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Background

• Aim: Finding an ICON configuration (vertical diffusion, Rayleigh damping) which 
simulates a realistic stratospheric circulation

• Known reference state needed for comparison: ERA5 reanalysis

• ICON simulations initialized from ERA5 state à Basically identical at first timestep

• Assumption: Zonal mean weather is predictable for ~10 days à ICON should 
approximately reproduce ERA5 for up to 10 days

• Changes in ICON configuration which reduce the bias to ERA5 are interpreted as 
model improvement
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First pitfall: Vertical coordinate transformation
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Vertical coordinate transformation: Approximation
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Plot: Marco Giorgetta

Approximation of fixed scale height does not hold

Temperature bias between ICON and ERA5 at model initialization



Vertical coordinate transformation: Second approach
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à Sum up layer by layer



Much smaller but still significant biases
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Plots: Marco Giorgetta

Temperature bias between ICON and ERA5 at model initialization



A more detailed look into the calculation of geopotential 
height
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How should 𝒛 interpolated to full (model) levels?
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calculated exactly



Vertical coordinate transformation
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Finally negligible biases
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Plots: Marco Giorgetta

à Geopotential height calculated by CDO operator gheight is not exact!



How does the cdo operator gheight work?
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Plot: Marco Giorgetta

Second pitfall: ERA5 horizontal wind data

• ERA5 horizontal wind data on model 
levels is provided in m⋅cos(𝜑)/s 
instead of m/s

• Scaling by 1/cos(𝜑) reduces zonal 
wind bias significantly

• Documented in DKRZ Readme



Third pitfall: Transformation of vertical velocity

General transformation of a 
derivative ⁄𝜕𝑥 𝜕𝑦 from 𝑝-

coordinates to 𝑧-coordinates:
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From: Holton and Hakim (2012), An Introduction to Dynamic Meteorology 
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Transformation of vertical velocity
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Importance of 𝒘𝐜𝐨𝐨𝐫𝐝 on different timescales
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Conclusion

• Doublecheck the unit of provided ERA5 horizontal wind data

• Comparison on z-levels: Coordinate transformation using a fixed scale height is very 
inaccurate (e.g., warm bias of ~10 K in upper troposphere)

• CDO operator gheight still inaccurate due to missing final interpolation step

• Transformation of vertical velocity: Approximation inaccurate in the stratosphere 
and mesosphere
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Careless vertical coordinate transformation can lead to 
significant artificial biases!



Finally negligible biases
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