*CICERO

Evaluation of WRF-CTSM
with the Hillslope Hydrology

configuration
Preliminary results

Iris Muzié
CESM Land Model / Biogeochemistry Model PhD student at the University of Oslo and
Winter Working Group Meeting CICERO Center for International Climate Research

February 6th, 2023 Norway



Acknowledgements

* David Lawrence
* Sean Swenson
* Negin Sobhani
» Erik Kluzek
 Bill Sacks

* setting up and using
« WRF-CTSM on the Norwegian cluster
« WRF-CTSM with the Hillslope Hydrology configuration

°CICERO



Hillslope Hydrology
configuration

 every column is described by 6
"geomorphic parameters” that
are derived from a DEM

* height, distance, width,
area, slope and aspect
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Representative Hillslopes

WRF-CTSM_HH setup
* 2 columns per hillslope

Spatial Covariation )
g * 8 columns per gridcell

O

Vegetation type can explicitly
co-vary with hillslope position

lllustrations adopted from Sean Swenson



Setup

Spin-up period (2002-2017)
WRF-CTSM
* 16 years of WRF-CTSM
WRF-CTSM_HH
* 14 years of WRF-CTSM + 2 years of WRF-CTSM_HH

10.5 km resolution

* initial and boundary conditions from ERA5
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The role of the spin-up period length

WRF-CTSM_HH - WRF-CTSM 2 m temperature
spring and summer 2018

3 months long spin-up
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16 years long spin-up
March April May July Aug
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Overview of
considered

variables
2018
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Summary of the differences between model configurations for the year 2018
WRF-CTSM_HH - WRF-CTSM

Summer period The rest of the months
2 m temperature
Surface temperature
Sensible heat
Latent heat
Soil moisture
Total water storage
Snow water equivalent
Snow depth

Snow cover
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2 m temperature
absolute differences
(16 years long spin-up)

WRF-CTSM - E-OBS

WRF-CTSM_HH - E-OBS

WRF-CTSM - NGCD

WRF-CTSM_HH - NGCD
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Spring 2018 (March and April)

T2, Mar 2018 [Max: 3.30 Min:-3.50 Mean: 0.07]

T2, Apr 2018 [Max: 3.15 Min:-4.96 Mean:-0.35]

Summer 2018 (June and July)

T2, Jun 2018 [Max:19.09 Min:-3.91 Mean:-0.06]

T2, Jul 2018 [Max:25.09 Min:-5.67 Mean:-0.32]

RMSE=0.80

RMSE=0.80

RMSE=0.62
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T2, Mar 2018 [Max: 3.12 Min:-5.23 Mean:-0.33]

T2, Apr 2018 [Max: 3.14 Min:-5.26 Mean:-0.55]

T2, Jun 2018 [Max:19.74 Min:-3.81 Mean: 0.47]

T2, Jul 2018 [Max:25.52 Min:-5.12 Mean: 0.31]

RMSE=0.97
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T2, Mar 2018 [Max: 4.44 Min:-7.60 Mean: 0.55]

T2, Apr 2018 [Max: 4.10 Min:-6.74 Mean:-0.11]

T2, Jun 2018 [Max: 5.36 Min:-7.04 Mean:-0.39]

T2, Jul 2018 [Max: 5.28 Min:-6.46 Mean:-0.38]

RMSE=1.20

RMSE=0.85

RMSE=0.94

RMSE=0.82

T2, Mar 2018 [Max: 4.25 Min:-8.02 Mean: 0.11]

T2, Apr 2018 [Max: 4.37 Min:-6.88 Mean:-0.40]

T2, Jun 2018 [Max: 5.87 Min:-6.93 Mean: 0.12]

T2, Jul 2018 [Max: 5.45 Min:-6.36 Mean: 0.29]

RMSE=1.08

RMSE=1.04

AR

RMSE=0.87

RMSE=0.78

0.0

[°C]




Surface soil moisture
absolute differences
(16 years long spin-up)

WRF-CTSM - GLEAM

WRF-CTSM_HH - GLEAM

WRF-CTSM - ESA CCI SM

WRF-CTSM_HH - ESA CCI SM
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Spring 2018 (March and April)

H20S0lI, Mar 2018 [Max: 0.85 Min:-0.35 Mean: 0.35]

H20S0I, Apr 2018 [Max: 0.84 Min:-0.38 Mean: 0.26]

Summer 2018 (June and July)

H20S0lI, Jun 2018 [Max: 0.76 Min:-0.41 Mean:-0.01]

H20s0l, Jul 2018 [Max: 0.80 Min:-0.38 Mean:-0.02]

RMSE=0.44

H20S0lI, Mar 2018 [Max: 0.85 Min:-0.36 Mean: 0.40]

RMSE=0.37

RMSE=0.12

RMSE=0.10
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H20S0I, Apr 2018 [Max: 0.81 Min:-0.41 Mean: 0.31]

RMSE=0.49

RMSE=0.42

H20S0l, Jun 2018 [Max: 0.83 Min:-0.40 Mean: 0.08]

RMSE=0.21

H20S0l, Jul 2018 [Max: 0.85 Min:-0.39 Mean: 0.08]

RMSE=0.20
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H20S0I, Mar 2018 [Max: 0.95 Min:-0.17 Mean: 0.17]

H20S0I, Apr 2018 [Max: 0.90 Min:-0.19 Mean: 0.12]

H20S0lI, Jun 2018 [Max: 0.68 Min:-0.22 Mean:-0.01]

H2050lI, Jul 2018 [Max: 0.69 Min:-0.23 Mean:-0.02]

RMSE=0.27

H20S0I, Mar 2018 [Max: 0.96 Min:-0.17 Mean: 0.19]

RMSE=0.22
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H20S0I, Apr 2018 [Max: 0.90 Min:-0.19 Mean: 0.17]

H20S0I, Jun 2018 [Max: 0.71 Min:-0.21 Mean: 0.08]

H20S0I, Jul 2018 [Max: 0.71 Min:-0.22 Mean: 0.07]
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Total water storage

Total water storage anomalies in 2018 relative to 2004-2009
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Conclusion

* the spin-up period of several years is required for reaching the soil equilibrium
» the differences in model configurations are larger in specific areas than in the regional mean
* most variables exhibit an increase when using the WRF-CTSM_HH configuration

* uncertainty in the observational datasets

* more years and variables should be evaluated against observational datasets to assess the skill
of model configurations

Presentation at EGU (23-28 April 2023)

The relevance of coupled climate model WRF-CTSM for land-atmosphere interactions analysis
Iris Muzi¢, Qivind Hodnebrog, Terje Koren Berntsen, Yeliz Yilmaz, Jana Sillmann,
David Lawrence, Sean Swenson, and Negin Sobhani
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Additional

1e=5 Total liquid runoff
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WRF settings
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Initial and boundary
conditions

Radiation
PBL
Cumulus

Microphysics

Spectral nudging

ERAS

RRTMG (4)
MYNN (2)
Grell-Freitas (3)
WSM6 (6)

only applied to the
upper air layers
instead of

at the PBL




