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BACKGROUND

Land Surface Heterogeneity at TERRA INCOGNITA

Ever increasing computational resources  Davies et al., 2005; Stevens et al., 2020
= Grid scale approaches length scale of largest PBL eddies Wyngaard, 2004
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Research Question:
What is the grid-resolution dependency of dynamical effects caused by land surface heterogeneity
on the atmospheric boundary layer evolution?



EXPERIMENT SETUP

Idealized strip-like land-surface heterogeneity

Idealized setup: T oo
v ICON + TERRA-ML Zangletal., 2015; Schrodin and Heise, 2001 LIS - - - - Wil
v 1D PBL scheme (NWP - MY2.5) Mellor and Yamada, 1982;

_ Raschendorfer, 2001
[+ reference (A =50 m LES)] Dipankar et al., 2015

144 x 80 km?, 3 hr simulation time .
A, =300 to 4800 m et

Diurnal cycle mid-latitudes _ _
Atmospheric environments (cells | rolls)
v Managed by soil moisture (S, =0.3 | 0.6) and 62 km 20 km 62 km
wind velocity (v, = 3| 15 m/s)
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Land surface heterogeneity:

i) Forest patch with homogeneous soil

ii) Soil moisture patch with homogeneous
land surface

iii) Soil moisture patch with forest surface
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RESULTS

Atmospheric boundary layer structure
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RESULTS

Atmospheric boundary layer structure
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v Artificial circulations lead to exaggeration of land surface heterogeneity effects
at km-scale simulation



RESULTS

Thermal heterogeneity effects on boundary layer structure and its grid resolution dependency
t=3hr v,=3m/s
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v Exaggeration of land surface heterogeneity effects at km-scale simulation independent of
thermal heterogeneity strength



RESULTS

Thermal heterogeneity effects on boundary layer structure and its grid resolution dependency
t=3hr v,=3m/s
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v Exaggeration of land surface heterogeneity effects at km-scale simulation independent of
thermal heterogeneity strength



RESULTS

Tuning of PBL scheme with |_

t=3hr homogeneous |_
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RESULTS N

Tuning of PBL scheme with | Z;

t=3hr homogeneous |_ 2-dimensional |_
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v Boundary-layer tuning reduces this effect and leads to improvement of boundary layer states



SUMMARY AND CONCLUSION

RQ: What is the grid-resolution dependency of dynamical effects caused by land surface heterogeneity
on the atmospheric boundary layer evolution?

Background and Setup: . wrvee _

v Grid spacing approaches size of PBL eddies
v ldealized simulation with strip-wise land surface E.._.E

heterogeneity

Results: N o
v Exaggeration of land surface heterogeneity effects ol IL i

at km-scale simulation e
v Improvement of boundary layer states due to donce 2o F—
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Poll et al. (2021), Grid Resolution Dependency of Land Surface Heterogeneity
Effects on Boundary Layer Structure, QJRMS, https://doi.org/10.1002/qj.4196
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RESULTS

Parameterization for PBL tuning

v

PBL tuning considering strength, width and location of thermal heterogeneity

300 1

asymptotic turbulent length scale loo (m)

1) Ratio grid spacing / PBL height
[ =f(—',-f3-HJ’x) 2) Thermal heterogeneity
3) Background wind speed
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RESULTS

Surface Energy Fluxes

v Surface energy fluxes of
the experiments for two
atmospheric conditions.
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RESULTS

LES
A

Vertical Velocity at zi/2
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v Spatially filter is applied
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RESULTS

LES g
Atmospheric boundary layer response A= som g
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RESULTS

Atmospheric boundary layer response
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RESULTS

Atmospheric boundary layer response

v Sr_env= 0.3; Sr_str=0.
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