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Abstract: Measurements of the atmospheric boundary layer (ABL) structure were performed for three
years (October 2017-August 2020) at the Russian observatory “Ice Base Cape Baranova” (79.280° N,
101.620° E) using SODAR (Sound Detection And Ranging). These measurements were part of the
YOPP (Year of Polar Prediction) project “Boundary layer measurements in the high Arctic” (CATS_BL)
within the scope of a joint German-Russian project. In addition to SODAR-derived vertical profiles of
wind speed and direction, a suite of complementary measurements at the observatory was available.
ABL measurements were used for verification of the regional climate model COSMO-CLM (CCLM)
with a 5 km resolution for 2017-2020. The CCLM was run with nesting in ERA5 data in a forecast mode
for the measurement period. SODAR measurements were mostly limited to wind speeds <12 m/s
since the signal was often lost for higher winds. The SODAR data showed a topographical channeling
effect for the wind field in the lowest 100 m and some low-level jets (LL]Js). The verification of the
CCLM with near-surface data of the observatory showed good agreement for the wind and a negative
bias for the 2 m temperature. The comparison with SODAR data showed a positive bias for the wind
speed of about 1 m/s below 100 m, which increased to 1.5 m/s for higher levels. In contrast to the
SODAR data, the CCLM data showed the frequent presence of LLJs associated with the topographic
channeling in Shokalsky Strait. Although SODAR wind profiles are limited in range and have a
lot of gaps, they represent a valuable data set for model verification. However, a full picture of the
ABL structure and the climatology of channeling events could be obtained only with the model data.
The climatological evaluation showed that the wind field at Cape Baranova was not only influenced
by direct topographic channeling under conditions of southerly winds through the Shokalsky Strait
but also by channeling through a mountain gap for westerly winds. LL]Js were detected in 37% of all
profiles and most LLJs were associated with channeling, particularly LLJs with a jet speed > 15 m/s
(which were 29% of all LL]Js). The analysis of the simulated 10 m wind field showed that the 99%-tile
of the wind speed reached 18 m/s and clearly showed a dipole structure of channeled wind at both
exits of Shokalsky Strait. The climatology of channeling events showed that this dipole structure was
caused by the frequent occurrence of channeling at both exits. Channeling events lasting at least 12 h
occurred on about 62 days per year at both exits of Shokalsky Strait.

Keywords: low-level jets; SODAR; atmospheric boundary layer; topographic flow; atmospheric
modeling; Laptev Sea

1. Introduction

The Year of Polar Prediction (YOPP) is part of the Polar Prediction Project (PPP) of
the World Meteorological Organization (WMO), Geneva, Switzerland, for 20132022 with
the goal to improve weather forecast and climate modeling in polar regions. YOPP was
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launched in mid-2017 and had three special/targeted observing periods in the Arctic:
February to March 2018, July to September 2018 and spring 2020 [1]. The latter period is
associated with the Multidisciplinary Drifting Observatory for the Study of Arctic Climate
(MOSAIC) drift from October 2019 to September 2020 [2]. On the observational side,
the goal of YOPP was to increase the number of routine observations (e.g., the frequency
of radiosonde launches, see [3]) and to perform additional measurements (e.g., [4]). On
the modeling side, process-based model evaluation is one of the key goals of YOPP [1]
since the representation of processes in polar regions is a major challenge for weather
forecasts and climate models, particularly regarding the atmospheric boundary layer (ABL)
and clouds [5-8].

In the present paper, we present ABL measurements and model evaluations for the
Russian observatory “Ice Base Cape Baranova” (CB) in the Laptev Sea (Figure 1, Supple-
mentary Material Figure S1). The measurements were performed within the scope of the
Changing Arctic Transpolar System (CATS) project for three years (October 2017-August
2020) and cover the complete YOPP period, as well as the period of the MOSAIC drift.
The measurements at Cape Baranova (79.280° N, 101.620° E) were carried out by the Uni-
versity of Trier, Trier, Germany, and the Arctic and Antarctic Research Institute (AARI),
St. Petersburg, Russia, and were endorsed as part of the YOPP project “Boundary layer mea-
surements in the high Arctic” (CATS_BL, https:/ /apps3.awi.de/YPP/endorsed/projects
(accessed on 15 April 2022)). The observatory is located on Bolshevik Island, which is the
southernmost island of the Severnaya Zemlya Archipelago (Figure 2). Flow channeling
during conditions of a stable boundary layer (SBL) can be expected due to the topography
on both sides of Shokalsky Strait between Bolshevik Island and October Revolution Island
(Figure 2b). This may lead to enhanced atmosphere-ice-ocean interactions. The region at
the northern exit of Shokalsky Strait is known to be an area with large polynya activity and
ice production [9]. An example of such a polynya can be seen in Figure 1.
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Figure 1. Model domain of the COSMO-CLM (CCLM) model with a 5 km resolution with topography
and sea ice concentration for 23 April 2020. The Russian observatories near Tiksi and at Cape
Baranova (CB) are marked by red dots.
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Figure 2. (a) Map of the Severnaya Zemlya Archipelago with its topography. The position of Cape
Baranova (CB) is marked. (b) Zoomed-in image for the Shokalsky Strait. White dots mark positions
of selected model grid points: Be—closest grid point to CB, Bm—closest grid point to CB over the
ocean, Sn—Shokalsky north, Sw—Shokalsky west, Ss—Shokalsky south.

The research motivation of the experiment was to contribute to YOPP by generating a
high-resolution long-term data set of the ABL structure in the high Arctic using SODAR
(Sound Detection And Ranging) measurements for the verification of regional climate
models and process studies. A special focus was on topographic flow and low-level jets
(LLJs). A detailed description of the data is given in Section 2.

A recent investigation of LL]Js in the Laptev Sea area is shown in [10]. Using SODAR
data at the Tiksi observatory for the winter of 2014/15, they showed that LL]s are present
in about 23% of all profiles with a mean jet speed and height of about 7 m/s and 240 m,
respectively. In 3.4% of all profiles, LLJs exceeding 10 m/s occurred. A climatology of LL]Js
using reanalysis data with 30 km resolution for the years 2000-2010 by [11] showed that
the highest frequency of LLJs was associated with strong gradients in topography (e.g.,
more than 80% for the slopes of the Greenland ice sheet, where katabatic winds dominated.
For the Laptev Sea area, the LL] frequency was much lower (20%) and the LLJs were weaker.
However, the resolution of 30 km in their study could not resolve topographic effects in
Shokalsky Strait, which has a width of about 20 km at its narrowest point (Figure 2b).

Flow channeling at Smith Sound in the Nares Strait between Canada and Greenland,
where the surrounding mountains are higher and the width is larger than for Shokalsky
Strait, was shown by [12] in an experimental study using aircraft data. Strong LL]Js ex-
ceeding 20 m/s were observed. The gap flow in Nares Strait was investigated by several
model studies. Ref. [13] used the Polar MM5 model with a 6 km resolution for two years
and found monthly mean 10 m winds through Smith Sound of 10 m/s in winter and
mostly weak winds during summer. Ref. [14] compared ERA5 data [15] and the ECMWF
operational analyses with a 9 km resolution for winter 2016 for this region and concluded
that a horizontal resolution lower than 30 km is necessary to represent the flow channeling
in Nares Strait. Ref. [16] used the CCLM with a horizontal resolution of 15 km for an
analysis of wind extremes for the whole Arctic for the winters of 1979-2016. They found the
most extreme winds near Greenland and showed a 95%-tile of more than 20 m/s for Smith
Sound. A more detailed climatology of LLJs in Nares Strait for winters 1987-2016 was
shown by [17]. They also used the CCLM with 15 km resolution and found a mean 10 m
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wind speed of around 12 m/s at the southern exit of Smith Sound. This wind maximum
was associated with LL]Js typically occurring at 100-250 m in height.

For the region of interest in the present study (Figure 2), a high model resolution of less
than 15 km was necessary. The results of [16] with a 15 km resolution showed only a weak
signal of flow channeling in Shokalsky Strait and Vilkitsky Strait. In a case study of a storm
event in November 2013 using the CCLM with a 5 km resolution by [18], a pronounced wind
maximum of more than 16 m/s was found at the northern exit of Shokalsky Strait. A recent
study for the Laptev Sea using the CCLM with a 12 km resolution for 1980-2016 by [19]
showed wind maxima of about 7 m/s associated with the mountains of the Severnaya
Zemlya islands, which were attributed to downslope windstorms.

In the present paper, we present a three-year climatology of the wind field structure at
Cape Baranova using SODAR observations and CCLM simulations with 5 km resolution.

2. Materials and Methods
2.1. Near-Surface Measurements and General Meteorological Conditions

At the observatory, standard meteorological near-surface quantities are measured
at a meteorological tower (Table 1, Supplementary Material Figure S2). Data are stored
with a 3 h resolution in the data archive of the AARI. Figure 3 gives an overview of the
meteorological conditions during the investigation period October 2017-August 2020.
The temperature showed a pronounced yearly cycle, with a minimum of —39.0 °C and a
maximum of 15.9 °C. In the Arctic winter (November—April), the temperature was typically
below —10 °C (median of —11.7 °C) and 25% of the data were below —22.0 °C. The wind
showed no yearly cycle, the maximum was 31.0 m/s and the mean was 6.2 m/s (75%-tile
was 9.0 m/s).

Table 1. Instruments and measurements at Cape Baranova used for this study.

Instrument Variable Height/Range Frequency Owner
SODAR MFAS (Scintec) 3D wind profile, wind variances 30 m—400 m 20 min/1h University Trier
windRASS extension (Scintec) Temperature profile 40 m—400 m 20 min/1h University Trier
Radiosonde Wind, humidity and tem perature profile 0-25 km 12-24h Roshydromet
Wind (speed and direction) 10 m
Tower Temperature and humidity 2,8m 3h Roshydromet
32
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Figure 3. Time series of the 2 m temperature (red line) and 10 m wind speed during the investigation
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The wind rose for the 10 m wind (Figure 4a) showed that the southwesterly winds
were predominant, that is, along the axis of Shokalsky Strait, which indicated that flow
channeling was present. The highest wind speeds also occurred in the southwesterly
direction. The wind speed distribution (Figure 4b) showed a maximum of approximately
2 m/s and a long tail for large wind speeds.
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Figure 4. (a) Wind rose (15° bins) for the 10 m wind and (b) frequency distribution of the 10 m wind
for October 2017-August 2020.

2.2. SODAR Measurements

From 14 October 2017 to 1 September 2020, SODAR with an additional RASS (radio
acoustic sounding system) was installed alongside the existing instrumentation at Cape
Baranova (Supplementary Material Figure S3, Table 1). The SODAR measured the wind
profiles in the lowest 400 m via the Doppler shift of sound returns (frequencies between
1650 Hz to 2750 Hz). The RASS measured the virtual temperature profile in the lowest
400 m using the speed of sound (we used the WindRASS system only as a conventional
RASS measuring temperatures and not for the wind profile). The profiles were measured
with a 10 m vertical resolution every 20 min and were averaged over one hour. For details
of the SODAR/RASS system and data quality control, see [10]. The SODAR/RASS was
installed about 500 m east of the main observatory, where the routine synoptic observations
and radiosonde launches were performed (Supplementary Material Figure S1). The SO-
DAR/RASS site was a distance of approximately 600 m from the coastline, while the
meteorological tower was located at a distance of approximately 100 m from the coastline.

An overview of the SODAR/RASS measurements is shown in Figure 5. Due to a
failure of the power unit, the whole system did not measure from 7 June to 15 December
2019. Cape Baranova can be reached only a few times each year, and the delivery of spare
parts from Germany to Russia, including customs formalities, took a long time. The RASS
measurements worked well during the first six months, but then the RASS data availability
degraded significantly and it worked only for short periods. This was probably due to
a lack of readjustment of the RASS antennas, which would have been necessary at the
beginning of the thawing period. The same problem was encountered by [10] during RASS
measurements for one year at Tiksi. For short periods, a correct adjustment of the RASS
antennas could be achieved, but due to the large data gaps, the RASS data were not used for
the present study. SODAR measurements are disturbed for wind velocities near the ground
exceeding 10 m/s because the signal-to-noise ratio becomes poor due to wind-induced
noise and beam drift (away from the antenna) [20]. This leads to data gaps and limits the
vertical range. While at a height of 50 m, SODAR data are available for 52% of all hours,
the availability decreased to 45% at 100 m, 28% at 200 m and 15% at 300 m. The data
availability was the highest for the first winter season in 2017 /18 (Supplementary Material
Figure 54) when about 80% of the data were available at lower levels and more than 30%
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even at 300 m in height. During the winter of 2018/19, the data availability was lower by
about 20% at all levels (Supplementary Material Figure S4).

SODAR/RASS Baranov 14 Oct. 2017-1 Sept. 2020

14 October 14 April 14 October 14 April '+ 14 October 13 April
2017 2018 2018 2019 2019 2020

Figure 5. Hourly mean values of the SODAR wind speed at 100 m (blue dots) and RASS temperature
at 100, 200 and 300 m (red, blue and green lines) for 1 October 2017-1 September 2020.

2.3. Numerical Model Data

The non-hydrostatic regional climate model Consortium for Small-Scale Model—
Climate-Limited Area Mode (COSMO-CLM or CCLM, [21]) was used to produce a high-
resolution atmospheric data set for the period October 2017 to August 2020. The model
is nested in ERAS5 data [15] and uses high-resolution sea ice concentration data [22] and
sea ice thickness data [23] on a daily basis to keep the hindcast close to reality. The CCLM
was adapted to the polar regions via the implementation of a thermodynamic sea ice
model [6,24,25] and improved boundary layer parameterizations [26]. The model was run
for the area of the Laptev and Kara Seas shown in Figure 1 with a resolution of 5 km. Apart
from the region, the model setup was the same as in [6]. Topography data were taken
from [27]. Full technical documentation of the CCLM model is given in [28]. No nudging
was performed. In the vertical direction, the model extends up to 22 km with 60 vertical
levels, 12 levels are below 500 m in order to obtain a high resolution of the boundary
layer. The first model level is 5 m above the surface. Data is available every hour. Table 2
summarizes the CCLM configuration.

Table 2. Configuration of the CCLM simulations.

Forcin Vertical/Horizontal Resolutions, Run Mode Sea Ice Concentration (SIC) and
8 Lowest Six Levels Thickness
ERA5 60 levels, 5 km Forecast mode (reinitialized at AMSR2
5,16,31, 48,70 and 96 m 18 UTC, 6 h spin-up) PIOMAS

3. Verification of the CCLM for Near-Surface Variables
3.1. Statistics for the Comparison with Tower Data

Table 3 shows the statistics of the comparisons for the mean sea level pressure, 10 m
wind and 2 m temperature data for the three years. We looked first at the comparison of
the simulations for the grid point being closest to the observations (point Bc in Figure 2b).
The simulated temperature showed a relatively large bias of —2.7 °C. The CCLM grid point
was located over land at a distance of about 1 km from the coast, while the measurements
were taken at a distance of about 100 m from the coast. This resulted in a larger amount of
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cooling in the model on many days and also a too-large variability of the temperature, e.g.,
an overestimation of the daily temperature amplitude. As a measure of the daily amplitude
(or more exactly, sub-daily temperature variability), an average daily amplitude (AA) was
calculated by generating a low-pass filtered time series using a Gaussian filter with a filter
width of 36 h, which was then subtracted from the original time series. This filtered time
series contained only variations on the sub-daily scale. As a measure of the mean daily
amplitude, the difference between the 90%- and 10%-tiles was calculated. This average
amplitude was only shown for temperature and wind speed. For the temperature, the simu-
lated average amplitude was larger by 1.4 °C compared with the observations. The filtered
time series were also used for the calculation of correlations. The detrended correlation
(Corr) of the whole temperature time series showed a very high value exceeding 0.96,
which is a result regarding the good agreement in the seasonal cycle (see Figure 3). When
only sub-daily variations were correlated (Corrsd), the correlation was only 0.66. In order
to eliminate the seasonal cycle, a second low-pass filter with a width of 31 days was applied.
The resulting correlation for the sub-monthly scale (Corrsm) was 0.87 for the temperature.

Table 3. Comparison of the CCLM at the grid point closest to the observatory (Bc) and for the closest
grid point over the ocean (Bm) with near-surface observations (OBS) for 1 October 2017-31 August
2020 (2 m temperature (T), 10 m wind speed (wind) and mean sea level pressure (p). The average
amplitude (AA) is the difference between the 90%- and 10%-tiles (after subtraction of the daily
low-pass filtered time series, see text). RMSE—root-mean-square error, Corr—correlation after a
linear detrend, Corrsd—correlation after applying a daily low-pass filter, Corrsm—correlation after
applying a monthly low-pass filter. Diff AA is the difference AA(CCLM)-AA(OBS). The number of
values was 25,561.

. . AA Diff AA
Quantity OBS CCLM Bias RMSE Corr. Corrsd  Corrsm (OBS) (CCLM-OBS)
Closest Grid Point

Tin°C —11.8 —14.5 -2.7 5.0 0.963 0.655 0.867 5.5 14
Wind in m/s 6.1 41 -2.0 3.2 0.839 0.749 0.835 7.5 —2.4

pin hPa 1011.6 1012.4 0.8 11 0.998 0.991 0.998
Closest Grid Point Ocean

Tin°C -11.8 -13.3 -15 3.6 0.962 0.634 0.859 5.5 0.3
Wind in m/s 6.1 5.3 -0.8 2.6 0.827 0.734 0.822 7.5 -1.4

pin hPa 1011.6 1012.4 0.8 1.1 0.998 0.991 0.998

The wind speed was underestimated by the simulations by 2.0 m/s and also the AA
was too low. Overall and sub-monthly scale correlations were similar (0.83) since there was
no seasonal cycle, and it was 0.75 on the sub-daily scale. The pressure was simulated very
well with a bias of 0.8 hPa and an RMSE of 1.1 hPa, and the correlations exceeded 0.99 on
all time scales.

As stated above, the locations of the observations were at a distance of only 100 m
from the coast such that is likely that there is a large influence of the marine environment on
the measurements. Therefore a second comparison was made using the closest model grid
point over the ocean (point Bm in Figure 2b). This led to a considerably smaller temperature
bias, an improvement in the average amplitude and a smaller bias for the wind speed.
It could be concluded that the simulations reproduced the observations relatively well,
but the location of the tower was far from ideal and represented a mixture of land and
marine influences.

3.2. Wind Distributions

The wind rose for the simulated 10 m wind at grid point Bc (Figure 6a) showed a
good agreement with the observations (Figure 4a) with predominant southwesterly winds,
but the peak in the wind direction was slightly more southerly and the winds larger than
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270

10 m/s were underestimated. At grid point Bm (Figure 6b), the flow channeling was
even more pronounced. The wind roses of the nine grid points around Baranova (see
Supplementary Material Figure S5 for locations) are shown in Supplementary Material
Figure S6. There was a tendency for more westerly winds over land grid points and more
southerly winds over the ocean grid points.

(a) CCLM closest irid point CCLM 10m-wind (b) Closest marine grid point
m/s

B >0-2
[1>2-4

270 90 I >4-6
] >6-8
[ ] >8-10
I/ >10

Figure 6. Wind roses (15° bins) for the 10 m wind for (a) grid point Bc and (b) grid point Bm for
October 2017-August 2020.

4. Verification of the CCLM Using SODAR Data
4.1. Case Studies of Channeling Events
4.1.1. July 2018

During the period from 26 to 29 July 2018, an event of channeled flow occurred at
Cape Baranova. Figure 7 shows the wind speed and wind direction at approximately
100 m in height from the SODAR data and CCLM simulations. The event on 27 July was
associated with measured winds of 10-12 m/s and wind directions in the sector 205-245°,
which agreed with the highest directional frequency found for the near-surface wind (see
Figure 6). Before and after the event, the wind speed was low and from northerly directions.
The simulations captured this event very well in general. There was an earlier onset and
decay for the event, and the simulated maximum wind was smaller by 2-3 m/s. The change
from northerly to channeled directions was captured very well by the simulations.

e 0000 360
©%0g o 850 270 °
°0 "7 5 C6580008068,80880800°°0 Channeling c
° 180 p
14 _—\-OOOOO ODogo o ° 00000000000 oo 90 ©
‘_I:n 12__ ©ogo 0808 086080000000000020 oy 0
10 —
£ — — SODAR 100 m
< 8__ — CCLM 96 m
- 6 —
c —
— 4 —_
= 2~
0
| | |
26-7-2018 27-7-2018 28-7-2018 29-7-2018

Date

Figure 7. Wind speed (lower panel) and wind direction (upper panel) for 26 to 29 July 2018 for the
SODAR measurements at about 100 m in height (black) and CCLM simulations at 96 m in height
(time in UTC). The blue lines mark the sector characterizing channeled flow (205°-245°).
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Time-height cross-sections of the wind speed for 26 to 29 July 2018 (Figure 8) showed
the limitations of the SODAR data. While the data coverage was good below 100 m, the data
gaps increased with increasing height, particularly for larger wind speeds. The SODAR
data nicely monitored the channeling event but failed to resolve the vertical structure.
The simulations showed this event as an LL] with a core between 100 and 200 m, and in
the sector of channeled flow (205°-245°). The simulations underestimated the wind speed,
particularly below 100 m for this event.

Wind speed SODAR 1h (c) Wind speed CCLM5km 1h m/s
400 ‘ ' 400
12
€300 ’ 10
| c 8
£200 5
¢ g
£100 4
2
O T T T T T T T 0
26 27 28 26 27 28 29
July 2018 July 2018
Wind dir. SODAR 1h deg (d) Wind dir. CCLM5km 1h deg
400 360 360
320 E 320
I 280 300 280
20 .E 240
200 E 200
160 ED 160
120 ()] 120
I g0 L 100 80
I = 40 40
0 T T T T T T T T T T T T T T T T 0 T T T T T 0
26 27 28 29 26 27 28 29
July 2018 July 2018

Figure 8. Time-height cross-sections of the wind speed and direction for 26 to 29 July 2018 for the
SODAR data (a,b) and CCLM simulations (c,d). The CLLM data are shown as interpolated fields,
SODAR data are shown as pixels (not interpolated) and missing data are grey.

Radiosondes were available for 0000 and 1200 UTC for this period since July 2018 was
a YOPP special observation period with an increased frequency of radiosonde launches [3].
The sampling of 12 h was not sufficient to detect the channeling events and LL]Js (Supple-
mentary Material Figure S7). There was a weak signature of the channeling event in the
radiosonde data at 1200 UTC on 27 July, but the vertical resolution was too coarse to resolve
the LLJ. The comparison of the radiosonde data with the simulations for the lowest 600 m
for the complete month of July 2018 showed that only a few LLJs were detected in the ra-
diosonde data (Supplementary Material Figure S8), while the simulations showed frequent
LLJs, which were associated with channeled flow in most cases (Supplementary Material
Figure S9). The time resolution, as well as the problems of radiosonde wind measurements
in the lowest 100 m, made it difficult to detect LL]Js in operational radiosoundings [10,29,30].
It should be noted that measurements at Cape Baranova (synoptic data and radiosondes)
were not used for the ERA5 reanalyses, which were used as initial and boundary conditions
for the CCLM simulations.

The simulations of the 10 m wind field for the Shokalsky Strait area for the channeling
event at 0600 UTC on 27 July (Figure 9a) showed that there was an inflow at the southern
exit of Shokalsky Strait, which formed an elongated zone of increased winds in and at the
northern exit of the strait, affecting the flow at CB. In addition to the channeling, the flow
in the strait was affected by a gap flow between the main mountains on the eastern side
of October Revolution Island. At a height of about 100 m (Figure 9b), the maximum
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wind speed of 14 m/s was located southwest of CB and was about 2 m/s larger than the
wind speed of the LLJ at CB. At a height of 200 m (Figure 9c), the wind field at CB was
influenced not only by the channeled flow through the strait but also by the gap flow
from October Revolution Island. The large-scale field of the mean sea level pressure for
0600 UTC on 27 July (Supplementary Material Figure S10a) showed a low east of Cape
Baranova and a distinct pressure gradient at the southern tip of Bolshevik Island. At 850 hPa
(Supplementary Material Figure S11a), a typically 4-6 m/s westerly to southwesterly flow
was present for the whole area of the Archipelago Severnaya Zemlya.

m/s 2018072706 FF96m m/s 2018072706 FF206m m/s

—> 10m/s

Figure 9. CCLM simulation results with a 5 km resolution of the wind speed (shaded, m/s) and wind
vectors (scale at the bottom) for 27 July 2018, 0600 UTC for the area of Shokalsky Strait: (a) 10 m wind,
(b) wind at 96 m and (c) wind at 206 m. The position of Cape Baranova is marked with a white circle,
vectors are shown at every grid point and the topography is shown as isolines every 200 m.

4.1.2. April 2019

The second case study took place on 20 April 2019 under the influence of a cyclone
with its center west of Komsomolets Island and a pronounced pressure gradient around
Bolschevik Island (Supplementary Material Figure S10b). Winds at 850 hPa (Supplementary
Material Figure S11b) showed the cyclone center over Komsomolets Island and an increase
in wind speed with increasing distance from the center. Over October Revolution Island,
the winds are very weak but increased toward Bolschevik Island, with a southwesterly
flow at the southern exit of Shokalsky Strait. The wind field structure in the boundary
layer (Figure 10) was similar to the case of July 2018, but the channeled flow was broader
and more intense, and the downslope storm effect over Bolschevik Island due to stronger
southwesterly winds could be seen (Figure 10a). Again, CB lay at the edge of the wind
maximum at 200 m (Figure 10b). At a height of about 440 m, no wind maximum was
present in the region of CB (Figure 10c).

The time-height cross-section of the simulated wind speed for this event (Figure 11a)
showed an LL] with a core between 100 and 400 m. The LLJ had a duration of about
one day. Wind directions were in the sector of channeled flow (205°-245°) and showed a
veering toward westerly directions with height. SODAR data indicated the wind direction
change before and after the event at low levels (not shown), but the SODAR data were very
scattered and there were no data during the main jet event.
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Figure 10. CCLM simulation results with a 5 km resolution of the wind speed (shaded, m/s) and
wind vectors (scale at the bottom) for 20 April 2019, 1200 UTC, for the area of Shokalsky Strait:
(a) 10 m wind, (b) wind at 206 m and (c) wind at 443 m. The position of Cape Baranova is marked
with a white circle, vectors are shown at every grid point and the topography is shown as isolines

every 200 m.
(a) Wind speed CCLM5km 1h
800
€600
c
e
c
.0
£200
19 20 21 22
April 2019
Wind dir. CCLM5km 1h
(b)800 — : desgeo
€600 320
280
= 240
= X 200
oo 160
T200 8 | 120
’ 40
E — - T T T T T 0
19 20 21 22
April 2019

Figure 11. Time-height cross-sections of the wind speed (a) and direction (b) for 19 to 22 April
2019 for the CCLM simulations.

4.2. Statistics for the Comparison with SODAR Data

For the comparison of the simulations with SODAR data, only the CCLM data were
used when SODAR data were available. The CCLM data were taken at the grid point Bc,
which was close to the position of the SODAR. Figure 12 shows the results for the wind
roses at 50 and 100 m. At a height of 50 m, the measured wind distribution (Figure 12a)
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was similar to that of the 10 m wind (Figure 4), but with lower high wind speeds from the
southwesterly sector. Part of the difference may result from the marine influence on the
tower data (as discussed above), but there is also an underestimation of the frequency of
winds exceeding 10 m/s due to the problems of the SODAR measurements. As stated in
Section 2.2, the availability of SODAR data at 50 m was only 52%. The simulations at the
times of the SODAR data at 50 m (exact model level was 48 m) showed the southwesterly
directions with a higher frequency compared with the SODAR data (Figure 12b). These
differences get larger at 100 m (exact model level was 96 m), where the simulations also
showed wind speeds higher than 10 m/s with a higher frequency.
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Figure 12. Wind roses (15° bins) for the SODAR wind at 50 m (a) and 100 m (c¢) and the CCLM
simulations at the times of available SODAR data at 50 m (b) and 100 m (d) based on 1 h values for
October 2017-August 2020.

The statistics of the comparisons for the wind speed at different heights are shown
in Figure 13a. At 50 m in height, there was a small positive bias of 0.6 m/s, which
increased to 1.5 m/s at larger heights. At the same time, the number of available SODAR
data decreased significantly with height. The number of hourly CCLM data was 25,585,
that is, only 28% and 15% of the data could be compared for heights of 200 and 300 m,
respectively. This undersampling was demonstrated in Figure 13c for the wind simulations
at 100 m. The undersampling was present at all wind speeds but increased for speeds
exceeding 6 m/s. Wind speeds with 16 m/s and more were missed completely when taking
only data at times of available SODAR data. The wind speeds sampled at the times of
the SODAR data did not represent the wind distributions, particularly at larger heights
(Supplementary Material Figure S12). The comparison of the wind speed distributions for
available SODAR data at 100 m (Figure 13b) showed the overestimation of the wind speed
in the simulations starts with speeds of 6 m/s. This was even more pronounced for larger
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heights (Supplementary Material Figure S13). Therefore, complete statistics of the wind in
the ABL for the three years period could only be obtained via the simulations.

CCLM / SODAR 2017-2020 Baranov 2017-2020, 100m-wind  Baranov 2017-2020, 100m-wind
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Figure 13. (a) Bias (CCLM-SODAR, dots) and RMSE (squares) for the comparison of the wind speed
from the SODAR and CCLM simulations at different heights (numbers of data points as labels).
(b) Wind speed distributions of SODAR and simulations at the times of available SODAR data at
100 m (relative frequencies). (c) Wind speed distributions at 100 m for the CCLM data at the times of
available SODAR data and for all the CCLM data (absolute frequencies). All statistics were based on
1 h values for October 2017-August 2020.

5. Wind Climatology
5.1. Climatology of Channeling Events

The following climatology of wind statistics and channeling events was completely
based on the simulations with a 1 h resolution for the three years. The channeling effect
with the highest frequency of wind directions in the sector of 205 to 245° was clearly visible
in the low-level wind statistics. This prevailed for 200 and 300 m in height (Figure 14a,b),
but at 300 m in height, the distribution became broader. At 600 m in height (Figure 14c),
the channeling effect was no longer present, which was in agreement with the topography
of Schokalsky Strait.

If only strong winds > 15 m/s were considered, the wind distributions at 200 and
300 m in height (Figure 14d,e) showed almost exclusively the wind channeling. At
600 m in height (Figure 14f), almost all high winds occurred during southerly to westerly
synoptic flows.

A climatology of channeling events was determined at different heights by selecting
all simulation times with wind directions in the sector from 205 to 245°. All consecutive
hours fulfilling this criterion were counted as one event. If the time difference between
the end of one event and the start of the next event was less than 2.5 h, the two events
were considered to be the same event. The following evaluations are shown for 200 m in
height, which was the typical height of the wind maximum (see case studies). Overall,
618 events were detected over the three years. The mean duration of the events was 12.2 h,
the maximum duration was 137 h and the 75%-tile was 16.0 h. The distribution of the
maximum wind during the events is shown in Figure 15a for all events. The mean wind
speed was 9.7 m/s and the 75%-tile was 14.4 m/s. The highest wind speed was 34.4 m/s.
The distribution changed if we considered only events with a duration > 12 h (Figure 15b).
Here, we saw the highest frequencies in the range of 1420 m/s (mean 16.6 m/s) and the
75%-tile was 20.1 m/s. Thus, the long events were associated with generally higher wind
speeds. The channeling events were mainly driven by the synoptic situation, and there was
no indication of a diurnal cycle.
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Figure 14. Wind roses (15° bins) from the CCLM simulations at 205, 310 and 610 m based on 1 h
values for October 2017-August 2020: (a—c) all data and (d—f) only for wind speeds > 15 m/s.
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Figure 15. Distributions of the maximum wind speed for channeling events at 200 m in height from
the CCLM simulations for October 2017-August 2020: (a) all events and (b) only for events with a
duration > 12 h.

So far, we have only evaluated the conditions in the vicinity of Cape Baranova. In order
to study the flow conditions in the complete Shokalsky Strait, additional grid points were
selected for the analysis (see Figure 2b): grid point Sn (Shokalsky north) at the northern
exit of the strait, grid point Ss (Shokalsky south) at the southern exit of the strait and grid
point Sw (Shokalsky west) in the middle of the strait at the western side. Sw lay in the
region where the gap flow through the mountains of October Revolution Island was found
in the case studies. Figure 16 shows the wind distributions at these three grid points for the
10 m wind and the wind at 100 m in height, with the latter only for strong winds (wind
speeds > 15 m/s). At Sn (Figure 16¢), we found a distribution similar to the marine grid



Atmosphere 2022, 13, 957

15 of 24

(a)

270

Shokalsky south

point close to Cape Baranova, but with less frequent easterly directions such that the wind
direction distribution was more or less bimodal along the axis of the strait with the highest
wind from the south-southwest. At the southern end of the strait (Figure 16a), the flow
conditions were reversed: here, the main wind direction with the strongest winds was
from the northeast. In the middle of the strait (at Sw, Figure 16b), the combined effect of
channeled winds from the northern and southern exits of the strait can be seen. There was
a tendency toward more frequent strong wind from the south. This finding was clearly
shown for strong winds at 100 m in height (Figure 16e), which were predominant from
the south. An interesting detail was the second maximum of strong winds from westerly
directions, which were associated with the gap flow from October Revolution Island and
were present in about 20% of the strong wind cases. For the grid points Sn and Ss, strong
winds at 100 m were dominated by the channeling effect.

(b) Shokalsky west (C) Shokalsky north
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Figure 16. Wind roses (15° bins) for October 2017-August 2020 at the grid points Shokalsky south,
Shokalsky west and Shokalsky north (see Figure 2b for locations) for the 10 m wind (a—c) and the
wind at 100 m for wind speeds > 15 m/s (d—f).

Channeled flows are ageostrophic and driven by the pressure gradient along the
channel [13,17]. Therefore we looked at the pressure difference between the grid points
Ss and Sn and related this difference to the flow component along the strait and at both
points. Figure 17 shows the result for the 10 m wind at grid points Ss and Sn. The wind
speed component along the strait (vrel) was computed relative to a direction of 205°. Thus,
a positive vrel corresponded to an outflow at the northern exit of the strait, and a negative
vrel corresponded to an inflow at the northern exit of the strait. At the southern exit, this
was just reversed.
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Figure 17. Mean sea level pressure difference (Ss-Sn, hourly values) for October 2017-August
2020 versus the 10 m wind component along the strait (vrel) at the grid points Shokalsky north (a) and
Shokalsky south (b). The color code indicates the 10 m wind speed. Lines are the linear regressions
using all data.

At the northern exit (Figure 17a), the outflow was related to a positive pressure
difference, that is, a higher pressure at the southern entrance of the strait. The distance
between the grid points Sn and Ss was about 80 km. Due to the channeling, the outflow
component was almost as large as the 10 m wind speed. For inflow conditions at Sn
(negative vrel), there was only a weak dependence of the inflow to the pressure difference.
At Ss, conditions were reversed (Figure 17b). Here, the highest outflow speeds (negative
vrel) were associated with a negative pressure difference, that is, higher pressure at Sn.
Again, the outflow component was almost as large as the 10 m wind speed. Inflow
conditions at Ss (positive vrel) were associated with larger wind speeds and a larger scatter
for high wind speeds, which may have been caused by flow around the southern part of
October Revolution Island (see Figure 9a).

5.2. Climatology of LL]Js

The case studies already showed good examples of LL]Js associated with channeling.
The analysis of LLJs follows the method used in [30]. The lowest wind maximum was
searched for below 1000 m, then the next minimum above the maximum was searched
for below 1500 m, but limited by a search radius of 1.5 times the height of the maximum.
Then, an absolute criterion of at least 2 m/s difference between the wind maximum and
minimum was required. This LL] detection was performed for the CCLM grid point Bc at
Cape Baranova with an hourly resolution for the whole period.

Overall, the LL]Js were detected in 37% of all profiles. The highest frequencies for the
jet height (Figure 18a) were found between 50 and 250 m. The average jet height was 247 m,
and the 25% and 75%-tiles were 127 and 309 m, respectively. The jet speed (Figure 18b) had
a mean of 12.6 m/s and 25% and 75%-tiles of 8.5 and 15.9 m/s, respectively. As expected,
most LL]s were associated with channeling, but a secondary maximum existed for easterly
directions (Figure 18c). The directional shear between the wind at the LL] height and
the lowest model level (5 m) was generally small with a slight bias to positive values
(Figure 18d). The statistics for strong LL]s (jet speed > 15 m/s) were similar to Figure 18
(Supplementary Material Figure S14), where the main differences were fewer LLJs below
150 m and fewer LLJs from easterly directions.
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Figure 18. Statistics (relative frequencies) for LL]Js from the CCLM simulations at Cape Baranova of
the (a) jet height, (b) jet speed, (c) jet direction and (d) directional shear (difference between the wind
direction at the jet core and at a height of 5 m).

The directional shear (Figure 18d) was consistent with a shear due to friction, but for
the channeled flow, this was likely caused by synoptic conditions. This was also demon-
strated by the average LL] profiles for the lowest 1200 m (Figure 19). The mean wind profile
(Figure 19a) showed a pronounced maximum at about 150 m (note that the height of the
mean wind speed maximum was not the same as the mean LL]J height). Although the
directional shear was relatively small between the wind maximum and the lowest level,
there was a shear from about 210° at the LL] height to 250° in the synoptic flow (Figure 19b).
The mean stability was described by the average of the potential temperature anomaly in
the lowest 2000 m for each level and for each profile. This corresponded to the concept
of a temperature deficit often used for polar boundary layer studies. It shows the stable
stratification for the LLJs with an increase of the potential temperature by 8 °C in the lowest
600 m (Figure 19c¢).
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Figure 19. Mean vertical profiles for all LL]Js of the wind speed (a), wind direction (b) and potential
temperature deviation (c) (see text).
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A more detailed analysis of the LL] wind profiles is shown in Figure 20. We focused
on strong jets. Since the 75%-tiles of LL] speed distribution was 15.9 m/s, we defined
strong LL]Js as jets with a jet speed > 15 m/s (which were 29% of all LL]s). The mean wind
maximum for strong LLJs was again at about 150 m (Figure 20a), but the wind anomaly
was less pronounced than for the mean of all LLJs. This was a result of the variability in
LLJ height. The jet structure was clearer if only strong LLJs with heights < 300 m were
considered (Figure 20b). The restriction to 300 m was chosen because it roughly matched
the 75%-tile of the LL] height distribution (see above). Channeled LL]s were present in
58% of all cases and with a fraction of 73% for strong jets. This means that most strong jets
were associated with channeling events. The mean wind profile of strong channeled jets
(Figure 20c) was similar to that of low strong jets.

Mean LLJ profiles

Strong £300m —— Channeled strong
2774 (b) 1790 (c) 2016
\

8

12 16 20 8 12 16 20 8 12 16 20
Wind in m s Wind in m s Wind in m s

Figure 20. Mean vertical profiles of the wind speed for (a) strong LLJs, (b) strong LL]Js below 300 m
in height and (c) strong channeled LL]Js. Strong—jet speed > 15 m/s, labels indicate the number of
profiles. The shaded regions mark the 25%- and 75%-tiles, respectively.

Flow channeling requires a stable stratification of the ABL, which is given for the LLJs
(Figure 19), but also a blocking by the mountains in the entrance region of the strait. This
can be expressed by the mountain Froude number Fry, [12]:

2 U
Fry, = F 20 b @
The mountain height hy,, was taken as 700 m for Shokalsky Strait. The mean wind
speed Up, the mean potential temperature 6, and the bulk difference of the potential
temperature Ay, between hy, and the lowest model level were calculated for grid point Ss,
which represented the entrance region for channeled LL]Js at Cape Baranova (see Figure 2b).
The statistics of the upstream mountain Froude number (Figure 21a) for channeled LLJs
showed that Fry, was smaller than 1 in almost all cases. The mean was 0.56 and the 75%-tile
was 0.68.
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Figure 21. Statistics (relative frequencies) for channeled LL]Js from the CCLM simulations at Cape
Baranova: (a) upstream mountain Froude number and (b) LL] speeds for different mountain Froude
number classes.

The upstream mountain Froude number also influences the LL] speed distribution
(Figure 21b). The maximum of the speed distribution became larger with increasing Fry,.
The same held for the LL] height (Supplementary Material Figure S15).

5.3. Mean Wind Field and Extremes

The CCLM simulations were used for the wind climatology for the area of Shokalsky
Strait for 2017-2020. The field of the mean 10 m wind (Figure 22a) showed the presence
of a channeled flow in Shokalsky Strait with larger winds at the southern exit. The wind
field over the islands was dominated by downslope winds. The mean wind speed was
5-6 m/s in the northern part and 6-7 m/s in the southern part of the strait. Note that the
vector mean speed was smaller than the mean speed, indicating the variability of the wind
direction. In contrast to the case studies shown in Section 4.1, which were selected because
of the observations at Cape Baranov, the field of the mean 10 m wind vectors showed that
channeling occurred at both exits of Shokalsky Strait. Since the inflow was associated with
lower wind speeds than the outflow, the mean wind field reflected the dominating outflow
at both exit regions.
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Figure 22. Simulated 10 m wind speed (shaded) and mean wind vectors (scale at the bottom) for the
area of Shokalsky Strait for 2017-2020. (a) Mean wind for the period October 2017-August 2020 based
on hourly values; (b) mean wind for days with channeling events with a duration > 12 h at 200 m in
height at Cape Baranova (marked by a white circle, 190 days in total); (c) mean wind for days with
channeling events with a duration > 12 h at 200 m in height at grid point Shokalsky south (marked
by a white circle, 193 days in total). Vectors are shown at every grid point and the topography is
shown as isolines every 200 m.
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The channeling process at both exit regions could be clearly seen if we took composites
of the flow during channeling events. This was done by averaging all days when channeling
events occurred with a duration > 12 h at 200 m in height. The flow field for channeling
events at Cape Baranova (Figure 22b) showed a similar structure as for the case studies.
The flow entered Shokalsky Strait from the south and accelerated in the strait, where
the confluence was supported by the downslope winds of the islands. The influence
of the gap flow from October Revolution Island on the wind field at Cape Baranova,
as found in the case studies, could also be seen in the composite of channeling events
(Figure 22b), but it was not present in the climatological mean (Figure 22a). The flow field
for channeling events at the Shokalsky south grid point (Figure 22c) showed a reversed
situation. This was in agreement with the field of the mean sea level pressure for channeling
events (Supplementary Material Figure 516). For channeling events at Cape Baranova
(Supplementary Material Figure S16a), there was a low over the northeastern Kara Sea
and a high over the southern Laptev Sea, which resulted in a distinct pressure gradient
in the region of Shokalsky Strait associated with a southwesterly flow. For channeling
events at the Shokalsky south grid point (Supplementary Material Figure S16b), the mean
pressure field showed a low over the southwestern Laptev Sea and high pressure over
the northeastern Kara Sea, which resulted in a northeasterly flow in the region of the
Archipelago Severnaya Zemlya.

The channeling effect was also present when we looked at the extremes. Figure 23a
shows the 99%-tile of the wind speed for the whole period, which reached 18 m/s and
clearly showed the dipole structure of channeled wind at both exits of the strait. In order
to reflect the wind field structure for strong winds, the mean wind vectors for wind
speeds > 10 m/s at each grid point are shown (based on hourly values). The seasonality
of the wind extremes is shown for December—February and June-August (average of all
months) in Figure 23b,c. During the core winter season, extreme winds were stronger in the
northern part of Shokalsky Strait than in the southern part (Figure 23b). In summer, it was
the other way round, but extreme winds were weaker compared with winter (Figure 23c).
For March-May (Supplementary Material Figure S17a), extremes showed a dipole structure
similar to the annual mean, while for September-November (Supplementary Material
Figure S17b), the structure was less clear.

m/s 2017-2020DJF FF_10M pcti99_seasons m/s

—>10m/s

Figure 23. Simulated 99%-tile of the 10 m wind speed (shaded) and mean wind vectors for speeds
exceeding 10 m/s based on hourly values for the area of Shokalsky Strait for 2017-2020. (a) For the
period October 2017-August 2020, (b) December-February and (c) June-August. Vectors are shown
at every grid point and the topography is shown as isolines every 200 m.
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6. Discussion

In the present study, SODAR measurements of the ABL were performed for three
years during the YOPP period at Cape Baranova in the Archipelago Severnaya Zemlya of
the Siberian Arctic. In addition, simulations using the regional climate model CCLM in
forecast mode at a horizontal resolution of 5 km were performed. Since Cape Baranova
is located at the northern end of the Shokalsky Strait in a topographically structured area,
the foci of this study were the topographic flows and LL]Js.

The observations at Cape Baranova were used for verification of the CCLM simulations.
The comparison with near-surface measurements showed biases of —2.0 m/s and —2.7 °C
for the 10 m wind and the 2 m temperature, respectively. These differences were larger
than the results of other verification studies for the CCLM [6,25,26,29,31]. A comparison of
the CCLM with resolutions of 3 and 13 km with coastal stations in the Kara Sea for four
months yielded mean wind biases in the range of £0.5 m/s [32], but they also reported
large errors for a station affected by strong downslope winds. Ref. [17] compared the CCLM
simulations for 1987-2017 with meteorological stations in the area of Nares Strait. They
found wind speed biases in the range of —1.5 to 0.9 m/s and temperature biases in the range
of 0.5 to —5.7 °C for the winter, which resulted from the fact that the observations were
taken at stations close to the coast and the observations were influenced by local effects.
Comparisons with near-surface measurements at Cape Baranova were also problematic
since the location of the observations was at a distance of only 100 m from the coast.
The comparison of the simulations with the closest model grid point over the ocean yielded
reduced biases (—0.8 m/s and —1.5 °C).

The SODAR data showed limitations with respect to the vertical range, particularly for
high wind speeds. The same problem was present for SODAR measurements made by [10]
for one year at Tiksi (Figure 1), but this problem was found to be much larger at Cape
Baranova. Taking the available SODAR wind profiles for the verification of the CCLM,
we found a small positive bias of 0.6 m/s at 50 m in height, which increased to 1.5 m/s
at larger heights. Particularly, wind speeds larger than 8 m/s were overestimated by the
CCLM. The errors of this overestimation seem to be small compared with the errors due
to the undersampling of the SODAR data. The wind speeds sampled at the times of the
SODAR data did not represent the wind distributions in the ABL, which were dominated
by the channeling in Shokalsky Strait. This channeling was associated with LL]Js in most
cases. Thus, the climatological analyses of LLJs and channeled flow were mainly based on
the simulations.

There were only a few long-term observational or model studies of ABL structures for
high latitudes. Ref. [10] analyzed SODAR data with respect to LL]Js for the winter period
of 2014/15. They found that in about 23% of all profiles, LL]s were present with a mean
jet speed and height of approximately 7 m/s and 240 m, respectively. LLJs with speeds
exceeding 10 m/s occurred in 3.4% of all profiles. In the present study, LLJs were detected
more frequently (in 37% of all profiles) and with a much higher mean speed of 12.6 m/s.
A total of 29% of the LL]Js exceeded 15 m/s (corresponding to 11% of all profiles).

The channeling and associated LL]Js in Shokalsky Strait were not reflected by the pan-
Arctic climatology of LL]Js for 2000-2010 by [11], which was caused by the relatively coarse
resolution of their data (30 km). The study of [16] with a 15 km resolution for 1979-2016
showed only a weak signal of flow channeling in Shokalsky Strait for the 95%-tile of the
10 m wind. Radarsat-2 satellite data in the study of [33] showed an example of channeling
for the northern exit of Shokalsky Strait, with maximum wind speeds of about 10 m/s,
and the wind field structure resembled our findings for the case studies and the climatology.
Our results showed a clear dipole structure of the climatological wind field due to the
channeling at both exits of Shokalsky Strait. We found more events for channeling at
the northern exit (about 200 per year) than for the southern exit (about 145 per year),
but channeling events lasting at least 12 h occurred with the same frequency for both
regions (on about 62 days per year). The climatology of channeling events lasting at least
12 h showed pronounced channeling during northeasterly flow at the southern exit and
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during southwesterly flow at the northern exit. The 99%-tile of the 10 m wind showed that
channeling of the southerly flow through the strait was most pronounced during winter
with wind speeds exceeding 18 m/s, while channeling during northerly flow through the
strait was stronger during summer.

The channeling was driven by the pressure difference between the northern and
southern exits of the strait. The pressure differences were 6-8 hPa for the strongest cases
of channeled flow with 10 m wind speeds of more than 20 m/s. For the Smith Sound of
Nares Strait, [17] found pressure differences of more than 20 hPa along the strait associated
with 10 m wind speeds of more than 25 m/s. The main part of the pressure differences was
visible between the entrance and exit region of Smith Sound, while the wind maximum
was located downstream of the gap. A gap flow situation similar to Shokalsky Strait was
found also in the Hindelopen Strait at Svalbard [34,35]. It was argued by [35] that the tip
jet effect [36] at the northeastern tip of the main island Spitsbergen was responsible for the
extension of the wind maximum downstream of the gap. This additional amplification and
extension of the area of the wind maximum seemed to be present also in Shokalsky Strait.

The channeling in Shokalsky Strait was analyzed in the framework of the mountain
Froude number (Fry,) following the concept of [37]. Channeled LL]Js at Cape Baranova
were mainly present for upstream Fry, < 1, that is, the flow was too weak to flow over
the mountains. As in [17], we also found an increase in the jet speed and height with
increasing Fry,.

As an interesting feature, we found that the westerly gap flow between the mountains
of October Revolution Island also played a role in the wind conditions at Cape Baranova.
For wind speeds exceeding 15 m/s, we found that this gap flow was present in about 20%
of the strong wind cases in the middle part of the strait.

7. Conclusions

This study gave new insights into the flow conditions for an area with complex
topography in the Laptev Sea area using unprecedented ABL measurements and high-
resolution simulations for this region. When using data from Cape Baranova (near-surface
measurements, radiosondes), it should be kept in mind that these measurements are
largely influenced by the local topography for the lowest 600 m, which requires resolutions
of at least 5 km to be represented in reanalyses, weather forecasts and climate models.
A full picture of the ABL climatology in this region can be obtained only with model data.
A dedicated experiment with high-resolution wind and temperature profiles on both sides
of Shokalsky Strait would be a vision for the future.

Supplementary Materials: The following supporting information can be downloaded from https:/ /
www.mdpi.com/article/10.3390/atmos13060957 /s1. Figure S1: Research Station “Ice Base Cape
Baranova” and its surroundings from a height of 200 m; Figure S2: Meteorological station at Cape
Baranova; Figure S3: The phased-array antenna of the SODAR and the SODAR/RASS installation;
Figure S4: Profiles of the availability of SODAR data; Figure S5: Location of the CCLM grid points in
the vicinity of Cape Baranova; Figure S6: Wind roses for the 10 m wind at the CCLM grid points in the
vicinity of Cape Baranova; Figure S7: Time-height cross-sections of the wind speed and direction for
26 to 29 July 2018 for radiosonde data; Figure S8: Time-height cross-sections of the wind speed and
direction for July 2018 for radiosonde data; Figure S9: Time-height cross-sections of the wind speed
and direction for July 2018 for the CCLM simulations; Figure S10: CCLM simulations with 5 km
resolution of the mean sea level pressure and 10 m wind speed for the area of the Kara and Laptev
Sea for (a) 27 July 2018, 0600 UTC, and (b) 20 April 2019, 1200 UTC; Figure S11: CCLM simulations
with a 5 km resolution of the wind field at 850 hPa for the area of the Severnaya Zemlya Archipelago
for (a) 27 July 2018, 0600 UTC, and (b) 20 April 2019, 1200 UTC; Figure S12: Wind speed distributions
of SODAR and simulations at the times of available SODAR data) at (a) 50 m, (b) 100 m, (c) 200 m and
(d) 300 m; Figure S13: Wind speed distributions for the CCLM data at the times of available SODAR
data and for all the CCLM data at (a) 50 m, (b) 100 m, (c) 200 m and (d) 300 m; Figure S14: Statistics
for strong LL]Js (jet speed > 15 m/s) from the CCLM simulations at Cape Baranova of the (a) jet
height, (b) jet speed, (c) jet direction and (d) directional shear; Figure S15: Statistics of the LL] heights
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for channeled LL]Js from the CCLM simulations at Cape Baranova for different upstream mountain
Froude number classes; Figure S16: CCLM simulations of the mean sea level pressure and 10 m wind
speed for the area of the Kara and Laptev Sea for days with channeling events with a duration > 12 h
at 200 m in height: (a) at Cape Baranova and (b) at grid point Shokalsky south; Figure S17: Simulated
99%-tile of the wind speed and mean wind vectors for speeds exceeding 10 m/s for the area of
Shokalsky Strait for different seasons 2017-2020: (a) March-May and (b) September-November.
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