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ABSTRACT: Summer temperature/humidity data (29/08/2010 – 05/09/2010) obtained in the most used spaces of eight 

vernacular skywell dwellings in three villages in south-eastern China (Xidi, Zhifeng and Yuyuan) were plotted into 

the psychrometric chart to evaluate the summer thermal comfort provided by the skywell dwellings. While it would be 

expected from the results based on an adaptive comfort model that incorporates existing empirically based findings 

on thermal acceptability, and which made use of psychrometric charts, a high proportion of village residents would 

be dissatisfied with the thermal environment in their most occupied spaces in summer; these residents were found to 

be generally satisfied with the thermal comfort of their houses in questionnaires. Residents appear to be more 

tolerant of high humidity with the presence of natural ventilation. Such air movement is desirable to improve the 

thermal comfort for residents in hot and humid conditions. Residents were seen to take various measures to maintain 

or restore their thermal comfort. 
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INTRODUCTION  

The forms of Chinese folk dwellings vary throughout 

China due to differences in geographical features and 

climate, local materials, defensive requirements, 

economic conditions and the influence of religious 

factors. Chinese people have lived in houses of these 

designs for hundreds of years. They are all low-energy 

buildings constructed without external services. However, 

it is only meaningful when residents can live in these 

traditional dwellings comfortably to carry out various 

activities. Much research has been published which is 

concerned with the architectural history, culture, layout, 

form, structure, materials and decoration of Chinese folk 

dwellings [1]. However, little work has been done on 

thermal comfort of the traditional house. This paper is to 

evaluate the thermal comfort provided by the vernacular 

skywell dwellings (one type of Chinese vernacular 

dwelling) and to answer the following two questions 

through the study of folk dwellings in three villages in 

south-eastern China – Xidi (29.9°N 118°E), Zhifeng 

(29.28°N 117.67°E) and Yuyuan (28.77°N 119.66°E).  

 

 How comfortable are the residents of these 

vernacular skywell dwellings in respect of 

temperature, humidity and air movement? 

 How do residents achieve thermal comfort in 

summer and winter? 

 

BACKGROUND INFORMATION  

A total of 8 skywell dwellings were investigated – the 

Yingfu dwelling, the Dunren dwelling and the Lufu 

dwelling in Xidi village; the Panmaotai dwelling and the 

Panxianxiong dwelling in Zhifeng village; and the 

Yufengfa dwelling, the Gaozuo dwelling and the Shuting 

dwelling in Yuyuan village. These dwellings were 

chosen because they are representative of the traditional 

dwellings in their villages, and because permission to 

study them was successfully obtained from the house 

owners.  

 

Since the three villages are in south-eastern China 

with similar latitude and longitude, they all lie in the sub-

tropical monsoon climate zone. The climatic conditions 

are characterized by a marked seasonal variation of 

temperatures with hot summers, cold winters and a 

predominantly high relative humidity throughout the year.  

 

The vernacular skywell dwellings in the three villages 

are well conserved. In the south-east, where the climate 

was hot and humid, the economy more prosperous, 

available land scarce and the density of population 

greater than in other provinces, multi-storey houses with 

small skywells were therefore built [2]. A skywell house 

is usually symmetrical and rectangular in plan. The core 

of the layout is a skywell, with rooms around the skywell 

on three or four sides (figure 1).  
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Figure 1: Plan and 3D view of skywell dwelling in south-

eastern China (Source: [1]) 

 

 

RESEARCH METHODOLOGY 

The methodology used to accomplish this research is 

described in this section. 

 

Questionnaire 

A questionnaire concerned with the thermal performance 

of vernacular skywell dwellings was developed. This was 

for the collection of residents’ views of the living 

conditions they experience in these vernacular dwellings, 

and for the assessment of comfort level in respect of, air 

movement, temperature and humidity. Responses were 

obtained from adult occupants of traditional dwellings in 

the three villages studied – the questions were presented 

and explained to respondents in a short interview, and 

replies were recorded in writing by the present author 

since many of the interviewees had received very limited 

education. Respondents included, but were not limited to, 

some of the occupants of the eight dwellings studied in 

detail. Replies were obtained from 34 residents in Xidi 

village, 28 in Zhifeng and 30 in Yuyuan villge. In the 

questionnaire, interviewees were required to give 

responses to various questions on a scale of one to five, 

with five being the most positive score, one the most 

negative, and three a neutral score. The mean score was 

calculated and used as an index of the mean satisfaction 

with or strength of feeling concerning various aspects of 

the internal environment of the dwellings in the three 

villages. 

 

Measure of air temperature and relative humidity 

Air temperature and humidity within the dwellings were 

recorded using data loggers [3]. Data loggers which had 

been set to record the dry bulb air temperature (DBT) 

and relative humidity (RH) every minute were placed in 

the skywell, the hall and a bedroom of each house. Data 

loggers were placed at an approximate height of 1.5 m 

(data collected at this height are more meaningful 

because it could best represent the zone in which 

people’s activities take place). Data loggers located in 

skywells were protected from sunlight and rain (figure 2), 

while those placed inside the buildings were placed on 

items of furniture. DBT and RH were recorded 

continuously over seven days in summer measuring 

periods (29/08/2010 – 05/09/2010) in the eight houses 

studied. Data were exported to Excel through the 

software of Tinytag Explorer 4.7 (Gemini Data Loggers, 

UK,http://www.geminidataloggers.com/software/tinytag-

explorer).  

 

Figure 2: Data loggers in skywells were protected by a curved 

cover 

 

Measure of air velocity  

Air velocities below 2 ms
-1

 were measured using a 

thermal anemometer. This type of instruments was 

mainly used inside dwellings. Higher air speeds were 

measured using a vane anemometer. This type of 

instrument was mainly used to measure outdoor wind 

speed and wind speed in the main entrances of buildings.  

 

Thermal comfort criteria 

In this study, in order to evaluate the summer thermal 

comfort provided by the skywell dwellings, temperature / 

humidity data obtained at 1-minute intervals throughout 

the daytime (06:00-18:00) of the one-week summer 

recording period for the most occupied spaces were 

displayed on the psychrometric charts. Most occupied 

space indicates the part of the house with the largest 

notional score of number of people present/length of time 

present. It was found that one particular part of the 

houses studied on each of the three villages was occupied 

more than others at any time of day, so consideration of 

the most occupied space is of value in assessing the 

thermal functioning of the dwellings – at any time, the 

most occupied space is likely to be a distinct centre of 

occupancy. 

 

On each chart the boundaries of the thermal comfort 

zone with still air assumed are shown with a black line. 

These boundaries and the underlying temperature / 

humidity contours were plotted using Ecotect. In setting 

the boundaries of thermal comfort zones Ecotect applies 

conditions specified by [4]; these authors evaluated 

several studies in which researchers have attempted to 

create empirically derived chart methods for predicting 
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and assessing the thermal comfort of buildings. The 

conditions are: 

 To set boundaries of temperature comfort zone, 

use the expression Tn = 17.6 + 0.31To,m, where Tn = 

neutrality temperature and To,m = mean outdoor 

temperature of the month. This is a refinement by [5] 

of an equation by [6]. 

 At 50% RH the width of the comfort zone is Tn ± 

2ºC  

 Upper and lower AH limits are 12 gkg
-1 

and 4 

gkg
-1

  (from ASHRAE Standard 55-81)  

 RH in thermal comfort zone must not exceed 90% 

(i.e. 90% RH contour of chart must be a boundary of 

the thermal comfort zone if zone is in contact with 

that contour) 

 

In constructing the psychrometric charts residents 

were assumed to be sedentary. Having defined thermal 

comfort zones on the psychrometric charts in which still 

air was assumed, thermal comfort zones were also 

defined in which air movements affording natural 

ventilation were assumed to occur. On the basis of on-

site measurements, air speed in skywells was taken to be 

1 ms
-1

, and those in halls and bedrooms were taken to be 

0.2 ms
-1

. The assumed air speed value is only for 

showing the effect of air movement on occupants’ 

thermal comfort. On each of the psychrometric charts the 

boundaries of the thermal comfort zone with cross 

ventilation operating is shown with a red line. 

 

In the present study the adaptive comfort model 

rather than the Fanger model was used for evaluating the 

thermal comfort in Chinese vernacular dwellings. The 

reasons for doing so were as follows: 

 The PMV model is based on data from artificial 

climate chambers. Such data lack contextual factors 

which have been shown to be important in determing 

thermal comfort, and which are considered in the 

adaptive model (factors such as building location, 

climate, and the attitude and experience of building 

occupants). Chinese vernacular skywell dwellings are 

all free-running buildings that have been occupied for 

hundreds of years. Traditions and expectations that 

influence residents’ experience of these buildings 

have arisen and solidified in this time. 

 In the PMV model, occupants are only considered 

as passive recipients of thermal stimuli presented by 

the artificial climate [7], while in the adaptive model, 

occupants interact with and adjust to their 

environment [8]. In the Chinese vernacular dwellings 

considered in the present study, residents were seen 

to use various measures to make themselves 

comfortable, such as changing their clothes, moving 

to shaded spaces, opening doors, and using small fans 

in summer. 

 As noted previously, building occupants are more 

tolerant of conditions if they have more opportunities 

for control open to them [9]. As stated in 2 above, 

residents of the vernacular skywell dwellings 

investigated were found to take action to improve 

thermal conditions for themselves. These measures 

widen the range of comfort temperatures in their 

houses, and were taken into account in the analysis. 

 

The boundaries of the comfort zones to be plotted in 

psychrometric charts can be generated by using a number 

of software, such as Climate Consultant 4.0 [10], 

PsycPro [11] and Ecotect [12]. The familiarity of the 

author with Ecotect was the reasons for the use of 

Ecotect to generate thermal comfort zones within 

buildings in this study. 

 

 

RESULTS AND DISCUSSION 

During the summer field studies, it was observed that the 

residents of the three dwellings studied in Xidi village 

spend most of their daytime in the hall and skywell since 

they run souvenir selling businesses within their houses. 

Most residents of the houses studied in Zhifeng village 

and Yuyuan village were absent from the skywell 

dwellings for most of the daytime, except the old and 

children. In Zhifeng, the children and the elderly prefer 

to stay in the yard, hall and skywell during the daytime 

while in Yuyuan village people in these age ranges prefer 

to occupy the veranda and bedroom in the daytime. 

 

Figure 3 is psychrometric chart created for the 

skywells of each of the dwellings studied in Xidi village. 

 
Figure 3: Psychrometric chart displaying DBT and RH data of 

the skywells in dwellings of Xidi village in summer measuring 

period (29/8/10 – 5/9/10), showing potential extension of 

summer comfort zone by use of natural ventilation with air flow 

rate 1ms-1 

 

It can be seen that all the temperature/humidity data 

points fell outside the still air comfort zones. With the 

provision of natural ventilation, the area of the comfort 

zone is enlarged threefold and thus, the duration of the 

period in which residents will feel comfortable is 
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extended considerably. Ventilation was found to be 

important to residents of traditional houses in the 

questionnaire. Mean scores in reply to the question ‘How 

important do you think the ventilation is in your house’ 

in Xidi, Zhifeng and Yuyuan village were 4.9, 4.5 and 

4.7 respectively. In general discussions, it was found that 

in summer residents welcomed the rapid flow of air 

through the houses that arose when external wind speeds 

were high. The percentage of the whole summer daytime 

period in which residents will feel comfortable with 

natural ventilation in operation can be estimated as the 

proportion of the measured temperature/humidity data 

points that are enclosed within the boundary of the 

thermal comfort zone that obtains when natural 

ventilation is considered (table 1). Psychrometric charts 

for the other most occupied space of each of the 

dwellings in the other villages are not shown; instead, the 

summary of these psychrometric charts is given in table 1 

below. 

 
Table 1: Estimated percentages of measured 

temperature/humidity data from summer daytime period points 

for the three villages studied that fall within the thermal 

comfort zone when natural ventilation operates 

 

While it would be expected from the results in table 1 

that a high proportion of village residents would be 

dissatisfied with the thermal environment in their most 

occupied spaces, the mean scores for whole-house 

thermal satisfaction in Xidi, Zhifeng and Yuyuan villages 

were 4.4, 4.0 and 3.4 respectively. Residents of the three 

villages reported that they could maintain thermal 

comfort in summer with the opening of doors and only 

infrequent recourse to the use of fans. 

 

A very high proportion of air temperature readings 

obtained in the most occupied spaces of houses in Xidi 

and Zhifeng villages were within the temperature 

comfort zone that applied when natural ventilation was 

assumed to be operating, while in Yuyuan village a lower 

but still very high proportion of temperature readings 

(about 70%) were within the temperature comfort zone. 

On the other hand, for most of the dwellings, a large 

majority of the temperature/humidity data points fell 

outside the ≤ 90% RH boundary of the thermal comfort 

zone. It is likely that, through lifetime acclimatization, 

the inhabitants of the villages are more tolerant of high 

humidities than the ≤ 90% RH boundary allows with the 

presence of natural ventilation, leading to the 

underestimation in table 1 of the thermal acceptability of 

the most occupied spaces in the dwellings. In addition, 

residents of the three villages were seen to take steps to 

improve their thermal comfort during the summer 

recording period; this would further enlarge the range of 

thermal conditions in which the residents feel 

comfortable, and the proportion of time in summer in 

which they do so. 

 
In the summer daytime, residents of the three villages 

generally kept all the external doors of their houses open 

to allow the maximum air movement. A large manual fan 

of traditional design is suspended from a beam in the 

eastern skywell of the Lufu dwelling. The fan may be a 

century old, or older. In the past a servant would have 

agitated the fan by pulling a string in order to create a 

breeze when wind-driven air movement through the 

house was insufficient (figure 4). 

 

 
 

Figure 4: An old manual fan in eastern skywell of Lufu 

dwelling 

 

 
Figure 5: A resident with light clothes in the skywell of Yingfu 

dwelling (Xidi village) without using the cloth to cover the 

skywell in a summer day 

village most occupied 
space 

percentage of the measured summer 
daytime period in which 
temperature/humidity data points fall 
within the thermal comfort zone when 
natural ventilation is applied 

Xidi 
  

skywell  50% 

hall  25% 

Zhifeng 
  

skywell  15% 

hall  30% 

Yuyuan 
  

veranda   25% 

bedroom  10% 
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People in the three villages wear lighter clothes in 

summer. Shorts and short-sleeved shirts would give only 

about 0.5 clo (figure 5). In the Yingfu dwelling of Xidi 

village, the occupants use a piece of cloth to cover the 

skywell while the sunlight is intense to eliminate both 

glare (see figure 5) and the strong direct sunlight which 

could raise the MRT inside the skywell. 

 

 
 

Figure 6: The skywell of Yingfu dwelling (Xidi village) covered 

by a piece of cloth on a summer day 

 

Thermal data from the skywell dwellings of the three 

villages in winter were not provided since it was apparent 

from questionnaire that the skywell dwellings were 

unacceptably cold. The mean scores for satisfaction with 

thermal comfort in winter were 2.0 in Xidi, 2.2 in 

Zhifeng, and 2.7 in Yuyuan, thus people generally felt 

cold but not severely so. It is therefore necessary for 

villagers to take action to maintain the thermal comfort.  

 

In the villages studied, people normally wear thick 

clothes such as down garments in winter. This type of 

clothing would give about 3 clo, which means the 

conductance of its thermal insulation is 2.15 W/ m²·K. 

This is sufficient to reduce heat loss considerably and to 

keep a person warm in winter in local conditions. 

 

Many kinds of stove are used for warmth in the 

villages. The heating material is charcoal that has not 

been used up after cooking. The charcoal is placed in 

different kinds of stove that people can sit in (figure 7), 

sit on (figure 8 a) or move around (figure 8 a, b and c). 

Large stoves are occasionally moved within the house 

according to the need. Smaller stoves are moved within 

and outside the house, and are moved more frequently. 

To slow the loss of heat from the charcoal the stove is 

covered with a blanket (figure 9). At night before 

sleeping, the charcoal is extinguished to prevent fire and 

reduce the risk of carbon monoxide poisoning; hot water 

bottles are sometimes used to provide warmth in bed. 

 

 
Figure 7: Stoves for sitting in, found in Xidi and Zhifeng 

villages 

 

 

Figure 8: Stove for sitting on and moving around, found in Xidi 

and Zhifeng(a) and for moving around only found in Yuyuan(b 

and c) 

 

 

Figure 9: Residents sitting in stoves in Yingfu dwelling (left) 

and Dunren dwelling (right) in Xidi village 

 

In cold winters residents seek to obtain warmth from 

direct sunlight, because the direct sunlight raises the 

mean radiant temperature (MRT).  

 

Figure 10: Resident of the Dunren dwelling (Xidi village) 

making the most of available sunlight in winter   

a blanket is used for covering the stove 

 

a 

 

 

b 

 
c 
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Figure 11: An elder in Yuyuangfa dwelling (Yuyuan village) 

sitting in sunlight in winter 

 

Traditional canopy beds are commonly used in 

Chinese vernacular dwellings. During winter nights, 

when the ambient air temperature can be below – 7 °C, 

residents are able to sleep comfortably in their bedrooms 

– the thick exterior wall, air gap, timber panels lining the 

bedroom, canopy bed and one or two layers of thick 

quilts both underneath and above the occupants’ bodies 

all contribute to this.  

 

 
Figure 12: Canopy bed showing the whole view 

 

In winter, residents of the villages seek the most 

comfortable space to stay when they are not doing things 

that require them to be in a particular place. When the 

space they are in is not thermally comfortable they make 

their bodies thermally comfortable by various means 

instead of or in addition to heating the whole space. 

 

 

CONCLUSION 

The adaptive comfort model was used for evaluating the 

thermal comfort in Chinese vernacular dwellings because 

these dwellings are all free-running buildings that have 

been occupied for hundreds of years; residents were seen 

to use various measures to make themselves comfortable 

and these measures widen the range of comfort 

temperatures in their houses. 

 

It was found that one particular part of the houses 

studied in each of the three villages was occupied more 

than others at any time of day, so consideration of the 

most occupied space is of value in assessing the thermal 

functioning of the dwellings.  

 

While it would be expected from the results based on 

an adaptive comfort model which make use of 

psychrometric charts, a high proportion of village 

residents would be dissatisfied with the thermal 

environment in their most occupied spaces; these 

residents were found to be generally satisfied with the 

thermal comfort of their houses in questionnaires. It is 

likely that, the inhabitants of the villages are more 

tolerant of high humidities than the ≤ 90% RH boundary 

allows when natural ventilation was present. Such air 

movement is desirable to improve the thermal comfort 

for residents in hot and humid conditions.  

 

Residents took various measures to maintain or 

restore their thermal comfort. In hot summer weather, 

besides wearing light clothes (0.5 clo); they also keep 

doors open, seek to maximize air flow, and cover the 

skywell with a piece of cloth. In cold winters, besides 

wearing heavy clothes (3 clo), residents use various 

traditional kinds of warming stove, seek exposure to the 

sun and sleep inside traditional canopy beds. 
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