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Why 1km? 
Several Sector in ISIMIP often
Require higher resolution than 50km
To effectivly model e.g.:

Vegetation dynamics
Biodiversity
Regional Forests 
Agriculture
Etc.



“Currently global kilometer scale 
models are only able to archive a 
simulation throughput of 0.043 SYPD 
(Simulated years per day), which 
amounts to an 100 x shortfall 
compared to computationally efficient 
simulations defined as 1 SYPD.” 

Schär, C. et al. Kilometer-scale climate models: Prospects and challenges. Bull. Am. Meteorol. 
Soc. 101, (2019).

Schulthess, T. C. et al. Reflecting on the goal and baseline for exascale computing: a roadmap 
based on weather and climate simulations. Comput. Sci. Eng. 21, 30–41 (2018).

Why not numerical models?

Maybe in +/- 1 decade...



The                V2.1 algorithm

• Model output statistics based on GCM

• Parameteric estimation of orographic effects
on small scale precipitation, cloud cover, and 
solar raditation based on RCM wind 
components and boundary layer conditions

• Atmospheric lapse rate based downscaling of
temperatures

• Computational efficient : 1SYPD on 400 CPUs

• Focus on a few variables (tas, tasmax, tasmin, 
rsds, pr), 

• daily resolution

• 1km resolution



Precipitation algorithm works with a simple parametrization of the orographic effects.

- Relativly fast to estimate from v and u wind components and condensation levels
- Does not explixitly resolve convective systems



First evaluations of the precipitation
algorithm



Karger, D.N., Wilson, A.M., Mahony, C., Zimmermann, N.E. & Jetz, W. (2020) Global daily 1km land
surface precipitation based on cloud cover-informed downscaling. arXiv:2012.10108 [physics].

Comparison of daily precipitation rates from CHELSA and ERA5
to those observed in GHCN (Global Historical Climate Network)

Comparison using Kling-Gupta Efficiency

Increase in performance while downscaling
From 0.5° to 1km
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Comparison of daily precipitation rates from CHELSA and ERA5
to those observed in GHCN (Global Historical Climate Network)

Increase in performance in all aspects
- Lower bias
- Higher correlation
- Better temporal signal
- Better climatological performance
- More realistic precipitation lapse rates
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Increase in performance in all aspects
- Lower bias
- Higher correlation
- Better temporal signal
- Better climatological performance
- More realistic precipitation lapse rates

Karger, D.N., Wilson, A.M., Mahony, C., Zimmermann, N.E. & Jetz, W. (2020) Global daily 1km land
surface precipitation based on cloud cover-informed downscaling. arXiv:2012.10108 [physics].



Temperature and radiation



Clouds are problematic
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Algorithm to downscale cloud cover
from atmospheric cloud cover fractions



25 km

7.5 %

10 %

10 %

15 %

5 %

1 %

0 %

Cloud base

Distance to cloud base

Algorithm to downscale cloud cover
From atmospheric cloud cover fractions

Function describing distance from
cloud base

Windward leeward index



25 km

Cloud base

Distance to cloud base

3.75 %              3.75 %

5 %                      5 %

5 %                      5%

12.5 %                                   2.5 %

5 %                                                       0 %

1 %                                                                                  0%

0 %

Algorithm to downscale cloud cover
From atmospheric cloud cover fractions

Function describing distance from
cloud base

Windward leeward index



25 km

Cloud base

Distance to cloud base

3.75 %              3.75 %

5 %                      5 %

5 %                      5%

12.5 %                                   2.5 %

5 %                                                       0 %

1 %                                                                                  0%

0 %

12.5% 5%
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Distribute cloud cover based on windward
Leeward position of a pressure level and
Its distance to cloud base height



Annual mean total cloud cover



• No convection included

• Still huge biases in the forcing data (e.g. ERA5) compared to
observations -> maybe a bias correction of the ERA5 data is needed

• Not all CMIP6 models have cloud cover through the atmosphere
available. Here a simpler algorithm is used -> more interpolation
errors -> would be ‘nice to have output’ from the CMIP6 models

Problems with cloud cover



Solar radiation based on terrain
exposition and sun angle

• Clear sky conditions

• Direct and diffuse radiation



Solar radiation based on 
Terrain exposition and 
sun angle

First approximation

Combine with cloud cover
To get total incoming
solar radiation at surface



Temperatures

Lapse rate based temperature downscaling

Using two surface near pressure levels
From the respective GCM. 

Not elegant, but fast...



• Pros

1. Fast. 1 SYPD (400 CPUs)

2. Increased performance
compared to coarse grid
climate

3. Runs on any GCM with little
code adjustment needed

• Cons

1. Correlation structure between
variables not preserved

2. Interpolation artefacts

3. No convection

4. Large storage space needed

Pros & Cons of the downscaled data



Model Forcing Times Resolution

CHELSA V.2.1 ERA 5 1979-2019 daily, 1km

CHELSA W5E5 W5E5 1979-2016 daily, 1km

Currently available data



Model Forcing Times Resolution

CHELSA V.2.1 ISIMIP3b_BA 1981-2010 30 year means

2011-2040

2041-2070
2071-2100

https://envicloud.wsl.ch/#/?prefix=chelsa%2Fchelsa_V2

Currently available data



www.envidat.ch



www.chelsa-climate.org



Next steps

• Validation of W5E5

• Solving the storage and distribution problem

• Peer reviewed publication of CHELSA W5E5
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