Mouron Opusi I'azap3yii-I'eosxonorn Catryyn - MOI'TC ~ Mongolian Journal of Geography and Geoecology - MIGG
Hyraap 45. 2024 on Volume 45. 2024

https://doi.org/10.5564/mjgg.v61i45.3404

A study on the effect of windbreaks of forest
strips established in sandy soil regions of
central Mongolia

Ganchudur Tsetsegmaa'”, Cho Wonwoo?, Khaulanbek Akhmadi',
Hoduck Kang?®

!Division of Desertification Research, Institute of Geography and Geoecology, Mongolian
Academy of Sciences, Ulaanbaatar, Mongolia

’Division of Garden and Plant Resources, Korean National Arboretum, South Korea
3Department of Biological and Environmental Science, Dongguk University Biomedi Campus,
South Korea

*Corresponding author: ganchudur@mas.ac.mn

Received: 30 April 2024 / Accepted: 15 August 2024 / Published online: 29 November 2024

ABSTRACT

The purpose of this research was to estimate the wind force reduction effects of different
types of tree species in windbreak, based on monitoring results. Field experiments were
carried out during 2010-2017 at the Research and Experimental Center for Combating
Desertification (47°27'N, 103°68'E; 1967 m a.s.l) in Elsen Tasarkhai, Khugnu-Tarna National
Park in Rashaant soum of Bulgan province, central Mongolia. The studied tree species included
Acer tataricum, Populus sibirica, Malus Pallasiana, Ulmus pumila, Salix ledebouriana and
Caragana arborescens. The wind data collected by the Hobo loggers were downloaded using
Onset HOBOware® Lite Software Version 2.2.1 (Onset Computer Corporation, Pocasset,
MA). The estimation procedure incorporated the 1999 version of the windbreak sub-model
of the Wind Erosion Prediction System (WEPS). Windbreak effects were estimated in terms
of friction velocity reduction, which is a function of wind speed and direction, distance from
the barrier, tree height, porosity, width and orientation. Windbreak characteristics (windbreak
type, height, width, porosity, and location) were recorded. A significant effect of windbreak
on airflow reduction was proven on the leeward side of windbreak in a belt corresponding
to approximately 15-30 times the height of the windbreaks and it depended on the optical
porosity. During the monitoring period, the impacts were varied, but all species had reduced
the wind speed to a certain distance. As a result, the annual growth rate of tree species showed
the significant importance of wind protection. By identifying the effect of shelterbelts on
living windbreaks and wind data using long-term monitoring in sandy soil regions of central
Mongolia, advanced tree planting and forest strip establishing methods would be developed.
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XYPAAHI'YH

XamraanganTblH OWH 3ypBAachlH XHHI[ OOJOH MOJ, Ceer ypramiiblH Tepels 3YHIddc Xamaapd
CAIXMHBI XYUMHIT Oyypyynax Helleelled Xd3pXdH WIdpd OalfiraaJl MOHHTOPHHT cynairaa
SIByyJaxajl dHAXYY QXKIJIBIH 30pHiAro opmuHo. Tyc cymanraanbl axibll Xerne—TapHBIH
OalramuitH 1OTIOI00p ra3apT xamaapax bynraH aiiMruifH Pamaant cymbiH DIICOH Tacapxan
(47°27'N, 103°68'E; 1967 m a.s.l) xoma3x rTazaptr Oaiiryyncan, Llemkuntuiir caapyymax
TYpPIIMNT CyHaiTaaHbl TOBHWWH cymanraansl TamOaiim 2010-2017 oHyymam TYHIDTIIB.
Typmmntan cubupb yauac, TapBaraH xaiiaaac, Typar XapraHa, Iaraal Oyprac, >KHMCIHAT
epeI1, Tarap ard 33pa3r MO, ceer ypramisr amuniacad. Cynanraans! axuielH Xypasaa HOBO
U30 mapkuiiH aBTOMaT ctaHI] cyypmryynad, Onset HOBOware® Lite 2.2.1 (Onset Computer
Corporation, Pocasset, MA) mporpaMM XaHTaM)XK aIllAIIIaH CAXWHBI MAIIIAJUIMHT I[YTITyyiIaB.
OitH 3ypBachlH HOIIOOTeOp CAIXUHBI YPIITUHH XYIHHH Xypha Oyypax Xomkddr CamxuHbI
Omoramuiir Ypeaumnan Toomox (WEPS) 3arap ammrinan tooricoH. OWH 3ypBacklH XaMraanax
HOJIeer CAJXWHBI YPIITHHH XypAHBI OyypanTaap TOOILCOH 0ereej, SH3 Hb CalXUHBI XypI,
YUIIIJ, XaauTaac ajciax 3aid, MOIHBI ©HJep, OMH 3ypBachIH CYBIPXdT Oaiinan, epreH, Xuiln
39prasc xamaapHa. OHH 3ypBachlH CaIXUHBI XYUHHUT Oyypyyrnax Hejlee Hb MOJ, COOTHHH Tepe
3yitn OONOH 3ypBachlH HATT, CHUPAT, CHAMXHWH Oailjutaac xamaapu eHapuiH 15-30 maxwH
ajyciax 3aifl Xxamraanxax Helleelel Hb Widpd OaitHa. Mom, ceer ypraMmibH Topes 3YHIYYIHiH
XyBb]] XaMraajiax HeJee Hb XapwIlaH aJiIryid WidpcsH 0erees, OyX Tepes 3YMIyya CalxXuHbI
XYPABIT TOJOPXOH XAOMXKIHI OyypyylicaH AYHTAH OaifHa. MeH Mo, Coer ypramiblH KHUJIHHH
OCOIITHITH SpYNM U CaJXHHaac XaMraajaxaj] dyxall HeleeTdi OaifB. TeB MOHTONBIH XI3pHitH
OycuitH 271capXaT Xepe Oyxmil Oyc HyTarT, XaMmraajaiTelH OWH 3ypBac OaiiryysnaH, calxuHaac
XaMraajiax HeJeeJUIMHT CylaJiCHaap, UpIdAYHA Tyc Oyc HyTarT Tapux MOJ, COer ypramibIr
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1. INTRODUCTION

One of the most traditional methods of
controlling wind erosion is the establishment
of windbreaks [1,2]. Windbreaks are strips
of trees, shrubs or tall grass species planted
around agricultural fields, houses, and animal
farms to reduce the wind velocity and erosion
[3,4]. Windbreaks are also referred to as wind
barriers and shelterbelts [5]. The windbreaks
protect soil from strong winds, divert the wind
direction, and reduce wind velocity, thereby
reducing soil erosion [6]. A small decline in
wind velocity by adoption of control practices
results in a large decrease in wind erosion
[7,8]. By intercepting the erosive power of
the winds, windbreaks help to improve soil
properties by reducing evaporation, promoting
soil water storage, and reducing losses of
nutrient-rich fine soil [9].

In response to the severe dust storms of the
Dust Bowl in the Great Plains of the United
States in 1934, the Great Plains Shelterbelt
project was implemented, which reduced
soil erosion and improved the ecological
conditions. The management and plan of the
windbreaks varies depending on plant species,
wind velocity, and soil characteristics [10].
Threshold wind speed, at which soil of the
flat surface area starts to migrate, is 9.16 ms’!
in 15 meters above from the ground [11].
The height of the windbreaks determine the
extent of reduction in wind speed, whereas
width of the windbreaks determine the size of
the area it shelters. Soil particles floating in
the air travels 9 meters less in sheltered area
[12]. The protective radius of a shelterbelt
extends to a distance of 30-35 times its height

in the downwind direction and 5 times its
height in the upwind direction. [10,13].
Even though establishing shelterbelts is
effective way to prevent from wind erosion,
developing countries face difficulties when it
comes to implementation [14]. 7.9 percent of
Mongolian territory is covered by forest [15],
and 76.9 percent is affected by desertification
and land degradation to certain extent [16].
145 settlement areas in desert and steppe
zones are prone to sand migration [17], and
the fact that frequency of dust and sand storm
has doubled in the last decade [18,19,20,21]
is garnering government’s attention. To
specify, main activities of the “One Billion
Trees” National movement, initiated by
the  president, = U.Khurelsukh, include
establishment of shelterbelts [22,23,24,25].
Our study area is located in Khugnu Tarna
protected area covering Central Mongolian
steppe zone, where desertification and land
degradation is at severe level. According to
the literature, it is estimated that 15 percent
of Khugnu Tarna protected area is degraded
as of 2011, which is increased by 7 percent
since 1990 [26]. The objective of this study
was to identify the effects of shelterbelts
comprising several tree species intended for
reforestation in comparison to the yearly
growth observed during the study period.
The results of the study can be used as a
model in geographically and spatially similar
areas for the purpose of assessing the effects
of shelterbelts and developing management
plans. Further investigation is required in
order to gain a greater understanding of the
impact on microclimate and the effect on
alleviating sand migration.
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2. MATERIALS AND METHODS

2.1. Profiles of Windbreaks and Data
Collection

The study area is situated in the
transitional zone between forest-steppe
and dry steppe zones, as defined by the
Mongolian plant geographical classification.
[27]. A total of 120 trees were used for each
replicate, with each species being compared
with twenty different trees. The trees were
planted at a spacing of 2 x 1.5 metres. During
the experiment, trees were irrigated by a
drip irrigation system. Trees height growth
were measured twice a year (Spring and
Autumn) and each year monitoring was
conducted during the last week of September.
The experimental trees for each species
were sampled at four (4 subplot * 5 tree)
replications. The growth in height of the
trees was recorded. The highest point of each
tree was measured from the ground using a
measuring tape with a total length of 5 metres.
Root collar diameter growth were measured
using a digital Vernier calipers (Mitutoyo
Corporation, CD-20APX, Kawasaki, Japan).
Stems were marked and numbered to allow
repeated measurements at the same position
on each stem. Since growth may be related
to initial tree size at the beginning of the
growth period, relative height growth was
calculated wusing the following equation
[28,29,30]. The survival and damage of trees
were calculated as a percentage of the number
of living individuals from the total number
of planted trees and the number of damaged
individuals from the number of survived trees,
respectively. The weather data collected by
the U30 Weather Station data loggers were
downloaded using Onset HOBOware® Lite
Software Version 2.2.1. The wind speed
and wind direction, were measured every
3 seconds (s) by using the data logger with
S-WSB-M003 and S-WDA-MO003 sensor,
located 2 meters above the surface.

2.2. Wind Erosion reduction effects of
Windbreaks

The driving variable for transport is the

wind friction velocity I (m/s), which is
related to average wind speed U(z) (m/s) at
height z (m) by the logarithmic law [31]:

U{z} = H?In |:z_ d] (1)

Zn

Where U,y is the wind velocity at

height z, pt* is the friction velocity, k is the
von Karman constant equal to 0.4, d is the
aerodynamic displacement height equal to 0.7

x height of roughness element, and Z; is the
aerodynamic roughness parameter assumed to
be equal to 0.15 x height of roughness element
[32]. The friction velocity is calculated in
two steps [12]. First, the friction velocity at

the weather station (uT’rE) was computed by
applying the logarithmic law (Eq. 1), then the

friction velocity at the subregion level 'uf was
calculated with Lettau’s equation [31]:

)

Where zDR is the roughness height of the

0.067
R WS ( =8 )

u, = u b
* L =

subregion and er’rS is the roughness height at
the weather station [12]. The friction velocity
reduction (f,) of wind in m/s" by windbreaks
was calculated as follows (Vigiak et al., 2003):

f,=1-exp[-axh’] + b exp [- .003(xh + c)’]

(3)
a=0.008 — 0.170 + 0.170 + 0.170'%

4)
b=135exp (-0.50°%) (5)
c=10(1-0.50) (6)
d=3-0 (7)
0=op+ o.ozf (8)
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where xh is the distance to the windbreak
parallel to the wind direction in barrier
heights, 0 is the barrier porosity, op is the

optical porosity, W is the barrier width, and
h is the barrier height [13]. The influence of
windbreaks on soil erodibility of the sheltered
fields can be estimated by [33].

d=17h (V?’") cos 0 )

Where d is distance of full protection by
the barrier in the lee (m), 4 is height of the

barrier (m), ¥, is minimum wind velociy at
15 m height needed to move the most erodible

soil fraction, V7 is actual windvelocity (m/s
). And cos 0 is angle of the prevailing wind
direction.

2.3. STATISTICAL ANALYSIS

The comparision procedures  were
statistically analyzed by one-way analysis
of wvariance (ANOVA) followed by the
homogeneity of variance which was verified
using Levene’s test. Statistical analysis was
conducted using the Statistical Package for
the Social Sciences (SPSS) Version 21 (IBM
Corp., New York, NY, USA). Statistical
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significance was accepted at p < 0.05.
3. RESULTS

3.1. The Wind Speed and Direction in
Elsentasarkhai Station

The results show the wind speed recorded
from Elsentasarkhai at an hourly resolution
(2013-2017). Statistical data summarized
provisional wind speed (m/s) data at daily
variability resolution average, minimum,
maximum, average, and gust speed of data
available (Figure 1). The figure 1 showed
the full record, while figure 2 showed the
study years and the each seasonal data. The
threshold for calculating climate statistics
for the wind variables was, 95 % of data
availability. The study area had a semi-arid
continental climate that was characterized
by average wind speed of 2.55 m/s with
maximum 16.87 m/s, respectively; whereas
the gust speed was with 5.41 m/s, and
maximum 23.67 m/s. Seasonal patterns
were evident with the strongest wind events
occurring during spring and the most
consistent wind speeds occurring during
summer. High wind speed was usually
observed during the spring season (Figure 2).
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. Min: Wind Speed
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Figure 1. Elsentasarkhai: Mean daily variability of wind speeds fall within this range 95% of
the time (365 days).
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The frequency of wind direction in each
season was displayed in Figure 3 by the
wind rose. Wind direction was mainly found
in the WNW-NNE and ESE-SE sectors, as
a result of the orientation of the Khugnu-
Tarna sand dunes. The mountains to the north
(Khugnu-Khaan mountain) and south (Bat-
Khaan mountain) of the Khugnu Tarna sand
dunes significantly inhibited winds in these
directions, especially those with a wind speed

Spring Lad

above 2 m/s™!. The strongest wind direction,
was about NW and NNE at this site..
However, during the winter season, the wind
roses predominantly indicate wind directions
from the west-north-west (WNW) and north-
west (NW). The frequency of northerly winds
was comparable with that of easterly or
westerly winds. The wind speed of easterly
winds was exclusively below 2 m/s™.
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Figure 2. Elsentasarkhai; Seasonal windroses. The wind direction and speed data were divided
into 16 wind direction categories (22.5° each) and 3 wind speed classes: (1) less than 5 m/s™!, (2)
between 5 m/s! and 10 m/s!, and (3) greater than 10 m/s

223



Monron OpHusl I'azap3yii-I'eosxonoru Catryyn - MOI'TC
Jyraap 45. 2024 on

Mongolian Journal of Geography and Geoecology - MIGG
Volume 45. 2024

3.2. Height Growth of Tree Species

The species studied showed different
height growth, even though all individuals
were measured under the same ecological
conditions for trees and shrubs. The study
showed an increase in the growth of A.
tataricum (164.1 cm) and P. sibirica (276.4
cm) and root collar diameter of 4. tataricum
(3593 mm) and P sibirica (56.69 mm)
until 2013. However, A. tataricum showed
decreased growth (111.7 cm) and root collar
diameter (24.61 mm) from 2014 to 2016
(Figure 3). Furthermore, the species U. pumila
and C. arborescens exhibited a sustained
increase in growth and root collar diameter in
comparison to A. tataricum and P. sibirica. M.
pallasiana exhibited a markedly slow growth
rate, accompanied by notably short root
collar diameter values in comparison to other

species (Figure 3).
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Figure 3. Comparison of height and diameter
growth rates in the annual growing season of
trees and shrubs. Different letters on the bars
indicate significant diffrence
(Dancan’s Multiple Test at p = 0.05)

A comparison of the growth rate in height
and diameter revealed significant differences
in all growth measurements. The growth rate
of U. pumila (31.13 cm) was observed to be
the highest, followed by that of P. sibirica
(24.45 cm) and C. arborescens (26.15 cm).
The highest average root collar diameter was
observed in P. sibirica and U. pumila (6.24 to
7.22 cm), while the lowest average root collar
diameter was observed in M. pallasiana (2.15
cm). According to the monitoring, average
growth rate of A. tataricum decreased since
2013. The trees species studied showed
different height growths, even though all
individuals were measured under the same
ecological conditions This tree growth
monitoring research was carried out between
2010 to 2017. Overall, the results showed
that P, sibirica showed the tallest tree height,
after A. tataricum, S. ledebouriana, U. pumila,
C. arborescens, but M. pallasiana species
has the shortest height in autumn 2017. The
height growth of P. sibirica, U. pumila, C.
arborescens and S. ledebouriana significantly
increased (7.02 %, 13.30 %, 30.35% and 9.14
%, respectively) during the study years. But
A. tataricum (-1.56 %) and M. pallasiana
(-3.70 %) species showed a decrease in
height. The value of trees height showed
significant differences between species (F
= 41.43 to 79.08; p = < 0.001). The reason
behind decrease of tree growth is due to the
environment, which is not compatible with the
tree species studied.

3.3. Estimated Distance of Full Protection
by the Wind Break in the Leeward Side

Results showed the distance of full
protection by the barrier on the leeward side
at Elsentasarkhai research station during
2010-2017. The moderate linear relationship
of P. sibirica, S. ledebouriana, U. pumila, C.
arborescens was manifested at the weak linear
relationship of A. tataricum and M. pallasiana
(R* = 0.61, 0.41, 0.31, 0.43, 0.05 and 0.03,
respectly).
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Figure 4. Windbreak effects of deciduous trees and shrubs in Elsentasarkhai station during
2010-2017

During the monitoring period, the impacts
varied, but all species reduced the wind
speed to a certain distance (24.58 to 193.35
m lee). In comparison to tree species, P.
sibirica (6.93%), S. ledebouriana (9.07%),
U. pumila (13.26%), and C. arborescens
(29.93%) exhibited notable height growth
and uninterrupted comprehensive protection
throughout the study period. However, then A.
tataricum (-1.48 %) and M. pallasiana (-3.64
%) showed significantly decreased height
growth pattern, they exhibited significant
windbreak effects (12.03 to 26.63 and 11.61 to
78.51 meters lee) Fig 3. The annual growth
rate of tree species provides clear evidence of

the significance of wind protection.

3.4. Estimation of the Friction Velocity
Reduction at a Distance Relative to Tree
Species

The following table 1 showed the results
of estimated friction velocity reduction at a
distance relative to tree species, fild measured
data has been used in Elsen Tasarkhai station
(2010-2017). The study demonstrated that
windbreak significantly reduced the wind
velocity to a distance of 5-30 times the height
of windbreak on the t leeward side (F = 59.11
to 106.20; p=<0.001).
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Table 1. Relationship between distance and tree species in friction velocity reduction

Species class Distance from the windbreak
P OH | 5H | 10H | 15H | 20H | 25H | 30H | 35H
Effect of reduce wind on tree species (%)

P, sibirica 0.88 | 1.46° 1.77¢ 1.80° 1.79¢ 1.77¢ 1.75¢ | 1.74
A. tataricum 0.88 | 1.01° 1.30° 1.50¢ 1.63° 1.70° 1.75¢ | 1.74
M. pallasiana | 0.86 | 0.88¢ 0.94¢ 1.02¢ 1.11¢ 1.21¢ 1.30° | 1.70

U. pumila 0.87 | 1.22° 1.64° 1.782 1.80? 1.792 1.78 | 1.74
C. arborescens | 0.89 | 1.03¢ 1.36¢ 1.63° 1.76° 1.81# 1.81* | 1.74

S. ledebouriana | 0.86 | 1.28° 1.71%® 1.802 1.792 1.782 1.77* | 1.74
F 140 | 70.66 |106.20| 105.67 99.63 80.98 59.11 | 0.76
Slg ns skskk skeskeosk sk skskek skskek skskesk ns

Data followed by the same case letter across column are not significantly different at 0.05 level. SH,
10H, 15H - distance from the windbreak to the stand position in 5, 10, 15 times the height of the windbreak

A comparison of the amount of friction
velocity reduction demonstrated that trees
of the species P. sibirica, U. pumila, and
S. ledebouriana had a significantly greater
precedence effect on wind speed reductions
in the distance of 15-20H the leeward side.
In contrast, trees of the species A. tataricum,
M. pallasiana, and C. arborescens exhibited

a more pronounced effect in istance of 25-
30H the leeward side.The table 2 showed the
results of windbreak porosity class effect in
reducing wind speed on mixed tree species.
The measured values significantly reduced
the wind velocity for a distance of 15-30H the
windbreak height in the leeward side (F = 3.70
to 25.06; p =< 0.05).

Table 2. Relationship between distance and porosity class in friction velocity reduction

Porosity Distance from the windbreak
class 0H SH 10H 15H | 200 | 25H | 30H | 35H
Porosity class effect of reduce wind on mixed tree species

20% 0.94 1.48 1.78 1.81° 1.80° 1.78 1.76 1.74

40% 0.90 1.44 1.75 1.78° 1.78° 1.76* 1.75% 1.73

60% 0.87 1.45 1.74 1.77° 1.76¢ 1.75b 1.74¢ 1.72

80% 0.82 1.50 1.74 1.76° 1.75¢ 1.74¢ 1.73¢ 1.72
F 2.49 0.39 0.69 6.44 25.06 9.55 3.70 1.33

Slg ns ns ns k3K kokok skokok k3k ns

Data followed by the same case letter across column are not significantly different at 0.05
level. 5H, 10H, 15H — distance from the windbreak to the stand position in 5, 10, 15 times the
height of the windbreak

According to the comparative study, the
significantly higher friction velocity was
reduced to 15-20H on the leeward side with a
porosity of 20-80 % on mixed trees.

The effects of wind friction velocity in the
porosity class order of 20, 40, 60, and 80 %
have been found to be reduced.
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4. DISCUSSION

The findings from this study suggested
that it was characterized by average wind
speed of 2.55 with maximum 16.87 m/s,
respectively; whereas the gust speed was
5.41, with maximum 23.67 m/s (Figure 1).
The wind velocity must be near 8 m/s! at
2 meters above the soil surface for the soil
particles to be displaced by wind [34]. Sandy
loam and sandy soils with low organic matter
content develop aggregates with weak bonds
and were thus the most erodible. Dry loose
soil material <0.84 mm in diameter occurring
on the soil surface, known as loose erodible
material, was the fraction that was readily
transported by wind [35]. The way that wind
speed and turbulent flow were modified by the
windbreak will determine its shelter efficiency
[36].

According to these findings, there was
a high risk of wind erosion in the study
area. This study presented to identify the
effects of shelterbelts consisting of several
tree species intended for reforestation in
comparison to yearly growth observed during
the study period. Windbreak studies have
been particularly useful for determining
relationships between height, width, porosity
and species type of windbreak elements
[37,38]. The full protection by the barrier
on the leeward side to moderate linear
relationship of P. sibirica, S. ledebouriana, U.
pumila, C. arborescens was manifested at the
weak linear relationship of A. tataricum and
M. pallasiana species. But then A. tataricum
and M. pallasiana have significantly
decreased height growth pattern, but have
been shown to have significant windbreak
effects.

The following friction velocity reduction
at a distance relative to tree species, where
windbreak significantly reduced the wind
velocity for a distance of 5-30H of the
windbreak height on the leeward side. This
study shows the amount of friction velocity

reduction, P. sibirica, U. pumila, and S.
ledebouriana trees had the significantly
precedence effect on wind speed reductions
in distance of 15-20H on leeward side,
while 4. tataricum, M. pallasiana and C.
arborescens had better effects at the distance
of 25-30H on leeward side. In a related
study, the windbreak consisting of short trees
demonstrated more pronounced deceleration
than the tall trees, due to their lower porosity
in general, which supported previous findings
that low-porosity elements induced the
greatest deceleration . An evaluation of
the sheltering effects of the windbreak was
deemed appropriate in accordance with
whether the leeward wind speed exceeded
the critical value or not [39]. These and
other confounding factors indicate that
previous interpretations of Naegeli’s results
have overstated the correlation between
porosity and sheltered area [40]. A detailed
examination of the of results from other field
measurements failed to reveal any significant
differences in the sheltered area for low
and high porosity windbreaks [5]. In other
related studies, wind tunnel studies have not
find significant reductions in low porosity
windbreaks [41].

In the present study, was windbreak
porosity class effect of significantly reduced
the wind velocity for a distance of 15-30H
the windbreak height in the leeward side.
In comparision, there is friction velocity
reduced significantly 15-20H of leeward side
which porosity of 20-80 % on mixed trees.
Other related experimental studies showed
that wind speed was reduced by 62% in open
wind speed, but the estimated erosive force
of the wind was reduced to 24 % of open
values [42]. Multiple row-windbreaks reduce
wind erosion more than single rows [34]. The
results of this study were demonstrated that
even a small reduction ratio of wind speed
could effectively reduce the erosive force
of the wind and therefore help control wind
erosion particularly if windward protection
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is considered [43]. In our experiment, the
impacts have been varied, but all species
have reduced the wind speed to a certain
distance. Consequently, the annual growth of
tree species demonstrated the significance of
wind protection. Once a windreak has been
established, it will have a sustained and long-
lasting positive impact on the environment.
Further studies and experiments will be
required to be undertaken based on the results
of this study in different ecological zones in
order to ascertain the most effective means of
reducing land degradation.

5. CONCLUSIONS

The purpose of this research is to estimate
wind force reduction effects of windbreak
comprising different tree species based on
empirical experiments. The full protection
provided by the barrier on the leeward
direction to moderate linear relationship of
P sibirica, S. ledebouriana, U. pumila and
C. arborescens was manifested at the weak
linear relationship of A. tataricum and M.
pallasiana species. But, A. tataricum and M.
pallasiana have significantly decreased height
growth patterns, and have been shown to have
significant windbreak effects.

The following reduction in friction
velocity relative to mixed tree species was
observed: the windbreak significantly reduced
the wind velocity for a distances of 5-30
times the height of the windbreak on the
leeward side. This study showed the amount
of friction velocity reduction P. sibirica, U.
pumila, and S. ledebouriana trees had, the
significantly precedence effect on wind speed
reductions in 15-20 times of leeward side,
while A. tataricum, M. pallasiana and C.
arborescens had better effect on 25-30 times
leeward. The short shrubs tended to produce a
more intense deceleration than the tall trees,
due to their lower porosity in general, which
supported previous findings that low-porosity
elements induced the greatest deceleration.
During the monitoring period, the impacts

have varied, but all species have reduced the
wind speed to a certain distance. As a result,
the annual growth rate of tree species showed
the significance of wind protection
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