prod", "Rout"))

Graphical assessment of the results:
plot (OutputsModelDA, Qobs = BasinObs$Qmm[IndRun])

PF-based discharge simulations

— obs
—— sim (PF)

flow [mm/day]
4
!
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Integrated Water Resources Management modeling

airGRiwrm features

m Extension of the airGR R-package for handling Integrated Water
Resources Management modelling

» See EGU21-2190 in the same session
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Website
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Version control

Software development activities (needs & bug reports)

m https://gitlab.irstea.fr/HYCAR-Hydro/airGR
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