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Abstract For centuries, the wind environment of villages and towns in 
severe cold regions has long been a significant factor 
influencing the villagers' outdoor comfort in winter, which 
could be improved by appropriate greenery design. By means 
of questionnaire survey and field measurement, this paper 
carried out some basic investigations on the existing 
circumstances of wind environment and greenery of villages 
and towns in severe cold regions. Based on which, with the 
application of ENVI-met, this paper went on to simulate and 
analyse the windproof effects of four common forms of village 
greenerys (windbreaks, border trees, square landscape and 
courtyard greenery) under various parameter settings 
(porosity, size, form, interval and wind direction), thus 
providing references for applying greenery to improving wind 
environment in practice. 
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1. Introduction 

For centuries, outdoor wind environment has long 
been a vulnerable spot in village construction 
nationwide. This is especially true for the vast rural 
territories in severe cold regions, where the winter is 
long and cold, so that the outdoor wind environment has 
a direct impact on the productive efficiency and living 
quality of villagers in winter

 [1]
. Therefore, how to 

rebuild a pleasant and comfortable outdoor wind 
environment in winter without breaking the original 
construction layout, is leading to increasing 
considerations among the rapid expansion of village 
constructions in severe cold regions. 

Greenery design refers to the behavior of planting 
vegetations under scientific and reasonable 
considerations, thus promoting and improving the 
environment quality of surroundings

 [2]
. As wind barrier, 

greenery plays a significant role in improving the quality 
of outdoor wind environment; however, there is still a 
lack of feasible evaluation index, forecasting 
measurements and design strategies of vegetations' 
windproof effects 

[3]
. Based on which, this paper starts 

with an investigation on the existing circumstances of 
wind environment and vegetations of village and towns 
in severe cold regions, through means of subjective 
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questionnaire survey and objective field measurement. 
Following on from this, it goes on to simulate and 
analyze the windproof effects of common forms of 
village greeneries under various parameter settings with 
the application of ENVI-met, thus providing references 
for improving outdoor wind environment of villages in 
severe cold regions in China. 

2. Existing wind environment of village in winter  

Before proceeding to investigating the windproof 
effects of village greenery in severe cold regions, the 
existing status of village wind environment in severe 
cold regions was examined. A field survey on the winter 
dominant wind direction of villages in severe cold 
regions was conducted among 13 villages and towns in 
Northeast China and Inner Mongolia, which is shown in 
Table 1. 

Table 1 Investigation on the winter dominant wind direction of 
villages in severe cold regions 

Winter dominant 
wind direction Percentage 

NW 69.23% 

SW 23.08% 

N 7.69% 

As shown in Table 1, the winter dominant wind 
direction of villages in severe cold regions is Northwest 
(NW). Therefore, when selecting survey site, it is 
necessary to ensure that the wind dominant wind 
direction, configuration and layout form are 
representative. After observing and screening among 
satellite images of villages and towns in Northeast China 
and Inner Mongolia, the Tianlongshan management 
institute of Zhanhe forestry bureau in Wudalianchi, 
Heilongjiang has been selected as the site of field 
measurement and questionnaire survey. As shown in 
Table 2, the site is classifies into 4 types by function: 
village periphery, road, square and courtyard, with their 
corresponding greenery listed as windbreaks, border 
trees, square landscape and courtyard greenery 
respectively. 

Table 2 Allocation of investigation spots and corresponding greenery 
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2.1 Field measurement 

According to the local historical climate data, 
November 20th was selected as the measurement date 
for the air speed on that day is relatively high among the 
winter half year. The maximum air temperature of the 
day is -3℃, while the minimum is -16�; and the most 
frequent wind direction is NW, with the wind scale of 
grade 4-5. 

The equipment adopted in this field measurement 
are Airflow Instrument Rotating Vane (air speed) and 
HOBO Data logger (air temperature and relative 
humidity), which were positioned at the height of 1.5 m, 
as shown in Fig. 1. The testing duration each time was 
60 minutes, and the data was recorded every 5 minutes, 
with 12 data recorded in total, the testing results is 
shown in Table 3. 

 

Fig.1 Equipment Arrangement on site. 

 

 

 

 

Table 3 Spot Measurement Result of Air Speed in Different Location 

 

2.2 Questionnaire survey 

In order to further investigate the village wind 
environment and vegetation status in severe cold 
regions, a questionnaire survey was conducted on the 
same site, which was designed in terms of the 
interviewees' personal information, subjective 
assessment and preference on outdoor wind 
environment and vegetation. 

The questionnaire was distributed randomly around 
the period of 8:00 - 18:00, which is the relatively 
frequent time interval for villagers' outdoor activities. 
According to the validation of SPSS, the reliability 
coefficient is 0.722, which is a good rate for research. 
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The questionnaire was also conducted around the 4 
types of location where the field measurement took 
place. 

2.3 Summary of the existing wind environment of 
villages in winter 

After comparing and analyzing the results of field 
measurement and questionnaire survey, the 
characteristics of village wind environment in severe 
cold regions in winter can be summarized as follows: 

(1) The wider the testing range expands, the smaller 
the correlation among the air speed of testing points will 
be; and the smaller the range, the bigger the correlation. 

(2) The air speed of the village air entrance is the 
highest among all the testing results, followed by that of 
the village air outlet, and the air speed within village is 
the lowest, which suggests it is necessary to strengthen 
the windproof measurements at the village air entrance 
in the upwind direction. 

(3) Due to the effects of angle wind, the air speed 
around building's corners is normally higher; 
furthermore, because of the narrow channel effects, the  

space between two buildings also tends to generate 
high-speed wind.  

(4) The air normally speeds up at the main road by 
the upwind direction, and calms down at the branches 
deep into the village. Also, the wind environment of road 
intersection is always various and complex. 

(5) The overall air velocity of square depends on 
where it is located, for an example, the overall air 
velocity of the square in this study is relatively low 
because it is located in the downwind direction. In 
addition, the air speed of the testing points within square 
is not affected by whether it is located at the corner or 
the center, but depends on shielding effects of the 
constructions or vegetations nearby. 

3. Review of village greenery in winter  

3.1 Planting mode and vegetation specification 

In order to apply the greenery design into practice, 
information such as greenery pattern, planting mode, 
vegetation specification and other factors contributing to 
windproof effects, have been collected and summarized 
through literature review. The research frame is shown 
in Fig. 2, parameters such as canopy extend, leave are 
index (LAI), roof area index (RAI), leave area per plant, 
height etc.

 [4]
, can be used as criteria of vegetation 

selection for the numerical simulation and greenery 
design. 

 

Fig.2 Research frame of greenery mode and vegetation specification 
of villages in winter 

3.2 Evaluation assessment for windproof effects of 
greenery 

Wind Speed change, shown as Ri, is normally 
adopted in practice as the comfort criteria of outdoor 
wind environment, which stands for the ratio of air 
velocity at a certain testing point compared to that of the 
original air flow before meeting the obstacle

[5]
. The 

formula is shown as follows: 
Ri=Vi/V0                                                （1） 

Where Ri is the wind speed change at point i, Vi is the 
wind speed by pedestrian height at point i, V0 is the 
average wind speed of the original air flow in flow field. 

Currently, there is still a lack of proper standard for 
evaluating wind speed change. In order to solve this 
issue, V0 is set as 10 m/s in this simulation, and the 
Beaufort Index

[6]
 is deformed so as to classify wind 

speed change into appropriate ranges according to 
different comfort degrees, which are corresponding to 
different greenery mode, i.e., windbreaks, border trees, 
square landscapes and courtyard greenery, as shown in 
Table 4. 

 
 
 

Table 4 Windproof effect rank of greenery and the corresponding 
wind speed change 

Greenery 
mode 

Windproof effect rank and the corresponding wind speed 
change 

Excellen
t Good Average Poor Dangerous 

Windbrea
ks 

56%~75
% 

76%~97
% 

98%~120
% 

120%~121
% 

121%~145
% 

Border 
trees 

39%~55
% 

56%~75
% 

76%~97
% 

97%~121
% 

121%~145
% 

Square 
landscape 

24%~38
% 

39%~55
% 

56%~75
% 

75%~121
% 

121%~145
% 

Courtyard 
greenery 

11%~23
% 

24%~38
% 

39%~55
% 

55%~121
% 

121%~145
% 
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4. Numerical simulations of greenery's windproof 
effects 

In order to investigate the windproof effects of 
different greenery mode under different parameter 
settings, ENVI-met has been adopted in this study to 
simulate the windproof effects of windbreaks, border 
trees, square landscape and courtyard greenery. 

ENVI-met is free 3D microclimate simulation 
software developed by Michael Bruse etc. in German

 [7]
, 

which is mainly concentrated on research about 
vegetation, building facades, as well as the interaction 
between urban underlying surface and atmosphere, so it 
is widely used in fields such as Architecture, 
environmental design, city meteorology etc.

 [8]
. After 

validating the reliability and parameter settings of the 
software, it is found that ENVI-met is sufficient for the 
simulation in this study. 

4.1 Windbreaks 

Windbreaks can be defined as the forest belt to 
defend cold wind attack. In order to simplify the 
parameter settings, the contributing factors investigated 
in this study are concentrated on the 3D dimensions of 
forest belt, i.e., belt length, width and height, which can 
be seen in Table 5. The simulation results are shown in 
Fig. 3~5. 

Table5 Windbreaks' classification for numerical simulation 

Vegetation 
parameter Parameter specification 

Belt 
length L L=3D/5D/7D/9D/11D 

Belt width 
D D=0.5H/0.7H/0.9H/H 

Belt 
height H 

H Equal H=10m/15m/20m 

H 
Unequal 

H=10m,15m,20m(along 
the wind direction) 

H=500mm,800mm, 
10m,15m,20m(along the 
wind direction) 

   
Fig. 3 Windproof 

effects of 
windbreaks with 

Fig. 4 Windproof 
effects of 

windbreaks with 

Fig. 5 Windproof 
effects of 

windbreaks with 

various belt lengths various belt widths various belt heights 

According to Fig. 3 and Fig. 4, it can be seen that 
when the belt height is 20m, length and width are 
varying between 60m~220m and 10m~20m 
respectively, with the increase of belt length and width, 
the average wind speed change of wind shadow zone is 
decreasing, which means the windproof effects is 
increasing gradually. However, with the increase of belt 
height, the wind speed of wind shadow zone is 
increasing. As shown in Fig. 5, when the belt width and 
length are 30m and 60m respectively, with belt height 
changing from 10m, 15m to 20m, the wind speed is 
increasing gradually, which means the windproof effect 
is decreasing. Moreover, when the belt height is 
increasing along the wind direction, such as the 
sequentially arranged grasslands (500mm), shrubs 
(800mm) and trees (10m, 15m and 20m in sequence), 
whose wind speed of wind shadow zone is lower than 
that of the equal-height belt, which means greater 
windproof effects. 

4.2 Square landscape 

Square landscape refers to trees and flowers 
planted in square to improve the environment and 
microclimate. The general periphery of village square is 
surrounded by trees, shrubs and grasslands, while the 
center is normally benches and flower beds. Based on 
the typical pattern, the basic model of square greenery 
for simulation in this study is established. 

The factors contributing to windproof effects of 
square landscape are mainly the three dimensions and 
layout patterns. As the impacts of three dimensions have 
been discussed in the section of windbreaks, so the 
factor discussed for square landscape is only the layout 
pattern. 

The arrangement pattern of square landscape can 
be classified into 3 typical forms as shown in Table 6. 
Due to the rectangular form of the Square's plan, the 
wind environment can be different when the air is 
perpendicular to the long side or the short side of the 
square. In consideration with this, the direction of air 
flow in the simulation is set as N and W respectively, 
with the simulation results shown in Fig. 6. 

Table 6 Square Landscape's Classification for Numerical Simulation 

Squar
e 

lands
cape 
arran
geme

nt 

Facing openings Stagger 
openings 

Central 
Greenery 
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Plan 
diagr
am 

   

 
  

（b）West wind 

（a）North wind        （b）West wind 

Fig.6 Windproof effects of square landscape with various layout patterns 

As shown in Fig. 6, no matter the wind direction is 
N or W, the distribution of wind velocity within square 
is generally the same: the air velocity at the openings is 
the maximum due to narrow channel effects, while that 
of the central square is the minimum, and the air velocity 
of the upwind zone is normally lower than that of the 
downwind zone. The overall wind speed within square 
of the 3 arrangement can be listed as follows: Facing 
Openings > Stagger Openings > Central Greenery, 
which means the central greenery can enhance the 
windproof effects, followed by Stagger Openings, the 
two can relief the intersection of high-speed air caused 
by facing openings. 

4.3 Border trees 

Border trees are the trees planted along both sides 
of the street to prevent dust, noise, wind and thus 
improving environment. The simulation is conducted 
among border trees in terms of tree species, spacing, 
combination with lawn and shrubs, as shown in Table 7. 
The simulation results are shown in Fig. 9~11, among 
which, zone 1~3 sequentially means the windward side, 
middle part and leeward side of the road which is 
vertical to wind direction, and zone 4~6 sequentially 
means the upwind part, middle part and downwind part 
of the road which is parallel to wind direction. 

Table 7 Border trees' classification for numerical simulation 

Classification 
parameter 

Parameter specification 

Tree species Deciduous trees/evergreen trees/staggered 

planting of deciduous trees and evergreen 
trees 

Tree interval 4m/6m/8m/10m  

Combination 
with lawns or 
shrubs 

Evergreen trees
（Interval 8m）
+Shrubs 

 

Evergreen trees
（Interval 10m）
+Lawns 

 

According to Fig. 7, it can be seen that the 
windproof effects of evergreen trees is far greater than 
that of the deciduous trees, and combining them together 
in a staggered way can achieve relatively good 
windproof effects. As shown in Fig. 8, when the interval 
of trees is increasing gradually from 4m, 6m, 8m to 10m, 
the windproof effects of border trees are decreasing 
correspondingly. And with the increase of intervals, the 
gap of windproof effects is growing. As shown in Fig. 9, 
the high-speed zones roun spacings can be alleviated by 
planting shrubs and lawns between two trees; 
furthermore, the overall wind speed of the combination 
of trees (interval 8m) and shrubs is lower w than that of 
the combination of trees (interval 6m) and lawns, which 
means that shrubs' windproof effects are better than that 
of lawns. 

   
Fig.7 Windproof 
effects of border 

trees with various 
tree species 

Fig.8 Windproof 
effects of border 

trees with various 
tree intervals 

Fig.9 Windproof 
effects of border 
trees combined 
with lawns or 

shrubs 

4.4 Courtyard greenery 

The simulation of courtyard greenery was 
conducted with different greenery arrangement such as 
lawns, shrubs and trees, as well as the one without 
greenery (Control Plan), as shown in Table 8; and the 
wind directions were selected as N and W respectively. 

As shown in Fig.10 and Fig.11, whether the wind 
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is from north or west, the windproof effects of all the 
greenery arrangements can be listed as follows: trees + 
shrubs + lawns > shrubs + lawns > lawns > no greenery, 
among which, the gap between the former two curves 
are greater than that of the last two, which means the 
windproof effects of trees are far better than shrubs and 
lawns. In addition, when comparing Fig.12 with Fig.13, 
it can be found that the overall wind speed within 
courtyard is relatively lower when the wind is from the 
north, which means that when the air flow is 
perpendicular to the long side of the building, the overall 
wind environment within court will be better. 

Table8 Courtyard greenery's classification for numerical simulation 

Courty
ard 

greene
ry 

arrang
ement 

No 
greenery Lawns Shrubs + 

lawns 

Trees + 
shrubs + 

lawns 

Plan 
diagra

m  

   

 

 
 

Fig.10 Windproof effects of 
various courtyard 

arrangement with northern 
wind 

Fig.11 Windproof Effects 
of Various Courtyard 

Arrangement with Westerly 
Wind 

5. Conclusions 

1) Within a certain range, the windproof effects of 

windbreaks are strengthened with the increase of the belt 
length and width, and with the decrease of the belt 
height. And the sequentially increasing belt height along 
wind direction will help to enhance windproof effects. 

2) The central greenery can efficiently improve 
wind environment within square, followed by the 
stagger opening layout, and the facing opening layout 
has the poorest windproof effects. When the air flow is 
perpendicular to the long side of the square, the 
advantage of central greenery will be more significant. 

3) In a certain range, with the increase of tree 
intervals, the windproof effects of border trees are 
decreasing. The windproof effects can be improved 
remarkably by planting shrubs and lawns between trees, 
and the shrubs is more efficient than lawns. The 
windproof effects of deciduous trees are far greater than 
that of the evergreen trees, and combining those two 
together in a stagger way can achieve relatively good 
windproof effects. 

4) Among all the courtyard greenery arrangements, 
trees have the greatest windproof effects, followed by 
shrubs, and the lawns are the poorest. Furthermore, 
when the air flow is perpendicular to the long side of 
building, the overall wind environment will be better. 
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