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Natural Catchment Urbanization Climate change and 

rapid urbanization

Up to 40-50 % of 

impervious surfaces in 

urbanized catchments 

are roofs
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Green roofs hydrological performance
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Annual Retention [excluding winter]: 
• 50% (Trondheim)
• 33% (Oslo, Sandnes)
• 22% (Bergen) 

Peak reduction [excluding winter, 
median values]: 
• 85% (Trondheim)
• 65% (Oslo)
• 85% (Sandnes)
• 80% (Bergen
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Annual Retention [excluding winter]: 
• 10%

Peak reduction (median): 
• 95 %

Annual Retention [excluding winter]: 
• 37%

Peak reduction (median): 
• 81 %

Measured in summer

Performance in winter is excluded in most 
studies





Høvringen, Trondheim



Challenges in determining winter 
performance
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During 
snow-
covered 
period 
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Snow accumulation Snow accumulation Snow melt Rain-on-snow

Air temperature = 0



Liquid snow

Melt

Melted water leaving the 

snowpack on to the roof

Refreeze 

Roof temporal storage

Precipitation

Rain

Roof materials

Roof ’s outflow

Solid snow

Snow



Calibration and validation of the model



Verification of the model results during a 
snow-covered period 



Event 
characteristics

• Rain-on-snow are longer than other 
events -> more amount 

• Rain events have higher average and 
maximum intensity



Summer vs Winter performance (peak 
reduction)



Summer vs Winter performance (peak Runoff)

• Median peak runoff is approximately 3 times 
in winter (4.8 l/min) compared to summer 
(1.4 l/min) for the green roof

• Median peak runoff is approximately 2 times 
in winter (1.5 l/min) compared to summer 
(0.7 l/min) for the grey roof.

• Green and grey roofs outperform black roof in 
Winter



Ice formation on roofs

Teknologi for et bedre samfunn

• Ice Formation on Roofs: Caused by heat 
leakage, melting snow refreezes into ice dams 
and icicles.

• Consequences: Structural damage, safety 
hazards, and water leaks inside buildings.

• Drainage Debate: Internal systems reduce ice 
but increase stormwater volume; external 
systems reduce stormwater pressure.

• Green Roofs: Improve insulation and reduce 
heat leakage, but their impact on ice 
formation is not well-studied

Source: https://www.infrareddiagnostic.com/service/ice-
dam-icicle-diagnostics

https://www.infrareddiagnostic.com/service/ice-dam-icicle-diagnostics
https://www.infrareddiagnostic.com/service/ice-dam-icicle-diagnostics


Liquid snow

Refreeze 

Roof  materials

Melt 

𝑄 (ℎ𝑒𝑎𝑡 𝑙𝑒𝑎𝑘𝑎𝑔𝑒)

MR
Solid snow

𝑇𝑖𝑛

𝑇𝑟𝑜𝑜𝑓

𝑇𝑜𝑢𝑡

Melt = 𝑪𝒙 × (𝑻𝒓𝒐𝒐𝒇 − 𝑻𝒙)

Melt due to heat leakage:

Melt = 𝑪𝒙 × (𝑻𝒐𝒖𝒕 − 𝑻𝒙)

Melt due to air temperature:



Results: impact of climate location & thermal 
insulation



Impact of green 
& Leca roofs

• Little impact on well-insulated  
roofs

• Retrofitting poorly-insulated roofs 
with Leca might provide a win-win 
solution for both ice formation & 
stormwater ?  



Take home messages

• Assessing winter performance for green 
roofs is essential in cold climates

• Green and grey roofs have higher peaks 
in winter (2-3 times) compared to 
summer, but still better than standard 
black roofs 

• Retrofitting poorly-insulated roofs with 
Leca might provide a win-win solution for 
both ice formation & stormwater 
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