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3.Hydrological drought synchrony changes depend on 
threshold level

Fig. 3 (bottom left) 
Change in hydrological drought 

coherence scores (DCS) 
for the Rhine basin. 

We show a 2-year threshold (left), 5-
year threshold (middle), and a 10-year 
threshold (right). We compare GWL3 

against the Reference period.

5. Other basins show similar patterns
• Climate change affects hydrological drought

characteristics such as severity, but also drought extent
and low flow timing

• Many climate impact studies focus on local changes in 
droughts, rather than drought spatial extent

• However, drought spatial extent is important for
drought impacts and drought relief
(e.g. Murgatroyd and Hall, 2020)

• “How will spatial synchrony changes affect 
hydrological drought extent under climate change?”

Drought
Fixed threshold levels from low flow 
GEV distribution. Minimum duration of 30 days.

Drought coherence score (DCS)  
(based on Cooper et al., 2025)

• Measures drought synchrony

• Split into sub-basins and river branches: 

“if there is a drought in this river branch, 
which fraction of river branches in a basin
also experience drought?”

(at least 50% event overlap; Gesualdo et al., 2024)
• Average DCS over all events in each river branch

• What happens to synchrony between basins?

• Can we separate the synchrony changes from changing
frequency and severity?

• How does synchrony depend on drivers and season?DCS=2/3

Fig. 4 (left)
Comparing hydrological and 
meteorological coherence scores for 
different thresholds. 
Top row shows hydrological drought; 
bottom row shows meteorological 
drought. The figures represent the 
mouth of the rivers Rhine (A and C), and 
Rhône (B and D). Shaded areas indicate 
the standard deviation. Deltas show the 
net effect of the future DCS minus the 
historical DCS.

• Hydrological drought synchrony is changing under
climate change as low flow extremeness and regimes 
are shifting

• Hydrological drought synchrony changes depend on 
threshold level

• Hydrological drought synchrony does not follow 
directly from meteorological drought synchrony

• Water management should not only focus on local
drought evolution, but also on changes in synchrony
and drought extent4. Hydrological drought synchrony changes not explained by 

meteorological drought synchrony only

Rhine basin
Rhône basin

Po basin

Fig. 5
Change in hydrological drought 
coherence scores for the 
Rhône basin. 
We show the difference between 
GLW3 and the Reference period 
for the 2-year (A) and 10-year (B) 
threshold.

Fig. 6
Change in hydrological 
drought coherence scores 
for the Po basin. 
A and B as in Figure 5.
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Fig. 1 (right) 
Comparison of ensemble of model 
simulations against observations from 
the GRDC dataset for the Rhine basin 
over the reference period. (A) Low flows 
and return periods for the most-
downstream discharge station and (B.) 
the 1-year drought synchrony for the 
larger rivers in the basin (Q>100m3/s). 
CI=confidence interval, ρ=Spearman 
correlation, PBIAS is percent bias.
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Emission scenario Climate ensemble Hydrological model

RCP8.5 (1989-2099)

Reference (Ref): 
1991-2020 

Global Warming Level 
3°C (GWL3): 2035-2064

Bias-corrected ClimEx
(Leduc et al., 2019)
currently: 6 member
subset 
(Sikorska-Senoner et al., 2024)

PCR-GLOBWB2.0 
(Sutanudjaja et al., 2018)
30-arcsec resolution

Large Alpine basins of the 
Rhine, Rhône, Danube 
and Po rivers

Fig. 2 (left) 
Within basin hydrological 
drought coherence scores
for the Rhine basin for a 2-year 
threshold, showing the 
Reference (A) and GWL3 (B) 
periods.
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