
Yunnan Lincang Border Economic Cooperation Zone 
Development Project (RRP PRC 49310) 

CLIMATE CHANGE ASSESSMENT 
 

I. BASIC PROJECT INFORMATION 
 
Project Title: Yunnan Lincang Border Economic Cooperation Zone Development Project 
Project Cost ($ million): $416.59 million 
Location: Yunnan Province, the People's Republic of China (PRC) 
Sector: Water and other Urban Infrastructure and Services 
Theme: Institutional Development 
Brief Description: 
 

The Lincang Border Economic Cooperation Zone in southwest Yunnan 
Province is the PRC's 16th border economic cooperation zone. Since its 
inception in 2011, it has focused on cross-border trade, logistics, finance, 
tourism, equipment manufacturing and more, facilitating the PRC–Myanmar 
cooperation. This project is the Asian Development Bank's (ADB’s) investment 
response to the local demand of piloting a modern and environmental friendly 
border cooperation zone.  
 
The project covers three PRC border cities and towns, namely Qingshuihe, 
Zhenkang, and Cangyuan, along the PRC–Myanmar border in Lincang 
Prefecture in Yunnan Province, PRC. The project area is a less developed 
area in comparison to other parts of the country in a remote mountainous 
area. Most of the population are ethnic minorities consisting of Bai, Dai, Miao, 
Wa, Yi, etc. This part of the PRC shares a long inland border with Myanmar 
without obvious physical separations, and many local residents from both 
countries are from the same ethnic groups with similar living styles and habits, 
and share similar culture, language, habits, and economy. The interactions 
and exchanges of merchandise, as well as border trades, have existed 
throughout the long history of the area. ADB and the PRC Government 
reached an agreement to use an ADB loan of $250 million with a similar 
amount of counterpart fund from the PRC local government for the 
improvement of regional cooperation and integration facilities and 
infrastructure to promote the regional cooperation and local economic 
development.  
 
The project is expected to produce four outputs: (i) cross-border trade capacity 
improved, (ii) integrated urban environment infrastructure in Mengding and 
Qingshuihe National Port areas improved, (iii) social infrastructure and 
services improved; and (iv) institutional capacity of involved agencies 
improved. 

 
II. SUMMARY OF CLIMATE CHANGE FINANCE 

 
Project Financing Climate Finance 

Source 
Amount 
($ million) 

Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank    
 Ordinary capital resources (regular loan) 34.51 20.15 14.36 
Source: Asian Development Bank estimates. 

http://www.adb.org/Documents/RRPs/?id=49310-002-3
http://www.adb.org/Documents/RRPs/?id=49310-002-3
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III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 
 
A. Sensitivity of Project Components to Climate or Weather Conditions and the Sea Level 
1. Construction of a road pavement. An increase in summer extreme temperature could cause the 

surface material to disintegrate. 
2. Construction of a new river crossing bridge. An increase in the intensity and frequency of heavy 

rainfall events could flood the bridge and undermine its serviceability. 
3. Construction works of all project infrastructure, including schools and hospitals. Extremely intense 

precipitation causes considerable damages to construction sites, especially road paving workplaces. 
4. Waste collection system. Extremely intense precipitation causes considerable damages to waste 

collection/ wastewater collection sites with flooding and waste/wastewater overflow. 
5. Waste water treatment system. Extremely intense precipitation causes considerable damages to 

waste collection and wastewater collection sites, with flooding and waste and wastewater overflow. 
6. All human resource involved project activities: Extremely intense precipitation and flood can disturb 

regular operation and maintenance human resource arrangement, in case the project sites have 
access difficulties.   

7. All project activities. Drought may cause difficulties in water supply for construction sites resulting in 
project implementation delays. Drought may cause difficulties in water supply and daily operation of 
project activities both in domestic and industrial zones. 

B. Climate Risk Screening 
1. Strong precipitation events increase. Based on local climate record and climate projection, intensive 

extreme storm has increased which implies heavy rainfall will be more, while light rainfall will be less. 
2. Total annual rainfall quantity decrease. Based on local climate record and climate projection, the 

annual total precipitation is fluctuated featured a slight decreasing trend, with decreasing in annual 
rainfall days. 

3. Temperature increase and decrease. Minor and negligible risks. 
Climate Risk Classification: medium 
The overall review for potential climate risk is assessed as medium. The project has high climate risks of 
violent precipitation, flood, and drought. The climate risk of low temperature and high temperature are 
very small. According to academic studies based on modern observation results, drought intensity and its 
influence increased in spring, autumn, and winter while a slight downward trend existed in summer. Flood 
intensity and its influence generally showed a downward trend. Flood intensity and its influence in 
summer exhibited a slight upward trend, while other seasons showed a downward trend. The global 
gravity of climate risk of the project is assessed as medium. 
C. Climate Risk and Adaptation Assessment 
1. Design of building structure, should be to pass a 1-in-100-year flood, plus a standard safety margin, 

plus a 6% margin for flash flood peaks. 
2. Surface water-shedding drainage should be designed for a 1-in-5-year rainfall event. 
3. Water pipes and leachate pipes should be resilient against low temperature without frequent severe 

bursts. 
4. Materials and equipment should have enough resilience with margin against 10 days water scouring 

or soaking. 
5. Landscape sites and eventual compensation reforestation shall have emergency irrigation system to 

antagonize drought.  
6. Project sites shall be equipped with escaping facilities for human evacuation during eventual flooding 

events. 
7. An emergency reaction plan shall be available to evacuate human and equipment during flooding 

events. 
8. Ground surface water-shedding drainage should be designed for a 1-in-5-year rainfall event. 
9. Design of facilities and buildings should be to pass a 1-in-100-year flood, plus a standard safety 

margin, plus a 6% margin for flash flood peaks. 
D. Climate Risk Screening Tool and/or Procedure Used 
Literature review, climate records review and statistic summarization, and climate projection by GCM 
tools. 
Sources: Literature reviewed and climate screening procedures are listed in the appendix.  
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IV. CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 

 

Adaptation Activity Target Climate Risk 

Estimated 
Adaptation Costs 

($ million) Adaptation Finance Justification 
Emergency 
equipment for 
basement and lower 
part of infrastructures  

Strong precipitation 
events and flooding 

4.03 1% of the total budget adjustable 
due to investigation for detail 
design 

Heat isolation layer of 
buildings 

Energy loss of the 
interior of buildings 
due to strong heat 
transfer 

8.06 2% of the total budget adjustable 
due to investigation for detail 
design 

Air conditioning 
system 

Very high and very 
low temperature  

4.03 1% of the total budget adjustable 
due to investigation for detail 
design 

Emergency irrational 
system 

Drought  4.03 1% of the total budget adjustable 
due to investigation for detail 
design 

Source: Asian Development Bank estimates. 
 

V. CLIMATE MITIGATION PLANS WITHIN THE PROJECT 
 

Mitigation Activity 

Estimated GHG 
Emissions Reduction 

(tCO2e/year)a 

Estimated 
Mitigation Costs 

($ million) Mitigation Finance Justification 
Wastewater treatment 
facility 

31,990 3.54  Wastewater treatment system 
reduces CH4 emissions 
considerably. The entire budget 
of wastewater treatment system 
is considered as mitigation cost. 

Waste treatment 
facility 

3,403 2.44 Waste treatment system reduces 
CH4 emissions. The entire budget 
of waste treatment system is 
considered as mitigation cost. 

Lincang new energy 
supply station 

23,999 8.38 The energy input and output of 
Lincang new energy supply 
station is 1.028:1 (FSR). The 
project construction is considered 
as carbon neutral.  
The FSR also states that 7,619 
tons of petroleum would be 
saved by the project per year (at 
the moment 2020).  
The entire budget of new energy 
supply system is considered as 
mitigation cost. 

CH4 = methane, FSR = feasibility study report, GHG = greenhouse gas, tCO2e = tons of carbon dioxide equivalent. 
a Energy savings/year x emission factor = GHG emissions reduction. 
Source: Asian Development Bank estimates. 
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CLIMATE SCREENING 
 
1. The potential for the infrastructures and activates to be affected by future climate change 
was considered in: the Asian Development Bank (ADB) Report, Climate-Related Disasters in 
Asia and the Pacific; World Bank Report, Climate Trends and Impacts in the People's Republic 
of China (PRC); and Local Report, Characteristics of Droughts and Floods Analyzed Using the 
Standardized Precipitation Index in Yunnan Province During the Past 55 Years; etc. An abstract 
of climate change narrative written by professors of National Key Laboratory in Peking Normal 
University is attached as Annex A.  
 
2. The screening identified lack of precipitation/drought as a major risk affecting project 
design, construction, maintenance and performance. Drought may cause difficulties in water 
supply and daily operation of project activities both in domestic and industrial zones. Drought 
may cause vegetation degradation and biodiversity degradation. 
 
3. The screening identified extremely intense precipitation and flood as a major risk 
affecting project design, construction, maintenance and performance. Especially, extremely 
intense precipitation causes considerable damages to construction sites and waste 
management facilities (both construction phase and operational sites). Extremely intense 
precipitation and flood can disturb regular operation and maintenance human resource 
arrangement, in case the project sites have access difficulties.  

 
4. The screening identified extremely high temperature as a minor risk affecting project 
sitting/design, construction, maintenance and performance. High temperature may cause 
shorter service duration of materials such as landfill liners. High temperature may cause 
difficulties in operation and maintenance arrangements for project facilities.  

 
5. The screening identified extreme low temperature as a negligible risk affecting project 
sitting/design, construction, maintenance and performance. The lowest temperature recorded by 
modern methodology in Yunnan Province is – 7.8 Degree Celsius. Low temperature, below – 10 
Degree Celsius, may causes damages to buildings during construction phase by low cement 
solidification. Civil works in winter shall follow the national technical code: JGJ/T 104-2011 
Specification of winter construction of building engineering.  
 
6. The screening summarized the potential climate risks as follows: 
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Table 1: Climate Risks Screening 

Location and Design of project Project construction sites and operational sites can be affected by 
floods.  

Output 1. Cross-border capacity 
improved. This output is aimed to 
improve human living quality, 
efficiency of industrial activities and 
convenience of cross border 
transportation in Qingshuihe area. It 
includes Qingshuihe Border Trade 
Facilities construction and road 
paving in the border zone. 

Project construction sites and operational sites can be affected by 
floods. 
 
Extremely intense precipitation causes considerable damages to 
construction sites, especially road paving workplaces. 
 
Extremely intense precipitation and flood can damage operational 
project facilities within the project boundary.  
 
Extremely intense precipitation and flood can disturb regular 
operation and maintenance human resource arrangement, in case 
the project sites have access difficulties.  
 
Drought may cause difficulties in water supply for construction 
sites resulting project implementation delays. 
 
Drought may cause difficulties in water supply and daily operation 
of project activities both in domestic and industrial zones. 

Output 2. Integrated urban 
environmental infrastructures in 
Qingshuihe border area Improved. 
This output is aimed to improve the 
entire performance of the 
environmental infrastructures in 
Qingshuihe cross border area. It 
includes potable water supply 
system, wastewater treatment 
facilities, municipal waste treatment 
system, River rehabilitation and new 
energy connecting points. 

Facilities on project sites can be damaged during violent 
precipitation events and consequential floods.  
 
Extremely intense precipitation causes considerable damages to 
waste collection/ wastewater collection sites with flooding and 
waste/wastewater overflow. 
 
Extremely intense precipitation and flood can disturb regular 
operation and maintenance human resource arrangement, in case 
the project sites have access difficulties. 
 
Drought may cause difficulties in water supply for construction 
sites resulting to project implementation delays. 
 
Drought may cause difficulties in water supply and daily operation 
of project activities both in domestic and industrial zones. 

Output 3. Social infrastructure and 
service improved. This output is 
aimed to increase education and 
medical capacity of the cross border 
zone. It includes construction of 
schools and hospitals 

Facilities on project sites can be damaged during violent 
precipitation events and consequential floods.  
 
Extremely intense precipitation and flood can disturb regular 
operation and maintenance human resource arrangement, in case 
the project sites have access difficulties. The normal function of 
school and hospitals will be impacted very considerably by floods.  
 
Extremely high and extremely low temperature causes ergonomic 
difficulties for school and hospitals. Young students and patients of 
hospitals are very vulnerable to extreme temperature.  
 
Drought may cause difficulties in water supply for construction 
sites resulting to project implementation delays. 
 
Drought may cause difficulties in water supply and daily operation 
of project activities both in domestic and industrial zones. 
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Output 4. Institutional capacity of 
involved agencies Improved. This 
output does not involve any 
constriction or engineering work.  

Facilities on project sites can be damaged during violent 
precipitation events and consequential floods.  
 
Extremely intense precipitation and flood can disturb regular 
operation and maintenance human resource arrangement, in case 
the project sites have access difficulties. 

 
7. The overall review for potential climate risk is assessed as medium: The project has high 
climate risks of violent precipitation, flood and drought. The climate risk of low temperature and 
high temperature are very small. According to academic studies based on modern observation 
results, drought intensity and its influence increased in spring, autumn and winter while a slight 
downward trend exists in summer. Flood intensity and its influence generally showed a 
downward trend. Flood intensity and its influence in summer exhibited a slight upward trend, 
while other seasons showed a downward trend. The global gravity of climate risk of Yunnan 
Lincang Border Economic Cooperation Zone Development Project (The project) is assessed as 
medium. 
 
8. Linked facilities. The project sites of Yunnan Lincang Border Economic Cooperation 
Zone Development Project (The project) and all linked facilities such as municipal utility facilities 
and transportation facilities are all dispersed in Yunnan Province. Considering that Yunnan 
Province is assessed as the sole target for this project, the linked facilities shall have the same 
climate risks as project activities. Hence, the global gravity of climate risk of associated facilities 
is assessed as medium. 
 
9. While ADB's Safeguard Policy Statement (SPS) requires environmental due diligence of 
associated facilities in adjacent areas. The project has no input into the design or operation of 
these associated facilities. The management units of project activities are recommended to 
have a communication mechanism with administration of associated facilities to coordinate 
climate change adaption and mitigation actions.  
 
A. Climatic Trends 
 
10. Studies of Regional Climate Change. Some features of the climate change and 
response of extreme strong rainfall events and droughts to global climate warming over Yunnan 
Province have been analyzed by using temperature and rainfall data. The regional climate 
changing trend also has been explored respectively in the areas of Shangri-La, Xishuangbanna 
and Kunming. The results shows Yunnan temperature changing trend in recent 50 years 
behaved nearly in paralleling with the global, Northern Hemisphere and the PRC, Yunnan 
temperature changing range is slightly more than the global and a little less than the Northern 
Hemisphere and the PRC. The average temperature over Yunnan Province has been 
increasing since the late 1980s and has become most obviously warmed since the 1990s, and 
13 warm winters have occurred since 1986. The number of frost days in winter and spring has 
gradually decreased in many areas over Yunnan. With the climate warming in recent years, the 
number of snow days in Shangri-La and fog days in Xishuangbanna has decreased most 
obviously and the number of rain days also has decreased gradually, the change of heavy rain 
occurrence frequency was not obviously, but rainstorm appeared frequently, the occurrence 
frequency of heat wave and drought events increased. Upon entering the 21st century, the 
changing trend of rainfall over Yunnan has been reduced, the number of heat wave and drought 
events has changed frequently and increased, and the occurrence frequency interval changed 
from 2- 3 years to 1- 2 years. The spring and summer continuous drought in 2005 and spring 
drought in 2006 were most severe drought events over Yunnan Province in recent 50 and 20 
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years respectively.  
 
Observed climate change in Lincang project area 
 
11. Changes in annual and decadal temperature and precipitation. The annual mean 
temperature increases at a warming rate with 0.15oC/10a, less than annual maximum 
temperature with the warming rate about 0.17oC/10a, while the warming rate is 0.27oC/10a for 
the annual minimum temperature, which is the highest warming rate compared with the annual 
mean and annual maximum temperature (Figure 1). The warming started from the 1990s and 
has been successively warmer than any previous decades until 2015. 

 
Figure 1.  Changes in annual and decadal mean temperature (Tmean), maximum 



8 Appendix 

temperature (Tmax) and minimum temperature (Tmin) for Lincang project area for 1961–
2015 (reference period: 1961–1990) 
 
12. The average annual total precipitation fluctuates with a decreasing trend with 28mm/10a. 
The dry period started from 1990s and has been successively drier than any previous period 
(Figure 1). There is a decreasing trend in annual rainfall day with 5.1 day/10a. The changes in 
decadal rainfall day shows there are consecutive three decades (1970s,1980s and 1990s) with 
rainfall days less than the average rainfall days from 1961-1990 (Figure 2). However, there is 
more rainfall and rainfall days since 2013. 

 
Figure 2. Changes in annual and decadal precipitation (PCP) and rainfall days (P_days) 
for the time period 1961–2015 for Lincang project area (reference period: 1961–1990) 
 
13. The annual daily maximum rainfall shows slight increase during 1961–2015. The changes 
in decadal annual daily maximum rainfall shows there are two period (1980s and 2001–2015) 
with larger annual daily maximum rainfall (Figure 3). The daily mean precipitation shows a 
dramatic decrease during 1961–2015 and there are consecutive decadal for 1990s and 2001–
2015 with daily rainfall less than compared to the period 1961–1990. The increase in annual 
maximum rainfall and decreasing in daily mean rainfall imply that large rainfall will be larger, 
while the light rainfall will be smaller.  
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Figure 3. Changes in annual and decadal annual daily maximum rainfall (P_max) and 
daily mean rainfall (P_mean) for the time period 1961–2015 for Lincang project area 
(reference period: 1961–1990) 
 
14. Changes in monthly temperature and precipitation. There are general increases in 
monthly temperature for each month for monthly mean, maximum and minimum temperature 
during 1991–2015 comparing with 1961–1990 (Figure 4). However, the monthly maximum 
temperature decreased in May for 1991–2015 comparing with 1961–1990. There is warmer 
winter compared with other seasons for 1991–2015.  
 
15. The monthly precipitation decrease from June to December for 1991–2015 comparing 
with 1961–1990, while there is little changes or general increases from January to May (Figure 
4).  
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Figure 4. Monthly mean temperature (T_mean), maximum temperature (T_max) and 
minimum temperature (T_min), and monthly precipitation in 1961–1990 and 1991–2015 
for Lincang project area 
 
16. Changes in daily maximum temperature, minimum temperature and maximum 
precipitation in each month. Both the average daily maximum and minimum temperature 
have increased in 1991–2015 comparing with 1961–1990 except that there is decrease in daily 
maximum temperature in May for 1991–2015. The result shows that the decrease in average 
daily maximum temperature is consistent with the decrease in monthly maximum temperature in 
May for 1991–2015 comparing with 1961–1990 (Figure 4).  
 
17. The average daily maximum precipitation has decreased in February and from June to 
December while has increased in January and from March to May in 1991–2015 comparing with 
1961–1990 (Figure 5).  
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Figure 5. Daily maximum (T_max) and minimum temperature (T_min) and maximum 
precipitation (P_max) in each month in 1961–1990 and 1991–2015 for Lincang project 
area 
 
Summary for observed climate change 
 
18. In Lincang project area the average annual temperature has increased during 1961–2015 
characterized with warmer winter. The annual total precipitation fluctuated and featured a slight 
decreasing trend, with decrease in annual rainfall days. However the intensive extreme storm 
has increased which implies large rainfall will be larger, while the light rainfall will be smaller. 
The changes in monthly precipitation shows drier summer and autumn. Furthermore, the 
average daily maximum rainfall also decreases in summer and autumn. The warming combined 
with decreases in precipitation will cause more frequent and intense seasonal and periodic 
droughts. 
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Projected climate change in Lincang project area 
 
19. Changes in annual temperature and precipitation. In Lincang project area, projected 
changes of annual mean temperature under RCP4.5 and RCP8.5 scenarios for the 2015–2099 
show that there will be substantial warming in the future. The increasing trend for 2015-2099 will 
be higher than observed warming trend for 1961–2015 with about 0.39 oC/10a for annual mean 
temperature, 0.42oC/10a for annual maximum temperature and 0.37oC/10a for annual minimum 
temperature under RCP8.5. The increasing trend will be smaller than observed warming trend 
for 1961–2015 with about 0.11oC/10a for annual mean temperature, 0.10oC/10a for annual 
maximum temperature and 0.14oC/10a for annual minimum temperature under RCP8.5. In 
general, greater temperature rises for the late 21st century, and greater values under RCP8.5 
compared to RCP4.5 are found. As shown in the figure, warming follows a similar magnitude 
prior to 2050 under RCP4.5 and RCP8.5, indicating that the warming is less scenario dependent 
in the first half of the 21st century. In later half, however, the temperature continues to rise 
almost linearly under the RCP8.5 scenario, while quasi stabilization is found for RCP4.5. 
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Figure 6. Projected changes in annual mean (T_mean), annual maximum (T_max) and 
annual minimum (T_min) temperature for 2015-2099 under RCP4.5 and RCP8.5 for 
Lincang project area (baseline: 1986-2005, unit: ℃) 
 
20. In Lincang project area, there is increasing trend under RCP4.5, and no clear trend under 
RCP8.5 for annual precipitation toward the end of the century. 

 
 
Figure 7. Projected changes in annual precipitation for 2015-2099 under RCP4.5 and 
RCP8.5 for Lincang project area (baseline: 1986-2005, unit: %) 
 
21. In Lincang project area, the projected decadal temperature will be reached highest level 
at 2070s, with the warming about larger 1.7oC, 1.8oC, and 1.5oC for decadal mean, maximum 
and minimum temperature respectively under RCP 4.5. While the highest warming level at the 
end of 21th century under RCP8.5, with the warming about larger 3.7oC, 4.0oC, and 3.4oC for 
decadal mean, maximum and minimum temperature respectively. The projected decadal 
precipitation changes for Lincang project area show an opposite condition under RCP4.5 and 
RCP8.5 for 2020s, 2030s, 2060s and 2090s.  
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Table 2: Projected Changes in Decadal Temperature and Precipitation for Lincang Project 
Area (Baseline: 1986–2005) 

Decade 
Tmean(℃) Tmax(℃) Tmin(℃) PCP (%) 
RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 

2020s 0.8 0.8 0.8 0.8 0.7 0.9 (2) 5 
2030s 0.9 1.3 1.0 1.4 0.9 1.1 5 (1) 
2040s 1.1 1.4 1.2 1.5 1.0 1.4 1 4 
2050s 1.3 1.8 1.4 2.0 1.2 1.7 (1) (2) 
2060s 1.5 2.4 1.5 2.6 1.4 2.3 6 (5) 
2070s 1.7 2.8 1.8 3.0 1.5 2.6 (3) (6) 
2080s 1.4 3.0 1.4 3.1 1.5 2.9 9 3 
2090s 1.5 3.7 1.4 4.0 1.5 3.4 11 (7) 

 
22. Projected changes in monthly mean temperature and precipitation: In Lincang 
project area, projected monthly temperature will increase consistently in the future period 2021-
2050 under RCP4.5 and RCP8.5 for mean temperature (ranges from 0.9oC to 2.0oC under 
RCP4.5, and 1.8oC to 2.7oC under RCP8.5), maximum temperature (ranges from 0.7oC to 2.3oC 
under RCP4.5, and 1.5oC to 3.1oC under RCP8.5) and minimum temperatures (ranges from 
0.9oC to 1.4oC under RCP4.5, and 1.6oC to 1.1oC under RCP8.5). The temperature rises in April 
under RCP4.5 and RCP8.5 will substantial higher than warming in other months (Figure 8).  
 
23. There is no clear shift of peak rainfall season. Generally, there are consistent changes in 
projected precipitation in the most months except in July and November under RCP4.5 and 
RCP8.5. There are greater and consistent increase in monthly precipitation projected in 
February, May, June and September (1~22% under RCP4.5, 11~16% under RCP8.5). There 
are consistent decrease in monthly precipitation in January, March, April, August, October, and 
December which less rainfall projected under RCP8.5 (-1~-21% under RCP4.5, -3~33% under 
RCP8.5).  
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Figure 8. Projected changes in monthly mean, maximum and minimum temperature, and 
monthly precipitation for 2021-2050 under RCP4.5and RCP8.5 for Lincang project area 
(baseline: 1986-2005, unit:℃) 
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24. Projected changes in daily maximum and minimum temperature and maximum 
precipitation in each month. In Lincang project area, it is projected that mean maximum daily 
temperature will increase for all months of the year except in July under RCP4.5 with the 
magnitude ranges from 0.0oC to 1.5oC under RCP4.5, and 0.7oC to 1.7oC under RCP8.5. The 
projected mean minimum daily temperature will increase for all months of the year with the 
magnitude ranges from 0.3oC to 1.5oC under RCP4.5, and 1.0oC to 1.6°C for RCP8.5.  
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Figure 9. Projected changes in daily maximum and minimum temperature and maximum 
precipitation in each month for 2021-2050 under RCP4.5and RCP8.5 for Lincang project 
area (baseline:1986-2005, unit:℃) 
 
Summary for projected climate change 
 
25. The annual temperature is projected to continue to increase to the end of 21st century. 
However the probability of heat wave and cold events will be low before 2050. Annual rainfall is 
projected to increase slightly under RCP4.5 and no clear trend under RCP8.5 toward the end of 
the century. More months with decreased monthly precipitation is projected, while the projected 
changes in average daily maximum precipitation with less consistent under RCP4.5 and 
RCP8.5. The projected consistently increases in average daily maximum precipitation in June 
will to be increase the flood. The projected decreases of monthly precipitation, increases of 
monthly temperature will to be cause seasonal or periodic drought.  
 
B. Review of Literature concerning climatic change 
 

Table 3: Literature Reviewed 
No. Document General contents Implications for the 

Project 
1 Economic analysis of climate-proofing 

investment projects  
 
By Asian Development Bank (ADB) 

ADB’s climate risk management 
framework 

ADB’s climate risk 
management framework 

2 Climate Risk Management in ADB Project 
 
By Asian Development Bank  

ADB’s climate risk management 
framework 

ADB’s climate risk 
management framework 

3 ADB Climate-Related Disasters 
in Asia and the Pacific 

Disaster Risk and Climate 
Change, Extreme Temperatures 
and Precipitation, Hazards, 
Exposure, Vulnerability 

Risks concerning 
buildings and 
infrastructure 

4 World Bank Climate Trends and Impacts in 
the PRC 

Climate Trends and Impacts in 
the PRC 

Climate Trends and 
Impacts in the South of 
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No. Document General contents Implications for the 
Project 

the PRC 
5 Statistical Downscaling and Projection of 

Future Air Temperature Changes in Yunnan 
Province, PRC 
 
By Institute of Geographic Sciences and 
Natural Resources Research, Chinese 
Academy of Sciences (CAS) 
 

Climate data generated by five 
general circulation models 
(GCMs)  
 
Outputs of scenarios 
(Representative Concentration 
Pathways) RCP2.6, RCP4.5, and 
RCP8.5 of the third-generation 
Coupled Global Climate Model 
(CGCM3) from the 
Meteorological Research 
Institute of Japan (MRI) were 
from 2006 to 2100. 

General circulation 
models (GCMs) for 
Yunnan Province 

6 Dry–Wet Climate Change in Yunnan 
During 1961–2010 
By Department of Observation and Network 
and Yunnan Provincial Meteorological 
Administration 

Historical weather records of 
Yunnan Province 
 

Historical weather records 
of Yunnan Province 

7 Climate Change Features in Yunnan from 
1961 to 2010 
By: Yuxi Agriculture Vocation-Technical 
College 

Historical weather records of 
Yunnan Province 
 

Historical weather records 
of Yunnan Province 

8 Characteristics of Droughts and Floods 
Analyzed Using 
the Standardized Precipitation Index in 
Yunnan Province 
During the Past 55 Years 
By: College of Water Sciences, Key 
Laboratory for Water and Sediment 
Sciences of Ministry of Education, Beijing 
Normal University 

Climate trend analysis of Yunnan 
Province 

Climate trend analysis of 
Yunnan Province 

9 Clean Development Mechanism Project 
Description Document: Mitigation of 
Greenhouse Gas: Rubber based agro-
forestry system for sustainable development 
and 
poverty reduction in Pakkading, 
Bolikhamsay Province, Lao People's 
Democratic Republic 
 
By: United Nation Framework 
Convention on Climate Change, clean 
development mechanism development 
consultant 

Baseline and project activity 
carbon emission computation 
methodology and experiential 
emission values  

Baseline and project 
activity carbon emission 
computation methodology 
and experiential emission 
values  
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	2. The screening identified lack of precipitation/drought as a major risk affecting project design, construction, maintenance and performance. Drought may cause difficulties in water supply and daily operation of project activities both in domestic an...
	3. The screening identified extremely intense precipitation and flood as a major risk affecting project design, construction, maintenance and performance. Especially, extremely intense precipitation causes considerable damages to construction sites an...
	4. The screening identified extremely high temperature as a minor risk affecting project sitting/design, construction, maintenance and performance. High temperature may cause shorter service duration of materials such as landfill liners. High temperat...
	5. The screening identified extreme low temperature as a negligible risk affecting project sitting/design, construction, maintenance and performance. The lowest temperature recorded by modern methodology in Yunnan Province is – 7.8 Degree Celsius. Low...
	6. The screening summarized the potential climate risks as follows:
	Table 1: Climate Risks Screening
	7. The overall review for potential climate risk is assessed as medium: The project has high climate risks of violent precipitation, flood and drought. The climate risk of low temperature and high temperature are very small. According to academic stud...
	8. Linked facilities. The project sites of Yunnan Lincang Border Economic Cooperation Zone Development Project (The project) and all linked facilities such as municipal utility facilities and transportation facilities are all dispersed in Yunnan Provi...
	9. While ADB's Safeguard Policy Statement (SPS) requires environmental due diligence of associated facilities in adjacent areas. The project has no input into the design or operation of these associated facilities. The management units of project acti...
	a. Climatic Trends
	10. Studies of Regional Climate Change. Some features of the climate change and response of extreme strong rainfall events and droughts to global climate warming over Yunnan Province have been analyzed by using temperature and rainfall data. The regio...
	Observed climate change in Lincang project area
	11. Changes in annual and decadal temperature and precipitation. The annual mean temperature increases at a warming rate with 0.15oC/10a, less than annual maximum temperature with the warming rate about 0.17oC/10a, while the warming rate is 0.27oC/10a...
	Figure 1.  Changes in annual and decadal mean temperature (Tmean), maximum temperature (Tmax) and minimum temperature (Tmin) for Lincang project area for 1961–2015 (reference period: 1961–1990)
	12. The average annual total precipitation fluctuates with a decreasing trend with 28mm/10a. The dry period started from 1990s and has been successively drier than any previous period (Figure 1). There is a decreasing trend in annual rainfall day with...
	Figure 2. Changes in annual and decadal precipitation (PCP) and rainfall days (P_days) for the time period 1961–2015 for Lincang project area (reference period: 1961–1990)
	13. The annual daily maximum rainfall shows slight increase during 1961–2015. The changes in decadal annual daily maximum rainfall shows there are two period (1980s and 2001–2015) with larger annual daily maximum rainfall (Figure 3). The daily mean pr...
	Figure 3. Changes in annual and decadal annual daily maximum rainfall (P_max) and daily mean rainfall (P_mean) for the time period 1961–2015 for Lincang project area (reference period: 1961–1990)
	14. Changes in monthly temperature and precipitation. There are general increases in monthly temperature for each month for monthly mean, maximum and minimum temperature during 1991–2015 comparing with 1961–1990 (Figure 4). However, the monthly maximu...
	15. The monthly precipitation decrease from June to December for 1991–2015 comparing with 1961–1990, while there is little changes or general increases from January to May (Figure 4).
	Figure 4. Monthly mean temperature (T_mean), maximum temperature (T_max) and minimum temperature (T_min), and monthly precipitation in 1961–1990 and 1991–2015 for Lincang project area
	16. Changes in daily maximum temperature, minimum temperature and maximum precipitation in each month. Both the average daily maximum and minimum temperature have increased in 1991–2015 comparing with 1961–1990 except that there is decrease in daily m...
	17. The average daily maximum precipitation has decreased in February and from June to December while has increased in January and from March to May in 1991–2015 comparing with 1961–1990 (Figure 5).
	Figure 5. Daily maximum (T_max) and minimum temperature (T_min) and maximum precipitation (P_max) in each month in 1961–1990 and 1991–2015 for Lincang project area
	Summary for observed climate change
	18. In Lincang project area the average annual temperature has increased during 1961–2015 characterized with warmer winter. The annual total precipitation fluctuated and featured a slight decreasing trend, with decrease in annual rainfall days. Howeve...
	Projected climate change in Lincang project area
	19. Changes in annual temperature and precipitation. In Lincang project area, projected changes of annual mean temperature under RCP4.5 and RCP8.5 scenarios for the 2015–2099 show that there will be substantial warming in the future. The increasing tr...
	Figure 6. Projected changes in annual mean (T_mean), annual maximum (T_max) and annual minimum (T_min) temperature for 2015-2099 under RCP4.5 and RCP8.5 for Lincang project area (baseline: 1986-2005, unit: ℃)
	20. In Lincang project area, there is increasing trend under RCP4.5, and no clear trend under RCP8.5 for annual precipitation toward the end of the century.
	Figure 7. Projected changes in annual precipitation for 2015-2099 under RCP4.5 and RCP8.5 for Lincang project area (baseline: 1986-2005, unit: %)
	21. In Lincang project area, the projected decadal temperature will be reached highest level at 2070s, with the warming about larger 1.7oC, 1.8oC, and 1.5oC for decadal mean, maximum and minimum temperature respectively under RCP 4.5. While the highes...
	Table 2: Projected Changes in Decadal Temperature and Precipitation for Lincang Project Area (Baseline: 1986–2005)
	22. Projected changes in monthly mean temperature and precipitation: In Lincang project area, projected monthly temperature will increase consistently in the future period 2021-2050 under RCP4.5 and RCP8.5 for mean temperature (ranges from 0.9oC to 2....
	23. There is no clear shift of peak rainfall season. Generally, there are consistent changes in projected precipitation in the most months except in July and November under RCP4.5 and RCP8.5. There are greater and consistent increase in monthly precip...
	Figure 8. Projected changes in monthly mean, maximum and minimum temperature, and monthly precipitation for 2021-2050 under RCP4.5and RCP8.5 for Lincang project area (baseline: 1986-2005, unit:℃)
	24. Projected changes in daily maximum and minimum temperature and maximum precipitation in each month. In Lincang project area, it is projected that mean maximum daily temperature will increase for all months of the year except in July under RCP4.5 w...
	Figure 9. Projected changes in daily maximum and minimum temperature and maximum precipitation in each month for 2021-2050 under RCP4.5and RCP8.5 for Lincang project area (baseline:1986-2005, unit:℃)
	Summary for projected climate change
	25. The annual temperature is projected to continue to increase to the end of 21st century. However the probability of heat wave and cold events will be low before 2050. Annual rainfall is projected to increase slightly under RCP4.5 and no clear trend...
	b. Review of Literature concerning climatic change
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