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Abstract
In grassland ecosystems, the aerodynamic roughness (Z0) and frictional wind
speed (u) contribute to the aerodynamic impedance of the grassland canopy.
Thus, they are often used in the studies of wind erosion and evapotranspiration.
However, the effect of wind speed and grazing measures on the aerodynamic
impedance of the grassland canopy has received less analysis. In this study,
we monitored wind speeds at multiple heights in grazed and grazing-prohibited
grasslands for 1 month in 2021, determined the transit wind speed at 2.0 m
height by comparing wind speed differences at the same height in both grasslands,
and divided these transit wind speeds at intervals of 2.0 m/s to analyze the
effect of the transit wind speed on the relationship among Z0, u, and wind speed
within the grassland canopy. The results showed that dividing the transit wind
speeds into intervals has a positive effect on the logarithmic fit of the wind speed
profile. After dividing the transit wind speeds into intervals, the wind speed at
0.1 m height (V0.1) gradually decreased with the increase of Z0, exhibiting
three distinct stages: a sharp change zone, a steady change zone, and a flat
zone; while the overall trend of u* increased first and then decreased with the
increase of V0.1. Dividing the transit wind speeds into intervals improved the
fitting relationship between Z0 and V0.1 and changed their fitting functions in
grazed and grazing-prohibited grasslands. According to the computational fluid
dynamic results, we found that the number of tall-stature plants has a more
significant effect on windproof capacity than their height. The results of this
study contribute to a better understanding of the relationship between wind
speed and the aerodynamic impedance of vegetation in grassland environments.
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Abstract: In grassland ecosystems, aerodynamic roughness (Z0) and frictional
wind speed (u) contribute to the aerodynamic impedance of the grassland canopy
and are frequently employed in studies of wind erosion and evapotranspiration.
However, the effects of wind speed and grazing practices on the aerodynamic
impedance of grassland canopies have received limited analytical attention. In
this study, we monitored wind speeds at multiple heights in grazed and grazing-
prohibited grasslands for one month in 2021, determined the transit wind speed
at 2.0 m height by comparing wind speed differences at the same height in both
grasslands, and divided these transit wind speeds into 2.0 m/s intervals to ana-
lyze how transit wind speed influences the relationships among Z0, u, and wind
speed within the grassland canopy. The results demonstrated that dividing
transit wind speeds into intervals positively affects the logarithmic fit of the
wind speed profile. After interval division, wind speed at 0.1 m height (V0.1)
gradually decreased with increasing Z0, exhibiting three distinct stages: a sharp
change zone, a steady change zone, and a flat zone, while the overall trend
of u* initially increased then decreased with increasing V0.1. Interval division
improved the fitting relationship between Z0 and V0.1 and altered their fitting
functions in grazed versus grazing-prohibited grasslands. Computational fluid
dynamics results revealed that the number of tall-stature plants has a more
significant effect on windproof capacity than their height. These findings con-
tribute to a better understanding of the relationship between wind speed and
vegetation aerodynamic impedance in grassland environments.
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1 Introduction
The vegetation of typical grasslands in northern China is characteristically short,
sparse, and vulnerable to degradation. Grazing disturbs the grassland canopy
(Jäschke et al., 2020), thereby altering surface aerodynamic impedance charac-
teristics. The amount of standing grass residue represents a key factor affecting
surface resistance to wind erosion during the non-growing season (Pi et al., 2020).
Aerodynamic characteristics of grassland canopies are crucial for understand-
ing fundamental processes of soil physicochemical property changes (Rauber et
al., 2021) and soil–atmosphere gas exchange (Haghighi and Or, 2015). Conse-
quently, research on grassland canopy aerodynamic characteristics during the
non-growing season can inform climate models, wind meteorology, agro-pastoral
production, and erosion hazard studies in pastoral regions (Levin et al., 2008).

Wind speed profile observations in grasslands effectively describe the interrela-
tionship between vegetation and airflow (Zhang et al., 2012). Different climatic
characteristics (Yu et al., 2018), vegetation distributions, and leaf morphologies
constitute key factors affecting wind speed profiles (Luo et al., 2020). Aerody-
namic roughness (Z0) of vegetation and frictional wind speed (u) are derived
from wind speed profiles and have been used to explain vegetation–aerodynamic
impedance relationships under neutral atmospheric conditions. Z0 may be un-
derstood as the height above ground where wind speed reaches 0.0 m/s, while u
represents the shear effect of wind on the ground surface (Stull, 1988). Extensive
analyses of both Z0 and u* have been conducted using field and indoor wind tun-
nel models. Grassland canopy wind resistance manifests primarily through two
mechanisms: branch deformation energy dissipation and wind flow redistribu-
tion. Wind alters vegetation morphology (Liu et al., 2021), and in grasslands,
taller vegetation experiences greater wind-induced bending and consequently
higher rates of decline in windproof capacity. The flexibility and consequent
bending of plants due to wind differ among species with similar aerodynamic
characteristics (Kinugasa et al., 2021). Aerodynamic characteristics of grassland
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canopies may also be influenced by the abundance of particularly robust grass
species. The mechanical strength of blades and mass per unit area determine
vegetation deformation (Onoda et al., 2011). Overgrazed grasslands exhibit
considerably reduced wind resistance due to low leaf density and plant height.
Grazing effects on plants modify wind impacts on the grassland canopy, and
vegetation consumed by animals in semiarid grasslands is difficult to restore.
We can leverage the consequences of long-term vegetation changes induced by
grazing to better understand linkages between grassland canopies and wind.

Most previous studies have focused on wind rather than vegetation impedance
(Fu et al., 2019; Liu et al., 2021; Xiong et al., 2021), and the effects of increasing
wind speed on Z0 and u* have received limited attention. Modeling can iden-
tify factors affecting aerodynamic characteristics because field observations may
miss certain details of variability. Field monitoring of wind flow fields is time-
consuming and labor-intensive, whereas computational fluid dynamics (CFD)
offers an effective and widely used research method. CFD can simplify com-
plex environmental conditions to analyze wind flow fields through momentum
and energy balance equations, such as in studies of artificial windproof mea-
sures affecting wind erosion and gravel transport (Xin et al., 2021). Numerical
simulation methods can replace aerodynamic monitoring of tall trees (Zhang
et al., 2022) while accurately representing wind and sand transport properties
of shrubs at different locations (Gonzales et al., 2018). In our study area, veg-
etation is short and sparse, making it difficult to determine the relationship
between vegetation and wind speed. CFD can bridge this observation scale gap
while facilitating quantification of the wind speed–vegetation relationship.

In this study, we monitored vertical wind speed profiles in selected grazing-
prohibited and grazed grasslands at Eritu pasture in Inner Mongolia Au-
tonomous Region, China. We used variance testing to determine the height of
transit wind speeds, then divided the range of transit wind speeds into multiple
intervals to study grassland canopy aerodynamic characteristics. Additionally,
we employed CFD for numerical simulation. Our objectives were to select
reasonable aerodynamic characteristic values for prolonged wind action and
analyze how Z0 and u* within the grassland canopy respond to wind speed.

2.1 Study Area

The study area (42°05�–43°02�N, 114°05�–115°37�E; Fig. 1 [Figure 1: see orig-
inal paper]) is located in Eritu pasture, Xilin Gol League, east-central Inner
Mongolia Autonomous Region, China. The region experiences a mid-temperate
semiarid continental climate with four distinct seasons, hot summers and cold
winters, an annual average temperature of 1.9°C, and a maximum temperature
of 34.9°C. Dominant species include Artemisia frigida Willd., Stipa krylovii Ro-
shev., Leymus chinensis (Trin.) Tzvel., and Cleistogenes squarrosa (Trin.) Keng.
South and southeast winds predominate, with an annual average wind speed of
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4.0 m/s.

Fig. 1 Overview of the study area and experimental apparatus (a) and images
of vegetation growth in grazing-prohibited and grazed grasslands (b)

2.2 Experimental Design

To observe wind speeds in grazing-prohibited and grazed grasslands, we con-
ducted experiments from September 15 to October 15, 2021. We grazed wether
sheep (2 years old) on the grazed grassland at a stocking rate of 2.45 sheep/hm2,
creating a heavily grazed condition. Additionally, we established a 30 m × 30
m grazing-prohibited plot within the grazed grassland. The grazing-prohibited
area had been fenced for three years prior to the investigation. The distance
between grazed and grazing-prohibited plots was only 20 m, facilitating com-
parison of wind speeds and vegetation characteristics.

2.3 Vegetation Parameters of Grassland

Vegetation constitutes the foundation of experimental conditions in this study.
We conducted vegetation surveys in both grazing-prohibited and grazed grass-
lands, selecting three quadrats in each [Figure 2: see original paper]. Plant
species cover within quadrats was estimated using manual visual interpretation,
while overall cover was computed from photographic data. Vegetation height
was measured with a ruler, and total clump numbers were recorded. Height,
cover, and species counts were measured three times each.

We performed vegetation surveys at the beginning and end of the experiment
using random sampling methods, excluding rare species. Plants exceeding 10 cm
in height were classified as tall-stature plants (TSP), while those below 10 cm
were designated short-stature plants (SSP). Only species with cover exceeding
5.00% were counted (Zheng et al., 2020). Due to the long observation period, we
used digital cameras to photograph vegetation conditions hourly to continuously
record growth status (Alberton et al., 2017). This study presents photos from
three time points during the observation period (September 15, October 1, and
October 15, 2021; Fig. 1b). Cover values for the grazing-prohibited grassland
were 37.55%, 38.09%, and 38.86%, respectively, while grazed grassland cover
values were 28.08%, 31.06%, and 30.62%. These values were calculated using
the RGB (red, green, and blue) method in Python (Alberton et al., 2017), which
provides higher accuracy and continuity. RGB method results were slightly
lower than those obtained through manual visual interpretation . Photographic
data showed slight cover changes in both treatments during the observation
period. Vegetation density was higher in grazing-prohibited grassland, though
TSP heights were similar between the two.
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Fig. 2 Photos of artificial vegetation survey (a), quadrat (b), and wind speed
monitor (c)

Table 1 Vegetation characteristics of grazing-prohibited and grazed grasslands
at the beginning and end of the experiment

Note: TSP, tall-stature plant (species >10 cm height); SSP, short-stature plant
(species <10 cm height); NPS, number of plant species; CPS, cover degree of
plant species; HPS, height of plant species; -, no data. For Artemisia frigida*
Willd., CPS replaced NPS due to the species being tiny and dense. Values are
mean±SD.*

2.4 Numerical Simulation

We performed CFD simulations of wind speed–vegetation interactions using
Ansys Fluent 2022 software. Geometric models were developed using measured
vegetation data from Table 1, incorporating height and cover degree while ig-
noring species numbers. The weighted average vegetation model height (ΔH;
cm) was calculated as:

Δ𝐻 = CPSL.chinensis × HPSL.chinensis + CPSC.squarrosa × HPSC.squarrosa + CPSS.krylovii × HPSS.krylovii
ΔCPS

where ΔCPS (%) is the total cover degree of L. chinensis, C. squarrosa, and
S. krylovii, including overlapping portions; CPS (%) is cover degree of plant
species; and HPS (cm) is height of plant species. Vegetation in the experimental
region consists primarily of elongated leaves, a trait noted in our model. The
CFD turbulence model employed was k-epsilon, suitable for most conditions.
Wall conditions referenced field-measured Z0 values. We used the Gauss-Seidel
iterative method for 500 iterations until results converged to specified accuracy.

2.5 Transit Wind Speeds and Wind Speed Characteristic Values

Wind speeds at heights of 0.1, 0.4, 0.6, 1.2, and 2.0 m above ground were
measured using wind cups (RS-FSJT, Renko Measurement and Control Tech-
nology Company, Shandong Province, China) in both grazing-prohibited and
grazed grasslands. Measurement accuracy was 0.1 m/s with a 20-minute inter-
val. All data were collected via a data logger (CR1000X, Campbell, Utah, USA).
Wind speed typically increases with distance from the ground (Stanhill, 1969;
de Souza et al., 2016). Analysis of variance revealed no significant difference in
wind speed at 2.0 m height (V2.0) between treatments, so V2.0 was adopted as
the transit wind speed. With plant heights ranging from 10–20 cm, wind speed
at 0.1 m height (V0.1) represented the within-canopy wind speed. To facilitate
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analysis of V0.1 and grassland aerodynamic characteristics, we selected 2.0 m/s
intervals, classifying transit wind speeds into five categories: 0.0–2.0, 2.0–4.0,
4.0–6.0, 6.0–8.0, and 8.0–10.0 m/s.

The logarithmic fitting function between height and wind speed can be derived
from the wind speed profile (Stanhill, 1969). To ensure representative profiles
and prevent meteorological factors such as temperature and humidity from af-
fecting airflow stability (Du et al., 2017), we selected profiles with coefficient of
determination (R2) > 0.75. The wind speed profile is commonly modeled using
the log-profile equation:

𝑈𝑧 = 𝐴 + 𝐵 ln(𝑧)

where z is height above ground (m); Uz is wind speed at height z (m/s); and A
and B are regression coefficients.

The frictional wind speed u* (m/s), representing shear stress from wind action,
is calculated as (Dong et al., 2001):

𝑢∗ = 𝑈𝑧𝐾
ln ( 𝑧−𝑑

𝑍0
)

where Z0 is aerodynamic roughness (mm); K is the von Kármán constant (typ-
ically 0.4); and d is zero-plane displacement (mm), representing the height of
momentum absorption by a single roughness element, calculated as (Li et al.,
2015):

𝑑 = 0.979 log(HPS) − 0.154

2.6 Screening Method Based on Wind Speed Data for Aerodynamic
Roughness (Z0)

We measured wind speed profiles in grazing-prohibited and grazed grasslands
and determined V2.0. The data processing flow is illustrated in Figure 3 [Figure
3: see original paper], which facilitates analysis of the Z0–u* relationship.

Fig. 3 Flowchart used in this study for enhancing the relationship between
aerodynamic roughness (Z0) and frictional wind speed (u*)
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3.1 Effect of Transit Wind Speeds on Wind Speed at 0.1 m
Height (V0.1)
Figure 4 [Figure 4: see original paper] shows that V0.1 was related to transit
wind speed frequency. For different grazing measures, when transit wind speeds
were below 5.0 m/s, their frequency differed significantly between treatments.
The V0.1 values for 0.0–2.0 and 5.0–8.0 m/s intervals comprised the same transit
wind speeds in both grasslands, primarily causing V0.1 differences in the 2.0–5.0
m/s range. For example, V0.1 for 2.0–4.0 m/s in grazing-prohibited grassland
was influenced by transit wind speeds of 8.0–10.0 m/s, indicating that grazing-
prohibited grassland more effectively restrains strong transit wind speeds.

Table 2 shows no significant difference in V2.0 between treatments. Due to the
low grassland canopy, vegetation effects on wind speed gradually decreased with
height above ground. Except for the 0.0–2.0 m/s interval, V0.1 differed signifi-
cantly between grazing-prohibited and grazed grasslands at transit wind speeds
of 2.0–4.0, 4.0–6.0, 6.0–8.0, and 8.0–10.0 m/s. The logarithmic function R2 for
wind speed profiles was relatively large (R2 > 0.85) but showed a decreasing
trend with increasing transit wind speed in grazed grassland. Grassland charac-
teristics and transit wind speed velocity caused these logarithmic fitting changes,
which influenced Z0 calculation. The Z0–V0.1 fitting relationship showed a de-
creasing trend in grazing-prohibited grassland, while it increased then decreased
in grazed grassland.

Fig. 4 Frequency of different transit wind speeds at wind speed at 0.1 m height
(V0.1) in grazing-prohibited grassland (a) and grazed grassland (b)

Table 2 Parameters related to the wind speed profile in grazing-prohibited and
grazed grasslands

Note: A and B are regression coefficients from Equation 3.“”indicates significant
difference in wind speed between grazing-prohibited and grazed grassland for the
same transit wind speed (P < 0.05).*

3.2 Effect of Wind Speed on Z0
As shown in Figure 5 [Figure 5: see original paper], Z0 in both grazing-prohibited
and grazed grasslands tended to decrease with increasing transit wind speeds. Z0
in grazing-prohibited grassland decreased rapidly at lower transit wind speeds,
while Z0 in grazed grassland decreased rapidly at higher transit wind speeds. At
equivalent transit wind speeds, Z0 was higher in grazing-prohibited grassland.

Z0 values were concentrated at higher transit wind speeds and decreased as
transit wind speeds increased (Fig. 5b–f). V0.1 tended to decrease with increas-
ing Z0 (Fig. 5f). Each transit wind speed interval from 2.0–8.0 m/s exhibited
three stages: a sharp change zone, a steady change zone, and a flat zone. The
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sharp change zone disappeared at 8.0–10.0 m/s transit wind speed (Fig. 5f),
indicating relatively smooth Z0 variation at higher wind speeds.

We simulated Z0 as a function of V0.1 for both grasslands . Comparing R2

values reveals that interval division improved the V0.1–Z0 fitting relationship.
A slight R2 decrease occurred in grazing-prohibited grassland at 0.0–2.0 m/s and
in grazed grassland at 8.0–10.0 m/s, possibly due to canopy structure changes,
suggesting that interval division may affect the V0.1–Z0 relationship.

Fig. 5 (a) Relationship between wind speed at 2.0 m height (V2.0) and Z0; (b–f)
Relationship between Z0 and V0.1 at transit wind speeds of 0.0–2.0, 2.0–4.0, 4.0–
6.0, 6.0–8.0, and 8.0–10.0 m/s, respectively. For figures b–f, shaded areas on the
right side of the y-axis and upper side of the x-axis show probability densities of
V0.1 and Z0, respectively, while shaded areas inside each figure represent 95%
confidence intervals.

Table 3 Z0 as a function of V0.1 for different transit wind speeds

3.3 Effect of Wind Speed on Frictional Wind Speed (u*)
In both grazing-prohibited and grazed grasslands, u* increased with transit
wind speed [Figure 6: see original paper]. u* was significantly higher in grazing-
prohibited grassland, indicating better wind resistance as wind speed increased.

No significant regular variation occurred between u* and V0.1 at 0.0–2.0 m/s
transit wind speed (Fig. 6b). At transit wind speeds of 2.0–4.0, 4.0–6.0, 6.0–8.0,
and 8.0–10.0 m/s, the u–V0.1 relationship showed an initial increase followed
by a decrease (Fig. 6c–f). The clustering degree of V0.1 and u decreased
with increasing transit wind speed, with this effect more pronounced in grazed
grassland.

Fig. 6 (a) Relationship between V2.0 and frictional wind speed (u); (b–f)
Relationship between V0.1 and u at transit wind speeds of 0.0–2.0, 2.0–4.0, 4.0–
6.0, 6.0–8.0, and 8.0–10.0 m/s, respectively. For figures b–f, box plot upper and
lower limits indicate 75th and 25th percentile values; horizontal lines represent
medians; whiskers show maximum and minimum values; scattered points are
outliers. Shaded areas represent 95% confidence intervals.

3.4 Effect of Transit Wind Speeds on the Relationship be-
tween u* and Z0
To explain how transit wind speeds affect the u–Z0 relationship, we used the
ratio of transit wind speed to u (u/u). As shown in Figure 7 [Figure 7: see
original paper], Z0 showed logarithmic decrease with increasing u/u. When u/u*
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exceeded 20, many discrete points appeared, with Z0 values greater than 1.76
mm and 0.98 mm in grazing-prohibited and grazed grasslands, respectively.

We fitted the Z0–u* relationship using average u* values after interval division
and found Z0 decreased with increasing u* (Fig. 7b). In grazing-prohibited
grassland, a power function relationship existed between Z0 and average u*
after interval division, while a linear relationship occurred in grazed grassland.

Fig. 7 (a) Relationship between the ratio of transit wind speeds to u* (u/u)
and Z0; (b) Relationship between Z0 and average u values after dividing transit
wind speeds into intervals (0.0–2.0, 2.0–4.0, 4.0–6.0, 6.0–8.0, and 8.0–10.0 m/s)

3.5 Computational Fluid Dynamics (CFD) Simulation of
Wind Flow Field
CFD modeling simulated differences in wind flow fields between grazing-
prohibited and grazed grasslands using transit wind speeds of 2.0, 5.0, and 10.0
m/s as examples [Figure 8: see original paper]. At 2.0 m/s transit wind speed,
both grasslands showed similar effects on V0.1 (Fig. 8a and b). The 5.0 m/s
transit wind speed significantly increased V0.1 in grazed grassland. The 10.0
m/s transit wind speed had a greater overall effect on the wind flow field in
grazing-prohibited grassland than in grazed grassland.

This phenomenon indicates that vegetation density is a key factor affecting
wind speed profiles. Near the grassland canopy, dense vegetation can divert
more wind away from the ground. With increasing height, differences in wind
flow fields between grazing-prohibited and grazed grasslands decreased. These
results demonstrate that V2.0 was minimally influenced by surface vegetation
differences, confirming that interval division of transit wind speeds better ana-
lyzes vegetation effects on wind speed profiles.

Additionally, we calculated wind flow fields using CFD simulation [Figure 9:
see original paper]. Results showed that vegetation’s wind-deflecting effect is
the primary mechanism for reducing V0.1, more evident in grazing-prohibited
grassland. As wind speed increased, the windproof effect of grazing-prohibited
grassland became more pronounced.

Fig. 8 Front view of CFD simulation at transit wind speeds of 2.0, 5.0, and
10.0 m/s in grazing-prohibited grassland (a–c) and grazed grassland (d–f)

Fig. 9 Top view (at 0.1 m height) of CFD simulation at transit wind speeds of
2.0, 5.0, and 10.0 m/s in grazing-prohibited grassland (a–c) and grazed grassland
(d–f). White points indicate geometric model positions in the wind flow field.
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4.1 Aerodynamic Effects of Grazing Measures
Vegetation height and density are key factors affecting aerodynamics (Kang et
al., 2019). Grazing represents the primary ecological utilization of arid and
semiarid grasslands, with livestock trampling and foraging causing vegetation
characteristic changes (Jäschke et al., 2020). Heavily grazed grasslands experi-
ence community degradation, evidenced by proliferation of short-stature plants
(Török et al., 2018). Thus, different grazing measures alter grassland canopy
effects on vegetation aerodynamic impedance. In this study, tall-stature plant
numbers were significantly higher in grazing-prohibited grassland . Vegetation
characteristics differentially affected transit wind speeds. For example, at higher
transit wind speeds (8.0–10.0 m/s), maximum Z0 values were approximately 5.7
mm in grazed grassland and 7.5 mm in grazing-prohibited grassland. Grazing-
prohibited grassland exhibited stronger V0.1 blocking [Figure 5f: see original
paper], primarily due to wind-induced deformation of the grassland canopy top,
with dense vegetation in grazing-prohibited grassland showing greater resistance
to this deformation (Kinugasa et al., 2021).

CFD results [Figure 8: see original paper] revealed that tall-stature plant num-
ber has a more significant effect on windproof capacity than plant height. For
sparse grasslands, individual tall-stature plants are particularly important for
optimal canopy wind blocking, and wind speed reduction in fine-leaved vegeta-
tion depends more on plant number than height, influenced by leaf morphology
(Miri et al., 2017). This conclusion aligns with our findings. We also found that
grazing does not affect tall-stature plant height across a wide species range, pos-
sibly related to livestock selective herbivory (Zanella et al., 2021). In summary,
grazing-prohibited grassland reduces surface aerodynamics primarily through
higher densities of tall-stature plants.

Arid region grasses have slender leaves and clumped growth, with each clump
functioning as a discretely distributed roughness element. Some wind tunnel
experiments have used physical models such as cylinders, cones, and inverted
truncated cones to simulate roughness elements (Liu et al., 2021). While such
methods reduce experimental workload and yield conclusions similar to field
tests, they neglect interspecific leaf dissimilarities—a primary difference caused
by grazing measures (Yan et al., 2015). CFD simulation effectively avoids this
limitation.

4.2 Influencing Factors of Z0 and u*
Wind speed profiling is a common method for monitoring surface wind flow fields,
with logarithmic functions providing sufficient fitting conditions for deriving Z0
and u. However, monitoring time intervals and heights can affect Z0 and u
calculation accuracy (Bañuelos-Ruedas et al., 2010). Differences between daily
and hourly data can also yield different Z0 and u* values (Yu et al., 2018). Wind
speed fluctuations across different time scales affect aerodynamic characteristic
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expression (Liu et al., 2022). Differences in Z0 and u* generated by time scale
appear related to changes in aerodynamic resistance of plant leaves caused by
wind deformation (Walter et al., 2012).

Our results demonstrate that aerodynamic characteristics are influenced by wind
data selection and vegetation characteristics. Therefore, deriving Z0 and u* us-
ing fitted wind speed profile functions requires knowledge of whether they are
affected by vegetation-induced wind flow field changes, which influences func-
tional expressions (Barnéoud and Ek, 2019). CFD results indicated that grazing-
prohibited grassland showed greater wind flow field differences with increasing
height compared to grazed grassland. Furthermore, deriving an optimal func-
tional relationship between Z0 and u* can avoid parameter calculation errors
caused by sudden changes in instantaneous wind speed profiles.

5 Conclusions
This study divided transit wind speeds into five intervals to examine effects
of different transit wind speeds and vegetation parameters on within-canopy
wind speed and analyze Z0 and u* relationships with V0.1 in grazing-prohibited
and grazed grasslands at Eritu pasture. We explored wind speed–vegetation
relationships using CFD simulation. Results showed that with increasing transit
wind speeds, the Z0–V0.1 fitting relationship decreased in grazing-prohibited
grassland, while it initially increased then decreased in grazed grassland. As Z0
increased, V0.1 exhibited three stages: a sharp change zone, steady change zone,
and flat zone, with the sharp change zone disappearing at 8.0–10.0 m/s transit
wind speed in grazing-prohibited grassland.

Dividing transit wind speeds into intervals improved the Z0–V0.1 fitting relation-
ship. In semiarid grasslands with sparse vegetation, tall-stature plant number
had a more significant effect on windproof capacity than plant height. By di-
viding transit wind speeds into intervals, this study advances understanding of
wind speed–grassland canopy linkages and provides a theoretical framework for
further clarifying aerodynamic effects on grasslands.
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