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Using the airGRteaching R package for hydrology courses
using lumped hydrologlcal models

EGU

airGRteaching (Delaigue et al., 2018) is an add-on package to the airGR package (Coron et al., 2017). It includes the GR rainfall-runoff models and the CemaNeige
snow melt and accumulation model. This package is easy to use and provides graphical devices to help students to explore data and analyse modelling results.
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Why using airGRteaching for teaching hydrological modelling? Data preparation, calibration and simulation with the GR5J model (+ CemaNeige snow model) 'Model diagram’ & 'State variables’ panels of the 'Shiny’ interface
## data.frame of observed data airGRteaching TRy WPy (2] metocetn  runctonaiies & abour =
» It offers an interactive interface to showcase the rainfall-runoff model components data(L0123002) choose s ot i et the trget dote
: BasinObs2 <- BasinObs[, c("DatesR", "P", "E", "Qmm", "T")] T R R —
> t Can be run Wlth your Own data L Jand basi - L.;E-'i:'.-:'. 1995-01-28  19%6-02-24  195703-22 1558-04-18 1954-01-02 19550102 1996-01-03 '.5.;'-:;-:3.. 19580104 1958-12-31
» It uses fast-running conceptual GR models (annual to hourly time steps) ## Preparation of observed data for modelling N T WTW w r WWW E P Cokoron s ook
[ - - - - = i = ! I i = Hydrological mode Snow model =] w0 | ] | NSE [Q] 0.2
» Free and open-source, available on all platforms (Linux, Mac OS & Windows) PREP <~ PrepGR(UbsDF = BasinObs2, Hydrolodel = "GRSJ", Cemalleige = TRUE, ool mode el 2 T M‘MW I W A \ A e B
ZInputs = median(BasinInfo$HypsoData), HypsoData = BasinInfo$HypsoData) GR4) T None T =, i P el o3 oo
Parameters values: g 40 ' Es Ps Pn-Ps KeEfoT 078 00
## Calibration step e T S " | ' KGEKE;SSE?; S
aer RteaChlng funCtlonaIItles CAL <- CalGR(PrepGR = PREP’ Calcrit = "KGE" ’ Verbose = FALSE’ _ S0 750 LODD 1250 1500 1750 2,000 2,250 2,500 5 s .4 . ; t Show previous simulation (Qold)
WupPer = NULL, CalPer = c("1990-01-01", "1993-12-31")) X2 (itercatchment exchange coeff) 5 ,fﬁ v 2 % *:. s —] oM ® Yes
. . -5 (/] 5 [ram/d] £ B Ry <t g &8 Perc. ———»——FPr
very low programming skills needed e R _;** U £ i v Lo an m
> v th £ ti t let hvdrological delli : ## Plot the parameter values and the criterion during calibration ( - '] - Sl z ?A i & % g i Y T
- X3 (routing store capacity 1| & ¥
only three functions to complete a hydrological modelling exercise: blot (CAL, which = "iter") ot sore o . IRV IR, *v B Y _;:
> data preparatlon (requwes few InPUt Varlables) Evolution of parameters and efficiency criterion AR R RS LR = Qs at
> model calibration i . dLJring the itera:(t;ons of the sfepest—descznt step - ij[d(]“"rmraph“"‘ec""m"" - 2 j:
D 'HOW Simulation = — gg - 7 Eg_o % | 0.5 L5 25 315 45 55 65 75 &5 9.5 10 .S 0 SRt%LrJéinQ ) - - .
. . . i%' ," S 8- é °© g o | S Automatic calibration: =2 ; O|r o
» plotting functions to help students to explore observed data and to interpret results: IS . s N'-| = > Objecive function MW A Y
. . . . g : . % o s g S I. § S | NSE [Q] v Jan 1994  Jan1995  Jan1996  Jan1997  Jan 1998 Q
> static graphs ('graphics’ package) 2gd | 2| 4 B .\ : &- )
D interaCtive graphs (,dygraphs, paCkage) g- 5-# | | | | | g i 1_—:| | | 1 1 § §-l 1 1 1 1 1 T E E-l | | | | | | g- . P .
. . . . . . 0 20 60 100 0 20 60 100 c 0 20 60 100 2 0 20 60 100 airGRteaching a Interface lul ~ Functionalities $¥  About =
> plot functions automatically recognize the airGRteaching objects _ y ¥ H . |
, . , . . . . E — (é, 8 | Choose a plot: Select the time window:
» a 'Shiny’ graphical interface for (only daily models available): R I R <, s I Choose a dataset: Sute s~
. . . § % S_ .g, «® ® Low_land bas'ln - 'f:'_-:'_ 1555-01-28 1556-02-24 1957-03-22  1598-04-18 I
> displaying the impact of model parameters on hydrographs = 3-’ £ EEe h oot rout e o o
. . . g 0 e o 7 ) 2] . Choose a model: NSE 028
> manual and automatic model calibration g £ o 2 °1| oo model  Snowmod e m
> state variable visualisation ) N - I ol - T ene - M L WY 03 000
c 0 20 60 100 0 20 60 100 § 0 20 60 100 0 20 40 60 80 100 120 = 150 . KGE [Q] 0.78 0.20
B Parameters values: % \J )J R
x1ctionstorecapacitv] S E ﬁ \W KGE[1/Q] 015 -0.21
J Show previous simulation (Qold)

100 1 “1
GEtting started with the package ## Simulation step using the result of the automatic calibration method QT \J —
SIM <- SimGR(PrepGR = PREP, CalGR = CAL, EffCrit = "NSE", > (ereatchment exchange cocf) h'l ‘l“ H Iml " ﬁ"l \ ii
WupPer = NULL, SimPer = c("1994-01-01", "1998-12-31")) £ bouniad s 35 o

» Documentation available with the R command: vignette("airGRteaching") MDA S . — r— Qobs —gsim-- Qo e
. . . . X3 (routing store capacity)
» airGR Website: https://webgr.irstea.fr/en/airGR/ ## Crit. NSE[Q] = 0.8376 e — 20
2 Péot gz’mlng an overvtew of the model outputs e L yeroaraph tne constant) - E ”
- - lot (SIM — z
Download the airGRteaching package proRi — S N e — SUEER R
g p g g ® g - 14‘ " Ll . i il r' . G, "rrl g -'L'_,irl mw—q Automatic calibration: ] |
- . @ ' % ’9 - |} | 1 1 I | 1 1 I | 1 1 I | 1 1 I | 1 1 — Oplective function
> FFCEIy available on the Comprehenswe Archive Network: S 01/1994 01/1995 01/1996 01/1997 01/1998 NSE Q] - ) -
. . . GE). Jan 1994 Jul 1994 Jan 1995 Jul 1995 Jan 1996 Jul 1996 Jan 1997 Jul 1997 Jan 1998 Jul 1998
https://CRAN.R-project.org/package=airGRteaching/ ——
8 . -+ layers
o o - Future developments
| | o s, |
5} . . . ' . 7 =
Effects of the different action buttons on the 'Shiny’ interface : . | | | » Additional models in the 'Shiny’ interface (GRQM 3 GR4H)
airGRteachlng aﬁ : Interface [l Functionalities # About = T T T T T T : T T T T T T T T T A . q . - ! q s
220 T T T T —T— » New plots to visualize snow simulation in the 'Shiny’ interface
Choose a plot: Select the time window: Select the target date:
Choose a dataset: Mode! diagram v . e § - ot —— mean
I —— —_ o . L -+ -+ layers
Low-land basin v < — g - REEA . REfe rences
: . . . Criterion Qsim || Qold _\é 8 n X " - oo . . Lt .
:::I:S:gza:nn?::; Snow model 4— 4 possible graphical panels Hne SEIec-tlon w!ndow NSE [Q] m 0.2 8 = ] c . 5 / c .
. s i a"(‘:::‘irff:rﬂ:l'sgartim:;te () 05| om0 g % » Coron, L., Thirel, G., Delaigue, O., Perrin, C. & Andréassian, V. (2017). The suite of lumped GR
wsElar oo oee . c : hydrological models in an R package. Environmental Modelling & Software 94, 166-171. DOI:
Parameters values: input dataset choice o KeELQl  o0s8) 020 ! ' ' ' ! ' ' ' ! ' ' ' ! ' ' ' ! ' ' ' )
A — (possibility to use external data) \ criteria values . KGE[sqrt(Q)]  0.82] 0.32 01/1994 01/1995 01/1996 01/1997 01/1998 10.1016 / j.envs oft.2017.05.002.
(250 ) 2,500 [ on the active time window KGE[1/Q]  0.a5| -0.21 . . . . . . . .
) - k 2 - — » Delaigue, O., Coron, L. & Brigode, P. (2018). airGRteaching: Teaching Hydrological Modelling with the
Show previous simulation (Qold) == simulate - ! - ! -
2 (rtercatehment exchange co _ _ _ Pl e v — e GR Rainfall-Runoff Models ('Shiny’ Interface Included). R package version 0.2.2.2. URL:
e e ) daily hydrological model choice % ) )
-5 [mm/d] 5 [mm/d] (GR4J, GRS5J or GRGJ) coupled or not & Download sim. as csv é S httpS . //Webgr o lrStea o fr/en/aerR/
' with the CemaNeige snow model & Download plot as png 2 _ _ _ _ _ i i
X5 (routing store capacity) 2 i » Delaigue, O., Thirel, G., Coron, L. & Brigode, P. (under review). airGR and airGRteaching: two
1,000 ] hd 3 . . J/ " . . . .
s possibility to show the s+ T open-source tools for rainfall-runoff modeling and teaching hydrology. HIC2018 proceedings, 13th
manual calibration with moving sliders . imulati iteri buttons t t = 01/1994 01/1995 01/1996 01/1997 01/1998
unit hydrograph time constan derstand the impact of each B U Sl Sl RO £ = International conference of Hydroinformatics, July 2018, Palermo, ltal
’::[fﬂ °g »ls e g to values and curve on graphs) graphs and data T o o y 1 y 1 1 y-
‘ parameter to compare performances (to insert into reports) £ -ﬁ — - — observed g - @
GE') g 7] . E o | — simulated ; o
Automatic calibration: '05)1 . E o+ = .%’ @)
Objective function automatic calibration to understand = 3 = - E - ° g° _ _ )
NSE [Q] - the role of the objective function and E’ "1 \ < 3 1 log scale S ST o B0 °° " g ccae Natlo_nal Research Institute \\" ~4 g
the choice of the flow transformation Q@ TT T T T T T T T 1T 1711 | | | | | | E [ E— — of Science and TGChﬂO'Ogy A\ ~
% Jan Mar May Jul Sep Nov 0 0.2 0.4 0.6 0.8 1 0.5 1 2 5 10 for Environment and Agriculture ‘ T
GEJ_ 30-days rolling mean non-exceedance prob. [-] observed flow [mm/d]
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