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Latest developments of the airGR rainfall-runoff modelling R-package: composite calibration/evaluation criterion and improved snow model to take into account satellite products
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 [START_REF] Riboust | Revisiting a simple degree-day model for integrating satellite data: implementation of SWE-SCA hystereses[END_REF]A new vignette explains how to use it

Validation performance criteria distributions on SCA and flow using CemaNeige with or without the Linear Hysteresis q q q q q q q q q q q q q q q q q q q q q q q q q q q q qq q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q qq q q q q q q q q q Q SCA 0.0 ## efficiency criteria: 75 % KGE'(Q) + 5 % KGE'(SCA) on each of the 5 layers inCrit <-CreateInputsCrit(FUN_CRIT = rep("ErrorCrit_KGE2", 6), InputsModel = inMod, RunOptions = optRun, Obs = basinObs[IndCal, c("Qmm", "SCA1", "SCA2", "SCA3", "SCA4", "SCA5")], VarObs = list("Q", "SCA", "SCA", "SCA", "SCA", "SCA"), Weights = list(0.75, 0.05, 0.05, 0.05, 0.05, 0.05)) ## efficiency criteria: 75 % KGE'(Q) + 5 % KGE'(SCA) on each of the 5 layers inCrit <-CreateInputsCrit(FUN_CRIT = rep("ErrorCrit_KGE2", 6), InputsModel = inMod, RunOptions = optRun, Obs = basinObs[IndCal, c("Qmm", "SCA1", "SCA2", "SCA3", "SCA4", "SCA5")], VarObs = list("Q", "SCA", "SCA", "SCA", "SCA", "SCA"), Weights = list(0.75, 0.05, 0.05, 0.05, 0.05, 0.05)) ## efficiency criteria: 75 % KGE'(Q) + 5 % KGE'(SCA) on each of the 5 layers inCrit <-CreateInputsCrit(FUN_CRIT = rep("ErrorCrit_KGE2", 6), InputsModel = inMod, RunOptions = optRun, Obs = basinObs[IndCal, c("Qmm", "SCA1", "SCA2", "SCA3", "SCA4", "SCA5")], VarObs = list("Q", "SCA", "SCA", "SCA", "SCA", "SCA"), Weights = list(0.75, 0.05, 0.05, 0.05, 0.05, 0.05))

## calibration (GR4J with CemaNeige) outCal <-Calibration(InputsModel = inMod, RunOptions = optRun, InputsCrit = inCrit, CalibOptions = optCal, FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel) Grid-
## calibration (GR4J with CemaNeige) outCal <-Calibration(InputsModel = inMod, RunOptions = optRun, InputsCrit = inCrit, CalibOptions = optCal, FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel) Grid-
## calibration (GR4J with CemaNeige) outCal <-Calibration(InputsModel = inMod, RunOptions = optRun, InputsCrit = inCrit, CalibOptions = optCal, FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel) ## efficiency criteria: 75 % KGE'(Q) + 5 % KGE'(SCA) on each of the 5 layers inCrit <-CreateInputsCrit(FUN_CRIT = rep("ErrorCrit_KGE2", 6), InputsModel = inMod, RunOptions = optRun, Obs = basinObs[IndCal, c("Qmm", "SCA1", "SCA2", "SCA3", "SCA4", "SCA5")], VarObs = list("Q", "SCA", "SCA", "SCA", "SCA", "SCA"), Weights = list(0.75, 0.05, 0.05, 0.05, 0.05, 0.05)) ## efficiency criteria: 75 % KGE'(Q) + 5 % KGE'(SCA) on each of the 5 layers inCrit <-CreateInputsCrit(FUN_CRIT = rep("ErrorCrit_KGE2", 6), InputsModel = inMod, RunOptions = optRun, Obs = basinObs[IndCal, c("Qmm", "SCA1", "SCA2", "SCA3", "SCA4", "SCA5")], VarObs = list("Q", "SCA", "SCA", "SCA", "SCA", "SCA"), Weights = list(0.75, 0.05, 0.05, 0.05, 0.05, 0.05))

Grid

Composite criterion preparation

## calibration (GR4J with CemaNeige) outCal <-Calibration(InputsModel = inMod, RunOptions = optRun, InputsCrit = inCrit, CalibOptions = optCal, FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel) Grid-
## calibration (GR4J with CemaNeige) outCal <-Calibration(InputsModel = inMod, RunOptions = optRun, InputsCrit = inCrit, CalibOptions = optCal, FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel) 
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  Time series of simulated flows and internal state variables • Efficiency criteria • Plot diagnostics for simulation Inputs • Precipitation and temperature time series • Streamflow time series • Catchment size and latitude • Hypsometric curve (for snow module) 01/1991 01/1992 01/1993 01/1994 01/1995 01/1996 01/1997 01/1998 01

  criterion for calibration of the Linear Hysteresis CemaNeige Variables needed (note the need for the SCA data) of the InputsModel object inMod <-CreateInputsModel(FUN_MOD = "RunModel_CemaNeigeGR4J", DatesR = basinObs$DatesR, Precip = basinObs$P, PotEvap = basinObs$E, TempMean = basinObs$T, ZInputs = median(basinInfo$HypsoData), HypsoData = basinInfo$HypsoData, NLayers = 5) ## calibration period selection IndCal <-seq(which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2000-09-01"), which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2005-08-31")) ## preparation of the CalibOptions object optCal <-CreateCalibOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel, IsHyst = TRUE) ## preparation of the RunOptions object for the calibration period optRun <-CreateRunOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", InputsModel = inMod, IndPeriod_Run = IndCal, IsHyst = TRUE)

  of the InputsModel object inMod <-CreateInputsModel(FUN_MOD = "RunModel_CemaNeigeGR4J", DatesR = basinObs$DatesR, Precip = basinObs$P, PotEvap = basinObs$E, TempMean = basinObs$T, ZInputs = median(basinInfo$HypsoData), HypsoData = basinInfo$HypsoData, NLayers = 5) ## calibration period selection IndCal <-seq(which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2000-09-01"), which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2005-08-31")) ## preparation of the CalibOptions object optCal <-CreateCalibOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel, IsHyst = TRUE) ## preparation of the RunOptions object for the calibration period optRun <-CreateRunOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", InputsModel = inMod, IndPeriod_Run = IndCal, IsHyst = TRUE)

1

  Calibration options preparation (note the need for the new IsHyst argument) of the InputsModel object inMod <-CreateInputsModel(FUN_MOD = "RunModel_CemaNeigeGR4J", DatesR = basinObs$DatesR, Precip = basinObs$P, PotEvap = basinObs$E, TempMean = basinObs$T, ZInputs = median(basinInfo$HypsoData), HypsoData = basinInfo$HypsoData, NLayers = 5) ## calibration period selection IndCal <-seq(which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2000-09-01"), which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2005-08-31")) ## preparation of the CalibOptions object optCal <-CreateCalibOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel, IsHyst = TRUE) ## preparation of the RunOptions object for the calibration period optRun <-CreateRunOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", InputsModel = inMod, IndPeriod_Run = IndCal, IsHyst = TRUE)

  of the InputsModel object inMod <-CreateInputsModel(FUN_MOD = "RunModel_CemaNeigeGR4J", DatesR = basinObs$DatesR, Precip = basinObs$P, PotEvap = basinObs$E, TempMean = basinObs$T, ZInputs = median(basinInfo$HypsoData), HypsoData = basinInfo$HypsoData, NLayers = 5) ## calibration period selection IndCal <-seq(which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2000-09-01"), which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2005-08-31")) ## preparation of the CalibOptions object optCal <-CreateCalibOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel, IsHyst = TRUE) ## preparation of the RunOptions object for the calibration period optRun <-CreateRunOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", InputsModel = inMod, IndPeriod_Run = IndCal, IsHyst = TRUE)

  of the InputsModel object inMod <-CreateInputsModel(FUN_MOD = "RunModel_CemaNeigeGR4J", DatesR = basinObs$DatesR, Precip = basinObs$P, PotEvap = basinObs$E, TempMean = basinObs$T, ZInputs = median(basinInfo$HypsoData), HypsoData = basinInfo$HypsoData, NLayers = 5) ## calibration period selection IndCal <-seq(which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2000-09-01"), which(format(basinObs$DatesR, format = "%Y-%m-%d") == "2005-08-31")) ## preparation of the CalibOptions object optCal <-CreateCalibOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", FUN_CALIB = Calibration_Michel, IsHyst = TRUE) ## preparation of the RunOptions object for the calibration period optRun <-CreateRunOptions(FUN_MOD = "RunModel_CemaNeigeGR4J", InputsModel = inMod, IndPeriod_Run = IndCal, IsHyst = TRUE)

  maps on France for GR4J, GR5J & GR6J models for ungauged bassins (Poncelet et al., submitted) available soon through a Shiny interface airGRtools: different useful tools like event detection, statistics computations (Base Flow Index, Standardized Streamflow Index), etc. Download the airGR packages on the Comprehensive R Archive Network airGR: https://CRAN.R-project.org/package=airGR/ airGRteaching: https://CRAN.R-project.org/package=airGRteaching/

  KGE'[Q], 0.05 * KGE'[SCA], 0.05 * KGE'[SCA], 0.05 * KGE'[SCA], 0.05 * KGE'[SCA], 0.05 * KGE'[SCA]) airGRmaps interface (Génot & Delaigue, 2019) to get parameter values of GR4J, GR5J or GR6J all over France

	Grid-Screening in progress (0% 20% 40% 60% 80% 100%)		
	Screening completed (6561 runs)				
	Param = 432.681, -0.020, 83.096,	2.384,	0.002,	3.787, 15.000,	0.850
	Crit. Composite	= 0.8139				
	Steepest-descent local search in progress			
	Calibration completed (107 iterations, 8248 runs)			
	Param = 419.893,	0.517, 275.687,	1.345,	0.632,	3.864, 16.911,	0.472
	Crit. Composite	= 0.8995				
	Formula: sum(0.75 *				

1 airGR get started with the packages or discover advanced uses High degree of customization with airGR:

https://hydrogr.github.io/airGR/ Simple features to learn hydrology with airGRteaching

[START_REF] Delaigue | airGR and airGRteaching: Two Open-Source Tools for Rainfall-Runoff Modeling and Teaching Hydrology[END_REF][START_REF] Delaigue | airGRteaching: Teaching Hydrological Modelling with the GR Rainfall-Runoff Models[END_REF]

:

https://hydrogr.github.io/airGRteaching/