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Abstract Atmospheric turbulence over the Arctic sea‐ice surface has been understudied due to the lack of
observational data. In this study, we focus on the turbulence kinetic energy (TKE) over sea ice and distinguish its
two different vertical structures, the “Surface” type and the “Elevated” type, using observations during the
Multidisciplinary drifting Observatory for the Study of Arctic Climate expedition (MOSAiC). The “Surface”
type has the maximum TKE near the surface (at 2 m), while the “Elevated” type has the maximum TKE at a
higher level (6 m). The TKE budget analysis indicates that the “Elevated” type is caused by the increased shear
production of TKE at 6 m. In addition, spectral analysis reveals that the contribution to TKE by horizontal large
eddies is enhanced in the “Elevated” type. Finally, how the vertical structure of TKE affects the parameterization
of turbulent momentum flux is discussed.

Plain Language Summary In recent years, the Arctic near‐surface temperature has increased at a
rate that is 3–4 times faster than the global average, which has significant impacts on the global climate.
Explaining this phenomenon and predicting future scenarios are urgently needed. Turbulent motions within the
Arctic atmospheric boundary layer over the sea‐ice surface play an important role in determining near‐surface
temperature variations, but these turbulent motions and their impacts are not thoroughly understood. To enhance
our understanding of the turbulent characteristics of the Arctic boundary layer, the Multidisciplinary drifting
Observatory for the Study of Arctic Climate (MOSAiC) was conducted in the central Arctic and collected a
wealth of data. Based on the MOSAiC observational data, we investigate the vertical structures of turbulence
kinetic energy (TKE) in the surface layer and two different vertical structures of TKE are distinguished. We then
compare the production of TKE between these two vertical structures. In addition, we evaluate the performance
of parameterization schemes for momentum flux under different vertical TKE structures.

1. Introduction
Rapid climate change and declining sea ice in the Arctic have attracted extensive attention (e.g., Esau et al., 2023;
Meier & Stroeve, 2022), and the Arctic has entered the “new Arctic” period (Landrum & Holland, 2020). The
Arctic atmospheric boundary layer (ABL) plays a crucial role in regulating the interaction between large‐scale
atmospheric processes and the sea ice, including impacts on sea‐ice loss trends and the general Arctic warm-
ing (Francis & Hunter, 2006; Graversen et al., 2008). However, turbulent processes in the Arctic ABL have not
been thoroughly studied due to a lack of observations, and thus, turbulent flux parameterizations and their
adoption in climate models continue to be a grand challenge for the Arctic ABL (e.g., Elvidge et al., 2023;
Gryanik et al., 2020; Schneider et al., 2022). Under the backdrop of climate change in the Arctic, it is essential to
understand the governing mechanisms of surface turbulent fluxes and improve their representation in numerical
models.

With a predominance of near‐neutral and stable regimes (Peng et al., 2023; Tjernström et al., 2009), the Arctic
ABL generates turbulence mainly through mechanical shear (Grachev et al., 2008). In addition, cloud top cooling
(Chechin et al., 2023), wave activity, and submeso‐scale motions (Liu et al., 2023) also affect turbulence gen-
eration. From the perspective of turbulence production, Mahrt and Vickers (2002) proposed the concepts of
“traditional” and “upside‐down” boundary layers. The traditional boundary layer is defined as an ABL where
turbulence is generated at the surface and transported upward, with constant or decreasing turbulent fluxes with
height. In the upside‐down boundary layer, in contrast, turbulence is transported downward from a primary source
aloft in the boundary layer (e.g., low‐level jet, LLJ; Banta et al., 2006, their Figure 1).
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Turbulence kinetic energy (TKE) is an important parameter for indicating the amount of turbulence in the ABL
and is widely used in the parameterization of turbulent mixing (e.g., Costa et al., 2011; Cuxart et al., 2006;
Nakanishi & Niino, 2006). Numerous previous studies investigated TKE profiles in the entire ABL (e.g., Banta
et al., 2006; Lan et al., 2018; Mahrt, 2014). In general, the TKE decreases with height for the weakly stable
regime, while TKE increases with height and reaches a maximum near the nose of the LLJ for the very stable
regime. However, few studies have focused on the details of the near‐surface vertical TKE structure. In the
atmospheric surface layer with weak winds, turbulence collapses near the surface with a small TKE, referred to
as the “decoupled” state. When near‐surface wind speed increases over a critical value, TKE significantly in-
creases, and turbulence couples with the surface (Lan et al., 2018; Sun et al., 2012). For the Arctic near‐surface
layer, the TKE structure significantly influences atmosphere‐sea ice interactions. However, measurements of
turbulence over the Arctic sea‐ice surface are sparse, leading to a limited understanding of turbulent motions in
this area.

The recent expedition named the Multidisciplinary drifting Observatory for the Study of Arctic Climate
(MOSAiC, from October 2019 to September 2020) fills this critical research gap. The MOSAiC expedition
collected a wealth of observational data, including near‐surface turbulence observations (Cox et al., 2023; Shupe
et al., 2022). These data contribute to more comprehensive studies of the near surface TKE characteristics of the
Arctic ABL. In this study, we aim to reveal the vertical structures of near‐surface TKE and investigate their
controlling factors. We also aim to evaluate how the vertical structures of TKE affect the performance of
commonly used turbulence parameterization schemes. In the following, data and methods are described in
Section 2 and results and discussion are presented in Section 3. Summary are given in Section 4.

2. Data and Methods
2.1. Observational Data

During MOSAiC, turbulence data were collected on a 10‐m meteorological tower installed on the sea‐ice
surface at the “Met City”, which was located 300–600 m away from the research vessel Polarstern as it
drifted passively with the sea ice (Cox et al., 2023). The year‐round turbulence data set had two significant
interruptions (i.e., from 10 May to 24 Jun 2020 and from 29 Jul to 25 Aug 2020) when the research vessel was
underway for logistical reasons. The specific drift track has been presented elsewhere (Liu et al., 2023, see their
Figure 1). All measured turbulence data are considered here, and the data are not subsetted based on season, sea
ice fraction or cloud conditions. Eddy‐covariance measurements (three‐dimensional wind velocity components
and sonic temperature) were made at nominal heights of 2, 6, and 10 m on the tower with u‐Sonic‐3 Cage MP
anemometers (METEK GmbH, Germany). The sampling frequency of the anemometer is 20 Hz, resampled to
10 Hz. The EC data are processed in 10‐min blocks, and error flag detection, despiking, true wind correction,
and coordinate rotation via double rotation are performed to derive turbulence quantities (e.g., TKE and mo-
mentum flux).

2.2. TKE Budget Analysis

After confirming very limited Coriolis effects below 10 m by checking the wind direction, we use a coordinate
system aligned with the mean wind and assume zero subsidence. A simplified form of the TKE budget equation is
(e.g., Kaimal & Finnigan, 1994; Stull, 1988):
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In this TKE budget equation, Stg represents the local storage of TKE, A is the advection term, B is the buoyancy
production/consumption term, Shr represents the production by mechanical shear, Tt is the turbulent transport
term, Tp is the pressure transport term, and D represents the viscous dissipation of TKE. The A and Tp terms cannot
be calculated directly due to many difficulties involved in measurements and are considered as the residual term
(R). The specific description and normalization of Equation 1 is given in Text S1 in Supporting Information S1.
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3. Results and Discussion
3.1. Vertical Structures of Near‐Surface TKE

Figures 1a and 1b present the comparisons of TKE values at 2‐m (TKE2m), 6‐m (TKE6m), and 10‐m (TKE10m)
heights. For TKE values less than about 3 m2 s− 2, the data shown in Figure 1a are uniformly distributed on both
sides of the 1:1 line, which means that the occurrences of TKE2m > TKE6m and TKE2m < TKE6m are almost equal.
In contrast, the data in Figure 1b are concentrated on the right side of the 1:1 line, that is, TKE6m is usually larger
than TKE10m. Therefore, we use the ratio of TKE6m to TKE2m (RTKE = TKE6m/TKE2m) to divide these cases into
two categories: RTKE < 1 and RTKE > 1. Figures 1c and 1d present the TKE statistics at three levels normalized
by a single scalar value TKEmean (i.e., the mean value of TKE at three levels), representing vertical structures of
near‐surface TKE of these two categories. The TKE statistics normalized by u 2

∗ are also presented in Figure S2 in
Supporting Information S1. The structure with RTKE < 1 (Figure 1c) accounts for 65% of the total samples,

Figure 1. (a, b) Comparison of TKE values at different levels (2, 6, and 10 m). The points are colored by log2(p), where p is the kernel‐density estimate calculated by
Gaussian kernels. (c, d) Vertical profiles of normalized TKE for the “Surface” and “Elevated” structural types. TKEmean is a scalar value (i.e., the mean value of TKE at
three levels). (e, f) Box‐and‐whisker plots of TKE flux at three levels for the two TKE structural types. The whiskers, the boxes, and the horizontal black lines show the
5th, 25th, 50th, 75th, and 95th percentile values. (g, h) The schematic illustration for explaining the two different TKE structures. The large and small circles represent
large‐ and small‐scale turbulent eddies, respectively. The number of eddies is used to represent the spectral densities of eddies. The red and blue arrows represent upward
and downward TKE flux, respectively. The solid black lines show the vertical TKE profiles.
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characterized by a maximum TKE at the 2‐m level and TKE decreasing with height. The cases of RTKE > 1
(Figure 1d) account for 35% of the total samples, with the maximum TKE located at the 6‐m level. For conve-
nience, we call these two TKE vertical structures the “Surface” type and the “Elevated” type, respectively. The
seasonal statistics of the “Surface” and “Elevated” types are presented in Figure S3 in Supporting Information S1.
The “Elevated” type occurs more frequently during the spring season, while the “Surface” type dominates in the
other three seasons.

To further illustrate the characteristics of these two structural types, the TKE flux (w′e) statistics are presented in
Figures 1e and 1f. For the “Surface” type, positive TKE flux dominates across all three levels, which means that
turbulence is mainly generated near the surface and transported upward. This profile is consistent with our
traditional understanding of weakly stable boundary layers (Mahrt, 2014) or “traditional” boundary layers (Mahrt
& Vickers, 2002). For the “Elevated” type, the positive TKE fluxes at the 6‐m and 10‐m levels have a larger range
than that for the “Surface” type, while the TKE flux at 2‐m is weak and periodic downward. Upward transport of
TKE above the 6‐m level and periodic downward transport of TKE at the 2‐m level indicates that the principal
source of turbulence is not at the surface, but detached from the surface (i.e., elevated to near the 6‐m level).
Figures 1g and 1h give schematic illustrations of these two near‐surface TKE structural types and TKE flux
directions.

3.2. TKE Budget Analysis and Relevant Factors

In this section, we analyze the two different TKE vertical structures through the normalized TKE budget equation
(Equation S3 in Supporting Information S1). The statistics of the TKE budget terms at three levels for the
“Surface” type (Figure 2a) and the “Elevated” type (Figure 2b) are presented. Generally, the buoyancy term (B)
and the local storage term (not shown) are at least an order of magnitude smaller than the other terms and,
therefore, can be neglected. The shear production term (Shr) and the dissipation term (D) are the largest and
roughly form a local equilibrium. These results indicate that mechanical shear is the dominant mechanism for
generating turbulence near the surface, and the effect of buoyancy is negligible, possibly due to the lack of
stratification.

By comparing the TKE budget terms under two different TKE vertical structure types, we find that the significant
differences between them are in the Shr term and the D term at the 6‐m level. The 6‐m Shr in the “Elevated” type is
generally higher than that in “Surface” cases. The D term in the “Elevated” type is excess at 2‐m height and
decreases more strongly than Shr term at 6 and 10 m, leading to significant residual terms (R), that may represent
the pressure transport term (Högström et al., 2002). In addition, the vertical transport term (Tt) in the “Elevated”
type has a slightly negative contribution at the 2‐m level, consistent with the TKE flux statistics (see Figure 1f).
These significant transport terms and residual terms indicate that TKE in “Elevated” cases is locally imbalanced,
with strong redistribution processes.

We further compare the Shr term in these two types, as it is the dominant TKE production. The Shr in the “Surface”
type decreases with height, while Shr in the “Elevated” type, in contrast, roughly remains constant between 2 and
6 m, and the maximum of Shr occurs at 6 m in some cases. The Shr profiles for the “Surface” and “Elevated” cases
correspond with their respective vertical TKE structures in Figures 1c and 1d. According to Equation 1, the Shr

term is dependent on the interaction of vertical momentum flux (u' w') and vertical gradient of the horizontal wind
(∂u∂z , S), so we calculate the ratio of u' w' at 6 m to that at 2 m (Ru' w' = u'w'6m / u' w'2m) and the ratio of S at 6 m to
that at 2 m (Rs= S6m/S2m). The distributions of these two ratios are presented in Figures 2c and 2d. It can be found
that the main difference is in Ru' w' distributions, with u′w′ remaining constant or increasing with height in
“Elevated” cases. In comparison, the vertical gradients of wind speed are similar in “Surface” and “Elevated”
cases (see also wind profile statistics shown in Figure S4 in Supporting Information S1). We also present Ru'w' and
Rs distributions under different stability parameter (z/L, where L is the Obukhov length) and obtain similar results
(Figure S5 in Supporting Information S1). These results indicate that the unique Shr profile in “Elevated” cases is
attributed to the impact of u′w′, rather than the vertical gradient of wind speed. These results are consistent with
the TKE budget characteristics over a heterogeneous surface (Babić et al., 2018). Therefore, we hypothesize that
the “Elevated” TKE profiles are triggered by surface heterogeneity.

Here we give more evidences to support this heterogeneity hypothesis. The surface heterogeneity in the Arctic is
characterized by ridges, vertical edges of ice floes and melt ponds, etc., and is associated with sea ice fraction
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(Andreas et al., 2010; Elvidge et al., 2021; Lüpkes & Birnbaum, 2005). We present the occurrence frequencies of
the “Surface” and “Elevated” cases under different sea ice fractions (Figure S6 in Supporting Information S1). The
results show that the “Elevated” type occursmore frequently at ice fractions of 0.8–0.9, which could be attributed to
the ice floe edges in the marginal ice zones (Elvidge et al., 2021) and explain the seasonal statistical characteristics
of “Elevated” cases (i.e., Figure S3 in Supporting Information S1). Additionally, we present the 2‐m wind direction
distribution of the two structural types (Figure S7 in Supporting Information S1). The results show that wind di-
rection in “Surface” cases is distributed approximately uniformly, while northwest winds and southeast winds
dominate in “Elevated” cases. The preferred wind directions in “Elevated” cases imply the potential role of surface
heterogeneity upstream. More topographic data are required to validate this hypothesis in future work.

3.3. Case Study: The Spectra of TKE and Its Horizontal and Vertical Components

Selected cases are used to further illustrate the “Surface” and “Elevated” structural types and their differences. We
select a period of 7 May 2020, 04:00–15:00 UTC, when the TKE structure transitioned from the typical “Surface”
type to the “Elevated” type. The surface layer during this period remains under near‐neutral regime (− 0.01 < z/
L < 0). Figure S8 in Supporting Information S1 presents the time series of near‐surface wind speed, wind di-
rection, TKE, RTKE, and turbulence intensity (σU/U). In this case, the wind speed and TKE values show a slightly

Figure 2. The normalized TKE budget terms at three levels (2, 6, and 10 m) in (a) “Surface” and (b) “Elevated” cases. The
shading and symbols show the 25th, 50th, and 75th percentile values. The probability density functions (p. d. f.) of ratios of
(c) vertical momentum flux and (d) vertical gradient of the horizontal wind at 6‐m level to 2‐m level. The blue and orange
lines represent the “Surface” and “Elevated” cases, respectively.
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upward trend. RTKE rises over 1.0 at 09:40 UTC, marking the transition time between the “Surface” and
“Elevated” types. Significant decrease in wind direction angles indicates a change in the flux footprint. The
difference of turbulence intensity at the 2‐m and 6‐m levels narrows with increasing 6‐m turbulence intensity.
Thus, the near‐surface vertical structure of TKE follows the “Surface” type in Period 1 (04:00–09:40 UTC) and
the “Elevated” type in Period 2 (09:40–15:00 UTC).

We perform a Fourier transform on each data block with the number of points that are a power of 2 (about 13 min)
and then calculate the quantile TKE spectra (25th, 50th, and 75th percentiles) during Period 1 and Period 2
(Figures 3a and 3b). For the TKE spectra under the “Surface” state, stronger contributions of small eddies
(frequency, f > 0.1 Hz) occur at 2 m than at 6 m. Meanwhile, the low‐frequency turbulence spectra at 2 and 6 m are
close. For the “Elevated” state, in contrast, the TKE spectrum at 2 m is similar to that of the 2‐m “Surface” type in
magnitude, while the 6‐m TKE spectrum significantly increases in both low‐ and high‐frequency components.
The 6‐m quantile TKE spectra (50th and 75th percentiles) show a peak in the low‐frequency range ( f ≈ 0.01 Hz),
and this peak is possibly attributed to the contribution of large‐scale turbulent eddies (Lan et al., 2019), since
nonturbulent submeso‐scale motions typically occur under stable conditions (Acevedo et al., 2014; Vercauteren
et al., 2016), and their frequency is an order of magnitude less than 0.01 Hz in the polar ABL (Cava et al., 2019;
Liu et al., 2023). The large eddies further force the small eddies at the 6‐m level through energy cascade, thereby
making the high‐frequency spectrum at 6 m closer to that at 2 m and leading to an overall TKE increase at 6 m. The
schematic illustrations of large and small eddies at three heights in the “Surface” and “Elevated” types are
presented in Figures 1g and 1h, respectively.

We further analyze the impacts of horizontal and vertical flows on the TKE by presenting the quantile spectra of
horizontal and vertical components of wind speed (Suu and Sww, shown in Figures 3c and 3d. The results show that
the variation of Suu spectra from the “Surface” state to “Elevated” state is also similar to that of TKE spectra, with
the enhanced 6‐m “Elevated” Suu spectrum at low‐frequency range and narrowed difference in high‐frequency
spectra between the 2‐m level and 6‐m level. In contrast, the variation of Sww spectra from the two states is
distinct from the others. Through the energy cascade, at low‐frequency range the 6‐m Sww spectrum hardly
changes, while at the high the spectrum increases. These results indicate that large‐scale eddies are mainly
dominated by horizontal flow. These results can also be explained by surface heterogeneity. Fesquet (2008) and
Fesquet et al. (2009) have confirmed the link between large eddies and heterogeneity experimentally and
numerically. The inactive large eddies are created and developed above the heterogeneous surface, that are
hereafter transported downward and impinge onto the ground, and active small eddies are generated through this
“top‐down” mechanism. This mechanism can also explain the excess turbulence dissipation at 2‐m height and
TKE budget imbalance as mentioned in Sect. 3.2 (Högström et al., 2002).

3.4. Effects of the TKE Structures on Parameterizing Near‐Surface Momentum Flux

In this section, we focus on the commonly used 1.5‐order TKE‐based turbulence closure in the planetary boundary
layer schemes as used in large scale and mesoscale weather prediction and climate models and discuss the effects
of different TKE structures on parameterizing near‐surface momentum flux. It should be noted that the “Surface”
and “Elevated” types discussed here are simplified three‐level TKE structures, and based on the available
measurements we do not have further information on the small‐scale vertical distribution of TKE. In the standard
turbulence closure model, the momentum flux is parameterized as:

u′w′ = − vMS, (2)

where vM is the eddy viscosity, and S is the vertical gradient of mean streamwise velocity component. The 1.5‐
order schemes estimate the eddy viscosity (vM) based on the TKE (e) and a turbulent mixing length scale (lK):

vM = lK
̅̅̅
e

√
. (3)

In the surface layer under the near‐neutral regime, lK is expressed as (Redelsperger et al., 2001):

lK =
1
̅̅̅
α

√ κz, (4)
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Figure 3. The spectra of TKE (upper panels) and its horizontal component (Suu; middle panels) and vertical component (Sww;
lower panels) for the “Surface” state (left panels) and “Elevated” state (right panels). The quantile spectra for “Surface” and
“Elevated” states are calculated for the Period 1 and Period 2 in Figure S8 of Supporting Information S1, respectively. The
shading and symbols show the 25th, 50th, and 75th percentile values. Red and blue colors represent 2‐m and 6‐m levels,
respectively.

Geophysical Research Letters 10.1029/2024GL110792

PENG ET AL. 7 of 11



where α = 4.63 theoretically derived by Redelsperger et al. (2001). It should be noted that Equation 4 is available
for the surface layer (i.e., the bottom ∼10% of the boundary layer). According to Peng et al. (2023), the annual
average height of the Arctic boundary layer is 231 m. To ensure that the evaluated layer is indeed the surface
layer, we exclude cases with boundary layer height less than 100 m (accounting for about 10%).

We select the near‐neutral cases (− 0.01 < z/L < 0.01; accounting for 42%) and calculate the parameterized u′w′
based on Equations 2–4 for “Surface” and “Elevated” cases. The comparisons between observed u′w′ and
parameterized u′w′ are shown in Figure 4, where best‐fit curves and the normalized standard error (NSEE; same as
Xi et al., 2024) are also given. The results suggest that for the “Surface” cases, the parameterized u′w′ corresponds
well with the observed u′w′ at the 2‐m level, with the slope of best‐fit line of 0.86. However, the parameterization
for 6‐m “Surface” cases overestimate u′w′, and the slope of best‐fit line is 1.35. For the “Elevated” cases, the
parameterization results present significant underestimation at the 2‐m level, with the slope of the best fit line of
0.66 and NSEE = 0.59, while at the 6‐m level the best‐fit line is closest to the 1‐to‐1 reference line with a slope of
1.05 and the lowest NSEE of 0.38. These results suggest that near‐surface momentum flux can be better

Figure 4. Comparisons of near‐surface momentum fluxes between the simulations and observations for “Surface” (upper
panels) and “Elevated” (lower panels) cases. Only near‐neutral cases are selected. Left panels and right panels show
momentum fluxes at 2‐m and 6‐m levels, respectively. The points are colored by log2(p), where p is the kernel‐density
estimate calculated by Gaussian kernels. The red dashed lines are the best‐fit line, and the black dashed lines are the 1:1 line.
The normalized standard error (NSEE) is given in each panel.
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reproduced by Equations 2–4 at the height of maximum TKE, and the height‐dependent lK expression Equation 4
is more suitable near the height closest to the turbulence source.

We also evaluate the u′w′ parameterization schemes under stratified conditions (including stable and unstable
regimes) by selecting the cases with z/L larger than 0.01 and less than 0.01, respectively. The lK expression adds
a stability function in stratified surface layers, and the details are presented in Text S2 in Supporting Infor-
mation S1. The results are shown in Figures S9 and S10 in Supporting Information S1. Overall, the parame-
terization schemes present larger deviations under stable and unstable regimes compared with the results in near‐
neutral conditions, especially for stable cases. But, similar to the results shown in near‐neutral conditions,
significant overestimation and underestimation occurs for 6‐m “Surface” cases and 2‐m “Elevated” cases under
stratified conditions, respectively. Climate models usually use a long‐tail stability function into near‐surface
turbulence parameterization to improve the representation of large‐scale flow and near‐surface temperature,
but it causes the overestimation of TKE (Sandu et al., 2013), which fits the results of “Surface” cases. Including
the “Elevated” TKE cases in models could be helpful to improve the representation of orographic drag and solve
this problem. Specifically, roughness length has an impact on mixing length scale (lK) and can be taken into
account.

4. Summary and Future Work
Using turbulence data obtained from the MOSAiC expedition, we investigate the vertical structure of near‐surface
TKE and its controlling factors. The vertical structures of near‐surface TKE are divided into the “Surface” and
“Elevated” types based on comparisons of TKE at three levels. In “Elevated” cases, the source of TKE generation
is not at the surface but elevated to around the 6‐m level. TKE budget analysis suggests that mechanical shear
plays a dominant role in generating turbulence. The elevated TKE source in the “Elevated” structure is attributed
to the significant increase of mechanical shear generation at the 6‐m level, associated with increased u' w' at the 6‐
m level. Significant TKE budget imbalance leads to the surface heterogeneity hypothesis. The preferences for sea
ice fractions and wind directions in the “Elevated” cases further support this hypothesis. Spectral analysis in-
dicates that the contribution of horizontal large eddies to TKE is enhanced at the 6‐m level for the “Elevated” type
relative to the “Surface” type, which also translates to a higher contribution of small eddies through the energy
cascade, leading to an overall TKE increase at 6 m. These results are consistent with the “top‐down” mechanism
(Fesquet et al., 2009), with large eddies possibly created above the heterogeneous surface.

We further evaluate commonly used 1.5‐order TKE‐based parameterization schemes under different TKE
structures. The results indicate that for this observational data set u′w′ can be better reproduced at the height
closest to the strong TKE source, that is, the mixing length scale (lK) is more reasonable at the 2‐m “Surface” cases
and 6‐m “Elevated” cases. The lK parameterization can be improved to include “Elevated” TKE cases in mete-
orological models, which could be helpful for representation of orographic drag in polar regions.

This study improves the understanding of vertical structures of near‐surface TKE over the Arctic sea‐ice surface
and hypotheses the topographic contribution. However, more observational data are needed to validate these
findings over a wider range of conditions. Future work on representing spatiotemporal variability in the topog-
raphy of sea ice and confirming the connection between the “Elevated” cases and heterogeneity to improve
turbulent flux parameterizations in meteorological models is recommended.

Data Availability Statement
All MOSAiC surface flux and turbulent data are available at the Arctic Data Center via Cox et al. (2023).
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