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Downscaling and hydrological uncertainties in 20th century hydrometeorological reconstructions over France
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The record length of streamflow observations is generally limited to the last 50 years, which is not enough to properly explore the natural hydrometeorological variability, 3 Irstea, UR HBAN, Antony, France
a key to better understand the effects of anthropogenic climate change. This work proposes a comparison of different hydrometeorological reconstruction datasets 4 CNR (Compagnie Nationale du Rh(’ine), Lyon, France E CERFACS
over France built on the downscaling of the NOAA 20th century global extended reanalysis. It aims at assessing the uncertainties related to these reconstructions
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and improving our knowledge of the multi-decadal hydrometeorological variability over the 20th century.

Sparse and scarce hydrometeorological data before the 1960s Multidecadal streamflow variability over France Downscaling and hydrological uncertainties in streamflow reconstructions
MDV: multidecadal variability taken as the ratio between the standard deviation of smoothed annual SDM: uncertainty in the structure of the statistical downscaling method
0004 Variables series and the standard deviation of raw annual series » Absolute difference between:
— Streamflow
— Precipitation > 2OCR-ANALOG X GR6J
00T — Temperaure GR6J SIM2.0 > median value of 20CR-SCOPE x GR6J
5 . N .
£ 30001 2.0- SSIV: small-scale internal variability (Vidal et al., 2016)
g % » Mean absolute difference across 20CR-SCOPE x GR6J ensemble members
€ 2000- . : :
§ HM: uncertainty in the structure of the hydrological model
1000 . » Absolute difference between:
= . > 20CR-ANALOG x GR6J
0- r__ — 3 T > 20CR-ANALOG x SIM 2.0
1900 1950 2000 2 z
3D
Figure 1: Number of stations recording precipitation, temperature, and streamflow over France since 1871. 'c—g I — _S?Nl ———— _SS_I\Z ___________________ - _M __________ 100 =
. . . . 5 2 =
» Issue for studying long-term hydrological trends and multidecadal variability at the country scale 5 0 e R
> N
£ O 50 S
. i 7 © ; 3
Hydrometeorological reconstructions | =
=25 5
3 2
» Meteorological forcings: i o S
1. 1958-now: SAFRAN high-resolution near-surface reanalysis (Vidal et al., 2010) S 1900 1940 1950 1900 1940 1950 1900 1940 1950
. . ' ' m
2. 1871-2012: 20CR global extended large-scale Twentieth Century Reanalysis (Compo et al., | | | | | | | | Figure 5: Evolution of uncertainty types for individual stations over 1900-2010, in percent of the mean interannual
2011) downscaled by 2 statistical downscaling methods to derive catchment-scale weather: 1880 1920 1960 2000 1880 1920 1960 2000 streamflow. Smoothed versions with a Hamming filter similar than Fig. 3 are shown in black.
» ANALOG: deterministic method for the whole France (Dayon et al., 2015) Figure 3: Smoothed normalized annual streamflow for observations and hydrometeorological reconstructions over individual
» SCOPE: ensemble method (25 members) calibrated locally (Caillouet et al., 2016a,b) stations, with hydrological models over the columns and meteorological forcings over the rows. Streamflow are normalized SDM SSIV HM
with respect to the 1973-2006 average. Smoothing follows a Hamming filter with 19 weights.
» Hydrological models: Normalized
o . uncertainty
> SIM2.0: land surface model + distributed hydrogeological model (Habets et al., 2008; (%)
Decharme et al., 2013) RO SIM20 50
> GR6J: calibrated lumped conceptual model (Pushpalatha et al., 2011; Valéry et al., 2014) 40
30
N 20
GR6J SIM2.0 S 10
100 % 0
>
754 § 2
50 z Figure 6: Temporal average of uncertainty types, in percent of the mean interannual streamflow.
>
@ 251 3
E O Probability » Same order of magnitude for all 3 uncertainty types
3 oo ﬁ}‘g'\r/]'gvthan » Values around 20% of the interannual mean, locally larger for HM
= MDV white noise N
S 75 5 0.8 0.00 3
@ 20CR-driven 8 0.7 o 0.25 0
Py, . (@) .
50 = Safran—driven 0 06 o Perspectlves
- === Observations % 04 o 075
i 03 o 100 » Analysing multidecadal variability on downscaled precipitation and temperature, and at finer time
0- scales
1900 1940 1980 1900 1940 1980 » Comparing SDM, SSIV, and HM uncertainty with uncertainty related to the choice of the driving
Figure 2: Evolution of streamflow observations and reconstructions for the Gave d'Oloron@Oloron-Sainte-Marie Flgure 4: Multidecadal variability for 20CR-driven hydrological centennial reconstructions. reanalysis, by integrating experiments driven by ERA-20C reanalysis (POli et al., 2016)
(South-West France). » Reducing reconstruction uncertainty by assimilating historical meteorological station data
» Large multidecadal variability in 20CR-driven reconstructions between 1871 and 2012 . ] _ _
_ _ _ _ . See poster " Reanalysis of the 1893 heat wave in France through offline data
» Daily reconstructions on a subsample of 68 stations from the French reference hydrological » Relatively coherent over France TR : .y
cwork (Giuntofi et al.. 2013 Consistent with findi ] " Boé and Habets. 2014 assimilation in a downscaled ensemble meteorological reconstruction” by A. Devers et
. -
network (Giuntoli et al., ) ) onsistent with findings on observations (Boé and Habets, ) | al., Hall X5 at board number X5.20 (Wed. 17:30-19:00)
References

Boé, J. et al. (2014). Multi-decadal river flow variations in France. Hydrology and Earth System Sciences 18 (2), pp. 691-708. DOI: 10.5194/hess-18-691-2014.

Caillouet, L. et al. (2016a). Ensemble reconstruction of spatio-temporal extreme low-flow events in France since 1871. Hydrology and Earth System Sciences Discussions in review. DOI: 10.5194/hess-2016-405.
Caillouet, L. et al. (2016b). Probabilistic precipitation and temperature downscaling of the Twentieth Century Reanalysis over France. Climate of the Past 12 (3), pp. 635-662. DOI: 10.5194/cp-12-635-2016. Pushpalatha, R. et al. (2011). A downward structural sensitivity analysis of hydrological models to improve low-flow simulation. Journal of Hydrology 411 (1-2), pp. 66-76. DOI: 10.1016/j.jhydrol.2011.09.034.

Compo, G. P. et al. (2011). The Twentieth Century Reanalysis Project. Quarterly Journal of the Royal Meteorological Society 137 (654), pp. 1-28. bO1: 10.1002/qj.776. Valéry, A. et al. (2014). As simple as possible but not simpler: What is useful in a temperature-based snow-accounting routine? Part 2. Sensitivity analysis of the Cemaneige snow accounting routine on 380 catchments. Journal
Dayon, G. et al. (2015). Transferability in the future climate of a statistical downscaling method for precipitation in France. Journal of Geophysical Research 120 (3), pp. 1023-1043. DO1: 10.1002/2014JD022236. of Hydrology 517, pp. 1176-1187. DOI: 10.1016/j. jhydrol.2014.04.058.

Decharme, B. et al. (2013). Reconciling soil thermal and hydrological lower boundary conditions in land surface models. Journal of Geophysical Research 118 (14), pp. 7819-7834. DOI: 10.1002/jgrd.50631. Vidal, J.-P. et al. (2010). A 50-year high-resolution atmospheric reanalysis over France with the Safran system. [International Journal of Climatology 30 (11) (reanalysis and trends), pp. 1627-1644. DOI: 10.1002/joc.2003.
Giuntoli, I. et al. (2013). Low flows in France and their relationship to large-scale climate indices. Journal of Hydrology 482, pp. 105-118. DOI: 10.1016/j. jhydrol.2012.12.038. B Vidal, J.-P. et al. (2016). Hierarchy of climate and hydrological uncertainties in transient low flow projections. Hydrology and Earth System Sciences 20 (9), pp. 3651-3672. DOT: 10.5194/hess-20-3651-2016.

Habets, F. et al. (2008). The SAFRAN-ISBA-MODCOU hydrometeorological model applied over France. Journal of Geophysical Research 113, p. D06113. DOI: 10.1029/2007JD008548.
Poli, P. et al. (2016). ERA-20C: An atmospheric reanalysis of the twentieth century. Journal of Climate 29 (11), pp. 4083-4097. DOI1: 10.1175/JCLI-D-15-0556. 1.

=) & &) &)

) &) @) @) @
(=)


http://dx.doi.org/10.5194/hess-18-691-2014
http://dx.doi.org/10.5194/hess-2016-405
http://dx.doi.org/10.5194/cp-12-635-2016
http://dx.doi.org/10.1002/qj.776
http://dx.doi.org/10.1002/2014JD022236
http://dx.doi.org/10.1002/jgrd.50631
http://dx.doi.org/10.1016/j.jhydrol.2012.12.038
http://dx.doi.org/10.1029/2007JD008548
http://dx.doi.org/10.1175/JCLI-D-15-0556.1
http://dx.doi.org/10.1016/j.jhydrol.2011.09.034
http://dx.doi.org/10.1016/j.jhydrol.2014.04.058
http://dx.doi.org/10.1002/joc.2003
http://dx.doi.org/10.5194/hess-20-3651-2016

