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Executive Summary 

1. A climate risk and vulnerability assessment has been conducted to estimate the 
potential impacts of climate change on project activities (reservoir construction, agriculture 
activities, controlling desertification in karst areas). The assessment was based on a review of 
available literature regarding the historical trend of climate variables, the projected future trends 
in climate, and an analysis of climate change risk based on available information. It should be 
noted that there were limitations in the data (data were missing, conflicting, non-compatible, etc.) 
and information available. Based on this assessment, some adaptation actions are proposed. 

2. The climate of Guizhou Province is humid summer monsoon of the sub-tropic areas. 
The annual average temperature (1971-2000) in Guizhou Province is 15.5℃, it is between 10℃ 

and 14℃ in the Northern Guizhou, while it is over 14℃ in the most parts of the province. 

3. The annual average precipitation in Guizhou province is 1181mm. The average 
precipitation in summer (June-August) is 559mm, which constitutes 47% of the total yearly 
precipitation. The average precipitation in spring (March- May) is 299mm, which constitutes 26% 
of the total yearly precipitation. The average precipitation in autumn (September-November) is 
231mm, which constitutes 21% of the total yearly precipitation. 

4. The main extreme weather events in Guizhou Province are storms and flooding, and 
the subsequent geological hazards derived from storm and flooding. Drought and freezing rain 
are common extreme weather events as well. 

5. In the 50 years between 1961 and 2010, the annual average temperature for Guizhou 
Province increased by 0.5 ~ 1.0°C, with a rate of increase between 0.10 ~ 0.2℃ / decade. The 
rate of increase in annual average temperature was faster, at 0.25°C / decade, in the southern 
part of the province than in the rest of the province. In the project area, Nayong County 
witnessed an increase in the annual average temperature of 0.75°C, with the rate of increase 
0.15°C / decade. In Anlong County, the annual average temperature increased by 0.5°C, with 
the rate of increase 0.1°C / decade. 

6. The seasonal average temperature for the four seasons displayed a rising trend. The 
rise in average temperature in the spring and summer was less than in the fall and winter. The 
rise in average temperature in the winter was most significant. For the project counties, Nayong 
experienced an average decadal temperature rise of 0.05°C, 0.1°C, 0.1°C and 0.15°C 
respectively for the spring, summer, autumn and winter seasons during the 50 years between 
1961 and 2010. For Anlong county, the average decadal temperature rise was 0.05°C, 0.1°C, 
0.15°C and 0.25°C respectively for the spring, summer, autumn and winter seasons during the 
50 years between 1961 and 2010. 

7. In the 50 years between 1961 and 2010, the annual average precipitation in most of 
Guizhou Province showed a trend of decline, with the western part of the province experiencing 
the greatest decline at over 30 mm / decade and the other parts of the province decreasing at a 
rate of 10-30 mm / decade. In Nayong County, the annual average precipitation decreased at a 
rate of 30 mm / decade. In Anlong County, the annual average precipitation decreased at a rate 
of 20 mm / decade 
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8. In the 50 years between 1961 and 2010, the average seasonal precipitation for the 
spring and autumn in Guizhou Province declined. The rate of decline was higher in the autumn 
than in the spring. Whereas the summer and winter precipitation in most parts of the province 
increased. 

9. In the 50 years between 1961 and 2010, the number of annual precipitation days 
declined at a rate of 2 days / decade in the whole province, except for two counties where the 
annual number of precipitation days experienced an increase. The decline in the southern and 
western parts of the province was more rapid at a rate of 6~9 days fewer days with precipitation / 
decade. The project counties of Anlong and Nayong declined at a rate of 6 days and 4 days 
respectively. 

10. The annual average temperature in the future is projected to continue to rise. The 
increase is projected to be similar for the different RCP emission scenarios before 2030, but 
varies after 2030. Under the RCP8.5 (high) forcing scenario, temperature is projected to continue 
to rise by 0.5°C per decade by the end of the 21st century (2081~2100). Under the RCP4.5 
(medium) forcing scenario, temperature is projected to continue to rise by 2060 but at a slower 
pace after 2060, reaching 2.0°C ~2.5°C at the end of the 21st century. Under the RCP2.6 (low) 
forcing scenario, temperature is projected to continue to rise by 2050 but slowly decline after 
2050, reaching 1.0°C ~1.5°C at the end of the 21st century. 

11. Annual Average Temperature: Under the RCP4.5 (medium) emission scenario, the 
annual average temperature in Anlong county is projected to rise by 0.9°C for 2016~2035, 1.8°C 
for 2046~2065 and 2.2°C for 2081-2100, over that for the baseline years of 1986~2005. 

12. Annual Average Temperature: Under the RCP4.5 (medium) emission scenario, the 
annual average temperature in Nayong county is projected to rise by 0.9°C for 2016~2035 over 
that for the baseline years of 1986~2005, by 1.8°C for 2046~2065 and by 2.7°C for 2081~2100. 

13. The change in annual average precipitation in Guizhou province from 2006 to 2100 is 
projected to be a small increase but the inter-annual variability is large for different scenarios. 
The annual average precipitation before 2050 is projected to have a slow increase under RCP4.5 
and RCP2.6 forcing scenarios, but a slight decrease under the RCP8.5 scenario. After 2050, the 
annual average precipitation is projected to have no visible change under the RCP2.6 forcing 
scenario, a slow increase under the RCP4.5 forcing scenario, but a significant increase under the 
RCP8.5 forcing scenario to reach close to 15% by the end of the 21st century. 

14. Under the RCP4.5 forcing scenario the annual average precipitation in Nayong county 
is projected to decline by 0.2% for 2016~2035 over that for the baseline years of 1986~2005, to 
increase by 2% for 2046~2065, and to increase by 4.6% for 2081~2100. 

15. Extreme climatic events that affect rocky desertification areas of Guizhou Province 
have increased in frequency and intensity. Such events include rainstorms, floods, drought and 
freezing rain. All extreme climatic events, including drought, rainstorms, flooding and freezing 
rains, serve to accelerate the process of rocky desertification. 

16. The frequent high temperatures and lack of precipitation, coupled with exploitation, 
leads to the degradation of grassland ecosystems, which in turn accelerates the process of rocky 
desertification. The yearly changes in precipitation trigger correlational changes in runoff in river 
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basins. Water shortages will occur when a drought takes place. In the past 50 years, extreme 
events have caused damage to water projects in the province. 

17. Forest productivity may increase in a non-linear relationship with temperature increases 
(assuming water availability). While climatic warming will accelerate plant growth and increase 
forest productivity, it will also speed up plant transpiration, shorten the growth period, and affect 
the stability of the forest ecosystem. With rising temperature and decreasing precipitation, 
climatic warming also triggers more frequent forest fires and affects species composition and 
forest structure. 

18. The potential climate change risks for the project are summarized as follows: (i) physical 
damage to dam structures – including premature siltation of reservoirs- from increased storms, 
flooding and increasing temperatures; (ii) reduced availability of water for the reservoirs and 
irrigation due to the decrease of river runoff (and potentially from increased evaporation from the 
reservoir surface); (iii) increased loss of forest cover and rocky desertification risk due to the 
surface area of soil exposed to drying, warming, increased evapotranspiration, and erosion; and 
(iv); increased risks for the winter and spring crops from freezing rain. 

19. Adaptation considerations are incorporated into the dam design. Projected increases in 
frequency of rainstorms and subsequent flooding were one of the main factors for selection of 
the dam locations. Areas prone to geological hazards, such as land subsidence, landslides and 
mud-rock flow, were avoided in the selection of the dam location. 

20.  The design flood standard1 for the dam and spillway is once in a century, and the 
check flood standard is once in two thousand years in the Pingqiao reservoir of Anlong county, 
while the design flood standard for the dam and spillway is once in half century, and the check 
flood standard is once in one thousand years in the Pingshan reservoir of Nayong county. The 
selection of above recurrence intervals, which follow the People’s Republic of China (PRC) 
design standards, have been tested against projected climate change impacts. i.e. increased 
intensity and frequency for future storm and flooding, and increased temperature. 

21. Frost-resistance concrete (F50 standard) will be used in the dam and water transfer 
engineering. It meets the requirement for the frost resistance of concrete engineering in 
Guozhou Province. Further more, the pipes will be enwrapped and buried in the earth, and the 
gate-valve chamber will be built. Therefore, the freezing damages for the concrete engineering 
should be minimized without any other extra protection measures for frost resistance. 

22. The adaptation measures to be implemented for re-vegetation include: (i) selection of 
local and drought-resistant tree species, which can adapt to warmer climate, such as leaf of 

Cinnamomum Camphora (樟树), Osmanthus blossoms (桂花) and Robinia pseudoacacia （刺槐）. 
The local species were chosen, for example, the Camellia oleifera (油茶)，Prunus serrulata (樱桃) 

and Zanthoxylum bungeanum (花椒), the main fruit tree species in Anlong county, while the 

                                                           
1  In the PRC, dam safety standards have two levels: i) "design flood level"—the flood level that the dam can withhold 

under normal operating conditions without causing damage to any dam structures, expressed in terms of average 
probability of exceedance per year. The design flood control level for both Pingqiao and Pingshan dams is 1%, that 
is once in 100 years; ii) "check flood level"—the flood level that the dam can withhold under extreme conditions 
without causing damage to the main dam structures, also expressed in terms of average probability of exceedance 
per year. The design flood control level for Pingqiao dam is 0.05% or once in 2,000 years and Pingshan dam is 
0.1% or once in 1000 years. 
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Punica granatum (布朗李) and Sapindus saponaria (无患子), the main fruit tree species in 

Nayong county. The grass species include Trifolium repens (白三叶), Medicago sativa (紫花苜

蓿 ) and Lolium perenne (黑麦草 ); (ii) closed hillsides to facilitate afforestation; and (iii) 

engineering practices to control water and soil erosion. 

23. The adaptation measures under the sustainable agriculture component of the project 
include the application of water-saving techniques, such as sprinkle and trickle (drip) irrigation 
with fertigation system, control systems for the irrigation, and efficient water transfer system. 
Agro-forestry practices, such as the inter-cropping of fruit tree – grass, fruit tree – Chinese herbs 
and fruit tree – vegetables, will be piloted under the project. 

24. The mitigation actions to be implemented during the project include farmland 
re-vegetation and adoption of biogas recovery. Mitigating greenhouse gas emissions through 
replacement of chemical fertilizer with organic manure in temperate farmland is another 
important mitigation action in the project areas. 

1. Brief project description and approach 

25. Rocky desertification is a type of desertification, which is a process of land degradation 
characterized by vegetation degradation, soil erosion, and bedrock exposure. Rocky 
desertification has been occurring in various countries and regions, including the European 
Mediterranean and Dinaric Karst regions of the Balkan Peninsula, the southwest region of the 
PRC on a large scale, and alarmingly, even in tropical rainforests such as Haiti and Barbados.2 In 
the PRC, rocky desertification is one of the most serious land degradation problems in Karst area 
spreading in eight provinces with 220 million populations in the southwest region (out of which 
six are in the Yangtze River Economic Belt). Southwest PRC is one of the biggest Karst areas in 
the world.3 Karst area is susceptible to rocky desertification due to low soil formation rate and 
high permeability of limestone. Irrational and intensive land use particularly destruction of 
vegetation and cultivation of short-lived grains or vegetables without soil erosion control in 
originally vegetated Karst areas, together with other natural processes related to hydrology and 
ecology, exacerbates soil erosion and results in rocky desertification. Climate change is 
expected to increase temperature and extreme climatic events including floods and droughts in 
frequency and intensity; thus, has a risk of increasing rocky desertification due to the surface 
area of soil exposed to drying, warming, and evaporation, and physical damages caused by 
increased storms such as erosion and landslide. Rocky desertification reduces vegetation, soil, 
water conservation, land productivity, and arable land resources, increase natural disasters such 
as landslides and debris flows, and deteriorates ecology and basic conditions for living, increasing 
vulnerability to climate change; thus, deteriorates livelihoods of people living in the areas. Rocky 
desertification for the long time has been considered as an incurable disease for the ecology in 
the PRC. 

26. Water is necessary to address rocky desertification issue (e.g. for re-vegetation in rocky 
desertification areas and sustainable farming which will not cause rocky desertification). In the 
southwest PRC including Guizhou, an amount of rainfall within a year varies widely. Rainfall 
concentrates in rainy seasons, most of which becomes flood water and cannot be utilized. In 

                                                           
2 Jiang Shongcheng, Lian Yanqing, and Qin Xiaoqun. Rocky Desertification in Southwest China: Impacts, Causes, 

and Restoration. Earth Science Reviews. Volume 132.  
3 Yuan, D. X., 1993. The Karst study of China. Beijing: Geology Press. 
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addition, porous limestone formations do not allow rainfall to be captured or stored. In Guizhou, 
although annual precipitation was 1,273 mm in 2014 which was much higher than the PRC 
average of 622 mm and the annual amount of water resources per person was 3,462 m3/person 
in 2014 which was also much higher than the PRC average of 1,999 m3/person, the amount of 
annual water supply per person (272 m3/person) in 2014 was only 61% of the PRC average (447 
m3/person).  

27. The project will respond to above challenges with two outputs: (i) water resources 
conservation; and (ii) restoration of environment, ecology, and land productivity in rocky 
desertification areas. 

28. Output 1 will include the construction of Pingqiao Reservoir (in Anlong County), 
Pingshan Reservoir (in Nayong County), and water transfer facilities in both counties. The water 
transfer facilities will include pipes and channels for water transfer from the two reservoirs to 
different water distributing facilities, including water treatment plants, terminal tanks at entrances 
of irrigation areas, and entrances of irrigation areas). 

29. Output 2 will include four sub-components: (i) Re-vegetation of desertification areas in 
the project areas; (ii) promotion of sustainable farming to reduce rocky desertification, including 
pilot project demonstration; and publicity and promotion of sustainable farming; (iii) monitoring, 
policy reform, capacity development, and knowledge dissemination, including a monitoring 
network to assess climate change impact on rocky desertification (component (iii)(a)). 

30. This climate risk and vulnerability assessment was conducted to estimate the potential 
impacts of climate change on project activities per the Asian Development Bank’s guidelines. 
This assessment reviewed available literature and data sets regarding the historical trend of 
climate variables, the projected future trends in climate, and an analysis of climate change risk 
based on available information. It should be noted that there were limitations in the data (data 
were missing, conflicting, non-compatible, etc.) and information available in the literature. 
Particularly, consistent timeframes for data regarding climate variables were not available. 

2. Historical Climate Change Trend Analysis for Project Counties 

31. The annual average temperature in Anlong county is 15.1℃, while it is 13.6℃ in 
Nayong County (Guizhou Climate Center, 2016).  

32. The average number of rain days is 173 days in Anlong County and 196 days in 
Nayong County. The average number of storm days is 3.4 days in Anlong County and 3.0 days 
in Nayong County (Wang et al., 2013). 

33. The average rate of drought occurrence frequency is 37.6% in Anlong County and 
35.1% in Nayong County between 19960 and 2013 (Chen et al., 2015). The average number of 
freezing rain days is 3.4 days in Anlong County and 3.0 days in Nayong County (Wu et al., 2016). 

34. The average seasonal temperature in the summer had a generally lower rate of 
increase than in the spring for the whole province. The rise in seasonal average temperature for 
the summer in the western part of the province was greater than in the eastern part. The rate of 

increase in average temperature was as high as 0.30℃/ decade in the western part of the 
Qianxinan average prefecture. 

35. For Guizhou Province as a whole, the average seasonal temperature in the autumn had 
a generally lower rate of increase than observed in the spring and summer. The rate of average 
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temperature increase in the west was higher than in the east. An increase as high as 0.31℃/ 
decade could be found in the south-western parts of the province. 

36. The rate of increase in average temperature was the highest for the winter season. The 
seasonal average temperature increase for the winter in most areas was 0.15-0.2oC/ decade. 
The increase in winter average temperature in the northeastern, northwestern and central parts 

of the province was 0.25℃/ decade, whereas the increase in winter average temperature in the 
western part of the Qianxinan prefecture reached 0.3-0.42℃/ decade. 

37. For the project counties, Nayong experienced a decadal average temperature rise of 
0.05℃, 0.1℃, 0.1℃ and 0.15℃ respectively for the spring, summer, autumn and winter seasons 
during the 50 years between 1961 and 2010. For Anlong county, the decadal average 

temperature rise was 0.05℃, 0.1℃, 0.15℃ and 0.25℃ respectively for the spring, summer, 
autumn and winter seasons during the 50 years between 1961 and 2010. 

A) Annual Average Change in Precipitation 

38. In the 50 years between 1961 and 2010, the annual average precipitation in most of 
Guizhou Province showed a trend of decline, with the western part of the province experiencing 
the greatest decline at over 30 mm/decade and the other parts of the province decreasing at a 
rate 10-30 mm / decade. In Nayong County, the annual average precipitation decreased at a rate 
of 30 mm/decade. In Anlong County, the annual average precipitation decreased at a rate of 20 
mm/decade. 

39. For the spring, the change in seasonal precipitation varied greatly among regions (see 
Figure 2). In the north-eastern part of the province and Anshui municipality, the decadal rate of 
decline reached between 20-26.8mm/decade. In the southern part of the Qiandongnan 
prefecture, the seasonal precipitation for the spring increased at a rate of 4.2 mm / decade. In the 
rest of the province, including the project couqinties of Anlong and Nayong, the spring 
precipitation declined at a rate of 10 mm/decade. 

40. For the summer, the seasonal precipitation in the eastern part of the province rose at a 
rate of 20 mm/decade. In the central part of Anshun prefecture, the rate of increase in summer 
precipitation was as high as 20-36.9 mm / decade. In most of the remaining parts of the province, 
the rate of increase was 10 mm/decade. No change was observed in the project counties of 
Anlong and Nayong. 

41. For the autumn, the highest decline in seasonal temperature was found in the 
south-western parts of the province at 20-36.6 mm/decade. The rate of decline in autumn 
precipitation for most other parts of the province was 10-20 mm/decade. For the project counties 
of Anlong and Nayong, the rate of decline was 10 mm/decade and 20 mm/decade respectively. 

42. For the winter, the seasonal precipitation experienced a decline at a rate of 0~5.48 
mm/decade for the southwestern part of the province including Anlong county. For most of the 
other regions, including Nayong county, the rate of increase was 0~6.25 mm/decade. 

43. In the 50 years between 1961 and 2010, the annual number of precipitation days 
declined at a rate of 2 days/decade in the whole province, except for two counties where the 
annual number of precipitation days experienced an increase. In particular, the decline in the 
southern and western parts of the province was higher at a rate of 6~9 days/decade. The project 
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counties of Anlong and Nayong declined at a rate of 6 days/decade and 4 days/decade 
respectively (see Figure 1). 

 
Figure 1: Spatial changes in the number of annual precipitation days in Guizhou Province between 1961 and 2010 

(Unit: Days / Decade) 

Source: Wu, Zhanping; Yan, Xiaodong; Shuai, Shizhang. 2016. Assessment Report on Impacts of Climate Change in 

Guizhou Province. Meteorology Press. 

B) Extreme Climatic Events 
 

44. Per provincial statistics, the 1970s and early 21st century witnessed two years of 
drought, and eight years of droughts in the 1980s, 1990s, and the early 21st century. From 1960 
to 2013, there were 16 years of province-wide drought (i.e., more than half of the meteorological 
stations recorded drought). Since the beginning of the 21st century, droughts occurred at high 
frequency and intensity. During 1960-2013, the years of drought in the province declined from 
southwest to the northeast. The frequency of drought was 28.4%~38.6%. Most 
drought-frequented areas were concentrated in NW and SW parts of the province, with the 
occurrence being more than 37%. They were followed by central Bijie municipality, NE Anshun 
municipality and SW Qiannan prefecture, with the occurrence being 33%~37%. The least 
drought-frequented areas covered northern Qianbei regions (Zunyi prefecture and Sinan county 
of Tongren municipality), with the occurrence being less than 30%. 

45. By drought intensity, there were 22 years of light drought, 23 years of moderate drought, 
and 2 years of severe drought in Guizhou province during the 54 years between 1960 and 2013. 
(The drought classification is followed by the SPEI, the standardized precipitation 
evapotranspiration indices. The SPEI is a multiscalar drought index based on climatic data. It can 
be used for determining the onset, duration and magnitude of drought conditions with respect to 
normal conditions in a variety of natural and managed systems such as crops, ecosystems, 
rivers, water resources, etc. The detail classification of drought by SPEI was defined as extreme 

drought with SPEI ≦-2.0; heavy drought with SPEI -2.0～-1.5; moderate drought with SPEI -1.5

～-1.0; light drought with SPEI -1.0～-0.5; and normal (without drought) with SPEI -0.5～0.0). 

46. Percentage-wise, light drought-years accounted for 40.7% of the years and moderate 
drought 42.5%. During 1960-2013, spring drought occurred almost on an annual basis in the 
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province. The geographic coverage of spring drought tended to spread, and drought intensity 
tended to be aggravated in the 21st century. Spring drought of provincial and regional scope 
occurred in 2001, 2006-2007 and 2010-2011.  

47. The geographic scope of summer drought had a gradually increasing trend. Severe 
summer drought occurred in 1972, 1981, 2011 and 2013. Summer drought intensity remained 
unchanged from 1960-2013. Autumn drought showed an obvious increasing trend, and the 
intensity displayed a trend of gradual increase. During the 54 years between 1960 and 2013, 
autumn droughts of provincial scope occurred in 15 of those years, which was mostly 
concentrated in the late 1960s and after 1990s. Since the beginning of the 21st century, there 
were six severe autumn droughts of provincial scope. In particular, the year of 2009 witnessed a 
most severe autumn drought. The scope and intensity of winter drought exhibited a trend of 
gradual decline. The widest and most severe winter drought took place in 2009. 

48. From July 2009 to April 2010, a wide, severe and all-season drought attacked the 
province due to the long absence of precipitation, high temperatures and strong evaporation. 
The long duration, wide scope and intensity of the drought were unprecedented in provincial 
history. Eighty-five (85) of the 88 counties / cities/ districts) in the province suffered varying 
degrees of drought. Eight-three (83) counties suffered severe and 76 counties extraordinary 
severe drought. During the 2009 drought, the water levels of rivers declined significantly. Many of 
the water storage facilities dried up, due to incoming flows as low as 20% of the inflow of a 
normal year.  

49. At the end of April 2010, the reservoirs and ponds managed by the provincial water 
resources department were only able to store 669 million m3 of water, which was 33.7% of their 
design storage capacities, and 502 million m3 or 42.9% less than at the end of April 2009. Of the 
17,983 reservoirs and ponds in the province, 12,415 or 67.5% reached their dead storage water 
levels or lower, including1,780 reservoirs and ponds that completely dried up. The drought 
resulted in an economic loss totaling CNY 1.647 billion to the province’s forestry industry alone. 
In the 2.5-month period from January to late March 2010, there were 1,740 forest fires in the 
province. The fires burned 249,000 mu and damaged 66,000 mu of forests, and caused 20 
deaths, with a direct economic loss of CNY 138.86 million. 

 

 

Figure 2: Drought in summer-autumn-winter-spring in Guizhou Province in 2009 and 2010. 

Source: http://www.fs0757.com/tubar/11/0822/10382812350712.htm. 

http://xuebuzhe.blog.163.com/blog/static/127930859201183104050622/ 

http://www.fs0757.com/tubar/11/0822/10382812350712.htm
http://xuebuzhe.blog.163.com/blog/static/127930859201183104050622/
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50. Freezing Rains4: Due to the special geographical location, topography and elevation 
height, Guizhou Province suffers from freezing rains with the highest frequency, longest duration 
and heaviest damage in the PRC. 

51. In every winter (December to February), freezing rains occur in all high-altitude 
mountainous areas across the province (see Figure 3). January witnesses the highest frequency 
at 39.9%. It is followed by February at 34.4%. In terms of spatial distribution of freezing-rain-days, 
the western, central, northern and southern parts of the province have more than the eastern 
part. Yearly variations are large, with the freezing-rain-days of the worst year being as high as 
6.9 times that for the lightest year. The period from the 1970s to the mid-1980s, especially 1976 
and 1983, was amongst the worst. During the 25 years since the mid-1980s, Guizhou has had 15 
warm winters, which indicates a weakening of the frequency of freezing rains, and may be 
related to broader background of global warming. For the 21st century, severe freezing rains 
occurred in 2008 and 2011. 

52. The winter of 2008 witnessed a rarely-seen wide cold temperatures and freezing rains 
across 20 southern provinces in the country. Guizhou had the worst freezing rain and snow since 
the founding of the PRC in 1949. In the 48 hours from 11 to 13 January 2008, the daily average 
temperature for the province dipped by 5.7oC~20.1oC. In particular, the temperature in the 
central part of the Qiannan prefecture and the southern part of the Qiandongnan prefecture 
lowered by more than 15oC. Leishan observed the largest dip in temperature of 20.1oC. 
Between 13 January and 4 February, the province was trapped in a large-scale, low-temperature 
weather process of freezing rain and snow. By 13 February, 71 of the 88 counties / cities / 
districts experienced persistent freezing rain, with the number of freezing rain days breaking the 
historical record. 

  

  

                                                           
4  In freezing temperatures, with sub-freezing atmospheric conditions, falling rain is supercooled with raindrops 

freezing upon surface impact, resulting in an ice coating on exposed surfaces. 
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Figure 3: Freezing rain damage in Guizhou Province 
 
Source:   http://news.xinhuanet.com 

 
C)  Impacts of Climate 

 

53. Impact on Water Resources: Guizhou province is part of two river basins, the Yangtze 
and the Pearl. The divide is the Miao ridge in the central-southern part of the province. The 
Wujiang, Chishui rivers in the north and Jingjiang, Qingshuijiang rivers in the east belong to the 
Yangzte river basin, while the Nanpanjiang, Beipanjiang, Hongshuihe and Duliujiang rivers in the 
south belong to the Pearl river basin. 

54. Water resources in Guizhou are primarily intra-provincial, with few outflowing rivers. In 
general, the rivers are fed by precipitation in the mountains, and wander through the narrow 
plains. The seasonal distribution of the runoffs is extremely uneven, sharing the same temporal 
pattern as precipitation. The dry season starts from December through April, and the wet season 
spans from May to October. Precipitation in the wet season accounts for 75%~80% of the annual 
total. 

55. Surface runoff is more sensitive to precipitation than to temperature. Research has 
shown that for the Wujiang basin, when precipitation increases by 20%: i) when temperature 
remains constant, runoff will increase by 22%; ii) when temperature rises by 0.8oC, runoff will 
increase by 17%; iii) when temperature declines by 0.5oC, runoff increases by 27%. When 
precipitation decreases by 20%: i) when temperature remains constant, runoff will decrease by 
30%; ii) when temperature drops by 0.5oC, runoff will decrease by 25%; iii) when temperature 

rises by 0.8oC, runoff decreases by 40%（Qin et al., 2011）. 

56. Moreover, in the Wujiang basin, when temperature remain unchanged, a 1% increase 
in precipitation will trigger the runoff to increase by 1.15%~1.69%; a 1% decrease in precipitation 
will trigger the runoff to drop by 1.46%~1.69%. When precipitation remains unchanged, a rise in 

temperature by 0.5℃ will trigger the runoff to decline by 2%~3%; a decrease in temperature by 

0.5℃ will trigger the runoff to decrease by 4%~5%（Qin et al., 2011）. 

57. In the past 50 years, the hydrological stations in the Wujiang basin recorded a trend of 
slight increase in runoff. In correlation with changes in precipitation between 1961 and 2015, the 
runoffs in Nanpanjiang and Beipanjiang river basins displayed such a pattern of changes: minor 
ups and downs between 1964 and 1987, significant declines between 1988 and 1991 and 
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continuous declines between 2001 and 2011. In the past 50 years, the Nanpanjiang and 
Beipanjiang river basins have experienced a measurable decline in runoff (Mo et al., 2012). 

58. Yearly changes in precipitation and runoff often result in large floods or droughts. The 
resultant yearly changes in runoff accelerate accordingly, triggering large floods or droughts, 
including floods and droughts in consecutive years. In addition, as far as low-lying karst and 
rocky desertification regions are concerned, the annual and yearly changes in water resources 
can result in droughts and floods due to the unique hydrological conditions. This hampers 
agricultural production and local economic development. 

59. Water shortages will occur when a long-lasting drought takes place. For example, 
between July 2009 and May 2010, the province witnessed a rare four-season consecutive 
drought from summer to autumn to winter and spring. From December 2009 through April 2010, 
the incoming flows for the rivers in the province decreased by 50% compared to the same period 
of the previous year. Many of the water storage facilities ran low, affecting people’s daily lives 
and economic activities. 

60. Impact on Forests: Forest productivity may increase when the annual temperature rises 
in a non-linear relation. While climatic warming will accelerate plant growth and increase forest 
productivity, it will also speed up plant transpiration, shorten the growth period, may lead to 
increased disease and pests, and affect the stability of the forest ecosystem. With rising 
temperatures and decreasing precipitation, climatic warming also triggers more frequent forest 
fires and affects species composition and forest structure. The consecutive drought from 
summer of 2009 through the spring of 2010 caused many forest fires in the province which 
brought about approximately CNY 1.65 billion in direct economic loss. During January and March 
2010 alone, 1,740 forest fires took place in the province, which burned 249,000 mu of forest, 
killed 20 people and resulted in CNY138.9 million of direct economic loss. 

61. Impact on Water Resources Projects: In the past 50 years, the extreme events induced 
by climate change have caused damage to water projects in the province. One example is the 
15-year-old Pogao reservoir in Zhenfeng county, QIianxinan prefecture, which was completely 
filled up by mud-and-rock from geological hazards. Another example is the 20-year-old Guanli 
reservoir which suffered the same fate. The loss of storage capacity made it impossible to 
irrigate several thousands mu of farmland downstream. 

62. The freezing rain in 2008 damaged many water facilities in the province. A large 
number of rural water supply facilities were destroyed by freezing. The generators, transmission 
towers and lines and transformers for small-sized hydropower stations, pump stations and 
irrigation stations were severely damaged. For many water projects under construction, the 
unfinished structures were damaged. Water conservancy forests were damaged as well, 
including large tracks of trees falling on the ground and small trees being frozen to death. 
Incomplete statistics indicated that this extreme climatic event damaged more than 70,000 water 
projects, 17,000 km of water transmission pipelines, 5,600 km of irrigation canals, and 7,500 km 
of rural power distribution lines, affecting the water supply for 11 million rural residents and the 
power supply for 9.5 million, with the direct economic loss mounting to CNY 2.1 billion for 
damages to water resource facilities. 

63. Impact on Rocky Desertification: all extreme climatic events, including drought, 
rainstorms, flooding and freezing rains, serve to accelerate or decelerate the process of rocky 
desertification. On the one hand, long-lasting rains or rainstorms induce the expansion of rocky 
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desertification. Intense rainfalls cause mountain floods and geological hazards that result in 
strong erosion to the slopes, which in turn reduces the water-retaining capacity of the soils, 
silting lakes and reservoirs, reducing the flood-discharging capacity of lakes and reservoirs. 

64. Changes in the frequency and intensity of precipitation, drought and freezing rain 
accelerate or decelerate the process of rocky desertification. Rocky desertification is seen more 
frequently in dry areas than in areas with high precipitation. Drought exacerbates the 
degradation of vegetation and land, and thus accelerates the process of rocky desertification. 
Furthermore, areas with heavy rocky desertification suffer drought more easily, because of 
severe water and soil loss, high degree of vegetation deterioration, and low water storage 
capacity. 

65. There were eight years of wide spread drought during the 1980s, 1990s and early 
2000s in the province. This coincided with the expansion of rocky desertification areas. After 
2006, progress of rocky desertification has been curtained, but the potential for rocky 
desertification has shown a trend of obvious increase. 

66. Freezing rains play a strong role in physical weathering, especially cold-freezing 
weathering, which causes rocks to crack and break. The accumulation of cracked and broken 
rocks may cause mud-and-rock flows when intense precipitation occurs. By destroying forests 
and water conservancy facilities, freezing rains can indirectly accelerate the process of rocky 
desertification. 

3. Climate Change and Potential Impacts in Anlong County 

A) Historical Climate and Climate Change 
 

67. Situated in SW part of Guizhou province, Anlong county has a subtropical monsoon 
climate. The average yearly temperature is 15.0℃, with the coldest average temperature at 6.0℃ 

in January and hottest average temperature at 21.8℃ in July. The extreme high is 34.0℃ and the 
extreme low is -8.9℃. The average yearly precipitation is 1,195.4 mm. The average yearly 
evapotranspiration is 624.7 mm, mostly taking place in the summer and autumn. The average 
yearly freezing-rain days amount to 4.9, mostly occurring in January and February. The daily 
average temperature changes in winter in Anlong County are shown in Figure 4, where x-axis 
refers to hours of the day; y-axis refers to ambient temperature. 
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Figure 4: The daily average temperature changes in winter (Dec. 2015-Feb. 2016) in Anlong county 
 
Source: Guizhou Climate Center. 2016. 
 

68. Temperature: per meteorological observations from 1961 to 2010, the annual average 
temperature and seasonal average temperatures in Anlong county were observed to have 

displayed a trend of increase. The increase in annual average temperature was 0.5℃, which 
translates into a rate of 0.1℃/decade. The rates of seasonal temperature increases for the spring, 

summer, autumn and winter were 0.05℃/decade, 0.1℃/decade, 0.15℃/decade and 
0.25℃/decade, respectively. 

69. Precipitation: According to meteorological observations from 1961 to 2010, the annual 
average precipitation declined at a rate of 22 mm/decade. The seasonal average precipitation for 
the summer remained unchanged, but decreased at a rate of 10 mm/decade for the spring, 10 
mm / decade for the autumn and 3 mm / decade for the winter. The number of precipitation days 
decreased at a rate of 6 days/decade. 

70. Extreme Climatic Events: The extreme climatic events experienced in Anlong county 
are primarily drought and rainstorms. Drought is the most prominent. Thus, the county is 
characterized by drought in nine out of ten years, and is amongst the worst drought-stricken 
areas in the province. Drought can take place in any season. On average, there are 8.8 times of 
drought in a year, with each drought event lasting an average of 17 days. The proposed dam / 
reservoir site (Getang town) is amongst the worst drought areas in the county. 

71. The precipitation in the winter months (November to April) for Anlong county accounts 
for only 12.3% of the annual total. This is a period when drought takes place frequently, 
especially in early spring and winter followed by summer. Spring and winter drought happens 
every year, with varying intensity. A drought lasts about 70~80 days on average, with the longest 
being more than 100 days and shortest being 50~60 days. Spring drought is usually the most 
frequent, most intense and most long-lasting. A severe spring drought takes places once every 
three years on average. Summer drought happens at an average annual frequency of 50%, with 
the average duration being 20 days. 
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72. Since the late 1990s, the frequency and intensity of drought have grown significantly，
due to rising temperature and decreasing rain-days. Severe drought struck in 1991/1992, 1996, 
2002, 2004, 2006, 2009 / 2010 and 2011. Especially during August 2009 and May 2010, the 
province witnessed one of the most severe droughts in history; Anlong county suffered 250 days 
of no-precipitation. Reservoirs, ponds and well dried up, and some rivers ran dry as well (see 
Figure 5). Rice paddy had no water, and dryland had no moisture. There was a shortage of 
drinking water for rural and urban residents as well as animals. Getang town, where the 
proposed dam site is situated, suffered the most of the entire Anlong county. 

 

  

Figure 5: Dried vegetation and water pond during 2009 / 2010 severe drought in Anlong County 
 

Source: http://gz.weather.com.cn/gzsy/tqyw/index.shtml 

 

73. In Anlong county, the precipitation in the summer months (May ~ October) accounts for 
82.4% of the annual total. The monthly distribution during this period is also uneven. Localized 
heavy rain and long-lasting heavy rain occurs often, triggering floods and such geological 
hazards as mud-and-rock flows, landslides and collapses (see Figure 6). The proposed dam / 
reservoir site in Getang town is situated in the center of rainstorms, and is classified as being 
prone to mountain floods, landslides and mud-and-rock flows. 
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(a) Flood-damaged bridge in Anlong county (b) Flooding in Getang town 

Figure 6: Flood damages in Anlong County and Getang Town 
 

Source: http://gz.weather.com.cn/gzsy/tqyw/index.shtml 

 

74. The proposed Pingqiao dam / reservoir in Anlong is situated in the Datian river basin, a 
tributary of the Nanpanjiang and Beipanjiang river basins. As the precipitation changed, the 
Daitain river basin has experienced a wet-dry-wet-dry cycle between 1961 and 2011. Between 
1964 and 1987, there was no apparent trend in annual runoff changes. Between 1988 and 1990, 
the annual runoff showed a large decline. Between 1991 and 2000, the annual runoff slightly 
increased, and between 2001 and 2011, the annual runoff increased greatly. 

B) Projections of Climate Change 

75. Annual Average Temperature: Under the RCP4.5 (medium) forcing scenario, the 
annual average temperature in Anlong county is projected to rise by 0.9oC for 2016~2035, 1.8oC 
for 2046~2065 and 2.2oC for 2081-2100, over that for the baseline years of 1986~2005 (Wu et al., 
2015). 

C) Projections of Extreme Climatic Events 
 
76. Projections of Dry-Days: Under the RCPP4.5 (medium) forcing scenario, the maximum 
consecutive dry-days in Anlong county are projected to increase by 2~4 days for 2046~2065, to 

decrease by 1~2 days for 2081~2100 over that for the baseline years of 1986~2005（TAR，

2015）. 

D) Potential Impacts 

77. Under the scenarios evaluated, future precipitation, intensity of precipitation, the 
number of days of heavy rain and the maximum 5-consecutive-day precipitation are projected to 
increase. These climatic changes may result in an increase in surface runoff which in turn may 
increase the frequency and intensity of floods and such geological hazards as landslides and 
mud-and-rock flows, impacting public infrastructures, and the properties, lives and economic 
activities of local residents. 
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78. The temperature and maximum consecutive dry-days in the middle of the 21st century 
are projected to increase. These would cause severe drought or long-lasting drought or 
trans-seasonal drought, the significant reduction of runoff, and eventually the degradation of the 
ecosystems and the lack and inadequate supply of drinking water and irrigation. 

4. Climate Change and Potential Impacts in Nayong County 

A) Historical Climate and Climate Change 

79. Located in northwestern Guizhou, Nayong county belongs to the subtropical monsoon 
climate. The annual average temperature is 13.6 oC, with the extreme minimum temperature 
recorded being -9.6 oC in January and hottest temperature 34.1 oC in July. The yearly average 
precipitation stands at 1243.9 mm, with the rainy season occurring in April ~ October. 
Evaporation is greatest in the summer, followed by the autumn. Winter has cold temperatures, 
snow and freezing rains. The yearly average freezing-rain days amount to 13.5, often occurring 
in January and February. The annual average days of the temperature below 0℃ are 22.9 days. 
The daily average temperature changes in winter in Nayong County are shown in Figure7, where 
x-axis refers to hours of the day; y-axis refers to ambient temperature. 

 

 

 

 

 

 

 

 

Figure 7: The daily average temperature changes in winter (Dec. 2015-Feb. 2016) in Nayong county  

Source: Guizhou Climate Center. 2016. 
 

80. Temperature: The annual average temperature and seasonal average temperature in 
Nayong county have shown a trend of increase. Between 1961 and 2010, the annual average 
temperature rose by 0.75 oC, with the rate of increase being 0.15 oC/decade. The rate of increase 
for the spring, summer, autumn and winter is 0.05 oC/decade, 0.1 oC/decade, 0.1 oC/decade and 
0.15 oC/decade.  

81. Precipitation: The annual average precipitation, spring and autumn precipitation and 
the precipitation days have shown a trend of decrease. The annual average precipitation 
decreased at a rate of 30 mm/decade. The average seasonal precipitation decreased at a rate of 
10 mm/decade for the spring, remained unchanged for the summer, declined at a rate of 20 
mm/decade for the autumn and increased at a rate of 3 mm/decade for the winter. The average 
number of precipitation days per year declined at a rate of 4 days/decade. 
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82. Extreme Climatic Events: Nayong county is frequented by rainstorms, freezing rains 
and drought. The geological hazards in association with rainstorms often cause severe damage. 
Rainstorms are concentrated in May through September, and extreme rainstorms mostly occur 
in June and July. Due to the increased frequency and intensity of rainstorms because of climate 
change as well as human activities, the number of geohazard sites has grown year by year. The 
frequency of geohazards has also increased, making Nayong county amongst the most prone 
areas in the province. In 2004 and 2013, Nayong witnessed severe landslides (see Figure 8). 

83. Since the beginning of the 21st century, the frequency and intensity of drought 
increased. Drought of varying scope and magnitude occurred in 2003, 2006, 2009 / 2010, 2011 
and 2013. From September 2009 through March 2010, the precipitation in Nayong county was 
50% of the same period a year ago. The March 2010 witnessed the lowest precipitation in 
recorded history at less than 4 mm. High temperature and low precipitation made September 
2009 through March 2010 the most severe cross-seasonal drought since 1961, with the drought 
duration spanning as long as more than 100 days. A severe summer drought occurred in 2013. 

 

  

(a) Landslide in August 2013 in Nayong (b) Dry riverbed in summer 2013 in 

Nayong 

Figure 8: Landslide and drought triggered by extreme climatic events in Nayong County in 2013 

Source: http://news.xinhuanet.com 
 

84. The annual average number of freezing-rain days in Nayong total 13.5. Freezing rains 
occur primarily from December to February, with January having the most freezing-rain days. 
The period of 1960s through 1980s had a relatively high frequency of freezing rains, whereas the 
period of 1990s through 2007 had a relatively low frequency of freezing rains. The yearly 
changes in freezing-rain days were as follows: 1961~1966 low frequency of freezing rains, 
1967~1989 relatively high frequency, and 1990 and 2008 the highest frequency. For the 47 
years between 1961~2007, the number of freezing-rain days declined generally. In early 1980, 
the province was hit by the coolest temperature, rain, snow and freezing rain since the founding 
of the PRC in 1949; Nayong had its share of 20 freezing-rain days from 1 December through 2 
February. 

85. The proposed Pingshan dam / reservoir is located in Nayong county, on the Gantian 
river which is a tributary of upper Sanchahe river of the Wujiang river basin. The Gantian river 
originates from the mountains. The floods are all caused by rainstorms. Due to the high 

http://news.xinhuanet.com/
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mountains and steep slopes in the catchment, the gradient of the river channel is great. As such, 
the floods usually have high peaks and short durations. A flood process is concentrated within 
one day. Floods begin to occur in May in a normal year, and end in October in general. The 
precipitation in the basin showed a trend of decline in the late 1980s, but gradually increased 
from the late 1990s, with significant increase taking place after 1995 until 2000~2015 during 
which period the precipitation witnessed slight fluctuations. In summary, the annual average 
runoff in the basin displayed a trend of minor growth in the past 50 years. 

B) Projections of Climate Change 
 
86. Annual Average Temperature: Under the RCP4.5 (medium) forcing scenario, the 
annual average temperature in Nayong county is projected to rise by 0.9 oC for 2016~2035, by 
1.8 oC for 2046~2065 and by 2.7 oC for 2081~2100 over that for the baseline years of 1986~2005 
(Wu et al., 2015). 

87. Annual Average Precipitation and Runoff: Under the RCP4.5 (medium) forcing scenario 
The annual average precipitation in Nayong county is projected to decline by 0.2% for 
2016~2035, to increase by 2% for 2046~2065, and to increase by 4.6% for 2081~2100 over that 

for the baseline years of 1986~2005（Wu et al., 2015). 

C) Projections of Extreme Climatic Events 
 

88. Projections of Dry-Days: Under the RCP4.5 (medium) emission scenario, the number of 
maximum consecutive dry-days in Nayong county is projected to increase by 4~6 days for 
2046~2065 over that for the baseline years of 1986~2005, and to decrease by 1~2 days for 

2081~2100 (SWAR，2013).  

D) Potential Impacts 

89. Under the scenarios evaluated, future precipitation, intensity of precipitation and the 
maximum 5-consecutive-day precipitation total (in mm) are projected to grow. These climatic 
changes may result in an increase in surface runoff which in turn may increase the frequency 
and intensity of floods and such geological hazards as landslides and mud-and-rock flows, 
impacting public infrastructures, and the properties, lives and economic activities of local 
residents. 

90. The temperature and the number of maximum consecutive dry-days in the middle of the 
21st century are projected to increase. These would cause severe drought or long-lasting 
drought or trans-seasonal drought, the significant reduction of runoff, and eventually the 
degradation of the ecosystems and the lack and inadequate supply of drinking water and 
irrigation. 

5. Potential Climate Change Risks for Project Activities 

91. The annual average temperature in the two project counties is projected to continue to 
rise during the 21st century.  Rising temperatures pose the following major risks for project 
activities:  
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 Degradation of building materials and equipment could lead to cracks and water leakage 
from the reservoir and distribution pipes. Repair and maintenance costs could increase. 

 Increased evapotranspiration (from the reservoirs surface and the entire catchment), 
decreasing surface runoff into the reservoir and decreasing water levels in the reservoir.  

 Increased physiological stress on vegetation, leading to increased plant mortality and 
reduced productivity, along with rocky desertification. This could increase erosion and 
siltation into the reservoir, may lead to increased fires with higher fuel loads, and could 
reduce the economic return for agricultural activities. 

 The combination of increase in exposed soils and increase in high-intensity precipitation 
will likely lead to increased erosion and sediment transport to the reservoirs, resulting in a 
greater need for dredging. 

92. The annual average precipitation for the two counties is expected to increase minimally 
over the life of project (primarily after 2035). However, the projected increase in the intensity of 
precipitation, the number of days of heavy rain and the maximum 5-consecutive-day precipitation 
do pose the following risks.  

 Subsequent increases in surface runoff may increase the frequency and intensity of 
floods, landslides and mud-and-rock flows. This may damage public infrastructure, such 
as the reservoirs, lead to the loss of project equipment, damage or destroy crops, pollute 
water sources, increase rocky desertification, and harm the physical and economic 
well-being of local residents. Repair and maintenance costs could increase.   

 Changes in soil moisture may lead to subsidence, sinkholes, and affect infrastructure 
foundations and damage distribution pipes. Repair and maintenance costs could 
increase. 

93. The maximum consecutive dry-days in the middle of the 21st century are also projected 
to increase. This would cause severe drought or long-lasting drought or trans-seasonal drought, 
with the following associated risks: 

 An inadequate supply of drinking water for local residents and water for irrigation. This 
would reduce crop productivity, leading to economic losses. 

 Changes in soil moisture may lead to subsidence, sinkholes, and affect infrastructure 
foundations and damage distribution pipes. Repair and maintenance costs could 
increase. 

 Increased physiological stress on vegetation, leading to increased plant mortality and 
reduced productivity, along with rocky desertification. This could increase erosion and 
siltation into reservoirs, and may lead to increased fires with higher fuel loads.  

94. Although winters are projected to be generally warmer, an increase in freezing rains is 
projected. These freezing rains pose the following risks: 
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 Equipment and hydraulic facilities could be damaged, leading to inoperable equipment, 
or cracks and water leakage from the reservoir and distribution pipes. Repair and 
maintenance costs could increase.  

 Damage to crops, particularly fruit trees, and damage to vegetation around the reservoir. 
This could lead to increased plant mortality and reduced productivity, along with rocky 
desertification. This could reduce economic returns from agriculture and increase erosion 
and siltation into reservoirs. Dredging of the reservoirs may be required. 

95. Increased variability and increased frequency/intensity of extreme events will 
exacerbate the aforementioned risks. If there is an increase in freeze/thaw cycles, this may: 

 Prematurely weaken concrete used in reservoir and building construction, leading to 
cracks and water leakage. Repair and maintenance costs could increase.  

 Further stress plants, leading to increased plant mortality and reduced productivity, along 
with rocky desertification. This could reduce economic returns from agriculture and 
increase erosion and siltation into reservoirs. Dredging of the reservoirs may be required. 

96. Major potential climate change risks for the project are summarized as follows: (i) 
damage/degradation of building materials and equipment from rising temperatures, flooding 
(leading to landslides, mud and rock flows, subsidence, sinkholes, and water pollution), and 
increases in precipitation intensity, freezing rains and freeze/thaw cycles, (ii) reduced availability 
of water for the reservoirs and irrigation due to increased droughts and rising temperatures; (iii) 
increased loss of vegetation and rocky desertification in project area due to increasing 
temperatures, droughts, floods (leading to landslides and mud and rock flows), freezing rains, 
and severe storms; (iv) decreased crop productivity due to increasing temperatures, and 
increased frequency/intensity of extreme events. 

6. Climate Change Adaptation Measures  

97. The corresponding adaptation measures to climate change are considered or planned 
in the design of the reservoir engineering, and in the feasibility study report for the project 
component of the re-vegetation of the rocky desertification areas in the reservoir areas and the 
pilot project for demonstration of sustainable development of agriculture. 

98. Experts from the design institutes in charge of the dams assured that the increase of 
the frequency and intensity of rainstorms and flooding, increases in water evapo-transpiration in 
the reservoir water surface and river basins, and increases in the frequency and intensity of 
freezing rain in the winter were factored in the design of the dam. However, details on the 
hydrological modeling and structural design of the dams were not provided. The following can be 
considered adaptation features although it is not possible to estimate additional costs compared 
to a “business as usual”, i.e. in the absence of climate change, scenario:  

 The selection of the dam locations was made based on projected increases in the 
frequency of rainstorms and subsequent flooding. Areas potentially prone to climate 
exacerbated geological hazards, such as land subsidence, landslides, and mud-rock flow, 
were avoided in the selection of the dam location. 

http://www.baidu.com/link?url=YKMNT6cEfFA--mWLlgZgDE3NQRnOjumdEmHTSH9POcXo9mECM18Mvdn-zld_ed0kqqw4UajuKXbprYTx1EwOZgl3nEqfJA6f2qDXhsnZ5ia
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 The dam elevation and storage capacity of reservoir were determined based on the 
hydraulic model simulations which include safety factors high enough to account for 
anticipated climate change induces extreme events. 

 As above, the location and elevation of the spillway and the in-flow of the reservoir were 
designed based on the hydraulic model tests which include safety factors high enough to 
account for anticipated climate change induces extreme events.  

 The design flood standard for the dam and spillway is once in a century, and the check 
flood standard is once in two thousand years in the Pingqiao reservoir of Anlong county, 
while the design flood standard for the dam and spillway is once in half century, and the 
check flood standard is once in one thousand years in the Pingshan reservoir of Nayong 
county. It represents the maximum flood discharge level that the dam can withhold 
without causing damage to the main structure. The selection of design standards has 
been tested against likely impacts of climate change, i.e. projected increase in intensity 
and frequency of storms and floods, and increased temperature. 

 Both Pingqiao reservoir in Anlong county and Pingshan reservoir in Nayong county have 
concrete facing rock-fill dam. A frost resistant concrete, F50 concrete, will be used in the 
dam and water transfer engineering. This concrete meets the requirement for the frost 
resistance of concrete engineering in Guozhou Province, and reduces the risk of material 
degradation. Further more, the pipes will be enwrapped and buried in the earth, and the 
gate-valve will be protected by a chamber. 

99. The following adaptation actions will be adopted to reduce risks from climate change to 
project re-vegetation activities: (i) selection of local and drought-resistant tree species for 
planting to reduce risks from plant mortality and lowered production, such as the camphor tree 
(Cinnamomum Camphora), sweet-scented osmanthus (Osmanthus blossoms) and the spindle 
tree (Euonymus japonicus). Fruit tree species will be planted as well, including Camellia 

oleifera(油茶) and Zanthoxylum bungeanum(花椒) in Anlong county, and the plum (Punica 

granatum) and Chinese Soapberry (sapindus saponaria) in Nayong county. (ii) Grass species 

such as Trifolium repens(白三叶), Medicago sativa(紫花苜猜) and Lolium perenne (黑麦草) will 

be used to help decrease soil erosion risks; (ii) hillsides will be closed to facilitate afforestation 
and thus help reduce soil erosion and landslip risks; and (iv) engineering practices to control 
water consumption and prevent soil erosion will be adopted for the irrigation systems. 

100. Adaptation to climate change in the sustainable agriculture component include 
application of water-saving techniques, such as sprinkle and trickle (drip) irrigation with 
fertigation system, control systems for the irrigation and efficient water transfer system. These 
actions will help address droughts, and lost/lowered crop production, while conserving precious 
water resources. Agro-forestry system will be established, such as the inter-cropping system of 
fruit tree – grass, fruit tree – Chinese herbs and fruit tree – vegetables.  

101. Among “soft”, i.e. non-structural, adaptation components, are included several 
provisions for capacity building on sustainable farming practices leading to soil erosion 
protection. 

102. In addition, a monitoring system of rocky desertification processes in the project areas, 
to be managed jointly by the project management office and Guizhou Province Climate Change 

http://www.baidu.com/link?url=f0OT60OEKssmExN9ygqoKQfJjdKEiQrFmvqaclhl4fSXwg01Yl7smn-_KPXxtHVwp45Yv2jVbuz_4Uqgjnpo3jvuH0HNyvNh74iBdoE6HAOnjPfWh2WSc6il5Yc98pqehIiWWUShEsyXa20RXVJFUK
http://www.baidu.com/link?url=EKGsykFgiivUzCOMzdYqeCH0WBofZdrWlR6w1dqsmmTtBikx0DLSHqVHIyFfHTNNkAMVvknrY9XOViHWLbRI7ss-dDrbJmeESCktKBJ-lKCXBQUSF4jQyYaEAf1Hy-ZM
http://www.baidu.com/link?url=7guyaK4OFkhaCRmEmo_Ig7w-1ej93Wy9PSjLFHOx8le_mYHJcjQUP9g8pnFyYTUFcRZULzWkygYa1S5_xO5zvpAMsTBK7Jt377XkHMzfvYqO4n44Yt_V857G9gtPBerN
http://www.baidu.com/link?url=7guyaK4OFkhaCRmEmo_Ig7w-1ej93Wy9PSjLFHOx8le_mYHJcjQUP9g8pnFyYTUFcRZULzWkygYa1S5_xO5zvpAMsTBK7Jt377XkHMzfvYqO4n44Yt_V857G9gtPBerN
http://www.hujiang.com/ciku/sapindus_saponaria/
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Center, will collect data on climate, hydrology, and soil erosion control since the beginning of 
project implementation in Pingqiao reservoir areas in Anlong county and Pingshan reservoir 
areas in Nayong county. Impacts of climate change on the rocky desertification process could 
then be assessed. The data collected by the monitoring network will also provide useful 
information for the successful implementation of the re-vegetation and sustainable farming 
components of the project and more in general to improve re-vegetation efforts in the province. 

7. Greenhouse gas emissions and reductions 

103. Greenhouse gas (GHG) emissions will be generated during construction of project 
components from the use of energy, including gasoline, diesel and electricity, by construction 
machinery and vehicles and by consumption of workers, and during operation from use of energy 
including energy use at pump station and management offices, and by operational equipment 
and vehicles. Gasoline and diesel will be purchased from local suppliers. Electricity will be 
supplied through the local power grids. The inundation by the two reservoir impoundments will 
reduce vegetated area and therefore reduce the carbon storage and sequestration capacity. The 
total extent of GHG emissions will be partly offset by carbon sequestration from: (i) the 
sustainable agriculture sub-components, which will use solar energy5 to replace traditional fuels, 
improve the soils, and increase the biomass; and (ii) the re-vegetation sub-components. 

104. Under ADB’s SPS, projects which may emit >100,000 t CO2e per year are identified as 
a potential environmental concern. Preliminary estimates of the key project GHG emissions and 
carbon sequestration were undertaken using project data from domestic preliminary design 
documents, FSRs, EIAs, GPMO and estimates by PPTA consultants (Table I). In the 5 year 
construction phase, annual GHG emissions are estimated at 68,289 tCO2e. The biogas will be 
burned for heating or cooking. Burning biogas generates CO2 at the rate of 2.75 t CO2/t CH4. 

Table 1: Estimates of GHG Emission and Carbon Sequestration by the Project 
 

 Pingqiao Pingshan Total 

Conversion 

Factor 

GHG Emission 

(tCO2e) 

Reference for 

Conversion 

Factor 

 Construction Phase (5 Years) 

a Gasoline use (ton) 38.22 3.10 41.32 2.990 123.54 (1) 

b Diesel use (ton) 65,000 24,000 89,000 3.160 281,240 (1) 

c Electricity use (‘000 kWh) 13,040 3,338.00 16,378.00 0.997 16,328.87 (1) 

d Workers (worker-days) 1,903,980 500,000 2,403,980 0.018 43,752.44 (2) 

 Total (t CO2e) 341,444.85  

 Annual Average (t CO2e) 68,288.97  

 Operation Phase       

e Gasoline use (t/a) 5.72 5.11 10.84 2.990 32.41 (1) 

                                                           
5  It has been assessed that both Nayong and Anlong counties’ solar radiation resources are enough to support the 

development of photovoltaic power generation, especially in remote mountain areas for small scale generation.  
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 Pingqiao Pingshan Total 

Conversion 

Factor 

GHG Emission 

(tCO2e) 

Reference for 

Conversion 

Factor 

f Diesel use (t/a) 5.00 5.57 10.57 3.160 33.40 (1) 

g Electricity use (‘000 kWh/a) 317.95 36.07 354.02 0.997 352.96 (1) 

h Workers (worker-days/a) 8,760.00 5,110.00 13,870.00 0.018 249.66 (2) 

i Biomass loss from inundation (ha) 280.07 45.19 325.26 90.667 29,490.24 (3) 

j Solar power production (’000 kWh/a) -3.90 -3.88 -7.78 0.997 -7.75 (1) 

k Revegetation (ha) 1,599.00 1,028.80 2,627.80 -13.550 -35,606.69 (4) 

l Sustainable farming (ha) 70.60 72.40 143.00 -8.800 -1,258.40 (5) 

 Annual Average Net GHG Emission (t CO2e) -6,714.18  

Total Net Emission for 5 Years of Construction and 1st Year of Operation (t CO2e) 

(a+b+c+d+e+f+g+h-j) 342,113.30  

Total Net Carbon Sequestration for 5 Years of Construction and 1st Year of Operation (t 

CO2e) (k+l-i) 7,374.85  

 1) National Development and Reform Commission Energy Conservation Information Dissemination Center, NDRC-ECIDC. 

 2) www.carbonneutral.au. Assuming 0.5 kg/d of meat consumption per worker. 

 3) Carbon storage of the present land use is assumed to be 1/3 of a mature broad-leaf forest at 271 tCO2e/ha. See 4) below. 

 4) Assumptions: (a) Mature broad-leaf forest carbon storage is assumed to be 271 tCO2e/ha. (He Ying. 2005. Summary of 

Estimation Methods of the Carbon Stored in Forests. World Forestry Research, 18:1 (22-27)); (b) It is further assumed that the 

planted tree species will mature within 10 years; (c) Matures will double the existing carbon storage of the existing land use. 

 5) Haitao Liu, Jing Li, Xiao Li, Yanhai Zhen, Sufei Feng and Gaoming Jiang. 2015. Mitigating greenhouse gas emissions 

through replacement of chemical fertilizer with organic manure in a temperate farmland. Science China Press and 

Springer-Verlag Berlin Heidelberg. 

 6) Project data from domestic preliminary design documents, FSRs, EIAs, GPMO and estimates by PPTA consultants. 

 

105. The annual GHG emissions estimated to be emitted during the development and 
operation of the project are 71,173 tCO2e, which is below ADB’s threshold of 100,000 tCO2e. 

106. The mitigation actions in the project implementation include closed hillsides to facilitate 
afforestation, re-vegetation, and adoption of biogas. The first two actions contribute to carbon 
sequestration, removing carbon from the atmosphere through photosynthesis. Biogas adoption 
provides an alternative energy source, and reduces total emissions through replacing chemical 
fertilizers with slurry. 

107. The closed hillsides to facilitate afforestation and re-vegetation in the reservoir areas 
are both important mitigation and adaptation practices. The areas of the closed hillsides to 
facilitate afforestation are 670 ha (10045 mu) in Anlong county and 414 ha (6210 mu). The areas 
of the re-vegetation are 931 ha (13964 mu) in Anlong county and 616 ha (9233 mu).  

108. Assumptions for the mitigation of GHG emissions in the re-vegetation activities included: 
(a) Mature broad-leaf forest carbon storage was assumed to be 271 tCO2e/ha. (He Ying. 2005. 
Summary of Estimation Methods of the Carbon Stored in Forests. World Forestry Research, 18:1 



24 

 

(22-27)); (b) It was further assumed that the planted tree species will mature within 10 years; (c) 
Mature trees will double the existing carbon storage of the existing land use.) 

109. The mitigation of GHG emissions for the sustainable agricultural practices was based 
on Haitao Liu, Jing Li, Xiao Li, Yanhai Zhen, Sufei Feng and Gaoming Jiang. 2015. Mitigating 
greenhouse gas emissions through replacement of chemical fertilizer with organic manure in a 
temperate farmland. Science China Press and Springer-Verlag Berlin Heidelberg. 

110. The adoption of biogas recovery systems is foreseen under the project. In 
the resettlement areas, 429 and 161 methane tanks will be built in the Pingqiao reservoir areas 
of and in Pingshan reservoir areas of Nayong county respectively. The biogas system of farmer 
household includes a methane tank, cooker, pipes, desulfurizer, and lamp. The size of the 
methane tank is normally by 8 m3. The cost for such a biogas system is 3,000 CNY. The 
subsides are 2,000 CNY from the county and provincial governments or central government, if 
the county government gets the project supports from the Ministry of Agricultural of China. 
Therefore, the total costs for the biogas systems would be 1.28 million CNY (429X3,000 CNY) in 
Anlong county and 0.48 million CNY (161X3,000 CNY) in Nayong county respectively. 

111. The number of sold pig in 2014 in Anlong county was 256249 heads and in 2014 in 
Nayong county 259197 heads. The pig manure is the main feedstock for the biogas system. The 
human manure is used as the feedstock for the biogas system as well. The strong hog 
production in both counties provides enough feedstock for the biogas system. For a methane 
tank by 8 m3 it needs 3.0 heads of pig and produces methane by 500 m3 pro year, which will 
meet the cooking needs of 4 person’s household. 

112. For the adoption of biogas recovery systems, the estimated reduction in GHG 
emissions in Anlong county will be with 125.27 t CO2e/year (429 household*0.292 t CO2e), while it 
will be with 47.01 t CO2e/year in Nayong county. The calculation is based on the GHG emission 
baseline 0.292 t CO2e/year per household (Reference: Shu, Miao. Analysis of mitigation benefits 
of GHG emission in small farmer households, Journal of Yunnan Normal University, 2011, Vol. 
31 Supplement: 129-131). 

113. In the re-vegetation activities, GHG emissions will be reduced on average by 35,606.69 
t CO2e/year (exceeding the biomass loss due to inundation by 6,116 t CO2e/year), while for the 
sustainable agricultural practices (replacing chemical fertilizer with organic fertilizer), the 
reduction in GHG emissions will average 1,258.40 t CO2e/year. 

8. Accounting climate finance 

114. In accounting project finance as climate finance, it is assumed that activities in Output 2, 
namely re-vegetation and promotion of sustainable farming, as well as associated capacity 
building activities, will contribute to increased climate adaptation in the project areas by 
preventing soil erosion and, by monitoring climate change impacts, to improving resilience of the 
project areas. The same activities will also contribute to carbon sequestration, and therefore the 
civil works and goods costs associated with re-vegetation, sustainable farming techniques, as 
well as capacity building activities are apportioned as 50% adaptation finance and 50% 
mitigation finance. 

115. The costs associated with Output 2 (iii)(a), i.e. “Monitoring of rocky desertification and 
climate change impact on it”, is considered 100% adaptation finance. 

http://www.baidu.com/link?url=iveYFiHvwFpmtwCueb-eypwuaViFEkKGFqN1BF7swUZ6Vo-St49_HiR2j0CJj0hKdsPDjS3q6_x8hreiGGNzuPS_RJ75gwuJYgsvdKGtw5c9NWzUCBmc0D0Mthx18s1j
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116. The initial estimate of project finance that can be attributed to climate change is $15 
million6 (including financing charges), out of which $7.70 million for adaptation and $7.31 million. 
A more refined estimate will be possible during the detailed design phase. 
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