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ABSTRACT
Linpan settlement (abbreviation Linpan) is the most important and traditional rural settlement and
the main agroforestry ecosystem in Chengdu Plain. It shows a comfortable seasonal microclimate,
which matches local residents’ preferences for thousands years. However, in the past two decades,
urbanization has accelerated the disappearance of Linpan. The purpose of this study is to identify
the winter microclimate variation in Linpan, find out the relationship among the microclimate
parameters, and explore the impacts of Linpan size and tree distribution (surrounding, central,
unilateral, and scattered) on winter microclimate. Microclimate parameters (i.e., air temperature,
light intensity, wind speed, relative humidity, and so on) were separately measured in the 12 Linpan
samples from December to February in 2015 and 2016. The results showed the air and soil
temperatures of Linpan were positively influenced by Linpan size, but the air temperature difference
exhibited a strong negative correlation with Linpan size. The relative humidity exhibited a positive
correlation with Linpan size. Tree distribution patterns differed remarkably with respect to the winter
microclimate. Light intensity and wind speed were strongly affected by the tree distribution pattern.
Scattered patterns showed the optimal temperature preservation and windproof effects than other
patterns in winter. Among the four parameters, air temperature supplied a strongly effect on relative
humidity. While, only a significant negative correlation between air temperature and wind speed in
winter was observed, which suggested that wind protection is the crucial factor in maintaining
temperatures of Linpan in winter.
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INTRODUCTION

Linpan settlement (abbreviation Linpan) is a typical and important rural settlement pattern and a
agroforestry ecosystem spreading in southwest China, and most of them scatter in Chengdu Plain, which is
composed of farmers’ houses with a large number of trees around, water and land (Fig. 1a). Linpan is the
sub-village settlement and the elementary unit of the village within the scattered locations. It is also known
as a beautiful and unique rural landscape in China. Meanwhile, it is an important part of the local ecological
system. The vegetation around the house improves the Linpan microclimate, which makes a major
contribution to the saving of energy inside the buildings. In addition, Linpan not only inherits Chinese
traditional farming culture, but also is an important carrier of regional history and rural landscape. In 2010,
the number of Linpan in Chengdu Plain was more than 140,000 with a total area of 67679.87ha (Fig. 1b),
and its density had been estimated at 15 per km2 (Xu 2010). The population living in Linpan was 4.49 million,
accounting for 77.09% of the total rural population in Chengdu Plain (Chengdu institute of planning & design,
2008).

Figure 1a. Tradition Linpan (in the red circles) in Chengdu Plain (base images courtesy of internet
http://cq.qq.com/a/20071219/000342_9.htm, modified by author).
Nevertheless, with the trend toward urban and rural integration in response to China’s urbanization,
new rural settlements have sprung up in China since 2003 (Yuan et al, 2016). This has had a huge impact
on Linpan, which have changed significantly with respect to quantity and structure. On the one hand, more
and more Linpan are disappearing each year. On the other hand, traditional Linpan is becoming hollow
because of residents have to move to the new settlements. For example, there were more
than 11000 Linpan in Pi county in 2003, but this number decreased sharply to less than 8000 in 2007.
Moreover, the rate of decrease continued to accelerate. Since 2007, the ecology and landscape value of
Linpan has been recognized by researchers. However, only a few researches have been reported it to date.
These studies have almost exclusively focused on policy issues related to Linpan protection (Yang 2011,
Sun 2011, Zhou 2012, Ye et al., 2013, Wang et al., 2016), investigations of the plant community in Linpan
(Yang 2009, Xu 2010, Lu 2012), and Linpan reconstruction after the earthquake of 2008 (Hu 2009).
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Figure 1b. The distribution of Linpan settlements in Chengdu Plain (base map courtesy of
Chengdu urban and rural construction commission, modified by author).
Though many residents have to move away from the Linpan, however, investigations have shown
lots of them desire the Linpan environment, especially the comfortable microclimate (Yang 2011, Sun 2011,
Zhou 2012). A comfortable microclimate is usually the foundation of well-loved and well-used out door
places (Brown 2010). Accordingly, people tend to live in places where the microclimatic conditions match
their preferences (Katzschner and Thorsson 2009). Regretfully, the costs of Linpan microclimate have been
ignored so far. In traditional Linpan, the vegetation area represented more than half of the total area and
did not require management. Plants are always considered as a key factor controlling microclimate
parameters (Chen et al., 1999). There are many reports of plant influences on microclimates. Most of them
have focused on the cooling effect in summer or in arid regions (Didham and Lawton 1999, Dimoudi and
Nikolopoulou 2003, Sirodoev et al., 2009, Bowler et al., 2010, Oliveira et al., 2011, Behera et al., 2012).
Only a little attention has been given to variability in winter. For example, Kawashima (1990) pointed out in
the more vegetated places of the suburbs, the higher surface temperatures were observed during the night
time than urban area in winter. Sugawara et al (2006) and Hamada and Ohta (2010) indicated the urban
area was cooler than the green area in winter. However, these researches only focused on the temperature
parameter and ignored other factors. Furthermore, we did not find any interrelated reports about the rural
area.
In this study, the microclimate of 12 traditional Linpan with the similar tree canopy coverage were
investigated in Sandaoyan town of the Chengdu Plain. In the district, there are more than 600 traditional
Linpan and these have acquired relatively complete protection. It is cold and rainy in the Chengdu Plain in
winter, which is considered the worst season with respect to the comfort of residents. Analyses of the
extreme climate improved our understanding of the ecological mechanisms of Linpan. Thus, this exploratory
study had the following goals: (a) to characterize the typical microclimate variation of Linpan in winter based
on main microclimate parameters (light intensity, relative humidity, wind speed and air temperature), (b) to
analyze the influence of Linpan size and tree distribution patterns on winter microclimate, and (C) to give
some suggestions to promote a comfortable microclimate in new rural settlements of China.

3

SAMPLE SELECTION AND STUDY AREA

The 12 Linpan settlements were located in Sandaoyan town (30°52'14"N, 103°54'49"E), Pi county
(30°48′38.46″N 103°53′14.13″E), Chengdu city, Sichuan province, China, and ranged in size from 2000 m2
to 10000 m2 (Fig. 1c). In winter, the average temperature was 6°C, precipitation was 5–15 mm/month, wind
speed was 0.7 m/s, and relative humidity was 65%–75%. To prevent interference, samples with similar
outdoor environments were selected. Moreover, the tree canopy coverage rates for all samples were around
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60%. According to the horizontal position of trees, samples were divided into four distribution patterns (Fig.
2). The details of the samples (arranged from small to large) are shown in Table 1.
Table 1 Characteristic of Linpan.
Linpan
Size
number
(m2)

Characteristics

1

2301

Tree species: Sophora japonica L., Sinocalamus affininsg, and Pterocarya
stenoptera C. Tree distribution: surrounding

2

3048

Tree species: Metasequoia, Sinocalamus affininsg and Pterocarya stenoptera
C. Tree distribution: surrounding

3

3796

Tree species: Pterocarya stenoptera C and Camptotheca acuminata. Tree
distribution: central

4

4234

Tree species: Cinnamomum camphora L.and Pterocarya stenoptera. Tree
distribution: unilateral

5

4704

Tree species: Metasequoia glyptostroboides Hu, Sinocalamus affininsg, and
Cinnamomum camphora L. Tree distribution: surrounding

6

4929

Tree species: Metasequoia glyptostroboides Hu, and Cinnamomum camphora
L. Tree distribution: unilateral

7

5125

Tree species: Pterocarya stenoptera and Sinocalamus affininsg. Tree
distribution: scatter

8

5268

Tree species: Pterocarya stenoptera and Eucalyptus robusta S. Tree
distribution: central

9

5784

Tree species: Pterocarya stenoptera and Cinnamomum camphora L. Tree
distribution: central

10

5848

Tree species: Sinocalamus affininsg and Pterocarya stenoptera. Tree
distribution: scatter

11

6243

Tree species: Pterocarya stenoptera, Firmiana platanifolia, and Camptotheca
acuminata. Tree distribution: scatter

12

7678

Tree species: Camptotheca acuminata, Sinocalamus
Cinnamomum camphora L. Tree distribution: unilateral

affininsg,

and
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Figure 1c. The location of the Linpan samples (purple area) in Sandaoyan town, Pi county,
Chengdu Plain (base map courtesy of Pi County Planning and Construction Bureau, modified by
author).
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Scattered
Figure 2. Tree distribution patterns of Linpan.

4

MATERIAL & METHODS

4.1

Instruments and measurement methods

The measurements were carried out at interval 3 days from December to February in 2015 and
2016. Measurements were obtained from 08:00 to 18:00. The outside (abbreviation o), edge (e), and center
(c) of each Linpan were measured at the same time. Parameters were recorded at 1-minute intervals. The
portable Kestrel 4000 instrument (NK, Boothwyn, PA, USA) was used to record wind speed, air temperature,
and relative humidity. The portable Light Scout instrument (Spectrum, Middleton, WI, USA) was used to
estimate light intensity. These instruments were installed horizontally at 1.5 m above ground level. Soil
temperature and moisture data were collected using the Em5b mini-loggers (Decagon Devices, Inc.,
Pullman, WA, USA) and Field Scout TDR 300 Soil Moisture Meter (Spectrum Technologies, Aurora, Illinois,
USA) under 10 cm from the ground level.

4.2

Data analysis methods

Survey results were presented as mean±standard deviation (SD), and the pairwise differences in
parameters among three points at every location were calculated as follows: air temperature difference
(abbreviation ΔT), ΔT1 = To–Te, ΔT2 = Te–Tc, ΔT3 = To–Tc. All data were statistically analyzed using
Duncan’s multiple range tests implemented in SPSS (ver.11.0). Origin 8.0 was used to analyze correlations
and draw charts.

5

RESULTS AND DISCUSSION

5.1

Analysis air temperature in Linpan areas in winter

Air temperature (abbreviation T) has been described as the most important microclimatic factor for
human comfort, followed by humidity, wind speed, and so on (Moonen et al., 2012, Fonseca, 2013;
Tyrovolas et al., 2014). There Chengdu Plain in winter is cold, windy, rainy and less sunny (Feng, 2004; Yu
et al., 2009). Temperature preservation is not only recognized as the most important factors for the comfort
of residents, but also for maintaining plant survival during the winter. As shown in Fig. 3a, the winter T in
Linpan samples No. 1–6 (size, <5 × 103 m2) regularly showed a decreasing trend from outside to inside
(To > Te > Tc). However, from sample No. 7 (size, >5 × 103 m2), Te and Tc increased, and even an opposite
trend (Tc and Te > To) was observed in some samples, which showed the center T of the larger Linpans
were higher than the smaller ones. Subsequently, samples were divided into five size ranges (<3.5 × 103,
3.5–4.5 × 103, 4.5–5.5 × 103, 5.5–6.5 × 103, and >6.5 × 103 m2). As shown in Fig. 3b, the three groups of
ΔT in five size ranges became smaller with size increased. The maximum (1.6℃) and minimum (-0.4 ℃)
ΔT were both observed between outside and inside of Linpan. Further correlation analysis confirmed ΔT
had a strong negative correlation with size, particularly ΔT3 (0.8640). It was indicated air temperature,
especially the central T of Linpan, was substantially affected by Linpan size. We also observed 5.5 × 103
m2 was the lower limit of the area at which the air temperature inside exceeded outside. We speculate that
when a critical size threshold of Linpan was reached, T inside might exceed the outside T. This phenomena
also demonstrated that Linpan has the ability of keeping warmer in the winter daytime, and the bigger Linpan
could provide a better temperature comfort for the residents than the small ones. This effect was similar to
the keeping warm effects of urban green space in winter (Sugawara et al., 2006, Hamada and Ohta, 2010),
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but different from suburban green area which showed a warming effects only during the night in winter
(Kawashima, 1990). It is also worth discussing whether our critical size could be applied to other regions.
In addition, with increasing size, the increase in temperature slowed and eventually stabilized. Similar
patterns were reported in other green spaces in summer (Oliveira et al., 2011). Thus, we inferred there
should be an upper limit of the Linpan size for temperature preservation in winter. Regretfully, owing to the
limited samples in this study, we did not find out the upper limit.
The role of plants in moderating the temperature has recently been explored all over the world
(Wong and Yu 2005). Especially the distribution of plants may be an important intermediary between
patterns of human settlement and regional climate spatial variability (Jenerette et al., 2007). Moreover,
under a changing microclimate, plants often have to react to altered environmental conditions (Opedal et
al., 2013). As shown in Figure. 3c, the ΔT was strongly affected by the tree distribution. Among the four
patterns, the surrounding pattern presented the highest ΔT3, suggesting it gave the best cooling effect, but
the worst temperature preservation effect in winter. The scattered pattern exhibited the lowest ΔT3 (0) and
a negative ΔT2 (-0.1), which indicated it was optimal for temperature preservation in winter.

a

b

c
Figure 3. (a) Air temperature in Linpan samples in winter, (b) Correlations between air temperature
difference and Linpan size, and (c) Relationship between tree distribution patterns and air
temperature difference.

5.2

Analysis of light intensity at Linpan areas in winter

Light intensity is usually recognized as the main heat source for green space (Jordan 1969,
Hardiman et al., 2013). In our works, a clearly decreasing trend of the light intensity (abbreviation L) from
the outside to inside in the 12 Linpan samples was described in Fig. 4a. As Linpan size increased, ΔL1
increased slowly, but ΔL2 and ΔL3 both went from low to high to low (Fig. 4b and 4c). The correlation
indexes confirmed there was lack of a relationship between Linpan size and light intensity (all correlations
were less than 0.1, data not shown). We observed that evergreen trees are the dominant species in Linpan,
which canopy is commonly higher than 12 m, extending well above the houses. As one of the chief
determinants of the microhabitat, growth restrictions and survival of understory plants (Mroz et al., 1999,
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Jennings et al., 1999), the evergreen canopy in Linpan restricts the light intensity in winter. Considering the
light intensity with respect to the tree distribution pattern (Fig. 4c), the lowest ΔL3 was observed for the
surrounding pattern, and its value was significantly different from other patterns. Without shade from trees
in the center of Linpan, the surrounding pattern provided the most sunshine to the central houses. In contrast,
the central patterns got the shelter from sunshine in the center. The scattered pattern showed the lowest
ΔL2, indicating uniform shade from trees. Based on this analysis, the main factor affecting light intensity
was the horizontal tree density, instead of the Linpan size.

b

a

c
Figure 4. (a) Variation in light intensity among the 12 samples, (b) Variation in the light intensity
difference among the 12 samples, and (c) Influence of tree distribution and size (×103 m2) on the
light intensity difference.

5.3

Analysis on wind speed at Linpan areas in winter

In winter, cold wind consistently blows across Linpan without shelter. McPherson (1988) indicated
vegetation around houses enhanced winter energy saving by reducing the velocity of air over buildings
(‘wind break’). Similarly with our results, trees in Linpan showed an important ability to prevent cold wind.
Fig.5a and 5b showed winter wind speed in the 12 Linpan samples decreased as the following order: Wo >
We > Wc. The wind speed in the center was obviously slower than that at other positions, and a static or
breeze situation was observed in the center of the Linpan. It was confirmed the plants in Linpan functioned
in wind prevention. The maximum of ΔW3 (Wo–Wc) was 1.5 m/s in Linpan sample 11(Fig. 5b). However,
there was no obvious correlation between wind speed and Linpan size (data not shown). In contrast, the
tree distribution pattern strongly influenced on wind speed. The scattered pattern (Fig. 5c) resulted in the
best wind reduction, while the worst one was the unilateral pattern. We observed in scatter pattern, a
coherent bushes and grasses under trees spread all over the Linpan. Accordingly, it was inferred that
scattered trees were beneficial to create the abundant and consistent understory. Furthermore, a dense,
consistent, and uniform plant community played an important role in wind protection. As indicated by Zeng
(2010), abundant vertical structure of forests (e.g., species composition and configuration) also strengthens
the resistance of individual tree stands to wind damage. Wind speed is also an important factor in plant
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transpiration (McNaughton and Jarvis 1983, Dixon and Grace 1984, Kume et al., 2015). Our results below
also indicated the scattered pattern was also optimal for increasing humidity in winter.

b

a

c

Figure 5. (a) Variation in wind speed among the 12 Linpan samples, (b) Variation in wind speed
difference among the 12 samples, and (c) The effect of the Linpan size (×103 m2) and tree
distribution on wind speed difference in Linpan.

5.4

Analysis on the relative humidity of Linpan in winter

Relative humidity are also influenced by plants via wind prevention, transpiration, and storm water
damage. In winter, there was a high relative humidity (65%–75%) in the Chengdu Plain. As summarized in
Fig. 6a, ΔH1 (Ho–He) and ΔH3 (Ho–Hc) were nearly negative, indicating that the relative humidities at the
edge and central positions were higher than that at the outside position. However, the variance of relative
humidity remained at more or less 4%. According to the data presented in Fig 6b, the relative humidity
increased slightly as the Linpan size increased, which revealed that under the same tree canopy coverage,
a bigger size was associated with a higher relative humidity. In addition, the scattered pattern exhibited the
lowest ΔH3 (negative). It suggested that scatter pattern was the best pattern to improve humidity in winter.
This result might be attributed to several factors. First, the richness and vertical structure under scattered
trees could yield a higher leaf area index and higher transpiration intensity. Second, owing to the remarkable
effect on wind prevention, air condition of Linpan center was nearly static, which was beneficial to maintain
the humidity. Third, the highest interior temperatures associated with the scattered pattern resulted in a high
transpiration rate in winter. Of course, plant evapotranspiration also consumes energy to cool circumstance
(Grimmond and Oke 1991, Shashua-Bar and Hoffman 2000). However, because of the weaker
evapotranspiration in winter, Linpan plants showed a stronger influence on wind protection than cooling in
winter.
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a

b
Figure 6. (a) Variation in the relative humidity difference among the 12 sample and (b) Influences of
Linpan size (×103 m2) and tree distribution on relative humidity difference in the samples.

5.5

Correlation among the microclimate parameters

As well known, the interrelations of the microclimate parameters are complex (Nikolopoulou &
Steemers, 2003). Such as the temperature of green spaces is usually determined by interactions among
light, wind, and other factors. Furthermore, the role and importance of various factors vary widely depending
on environment conditions, and there are complex interactive effects of factors (McPherson et al.1997, Chen
et al., 1999, Hamada and Ohta, 2010). To clarify the interrelationship among the microclimate parameters,
Pearson correlation analysis was undertaken to compare their relative significance (Table 2). It was clearly
showed relative humidity was separately strongly positively (0.872) and negatively (-0.741) effected by air
temperature and wind speed, but there were non-linear correlation. In contrast, the air temperature showed
a significant negative corelation (-0.903*) with wind speed. Combining these data, we confirmed wind speed
was the critical determinant of temperature and humidity in Linpan at winter. This result was different from
previous comments which suggested light intensity could be the key factor influencing air temperature of
open green space (Deng et al., 2015; Kong et al., 2016). Our founding explained why the scatter pattern
yielded the less light, due to its best windproof effect, it was still got the optimal capacity for temperature
preservation in winter.
Table 2 The Pearson correlation analysis among the microclimate parameters.
Parameter
Air temperature

Air
temperature

Light

Wind

Relative

intensity

speed

humidity

——

0.008

-0.903*

0.872
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Light intensity
Wind speed
Relative humidity

0.008

——

-0.209

-0.424

-0.903*

-0.209

——

-0.741

0.872

-0.424

-0.741

——

N

12

Values followed by * is significantly different at P≤0.05.

6

CONCLUSIONS

We investigated and analyzed the winter variations of the main microclimate parameters of Linpan
in Chengdu Plain. Moreover, the correlations among the microclimate parameters, Linpan size and tree
distribution were discussed. The new interpretations obtained in this study were as follows:
The light intensity and wind speed decreased from the outside to inside of Linpan, but were not
correlated with Linpan size. They were strongly effected by the tree distribution pattern.
The relative humidity and temperature (air and soil) increased from outside to inside of Linpan. They
also showed a gradual increase as Linpan size increased. A significantly negative correlation were only
found between air temperature difference and Lipan size. When a critical size threshold of Linpan (5.5 ×
103 m2) was reached, the inside temperature of Linpan could exceed the outside temperature. However,
the increase in temperature eventually slows and stable levels were maintained. .
Among the four microclimate parameters, wind speed, instead of light intensity in winter was the
key factor controlling Linpan interior temperature and humidity. Thus, windproof was the most important
way to create a comfort Linpan microclimate in winter.
The scattered pattern showed the optimal temperature preservation in winter, because of its
predominant effects on windproof and maintenance of humidity. This pattern was suggested to be used for
the new rural reconstruction in Chengdu Plain.

7

PROSPECT

Urbanization is a component of global change (Chen et al, 2013). At this stage of China urbanization,
urban–rural development have grown vigorously in Chengdu Plain in the past ten years. There are 2887
villages in Chengdu Plain, and 2101 of them have completed or are in progress for new settlements
reconstruction (Long et al., 2009, Long et al., 2011). However, as a new research field, the methods and
experiences of rural environment design usually copies urban greening, which ignores the rural climate,
rustic texture, traditional custom and residents’ preferences, and mostly focuses on the landscape
aesthetics (Ding and Ma, 2010). Compare with the new rural settlements, the microclimate in traditional
Linpan not only highly matched residents’ needs, but also do not need to be managed. It is worth further
studying and exploring. Future searches will further understand the seasonal microclimate variation,
ecological mechanism, the effects of different greening rates and plant communities on Linpan microclimate.
We hope this research can be used for the protection traditional Linpan, the new rural reconstruction and
landscape design in the future.

8
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