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Abstract

The output of the various Weather Research and Forecasting (WRF) model configura-
tions was compared with ground-based observations in the northern part of James Ross
Island, Antarctic Peninsula. In this region, a network of automatic weather stations de-
ployed at ice-free sites (as well as small glaciers) is operated by the Czech Antarctic
Research Programme. Data from these stations provide a unique opportunity to evaluate
the WRF model in a complex terrain of James Ross Island. The model was forced by the
ERAS reanalysis data and the University of Bremen sea ice data. The model con-
figurations include a novel Three-Dimensional Scale-Adaptive Turbulent Kinetic Energy
(3D TKE) planetary boundary layer scheme and a more traditional Quasi-Normal Scale
Elimination (QNSE) scheme. Impact of model horizontal resolution was evaluated by
running simulations in both 700 m and 300 m. The validation period, 25 May 2019 to
12 June 2019, was selected to cover different stratification regimes of air temperature
and a significant snowfall event. Air temperature was simulated well except for strong
low-level inversions. These inversions occurred in 44% of all cases and contributed to a
higher mean bias (2.0-2.9°C) at low-elevation sites than at high altitude sites (0.2—
0.6°C). The selection of the 3D TKE scheme led to improvement at low-elevation sites;
at high altitude sites, the differences between model configurations were rather small.
The best performance in wind speed simulation was achieved with the combination of
the 3D TKE scheme and 300 m model resolution. The most important improvement was
decrease of bias at a coastal Mendel Station from 3.5 m's™ with the QNSE scheme on
the 700 m grid to 1.2 m's™ with the 3D TKE scheme on the 300 m grid. The WRF model
was also proven to simulate a large snowfall event with a good correspondence with the
observed snow height.
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List of Abbreviations: 3D TKE = Three-Dimensional Scale-Adaptive Turbulent Kinetic Energy,
AP = Antarctic Peninsula, AWS = automatic weather station, ERAS = ECMWF Reanalysis v5,
PBL = planetary boundary layer, RMSE = root mean square error, SWE = snow water equivalent,
QNSE = Quasi-Normal Scale Elimination, WRF = Weather Research and Forecasting

Introduction

Antarctic Peninsula (AP) is one of the
regions with the highest climate variability
in Antarctica. After rapid warming in the
late twentieth century, a pronounced cool-
ing was observed in the early twenty-first
century (Turner et al. 2016). Due to rela-
tively high summer temperatures, region-
al climate fluctuations could have a strong
impact on local cryosphere (e.g. Davies et
al. 2012, Jonsell et al. 2012, Oliva et al.
2017). An important factor for temperature
variability and glacier melt intensity on the
eastern side of the AP is the change in fre-
quency of foehn winds (Cape et al. 2015).
Complex interactions between the atmos-
phere and the cryosphere constitute a cru-
cial research topic due to ongoing global
climate change connected with enhanced
glacier melt (IPCC 2019). However, in situ
observations in the AP region are limited
due to its remoteness and harsh polar con-
ditions. In recent decades, numerical mod-
els of the atmosphere became an important
tool in polar meteorology and climatology
(i.e. for reconstructions or projections of
future climate variability and processes).
They were also proven useful in precipita-
tion and snow cover modelling (Monaghan
et al. 2018) and in simulating snow trans-
port by wind (Gallée et al. 2013). The

Methods

Automatic weather stations observations
Data from five automatic weather sta-

tions (AWS) located in the northern part of

the Ulu Peninsula, James Ross Island, AP,

provided an observational background for
model validation (Fig. 1). This AWS net-
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Weather Research and Forecasting (WRF)
model was successfully applied in Antarc-
tica (e.g. Tastula et al. 2011, Turton et al.
2017, Zhang and Zhang 2018), Svalbard
(Aas et al. 2015, 2016; Laska et al. 2017)
and Greenland (Turton et al. 2019). The
WRF model was already run over northern
James Ross Island at 700 m horizontal res-
olution with several traditional planetary
boundary layer (PBL) schemes (Matg¢jka et
al. 2021). The selected PBL schemes led
to good model performance while winter
air temperature inversions and wind speed
atlow-elevation sites were identified as the
main challenges. Here, we present new re-
sults based on a comparison of a tradition-
al Quasi-Normal Scale Elimination (QNSE)
boundary layer scheme and a new Three-
Dimensional Scale-Adaptive Turbulent Ki-
netic Energy (3D TKE) scheme that is sup-
posed to be more suitable for model reso-
lution in the several-hundreds-of-meters or-
der. Furthermore, the potential benefit of
increasing model resolution from 700 m to
300 m was assessed. The impact of the de-
scribed changes on the model’s ability to
predict air temperature, wind speed, fresh
snow height, and snow water equivalent
(SWE) during a significant snowfall was
evaluated.

work covered an altitudinal range of 10 —
539 m and included both ice-free sites and
selected Ulu Peninsula glaciers. Air tem-
perature was observed by the EMS33 tem-
perature sensor (EMS, Brno, the Czech Re-
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public), and wind speed was monitored by
a Young 05305 anemometer (Young, Tra-
verse City, United States). Snow height
was measured by a sonic distance sensor
(Judd Communications, Salt Lake City,
United States). Air temperature was avail-

able every hour, wind speed was recorded
as 30-min means and the snow height
sensor provided data with 2-h resolution.
Geographical coordinates of the AWS lo-
cations and their instrumentations are pro-
vided in Table 1 and Table 2.

Fig. 1. AWS locations (blue circles) on the Ulu Peninsula, James Ross Island. The background
map is created from the Landsat Imagery Mosaic of Antarctica (Bindschadler et al. 2008) and the
Czech Geological Survey elevation data (Czech Geological Survey 2009).
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AWS location  Latitude (°) Longitude (°) Altitude (m) WREF altitude (m) Land cover
Abernethy Flats ~ -63.8814 -57.9482 41 65/64 Bare ground
Davies Dome -63.8887 -58.0611 539 514/539 Glacier
Johnson Mesa -63.8223 -57.9326 340 261/349 Bare ground
Mendel Station -63.8016 -57.8832 10 10/27 Bare ground
Whisky Glacier -63.9300 -57.9461 326 330/348 Glacier

Table 1. Geographical coordinates, in situ and the WRF model altitude and land cover type of the
Ulu Peninsula AWS locations. The WRF altitude is given as the altitude of the closest model grid

point at 700 m/300 m resolution.

AWS location Air temperature Wind speed Snow height
Abernethy Flats v
Davies Dome v v
Johnson Mesa v v
Mendel Station v v v
Whisky Glacier v

Table 2. Meteorological parameters observed at Ulu Peninsula AWS locations.

The WRF model

The WRF model is an open-source,
state-of-the-art weather prediction system.
It features advanced numerical schemes
for atmospheric dynamics and multiple pa-
rameterisations of physical processes (e. g.
cloud microphysics, radiation and land sur-
face-atmosphere interactions) (Wang et al.
2021). The model has been used suc-
cessfully in many atmospheric research
studies in Antarctica (e.g. Steinhoff et al.
2013, Turton et al. 2017) and in Antarctic
weather prediction (Antarctic Mesoscale
Prediction System; for more details, see
[1]).

In this study, the model was run in ver-
sion 4.3, which was released in May 2021.
This version includes a new 3D TKE mod-
el (Zhang et al. 2018) as a boundary layer
scheme option. The 3D TKE scheme was
developed to overcome the limitations of
traditional boundary layer schemes in mod-
el grid resolutions significantly below 1 km
(Shin and Dudhia 2016). The 3D TKE
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model was compared with a traditional
QNSE boundary layer scheme (Sukori-
ansky et al. 2005). Potential benefits from
enhanced horizontal resolution were as-
sessed by running the model in two sub-
kilometer grid resolutions (700 m and
300 m). Shortwave and longwave radiation
fluxes in the model were computed by the
Rapid Radiative Transfer Model for Glob-
al Circulation Models (Iacono et al. 2008);
the Thompson scheme (Thompson et al.
2008) was responsible for cloud micro-
physics; and the NoahMP scheme (Niu et
al. 2011) was selected as the land surface
model for computing atmosphere-land in-
teractions. This scheme supports multilay-
er snowpack and snow compaction by
multiple physical processes but does not
support snow redistribution by wind. Con-
vection, if any should occur, was simu-
lated explicitly. The 3D TKE scheme was
run with the Mellor-Yamada-Nakanishi-
Niino surface layer scheme, and the QNSE
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boundary layer scheme relied on an epony-
mous surface layer option.

The wvalidation period lasted from
25 May 2019 01 UTC to 12 June 2019
00 UTC. However, simulations were ini-
tiated nine days before the validation pe-
riod to allow development of local atmos-
pheric processes (Warner 2009). This pe-
riod was selected to capture contrasting
meteorological conditions: a strong temper-
ature inversion, slightly stable or neutral
temperature stratification and a significant
snowfall event. The impact of strong low-
level temperature inversion on air temper-
ature and wind speed accuracy was as-
sessed by computing model bias in four
subperiods, two of which included a very
strong air temperature inversion with a
temperature contrast of more than 10°C
between coastal Mendel Station and near-
by Johnson Mesa, which is 340 m above
sea level.

The WRF model simulation design in-
cluded three nested domains for 700 m
runs and four nested domains for 300 m
runs. In the vertical coordinate, the model
worked with 65 eta levels. Adaptive time
step was chosen to reach reasonable com-
putational cost while keeping numerical
schemes in the model stable. The ERAS
reanalysis (Hersbach et al. 2020) provided
atmospheric initial and boundary condi-
tions for the WRF model. The University
in Bremen sea ice dataset (Spreen et al.
2008) was a source of detailed sea ice
concentration input. Mean sea ice depth
was set to 1.2 m following analysis of

Results
Air temperature

Air temperatures observed at each AWS
and simulated by the WRF model with the
3DTKE and QNSE schemes are given in
Fig. 2. Results for both tested horizontal
resolutions (700 m and 300 m) are also
presented. The leading multi-day temper-

Kern et al. (2016). Model terrain height
was derived from the Reference Elevation
Model of Antarctica (Howat et al. 2019).
Land cover categories of individual model
grid points (sea, ice/snow and bare ground)
were based on the SCAR Antarctic Digital
Database (British Antarctic Survey, 2019)
and Czech Geological Survey data (2009).
Initial model snow cover and snow densi-
ty adjustments for Antarctica were made
in the same manner as in Matéjka et al.
(2021).

The accuracy of the model output was
assessed with three standard validation sta-
tistics: Pearson correlation coefficient (ryy),
bias (positive if the model predicted a
higher value than was observed) and the
root mean square error (RMSE). Valida-
tion statistics were not computed for snow
height because relative snow height was
used for comparison (i.e. existing snow
height at the beginning of the validation
period was subtracted from the evaluated
time series). Note that modelled wind
speed at Davies Dome AWS was corrected
from model height (10 m) to observation
height (2 m) by a logarithmic function
(Johnson 1999). The conversion formula
was

Egn.1

where U, is wind speed at 10 m above the
surface and U, is wind speed at 2 m above
the surface.

ature fluctuations were successfully cap-
tured by the model. Model accuracy was
generally better from 25 May 2019 to
05 June 2019 while a positive bias pre-
vailed from 06 — 12 June 2019.
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Fig. 2. Simulated and observed air temperatures at selected locations on Ulu Peninsula from
25 May 2019 01 UTC to 12 June 2019 00 UTC.
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The model performed better in high-
elevation sites (Davies Dome, Whisky Gla-
cier, Johnson Mesa) with mean bias from
0.2°C to 0.6°C. The exact bias value de-
pended on the model resolution and the
selected PBL scheme, whose impact will
be discussed in Chapter Statistical evalu-
ation of air temperature simulation. The
modelled temperature accuracy was lower
at coastal (Mendel Station) or low-eleva-

tion (Abernethy Flats) sites where mean
bias reached 2.0°C to 2.9°C. However,
shorter-term biases showed significant vari-
ability, especially at low-elevation sites,
where rather high bias was found during
the 01 — 02 June 2019 and 06 — 11 June
2019 periods (Table 3). A common feature
of these periods was strong temperature in-
versions, which occurred 0102 June, 08 —
09 June and 11 June 2019.

AWS group

25-31 May

01-02 June

03-05 June

06-11 June

Low elevation

-1.2°C to -0.5°C

4.1°Cto 7.5°C

0.3°Cto 2.2°C

5.4°Cto 6.5°C

High elevation

-1.4°C to -0.4°C

-1.6°C to -0.6°C

-2.5°C to -0.4°C

2.8°Cto 3.8°C

Table 3. Mean WREF air temperature bias at low-elevation (Abernethy Flats, Mendel Station) and
high-elevation (Davies Dome, Johnson Mesa, Whisky Glacier) locations during four validation
subperiods. All the PBL scheme and resolution options are included in the intervals for each

elevation zone of AWS and each study period.

Wind speed

The WRF model captured wind speed
fluctuations very well (Fig. 3), with slight-
ly positive bias at Davies Dome, a high-
elevation AWS (1.3 m's’ to 1.6 m's™),
and slight to moderate positive bias at
Mendel Station (1.2 m's™ to 3.5 m's™), a
low-elevation AWS. The impact of model
setup on bias, which was more significant
at Mendel Station that at Davies Dome,

will be described in greater detail in Chap-
ter Statistical evaluation of wind speed
simulation. During air temperature inver-
sion events, wind speed was overestimat-
ed at Mendel Station on 01 and 02 June
2019 (by values ranging from 2.2 m-s”
to 4.2 m-s”; Table 4) and 08 June 2019
(3.6 m's” to 6.2 m's™") but only slightly on
11 June 2019 (0.2 m's™ to 1.7 m-s™).

AWS 25-31 May 01-02 June 03—05 June 06—11 June
Mendel Station | 0.5 m-s™ 22ms’! 32ms’! 0.7 ms"

to 3.8 m's’! to 4.2 m's’ to 4.5 m's’! t0 2.6 m's’
Davies Dome 1.0msT 1.9msT 0.0 ms’ 1.6 ms"

to 1.9 m's™ to 2.2 m's’ t0 0.6 m's™ to 1.8 m's”

Table 4. Mean WRF wind speed bias at low-elevation Mendel Station and high-elevation Davies
Dome for four validation subperiods. All the PBL scheme and resolution options are included in
the intervals for each AWS and selected study period.
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Fig. 3. Simulated and observed wind speeds at two selected locations on Ulu Peninsula from

25 May 2019 01 UTC to 12 June 2019 00 UTC.

Snow cover height and precipitation

There was no significant snowfall ob-
served until 05 June 2019 — observed
changes of < lem are within instrument
error — but simulated snow cover reached
3—4 cm, of which the majority was related
to the 26 — 27 May 2019 snowfall event.
The most significant snowfall episode was
recorded on 05 — 06 June 2019 with a
maximum observed snow accumulation
of 19 cm at both AWS locations. Mod-
elled fresh snow height during this event
reached 16—24 cm at Johnson Mesa AWS
and 13 — 26 cm at Mendel Station AWS.
The most accurate results were simulat-
ed with the 3D TKE scheme at 300 m
(19.4 cm) at Mendel Station and with the
QNSE scheme at 700 m (19.3 cm) at John-
son Mesa. Maximum snow height during
the entire validation period was better sim-
ulated by both 300 m runs while the 700 m
simulations produced snow cover that sig-
nificantly exceeded the JUDD sonic rang-
er measurements. Observed snow height at

22

Mendel Station showed a transient de-
crease around 07 June 2019 00 UTC and
finally dropped off ~8 cm on 10 June
2019. On Johnson Mesa, almost all new
snow accumulation was removed by wind
by 07 June 2019 00 UTC. Note that during
both 06 and 10 June 2019, maximum wind
speeds at both Mendel Station and Davies
Dome exceeded 10 m-s™.

Based on mean observed fresh snow
density at Mendel Station and Whisky Gla-
cier in summer 2022 (173.3 kg'm™), the
amount of observed new snow on 05— 06
June 2019 would correspond to 32.9 mm
water equivalent. Modelled increase of
SWE during these two days reached 19.7 —
20.6 mm for the 3D TKE and QNSE
schemes at 300 m runs and 23.5—25.1 mm
for the 700 m simulations (Table 5). The
SWE of modelled fresh snow was very
close to simulated precipitation amounts. A
prevailing fraction of observed fresh snow
accumulation was recorded on 06 June 2019
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(64 — 81%), while the model simulated a Similar results were also found for SWE.
bigger fraction during 05 June 2019 (52— The model thus predicted a large fraction
75%); only the QNSE scheme on the 300m  of this snowfall event a few hours earlier
grid setup lowered this fraction to 43%. than it was observed (see also Fig. 4).

Precipitation per 24 h SWE Snow height
Mendel (mm) (mm) (cm)
Station 6.6.2019 7.6.2019 6.6.2019 7.6.2019 6.6.2019 | 7.6.2019

00 UTC 00 UTC 00 UTC 00 UTC 00 UTC 00 UTC
3D TKE 300 m 7.9 12.7 8.0 20.6 10.4 19.4
QNSE 300 m 7.4 12.3 7.4 19.7 5.8 134
3D TKE 700 m 11.8 13.0 11.8 24.8 16.4 26.4
QNSE 700 m 11.6 13.6 11.6 25.1 15.5 20.8
Observed N/A N/A 11.7 32.9 6.8 19.1

Precipitation per 24 h SWE Snow height
Johnson (mm) (mm) (cm)
Mesa 6.6.2019 7.6.2019 6.6.2019 7.6.2019 | 6.6.2019 | 7.6.2019

00 UTC 00 UTC 00 UTC 00 UTC 00 UTC 00 UTC
3D TKE 300 m 8.6 11.4 8.7 20.1 10.1 17.3
QNSE 300 m 8.4 11.4 8.4 19.8 8.5 16.4
3D TKE 700 m 12.2 12.8 12.2 25.1 14.9 24.3
QNSE 700 m 11.9 11.6 11.9 23.5 12.3 19.3
Observed N/A N/A 6.4 32.9 3.7 19.3

Table 5. Modelled and observed precipitation amounts, snow water equivalent (SWE) and snow
height for the 05—06 June 2019 snowfall event at Mendel Station and Johnson Mesa. Precipitation
amount is given as a 24-hour sum (00 — 24 UTC). The SWE and snow height are accumulated
from 05 June 2019 00 UTC, and their respective maximum values until 06 June 2019 00 UTC and
07 June 2019 00 UTC are shown. Maximum daily values are presented due to slightly different
timing of modelled and observed peak snow heights. N/A = not available.
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Fig. 4. Simulated and observed snow height at selected locations on Ulu Peninsula from 25 May
2019 01 UTC to 12 June 2019 00 UTC.
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Statistical evaluation of air temperature simulation

Statistical parameters quantifying simu-
lated air temperature accuracy are present-
ed in Fig. 5. The model performed better
at higher elevation sites — Davies Dome,
Johnson Mesa and Whisky Glacier — with
mean bias of 0.23—0.55°C, RMSE of 2.66
—3.15°C and ryy 0 0.91-0.95. Model vali-
dation at coastal Mendel Station and low-
elevation Abernethy Flats sites showed
lower performance: bias of 2.01 —2.91°C,
RMSE of 4.39 -5.37°C and ry, of 0.79 —
0.81.

Selection of the new 3D TKE scheme
led to an improvement in bias and RMSE
at low-elevation AWS locations Mendel
Station and Abernethy Flats. Compared
with the QNSE runs at the same resolu-
tion, bias decreased by 0.29 —0.56°C and
RMSE by 0.16 —0.44°C. At higher-eleva-

tion sites, the results are rather mixed. A
slight improvement could be found at
Whisky Glacier (bias improved by 0.10 —
0.32°C and RMSE by 0.07 — 0.36°C),
whereas small changes at Davies Dome
and Johnson Mesa were both positive and
negative.

With increased horizontal model reso-
lution (from 700 m to 300 m), bias was
mostly reduced in the range of -0.27°C
to +0.18°C, but RMSE increased in most
cases (from -0.18°C to 0.42°C). Pear-
son correlation coefficients of modelled
and observed air temperatures were within
0.01 range for any model setup at indi-
vidual AWS locations. An exception was
Whisky Glacier, where the QNSE-300 m
run showed lower ry, than other model
setups by 0.02—0.03.
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Fig. 5. Statistical evaluation of WRF-modelled air temperatures at selected Ulu Peninsula lo-
cations. Validation parameters are shown for 3D TKE and QNSE PBL schemes and for 700 m and
300 m model horizontal resolution. Note: 3D = 3D TKE, Q = QNSE, 3 =300 m and 7 =700 m.
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Statistical evaluation of wind speed simulation

The WRF model with the 3D TKE
scheme significantly reduced wind speed
bias and RMSE at Mendel Station com-
pared to the QNSE-based runs. The im-
provement reached 1.43 — 1.58 m's™ for
bias and 0.99—1.05 m-s” for RMSE. Ben-
efits of 0.03 — 0.36 m-s™ in bias and 0.08—
0.46 m's” in RMSE were found for the 3D
TKE simulations at Davies Dome. For the
3D TKE scheme, both bias and RMSE
further improved when increasing model

Mendel

Davies Dome

~
I‘n. 4.
S
N
@ 2- 1.64
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64
SN
I
II) 4-

3.49

E 503 317 3.25
o
Q 2-
o

3D_3 3D_7 Q3 Q7 3D_3 3D_7 Q3

resolution from 700 m to 300 m. The same
was true for the QNSE scheme at Mendel
Station. However, increasing resolution of
QNSE simulation did not lead to an im-
provement in RMSE at Davies Dome. Pear-
son correlation coefficients were within a
0.01 range for all model runs at Davies
Dome but were 0.02 lower in the 3D TKE
runs compared to the QNSE runs at Men-
del Station.

Davies Dome Mendel

" 090 0.90 0.90 0.91

3D.33D_7 Q3 Q7

083 085 085 0.87

3D_3 3D_7 Q_3

Fig. 6. Statistical evaluation of WRF-modelled wind speeds at selected Ulu Peninsula locations.
Validation parameters are shown for 3D TKE and QNSE PBL schemes and for 700 m and 300 m
model horizontal resolution. Note: 3D = 3D TKE, Q = QNSE, 3 =300 m and 7 =700 m.

Discussion

The WRF model simulated winter air
temperatures and wind speeds during a
selected period with different weather re-
gimes on James Ross Island with very
good accuracy. The model performance
was similar or better to other Antarctic
WRF validation studies (e.g. Turton et al.
2017, Deb et al. 2016). For a compre-
hensive summary of the WRF model vali-

dations in Antarctica, see Table 5 in Matéj-
ka et al. (2021).

At higher-elevation sites — Davies
Dome, Whisky Glacier and Johnson Mesa
(326—539 m a.s.l.) — the mean air tempera-
ture bias was 0.2 —0.6°C for all PBL and
horizontal resolution setups. A notable ex-
ception was 09 — 10 June 2019, when the
model predicted ~5°C higher temperature
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than observed values. Looking at low-ele-
vation sites, the mean bias was higher (2.0
—2.9°C), which may be attributed princi-
pally to three episodes of a strong temper-
ature inversion: 01—-02 June 2019, 08 —09
June 2019 and 11 June 2019. It is clearly
visible that the model performance was
much better at high-elevated sites during
these days. In fact, air temperature bias at
the coastal Mendel Station was negative-
ly correlated with a temperature differ-
ence between Mendel Station and Johnson
Mesa (ry, = -0.73; p<0.001), that may be
considered as a local air temperature lapse-
rate proxy. Ambrozova et al. (2022) used
the WRF model at 700 m horizontal reso-
Iution with the QNSE PBL scheme. They
found almost no inversion in the model
when comparing the Mendel Station and
Bibby Hill (375 m a.s.l.) time series. How-
ever, it was realised that the inversion was
simulated over sea ice in nearby Prince
Gustav Channel. The suitability of the
WRF model to simulate air temperature in-
version in a less complex topography com-
pared to northern James Ross Island was
also confirmed over sea ice on the Wed-
dell Sea (Tastula et al. 2012) and the Ross
Ice Shelf (Wille et al. 2016). A possible
explanation suggested by Ambrozova et al.
(2022) is that, even at very high resolution,
the numerical schemes in the model are
not able to reproduce sharp temperature
gradients at the foot of coastal hills. Based
on this study, we suggest that increasing
resolution further to 300 m is still not suf-
ficient to accurately simulate very strong
temperature stratification in the complex
terrain of northern James Ross Island. How-
ever, using the 3D TKE scheme instead of
the QNSE led to at least a slight im-
provement in air temperature bias at the
low-elevation sites.

For wind speed, transition from the
QNSE to the 3D TKE scheme and from
700 m to 300 m was highly beneficial at
Mendel Station. At Davies Dome, the im-
pact of model resolution was not entirely
clear, but the combination of 3D TKE and
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300 m produced the most accurate output
from all model runs, similar to Mendel Sta-
tion. Based on an analysis of wind speed
and air temperature data, we suggest that
exaggerated wind speed in the model con-
tributed to a poor simulation of air temper-
ature inversion at Mendel Station on 01 —
02 June 2019 and on 08—09 June 2019.
The main snowfall event during the
study period occurred on 05 — 06 June
2019, when both AWS locations recorded
19 cm of new snow cover. The model es-
timated this amount and the timing of this
event very well with a slight underesti-
mation of fresh SWE. Snow transport by
wind (5 — 10m's™) led to snow height
drops on 06 and 10 June 2019. Snowmelt
in this period could be excluded due to
sub-zero air temperature and negligible
solar radiation. These snow height drops
could not be simulated by the model be-
cause the NoahMP land surface scheme in
the WRF model absents a blowing snow
routine. Resultingly, there is a need for a
snowdrift-permitting land surface model
for reliable snow dynamics simulation on
James Ross Island. Importance of snow-
drift for glacier mass balance in this region
was also emphasised by Engel etal. (2018).
Direct comparisons of WRF-modelled
and observed snow heights in polar or sub-
polar regions are rare. Aas et al. (2016)
used WRF-modelled meteorological data
(e.g. air temperature and precipitation), as
forcing for a glacier mass balance model
on Svalbard and reached very good cor-
respondence between observed and mod-
elled mass balance. The WRF model was
also proven to simulate spatial patterns of
precipitation over Alaska and also, to a
large extent, absolute precipitation values
(Monaghan et al. 2018). These conclu-
sions, together with this study’s results,
give good confidence to the WRF model’s
ability to predict snowfall with reasonable
accuracy despite some differences in tempo-
ral distribution of observed and modelled
snowfall (Fig. 4). However, a longer-period
study of precipitation and snow height dy-
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namics would be necessary to confirm
model accuracy in the James Ross Island
region. New precipitation and snow cover
observations from summer 2021/2022 at
Mendel Station might be very useful for
this purpose in future WRF-based studies.

Conclusion

In this study, new high-resolution WRF
model output for James Ross Island is
presented. The improvements from the
new 3D TKE PBL scheme and enhanced
horizontal model resolution for model per-
formance were assessed. The most notable
benefit of the new PBL scheme for air
temperature simulation was reduction of
bias and RMSE at low-elevation sites.
However, all tested model configurations
had difficulties in capturing strong low-
level temperature inversions.

The new PBL scheme and better model
resolution were beneficial for wind speed
simulation at coastal Mendel Station, where
the run with 300 m resolution with the
3D TKE scheme produced bias lower by
2.27 m-s” and RMSE lower by 1.35 m's”
than the 700 m run with the QNSE scheme.
At Davies Dome, the best results were
achieved also by the 300 m and 3D TKE
combination, but the differences between
schemes were less significant.

In addition to air temperature and wind
speed, modelled snow cover heights at
Mendel Station and Johnson Mesa were
also evaluated. The WRF model captured
the most important snowfall event of 05 —
06 June 2019 well, reaching similar fresh
snow height as the observations showed.
On the other hand, the model simulated
another light snowfall event not found in
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