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1. Research motivation 4. Added value of piezometry — Meuse@Chooz catchment 6. Added value of piezometry — other catchments
o Thermal power plants adaptation to climate change necessitates the characterization of high o A multi-objective calibration is implemented, optimizing both (i) flow simulation with 4 criterions o We perform the same protocol as in section 4 but for the 33 other watersheds
i i i imati iti focusi different st fl ignat 2 and (ii tuall | t iteri
impact hazards, among which extremely low river flow. Estlmatlc?n met.wods tradltolonally used OeUSIng on |.eren streamflow signatures © and (i) eventually one supplemen ary CHTeron The results led us to propose a classification of the 33 watersheds based on two indices.
rely on extreme value theory, but recent developments now make it possible to consider another base on the affine correspondence between the deep storage level of the model and piezometry

approach coupling a climate generator and a hydrological model. i The first index characterizes the importance of the baseflow in the streamflow (BFI = baseflow index). The second index

The first stud od out ole basin. Th £ b is then (i) t fond Use case: Meuse@Chooz watershed characterizes the a priori representativity of the piezometric time series during low flows (cor QVINA/ZMNA, also used in [°))
e first study wa rri n asin in. r is work | n (i xten : “« ” : : : L
O o f fV S CE: te CIU on as Ee ?‘Sb | e IOUOIIOC?.Se O S .fo hS € \ .0 efeh Method: Extraction of the “Pareto Front” during calibration (R mco package) (nb: Meuse@Chooz watershed: BFl = 0.52 & cor QVINA/ZMNA = 0.8 i.e. in class 3)
. 15 |Ic)rc?o Oh c.oncei O a larger m;mh e; c; Ia5|.ns|an d(I:) to quantity the sensitivity of the Result: n sets of parameters selected at each calibration, i.e. n empirical Q10 estimation to
simu at.lon chain to the parameters ot the hydro qglca modael. . . , be compared to the empirical Q10 reference based on observations (In3 fit + bootstrap) Class 1 (green): BFl > 0.7: piezometric information is not necessary
o In particular, we explore the added value of piezometry (used or not during the calibration : . L , :
)¢ train th totic behayi £ th Jol Class 2 (red): Cor QMNA/ZMNA < 0.6: piezometric information is not relevant / misleading
rocess) to constrain the asymptotic behavior of the model. . . . .
P ymp couple KGE_QMP | KGE_ETG Meuse@Chooz : 1953:2020  F2 Class 3 (orange): BFI < 0.7 & Cor QMNA/ZMNA > 0.6: piezometric information seems to be (sometimes) useful
I R e o I
2. Hydrological model and data : F1 F1P F2 F2p
5 e fe : el . E T o Class1  141%  142%  122%  142%
A. The MORDOR-SD semi-distributed model [? " | : O - | Class2 ~ 553%  1202%  36.7%  529%
e . N *1 010 e By 5Tk 21.4%  17.1%  201%  209%
o A spatial discretization based on orographic zones 0 L ;
13.1-10. 89 - .
o 1 to 24 hours time resolution 2 {53 SO I oo - ey 3 . S . MAE error between Q10_mod and Q10_ref
o 6 interconnected stores (water storage, snow, ice) " keeaw "““ _ nin0) 3L | | o |
o 8 to 15 free parameters (“Pareto Front”: here illustrated in 2 dimensions, in reality 4 or 5 dimensions) 00 02 LI 08 10
o Detailed degree-day schemes for snow and ice mOde”mg 4 different objective functions, with (FIP,F2P) or without (F1,F2) piezometric information &1 Meuse@chooz lllustration with examples from the 3 different classes
o , , o j ( ) ( ) p .
o Evapotranspiration as a function of potential evapotranspiration (PET), Rext: correlation between piezometric data and the model deep store level 5!
crop co efficient and soil wetness KGEetg: KGE on recession subsets (used to constrain the model to fit low flows) —i— ' — } — - e o v — e — - I —
KGEi: KGE on 1/Q,(an alternative to constrain the model to fit low flows) - - : W Vi
B. Hydro-climatic data F1: KGEq+ KGEqmp+ NSHreg + KGEetg O i
F1P : KGEq+ KGEgmp+ NSHreg + KGEetg + Rext . )
\ o Meuse@Chooz catchment (10 173 kmz) ( EDF power plant) Fg,—};;}_a:q : Kfi’};qlup | N.‘Iff:'r:g : K:ii | __Fi calibration SR F1P gajlslib:[a}miomnm : - F1 Ea!ibm.raf?n; | . F1P fajlklra;ucznm |
o 33 other catchments, from ~80 to 2000 km? F2P : KGEq+ KGEqmp + NSHreg + KGEi + Rext —
o . . [3] . . . R=092
; Ilzcr)?cg:;itjltle?/g’ Ee’crrr;?\irai:;:ii).ns'pgsgl: ter;eaenrzlt»;srl: based formula 4] Partial conclusions : 1l
0 Disch . P X p' | h q , Z F2 > F1:i.e. criterion KGEi > KGEetg to constrain the model to fit low flows ? | ;- MJﬂ
© P_'SC arge: I:enc hnatlc?na | y. rometn.c data (https://hydro.eaufrance.fr/) No real improvement while using the “piezometric information” ? W i J"
O Plezometry: French national piezometric data (https://ades.eaufrance fr/) Fragile results on a single case: extension of experiments to the 33 watersheds (cf. section 6) e obsusmodwaterlewel " obs us mod water level

5. Impact on extreme low flow estimation

Use case: Meuse@®Chooz watershed (10 173 km?) 1953-2020 period o For the Meuse@Chooz catchment we perform the framework describe in [1]: we feed our o As already mentioned in previous works, using
' hydrological model with a large number of temperature and rainfall time series produced by a : icinf ion durine th librati
Method: Exploration of MORDOR parameters + calculation of the empirical piezometric information during the calibration
' stochastic weather generator based on hidden Markov models. This allows us to calculate not toi hvdrological model behavi
ten-year annual minimum (Q10) process to improve hydrological model behavior
only the ten-year annual minimum (Q10) but also the thousand-year annual minimum (Q1000) is far for bei iohtf d task
Results: Calculation of sobol indices (R sensobol package) 'S Tar for being a straighttorward tas
o We find the same results as previously (same sensitivity to the objective function used to o Anyway, this first insight allowed us to verify that
Meuse@Chooz : 1953-2020 covor maces [l B © Callbrate the mOdeI fOr the QlOOO Value). The SenSItIVIty analySIS on the ten'year annual our Conceptual model was able to Correctly 8(7;5
8 - kA e MIiNIMuMm (Q].O) therefore seems SUffICIGﬂt at flrSt apprOaCh. represent piezometric information in some g:s
n favorable cases.
: \ 5 o For further work, we intend to use a spatially [ s
i "'\\ veuse@choos NEREReapesER) 2 distributed version of the MORDOR model, o1
g - N : 1 o allowing perhaps an even better reconciliation 0
Q1o = St T = i . . .
140 R 3 j e —i— ;1\ between the piezometric data and the internal
S ! A R R e i S . states of the model.
S o — *fr =p 1 W Meuse@Chooz watershed (10 173 km?)
e : : '\\ Q1000 =
Most sensitive parameters: . —— . ) 7.6 -11.4
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