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Abstract  
This paper addresses the issues of how to achieve comfort in the moderate to extreme climate of southwest China 
in the area known as Xishuangbanna. This is an autonomous prefecture designated for the Dai ethnic 
group located in the south of Yunnan Province, which borders both Myanmar and Laos.  It has extensive areas of 
lowland tropical rain forest. Dry and rainy seasons occur with significant rainfall occurring during the wet season 
between May and October. Traditional bamboo and timber buildings evolved to accommodate the wet and hot 
climate including being raised above the ground. Contemporary buildings are constructed using concrete and 
brick, together with traditional materials. The authors visited the Dai area and surveyed villagers’ houses, and 
gathered weather data for the Mengla area in Xishuangbanna for analysis using bioclimatic techniques. The results 
showed that natural ventilation cooling, internal heat gains and sun-shading of windows are most effective passive 
measures to control internal comfort. The authors suggest that there is an opportunity to improve comfort and 
reduce the requirements for cooling and heating systems in dwellings by adopting climate sensitive design 
approach. This requires integration of traditional building techniques and materials with support from appropriate 
craftsmen and professionals.  
 
Keywords: Dai house, Thermal comfort, Change material, Xishuangbanna in China 

1 Introduction  
This paper addresses the issues of how to achieve comfort in the moderate to extreme climate of southwest China 
in the area known as Xishuangbanna. This is an autonomous prefecture designated for the Dai ethnic 
group located in the south of Yunnan Province, which borders both Myanmar and Laos.  Its capital city Jinghong, 
is located along the Mekong river, or the "Lancang River" in Chinese.  
Xishuangbanna is a region (20,000 km2) with a long history, and is one of only two places in China which are 
considered to have a tropical climate; it also has very high biological diversity (Hammond et al, 2015). The area 
accommodates a large area of lowland tropical forests, currently with an extent of ca 633,800 hectares, in southern 
Yunnan province. Dry and rainy seasons occur with rainfall during the wet season between May and October 
accounting for over 80 percent of total annual precipitation. Water deposition from fog accounts for over one-
third of total water input during the dry season in the forests, suggesting an important role that fog may play in 
pushing up the northern limit of tropical rain forest in Southeast Asia (Cao, 2006), and indicating very high levels 
of humidity.  
This region is famous for producing tea, however since 1955, rubber trees have also been planted in the area. 
Since the late 1990s rubber prices increased significantly which encouraged rubber planting to replace the forests 
of the lowlands (altitude 500-700m) and more than half of the mid-elevation land (700-900m). Existing research 
reports habitat loss and biodiversity loss which has led to reduced water availability, water pollution, and soil 
hardening in some plantations (Hammond et al. 2015). However, the farmers who manage successful rubber 
plantations and other cash crops have substantiallyimproved their family income. 
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Figure 1. Dai houses in Xishuangbanna, photo by authors in 2017 
 

 
Figure 2. Section of a Dai houses in Xishuangbanna, drawn by author in 2017 

 

2 New and Old Materials  
Traditional Dai buildings evolved in the wet and hot climate where flooding has been a recurring threat each year. 
In a similar way to houses of the same ethnic group in Southeast Asian Countries, such as the Tai people living 
in Thailand, Burma and Laos, the Dai/Tai traditional houses historically were built from bamboo and timber, and 
raised above the ground (Fig. 1). Other environmental designs for buildings that evolved over many generations 
to cope with the humid and hot weather were solar shading and maximized natural ventilation, which can been 
seen clearly in the sections of a Dai house in Figure 2. The Dai traditional buildings have made use of large 
extended roofs for solar shading and large opening to encourage ventilation. The open ground floor also 
encourages the maximum ventilation; further the orientation of the buildings in the village also carries significant 
importance, in terms of the cultural and traditional symbolic meanings and to observe impacts of the sun path.  
Since the 1980s, Dai houses in China and Tai houses in other SE Asian countries have been changing rapidly. 
One of the reasons for the change is that new materials have been used for those rural houses, because timber as 
traditional construction material has been increasingly difficult to acquire due to the new policies to protect forest 
areas in those countries. Despite the protected areas, the forest in both Dai areas in China and Tai areas in Thailand 
have declined rapidly. However, the changes are different for the Dai house in China compared to those in other 
countries. In Thailand, Myanmar or Laos, Tai houses eventually adopted lightweight construction materials such 
as corrugated metal sheets, corrugated fibre-cement tiles, fibre-cement boards, gypsum-plaster boards, pre-cast 
and cast-in-place concrete (locally built) and plywood (Punpairoj, 2013). 
In China, concrete or brick houses rapidly replaced the traditional timber buildings that were raised above the 
ground. Steel roof structures, concrete roof-tiles and terracotta floor-tiles and pre-cast and cast-in-situ concrete 
(professionally built) structure and brick walls became widely used. The authors visited the Dai area and surveyed 
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villagers’ houses in 2017 and 2018. Two main changes were observed in the new buildings: firstly, ith the 
improvement of road and drainage systems, the ground floors have been increasingly used as living spaces for 
daily activities with raised ceiling height; and secondly, new large windows on all floor levels have improved 
internal light and also maintained a certain amount of the natural ventilation as found in the traditional buildings. 
Concrete and bricks may have better thermal performance than the light weight new materials (Li, NG, 2017). 
But one of the drawbacks for constructing concrete and brick houses is the that traditional professional builders 
and householders don’t have the skills and knowledge for building new concrete or brick houses. 

2.1 Temperature in the houses 
The researchers carried out a field study in China in 2017, helped by the Jinghong Planning and Design Institute 
in Xishuangbanna. They also assessed the thematic areas of diversity and cohabitation which are promoted by 
government policies to revitalise the countryside in a sustainable green way. Many new contemporary houses 
have changed substantially from those previously found in the area. They observed the development of new 
buildings that carry both traditional and contemporary characteristics. Those buildings were mostly constructed 
with new materials such as concrete and brick, combined with old materials in parts of the buildings. As they were 
constructed on the same family plots, new buildings mostly followed the same orientations, but have changed 
significantly in terms of the envelope construction. The measured indoor and outdoor temperature in a traditional 
timber house in July were recorded as Figure 3 below: 
 

 
Figure 3. Indoor and outdoor temperature of and traditional timber house in Mengla, Yunnan, July 2017 

 
The bioclimatic tool was used to analyse the hourly values of climate data that can provide comfort indoor 
environment for a new concrete house. The house is designed as a simple two-story concrete house with key 
dimensions of width 7.8 m; depth: 8.1 m; 2 floors—floor to floor height 3 m; intermediate floor 0.1 m concrete; 
wall thickness without insulation or cavity (same as the local houses): 0.24m. 2 occupants per floor (1 met activity 
level); clothing insulation value: 0.7 clo; no other heat gains apart from occupants. 
The bioclimatic tool used is embodied in the “Climate Consultant” software package (UCLA, 2019). The climate 
data is usually provided in the EnergyPlusWeather (epw) file format and these were downloaded via the 
EnergyPlus weather data website (EnergyPlus 2019) which contains information on Mengla area in 
Xishuangbanna, in SW China. The weather data for the Mengla area comprises Chinese Standard Weather Data 
(CSWD) from a database managed by the Department of Building Science and Technology at Tsinghua University 
and the China Meteorological Bureau (China Meteorological Bureau 2005).  

2.2 Design Options 
There are 16 variations for the environmental design technologies and techniques that can improve the comfort in 
the indoor environment. Those include periods when the external conditions are already within the comfort range 
and those which are more extreme and require conventional heat and cooling methods. The comfort calculation 
option chosen was that of the “ASHRAE Standard 55 and Current Handbook of Fundamentals Model” 
incorporating the predicted mean vote (PMV) modelling process.  
Data for Mengla in Xishuangbanna were used to determine the predicted improvement in comfort as a percentage 
of hours for the year for those passive options. Figure 4 and 5 show the comfort range of temperature with change 
of ventilation.  
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Figure 4. Bioclimatic analysis with visualization using the psychrometric chart for Mengla, Yunnan showing 
the ventilation changes (image constructed using Climate Consultant Software) 

 

 
 

Figure 5. Bioclimatic analysis with visualization using the psychrometric chart for Mengla, Yunnan (image 
constructed using Climate Consultant Software) 
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Table 1. Bioclimatic analysis for Mengla, Yunnan 

 

 
In table 1, items 5, 6, 8, 13, 14, 15 and 16 are 'active' environmental design techniques and the rest are 'passive' 
techniques for bioclimatic analysis. The results demonstrated that natural ventilation cooling, internal heat gains 
and sun-shading of windows are most effective passive measures to control internal comfort. However, high 
thermal mass, passive solar direct gain, and wind protection features have less significant impacts on internal 
comfort. 

2.3 Craftmanship in village 
In interviews with the architects at the local planning and design institutions, they advised the problems that new 
brick or concrete houses were largely designed and constructed with the involvement of the householders and 
local amateur or professional local building teams. Many of them were not familiar with the construction using 
the new materials and techniques which potentially led to serious structural health and safety issues in the new 
houses.  

Other related changes affecting construction were as follows: 

 Changes in the use of material were forces as the results of the loss of of forest in the area, (thus reducing 
availability of timber) and the new possibilities to build in concrete and brick as an alternative. 

 Lost knowledge and skills for building new houses by the villagers and local construction teams.   
 Existing conflict between the promotion of environmental protection and the endorsement of economic 

development - a conflict that placed significant strain on public policy, requiring not only lifting local 
residents from poverty but at the same time keeping an overall direction towards sustainable 
development.  

 Local government and planning departments issued a number of guidance documents and policies to 
ensure safe and sustainable construction, but also needed to mobilize the villagers themselves to gain 
new skills and knowledge.  

 Policies were also needed to promote training and apprenticeship. 

3 Conclusion 
This paper argues that the appropriate sustainable methods and assessment indicators that can be devised to be 
used, should take account of local knowledge bases that generated construction methods over generations. Further 
that these should also be suited to the local climate, and support the education system for the local craftsman, 
which should evolve from the traditional apprenticeship needs and be considered in the local government policies.  

The authors suggest that there is a significant opportunity to improve comfort and reduce the requirements for 
cooling and heating systems in dwellings by adopting climate sensitive design approaches. This requires 
integration of traditional building techniques and materials with support from appropriate craftsmen and 
professionals.  
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