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Water is the source of life and the fundamental element of ecology, and climate is
inseparable from water. To evaluate the influence of water-adaptive space in a
traditional Weizi (polder village) settlement on its microclimate, the authors analyzed the
morphological characteristics of such a polder village and applied the ENVI-met model to
simulate the impact of water bodies and village morphological elements on human thermal
comfort. This paper demonstrates the positive impact of water bodies on improving the
thermal environment of a village and regulating its microclimate by quantifying the impact of
morphological elements of the settlement on microclimate. The results indicate that: 1) The
simulation model fits the actual measurements well, and the simulation accurately reflects
experimental results; 2) In summer, the cooling effect of water bodies is better in the
afternoon than in the morning, especially from 12:00 to 15:00. The cooling effect is
significantly correlated with the distance to water bodies, i.e., the closer, the better; 3)
Building density and man-made underlying surface are negatively correlated with
temperature, humidity, and Physiological Equivalent Temperature value, while greening
rate and water body rate are positively correlated with microclimate. Overall, water bodies
can improve outdoor comfort in summer and thus should be protected and developed in
rural planning and design. Villages can be built around water bodies for a maximized
cooling effect, and microclimate comfort can be effectively improved by increasing green
plants near the village center, and reducing man-made underlying surface and building
density. The results of this study will guide the improvement of the habitat environment in
the process of rural revitalization, as well as the protection and re-development of
traditional villages.
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1 INTRODUCTION

Water plays a key role in ecosystem evolution (Zhang et al., 2009),
and human intervention makes the impact of water on the
ecological environment even more significant (Jewitt, 2002).
Ecological revitalization is an important part of rural
revitalization, and ecological stability directly affects the
quality of human settlements (Li et al., 2020). Water-adaptive
space in vernacular settlements reflects a dynamic relationship
between human beings and water resources. The water-adaptive
space presents ancestors’ wisdom to adapt to and moderately
transform the water environment and utilize water resources in a
low-technology, low-cost, low-maintenance, and sustainable way.
Early human settlements were always near the water, and people
developed various methods to utilize water resources. A Weizi
settlement or polder village is a typical example of human habitat
that adapts to, transforms, and utilizes a water environment. It is a
typical model of Chinese traditional human settlement that
combines human habitat with farmland and water
conservancy (Cheng and Guo, 2015). This type of traditional
human habitat that coexists with water has exhibited a live model
for current rural revitalization and sustainable development.
Water meets the needs of agricultural production and daily
life in the village and it also has a regulatory effect on
microclimate, especially on thermal comfort (Jin et al., 2017;
Zeng et al., 2017; Cruz et al., 2021; Zhou et al., 2021; He et al.,
2022).

He et al. studied the relationship between urban heat island
(UHI) and the ongoing sponge city (SPC) project in China (He
et al., 2019). Paramita et al. used ENVI-met to simulate the
outdoor Mean Radiation Temperature (Tmrt) and Physiological
Equivalent Temperature (PET) to explore the outdoor thermal
comfort surrounding low-rent housing in different layouts in
Indonesia, finding that parallel plots of land with buildings facing
north and south are the most favorable building forms and
configurations (Paramita et al., 2018). Xu et al. took a plateau
village (3,500 m above sea level) next to the Sichuan-Tibet
Highway as a case and selected four typical courtyard layouts
and outdoor reference points in the village to assess Tmrt and
PET through field measurements. They confirmed that solar
radiation and wind speed are the main factors affecting the
courtyard thermal environment (Xu et al., 2022).

Moreover, PET has been widely mentioned and used as a
criterion for microclimate evaluation. Sanusi et al. studied the
thermal comfort of pedestrians on sidewalks, suggesting that the
microclimate benefits increase with Plant Area Index (PAI), and
PAI plays a decisive role in determining microclimate and PET
benefits (Sanusi et al., 2017). Su et al. selected four typical blocks
to simulate the microclimate with the ENVI-met model, showing
that direct sunlight and wind speed are the key factors affecting
people’s thermal comfort. The outdoor thermal environment can
be improved by adjusting the building orientation away from the
traditional south direction, increasing the sunshine spacing
coefficient, dislocating buildings, or adopting a peripheral-type
building layout (Su et al., 2022). Ma et al. simulated and analyzed
air temperature, wind speed, wind direction, and relative
humidity of the Taihu “Dock Village”, and examined the

correlation between spatial characteristics and microclimate
from four perspectives: plane space, cross-section space,
vertical section space, and linear development space (Ma et al.,
2019). Sayad et al. optimized outdoor thermal comfort through
vegetation parameterization in a boulevard, finding that planting
Washingtonia palm trees along the center of the boulevard can
maximize the shaded area within the boulevard, with a maximum
reduction of 1.8°C (air temperature) and 3.5°C (UTCI) at 16:00
(Sayad et al., 2021). Park et al. studied how to optimize plant types
and vegetation coverage rate on green roof to reduce urban heat
island effects. Their studies have shown that the green roof
scenario with 70% grass and 30% trees is effective in closed
areas, 50% shrubs and 50% trees are best in semi-open areas, and
70% grass with 30% trees, or 30% grass and 70% trees, is best in
open areas (Park et al., 2022).

Based on the literature reviews, it is found that research on
microclimate around traditional settlements mainly focuses on
architectural forms, and plant ratios. However, studies on the
relationship between the spatial form of water bodies and
microclimate are still lacking. This paper analyzed the
spatial-temporal variations of water-induced cooling effect
in summer, with a case study of the Weizi settlement in
China. The conclusions provide further technical guidance
on designing and renovating Weizi settlements for better
thermal comfort.

2 CASE STUDY AREA

Xufan is a typical Weizi settlement (Figure 1), in Guanweizi
Village, Yanhe Town, Guangshan County, Xinyang, Henan,
China. Xufan Village was enlisted as one of the traditional
Chinese villages in 2017. The settlement site lies against the
Fenghuang Mountain with Tasha River to its east and hills to
its southwest. This village presents very distinctive water-sun-
village characteristics. It was built on a lower hilly area to ensure
sufficient sunlight. Ponds are dug around the village to facilitate
drainage and help avoid flooding during the rainy season and
provide other functions including irrigation, washing clothes,
defense against enemies, and firefighting (See Figure 2, the village
is surrounded by artificial water bodies).

The location and spatial layout of traditional settlements in
southern Henan Province are subject to multiple factors, such as
climatic conditions, land and water transportation, Fengshui
concepts, war, and banditry, as well as farming culture (Gao
et al., 2018). Typically, the layout of a traditional settlement site
focuses on the following considerations:

1) Availability of surrounding resources. To meet the needs of
production and daily life, the site selection should consider the
availability of various surrounding resources such as water,
terrain, and transportation.

2) Security. The site selection and layout of the settlement should
be effectively protected against natural disasters, war, and
banditry.

3) Amiable climatic conditions. Moderate temperature, sunlight,
and precipitation, as well as a microclimate created by
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surrounding rivers and mountains as a background, are also
considerations in site selection and layout design.

Xinyang City is located in the transition zone from subtropical
to warm temperate zones, exactly on the geographical dividing
line of the two temperate zones (Qinling Mountains-Huaihe
River), with the Huaihe River running through it. In China, it
is generally understood as being divided by the mainstream of the
Huaihe River. The southern part of the country has a humid
subtropical monsoon climate and the northern part has a
temperate monsoon semi-humid climate. Xinyang has

sufficient sunlight, with an average annual sunshine of
1,990–2,173 h, an average annual air temperature of
15.1–15.3°C, an average annual soil temperature of 16.9°C, and
an accumulated temperature of 5,250–5,383°C. It also has
abundant rainfall with an annual average of 102–129
precipitation days, and an annual average rainfall of
900–1,400 mm. The air is humid, and the relative humidity is
75%–80% per year. Xinyang has four distinct seasons, which are
controlled alternately by maritime tropical air masses and polar
air masses in spring, summer, and autumn, and are mainly
affected by continental polar air masses in winter. The salient

FIGURE 1 | Geographic location of the case study area.

FIGURE 2 | Expansion from the old village to the new village with newly dug ponds.
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characteristics of its climate are hot and humid summer, dry and
cold winter, cool spring and autumn, four distinct seasons, rainy
days with high temperature, and abundant precipitation. The
dominant wind direction is south-southwest (SSW) in summer,
and the average outdoor wind speed in summer is 3.2 m/s
(Table 1) (Tsinghua University, 2018).

2.1 Spatial Forms of Weizi Settlements
The most prominent morphological feature of the Weizi
settlement is its water bodies. The settlement space is
composed of surrounding water bodies (i.e., the enclosing
ditches), a water center island, dykes, enclosing walls, the
gatehouse, and residential courtyards (Cheng, 2009). Weizi
can be divided into a joint pattern and a continuous pattern in
terms of form. A joint Weizi means several parallel Weizi
connected via water bodies while a continuous Weizi is a
cluster of Weizi connected via water bodies. Based on building
purpose, Weizi can be divided into lake type, river type, and
mountain torrent type. Based on the ownership in history, it
can be divided into official type, civil type, and private type.
Based on the location of residential dwellings, there are two
types: residential houses built in the enclosure and residential
houses built outside the enclosure (polder).

2.2 Adaptive Water Management in Weizi
Settlements
Water is an indispensable part of the location selection of villages.
Ponds were dug around Guanweizi Village to ensure drainage,
water storage, and rainwater infiltration during the rainy season,
and to provide irrigation, defensive, and firefighting functions.
They also help improve the microclimate of the village together
with other factors such as vegetation. Water bodies were retained
during the expansion process of the new village and new water
bodies were added to the area (Figure 2).

Water has a regulatory effect on climate. The water body
absorbs and accumulates heat in summer, and through
evaporation, it absorbs heat from the surrounding
environment and keeps it cool. The unique natural
environment, historical factors, and climate all contributed to
the morphological characteristics of a Weizi settlement, which
was born of water, built on the waterside, and made good use of
water. In ancient times, people living in the settlement relied on
water bodies around Weizi to defend against enemies. Gradually,
the water bodies lost their defensive value and mainly provided
irritation functions and helped improve living comfort.

This study focuses on the evaluation and improvement of
thermal comfort in water-adaptive space in Weizi. Compared
with urban space, the decay of outdoor open space in the rural
area is mainly because of a lack of investment, weakened public
function, and weak development theory (Li et al., 2019; Guo and
Liu, 2021; Kan, 2021). In addition, the neglect of the comfort of
rural outdoor spaces is also one of the factors. Human thermal
perception depends not only on environmental conditions, but
also on psychological, physiological, physical, and economic
factors (Pacheco et al., 2012; Hsl et al., 2021). This study
follows the guidelines of rural revitalization and takes thermal
comfort in a rural area with water-adaptive space in the Weizi
settlement as the major topic. It adopts computer fluid dynamics
(CFD) technology in analyzing how a Weizi settlement can be
better adapted to and integrated into the surrounding
environment and how to build new countryside with rich
ecological value. The water adaptability of Weizi settlements is
manifested in the active and passive aspects of the relationship
between people and water, that is, the utilization of water
resources by the village and the impact of water bodies on the
living environment of the settlement. From the perspective of
thermal comfort assessment and improvement, this study
explores the water adaptability characteristics of Xufan Weizi
settlements.

3 METHODOLOGY

3.1 Field Measurement
Three locations are selected for field measurement (Figure 3),
namely monitoring points 1, 2, and 3. Among them, Point 1 is
located at the village entrance and near the water, Point 2 on the
wide road, and point 3 at a road corner. The measurements were
taken on 15 July 2021, the hottest period of the year. Air temperature
(Ta), relative humidity (RH), and wind speed (Va) were measured
and recorded at the same time at a pedestrian height of 1.5 m.

3.2 Data Simulation
This paper uses ENVI-met 5.0 to simulate the ambient
microclimate of a traditional settlement. ENVI-met is derived
frommeteorological studies in Germany, and the accuracy of this
model has been confirmed in a large number of studies of outdoor
microclimate. In previous studies, ENVI-met has been proven to
have some advantages in analyzing microclimate on a regional
and local scale. In addition, ENVI-met performs well in small-
and medium-scale urban microclimate simulations. ENVI-met
can also incorporate air temperature, relative humidity, solar
insolation, soil, vegetation, pollution, etc. into the simulated
boundary conditions (Nikolova et al., 2011).

3.3 Assessment Indicators
3.3.1 Outdoor Thermal Environment
As a direct indicator of the thermal sensation experienced by the
human body related to the environment, thermal comfort is a hot
topic in studies of outdoormicroclimate. The PETwill be used in this
paper to evaluate outdoor thermal comfort. It is based on theMunich

TABLE 1 | Dominant wind direction, and wind speed in summer in Xinyang City.

Wind direction,
wind
speed, and
frequency

Average outdoor wind speed in summer (m/s) 2.4
The most frequent wind direction in summer SSW
Frequency of the most frequent wind direction in
summer (%)

10

The average speed of the most frequent wind
direction in summer (m/s)

3.2
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Energy-balance Model for Individuals (MEMI) (Cheng et al., 2019).
Based on the ranges of PET, human thermal sensation and
physiological stress on human beings are divided into nine grades
(Table 2) (Matzarakis and Mayer, 1997; Lin and Matzarakis, 2008).

3.3.2 Water Body Cooling Effect
Since the thermal environment at 1.5 m above the ground is most
closely related to pedestrian activity and comfort, the water-
cooling effect is calculated as per temperature at this height. The
cooling effect of water bodies on air temperature can be calculated
as follows:

ΔT � Tw − Tn (1)
where Tw and Tn refer to air temperature at 1.5 m height with or
without water, respectively.

3.3.3 Village Morphological Indicators
The morphological indicators of villages and towns selected in
this paper are as follows: 1) Water body morphological indicator

includes water body rate and distance to a water body.Waterbody
rate refers to the ratio of water body area to the case study area.
Distance to the water body is the nearest distance between the
monitoring point and the water body boundary. 2) The greening
indicator, as represented by the greening rate, refers to the ratio of
public greening area to the case study area. 3) The village spatial
morphology indicator is indicated by building density and man-
made underlying surface ratio. In the latter, the man-made
underlying surface refers to hard pavement such as asphalt
roads and cement.

As shown in Figure 4, data extraction points were selected every
21m in the case study area, and 95 data points were available
excluding useless ones on buildings. According to the satellite
map of the villages and towns, a master plan was drawn in
AutoCAD, and the area of each element was processed by a
geographic information system (GIS). Buffer analysis in ArcGIS
software was used to create a circular buffer around each
monitoring point with a radius of 10, 20, 30, 40, and 50m. The
buffer layers were intersected with village building density, water
bodies, greening, and man-made underlying surface to calculate the
area proportion of each element. The nearest neighbor analysis tool in
ArcGIS was used to calculate the nearest distance between each
monitoring point and the water body boundary. Finally, Statistical
Product Service Solutions (SPSS) software was used to conduct
correlation analysis between various elements and temperature,
humidity, and PET value, and finally confirmed their degree of
impact on microclimate.

3.4 Modeling
The modeling grid is 204*146*10. The grid size is set to 3 × 3 × 3m
formore precise data (Figure 5).Most of the buildings are reinforced
concrete buildings, the width of the road is between 3 and 6m,
surrounded by water, and the depth of water is about 2 m.

FIGURE 3 | Locations of monitoring points.

TABLE 2 | PET for different grades of thermal sensation.

PET (°C) Thermal sensation Physiological stress level

>41 Very hot Extreme heat stress
35–41 Hot Strong heat stress
29–35 Warm Moderate heat stress
23–29 Slightly warm Slight heat stress
18–23 Comfortable No thermal stress
13–18 Slightly cool Slight cold stress
8–13 Cool Moderate cold stress
4–8 Cold Strong cold stress
<4 Very cold Extreme cold stress
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FIGURE 4 | Village configuration and data extraction points in ArcGIS.

FIGURE 5 | ENVI-met model of the case study area.
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3.5 Meteorological Input Parameters
Meteorological data such as hourly temperature, relative
humidity, wind speed, and wind direction are required for
simulations. The average hourly temperature and relative
humidity data measured at the three monitoring points are
used as input meteorological data. Wind speed data at 10 m
above the ground, and the most frequent daily wind direction
data serve as wind environment boundary, while the wind
environment data come from government weather stations. In
addition, ENVI-met calculates incident solar radiation based on
latitude/longitude, date, and time.

3.6 ENVI-met Model Evaluation
In this study, the accuracy of the model is evaluated by comparing
the measured meteorological data with the simulated
meteorological data. Commonly used evaluation metrics for
predictive error analysis are Mean Bias Error (MBE), Mean
Absolute Error (MAE), Root-Mean Square Error (RMSE),
Mean Absolute Percentage Error (MAPE), and Theil’s
Inequality Coefficient (TIC) (Khan et al., 2021). Although
MAE and RMSE can reflect the average error of the model,
the use of RMSE is more common, but it does not reflect the
relative magnitude of the average error (Willmott, 1982).
Therefore, in addition to using RMSE and MAPE as
evaluation indicators in this study, the Index of Agreement (d)
developed by Willmott is also introduced to evaluate how the
simulated data is close to the measured data, and the larger the d
is, the closer the former is to the latter (Rosso et al., 2018).

RMSE �
�����������������⎡⎣∑n

i�1 (xi − yi)2⎤⎦/n

√√
(2)

MAPE � (1/n)∑n

i�1[(∣∣∣∣xi − yi

∣∣∣∣)/yi] × 100% (3)

d � 1 − ⎡⎣∑n

i�1 (xi − yi)2⎤⎦/⎡⎣∑n

i�1 (∣∣∣∣xi − �yi

∣∣∣∣ + ∣∣∣∣yi − �yi

∣∣∣∣)2⎤⎦(0#d#1)

(4)
where xi, yi refer to the ith simulated value and the measured
value. �yi is the average of the measured data. n is the number of
measurements.

Figure 6 indicates that the measured and simulated air
temperature and relative humidity of the three monitoring
points have a high degree of coincidence. ENVI-met model is
not able to simulate the impact of contingencies, such as heat
waves from air conditioners in the afternoon that increase
outdoor air temperature. Besides, cloud cover in the air is also
an important factor affecting the ambient temperature.

Based on the measured and simulated data of each point, the
accuracy of the ENVI-met simulation is analyzed, and the findings
are that the temperature RMSEs of the three points are between
1.34–1.65°C, which fall in the generally accepted range of
0.52–4.30°C (Table 3). Humidity RMSEs are between
2.63%–2.94% and less than 5% (Rosso et al., 2018). The MAPEs
of temperature and relative humidity are less than 10% (Chow et al.,
2011; Salata et al., 2017). The Indexes of Agreement (d) are between

0.92–0.98, indicating that ENVI-met has a high simulation accuracy
of outdoor temperature and relative humidity (Jiang et al., 2019).

4 RESULTS OF SIMULATION

4.1 Time-Space Variation of Water Body
Cooling Effect
TheminimumΔTmin and the averageΔTave ofΔTwere calculated
(Figure 7). Meanwhile, the cooling values within the 12 h of study
were divided into eight intervals, to calculate the space proportion
corresponding to each cooling value interval (Figure 8). Water
bodies can reduce the ambient air temperature in summer, but
produce a different cooling effect at different times.

Figure 7 pointed out during the 12 h, ΔTmin reached the
minimum value of −3.53°C at 14:00 and the maximum value of
−0.53°C at 7:00. ΔTave reached the minimum value of −0.74°C at
14:00 and the maximum value of −0.11°C at 7:00. According to
the spatial and temporal distribution of ΔT in Figure 8, the
cooling effect of water bodies varies with temperature. ΔT in
46%–99% of the area is from −0.5 to 0°C, that in 10%–33% of the
area from −1°C to −0.5°C, and that in 4%–20% of the area from
−1.5°C to −1°C. In a very limited area, the cooling value can vary
by over 3°C. During the 12 h of the day, the cooling value in the
afternoon is higher than that in the morning, reaching the highest
during 12:00 and 15:00, which is precisely the hottest time of the
day. This indicates that water bodies can significantly improve
local thermal environment and play a cooling effect in summer.

Figure 9 shows that the cooling effect of water bodies gradually
weakens towards the village center. This is because an increase in
wind speed can enhance the vapor-cooling effect of water bodies,
and the convective heat transfer between water bodies and the
surrounding air can also enhance the cooling intensity. Due to
the shielding of buildings, wind speed gradually decreases towards
the village center, and so does the cooling intensity. This indicates
that wind speed and direction have an impact on the cooling effect
and range of water bodies, and the shielding of buildings accounts for
the main reason affecting wind speed, and eventually compromises
the cooling effect of water bodies.

4.2 Impact of Village Morphological
Elements on Microclimate
Overall, water bodies have a cooling effect. To further reveal factors
influencing village microclimate, ArcGIS software was used tomap
village morphological elements and analyze their correlation with
temperature, humidity, and PET value of each monitoring point.

Table 4 shows the Pearson correlation coefficient (r) between
the distance of different monitoring points to a water body and
simulated data. The distance of each monitoring point to the
water body is significantly correlated with air temperature,
relative humidity, and PET value. The distance of the
monitoring point to the water body is positively, and very
significantly, correlated with PET value and air temperature,
but negatively, and also significantly, correlated with relative
humidity.
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Table 5 shows the Pearson correlation coefficient (r) between
greening rate and simulated data within different buffer
radiuses. Within a radius of 10m, the greening rate is
significantly correlated with PET value but has no significant

correlation with air temperature or relative humidity. Within a
radius of 20 m, the greening rate is significantly correlated with
PET value and relative humidity but has no significant
correlation with air temperature. There is no significant

FIGURE 6 | Comparisons of data measured at 1.5 m above the ground from three monitoring points and simulated data are used to verify the effectiveness of the
ENVI-met software. (A) air temperature. (B) relative humidity.

TABLE 3 | The goodness of fit analysis of measured data and simulated data.

Meteorological parameters Evaluation indicators Point 1 Point 2 Point 3

Ta RMSE/°C 1.65 1.42 1.34
MAPE/% 4.36 3.19 3
d 0.92 0.93 0.94

RH RMSE/% 2.94 2.63 2.63
MAPE/% 4.49 4.68 4.68
d 0.98 0.98 0.98
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correlation between greening rate and simulated data within
other buffer radiuses. This may be explained by the limited
green areas in the village, which are mainly concentrated near
the water bodies.

Table 6 shows the Pearson correlation coefficient (r) between
building density and simulated data within different buffer
radiuses. As can be seen from the table, building density is
significantly positively correlated with PET value and air

FIGURE 7 | Time-space distribution of minimum and maximum water body cooling effect.

FIGURE 8 | Time-space proportion of water body cooling effect.
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temperature, and significantly negatively correlated with
relative humidity. Among all, the r between building density
and PET value reaches the highest within a radius of 20 m,
which is 0.61. The r of building density with relative humidity
and air temperature reaches the highest within a radius of 30 m,
which is −0.594 and 0.702, respectively.

Table 7 shows the Pearson correlation coefficient (r)
between water body rate and simulated data within different

buffer radiuses. Water body rate is significantly negatively
correlated with PET value and air temperature, and
significantly positively correlated with relative humidity.
Among all, the r between water body rate and PET value
reaches the highest within a radius of 40 m, which is −0.513.
The r with relative humidity and air temperature reaches the
highest within a radius of 20m, which is −0.75 and 0.388,
respectively.

Table 8 shows the Pearson correlation coefficient (r) between
man-made underlying surface ratio and simulated data within
different buffer radiuses. Man-made underlying surface ratio is
significantly positively correlated with PET value and air
temperature, and significantly negatively correlated with relative
humidity. Among all, the r of man-made underlying surface ratio
with PET value reaches the highest within a radius of 40m, which is
0.269. The correlation of man-made underlying surface ratio with
relative humidity and air temperature reaches the highest within a
radius of 20m, which is −0.56 and 0.502, respectively.

FIGURE 9 | Air temperature (left) and wind speed (right) within the case study area at 14:00 on July 15.

TABLE 4 | Correlation coefficients between distance to the water body and
simulated data.

PET RH Ta

Distance of monitoring point to water body r 0.461a −0.210b 0.443a

Sig 0.000 0.042 0.000

aCorrelation significant at the 0.01 level (two-tailed).
bCorrelation significant at the 0.05 level (two-tailed).

TABLE 5 | Correlation coefficients between greening rate and simulated data
within different buffer radiuses.

Radius(m) PET RH Ta

Greening rate 10 r −0.236b 0.144 0.009
Sig 0.021 0.164 0.933

20 r −0.209b 0.209b −0.080
Sig 0.042 0.042 0.441

30 r −0.027 0.152 −0.053
Sig 0.793 0.142 0.612

40 r −0.027 0.152 −0.053
Sig 0.793 0.142 0.612

50 r 0.108 0.062 0.038
Sig 0.295 0.549 0.717

aCorrelation significant at the 0.01 level (two-tailed).
bCorrelation significant at the 0.05 level (two-tailed).

TABLE 6 | Correlation coefficients between building density and simulated data
within different buffer radiuses.

Radius(m) PET RH Ta

Building density 10 r 0.592a −0.426a 0.491a

Sig 0.000 0.000 0.000
20 r 0.610a −0.565a 0.698a

Sig 0.000 0.000 0.000
30 r 0.521a −0.594a 0.702a

Sig 0.000 0.000 0.000
40 r 0.480a −0.547a 0.644a

Sig 0.000 0.000 0.000
50 r 0.459a −0.498a 0.587a

Sig 0.000 0.000 0.000

aCorrelation significant at the 0.01 level (two-tailed).
bCorrelation significant at the 0.05 level (two-tailed).
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5 DISCUSSION

Analysis of the temporal and spatial variation of water body
cooling effect shows that the cooling effect of water bodies in
summer is stronger in the afternoon than in the morning,
reaching the highest from 12:00 to 15:00. On the one hand,
the cooling range and intensity decrease with the increase of
distance; on the other hand, wind speed also constitutes an
important factor influencing the cooling effect. The air
temperature in the village center is generally higher than that
outside, as increased building density will shield the wind, thus
affecting the cooling effect of water bodies (Yang et al., 2020).
Therefore, for developing and constructing Weizi settlements,
living around the peripheral water sources is suggested for
maximized cooling effect (Yang et al., 2019).

Analysis of building density, water body rate, greening rate, and
man-made underlying surface shows less correlation between
greening rate and microclimate than expected. This is probably
because of the relatively small greening areas in Xufan Village, which
aremainly concentrated onwater banks, and the low greening rate in
the village, where only a limited number of green plants grow on the
roadside. At the same time, a significant correlation exists between
water body rate and microclimate, which is consistent with the
conclusion of Dachuan Shi et al. that greening and water body can
co-produce a stronger cooling effect on microclimate than acting
alone. Because greening space has less resistance to wind than

architectural space (Shi et al., 2020; Yang et al., 2021). In general,
the appropriate placement of greening space helps lower
temperature and cool the surrounding environment (Tsuyoshi
et al., 1985; Safikhani et al., 2014). In a hot and humid climate,
different vegetations can bring different cooling effects, and overall,
they positively affect local temperature (Richards et al., 2020).

The impact of man-made underlying surfaces onmicroclimate
should not be ignored either (Li et al., 2021). The study shows the
man-made underlying surface ratio has a significantly positive
correlation with PET value and air temperature and a
significantly negative correlation with relative humidity. One
of the impacts of urbanization on villages is the large area of
hard pavement, but the increase of hard pavement also leads to
temperature rise. Therefore, village development should never

merely aim at the aesthetic appearance of hard pavement, but
more importantly, should consider its impact on microclimate
(He et al., 2021; Xie et al., 2021; Yang et al., 2022).

This paper studies the cooling effect of water bodies and the
impact of village morphological elements on microclimate, but
still lacks sufficient study on different forms of water bodies. As
there are various enclosure forms of water bodies in Weizi
settlements, the impact of different enclosure forms on
microclimate will be the focus of our future studies.

6 CONCLUSION

For traditional villages, a combined approach of both protection
and development is not only the primary principle of survival and
development but also a major challenge in the context of
modernization and urbanization (Zhao and Wang, 2018). This
study explains the ecological wisdom of the water-adaptive space
in Weizi settlements and applies software simulation method in
the discussion of the impact of water bodies and settlement forms
on local microclimate. This study provides new ideas for the
development of traditional Weizi settlements:

1) Water bodies have a significant impact on the microclimate of
a Weizi settlement, so they should not be directly filled but
instead protected and utilized scientifically and rationally.

TABLE 7 | Correlation coefficients between water body rate and simulated data
within different buffer radiuses.

Radius(m) PET RH Ta

Water body rate 10 r −0.346a 0.354a −0.685a

Sig 0.001 0.000 0.000
20 r −0.413a 0.388a −0.750a

Sig 0.000 0.000 0.000
30 r −0.475a 0.341a −0.733a

Sig 0.000 0.001 0.000
40 r −0.513a 0.247b −0.665a

Sig 0.000 0.016 0.000
50 r −0.509a 0.130 −0.574a

Sig 0.000 0.210 0.000

aCorrelation significant at the 0.01 level (two-tailed).
bCorrelation significant at the 0.05 level (two-tailed).

TABLE 8 | Correlation coefficients between man-made underlying surface ratio and simulated data within different buffer radiuses.

Radius(m) PET RH Ta

Man-made underlying surface ratio 10 r 0.208b −0.553a 0.493a

Sig 0.043 0.000 0.000
20 r 0.203b −0.560a 0.502a

Sig 0.048 0.000 0.000
30 r 0.249b −0.540a 0.486a

Sig 0.015 0.000 0.000
40 r 0.269a −0.517a 0.454a

Sig 0.008 0.000 0.000
50 r 0.243b −0.499a 0.436a

Sig 0.018 0.000 0.000

aCorrelation significant at the 0.01 level (two-tailed).
bCorrelation significant at the 0.05 level (two-tailed).
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2) The distance to the water body is negatively correlated with
the cooling effect, so villages can be constructed around water
bodies to maximize the cooling effect.

3) Water body rate and greening rate are positively correlated with
thermal comfort while building density andman-made underlying
surface are negatively correlated with thermal comfort. Therefore,
increasing green plants near the village center, while reducing
man-made underlying surface and building density can effectively
improve microclimate and thermal comfort.

There are essential differences between countryside and cities
and in the process of countryside development, we should not
follow the aesthetics of urbanization by increasing hard paving
which harms human thermal comfort. On the contrary, we
should build a comfortable, healthy, and livable rural habitat
based on local conditions and actual needs.
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