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Summary 
The ultimate goal of the project is to increase confidence in the durability of wood construction, and 
thereby lead to greater use of wood products in China. This report aims to assess wood-durability related 
climate, termite, and decay loads, to inform those building wood structures. Specifically a decay hazard 
map for exterior above-ground wood structures was refined and a termite map was updated. Based on the 
decay and termite hazards, four biological hazard zones were proposed: low hazard zone Ⅰ with low 
decay hazard and no termites, moderate hazard zone Ⅱ with moderate decay hazard but no termites, 
moderate hazard zone Ⅲ with moderate decay hazard and Reticulitermes, and severe hazard zone Ⅳ with 
severe decay hazard and both Reticulitermes and Coptotermes. It is hoped that the information can be 
used by designers and builders as a general guide for designing for certain climate loads and biological 
hazards, and such a classification will pave the way for developing appropriate requirements for wood 
protection against decay and termites in different regions in China. The report also sends a strong 
message that compared to North America, China has a much larger area with a severe or moderate hazard. 
Hence proper wood protection is critical for achieving durability of wood construction. 
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1 Introduction 
The ultimate goal of the project is to increase confidence in the durability of wood construction, and 
thereby lead to greater use of wood products in China. This report aims to assess wood durability related 
climate, termite, and decay loads. Specifically it aims to develop a decay hazard map for exterior above-
ground wood structures, update the existing termite map, and then produce an integrated biological hazard 
map for wood construction in China. It is hoped that the information in this report can be used by 
designers and builders as a general guide for designing of wood construction for certain environmental 
loads, and then achieving durability by selecting appropriate wood material, and implementing relevant 
design and construction practices against decay and termites. 
 
North American-style wood frame construction, landscaping and other exterior wood structures in China 
will require considerable care in design, construction and maintenance, due to the prevalence of termites, 
and decay-promoting moisture conditions in many Chinese provinces. China is a large country with a 
wide variety of environmental conditions, thus materials, design, and construction solutions that may 
provide acceptable performance in one part of the country, may not work in other regions. Hence the 
major purpose of this project is to assemble a database on factors impacting wood durability in China, 
identify and refine biological hazard zones considering both decay and termite hazards, and facilitate 
proper design, construction and maintenance for the range of climate, termite and decay loads.  
 
In 2006-07, Forintek made significant progress in assessing factors impacting durability performance by 
carrying out a survey of wood-frame houses in China, with the participation of building scientist Mr. 
David Ricketts of RDH, termite expert Dr. Kenneth Grace of the University of Hawaii, and decay expert 
Dr. Stephen Quarles of the University of California (Ricketts et al. 2007). Six housing developments aged 
from 7 to 17 years in different climatic regions, four in the Shanghai area, one in Wuhan, and one in 
Shenzhen, were examined by the survey team to identify effects of environmental loads, as well as design 
and construction practices used in those houses. The survey team also provided detailed recommendations 
on improving durability performance of wood-frame construction. The survey confirmed that rain 
intrusion and termites were the major causes of durability-related problems for those developments. Rain 
penetration control is critical, and appropriate measures including considerations for site-specific 
exposure conditions (design for hazard loads), use of overhangs etc. designed to deflect rain, multiple 
lines of defence for drainage and drying, particularly by using rain-screen walls for exposure to high rain 
loads, and use of durable wood should be applied. In addition, air tightness should be improved for both 
moisture control and energy conservation. Shenzhen is in a hot and humid climate, Shanghai, Suzhou, and 
Wuhan are in a mixed climate. However all these four cities are located in a cooling dominated climate, 
and the vapour drive will be primarily inward. Hence lower vapour permeable material should be located 
on the exterior, instead of the interior of wall assemblies. It is also crucial that sufficient attention be paid 
to interfaces between assemblies like walls and windows, balconies/roof decks and walls, roof and walls, 
and roof and roof to combat the high moisture loads. Measures should also be taken to prevent moisture 
penetration from the ground. In terms of termite hazard, overall it was considered severe in Shenzhen, 
moderate in Wuhan, and low to moderate in Shanghai and Suzhou. Hence, it is essential to incorporate 
multiple lines of defence against termites.  
 
It is of great significance that the survey and other relevant information collection have facilitated the 
development of related codes and standards, particularly the durability chapter of the Shanghai wood-
frame construction code. In the draft chapter of the Shanghai local code, it is required that drained and 
vented wall assembly (rain-screen wall) be used for exposed sites, together with other measures for 
preventing rain penetration. Wall assembly and roof/ceiling structures shall be built with appropriate 
vapour permeance to prevent condensation, and low permeance materials such as polyethylene sheet shall 
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not be used in the interior layers. All ground structures including concrete slab-on-ground, crawl spaces 
and basements shall be designed against moisture penetration and termite intrusion. Air tightness is also a 
requirement in this draft. Decay-resistant wood shall be used for exterior wood components or wood in 
contact with concrete or masonry. Multiple lines of defence shall be incorporated into the building design 
and construction, including appropriate site management, a minimum of one termite barrier, and 
foundation and other construction details. At this stage the use of termite-resistant wood for the whole 
structure was recommended in the chapter.  
 
 

2 Literature Review: Related Climate/Decay/Termite Zone 
Classifications in the World 
2.1 Climate Zone Classifications in the World 
Climate data are readily available all over the world, and building codes typically take a variety of climate 
loads into consideration for design of buildings. Climate maps of rainfall, wind, hygrothermal zone, 
freezing index, and wind driven rain have long been used in building practices, especially in North 
America. Correspondingly preventive measures can be applied for different hazard levels to ensure that 
structures meet consumer expectations for safety, maintenance needs, and service life (Boyd 1961, Boyd 
1963, Masters and Wolfe 1974, NRC-CNRC 1998, Cornick and Chow 2001, Cornick and Rousseau 2003, 
Cornick and Dalgliesh 2003, Lstiburek 2004, Straube and Burnett 2005, Karagiozis et al. 2007). In China, 
in GB 50009-2001: Local Code for Design Loads of Building Structures, wind and snow hazards are 
mapped as part of structural design loads. In the appendix of GB50176-93: Thermal Design Code for 
Civil Buildings, there is a general climate map with several zones including five categories: Severe cold, 
cold, hot summer and cold winter, mild area, and hot summer and warm winter, but criteria for the 
classification was not clarified. Other environmental hazards such as rain, humidity, decay and termite 
hazards have not been mapped and integrated into codes and standards in China. 
 
In terms of the effect of climate on durability performance of buildings, wind and rainfall are important 
elements. Their combined effects are particularly critical, since rain driven by wind against a building 
may be forced into building assemblies and hence pose a severe load. There are two measures for this: 
wind-driven rain index (also called driving rain, DRI) and driving rain wind pressure (DRWP). DRI is a 
more common index, and it indicates the potential rain water that impinges on a vertical wall surface 
when wind is coincident with rain. Because wind, rainfall and other climatic conditions change constantly 
and vary greatly even in a small region (McGowan and Humphries 2007), and the relationships between 
wind speed, direction and rainfall rates are very difficult to quantify (CMHC 1994, McGowan and 
Humphries 2007), calculation using 30-year climate normal data is usually used to indicate the relative 
magnitude of the loading. Boyd (1961) developed the first driving-rain map for Canada based on the 
product of the annual rainfall and the mean wind speed. The same principle was also used in other 
countries like Sweden, Denmark, the United States, and even for China by Sauer (1987). Certainly, DRI 
could be made more relevant and accurate with sophisticated calculation and modelling by using climate 
data with better resolution such as hourly or even ten-minute data for increasing the coincidence of wind 
and rain (Robinson and Baker 1975, Sahal 2006, Blocken and Carmeliet 2007), considering other more 
tricky climatic variables such as raindrop size (Fazio et al. 1995, Cornick and Chown 2001, Cornick and 
Lacasse 2005), and taking into account the local topography, building architectural features and 
orientations (Crocker 1970, Straube and Burnett 2005, Hua and Krpan 2007). Meanwhile, field 
monitoring has become an important tool to quantify wind-driven rain, effects of building design and 
construction features, and in-service building performance (Hua and Krpan 2007). 
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Other than the indexes focused on wind-driven rain, many indexes and classification systems take 
temperature and associated heating and cooling, wetting and drying into consideration. Russo (1971, cited 
in Cornick and Chown 2001) classified the USA into six hygrothermal zones for building design and 
construction, based on the minimum and average temperatures in January and the mean annual rainfalls. 
Combining heating degree days and annual precipitation, Lstiburek came up with five hygrothermal zones 
for North America: severe cold, cold, mixed-humid, hot-humid, and hot-dry/mixed-dry, and he also gave 
general recommendations on wall assemblies based on precipitation, including pressure equalized rain 
screen or pressure moderated screen for areas with annual precipitation over 60 inches (about 1500 mm), 
rain screen, vented cladding or vented drainage space for areas with annual precipitation between 40 and 
60 inches (about 1000-1500 mm), drainage plane or drainage space for areas with annual precipitation 
between 20 and 40 inches (about 500-1000 mm), and face seal only for precipitation below 20 inches 
(about 500 mm) (Lstiburek 2001). Later he refined the hygrothermal map into eight zones: subarctic and 
arctic, very cold, cold, mixed-humid, mixed-dry, marine, hot-humid, and hot-dry, and provided typical 
wall assemblies for different zones (Lstiburek 2004). In recent years, a more complicated climatic 
classification for the USA has been adopted by the Department of Energy. The major criteria used for 
developing the map are temperature, precipitation, heating degree days and cooling degree days, and it 
mainly aims to recommend insulation levels for different regions across the country for improving the 
overall building energy performance (Briggs et al. 2003a and 2003b). Research is also underway to use 
the same map for recommending vapour retarder requirements for different zones, mainly by using 
computer simulation at this early stage (Lstiburek 2004, Karagiozis et al. 2007). Work is still being or to 
be carried out for justifying placing or removing vapour control layers in North America, especially about 
the traditional polyethylene interior vapour barrier, particularly in new wall assemblies or with new 
material (Gatland et al. 2007). In Canada, NRC developed a mathematical Moisture Index (MI) as a 
moisture load indicator, which is composed of a Wetting Index mainly considering rainfall, and a Drying 
Index on evaporation based on temperature and relative humidity (Cornick and Chown 2001, Cornick 
2002, Cornick and Dalgliesh 2003, Kumaran et al. 2003). As a result, five zones were identified for North 
America. But the complexity of the map and the difficulty in applying the index have made this 
classification quite controversial. The MI gives equal weighting to wetting and drying and this may not be 
appropriate for moisture absorbing materials. Mr. Fitsum Tariku of NRC-IRC presented a more recent 
study indicating that the wind-driven rain index could be a better indicator for the climatic conditions than 
the MI index for the several sites studied (Tariku et al. 2007). In addition to the above climatic  maps, 
Don Onysko (2007) also explored climate zone classification, more at a conceptual level using climate 
normals, and recommended rain, air and vapour control systems for different climates for achieving 
durable wood-frame construction.  
 
In this report, relevant climatic data are assembled in Appendix Ⅰand Ⅱ as background information for 
wood construction plan and design in different regions of China, in addition to the climate zones provided 
in GB50176-93. It is hoped that the information will provide a general guide and help facilitate design of 
wood construction for certain climatic loading. In recent years Canada Wood has been working on 
developing appropriate assemblies for different climates in Asia, particularly in China and Taiwan. In 
collaboration with NRC-IRC, hygrothermal response of typical wall and roof assemblies using the 
hygIRC models have been carried out for Shanghai, Beijing and Taichung. Moisture monitoring of wood-
frame structures in Shanghai has also been underway. It is hoped that all these efforts will help build 
durable wood-frame construction in climates not familiar to most Canadians.   
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2.2 Decay Zones Classifications Using the Scheffer Climate Index  
Several indexes based on climatic data have been developed for estimating microbiological deterioration 
of wood and wood construction (Francis and Norton 2005, Francis and Norton 2006, Leicester 2001). The 
Scheffer Climate Index has proved to be a reasonably useful tool for predicting the effect of continent-
wide variations in climate on the potential for wood to decay above ground. This simple empirical 
equation is based on the mean monthly temperature and mean number of days with precipitation over 
0.25 mm (or 0.20 mm depending on jurisdiction). The basic rationale behind it is that wood decays faster 
under warm and damp conditions. The relationship between decay rate and temperature was assumed to 
be linear from 2°C up to 32°C. Since wood does not instantly absorb all the rainfall that falls on it, it is 
the duration of rainfall rather than the total precipitation amount that has more influence on wood wetting 
(Grinda and Carey 2004). The Scheffer formula was calibrated based on relative decay rates in field tests 
in Wisconsin, Oregon, and Mississippi, and it was also designed mathematically to make the ratings of 
most areas in the USA fall into the range between 0 and 100, with 0.0 in Las Vegas to 137.5 in West Palm 
Beach Florida. In the original map for the USA, 35 and 65 were used as boundaries between low, 
moderate and high decay hazard zones (Scheffer 1971). 
 
The Scheffer Climate Index has been applied and built on by many other researchers since it was 
published. Based on the observations of decay incidence in residential construction at different locations, 
DeGroot proposed moving the boundary for the high hazard zone from 65 to 70 (DeGroot 1982, DeGroot 
and Esenther 1982). This modification was then adopted by Setliff (1986) who developed an above-
ground wood decay hazard map for Canada. A similar decay hazard map was developed for Japan 
(Hasegawa 2001, Kiguchi et al. 2001), and the index has also been investigated in other areas in the world 
(Foliente et al. 2002, Van Acker 2003, Grinda and Carey 2004, Francis and Norton 2006). The most 
important and practical aspect of such a decay map is that different protective methods can be generally 
recommended for different hazard zones. For example, in very low hazard areas, exterior above-ground 
wood construction may be safe from decay without preservative pressure treatment, while in high hazard 
areas, pressure treatment should be strongly recommended.  
 
As the main purpose of developing general decay zones for China is to promote the importance of 
appropriate wood protection for exterior applications, the Scheffer Climate Index was applied to China 
and defined decay zones for above-ground wood structures in Part 3 of this report. It is also hoped that 
this first step will pave the way for gradually refining these zones by validation and calibration using field 
testing and in-service data. It should be pointed out that the Scheffer Climate Index is more relevant to 
landscaping use than wood used for framing, since the closing of wood into building enclosure changes 
the environmental loads, but it can still be considered as a general hazard guide for wood used across a 
continent. 
 
2.3 Termite Zones Classifications in the World 
Just as important as climate to design and construction, termite hazard may be part of the environmental 
load for virtually all types of buildings. The perception may be that termites cause damage mainly to 
wood construction, but based on a survey carried out in Australia, houses built with steel frames, concrete 
floors, or masonry structure were  just as likely to be attacked as those with wooden frames and floors 
(http://www.csiro.au/files/mediaRelease/mr2000/Termite.htm). Certainly termites can affect the load 
bearing capacity of wood structures. For areas with a termite hazard, precautions should be taken against 
termites by integrating appropriate protection systems, ideally multiple lines of defense (Morris 2000).  
 
Subterranean termite maps have been developed in North America, and can be found at www.durable-
wood.com 
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(http://www.cwc.ca/DesignWithWood/Durability/Durability%20Hazards/About%20Termites?Language=EN). 
This map was generated using published termite distribution information and expert opinions, classifying 
different hazard zones of the native subterranean termites Reticulitermes flavipes and Reticulitermes 
hesperus. The occurrence of Coptotermes formosanus is coincident with the high hazard zone caused by 
Reticulitermes. The Australian termite hazard map was based on a national-wide questionnaire survey 
carried out by students, with supervision and analysis by CSIRO scientists. Six hazard levels without 
identifying termite species are defined in this map 
(http://www.csiro.au/files/mediaRelease/mr2000/Termite.htm). In Japan, the 2004 version of the termite 
map identified two major subterranean termites: Reticulitermes speratus and Coptotermes formosanus. 
The map was generated with information gathered by the Japan Termite Control Association (JTCA) 
through a questionnaire survey collected from Pest Control Organizations (PCOs) countrywide (Schmidt 
et al. 2006). In Korea, overall the termite hazard is very low. There is a termite map in the textbook of 
Wood Protection Science (Chonnam National University Press, 2004), indicating that Reticulitermes 
attack is be found south of Seoul, with the northern boundary about 38° latitude (Personal communication 
with Professor Yoon Soo Kim of Dept. of Wood Science & Technology, Chonnam National University of 
Korea). 
 
In China, there was a termite map based on surveys conducted in the 1950’s, and with one boundary for 
all termite species (Dai and Chen 2002, Li 2002). In recent years, the termite hazard identification and 
related control measures in China have been partially driven by other countries, including Canada, mainly 
for facilitating the development of wood construction. It was determined that the original termite map 
needs to be updated for the following reasons. First, it is important to identify the boundary of 
Coptotermes, separately from that of Reticulitermes, as the North American and Japanese map do since 
Coptotermes causes much more severe damage to wood construction and requires more stringent 
prevention measures. Second, the termite distribution could have changed with the large-scale human 
migration having happened in China, together with transport of wood products and climate change. Third, 
the detailed termite hazard for key areas should be updated due to the large-scale termite suppression 
movements in China decades ago, but followed by much relaxed management in recent years. Among 
these efforts, a termite map was proposed for China calculated using Neural Networks technology, with 
Forintek’s assistance, based on existing termite maps and geo-climatic information for cities in Japan, the 
USA and Australia (Schmidt et al. 2006). However, this map predicts Reticulitermes presence in a large 
area where they have not been recorded and the map needs validation and calibration using in-service 
data. Furthermore it comes from outside China and does not have buy in from the local experts. This 
report in Part 4 presents a termite map updated by closely working with local experts. It is hoped that this 
map will rapidly be recognized and accepted in China by relevant codes and standards bodies. 
 
2.4 Other Zone Classifications 
In addition to decay hazard and termite hazard classifications, there are other less popular indexes and 
maps, such as zone classifications based on equilibrium moisture content (EMC) used for wood drying 
(Bragg 1986), deterioration zones specifically developed for ground contact utility poles in the USA 
(AWPA 2005), and weathering indexes for indicating aging rates of exterior coatings based on UV and 
other climatic conditions (Petric et al. 2007; Sarawak 2007). These are relatively less relevant to our work 
here. 
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3 Decay Hazard Map Development for China 
3.1 Materials and Methods  
Ten year climate normals for the period from 1996 to 2005 were provided by the China Meteorological 
Administration for 194 stations in mainland China, and the data for a few points in Taiwan were 
downloaded from the website of Climate Zone (http://www.climate-zone.com/climate/taiwan/). Due to 
the possibility of abrupt and abnormal changes of climate in some years, climate normals typically based 
on 30 years should have been used if available. The calculation of the Scheffer Climate Index used the 
original equation with a slight deviation: 
 

Scheffer Climate Index = ∑ −−Dec

Jan 7.16
)3D)(35T(

                                                                      (1) 

Where T is the mean monthly temperature in Celsius, D is the mean number of days in each month with 
0.2 mm or more of precipitation (days with precipitation of 0.1 inch (0.25 mm) or more was used in the 
original equation), and ∑Dec

Jan
 is the sum of the products for each month. The Scheffer Climate Index is 

the summation of decay potential throughout the year of both temperature and moisture conditions 
favourable for decay fungi growth in wood. The index values for sites across China were calculated 
(Appendix Ⅲ), and maps were created using GIS software. Based on the normal practice in other 
countries, a major decay map with three zones was developed: low hazard with the Scheffer Climate 
Index below 35, high decay hazard with index not lower than 70, and moderate decay hazard with the 
index between 35 and 70 (Figure 1). In order to make the map clear, province boundaries are provided but 
only 17 representative cities across the country are highlighted on the map. 
 

3.2 Results and Discussion  
It is obvious from Figure 1 that large areas in the north, from the west to the east, including Xinjiang, 
most areas in Inner Mongolia, Qinghai, Gansu, Ningxia, Shaanxi, Shanxi, part of Hebei and a small part 
of Henan, are in the low hazard zone with hazard ratings below 35. This is a cold area typically with very 
harsh winters (Figure 6), but the low Scheffer index values are mainly caused by the very dry climate, 
with annual precipitation below 500 mm for the whole area (Figure 7). The typical index values include 
19 at Urumqi in Xinjiang, 32 at Hohhot in Inner Mongolia, 34 at Lanzhou in Gansu, 14 at Yinchuan in 
Ningxia, 28 at Yulin in Shaanxi, both 31 at Taiyuan and Datong in Shanxi, 28 at Poutou in Hebei, and 34 
at Anyang in Henan. Some locations in the Northwest including Tulufan, Tazhong, Ruoqiang, Tieganlike 
and Hetian in Xinjiang, Dunhuang in Gansu, and Lenghu in Qinghai reach the lowest rating of 0, mainly 
due to the desert-dominated geography with annual precipitation below 100 mm. Most areas in Xizang, 
especially in Northern Xizang close to Xinjiang, can reasonably be supposed to have a low decay hazard 
due to their severe cold weather with high mountains, though the only point with available climate data, 
Lhasa, has a climate index of 51 (moderate decay hazard).  

It is somewhat surprising that the coastal areas in the east around the Bohai Bay fall into the low decay 
hazard zone, including the locations in Liaoning Province with Dalian rated at 26, Yingkou rated at 29, 
Jinzhou rated at 33, Tianjin rated at 29, Leting of Hebei Province rated at 22, and Chengshantou of 
Shandong province rated at 31. This is a coastal area with mild temperature and rainfall throughout the 
year.  
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Figure 1 Decay hazard map with three zones for above-ground wood structures in China 
based on the Scheffer Climate Index 
 

The moderate decay hazard zone is mainly composed of the central areas of China, from the west to the 
east. It includes the southern part of Xizang with Lhasa rated at 51, northern Yunnan with Deqin rated at 
46, part of Qinghai with Xining rated at 38, part of Gansu with Tianshui rated at 44, part of Shaanxi with 
Xi’an rated at 44 and Yan’an rated at 39, part of Shanxi with Yuncheng rated at 40, part of Henan 
including Zhengzhou rated at 41, Wuhan of Hubei rated at 69, Hefei of Anhui rated at 62, Nanjing and 
Xuzhou of Jiangsu rated at 61 and 40 respectively, and Shanghai rated at 68. 
 
The moderate zone also includes most areas of the three provinces in Northeast China, including 
Heilongjiang with Harbin rated at 41, and even Sunwu, in the far north, rated at 37, Jilin Province such as 
Changchun and Siping both rated at 42, and a large part of North eastern Liaoning Province with 
Shenyang rated at 38. These areas have typical severe winters with high snowfall, but most of the decay 
potential for wood structures comes during the warm and damp summers.  
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In addition, there is a small pocket around Beijing which marginally falls into the moderate decay hazard 
zone, including Beijing rated at 35, Chifeng of Inner Mongolia rated at 35, part of Hebei Province with 
Chengde rated at 40, Huailai rated at 35, and Shijiazhuang rated at 38. 
 
Most of southern China has Scheffer Climate Index values higher than 70, falling into the severe decay 
hazard zone. The climate is typically hot and humid, with mean annual temperature above 15ºC (Figure 6) 
and annual precipitation, mainly in the form of rainfall, above 1000 mm and even above 2000 mm in 
some locations (Figure 7). This zone also includes areas in the Southwest with elevations above 1000 
metres, including part of Yunnan, most of Sichuan Province and Chongqing City. Kunming of Yunan 
Province is rated at 77, and the rating of Lancang is as high as 146, resulting from the warm and damp 
climate year-round. Despite being mountainous, Sichuang Province has high decay hazard ratings 
probably due to the characteristic basin climate, warm and humid without strong sunshine. The detailed 
ratings include 87 at Chengdu, 110 at Yibin, and 103 at Chongqing. The severe decay hazard zone also 
includes Hunan, part of Hubei and Anhui, Jiangxi, and Zhejiang Province. Changsha of Hunan has an 
index rating 96, Yichang of Hubei has 86, Huoshan of Anhui Province has 87, Nanchang of Jiangxi has 
an index rating of 89, and Hangzhou of Zhejiang Province has a rating of 96. In general, locations in the 
far south have higher decay hazard values, including Guilin of Guangxi rated at 120, Guangzhou of 
Guangdong rated at 131, Guiyang of Guizhou Province rated at 89, Fuzhou of Fujian rated at 102, and 
Xiamen rated at 81. The rating of Qionghai on the island of Hainan, the southern tip of China, reaches as 
high as 151. This map shows a much higher proportion of the total land with a severe decay hazard than 
the North American map (Scheffer 1971, Setliff 1986).   
 
In order to show the most severe decay hazard zone in China, a map with four zones, created by splitting 
the severe hazard zone in Figure 1 into two, with a boundary index value of 105 between them, was 
proposed in Figure 2. The province boundaries are removed in order to show the four zones more clearly. 
It highlights the most decay-susceptible zone in China, including a long strip along the southern coast, 
extending from Zhejiang province, Fujian, Guangdong to Guangxi, together with Hainan Island and also a 
large area in Yunnan Province. Appropriate protection of wood against decay is extremely important for 
wood applications in this zone.  
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Figure 2 Decay hazard map with four zones for above-ground wood structures in China 
based on the Scheffer Climate Index 
 
 

4 Termite Map Update for China and Termite Hazard in 
Representative Chinese Cities 
The termite information in this part of the report was mainly provided by two Chinese entomologists, 
Prof. Fusheng Huang of the Chinese Academy and Mr. Xiaoying Li of Wuxi Termite Research Institute 
through our long-term collaboration with Mr. Li. 
 
4.1 Northern Distribution Boundaries of Major Termite Species 
Subterranean termites inhabit warm and moist areas, so the distribution depends highly on local 
temperature, precipitation, and relative humidity. Worldwide there are approximately 2,500 species, 
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mostly distributed on both sides of the equator, as far south as 45°25′ latitude in the southern hemisphere 
and as far north as 52°30′ latitude in the northern hemisphere. In China, the northern distribution 
boundary is about 45° north latitude, except in the area of the Qinghai-Xizang Plateau in the west where 
the northern distribution is not beyond 30° due to the high elevation and lower temperatures. 
 
In total, four families, over 40 genera and more than 470 species of termites have been identified in 
China. Yunnan and Hainan Province have the largest numbers of termite species, followed by 
Guangdong, Guangxi and Fujian. Overall, the termites in the Southwest of China tend to evolve into 
diversified species with smaller populations in those highly mountainous areas. In contrast Eastern China 
has a more simple topography with a mixture of plains, hills, and valleys, with direct influence from 
southeastern monsoons, together with warm and humid air currents. As a result, the major termite species 
have extremely large populations in this area and impose a very severe hazard to structures. Overall, the 
following three genera cause the most serious damage: Reticulitermes spp., Coptotermes spp. and 
Odontotermes spp, with this report focusing on Reticulitermes and Coptotermes. Coptotermes is more 
aggressive than Reticulitermes, and Formosan termite is one of the species in this genus. 
 
4.1.1 Northern Distribution Boundary of Reticulitermes 

From East to West, the most known northern distribution points of Reticulitermes spp. are: Dandong in 
Liaoning Province (about 40° in the northern latitude), Beijing (about 40°), Jiexiu in Shanxi Province 
(about 37°), Hancheng in Shaanxi Province (about 35.5°), Xi’an (about 35°), Chengdu in Sichuan 
Province, Chayu and Motuo in Xizang Autonomous Region (about 29.5°). Connecting these dots forms a 
diagonal line from Northeast to Southwest (Figure 3). 
 
4.1.2 Northern Distribution Boundary of Coptotermes 

The most northerly known distribution points of Coptotermes spp. are: Jianhu in Jiangsu Province (about 
33.5°) in the east, and Hefei, Caoxian and Wuhu in Anhui Province, and Chengdu in Sichuan Province in 
the west. The points in the middle part of the distribution area are all located near 32°. The overall 
northern boundary of Coptotermes spp. is the northern bank of Changjiang River, especially in the middle 
and lower reaches, but with some exceptions. Connecting these dots forms a horizontal line with a 
deviation North near the coast. 
 
4.1.3 Three Termite Zones in China 

Considering the economic importance, the termite zones for China are also classified based on the 
existence of Reticulitermes and Coptotermes as for the termite maps for North America and Japan, and 
three zones are identified as in Figure 3: (1) No Reticulitermes or Coptotermes, (2) Reticulitermes species 
only, (3) Reticulitermes and Coptotermes species. Comparing with the North American termite map 
(http://www.cwc.ca/DesignWithWood/Durability/Durability%20Hazards/About%20Termites?Language=
EN), this Chinese termite map indicates that China has a much wider and severe termite hazard, 
particularly considering the wide distribution of Coptotermes across the country. 
 
It should be noted that the termite hazard continuously changes, especially with large-scale human 
migration and related transportation, as well as climate change. Changes in termite control measures and 
intensity, particularly the use of soil termiticides with lower efficacy, may also contribute to the dynamics 
of the termite hazard. With the reduced intensity of government sponsored termite control programs, 
termite populations might be anticipated to rebound. With the phasing out of effective but less 
environmental-friendly termiticides (POPs, persistent organic pollutants) such as chlordane and mirex, the 
use of less effective termiticides with shorter-term efficacy could make it more challenging to control 
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termites. Hence, other measures in the multiple lines of defence, such as site management and 
suppression, design and construction details, and use of durable material, become more critical.  

 
Figure 3 Termite map with northern boundaries for Reticulitermes and Coptotermes (Note: 
western end of Coptotermes boundary is uncertain) 
 
4.2 Termite Hazard in Key Areas 
4.2.1 Overall Termite Hazard in the South 

The following cities, mainly on the northern borders of Reticulitermes or Coptotermes, were selected as 
representative cities for detailed termite hazard summaries. As mentioned above, overall the southern area 
in China has the most severe termite hazard, mainly characteristic of the hazard of Coptotermes 
formosanus, the most destructive termite species to structures. Generally this type of termites is found 
more wide spread in Guangdong, Hainan, Guangxi, Fujian, Hunan and Jiangxi, than in Zhejiang, Jiangsu, 
Hubei, Sichuan, Guizhou and Yunnan (Zhong and Liu 1994, 2001, 2004). It was reported that the termite 
attack on buildings in Guangdong and Hainan was about 80-90% in 2000, in Hubei 20-30% in 1999, in 
Jiangxi about 30% in 1999, in Sichuan about 47% in 1997, in Fujian from 50% to 70% in 1997, in 
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Guangxi about 30%, and in Anhui 40-60% in 1988 (Li and Wang 2003.  Note: termite hazard data from 
different sources in China are not very consistent). One wood construction development in Guangdong 
was inspected for the durability survey project in 2007 (Ricketts et al. 2007). Unfortunately no termite 
prevention measures were taken from the beginning for an area with such a severe hazard, and as a result 
it was found that termites were causing severe damage including damage to the structural components. 
Appropriate termite prevention and control should have been incorporated into design and construction of 
wood construction in areas with such high termite hazard.  
         
4.2.2 Beijing 

Beijing is very close to the northern boundary of the Reticulitermes zone and the termite hazard is low. In 
Beijing there is only one family of termites with the genus Reticulitermes and two species: R. chinensis 
and R. speratus. 
 
Termites are found attacking modern residential buildings, old structures, and trees. They have been 
found in many parts of Beijing including Tongzhou District (the original Tong County), Haidian District, 
Fengtai District, Changping District, Xicheng District, Mentougou District and Xuanwu District. Termite 
control was not paid attention to until a house collapsed causing death and injury in Tong County in 1959. 
An official termite prevention and control organization was established in 1963, subordinated to the Real 
Estate Administration of Beijing.  
 
Currently the Beijing Municipal Bureau of State Land and Resources is the organization responsible for 
termite management in Beijing, and it issued a notice on termite prevention and control for construction 
in 2001 (No. 371, 2001). According to the notice, termite prevention, inspection and control are advised 
to be carried out for new, and newly remodelled, expanded and renovated construction in the districts 
including Xicheng, Xuanwu, Haidian, Fengtai, Tongzhou, Changping and Mentougou. But it has not been 
implemented rigorously. Based on our survey work, termite prevention was done for some wood-frame 
construction projects in Beijing. 
 
4.2.3 Shanghai 

Shanghai is very close to the northern boundary of the Coptotermes zone so the termite hazard is variable 
within the city and not as high as areas immediately to the south. Eleven termite species belonging to four 
genera and three families have been identified in Shanghai, compared to 59 termite species belonging to 
four families and 17 genera in the neighbouring Zhejiang Province, and 24 species of three families and 
six genera in Jiangsu Province. The termite species in Shanghai include three species of Coptotermes: C. 
formosanus, C. shanghaiensis and C. suzhouensis, six species of two sub-genera of Reticulitermes: R. 
labralis, R. chinensis and R. leptomandibularis of Planifrontotermes, and R. flaviceps, R. speratus and R. 
affinis of Frontotermes. The alates of Frontotermes swarm between the middle February and April, those 
of Planifrontotermes swarm between April and the middle of May, and the alates of Coptotermes swarm 
in April and May until early July. The only Odontotermes species in Shanghai is O. formosanus, which is 
mainly in Yushan District, and its alates swarm in the same season as Coptotermes. In Shanghai, a type of 
drywood termite, Incisitermes minor（Hagen）was introduced from other countries and found three 
times in the 1970s. But it is believed that it has since been eradicated. 
 
Shanghai is in the moderate termite hazard zone in China. Overall termites are evenly distributed in the 
whole municipal area, but with higher hazard in some localities. The termite hazard in Shanghai used to 
be severe. Based on a survey in 1958, termite attack to buildings was as high as 60-70%. But it was 
reduced to 3% in the 1980’s after intensive and massive termite control. Based on a new survey by the 
Termite Prevention and Control Professional Association of the China Property Management Association 
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in 2004, the termite attack rate in Shanghai was 4% (The same survey showed that the termite attack in 
both Zhujiang Area and Yangtze River Triangle Area was approximately 9%). Currently there are no 
local regulations or policies on termite management. Shanghai Public Building Administration Office is 
undertaking research to enact termite management regulations, based on the Regulations on Termite 
Management for Urban Buildings (Regulation No. 130) issued by the Ministry of Construction. However, 
there has been termite prevention and control work done by registered PCOs (pest control operators) 
every year. In 2005, control work was done on 8096 units and prevention work was done on 333,000 
square meters of buildings in Shanghai. Based on the durability survey (Ricketts et al. 2007), termite 
prevention was done for some wood-frame construction projects, and one project used CCA-treated wood 
for all structural components. Termite attack was found in posts in ground contact in a project which did 
not use any termite prevention measures.  
 
4.2.4 Nanjing, Wuxi and Suzhou in Jiangsu Province 

The major termite species that cause damage in Nanjing, Wuxi and Suzhou are Coptotermes including 
C. formosanus, C. suzhouensis, C. communis, C. grandis, Reticulitermes including R. labralis, 
R. chinensis, R. flaviceps, and Odontotermes including O. fontanellus and O. formosanus. 
 
Termite attack has been found in many buildings including those framed with steel and concrete. Termite 
damage in these three cities used to be very severe and residents were even killed due to building 
collapse. For example, based on five surveys on all buildings in Suzhou from 1959 to 1968, overall 75% 
of buildings were infested by termites. According to a general survey on termite damage between 1978 
and 1982, the attack rate was 72% based on households, and 20% based on construction area. In some 
parts of the city, the attack rate was as high as 94% based on households. In Wuxi it was reported in May 
1992 that residential buildings in 54 recently-built villages were damaged by termites, and in 1996 
reportedly there were 92 new villages attacked. In Nanjing, it was reported that the termite infestation rate 
of protected historical buildings was 100%.  
 
4.2.5 Dalian and Other Cities in Liaoning Province 

The major termite species in Dalian is Reticulitermes speratus. In the 1980’s five houses in Sanshilibao 
Town of Jinzhou District collapsed because of termite attack to beams. Similar accidents also happened in 
other towns in Dalian, and termite alates have been found in many buildings. From 1980 to 1993, there 
were 3,577 buildings attacked by termites, with a total building area of 1.196 million square meters. 
 
The major regulation and policy for termite control in Dalian City is the Notice of Mandatory 
Implementation issued by the Real Estate Management Bureau of Dalian City, about “the Administrative 
Provisions for Prevention and Control of Termites in Urban Houses” by the Ministry of Construction. The 
regulation stipulates that termite prevention must be conducted for new buildings, or rebuilding, 
expanding, and renovating existing buildings in areas with termite hazard. Termite control has been 
implemented in the four urban districts of Dalian city, as well as in Jinzhou, Lushun and Wafangdian. 
 
There has been no reported termite attack in Shenyang of Liaoning Province. 
 
4.2.6 Qingdao and Other Cities in Shandong Province 

The major termite species in Qingdao are Reticulitermes speratus, R. chinensis and R. qingdaoensis. R. 
speratus is the most common species and R. qingdaoenesis is a local species. Termite attack has been 
found in all seven districts of Qingdao Municipality, with more severe attack in Shinan District, Shibei 
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District, Sifang District and Licang District. Termites are mainly found attacking wood components of 
low-rise residential buildings, and April and May are peak swarming periods for alates in Qingdao. 
 
Among other cities in Shandong Province, termite attack has been found in Yantai City, Weihai City, 
Qufu City and Rizhao City. No attack has been reported for Jinan. 
 
4.2.7 Wuhan in Hubei Province 

There are 17 termite species in total falling into six genera and two families in Hubei Province, of which 
Wuhan is the capital city. Based on the information provided by the Wuhan Termite Control Institute, six 
species of four genera and two families have been identified in Wuhan: including Coptotermes 
formosanus Shiraki, Reticulitermes Planifrontoremes chinensis (Snyder), R. Frontotermes 
flaviceps（Shiraki）, Odontotermes formosanus（Shiraki）, Macrotermes barneyi and Pericapritermes 
jangtsekiangensis. 
 
Termite attack has been found in buildings, dykes and trees. About 100,000 nests were found and 
eradicated from 1956 to 1996, with over 300 from the dykes between Wuhanguan and Roulianchang. The 
termite infestation in buildings was over 80% in 1959, but reportedly dropped to 20% in 1996. Based on 
the information from the Wuhan Termite Control Institute in 2006, approximately 3 million square meters 
of houses are attacked by termites every year, and damage is mainly found in wood flooring, door, 
windows, furniture and even clothes, with direct annual economic losses of about 30 million yuan in 
RMB. It is estimated that about 90% of the high-profile historical structures in Wuhan have been attacked 
by termites. 
 
Starting in 1989, termite prevention has been carried out for new buildings in Wuhan, and among all new 
construction with a total area of 69.55 million square meters. 60% of the total and 99% of construction in 
urban areas was implemented with termite prevention from 1989 to 2005. By comparison, termite 
prevention is not well done in suburban areas and less developed areas. Termite control was carried out 
for 5 million square meters of existing houses between 2001 and 2005, with the annual control area of 
1 million square meters. Based on our survey on one wood-frame construction in Wuhan, termite attack 
was found on untreated wood components in ground contact (Ricketts et al. 2007). 
 
4.2.8 Chongqing  

The major termite species in Chongqing area are Coptotermes formosanus, Reticulitermes chinensis and 
Odontotermes formosanus. According to a termite survey in the urban area of Chongqing City by the 
Termite Prevention and Control Institute of Chongqing in 2007, termite attack increased by 30% 
compared to that in 2006. Termites have been very active, and they have even been found above the 
20th floor in high rises, with the highest on the 32nd floor. A random sampling survey on houses in the 
urban area, villages, and towns of Wanzhou city of Chongqing conducted by the Termite Prevention and 
Control Institute of Chongqing in 2007 showed that the termite attack rate was about 30-40%. Termite 
attack is very common and severe in historical buildings in the Chongqing area. 
 
4.2.9 Chengdu in Sichuan Province  

Reticulitermes chinensis Snyder is the major termite species in Chengdu. Coptotermes formosanus 
Shiraki was found in recent years, identified as an introduced species. It is believed that there are other 
Reticulitermes species in Chengdu, although no systematic studies on local termite species have been 
undertaken in that city.  
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Based on a survey of termite hazard in Xicheng District of Chengdu in 1983, the attack rate for buildings 
was 36%. According to a more recent survey in 1995 on termite damage of ancient buildings in Chengdu, 
100% of old buildings at scenic and historical sites in the urban and suburban areas were infested by 
termites. Termite swarming has been reported and termite control work has been done on about 300 
buildings each year. 
 
4.2.10 Xi’an in Shaanxi Province 

Reticulitermes chinensis Snyder has been identified in Xi’an City. The traditional Chinese courtyard 
houses have been the main targets, with attack to ground-contact wood components, columns, beams and 
rafters. The damage ranges from surface grazing to severe damage with hollowed out components. Based 
on reports in 1964, the House Administration Bureau of Xi’an City estimated that over 50% of old houses 
were infested with termites. In the 1980’s, over 24% of the houses in 40 lanes between Nandajie and 
Dongdajie in Xi’an City were infested by termites, with the worst infestation rate in Dongmutoushi Lane 
at 44%. In 1998, Xi’an Termite Control Institute received over 2,000 reports about termite damage 
between April and May, mainly from urban districts and suburban counties, on building types ranging 
from old bungalows to newly-built concrete buildings. 
 
4.2.11 Jilin Province, Xinjiang Uygur Autonomous Region and Lhasa City in Xizang Autonomous 
Region 

There have been no reports on identified termite species or damage in Jilin Province, Xinjiang Uygur 
Autonomous Region and Lhasa City in Xizang Autonomous Region.  
 
 

5 Integration of Decay Map and Termite Map 
In order to achieve simplicity and facilitate potential implementation, an integrated biological hazard map 
was created based on the above decay and termite map. When the two boundary lines in the decay map of 
Figure 1 and the two boundary lines in the termite map of Figure 3 are put together in Figure 4, it was 
found that the trends of these boundaries are relatively consistent, probably as both hazards are closely 
associated with climatic and geographical conditions. After considering various local conditions and also 
in consultation with experts in China, four comprehensive zones from north to south using three 
boundaries are created and proposed in Figure 5: low hazard zone Ⅰ with low decay hazard and no 
termites, moderate hazard zone Ⅱ with moderate decay hazard but no termites, moderate hazard zone Ⅲ 
with moderate decay hazard and Reticulitermes, and severe hazard zone Ⅳ with severe decay hazard and 
both Reticulitermes and Coptotermes. Two zones are identified for the moderate hazard depending on the 
presence or absence of termites, because termites need extra prevention measures compared to decay. In 
addition to design and construction details, the normal way to prevent decay is by preservative treatment 
or by using naturally durable species, while the normal way to prevent termite could include additional 
soil termiticide treatment and other barriers in order to prevent termite intrusion. Based on this 
classification, cities including Urumqi, Hohhot, Xining, Lanzhou, and Yinchuan fall into the low hazard 
zone; Harbin, Changchun, Shenyang, and Lhasa are in the moderate without termite zone; Beijing, 
Tianjin, Dalian, Qingdao, Shijiazhuang, Ji’nan, Xi’an, Nanjing, Suzhou, and Shanghai fall into the 
moderate zone with termites; and Hangzhou, Wuhan, Chengdu, Chongqing, Kunming, Changsha, and 
other southern cities are in the severe hazard zone. Shanghai and its surrounding area could fall into a 
severe zone, but it was allocated into a moderate zone giving the consideration for its current relatively 
low termite hazard even with the presence of Coptotermes. But attention should be paid to specific site 
hazard and the change of the termite hazard.  
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Figure 4 Termite boundaries and decay zone boundaries  
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Figure 5 Integrated biological hazard map for China   
 
From the map it can be anticipated that wood used in Zone Ⅰ is relatively safe from decay or termites, 
but wood used in Zone Ⅳ requires the most stringent measures to prevent decay and termite attack. It 
should be noted that this map can only serve as a general guide for wood protection. There are no strict 
lines in reality between the four proposed hazard zones, and proper protection against decay and termites 
should be provided with consideration given to local conditions. Even in the same zone, the hazard varies 
widely. For example, it does not mean that the same protection methods should be applied in Shanghai 
and Beijing based on their both being classified as a moderate decay zone with termites. Shanghai has a 
Scheffer Index of 68, just below the boundary of 70 for severe hazard zone, while Beijing has a rating of 
35 right on the boundary for the low hazard zone. They also have very different termite hazards, since 
Shanghai has both Coptotermes and Reticulitermes, but Beijing has only a relatively low hazard of 
Reticulitermes. Moreover, proper wood protection should also consider other factors, such as site 
exposure degrees, site-specific hazards, and design and construction details. 
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In terms of measures for termite prevention and control, the Ministry of Construction in China released a 
revised regulation of Termite Prevention and Control for Urban Buildings in 1999, and it stipulates that 
all areas other than Xinjiang, Inner Mongolia, Ningxia, Qinghai, Jilin and Heilongjiang (they are all 
located in the zones with no termites in the map) should carry out site management and soil treatment for 
all new and newly remodelled and expanded urban buildings, since termites could attack any types of 
structures. It is a mandatory regulation in many cities implemented by the local government, but Shanghai 
is not one of them. In terms of wood protection measures it should be pointed out that it is hard to specify 
detailed wood treatment requirements for different zones at this early stage. This map should be validated 
and refined with field testing and in-service data when possible.  However, for Zone Ⅳ, pressure 
treatment with preservatives for all wood components, together with multiple lines of defence against 
termites are required. For construction of wood frame houses in the moderate zone with termites, we can 
take Shanghai as an example. In the draft of Shanghai local code, an integrated termite prevention system 
including one termite barrier, together with design and construction details, and the use of treated wood or 
naturally durable wood for exterior or applications in contact with concrete or masonry, is required, and 
the use of termite-resistant wood for the whole structure is recommended. If we extend the subject from 
the material only to wall assembly design, the use of treated wood could certainly make wood more 
forgiving by relieving potential pressure caused by moisture accumulation as a result of inappropriate 
design, considering the difficulty of vapor control in mixed climate zones, especially with the 
requirements for air tightness while the high chance of rain penetration. It should also be pointed out that 
this hazard map should be taken as a living document, since the biological hazard may change with other 
conditions, including climate and human activities.  
 
Table 1 Summary of biological hazards for representative cities in China  
 
No. City Longitude Latitude Scheffer Climate Index Decay hazard  Termite hazard* Overall hazard* 

1 Harbin 126º46′ 45º45′ 41 Moderate No 
Moderate, no 

termite 
2 Urumqi 87º39′ 43º47′ 19 Low No Low 
3 Hohhot 111º41′ 40º49′ 32 Low No Low 
4 Beijing 116º28′ 39º48′ 35 Moderate R Moderate, R 
5 Tianjin 117º40′ 39º05′ 29 Low R Moderate, R 
6 Dalian 121º38′ 38º54′ 26 Low R Moderate, R 
7 Qingdao 120º20′ 36º04′ 35 Moderate  R Moderate, R 
8 Chengdu 104º10′ 30º40′ 87 High R, C Severe 
9 Kunming 102º39′ 25º00′ 77 High R, C Severe 
10 Xi'an 108º56′ 34º18′ 44 Moderate R Moderate, R 
11 Wuhan 114º08′ 30º37′ 69 Moderate R, C Severe 
12 Chongqing 106º28′ 29º35′ 103 High R, C Severe 
13 Nanjing 118º48′ 32º00′ 61 Moderate R, C Moderate, R, C 
14 Shanghai 121º27′ 31º24′ 68 Moderate R, C Moderate, R, C 
15 Hangzhou 120º10′ 30º14′ 96 High R, C Severe 
16 Xiamen 118º40′ 24º29′ 81 High R, C Severe 
17 Guangzhou 113º20′ 23º10′ 131 High R, C Severe 
 Vancouver 123º11′ w 49º12′ 50 Moderate R, very low Moderate 
 Toronto 79º38′ w 43º41′ 44 Moderate R Moderate, R 
*: R: Reticulitermes, C: Coptotermes, Formosan termite is one of its species 
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Despite all the uncertainties, the one thing that is clear from the map is that a very large region in China 
has a severe decay and termite hazard. The highest population densities are in the Southwest, South, 
Central China, Southeast, and Northeast with the strongest economic development on the east coast 
including: Greater Guangdong, Greater Shanghai and Greater Beijing. Based on the above map, almost all 
of these areas are in severe or moderate hazard zones. Hence, sufficient attention must be paid to 
protection of wood construction development in China. On the other hand, as long as appropriate 
protection is provided, wood can be used to meet customer expectations without any premature failure. 
This has been demonstrated in many other regions in the world with severe decay and termite hazards, 
such as Hawaii and Florida.  
 
 

6 Conclusions 
Four biological hazard zones are proposed for China based on decay hazard and termite hazard. The 
decay hazards are classified based on the Scheffer Climate Index for above-ground wood structures, with 
35 and 70 as the boundaries for low, moderate and severe hazard zones. The three termite zones are 
classified based on the presence of Reticulitermes and Coptotermes species: (1) No Reticulitermes or 
Coptotermes, (2) Reticulitermes species only, (3) Reticulitermes and Coptotermes species. The four 
integrated biological zones include:  low hazard zone Ⅰ with low decay hazard and no termites, moderate 
hazard zone Ⅱ with moderate decay hazard but no termites, moderate hazard zone Ⅲ with moderate 
decay hazard and Reticulitermes, and severe hazard zone Ⅳ with severe decay hazard and both 
Reticulitermes and Coptotermes. Compared to the hazards in North America, a much larger area in China 
has severe decay and termite hazards. It is also evident from the map that the areas with the highest 
population densities, and also containing the most economically important east-coast areas around 
Guangdong, Shanghai and Beijing, fall into the severe or moderate hazard zones. It is hoped that the 
information can be used by designers and builders as a general guide for designing for certain climate 
loads and biological hazards for achieving durability. Such a classification aims to pave the way for 
developing appropriate requirements for wood protection against decay and termites in different regions. 
The study also sends a strong message that proper wood protection in China is critical and economically 
important. It helps to promote wood conservation and unnecessary waste reduction, which is of great 
significance to China due to its limited forest resources, high proportions of plantation wood, and heavy 
reliance on imports.  
 
 

7 Future Work 
• Carry out field testing work on detailed decay and termite hazard and related performance of typical 

wood products for proposed zones. 

• Continue to assemble in-service durability performance data for important areas. 

• Develop specifications for wood protection for different areas. 

• Help develop appropriate building assemblies for different environmental loads.  
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Appendix I 
Relevant Climatic Maps 

General climate information is assembled in this part of the report, considering its relevance to decay and 
termite hazard, and its importance as part of the environmental loads for design and construction of wood 
structures. But the information here only serves background information, since this report does not deal 
with the effect of climate on building enclosure design, which is a much broader topic and requires much 
more work from building scientists. China is a large country with widely varied climatic conditions. The 
following maps of temperature (Figure 6), precipitation (Figure 7), rainy days (Figure 8), and wind-driven 
rain (Figure 9) were created based on daily climate normals provided by the China Meteorological 
Administration for 194 stations in mainland China for the period from 1996 to 2005. In order to make the 
maps clear, only 17 representative cities are positioned. Overall, the climate tends to be warmer and 
wetter in the south in China. Just as with decay and termite hazards, a much higher proportion of land in 
China than in North America proves to be warm and wet by comparing the climatic maps here with the 
precipitation map and the hygrothermal map of North America (Lstiburek 2001). This implies that it is 
more crucial to implement appropriate moisture control measures for wood structures. In particular, rain 
penetration control is critical, while condensation prevention becomes much trickier. The wind-driven 
rain index in Figure 9 was calculated with the annual rainfall and the mean wind speed as a very general 
index using the same calculation as Sauer (1987) but with more recent climate data and more data points 
across the country. The classification is based on that used by Boyd (1961): sheltered zone with the index 
below 3 m2/s, moderate hazard zone between 3 and 7 m2/s, and severe zone with index higher than 7 m2/s. 
Very similar to Sauer’s results (1987), such a classification produces a very narrow strip in the south close 
to Hong Kong as a severe zone, and a larger area in the south including Shanghai as the moderate zone, 
with the majority falling into the sheltered zone (Figure 9). Overall, the coastal area in the south is much 
less sheltered during rain events, just like the coastal cities in Canada (Boyd 1961).  
 
The climate related indexes, including heating degree days and cooling degree days of 17 representative 
cities across the country were calculated using the daily climate normals as general climatic information 
and summarized in Table 1, in comparison with the weather data of Vancouver and Toronto. The 
information indicates again that a very large area in China, particularly in the south, has very different 
climates, and usually much more severe conditions for wood construction than most areas in Canada. 
Obviously the overall trend of the decay and termite hazard, as described in the previous parts, is highly 
consistent with those of climatic indexes, and all the information indicates the importance of wood 
protection in China, especially in the south. 
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Figure 6 Temperature map of China 
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Figure 7 Precipitation map of China 
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Figure 8 Map of rainy days 
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Figure 9 Wind-driven rain map of China 
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Appendix II  
Climatic Feature of Representative Cities 

Table 2 Climatic features of 17 representative cities  
 

No. City Longitude Latitude 
Mean 

temperature (℃) 
Precipitation 

(mm) 
Mean RH 

(%) 
Mean wind 
speed (m/s) 

1 Harbin 126º46′ 45º45′ 5.4 551 63.1 2.8 
2 Urumqi 87º39′ 43º47′ 7.7 359.8 57.4 2.5 
3 Hohhot 111º41′ 40º49′ 7.8 433.8 50.7 1.6 
4 Beijing 116º28′ 39º48′ 13.1 555.7 54.8 2.4 
5 Tianjin 117º40′ 39º05′ 13 539.8 63.5 2.2 
6 Dalian 121º38′ 38º54′ 11.6 592 63.5 4.2 
7 Qingdao 120º20′ 36º04′ 13.4 352.9* 54.9 4.1 
8 Chengdu 104º10′ 30º40′ 16.9 903.7 78.1 1.3 
9 Kunming 102º39′ 25º00′ 16.1 1185.6 68.2 1.6 
10 Xi'an 108º56′ 34º18′ 14.8 614.9 65 1.3 
11 Wuhan 114º08′ 30º37′ 17.7 1436.4 73.8 1.1 
12 Chongqing 106º28′ 29º35′ 18.6 1303 79.7 1.5 
13 Nanjing 118º48′ 32º00′ 16.3 1208.9 73.8 1.9 
14 Shanghai 121º27′ 31º24′ 17.1 1280.1 74.9 3.2 
15 Hangzhou 120º10′ 30º14′ 17.3 1548.4 74.9 1.9 
16 Xiamen 118º40′ 24º29′ 21.1 1555.3 77.4 2.5 
17 Guangzhou 113º20′ 23º10′ 22.6 1995.3 75.3 1.6 
 Vancouver 123º11′ w 49º12′ 10.1 1199 78.5 3.3 
 Toronto 79º38′ w 43º41′ 7.5 793 73.2 4.1 
 

No. City Longitude  Latitude 
Wind-driven rain

index (m•m/s) CDD 26  HDD 18 Solar hours 
1 Harbin 126º46′ 45º45′ 1.5 0 5020 2376 
2 Urumqi 87º39′ 43º47′ 0.9 0 4219 2521 
3 Hohhot 111º41′ 40º49′ 0.7 0 4067 2714 
4 Beijing 116º28′ 39º48′ 1.3 52 2686 2506 
5 Tianjin 117º40′ 39º05′ 1.2 55 2715 2197 
6 Dalian 121º38′ 38º54′ 2.5 0 2921 2628 
7 Qingdao 120º20′ 36º04′ - 3 2371 2253 
8 Chengdu 104º10′ 30º40′ 1.2 21 1267 950 
9 Kunming 102º39′ 25º00′ 1.9 0 986 2146 
10 Xi'an 108º56′ 34º18′ 0.8 93 2103 1595 
11 Wuhan 114º08′ 30º37′ 1.6 237 1428 1863 
12 Chongqing 106º28′ 29º35′ 2.0 168 1014 976 
13 Nanjing 118º48′ 32º00′ 2.3 138 1702 1936 
14 Shanghai 121º27′ 31º24′ 4.1 169 1457 1756 
15 Hangzhou 120º10′ 30º14′ 2.9 180 1433 1640 
16 Xiamen 118º40′ 24º29′ 3.9 153 418 1889 
17 Guangzhou 113º20′ 23º10′ 3.2 286 256 1524 
 Vancouver 123º11′ w 49º12′ 4.0 - 2926 1928 
 Toronto 79º24′ w 43º40′ 3.3 - 4066 2038 
*: It was confirmed that the cities around Qingdao had higher precipitation during the same period.
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Table 3 Mean monthly and annually temperatures of representative Chinese cities (ºC) 
 

No. City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. 
Mean 
annual 

1 Harbin -17.0 -11.3 -2.2 8.6 16.0 21.7 23.8 21.5 15.8 6.5 -4.8 -14.4 5.4 
2 Urumqi -12.3 -8.6 0.1 10.7 17.7 22.5 23.9 22.8 17.5 8.8 -1.3 -9.5 7.7 
3 Hohhot -10.7 -5.4 1.7 10.3 16.7 21.8 23.6 21.6 16.0 7.7 -1.3 -8.3 7.8 
4 Beijing -3.0 0.7 7.3 14.9 20.8 25.0 27.3 25.5 21.0 13.4 4.9 -0.9 13.1 
5 Tianjin -3.6 0.2 7.0 15.0 20.7 25.0 27.2 25.8 21.2 13.6 5.0 -1.2 13.0 
6 Dalian -3.6 -0.8 4.4 10.9 16.8 21.4 24.3 24.5 21.3 14.2 6.2 -0.4 11.6 
7 Qingdao 0.2 2.1 6.3 11.8 16.9 21.0 24.9 25.4 22.3 16.9 9.7 2.8 13.4 
8 Chengdu 6.3 9.0 12.8 17.6 21.6 24.1 26.2 25.3 22.1 18.0 12.9 7.4 16.9 
9 Kunming 9.5 11.8 15.0 18.1 19.3 20.4 20.4 20.3 18.7 16.5 12.7 9.8 16.1 
10 Xi'an 0.9 4.7 10.2 16.3 21.2 26.2 27.7 25.4 21.0 14.5 7.6 2.0 14.8 
11 Wuhan 4.7 7.6 11.8 18.3 23.0 26.7 29.6 28.4 24.9 18.8 12.5 6.5 17.7 
12 Chongqing 8.1 10.4 14.3 19.2 22.3 25.0 28.6 28.0 24.5 18.7 14.4 9.2 18.6 
13 Nanjing 3.0 5.7 9.9 16.4 21.3 25.1 28.4 27.4 23.9 17.9 11.4 5.4 16.3 
14 Shanghai 4.9 6.5 10.1 15.9 20.6 24.5 28.5 28.1 25.0 19.7 14.0 7.7 17.1 
15 Hangzhou 4.9 7.0 10.8 16.9 21.6 25.1 28.9 28.1 24.6 19.2 13.2 7.3 17.3 
16 Xiamen 13.2 13.4 15.7 19.9 23.5 26.3 28.1 27.8 26.3 23.4 19.8 15.3 21.1 
17 Guangzhou 14.2 15.3 18.6 22.9 26.1 28.0 28.8 28.6 27.2 24.8 20.4 15.6 22.6 
 
 
Table 4 Mean monthly and annually precipitations of representative Chinese cities (mm) 
 
No. City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual 
1 Harbin 6 2 12 22 37 86 148 145 40 28 18 7 551 
2 Urumqi 18 14 20 44 46 33 52 42 22 22 25 22 360 
3 Hohhot 3 4 8 23 42 60 114 90 59 22 4 5 434 
4 Beijing 5 7 10 31 41 72 164 121 49 38 14 4 556 
5 Tianjin 4 5 4 25 42 94 147 122 43 40 13 3 540 
6 Dalian 7 9 8 36 45 82 125 169 50 38 15 8 592 
7 Qingdao 6 8 8 21 29 37 65 90 44 20 19 7 353 
8 Chengdu 7 10 19 51 72 118 218 236 117 35 14 6 904 
9 Kunming 26 11 24 31 125 224 258 240 117 79 36 15 1186 
10 Xi'an 8 10 20 39 60 74 102 95 100 74 25 8 615 
11 Wuhan 60 65 87 169 161 232 281 122 74 73 71 41 1436 
12 Chongqing 25 26 55 124 185 256 215 156 101 79 57 25 1303 
13 Nanjing 57 45 89 90 88 203 224 176 66 71 62 40 1209 
14 Shanghai 90 59 95 81 100 217 142 237 78 59 65 57 1280 
15 Hangzhou 102 92 150 125 133 252 210 200 68 65 78 74 1548 
16 Xiamen 43 86 115 147 198 235 139 282 172 81 20 37 1555 
17 Guangzhou 47 53 81 203 308 366 272 314 220 76 22 33 1995 
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Table 5 Mean monthly and annually relative humidities of representative Chinese cities (%) 
 
No. City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Mean 
1 Harbin 71 66 54 48 50 59 74 77 66 59 64 70 63 
2 Urumqi 78 76 69 47 42 41 45 44 43 54 73 77 57 
3 Hohhot 59 48 41 36 40 45 56 60 58 54 55 57 51 
4 Beijing 44 42 41 47 52 59 69 73 66 59 56 49 55 
5 Tianjin 61 57 52 51 57 65 75 77 72 65 66 65 64 
6 Dalian 56 56 53 56 61 71 82 80 68 61 60 57 64 
7 Qingdao 49 50 51 53 57 62 66 63 55 50 51 50 55 
8 Chengdu 80 76 73 73 72 78 82 83 81 81 79 80 78 
9 Kunming 64 58 55 54 64 75 79 77 74 76 73 70 68 
10 Xi'an 62 59 58 60 60 56 66 73 75 75 72 66 65 
11 Wuhan 75 73 73 72 73 76 75 76 72 73 75 74 74 
12 Chongqing 83 78 76 76 79 82 76 75 78 85 85 84 80 
13 Nanjing 73 70 70 68 71 75 78 80 76 75 76 74 74 
14 Shanghai 74 73 74 73 75 80 79 79 76 73 73 72 75 
15 Hangzhou 74 74 75 72 74 78 75 78 76 75 75 74 75 
16 Xiamen 74 78 80 80 82 84 81 82 77 71 71 71 77 
17 Guangzhou 71 76 79 81 80 81 79 80 76 69 67 64 75 
 
 
Table 6 Mean monthly and annually wind speeds of representative Chinese cities (m/s) 

No. City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Mean 
1 Harbin 2.4 2.7 3.2 3.3 3.2 2.9 2.5 2.3 2.4 2.9 2.8 2.5 2.8 
2 Urumqi 1.7 2.0 2.5 3.3 3.2 3.0 2.9 2.9 2.9 2.3 1.9 1.7 2.5 
3 Hohhot 1.4 1.6 2.1 2.3 2.1 1.8 1.4 1.3 1.3 1.5 1.4 1.3 1.6 
4 Beijing 2.4 2.6 3.0 2.9 2.7 2.5 2.1 2.0 2.0 2.1 2.2 2.3 2.4 
5 Tianjin 2.2 2.3 2.9 3.0 2.6 2.3 1.9 1.7 1.8 2.1 2.0 2.0 2.2 
6 Dalian 4.5 4.6 4.8 4.8 4.2 3.8 3.8 3.6 3.7 4.1 4.5 4.6 4.2 
7 Qingdao 4.5 4.3 4.4 4.6 4.4 4.0 3.6 3.6 3.6 3.9 4.3 4.6 4.1 
8 Chengdu 1.0 1.2 1.5 1.6 1.6 1.5 1.4 1.4 1.4 1.1 1.1 0.9 1.3 
9 Kunming 1.6 1.9 2.2 2.1 1.9 1.6 1.4 1.3 1.4 1.4 1.2 1.3 1.6 
10 Xi'an 1.1 1.3 1.5 1.5 1.6 1.7 1.7 1.6 1.3 0.9 0.9 0.9 1.3 
11 Wuhan 1.0 1.0 1.1 1.3 1.1 1.1 1.2 1.4 1.2 1.0 0.9 0.9 1.1 
12 Chongqing 1.3 1.4 1.6 1.6 1.6 1.5 1.6 1.7 1.6 1.3 1.3 1.3 1.5 
13 Nanjing 1.8 2.0 2.3 2.2 2.0 2.0 1.9 2.0 2.1 1.7 1.7 1.7 1.9 
14 Shanghai 3.1 3.2 3.4 3.3 3.2 3.1 3.1 3.4 3.6 3.1 3.0 3.1 3.2 
15 Hangzhou 1.9 2.0 2.1 2.1 1.9 2.0 2.1 2.1 2.1 1.7 1.7 1.7 1.9 
16 Xiamen 2.5 2.6 2.4 2.2 2.2 2.4 2.5 2.4 2.5 2.9 2.9 2.8 2.5 
17 Guangzhou 1.6 1.6 1.6 1.7 1.6 1.7 1.7 1.4 1.4 1.5 1.6 1.6 1.6 
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Table 7 Mean monthly and annually solar hours of representative Chinese cities (hours) 
 

No. City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Annual 
1 Harbin 120 173 215 209 241 256 226 221 239 198 153 126 2376 
2 Urumqi 83 127 181 259 301 295 296 293 272 228 116 71 2521 
3 Hohhot 150 187 236 262 285 267 264 260 236 231 185 154 2714 
4 Beijing 181 198 234 232 260 227 208 209 207 206 174 171 2506 
5 Tianjin 157 167 203 208 217 199 191 186 196 188 145 141 2197 
6 Dalian 191 198 242 249 268 242 210 227 238 217 173 176 2628 
7 Qingdao 164 180 212 214 222 185 162 182 205 200 167 161 2253 
8 Chengdu 37 47 78 107 124 98 119 111 78 59 49 43 950 
9 Kunming 225 224 245 242 193 128 114 129 131 138 188 190 2146 
10 Xi'an 78 94 123 154 187 198 186 167 136 107 95 69 1595 
11 Wuhan 103 101 133 160 177 165 217 208 194 149 140 116 1863 
12 Chongqing 13 32 75 120 122 89 161 153 120 44 34 14 976 
13 Nanjing 125 129 159 173 184 168 205 188 178 164 144 120 1936 
14 Shanghai 115 122 136 153 159 141 186 179 166 156 127 117 1756 
15 Hangzhou 98 100 120 144 149 140 206 173 151 142 120 98 1640 
16 Xiamen 135 109 117 125 130 157 228 199 180 189 163 159 1889 
17 Guangzhou 114 78 70 72 101 124 167 155 156 168 158 161 1524 
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Appendix III 
Scheffer Climate Index for Cities across China 

 
Table 8 Scheffer’s Climate Index values for all sites used in the decay map 
 

Sites  Index Sites  Index Sites  Index 
Anhui   Hubei   Shaanxi   
Anqing 75 E’xi 102 Hanzhong 66 
Bangbu 59 Laohekou 68 Yan’an 39 
Haozhou 43 Wuhan 69 Yulin 28 
Hefei 62 Yichang 86 Xi’an 44 
Huoshan 87 Hunan   Shandong   
Beijing   Changde 88 Chengshantou 31 
Beijing 35 Changsha 96 Dingtao 35 
Chongqing   Lingling 101 Huiminxian 29 
Chongqingshapingba 103 Zhijiang 90 Ji’nan 38 
Youyang 78 Jilin   Weifang 33 
Fujian   Changchun 42 Yanzhou 36 
Fuzhou 102 Linjiang 52 Shanxi   
Nanping 117 Qian’guo’er’luosi 36 Datong 31 
Xiamen 81 Siping 42 Jiexiu 33 
Yong’an 117 Yanji 45 Taiyuan 31 
Gansu   Jiangsu   Yuanping 31 
Dunhuang 0 Dongtai 59 Yuncheng 40 
Hezuo 34 Ganyu 44 Shanghai   
Jiuquan 6 Nanjing 61 Shanghai 68 
Lanzhou 34 Xuzhou 40 Sichuan  
Minqin 12 Jiangxi   Chengdu 87 
Pingliang 38 Ganzhou 111 Ganzi 55 
Tianshui 44 Ji’an 103 Jiulong 80 
Wudu 56 Jingdezhen 94 Litang 44 
Wuqiaoling 26 Nanchang 89 Ma’erkang 72 
Yumenzhen 2 Nancheng 103 Nanchong 79 
Guangdong   Liaoning  Songfan 55 
Guangzhou 131 Benxi 46 Wanyuan 76 
Heyuan 128 Chaoyang 33 Xichang 89 
Shantou 96 Dalian 26 Yibin 110 
Shanwei 101 Dandong 41 Taiwan  
Shaoguan 121 Jinzhou 33 Kaohsiung 70 
Yangjiang 128 Shenyang 38 Taichung 67 
Guangxi   Yingkou 29 Tainan 88 
Baise 91 Zhangwu 32 Taipei City 143 
Guilin 120 Neimenggu (Inner Mongolia) Taitung 76 
Guiping 146 A’bagaqi 22 Tianjin   
Hechi 119 A'ershan 29 Tianjin 29 
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Sites  Index Sites  Index Sites  Index 
Longzhou 122 Balinzuoqi 33 Xinjiang   
Nanning 120 Bayinmaodao 12 Aletai 15 
Qinzhou 142 Boketu 34 Bachu 9 
Wuzhou 126 Chifeng 35 Fuyun 15 
Guizhou   Da’er’hanlianheqi 22 Hami 1 
Bijie 88 Dongwuzhumuqinqi 30 Hebukesai 19 
Guiyang 89 Duolun 30 Hetian 0 
Xinyi 104 Er’lianhaote 15 Jinhe 17 
Zunyi 104 E’tuokeqi 20 Kashen 2 
Hainan   Haila’er 30 Kelamayi 18 
Dongfang 58 Huade 29 Kushen 8 
Haikou 128 Huhehaote 32 Qitai 14 
Qionghai 151 Jilantai 8 Ruoqiang  0 
Heilongjiang   Linxi 33 Shache 1 
Anda 36 Tongliao 28 Tazhong 0 
Fujin 35 Tulihe 30 Tie’ganlike 0 
Hailun 39 Wulatehouqi 18 Tulufan 0 
Harbin 41 Xilinhaote 27 Wulumuqi 19 
Huma 35 Xiwuzhumuqinqi 28 Yi’nin 23 
Jixi 42 Zhaluteqi 28 Xizang   
Keshan 39 Zhurihe 19 Lhasa 51 
Mudanjiang 46 Ningxia   Yunnan   
Nenjiang 36 Yanchi 24 Chuxiong 74 
Qiqiha’er 35 Yinchuan 14 Deqin 46 
Shangzhi 44 Qinghai  Huili 82 
Suifenhe 42 Dachaidan 5 Kunming 77 
Sunwu 37 Dari 25 Lancang 146 
Tonghe 42 Dulan 16 Lijiang 79 
Hebei   Gangcha 24 Lincang 120 
Chengde 40 Ge’er’mu 2 Mengzi 95 
Huailai 35 Guinan 30 Simao 126 
Leting 22 Lenghu 0 Tengchong 124 
Potou 28 Maduo 13 Zhejiang   
Shijiazhuang 38 Qumalai 21 Dinghai 89 
Henan   Tuotuohe 16 Hangzhou 96 
Anyang 34 Xi’ning 38 Linhai 114 
Lushi 52 Yushu 44 Quzhou 100 
Zhengzhou 41      
Zhumadian 52         
Xinyang 65     

 
 




