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1 INTRODUCTION 

Ziyang is prefecture-level municipality in Sichuan Province. It is located 87 kilometers (km) 
southeast of Chengdu, the provincial capital. The Ziyang Municipal Government (ZMG) is 
committed to (i) promote green development; and (ii) attract business on relocating and investing 
in the green, light, and service industries in the Sichuan Ziyang High Technology Development 
Zone, while creating environment-friendly and attractive living conditions. 

The Asian Development Bank (ADB) supports ZMG with a $200 million loan through the Sichuan 
Ziyang Inclusive Green Development Project (project no. 51189-001). The Cities Development 
Initiative for Asia is funding a transaction technical assistance (TA) to prepare the documents 
which ADB requires to approve the loan. This includes an analysis of the impacts of climate 
change on proposed infrastructure and mitigation measures to protect against potential changes. 

This report describes the (i) observed and projected climate change in the Ziyang Municipality 
and (ii) potential climate change impacts and adaptation options for the project. 

1.1 Climate Change, Risk Management, and Development 

Climate change poses risks for human and natural systems. Climate change risk management is 
an approach to identify, assess, and respond to climate risks. Managing the risks of climate 
change involves socioeconomic pathway, adaptation, and mitigation decisions with implications 
for future generations, economies, and environments. Climate change adaptation refers to the 
process of adapting to the actual or expected climate and its impacts. Climate change is a threat 
to sustainable development, and the climate-resilient pathways are sustainable development 
trajectories. Climate-resilient pathways combine adaptation and mitigation measures to reduce 
climate change and its impacts.1 

The purpose of climate change risk management is to ensure that the expected outcomes of 
strategy, policy, and investment can be achieved. Climate change risk management is an effective 
way of reducing wrong decisions, although climate change and its uncertainties pose a challenge 
to it. 

1.2 Climate Change in Sichuan Province 

The annual mean temperature has increased in Sichuan Province during 1961–2010 and was 
characterized with warmer winter and autumn seasons. The annual mean temperature has 
increased to 0.44°C, while the annual precipitation has decreased 87.7 millimeters (mm); and the 
annual sunshine hours have decreased to 175.4 hours, and the annual wind speed to 0.38 
seconds per minute during the same period. Both the annual rainfall days for extreme intensive 
storm and the light rainfall have decreased. The annual heat waves (daily maximum temperature 
of ≥35°C) have increased, and the period is prolonged. However, the cold event (daily minimum 
temperature of ≤0°C) has decreased; and the intensity of cold events has increased. 
Thunderstorm days decreased dramatically. 

                                                
1 Intergovernmental Panel on Climate Change. 2014. Summary for Policymakers. In: Climate Change 2014: Impacts, 

Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change. pp. 1–32. Cambridge, United Kingdom; and 

New York, New York, United States of America: Cambridge University Press. 
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In Sichuan Province, annual temperature was projected to continually increase under the Special 
Report on Emissions Scenarios scenarios.2 The annual precipitation in Sichuan Province was 
projected with a general increasing trend. The intensive rainfall was projected to increase with 
more frequent flooding and drought. The heat wave tropical night was projected with increasing 
trend.3 

1.3 Objective of Climate Change Risk Assessment in this Report 

All ADB projects were screened for climate risks. ADB will do preliminary screening to identify the 
climate risk level during project conceptualization. For the projects at “medium” or “high” risk, the 
climate risk and vulnerability assessment, evaluation of adaptation options, and cofinancing 
arrangements are required by ADB during project preparation. A detailed climate risk and 
vulnerability assessment—the Climate Vulnerability Assessment and Management Report—was 
carried out for projects classified as “medium” or “high” risk during project preparation.4   

The climate change risk assessment for this project was aimed at (i) using the best science and 
evidence to understand the range of climate changes we might face, and what effect they might 
have on our project; (ii) understanding better the vulnerability to our current climate for the project; 
(iii) assessing—using a risk-based approach—what we can put in place now and plan for in the 
future to increase the resilience of the project; and (d) minimizing the risk of significant climate 
change impacts. 

Table 1 lists the project outputs and components.   

ADB classifies the project as climate change medium risk. 

                                                
2 The Special Report on Emissions Scenarios is a report by the Intergovernmental Panel on Climate Change, and was 

superseded by the representative concentration pathways in 2014. 

3  Compiling Committee for “Climate Change Assessment Report for Southwest China”. 2013. Climate Change 

Assessment Report for Southwest China (2012): Summary for Policymaker and Technical Summary. Beijing: China 

Meteorological Press. 
4 https://www.adb.org/sites/default/files/publication/148796/climate-risk-management-adb-projects.pdf 

https://www.adb.org/sites/default/files/publication/148796/climate-risk-management-adb-projects.pdf


Table 1: Project Outputs and Components 

No. Outputs Component 

1 Ecological systems 

and environmental 

infrastructure 

constructed 

(i) Provide improved flood control and water conservation, including 

(a) construction of at least 5 kilometers of improved flood control embankment 

(eco-dike) to comply with the requirement for protection from a 50-year design 

flood 

(b) construction of sponge city interventions, such as at least 18 ha of detention 

basins, to capture storm water 

(c) wetland area development and protection through the rehabilitation of at least 

25.7 ha of wetlands at the downstream of the SZHTDZ to improve the 

Yannan Lake’s water quality and enhance the ecological system 

(ii) Develop the urban green areas, including 

(a) landfill closure, restoration, and transformation, including leachate treatment, 

landfill gas collection, and total landscaping, into a 38.6-ha green park 

(b) development of at least 123 ha of hilly and gully area, and installation of a 

green wedge as a natural barrier between the Ziyang Municipality’s old 

residential and industrial areas 

(c) Ecological preservation through restoration of at least 0.82 square kilometers 

of eight bare hills that are at risk of erosion from wind and water with the 

hazard of subsequent subsidence 

2 Facilities and 

programs to support 

the service industry 

broadened 

(i) Establish a research and development center for light industries to be guided by 

relevant existing institutional frameworks in the PRCb        

(ii) Establish a center for inspecting and testing equipment and materials for the 

service industrya 

(iii) Establish the Sichuan Ziyang technical and vocation education and training 

center, with capacity for 4,000 full-time students 

3 Urban development 

planning and 

management 

capacity enhanced 

(i) Install a computerized urban planning and management component (intelligent 

park platform [SMART information system]), including software and hardware, for 

the SZHTDZ to provide a modular, web-based, interactive, and decision-making 

support system for better management of the government, environment, and 

information sharing)b 

(ii) Establish an effective urban performance monitoring and evaluation system for 

the SZHTDZ to assess the inclusive green development progress 

(iii) Prepare and conduct an urban green development planning study, including 

comprehensive gender study, for the SZHTDZ 

 Project management 

and capacity 

development 

(i) Provide technical support for developing the detailed terms of reference for the 

(a) research and development incubation center and (b) equipment and material 

inspection and testing center ($0.5 million) 

(ii) Recruit a project implementation consultant who will ensure the provision of 

overall support for the project’s final design and implementation, including the 

support for capacity development and training for the staff of ZMG and the PMO 

on ADB’s project management procedures, technical design and implementation, 

and safeguard supervision and monitoring ($1.5–$2.0 million) 

ADB = Asian Development Bank, ha = hectare, PMO = project management office, PRC = People’s Republic of China, 

SZHTDZ = Sichuan Ziyang High Technology Development Zone, ZMG = Ziyang Municipal Government. 
a These activities under Output 2 will be guided by relevant existing institutional frameworks in the PRC. 
b SMART system will entail the establishment of an improved government services system at the SZHTDZ for 

increased and/or improved efficiency, transparency, resource sharing, and management. This will be done through 

the provision of hardware and software for the following: (i) SMART government data management and office system, 

(ii) SMART economy (one-stop enterprise service platform) to promote e-commerce, (iii) SMART management 

support system (transportation and/or road traffic, community lighting, surveillance, and emergency response 

system), and (iv) SMART environment system (water, air, and noise monitoring). 

Source: ADB–ZMG Memorandum of Understanding for the Interim Review Mission, 22–25 January 2018.  
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2 Observed and Projected Climate Change in the Ziyang Municipality 

2.1 Climatology in the Ziyang Municipality 

Ziyang is in the southeast of Sichuan Basin, with the Tuo River flowing through the central area 
of the municipality. The area has a humid subtropical climate characterized with abundant rainfall, 
mild temperature, plenty fogy days, less sunshine, big humidity, and less wind speed. The 
average annual temperature is 17.4°C. Historical data show that the mean temperature reaches 
a monthly average low level at 6.6°C in January and the highest level at 26.7°C in July.  

In Ziyang, the average annual precipitation is about 900 mm, ranging from 540 mm to 1,290 mm. 
The distribution of monthly precipitation is uneven, with the annual precipitation in the wettest 
month more than twice as that of the driest month. The number of rainfall days is about 147 days, 
ranging from 115 days to 194 days. 

2.2 Observed Climate Changes in the Ziyang Municipality 

The observed climate changes were analyzed based on the gridded daily climate dataset CN05, 
with the resolution of 0.5ºC during 1961–2013 which has been extended during 1961–2015.5 

Gridded. Observed climate data are often based on dispersed sites, e.g., discrete 
meteorological stations at airports. Climate information from different sites—if 
converted into sequential, standardized, and grid-based data—could effectively 
reflect the geographical information of climate elements, and enhance the 
representativeness of climate data sequence in the corresponding grids. 

The long-term trends for annual temperature (mean, maximum, and minimum temperatures), 
annual precipitation, and annual rainfall days were calculated using the method of linear 
regression based on data from 1961 to 2015. The changes in temperature and precipitation were 
compared with average values during 1961–1990. The monthly distribution changes for 
temperature and precipitation were calculated by comparing the average monthly temperature 
and precipitation during 1961–1990 and 1991–2015.   

The changes in extreme events related to temperature and precipitation included the hot days 
(daily mean temperature ≥ 35°C), cold days (daily mean temperature ≤ 0°C), and heavy rainfall 
(daily precipitation ≥ 50 mm). The meteorological drought was calculated based on 
comprehensive index; and the moderate intensive, intensive, and very intensive droughts were 
considered for calculating the changes in drought days.6  

2.2.1 Changes in Temperature and Precipitation 

The annual maximum temperature increases at a warming rate less than annual mean 
temperature with 0.08°C/10 years; while the warming rate is 0.15°C/10 years for the annual 
minimum temperature, which is the highest warming rate compared with the annual mean and 

                                                
5 Wu, J.; and Gao, X. J. 2013. A Gridded Daily Observation Dataset over China Region and Comparison with the Other 

Datasets. Chinese Journal of Geophysics. 56:1102–1111. Beijing: Science Press. 
6 Zhang, Q., Zhou, X. K., Xiao, F. J., et al. 2006. Classification of Meteorological Drought (GB/T20481-2006). Beijing: 

Standards Press of China. 



annual maximum temperature (Figure 1). The 1980s is the coldest decade, while the warming 
starts from 1990s and has been successively warmer than any previous decades until year 2015. 
However, the rate of warming after year 2000 is smaller than the trend since year 1961. 

 

Figure 1: Changes in the Annual and Decadal Mean Temperature (Tmean), Maximum 
Temperature (Tmax), and Minimum Temperature (Tmin) for Ziyang during 1961–2015 

(Reference period: 1961–1990) 

The highest monthly maximum temperature was 31.4°C in August for 1961–1990, while it was 
31.6°C in July for 1991–2015. The changes in 1961–1990 and 1991–2015 for monthly mean and 
minimum temperature show a warmer February, March, and April, especially warming with 
monthly minimum temperature. However, the changes in the monthly maximum temperature 
showed a decrease in December and January for 1991–2015. The monthly temperature increase 
in August was relatively small compared with other months (Figure 2). 

 

Figure 2: Monthly Mean Temperature (Tmean), Maximum Temperature (Tmax), and 
Minimum Temperature (Tmin) during 1961–1990 and 1991–2015 for Ziyang 

The average annual total precipitation fluctuated with a decreasing trend with 40 mm/10 years. 
The changes in decadal precipitation showed that there was one wet period during 1960s (Figure 
3a). There is a decreasing trend in annual rainfall day with 8.8 days/10 years. The changes in 
decadal rainfall day shows that there are consecutive 3 decades (1980s, 1990s, and 2001–2015) 
with rainfall days less than the average rainfall days during 1961–1990, and there is 28.8 days 
less for 1990s (Figure 3b). 
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Figure 3: Changes in the Annual and Decadal Precipitation (a) and rainfall days (b) during 
1961–2015 for Ziyang (Reference period: 1961–1990) 

The distribution and magnitude of monthly precipitation has changed in Ziyang. The largest 
monthly precipitation was about 220 mm in July for 1961–1990, while it was 176 mm in August 
for 1991–2015. There was general decrease in monthly precipitation, except in February, March, 
and June. The in monthly precipitation decreases in July and September–November were larger 
than the other months (Figure 4). 

 

Figure 4: Monthly Precipitation during 1961–1990 and 1991–2015 for Ziyang 

2.2.2 Changes in Extreme Climatic Events   

In Ziyang, climate change was leading to higher temperatures in the summer and was increasing 
the number of heat waves. The numbers of days with the daily maximum temperature larger than 
35°C have increased by 1.2 days/10 years (Figure 5). The warming also leads to higher 
temperatures in the winter and reduces the number of days with the temperature lower than 0°C. 
The average numbers of cold days have decreased by 0.8 days/10 years. However, there were 
still days with extreme minimum temperature below 0°C (Figure 6). 

 

 

（a） （b） 



 

Figure 5: Changes in Heat Waves and Annual Extreme Daily Maximum Temperature 

during 1961–2015 (Reference period: 1961–1990) 

 

Figure 6: Changes in Cold Events and Annual Extreme Daily Minimum Temperature 

during 1961–2015 (Reference period: 1961–1990) 

In Ziyang, storms have had a decreasing trend of about 0.2 day/10 years; while the drought has 
an increasing trend about 9.0 days/10 years for 1961–2015 (Figure 7). 

 

Figure 7: Changes in Storm and Drought in Ziyang during 1961–2015 

(Reference period: 1961–1990) 
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2.3 Projected Climate Changes in the Ziyang Municipality 

Dataset of climate change projection used in this report was derived from the simulation based 
on the Beijing Climate Center Climate System Model version 1.1 (BCC_CSM1.1)–Regional 
Climate Model (RegCM4.0).7 Driven by the global model BCC_CSM1.1, climate change over the 
People’s Republic of China (PRC) in the 21st century was simulated by a RegCM4.0 under the 
new emission scenarios of the representative concentration pathways (RCPs)—RCP4.5 and 
RCP8.5. The dataset was based on a period of transient simulations from 1950 to 2099, with a 
grid spacing of 50 km. 

 
Representative concentration pathways. Generally, future climate projections were 

based on climate model forcing by future greenhouse gas (GHG) emission scenarios.  

Representative concentration pathways (RCPs) are four GHG concentration—not 

emissions—trajectories adopted by the Intergovernmental Panel on Climate Change for its 

fifth assessment report in 2014. It supersedes the Special Report on Emissions Scenarios 

projections published in 2000. The RCPs were used for climate modeling and research. 

They describe four possible climate futures, all of which will be considered possible 

depending on how much GHGs will be emitted in the years to come. The four RCPs are 

RCP2.6, RCP4.5, RCP6.0, and RCP8.5. They are named after a possible range of 

radiative forcing values in the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, 

and +8.5 watts per square meter).  

The Global Climate Model is an important tool at present for generating future climate 

change scenarios. Resolution of the global model is generally low (Intergovernmental 

Panel on Climate Change’s fourth assessment report: 125–400 meters) due to the restraint 

of computing capacity. Therefore, statistical and dynamic downscaling will be adopted to 

produce climate scenarios, and the Regional Climate Model is one way of dynamic 

downscaling. For the climate projection based on Regional Climate Model in the Ziyang 

project, only under two RCPs—RCP4.5 and RCP8.5—are available, which represent 

medium and high radiative forcing, respectively. 

 

The projected monthly average minimum and maximum temperatures, and monthly total 
precipitation in grids surrounding the Ziyang Municipality were used for the future climate change 
analysis. The anomalies of annual mean, maximum, and minimum temperatures; and annual 
precipitation were calculated during 2010–2099. Considering the project construction period 
during 2018–2023, the frequency of maximum daily rainfall changes was also calculated for 
2021–2050. The period 1986–2005 was selected as the baseline for the climate change 
projections as it was widely used in the Intergovernmental Panel on Climate Change’s fifth 
assessment report of Working Group 1. The projected temperature and precipitation based on 
BCC_CSM1.1–RegCM4.0 under RCP4.5 and RCP8.5 were compared with the results from 
historical run. 

 

 

                                                
7 Gao X-J., Wang. M-L., and Filippo. G. 2013. Climate Change over China in the 21st Century as Simulated by 

BCC_CSM1.1–RegCM4.0. Atmospheric and Oceanic Science Letters. Beijing: Science Press. 



2.3.1 Projected Changes in Temperature 

In Ziyang, projected changes of annual mean temperature under RCP4.5 and RCP8.5 scenarios 
for 2015–2099 show that there will be substantial warming in the future. The increasing trend for 
2015–2099 will be higher than the observed warming trend for 1961–2015, with about 0.38°C/10 
years for annual mean temperature; 0.39°C/10 years for annual maximum temperature; and 
0.36°C/10 years for annual minimum temperature. In general, greater temperature rises for the 
late 21st century; and greater values under RCP8.5 compared to RCP4.5 were 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 was found for RCP4.5. 

 

Figure 8: Projected Changes in Annual Mean, Maximum, and Minimum Temperatures for 
Ziyang during 2015–2099 under RCP4.5 and RCP8.5 (Baseline: 1986–2005, Unit: °C) 

In Ziyang, the projected decadal temperature will be reaching the highest level at 2080s, with the 
warming about larger at 1.5°C, 1.6°C, and 1.5°C for decadal mean, maximum, and minimum 
temperature, respectively, under RCP4.5; while the highest warming level will be reached at the 
end of 21st century under RCP8.5, with the warming about larger at 3.5°C, 3.7°C, and 3.3°C for 
decadal mean, maximum, and minimum temperature, respectively (Table 2). 

Table 2: Projected Changes in Decadal Temperature and Precipitation for Ziyang 
(Baseline: 1986–2005) 

Decade 

Tmean (°C) Tmax (°C) Tmin (°C) PCP (%) 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 

2020s 0.7 0.8 0.8 0.8 0.7 0.8 -1 4 

2030s 0.8 1.1 0.8 1.2 0.8 1.0 3 -4 

2040s 1.0 1.4 1.1 1.5 1.0 1.3 2 -1 

2050s 1.1 1.9 1.3 2.0 1.1 1.8 1 -2 

2060s 1.4 2.2 1.5 2.3 1.4 2.1 -3 -2 

2070s 1.4 2.4 1.6 2.5 1.4 2.4 -1 2 

2080s 1.5 2.9 1.6 2.9 1.5 2.8 0 0 

2090s 1.4 3.5 1.5 3.7 1.4 3.3 5 -6 
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2.3.2 Projected Changes in Precipitation 

As shown in Table 2, the projected decadal precipitation changes for Ziyang show an opposite 
condition under RCP4.5 and RCP8.5. In 2030s, the projected decadal precipitation for RCP4.5 
will increase about 3%; but will decrease about 4% for RCP8.5. In 2090s, the projected decadal 
precipitation will be increased by about 5% for RCP4.5; and will decrease by about 6.0% 
according to RCP8.5. 

In Ziyang, there is no clear trend under RCP4.5; and a slight decreasing trend under RCP8.5 for 
annual precipitation toward the end of the century (Figure 9 and Table 2).  

 

Figure 9: Projected Changes in Annual Precipitation for Ziyang under RCP4.5 and RCP8.5 
for 2010–2099 (Baseline: 1986–2005, Unit: %) 

 

Table 3: Projected Frequency of Maximum Daily Rainfall Changes for Ziyang for 2021–
2050 under RCP4.5 and RCP8.5 (Baseline: 1986–2005, Unit: %) 

Probability of 

Exceedance (%) 

Return Period 

(Year) 

RCP4.5 RCP8.5 

Mean Max Min Mean Max Min 

1 100 8 25 -5 7 19 0 

2 50 7 16 -5 6 12 -1 

5 20 2 5 0 2 9 0 

10 10 0 3 -2 0 5 -3 

20 5 0 2 -2 -1 2 -5 

50 2 -2 0 -6 -4 0 -10 

RCP = representative concentration pathway. 

Source: Consultants’ calculations. 

This result is different from the finding in the projected precipitation changes in Sichuan Province 
as indicated in para. 7. This shows the difference between the spatial heterogeneity for large 
scale (province) and local scale (municipality). 

 

 



In Ziyang, the rainfall intensity during 2021–2050 was expected to change due to climate change. 
The frequency analysis suggested that the maximum daily rainfall of the 100-year return period 
will be increased by 8% (ranging from -5% to 25% based on grids) under RCP4.5, and by 7% 
(ranging from 0% to 19%) under RCP8.5. The maximum daily rainfall of 50-year return period will 
be increased by 7% (ranging from -5% to 16%) under RCP 4.5, and by 6% (ranging from -1% to 
12%) under RCP 8.5. The maximum daily rainfall of 20-year return period will be increased by 2% 
under both RCP4.5 and RCP8.5 ( 

Table 3); while the maximum daily rainfall for 10-, 5-, and 2-year return periods show no clear 
changes or decrease in general.  

The projections shown in  

Table 3 indicated that future storms will be more extreme. For example, the RCP4.5 daily rainfall 
of 100-year return period will be increased by 8%. It is about 150 mm/day for baseline; and so, it 
is projected to become 162 mm/day in 2021–2050. In general, the projected large rainfall will be 
larger, while the light rainfall will be smaller. 

It is important to note that the results discussed in this section rely on the available daily rainfall 
data for both the historical and future periods. Daily rainfall data, however, may not well represent 
the floods in majority of these small and steep river basins, which usually have a flash flood 
triggered by less than a few hours of heavy rainfall due to the geography of the area. 

3 Potential Climate Change Impacts and Adaptation Options for the Ziyang Project  

3.1 General Principles 

The National Development and Reform Commission and the PRC’s Ministry of Housing and 
Urban Construction jointly developed the "Urban Adaptation to Climate Change Action Plan" in 
February 2016. Their vision is to incorporate the climate change adaptation principles and 
methods into the urban and rural planning system, construction standards, and the industry 
development plan by 2020.8 There were 28 cities selected for the pilot in February 2017. The 
main tasks include (i) enhancing the climate change adaptation concept, (ii) improving the 
monitoring and early warning capacity, (iii) developing the key adaptation actions to climate 
change, (iv) establishing a policy test base, and (v) building a platform for international 
cooperation until 2020. 

Although Ziyang is not a pilot city, the climate change risk assessment from ADB will (i) use the 
best science and evidence to understand (a) the range of climate changes we might face, and (b) 
what effects they might have; (ii) understand better the vulnerability to our current climate; (iii) 
assess what we can put in place now, and plan for the future to increase the resilience of the 
project; (iv) minimize the risk of significant climate change impacts; and (v) propose the climate 
change adaptation actions to support a green development path for Ziyang. All these efforts will 
(i) improve Ziyang’s capacity for adaptation to climate change, and (ii) fill the gaps from the 
national urban adaptation strategy. 

                                                
8 National Development and Reform Commission and Government of the PRC, Ministry of Housing and Urban 

Construction. 2016. Urban Adaptation to Climate Change Action Plan. National Development and Reform 

Commission Issue No. 245. Beijing. 



15 

 

 

The PRC’s Thirteenth Five-Year Plan released in March 2016 emphasized the active adaptation 
to climate change.9  Climate change should be considered in the urban and rural planning, 
infrastructure construction, productivity layout, and relative economic and social activities. The 
related technical standards should be promoted and adjusted, considering climate change. 
Climate change action plan should be implemented. Climate change observation system and 
scientific research should be strengthened, climate prediction and early warning system should 
be improved, and the capacity to deal with extreme weather and climate events should be 
enhanced. 

Observed climate change analysis revealed a warmer and drier climate, with decrease in rain 
days and rainfall intensity; and increase in meteorological drought. Future climate projection 
based on the RegCM4.0 showed a continued warming and increasing rainfall intensity. Climate 
change is one source of risk for the Ziyang project. 

It is very important to manage the climate change risks by (i) combining the technical approach 
with a socioeconomic pathway (such as green and low carbon development), and (ii) 
incorporating the climate change adaptation and mitigation actions in the project components 
(such as developing a management decision system, constructing the evaluation index of 
economic development performance, and planning green city development).  

The changes in water resources and flood risk caused by climate change are particularly 
important for the layout and location of key economic sectors. In addition, climate change has 
important implications for the (i) project design standard for flood management, and (ii) potential 
storm water and drainage network design. 

3.2 Potential Climate Change Impacts on the Ziyang Project 

This section discusses current urban infrastructure and infrastructure proposed for funding by the 
ADB loan. 

In Ziyang, projected changes of annual mean temperature during 2015–2099 are that there will 
be substantial warming in the future. The rainfall intensity during 2021–2050 was projected to 
change. The analysis suggested that the maximum daily rainfall of 100-year return period will be 
increased by 7%–8%, and of the 50-year return period by 6%–7%. In general, the projected heavy 
(large volume) rainfall will be larger; while the light (low volume) rainfall will be smaller. 

Potential climate change impacts were summarized in Table 4. 

Table 4: Summary of Potential Climate Change Impacts 

Climate Change Environmental Impacts 

Extreme high temperature 
- Vegetation degradation  

- Higher soil temperature 

Extreme high and/or low quantity of precipitation - Flood, drought, storm  

                                                
9 Government of the PRC. 2016. Outline of the Thirteenth Five-Year Program for National Economic and Social 

Development, 2016–2020. Beijing. 



 

Climate change poses some risk to this project. Projected temperature increases in Ziyang may 
stress physical structures and degrading materials, particularly plastic. Precipitation changes are 
highly uncertain, with both small increases and decreases in total precipitation annually projected. 
However, the increase in rainfall variability and the intensity of extreme rainfall events will also 
potentially increase the flood risk. Sudden intense storms following a drought may lead to flash 
flood due to poor absorbent capacity of soils (hard pan). It should be noted, however, that several 
factors besides climate change influence the flood risk. Table 5 identifies the infrastructure to be 
built with the ADB loan that are at risk to climate change. 

Table 5: Proposed Infrastructure at Risk to Climate Change 

No. Output Components 

1 Ecological systems 
and environmental 
infrastructure 
constructed  

(i) Flood-control embankment (eco-dike) 
(ii) Sponge city interventions 

 (iii) Wetland area development and protection 
 (iv) Landfill closure, restoration, and after-use and/or transformation 
 (v) Development of hills and gullies and installation of a green wedge 
 (vi) Ecological preservation of bare hills 

2 
Facilities and 
programs to support 
the service industry 
broadened 

(i) Building the research and development platform in the incubation 
center for light industries, and a center for inspecting and testing 
equipment and materials for the service industry 

 (ii) Buildings and campus for the Sichuan Ziyang technical and vocational 
education and training center 

Source: Identified by consultants based on the feasibility study report. 

Despite the uncertainties found in the projections by the climate change models, floods, severe 
storms, and droughts have historically had a high negative impact on the PRC’s economy, 
environment, and local quality of life. As future storms, floods, droughts, and high temperatures 
will likely have potential impacts on infrastructure in this project and current urban infrastructure. 

3.2.1 Impacts on Provision of Improved Flood Control and Water Conservation  

Two of the proposed infrastructure projects listed in Table 5 can help provide protection from 
potential climate change: flood control embankment and sponge city interventions. 

Flood control embankment. The eco-dike designed for flood prevention in this project uses 
landscaping to (i) reduce wave action that might surge over the embankment, and (ii) provide soil 
stability for reducing erosion. The flood control standard is 50-year return period according to the 
PRC standards and a flood volume based on analysis of past storms.  

Rainfall variability (alternating drought-wet conditions) and higher temperatures result in soil 
moisture variations with the consequence of cracks in the embankment. This can be mitigated by 
maintaining the vegetation, for example, by irrigating during dry periods. 

Sponge city interventions. A sponge city is a city in which the urban environment is constructed 
to soak up storm water and capture that water for reuse. A sponge city will be able to (i) deal with 
too much water, and (ii) reuse the rain water during drought. 

 

 



17 

 

In the PRC, the construction approach for sponge city interventions include (i) infiltration 
(seepage); (ii) slowing the water movement; (iii) storage; (iv) purification (e.g., filtration through 
vegetation and overflow storm water inlet); (v) utilization (e.g., vegetation irrigation); and (vi) 
discharge. 

Innovative rain water management adaptations include green roofs (vegetation growing on 
building roofs), permeable hardened pavement, vegetative retention systems, infiltration systems, 
and so on. For Ziyang, the sponge city interventions focus on the detention basins and green 
areas alongside the roads. These can capture rain water, hold it (detention), and make it available 
for later use. 

Yannan Lake’s wetland area development. This component consists of (i) developing the 
natural vegetation to purify the water in the Yannan Lake and an upstream creek; and (ii) providing 
protective berms alongside the water bodies to prevent the inflow of drainage water that could be 
polluted by residential use (e.g., failing septic tanks), animals (livestock, poultry), and agricultural 
irrigation water run-off. The projected increase in rainfall intensity will also increase the storm 
water flow into the wetland. This could improve the water quality through dilution or make it worse 
if the rainfall run-off is over-polluted soil. The project includes measures to reduce the sources of 
pollution; and so, it is expected that the water quality will improve regardless of climate change. 

The projected increase in temperatures and drought will change the distribution patterns of pests 
and disease, affecting trees and plants that are not adapted through physiologic stress. 
Ecosystem benefits, such as the capacity to improve water quality and capture rainwater, will be 
decreased. There is no mitigation for loss of benefits. Monitoring the health of vegetation may 
identify a need to change the type of landscaping to more drought-tolerant species. 

3.2.2 Impacts on Development of Green Urban Areas (Green Park) 

Landfill closure. The closure plan includes a cap and drainage system to keep the water out of 
the landfill. The location is atop a hill with approximate elevation of 387.9–445.8 meters (m), such 
that excess rain will immediately flow downhill. 

Green wedge. Same as the impact of climate change and extreme climate events on the wetlands 
vegetation. 

Preservation of hilly areas. Improper excavation for roads, buildings, and earth mining has 
resulted in earth mounds with bare and steep slopes that are vulnerable to soil erosion from wind 
and water. Increased precipitation and more extreme storms will result in even more erosion; and 
perhaps, sudden subsidence with landslide. Planting vegetation provides stabilization and ground 
cover and reduces vulnerability to weather events. 

3.3 Climate Change Adaptation Options for the Ziyang Project 

3.3.1 Output 1: Ecological Systems and Environmental Infrastructure 

Constructed 

Output 1 will support improvements in public infrastructure through the rehabilitation and 
development of urban environmental infrastructure. Through this output, the project will showcase 
innovative approaches for green and climate-resilient urban development that will facilitate ZMG’s 
ability to attract new business in relocating to Ziyang. 



Flood-control embankment. Flooding is a relatively common natural disaster in the PRC and 
has large economic impacts. The project could address flood management systems through (i) 
enhancing the flood prevention and control capability of rivers, and (ii) increasing the flood storage 
capacity of ponds and lakes. For Ziyang, the design standard is 50-year flood recurrence interval. 

The proposed adaptation options include the following: (i) the material selection of river 
embankment should be based on estimated climate change impacts and risks; and (ii) in the 
design of earth dikes, concrete walls, and flood detention areas, the potential alteration of 
recurrence intervals for floods and torrents due to the increasing intensity of storm events should 
be considered. 

The projected increase in rainfall will increase the amount of rain water entering the Tuo River 
with the risk that the increased volume of water could exceed the height of the embankment.  
This is mitigated by the freeboard (distance from calculated high water level to top of embankment) 
that can accommodate projected increases in flood volume. The PRC’s design standards require 
consideration of increased water height due to wind and turbulence and a safety factor. These 
three factors are combined to determine the height of the freeboard. 

 

In the feasibility study report (FSR), an assessment was made of the water level for the 50-year 
(2% probability) flooding event to climate change. The projected changes in maximum daily 
precipitation for the 50-year return period ranged from -5% to 16%. Not all the rain enters the river; 
it depends on the surface that it strikes and flows. Upstream Tuo River has rocky and steep 
surfaces; and so, the project preparatory TA hydrology specialists assumed 95% of the rain 
entering the river. This could increase the design flood flow by 15%. Based on the results from 
the hydraulic model and calculations, the freeboard is set at 1.3 m which is sufficient to 
accommodate potential increases in flood volume. 

Sponge city interventions. In the FSR, the target for rainfall collection for the sponge city 
interventions is control annual run-off of 5,554.85 cubic meters (m3). The design for the 
sunken greenbelt along the 10 roads with a capacity of storm water storage of 6,735 m3. The 
storm water storage calculated is 6,388.10 m3, with an increase in design capacity for additional 
flow of 15% to account for climate change. The original design for the sunken greenbelt meets 
the needed adaptation to climate change. 

Wetland area development and green wedge, and preservation of hilly areas. The project 
activities under wetland development, such as ecological dredging and the construction of 
ecological vegetation systems, will increase the capacity of rainfall storage. The proposed 



19 

 

activities under the preservation of hilly areas will provide stabilization and ground cover and 
reduce vulnerability to extreme climatic events. 

Regarding vegetation, the adaptation options considered in project design in the current FSR, 
include (i) all species for wetland plant being Chinese native species of the region; hence, with 
climate resilience for local conditions; (ii) all planting materials (seeds, seedlings, saplings, and 
cuttings) coming from Sichuan Province or the PRC; and (iii) selected species can endure high 
temperature, and periodic waterlogging and drought. 

3.3.2 Output 2: Facilities and Programs to Support the Service Industry 

Broadened  

Output 2 will assist in (i) identifying and promoting the promising light and service industries, and 
(ii) diversifying employment opportunities. Initially, the support will focus on the light and service 
industries, for which a priority development plan has been developed with the support of the 
Sichuan Provincial Government and the Sichuan University. 

The ADB loan pays for the equipment procurement. Building and ground construction is nonbank-
financed. The design institutes have considered climate change adaptation options, including (i) 
buildings being designed to be energy-efficient; (ii) a water balance assessment considering 
combined multiple water-saving measures; (iii) people and assets being located away from areas 
that are vulnerable to flooding; and (iv) drainage systems and landscaping being designed for 
both drought and flooding. 

3.3.3 Output 3: Urban Development Planning and Management Capacity 

Enhanced 

Output 3 will develop an intelligent park platform (SMART information systems). Table 1 shows 
the list of components.10 

The adaptation options to climate change in management systems can include, but is not limited 
to, (i) information related to key extreme weather and climate event risks in the Sichuan Ziyang 
High Technology Development Zone; (ii) climate, climate change, and extreme event prediction 
information and monitoring index; (iii) emergency management scheme of disaster; and (iv) 
normalization of multisector joint defense and a sound action guarantee system for disaster. 

The design for the SMART management includes disaster prediction and urgent response system. 
The design for the SMART environment includes the monitoring systems for water quality; and 
the heating, ventilation, and air conditioning. 

 

                                                
10 SMART system will entail the establishment of an improved government services system at the SZHTDZ for 

increased and/or improved efficiency, transparency, resource sharing, and management. This will be done through 
the provision of hardware and software for the following: (i) SMART government data management and office system, 
(ii) SMART economy (one-stop enterprise service platform) to promote e-commerce, (iii) SMART management 
support system (transportation and/or road traffic, community lighting, surveillance, and emergency response 
system), and (iv) SMART environmental system (water, air, and noise monitoring). 



3.4 Capacity Building 

The success of adaptation strategies largely depends on awareness of decision makers and the 
public about potential climate impacts and the obligations of institutions to plan and manage 
adaptation, including nonstructural measures. 

3.4.1 Decision Makers’ Awareness of Climate Change 

Raise the general awareness of climate change and human activities; carry out the training for 
decision makers so that they will take climate change into account when deciding the implement 
of all development actions; improve the decision-making process to ensure more communication 
between the information providers and the users so that the climate change information can be 
shown during the decision-making process, and the climate change information providers can 
provide pertinent information better. 

3.4.2 Public’s Awareness of Climate Change 

The priority of education, training, and public awareness is the (i) inclusion in the textbooks at the 
national, regional, and community levels of the concept of adapting to climate change; and (ii) 
increase in public awareness, which is a multi-level and step-by-step work. For the public involved 
in this project, pertinent training materials should be made to improve (i) public awareness of 
adaptation to climate change, and (ii) some behaviors, such as reducing the solid waste and 
wastewater dumped into the river to also reduce river blocking and water pollution. 

3.4.3 Ability for Monitoring, Forecast, and Early Warning 

Strengthen the meteorological and hydrological monitoring; improve the weather, climate, and 
flood forecast capacity; and improve the early warning ability. 

There are hydrological monitoring systems for small- and medium-sized river basins, and 
monitoring and early warning systems for disaster in mountain flood gully developed by ZMG’s 
foundation. 

There is an urgent response system designed for the SMART management in the SMART 
information systems. There is an environmental monitoring system designed for the SMART 
environment in the SMART information systems for water quality and the heating, ventilation, and 
air conditioning. 

In the PRC, the annual carbon sequestration capacity of forest is estimated to be 0.3–12.0 tons 
of carbon sequestration per hectare depending on forest type, species, and age, as well as soil, 
water, and weather (average annual sunshine hours, rainfall, and temperature). It is estimated 
the project new tree and shrub planting will achieve 290.8 tons of carbon sequestration per 
hectare per year in the environmental impact assessment report (for details, see Appendix 5: 
Environmental Impact Assessment). 
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4 Summary of Climate Finance 

The estimation of climate finance was provided by the project preparatory TA consultant period. 
Climate mitigation was estimated to cost $3.48 million, and climate adaptation was estimated to 
cost $0.31 million.11 

Mitigation Activities 

An activity is considered as climate mitigation if it promotes efforts to reduce or limit the 
greenhouse gas (GHG) emissions or enhance the GHG sequestration. 

The project outputs and components include capping a municipal solid waste landfill as part of its 
closure and transformation to green open space. As the municipal solid waste decomposes, it 
emits a gas with high concentration of methane and other gasses, collectively referred to as landfill 
gas. The capping and gas capture system keeps the landfill gas from entering the atmosphere; 
thus, reducing the GHG. 

The PRC’s design standard GB51220-2017 sets out the design requirements for closure and 
restoration.12 

The work was estimated to cost CNY22.5 million, or about $3.48 million.13 

Adaptation Activities 

Type 2 adaptation activities are those predicated solely on the need to address climate change 
risks and would not have taken place in the absence of global climate change. 

The project includes construction of a flood control embankment (eco-dike) along the Tuo River 
which flows through the urban areas of the Ziyang Municipality. The height of the embankment is 
the sum of the height required to protect from the 50-year flood recurrence and freeboard, which 
is an additional height to provide protection from water wave and turbulence. The PRC’s Code for 
Design of Levee and Embankment Projects (GB50286-2013) specifies the method for calculating 
the height of free board. 

The average freeboard along the 5-km embankment was calculated at 1.1 m. Increasing the 
design flood by 15% resulted in an increase in elevation of 1.2 m. The design institute set the 
height of the freeboard at 1.3 m, an increase of 0.2 m. 

The incremental cost of this additional height is estimated to be CNY2.0 million or about $0.31 
million. 

 

                                                
11 ADB. 2017. Guidance Note on Counting Climate Finance in Urban and Water. Manila; and Ziyang Municipal 

Government. {Year}. Ziyang Feasibility Study Reports and Cost Estimates. Manila. 
12 Government of the PRC, Ministry of Environmental Protection. 2017. GB52210-2017: Technical Code for Municipal 

Solid Waste Sanitary Landfill Closure. Beijing. 
13 Exchange rate of US$1.00 = CNY6.46 (14 January 2018, China Bank). 


