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Abstract 

Traditional architecture, especially traditional residential architecture, is disappearing 
at an alarming rate, along with sophisticated climate-resilient technologies. In the era of 
energy shortage and increasingly prominent environmental problems, traditional low-
technology, low-energy climate adaptation technology can inspire modern design and 
reduce the dependence of modern buildings on energy. Based on this, this paper studies 
the climate adaptability of residential buildings in Wenzhou, and tries to find out the 
combination of climate and architecture, so as to achieve the design goal of zero energy 
consumption and high comfort of indoor space. 
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1. Introduction 

China's traditional dwellings are the organic products of long-term adaptation to climate and natural 
environment, and their ecological charm continues to this day. The study of traditional dwelling 

houses is based on its origin to explore its ecological potential. This paper selects Wenzhou area, sorts 
out and analyzes the data of local climate and meteorological conditions, and finds out the available 

climate resources. Based on the comprehensive research on the design methods of traditional 
residential buildings, this paper summarizes the application technology of climate adaptability of 

Wenzhou residential buildings, and combines the existing new technology and new equipment to 
complete the zero-energy design and application of Wenzhou new residential buildings. 

2. Overview of Climate and Dwellings in Wenzhou 

Wenzhou is located in the southeast of Zhejiang province, east to the east sea, adjacent to Fujian 

province in the south, west and Lishui area, north and northeast and Taizhou. The terrain slopes from 
west to east, from the western mountains to the hills to the eastern coastal plain. The climate is 

pleasant and suitable for human habitation. The city is rich in natural resources and known as the 
hometown of Chinese seafood. Most of the traditional residential buildings in Wenzhou are built due 

to the local natural climate and seldom depend on material resources. In the construction, the form 
and structure of the building are emphasized to adapt to the regional climate, and the comfort of users 

is taken into account. The construction in this way can avoid consuming a large amount of domestic 
energy after putting into use, which is a very energy-saving and long-term planning design and 
construction method. Refer to Fig.1. 
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Fig. 1 Urban Landmark 

2.1 Geographical environment 

The geomorphology of WenZhou city is influenced by the geological structure, the terrain from west 
to east presents a stepped slope, a large number of hills are distributed in the territory, the east is 

mainly the impact plain, the plain is scattered with hills. Wenzhou river is very many, showing a 
network distribution. In the planning of the city, measures should be taken according to local 

conditions. River channels should be used as the framework and land and water transportation should 
be used in parallel to form the framework of the landscape city. In the design concept of regional 

energy-saving buildings, the thinking of rational use of regions and resources is widely respected. 
Taking the natural geographical features as an opportunity to build the ideal architectural space in the 
construction of residential buildings. 

2.2 Climatic environment of Wenzhou 

Wenzhou has a subtropical monsoon climate with a moderate temperature. The annual average 

temperature ranges from 17.3℃ to 19.4℃. The lowest temperature generally occurs in January with 
an average temperature of 4.9℃ to 9.9℃. Wenzhou area sunshine is very good, winter without cold, 

summer without heat, the four seasons are more distinct, rainfall is also very abundant. There are 
plum rains between spring and summer, tropical cyclones between July and September, and the frost-

free period is 241-326 days. There are many rivers in Wenzhou, and the average annual water 
temperature of each river is around 19 degrees Celsius, with significant seasonal changes, but little 
inter-annual changes. 

According to the data analysis, the climate environment of Wenzhou is very suitable for human 
habitation. Wenzhou has been named the happiest city in China in 2019, according to the results of 

the 13th annual China happy cities forum. Due to the characteristics of mild climate, the indoor space 
of residential buildings has a high comfort level, and the temperature difference does not change 

much. In winter and summer, it will not be extremely cold or hot. Therefore, when designing the 
indoor environment of residential buildings in Wenzhou, the focus of the design is more on improving 
the microclimate. By adjusting the microclimate, high comfort can be achieved. 

2.3 Natural resources 

Wenzhou area is rich in water resources, according to the city water resources department estimates, 

the city's water resources per capita occupancy of about 2,240 cubic meters. The ancient city of 
Wenzhou is mainly a longitudinal river, which is east-south, consistent with the dominant wind 

direction of the city, so that the streets and residential neighborhoods can get more ideal sunshine and 
ventilation. Wenzhou area winter sunshine is strong, so in winter, Wenzhou area also rarely appear 
extreme cold weather. Because water is abundant in summer, there will be no extreme heat in summer. 

From the perspective of natural resources utilization, traditional residential buildings in Wenzhou are 
fully utilized in this respect. Sunshine, ventilation and water conservancy can all improve the indoor 

space environment of residential buildings to a certain extent. From a comprehensive perspective, 
solar energy resources, wind resources and water resources can play a larger role in the design of new 
residential buildings in Wenzhou. 
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3. Traditional Dwellings in Wenzhou Under Climatic Conditions  

The formation of traditional dwellings is related to society, culture and folk customs, and is influenced 
by natural conditions such as climate environment and geographical location. Due to the different 

climate environment, geographical conditions, national customs, lifestyles and aesthetic requirements 
of different regions, the residential houses in different regions show their unique regional 
characteristics as well as their unique design and construction techniques. 

3.1 Characteristics of traditional residential buildings in Wenzhou 

Traditional residential buildings in Wenzhou take family pattern as the main body, and the buildings 

present the layout mode of courtyards gathering. When the family population increases, new buildings 
will form an attachment relationship with the main courtyards on the basis of the original courtyards 
to construct larger ethnic buildings. 

With the change of social development mode, Wenzhou's residential houses began to transform from 
a single courtyard form to a diversified one. Residents spontaneously built multi-storey row houses 

in the adjacent streets, with most of the floors being 2-3 stories. At this time, courtyard space gradually 
disappeared in the urban area. With the development of commerce, the multi-storey townhouse along 

the main street gradually develops the ground floor space as the commercial function, thus, the 
residential building becomes a new form of commercial and residential combination, better meeting 

the living needs of residents. This kind of architecture has been preserved till now, and there are still 
many such traditional buildings in Wenzhou's ChaShan area. 

3.2 Analysis on climate regulation of traditional dwellings in Wenzhou 

The evolution of dwellings over thousands of years is a process of constant adaptation to climate and 
self-adjustment. Its existence and development are the result of coordination with climate and society. 

The climate strain of traditional dwellings in Wenzhou is the specific way and method that traditional 
dwellings change in response to climate change in order to make themselves reach the comfortable 
range under the humid and hot environment in the south of the Yangtze river.  

The site selection of traditional dwellings in Wenzhou attaches great importance to microclimate. 
Such as Wenzhou QuKou village, east, west, north three surrounded by mountains, winter is not 

affected by the cold wind; There is a low mountain in the south, just in the southeast corner of the 
basin and the southwest corner of the formation of two gap, to meet the summer monsoon. The special 
terrain makes QuKou village not cold in winter and not hot in summer. 

Wenzhou traditional courtyard for the enclosed layout, generally surrounded by or surrounded by 
three sides, can prevent the cold wind into. The courtyard is open at the top, and the patio is designed 

to bring fresh air into the courtyard, maintaining the air quality inside the house to some extent. The 
patio of the courtyard is affected by different illumination in winter and summer, and can also obtain 

good shading and lighting effect. Through this layout design method, Wenzhou's residential buildings 
subtly improve the building space microclimate, so as to make people feel more comfortable. 

Wenzhou residents will also place water tanks and plant greenery in their courtyards to improve the 
internal thermal environment. 

When building traditional dwellings in Wenzhou, they like to set up corridors on the ground floor 

with large eaves. The main function is to keep out the hot sun and accept the cool wind, and prevent 
rain in the rainy season, so as to adapt to the hot and rainy summer and mild winter climate. 

Traditional dwellings are mostly sloped roofs, with slopes ranging from 23 to 30 degrees. The sloped 
roof is designed in such a way that drainage can be accomplished well. 

Whether it is winter heating or summer cooling, traditional dwellings in Wenzhou are designed to 

improve the microclimate. The design approach is close to nature and can be absorbed into the design 
of new dwellings. 
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4. Meteorological factors and interior design of residential buildings in 

Wenzhou 

The most important thing in the living environment is the demand for temperature and safety, and the 

support of the study on Wenzhou residential houses is that the climate can show the difference 
between cold and heat. Therefore, to meet the needs of people for indoor temperature, residential 

houses should consider how to adapt to the local climate, and the study on regional meteorological 
factors has become an essential key. 

A survey of the temperature values in Wenzhou over the past 50 years shows that the temperature 

changes from 1970 to 1990 were not significant, but from 1990 to 2018 showed an obvious warming 
trend, with both the annual average temperature and the highest and lowest temperature showing a 

rising trend, as shown in table 1. Therefore, in the design of new residential should be forward-

looking, considering the future weather changes. 

Table 1. Annual temperature changes in Wenzhou 

time 1970-1979 1980-1989 1990-1999 2000-2009 2010-2018 

The average temperature 17.8 17.7 18.1 18.1 18.5 

The highest temperature 21.6 21.5 22.1 22.2 22.3 

The lowest temperature 14.6 14.6 15.0 15.0 15.1 

In winter, the highest temperature in Wenzhou is generally around 13 degrees Celsius, while the 

lowest temperature is around 6 degrees Celsius. There is no freezing period throughout the year. The 
highest temperature in summer is about 31.7 degrees Celsius, and the lowest temperature is about 

24.9 degrees Celsius. According to the winter and summer temperature change charts in Fig.2, it can 
be seen that in the past 50 years, the winter temperature in Wenzhou has increased more than the 

annual increase, while the high summer temperature has not changed significantly. Therefore, in the 
design of residential buildings, attempts can be made to combine winter meteorological factors to 

create a warm indoor environment, so that residential buildings in the winter heating problem to 
obtain a new solution. 

 
Fig. 2 Winter and summer temperature changes in Wenzhou 

According to the statistics, except for January, there are rainstorms in all other months. The rainstorms 

mainly occur from may to September, accounting for 85.3% of the annual number of rainstorms. 
August is the month with the most rainstorms. In the construction of traditional dwellings, more 

considerations were given to how to drain water. Rainwater collection was only applied to green 
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plants and irrigation, and more resources were wasted. In the construction of new dwellings, rainwater 
resources could be more fully applied to interior space design. 

5. Research on the design method of modern wenzhou residential buildings 

In the study of design methods of modern residential buildings in Wenzhou, this paper hopes to create 

a low energy consumption and high comfort indoor space environment through a series of new design 
methods. In terms of methods, it is mainly recommended to introduce the use of climate resources 

into residential buildings, to achieve a comfortable living environment by improving the indoor 
microclimate of residential buildings, and to emphasize the mode of low energy consumption and 
low cost in life. 

5.1 Building indoor refrigeration technology 

The summer time in Wenzhou area is longer, the temperature starts to increase in early may, and 

gradually drops down until the end of October. From June to October, the temperature is higher and 
the light is strong. Therefore, indoor cooling is essential. At present, the cooling methods are all 

conducted by air conditioning, which consumes a large amount of power resources and produces 
freon that severely damages the ozone layer, leading to the aggravation of ultraviolet radiation. 

Although the cooling method in this way makes the indoor temperature meet the requirements, but 
from the perspective of sustainable ecological environment, is not a long-term use of the method. If 
you want it to last, you have to find a more reasonable way. 

The design idea of this paper is to use water resources to cool indoor physics. According to the 
statistics of Wenzhou hydrology research department, the water temperature of the river in WenZhou 

is the highest in July, about 22 degrees Celsius. If the temperature of 22 degrees is introduced into 
the indoor space of residential buildings, the indoor environment can be kept cool even if the space 

is closed in summer. Wenzhou river in densely populated, most houses built in accordance with the 
river, at the time of design, can make indoor water pipe, water pipe connected at the bottom of the 

architectural space and the rivers, water circulating through the water pipes, let water through natural 
cooling at the bottom of the river, and then after cooling water recirculation to architectural interior 

space, absorb indoor heat cycle process, make indoor space natural cooling. The kinetic energy of 
water circulation can convert natural conditions into dynamic energy through the process of water 

flow, and can also be converted into electric energy through solar energy resources to supply the 
kinetic energy required by water circulation. The application of this method is very suitable for 

construction in cities with developed water systems like Wenzhou. After the completion of the new 
residential interior space, the consumption of air conditioning costs can be reduced in summer, and 
the indoor cooling is more environmentally friendly and closer to nature. 

5.2 Building indoor heating technology 

Wenzhou has a relatively short winter, which is generally warmer. The average temperature in winter 

can reach about 10 degrees Celsius, and the lowest temperature throughout the day will be above zero. 
So in wenzhou area, heating requirements and the north than the degree of warming requirements are 

not very big. On average, as long as the winter indoor temperature increase of about 10 degrees can 
create a very comfortable somatosensory environment. 

It is suggested to use light resources to introduce light and heat into the room and adopt the way of 

light and heat rising to fully absorb light and heat energy in the day to create a wall that can store 
temperature. Heat is stored in the wall and heat is dissipated by the wall at night to create a warm 

indoor microclimate space. The outer layer of the building is made of solar panels, and a temperature 
storage device is placed in the sloped roof to fully absorb light energy during the day, and the heat 

energy collected is stored through the temperature storage device to assist in indoor space heating at 
night. Excess solar energy can be converted into electricity for other equipment. 
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5.3 Rainwater collection design 

Wenzhou area has enough rain, and can be optimized in rainwater collection. Rainwater recycling 
system is established. Rainwater on the roof of the building and surrounding areas of the building is 

collected through pipes and entered into the intermediate water collection pool in the basement. After 
filtering, it can be used for landscape irrigation and indoor toilet drainage. Domestic sewage and 

kitchen oily water in the building are discharged into the municipal sewage pipes for unified treatment, 
and the rest of the backwater is collected. After being treated by the glazed biochemical water 

treatment equipment in the basement, it is returned to the building for toilet flushing or indoor green 
plant water, and the rate of backwater can reach 42%. The design of this way can make full use of 
rainwater resources and achieve the effect of saving resources. 

In Wenzhou, there is a lot of rainfall from may to September every year, and there will also be a 
rainstorm. We can try to build multiple reservoirs of different sizes under the energy-saving buildings, 

so as to fully collect rainwater resources during the rainy season, and reserve domestic water for 
indoor activities. The upper level of the underground pool can be used to create an external landscape 
garden, creating a beautiful residential community. 

6. Conclusion 

This paper gives the introduction of the design methods, and tries to give the design scheme 
theoretically, with the theory as the support, for creating a new type of residential houses in Wenzhou 

area to do a good job in the early work. From the effect of the design scheme, if implemented smoothly, 
the residential buildings with Wenzhou characteristics can be built. The buildings can make better 

use of local climate resources, concentrate on the transformation of climate resources into living 
energy, reduce the construction cost, and create more Wenzhou characteristic residential space with 
low energy consumption and high comfort. 
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