Pitfalls when comparing ICON output
with ERAS reanalysis data




Background

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

Known reference state needed for comparison: ERAS reanalysis

ICON simulations initialized from ERAS state = Basically identical at first timestep

Assumption: Zonal mean weather is predictable for ~10 days = ICON should
approximately reproduce ERAS for up to 10 days

Changes in ICON configuration which reduce the bias to ERA5 are interpreted as
model improvement



First pitfall: Vertical coordinate transformation
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Vertical coordinate transformation: Approximation
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Approximation of fixed scale height does not hold

Temperature bias between ICON and ERAS at model initialization

dy16_02_p10d—ERAS_1h_H7km: ta/(K), 00Z01apr2004

£
X 40000
N

60S 308 £Q 30N 60N
latitude



Vertical coordinate transformation: Second approach
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Much smaller but still significant biases

Temperature bias between ICON and ERAS5 at model initialization

dy16_02_p10d—ERAS_1h_H7km: ta/(K), 00Z01apr2004
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A more detailed look into the calculation of geopotential

height
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How should z interpolated to full (model) levels?



Vertical coordinate transformation
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Finally negligible biases

dy16_02_p10d—ERAS_1h_H7km: ta/(K), 00Z01apr2004
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—> Geopotential height calculated by CDO operator gheight is not exact!

dy16_02_p10d—ERAS_1h_gheight: ta/(K), 00Z01apr2004
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dy16_02_p10d—ERAS_1h_exact: ta/(K), 00Z01apr2004
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How does the cdo operator gheight work?

geopotential height, time=20040401T000000Z, lat=-0.18N, lon=180.0E
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Second pitfall: ERAS horizontal wind data

dy21_02_p10d—ERA5_1h: ua/(m/s), 20040401T00Z
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Third pitfall: Transformation of vertical velocity

Vertical velocity in p-coordinates w (Pa/s) must be transformed to w (m/s)!
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Transformation of vertical velocity

Is Wi,0rq really negligible?
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Importance of w ,,q On different timescales W = Wooord = -
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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 ~10K 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

Careless vertical coordinate transformation can lead to
significant artificial biases!



Finally negligible biases
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