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Rain-on-snow events

• Dynamic, often extreme runoff 
response

• Occurs at high 
elevations/latitudes

• Sensitive to climate changes

• Complexity of the physical 
process causes problems in 
modelling and forecasting
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Research objectives

1) To attribute changes in selected climate variables to changes 
in RoS events, using a sensitivity analysis of precipitation and 
air temperature

2) To evaluate subsequent changes in RoS-related runoff 
responses
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Study area
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• 68 (Czechia) +
26 (Switzerland) 
mountain near-natural 
catchments investigated

• Catchments located at 
different elevations



www.natur.cuni.cz/eng

HBV model

1. Driven by observed data of P, T, SWE

2. Snow routine: Degree-day approach 
which accounts for water holding 
capacity and refreezing

3. Model calibrated against measured 
runoff and SWE

4. Simulation of the reference period 
1980-2010

5. Sensitivity analysis of RoS events to 
changes in T and P
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RoS analysis in a changing climate
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Sensitivity to climate variables RoS analysis

RoS day
• Daily mean air temperature > 0 °C
• Snow water equivalent ≥ 10 mm
• Total daily precipitation ≥ 5 mm

RoS event
• Runoff response to RoS day(s)
• Starts at the initial RoS day, ends 

with the first local runoff maximum
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Rain-on-snow occurrence at different elevations

Czechia

• RoS days increase 
with elevation

Switzerland

• RoS days increase 
with elevation up to 
about
2000 m a.s.l., then 
decrease

7



www.natur.cuni.cz/eng

Potential future change in RoS days
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• Only four projections will lead to an increase in the number of RoS days
• Joint effect of air temperature and precipitation
• +4 °C projections suggested a decrease of RoS days by about 75%
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RoS changes across elevation zones
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• Largest decrease of RoS events below 1000 m a.s.l. 
• Increase in RoS for wet scenarios above 1300 m a.s.l
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Regional differences in the future RoS occurrence

• Decreasing RoS events with increasing air temperature and/or decreasing 
precipitation

• Larger decrease for southern and western regions
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Fraction of annual runoff caused by RoS
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• Average 10% contribution 
(max 19%)

• Joint effect of air 
temperature and 
precipitation

• +4 °C projections would 
reduce the RoS runoff 
fraction to 2-4%
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Runoff response to RoS
• RoS increase in winter and early 

spring and increased precipitation; 
decrease for spring period and 
decreased precipitation

• For T +4°C, decrease in RoS events 
except January and February

• Compensating effect of increased 
precipitation => RoS increase for 
scenarios with a moderate increase 
in air temperature
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What happens to ROS?
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• Mean number of categorized days 
in +3°C perturbation compared to 
reference conditions

• A decrease in RoS days can be 
attributed to the shortening of the 
snow cover period

• Most RoS days transitioned into 
the rain-on-ground category.

• However, these lost RoS days are 
partially substituted from the 
snow-on-snow category
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Conclusions
• Number of RoS days per season varies from one to 17, with the most 

frequent occurrence above 1000 m a.s.l. March is the month with the 
highest RoS occurrence.

• RoS events are expected to decrease at low and middle elevations.

• RoS contribution to annual runoff will likely be reduced.

• The winter runoff increase in Czechia is expected only for wet projections 
with a relatively small air temperature increase

• HESS paper: https://doi.org/10.5194/hess-29-4199-2025
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