Hydrological drought extents in a warming world in large Alpine river basins

Joren Janzing'%3, Niko Wanders?, Paul C. Astagneau'’-%3 and Manuela I. Brunner!:2:3
"WSL Institute for Snow and Avalanche Research SLF, Davos Dorf, Switzerland m

’Institute for Atmospheric and Climate Science, ETH Zurich, Zurich, Switzerland

s [ E . S
3Climate Change, Extremes and Natural Hazards in Alpine Regions Research Center CERC, Davos Dorf, Switzerland ah E'"ZUFICh %@ CGU
SLF T

. : . iy : aring no COntaCt:
epartment o sical Geoqgra , Utrec niversity, Utrecht, the Netherlanas e [ . Sh t
“Department of Physical Geography, Utrecht U ty, Utrecht, the Netherland S =] g

VO L joren.janzing@slf.ch
3.Hydrological drought synchrony changes depend on

« Climate change affects hydrological drought threshold level

characteristics such as severity, but also drought extent Rhéne basin A 2-year threshold 2. 10-year threshold
o o A. Ref 2 .
and low flow timing eference (2yr) B GWL3 (2yr) Fig. 2 (left h basi Fig. 5
Within basin hydrological R ine asin Change in hydrological drought
. . : : drought coherence scores coherence scores for the
* Many climate impact studies focus on local changes in for the Rhine basin for a 2.year Fig. 3 (bottom left) Rhéne basin.
droughts, rather than drought spatial extent threshold, showing the Change in hydrological drought We show the difference between
Reference (A) and GWL3 (B) GLW3 and the Reference period
. coherence scores (DCS)
periods. for the Rhine basin for the 2-year (A) and 10-year (B)
. . . - threshold.
However, drought spatial extent is important for We show a 2-year threshold (left), 5- reshe
drought Impacts and drought relief Low B year threshold (middle), and a 10-year . A 2-yearthreshold B. 10-year threshold

for the Po basin. —

A and B as in Figure 5. -0.50 -0.25 0.00 0.25 0.50
ADCS(GwL3 - Ref) [-]

hydrological drought extent under climate change?” drought coherence scores

synchrony oo 02 04 06 08 10 .
DCS [- threshold (right). We compare GWL3 o
(€.9. I\/Iurgatroyd and Hall, 2020) ) ’n against the Reference period. Po basin
Y7 ° ° Less severe creaSing s . v Fig. 6 . . — o
- "How will spatial synchrony changes affect 2.year threshold eve,-,ty - Change in hydrological

5-year threshold

More severe
10-year threshold

2. Methodology

6. Conclusions

« Hydrological drought synchrony is changing under
climate change as low flow extremeness and regimes

are shifting
Emission scenario Climate ensemble Hydrological model
RCP8.5 (1989-2099) Bias-corrected ClimEx PCR-GLOBWB2.0 * Hydrological drought synchrony changes depend on
(Leduc et al., 2019) (Sutanudjaja et al., 2018) threshold level
Reference (Ref): currently: 6 member 30-arcsec resolution
1991-2020 subset .
(Sikorska-Senoner etal., 2024) | Large Alpine basins of the - : > « Hydrological drought synchrony does not follow
Global Warming Level Rhine, Rhéne, Danube —-0.50 —=0.25 0.00 0.25 0.50 directly from meteorological drought synchrony
3°C (GWL3): 2035-2064 and Po rivers ADCS(Gwi3 - Ref) [-]
Drought | « Water management should not only focus on local
Fixed threshold levels from low flow % . . drought evolution, but also on changes in synchrony
GEV distribution. Minimum duration of 30 days. : 4. Hydrological drought synchrony changes not explained by and drought extent
° meteorological drought synchrony only
Drought coherence score (DCS) —
I [
(based on Cooper et al., 2025) A | 5 ) 7. 0pen questlons
* Measures drought synchrony | 00 Rhine Rhone
| _ — REFmean - A (GWL3-Ref) * What happens to synchrony between basins?
« Splitinto sub-basins and river branches: AA‘ ) ﬂ‘é’ 0.751 ' REFSTD S Synchrony increase
“‘ 0O) o — GWL3 B Synchrony decrease .
- droucaht in th branch alech 1 = g3 0.50] : GWL3 STD « Can we separate the synchrony changes from changing
“I rei r in this river bran S W | .
there Is a drought in this river branch, £ S5 -5 - frequency and severity?
which fraction of river branches in a basin 8 £
also experience drought?” "~ 3  0.00 L—vv“‘.‘— _“'1 .
DCS=2/3 a 5 * How does synchrony depend on drivers and season?
—0.25 1 1 Fig. 4 (left
(at least 50% event overlap; Gesualdo et al., 2024) — — Cg : : ) hvdrological and
) 1 , H rver b . C. D. omparing hydrological an
Average DCS over all events in each river branc 1.00 meteorological coherence scores for References
: o= @ diﬂ:erent tthShOIdS. Cooper, M. G, Sun, N., Wigmosta, M. S., Eldardiry, H., Deb, M., Yang, Z., & Judi, D. R. (2025). Enhanced flood synchrony and
Fig’ 1 (right) A Statiolill'-“g3e35020 B- Rhine basin 02 E 0.75- | Top row shows hyd ro|ogica| droug ht; downstream severity in the Delaware river under rising temperatures. Communications Earth & Environment, 6(1), 296.
. : 1.0 o v s . Gesualdo, G. C., Benso, M. R., Mendiondo, E. M., & Brunner, M. |. (2024). Spatially compounding drought events in Brazil.
Compa"son of ensemble of model ! b p=0.65 / ((v] v 0.50 T bottom row ShOWS meteorologlcal Water Resources Research, 60(11), e2023WR036629.
s;mglatignj againfst o?ser:atic;)ns from B 2000 - ° EEETZS% 3 - PBIAS=2.3% /, M/ _E El % droug ht. The ﬁgures represent the Kargler, D. IPI C;)nrad,ho.,I Bc’jdhner%J., KawohI,ST., Kre;‘t, 2 Sori(a—;Auz;(,)R. W., ... & Kessler, M. (2017). Climatologies at high
t RD taset the Rhi ' = REFsim: 95% Cl s >~ O s | | | : : resolution for the earth’s land surface areas. Scientific data, 4(1), 1-20.
oveer the refearear?(e:e ;;rioed (A?foviﬁfllgws E 15001 Toe . s .g' = § 025 W mouth of the rivers Rhine (A and C), and Leduc, M., Mailhot, A., Frigon, A., Martel, J. L., Ludwig, R., Brietzke, G. B., ... & Scinocca, J. (2019). The ClimEx project: A 50-
d ods for th ' T 5 0ot o ¥ ®) __ Rhoéne (B and D). Shaded areas indicate member ensemble of climate change projections at 12-km resolution over Europe and northeastern North America with the
and return per!o stortne mOSt' f 1000.- s ° . ¢ e ((J] S 0.00 h dard deviati Del h h Canadian Regional Climate Model (CRCM5). Journal of Applied Meteorology and Climatology, 58(4), 663-693
downstream dlscharge station and (B.) c = 0.4 :‘f S "D- w -v the standar eviation. Deltas show the Murgatroyd, A., & Hall, J. W. (2020). The resilience of inter-basin transfers to severe droughts with changing spatial
the 1—year drought synchrony for the % c00. 4 // m —0.25 - | net effect of 'the fu‘tu re DCS minus 'the characteristics. Frontiers in.EnvironmentalScience, 8, 571‘647.. | | |
arger ers nthebasin (01009 & Sy 5T EREE I pistorical DCS. s Senoner A €. Rk, Zap M, & Kl (2026) Usrlored s selcionof st modsl et
Cl=confldence 'nt?rval' p=Spe§rman ol 0.0 ’ , , | Return period [years] Return period [years] Sutanudjaja, E. H., Van Beek, R., Wanders, N., Wada, Y., Bosmans, J. H., Drost, N., ... & Bierkens, M. F. (2018). PCR-GLOBWB 2:
correlation, PBIAS is percent bias. 10° 101 102 0.00 0.25 050 0.75 1.00 a 5 arcmin global hydrological and water resources model. Geoscientific Model Development, 11(6), 2429-2453.

Return period [years] DCSoss[—1



	Slide Number 1

