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1. Research question B . 2. Geostatistical model for rainfall estimation
e Closing the water balance in mountain areas is difficult due to R e We use a geostatistical approach based on a ther pattern (WP)
the scarcity and lack of spatial representativeness of point- & P classification in order to estimate daily rainfall temperature fields
4 . NOWPACK water ed. .. g A St > . :
scale rainfall measurements (typically 1 gage for each 100 km?). 4 : from a set of conditioning gages. This classification consists in 8 WPs
& streamflow gage defined according to the pattern of geopotential jf'; at 1000 hPa at the
e No rainfall measurements available above ~2000 m, which Mobdel e#eme”tary synoptic scale (Paquet et al., 2006).
means typically no information in the upper 50% of a meso-scale SHRC LSS ’
catchment in the Alps. Nonetheless we need areal rainfall Bl ationfimiardl) e The geostatistical model aims at reproducing the variability in the 2D
estimates in order to force hydrological models. 4250 geographic plane as well as the orographic effects in the z-dimension.
4000
e We investigate this issue on the Durance River catchment in 3750 _ B B o T e For each weather pattern k, we define a scale ; t H, accounting for
the Southern Alps of France (3600 km? at Espinasses). 3500 pe GLS drift envelope (90% cov.lev.) © the increase of precipitation with elevation and nse rate ¢, for the
3250 iy ® o o Rain gages data Notice how  dacrease of temperature (here we present only the del for rainfall).
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e A template field for WP k, i.e. the mean daily rainfall ) |
= ',— - amount at location x in WP k is defined by: Drift for WP6 Multiplicative residual to drift
] 1 | s 0:8 026
,. Pi(x) = . Z P(x,7) = Bi(x)-exp (—]({ )) B |
- | e The main weakness in the geostatistical model is the lack of points-scale data at high 5 j/wp(i)=k g 0

| elevations in order to constrain the estimation of the drift parameters (rainfall scale !
| heights H, and temperature lapse rates c,). (oj Mul;iplic;ativ; resibdual R(,j<(|>3<) ils assumedl to (Ij:e log-i?ormally x :
istributed and is obtained by log-normal ordinary kriging.
e On the other side, a catchment can be seen as a huge rain gage: streamflow at the . . . . ’ < o
outlet is correlated with areal rainfall. Ensuring water balance closure at the catchment o The ramfall. field for day J, l?elongmg to weather pattern )
scale is thus a strong block constraint on the estimated rainfall fields (the rationale S48 7 wp(j), is obtained by deformation of the template:
behind Top-Kriging, see e.g. Gottschalk, 1993). : " P(x,7) = A(x,j)) ,pwp(j)(x)
5 5 . . . . : % I 60-80
e Paradox: In order to solve the inverse problem (rainfall from streamflow, using block- = Mqlt1pl1cat1ve res!dual. A(X,]) il ol?tamed throqgh X £ . = w000
Multi-objective calibration space, and reverse anamorphosis (Le Moine et al., 2013). ( WP6 template for 1993-03-01 for 1993-03-01
... but this is the actual hydrological model R Criteria on Hydrological criteria
we wanted to identify in the first place! == validation rain gages || (Q, SWE, SCF, ...) : ,
y P " - e We use different metrics to evaluate model outputs: in control period 4. Key results
\g |
e A solution is to calibrate the geostatistical ," 2 . , - |Ttep-
model (drift parameters) and the hydrological '¢' _ - ," B b I}/\egn il((lll(ng%Guata eff1c1enc§c/ (KGl!Eci (t“:.upt? ettrc]zl.,ziOO?)
model jointly in order to find the parameter " K ;EXI%Zii?éEEU[E\::a?ce] . 1N JaCK-KNire (.egve-one-ou )Val ation 1or the rain gages 1.0
e tht bt satisty sl consraints (boh pont. -
: : : auzet-Ubaye [Ubaye SWE ] y U i A
SC?}E at'?d bloc.k)'t Wue us?l El multi obJectlvte ,' ZII\_/\ont-It):ulTah%n Etéfiu?] 0.9 - achieve good 1-step approach
calibration against all available measurements ~ 7 Espinasses [Durance] i : . for streamf performs much
(streamflow, validation rain gages, ': o e We compare 2 calibration approaches for the 16+19 parameters: | better for SWE
and SWE measurements). ’ " , ; , 8 i.e. produces much
) ' A Areal [2-step] First, mono-objective calibration of the 16 drift parameters s 0-815 B e realist i
ot of condition ! R a i Bgeostac DY Maximizing Cp ; Then bi-objective calibration of - point-scale forcings
et of conditioning 090909090 J°7 .., L : : g
observations T E——— i?ﬁgo the 19 hydrological parameters 6,4, using { Cq ; Cowe J 0.7 —
> 6 seostat Ghydro —l [1-step] Joint, tri-objective calibration of all 35 parameters using
» | (16 parameters) || (19 parameters) — P 1 G Cos Cowe s 0.6 - 0.600
Set of auxiliary predictors %ggfgo 5 T - dc h . w
- ecause rological criteria C, an are much more responsive
(e.g. topography, coarse-grid Estimated daily rainfall Semi-distributed hydrological model v y. S i Q i P 0.5
climate model...) & temperature fields at 1 km?  (>> spatially distributed streamflow & SWE) tgganges™in the drift pargmeters th.an C.P’ 2 L BigprEllter s Cp (26 sites) Co (7 sites) C (7 sites)
. greatly improves robustness in the identification of Byegta;- P Q SWE
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