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The Paris Agreement 

Hold global warming to well below 2oC and to "pursue 
efforts" to limit it to 1.5oC but …

2-4.9 degrees with only a 5% chance of staying below 2 degrees

2.6-3.1 degrees based on intended carbon contributions 



Working towards “The JULES-integrated impacts model” 
Glacier scheme  

River routing (TRIP/RFM)

Irrigation demand  

Climate change

Crop (wheat, soybean, 
maize and rice)



Elevation-dependent mass balance model 
(version 4.7)  

Elevated tiling – Robin Smith, NCAS, Reading
Climate adjustments – Andy Wiltshire, Met Office 

𝑺𝑴𝑩𝒛,𝒕 = 𝑺𝒛,𝒕 − 𝑺𝒛,𝒕−𝟏



Adjust climate for elevation

• Set elevation bands (for example 0:250:9000m)

Lapse rate adjust 

• Air temperature (oCm-1) tuneable  

• Precipitation (%/100m) tuneable. Convert rain to snow if Tz < 0oC 

• Downward longwave radiation is adjusted for elevation 
𝐿𝑊 ↓= ɛ𝑐𝑠σ𝑇𝑧
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ɛcs is the clear sky emissivity,  σ is Stefan-Boltzmann constant and Tz
elevated air temperature. 

• Linearly scale wind speed



Albedo scheme, 
(Greuell and Konzelmann,1994) 

Use snow scheme if density > firn density 

• ρss is the density of the top 10cm of the snowpack > 
firn density 

• αs maximum albedo of fresh snow (0.98 0.7), αi

albedo of ice (0.36 0.25), ρs is the density of fresh 
snow (250kgm-3)and ρi is the density of ice (910kgm-3)

• New parameter aicemax (similar to amax but for ice)

𝛼 = 𝛼𝑖 + 𝝆𝒔𝒔 − 𝜌𝑖
𝛼𝑠 − 𝛼𝑖
𝜌𝑠 − 𝜌𝑖



Initialisation 
• Elevated ice tile fraction

𝒇𝒓𝒂𝒄𝒊𝒄𝒆(𝒏) =
𝑹𝑮𝑰_𝒂𝒓𝒆𝒂(𝒏)

𝒈𝒓𝒊𝒅𝒃𝒐𝒙_𝒂𝒓𝒆𝒂(𝒏)

RGI_area from Randolph Glacier Inventory Version 6 (RGI6)

• Snowpack properties (10 levels) 
• snow_ds

• Future RGI6 thickness
• Calibration 1000m never depletes 

• snow_ice
• Future runs RGI6
• Calibration large enough to not deplete (1000m x density ice)

• snow_liq = 0 
• rgrain (50μm surface), 2000μm bottom)
• tsnow – 10 year spin up top = Jan  bottom = annual   



Calibrating present day mass balance

Parameter Range

Fresh snow albedo (VIS) 0.99 - 0.7

Fresh snow albedo (NIR) 0.85 - 0.6

Ice albedo (VIS) 0.7 – 0.05

Ice albedo (NIR) 0.6 – 0.05

Temperature lapse rate 3 – 9.8 oK km-1

Precipitation gradient 0 – 25 %/100m

Wind speed scale factor 1 - 5

• 198 combinations selected using Latin Hyper Cube Sampling

• RUN with WATCH Era-interim data 1980-2014 

• Parameter ranges from literature 

• Best parameter sets selected by minimising RMSE





End of century glacier volume changes   

• Downscaled CMIP5 data using HadGEM3-A

• Subset of six CMIP5 RCP8.5 models that pass 1.5 
and 2oC during this century 

• 215 ± 20mm which is higher than 188mm (Radic
et al. 2014) and 136±23mm (Huss and Hock 2015) 
caused mainly by greater contributions from 
Alaska, Southern Andes and the Russian Arctic



Global sea level rise projections

215 mm (range 57mm)                         227mm (range 115mm)





End of the century volume changes

Pamir (winter 
accumulating glaciers)

Eastern Himalayas (summer 
accumulating glaciers)



Pamir region
Eastern Himalaya 

• Glaciers in Eastern Himalaya accumulate 
mass in summer – snowfall is decreasing

• Glaciers in the Pamir regions accumulate 
mass in winter – snowfall is slightly 
increasing  

• Pamir region (red) is colder than Eastern 
Himalaya (blue)

Explanation for Pamir mass gain 



Pros and cons of JULES-glacier

• Elevated ice can not share a gridbox with 
other tiles – can not mix ice and vegetation 
tiles 

• Not fully coupled to the atmosphere 

• Simple physics 
• No ice flow - glacier area is fixed 
• Albedo ~ surface density i.e. glaciers are 

clean - no debris 
• simple treatment of wind speed 

• Full energy balance 

• Linked to land surface model –
crop (wheat, soybean, maize and 
rice ), river routing, irrigation 
scheme.  



Thank you


