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CLIMATE CHANGE ASSESSMENT (SUMMARY) 

I. Basic Project Information 

Project Title: Sichuan Ziyang Inclusive Green Development Project 

Project Budget: $200 million 

Location: Ziyang Municipality, Sichuan Province, People’s Republic of China (PRC) 

Sector:  Water and other urban infrastructure and services 

Themes:  Urban flood protection; other urban services; technical and vocational education and training; and 
urban policy, and institutional and capacity development 

Climate Risk Level: Medium 

Brief Description (particularly highlighting aspects of the project that could be affected by weather and/or 
climate conditions): 

Ziyang, a typical medium-sized prefecture-level municipality in Sichuan Province, is located 87 kilometers 
southeast of Chengdu, the provincial capital. Ziyang Municipality has a total population of about 3.6 million in 
2017, of which about 680,000 are urban residents; and covers a hilly terrain traditionally used for agriculture.a 
The development model in Ziyang Municipality resulted, however, in environmental degradation due to an 
increase of industrial wastewater discharges, solid waste, and air emissions. Changes in the natural drainage 
systems also resulted in increased river bank erosion and flooding risks; and decreased vegetation covers, 
which were aggravated by climate change.b The Ziyang Municipal Government (ZMG) was committed to (i) 
promote inclusive green development,c (ii) attract businesses to relocate and invest in the green, light, and 
service industries in the Sichuan Ziyang High Technology Development Zone (SZHTDZ), and (iii) create 
environment-friendly and attractive living conditions.d 

The Asian Development Bank (ADB) supports ZMG with a $200 million loan through the Sichuan Ziyang 
Inclusive Green Development Project, which was aligned with the following impact: sustainable economic 
growth and environmental improvement in the Yangtze River Economic Belt achieved.e The project will have 
the following outcome: economic and environmental conditions in the SZHTDZ improved.  

Output 1: Ecological systems and environmental infrastructure constructed. This output will help stem 
the degradation of public infrastructure by rehabilitating and developing urban environmental infrastructure. 
This includes (i) building 5 kilometers of “eco-dike” or flood-control embankment to comply with the requirement 
for protection against a 1-in-50-years flood event; (ii) building an 18-hectare (ha) area of “sponge city” 
interventions to capture stormwater;f (iii) developing and protecting a 25.7-ha wetland area to improve Yannan 
Lake’s water quality and enhance the ecological system; (iv) closing a landfill and transforming the land into 
38.6 ha of green park; (v) creating a green wedge on 123 ha of undeveloped hills and gullies as a natural 
barrier between Ziyang’s old residential and industrial areas; and (vi) preserving the ecology of eight bare hills 
that are at risk of erosion.g 

Output 2: Facilities and programs to support the service industry broadened. This output will remove 
obstacles to Ziyang’s emergence as a high-quality and more inclusive green development in the SZHTDZ. 
This includes establishing (i) an R&D center for light industries; (ii) a center for inspecting and testing equipment 
and materials; and (iii) the Sichuan Ziyang TVET center, with capacity for 4,000 full-time students. Items (i) 
and (ii) are envisioned to reduce the time it takes for a product to reach the market and will be guided by 
existing institutional frameworks in the PRC. Item (iii) will raise the relevance and quality of secondary TVET 
with updated curricula, a better qualification framework, upgraded accreditation and assessment systems, and 
capacity development for teachers and management. While the government provides social insurance for the 
elderly workforce, the middle-aged workforce will be able to access skills re-training and lifelong learning 
courses; and the younger generations will benefit from full-time TVET training.h 

Output 3: Urban development planning and management capacity enhanced. This output will overhaul 
the outdated and inefficient systems for urban development planning and management, and performance 
M&E. It includes (i) installing a computerized urban development planning and management component 
(intelligent park platform—a SMART information system—that provides modular, web-based, interactive, and 
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decision-making support system for better management of government operations, the environment, and 
information sharing); (ii) seting up an effective urban performance M&E system for the SZHTDZ; and (iii) 
undertaking a comprehensive study on urban inclusive green development planning, including a 
comprehensive gender study, for the SZHTDZ.i 

II. Summary of Climate Risk Screening and Assessment 

A preliminary screening, conducted in accordance with ADB’s climate change risk assessment framework, 
rated the project as medium for climate change risk, triggering a requirement for a full climate vulnerability 
assessment and management report to be linked to the report and recommendations of the President of the 
project.j A climate risk vulnerability assessment was conducted for the project based on the following observed 
and projected climate changes in Ziyang: raising temperatures; changes in precipitation patterns; and 
especially the projected increase in extreme rainfall events, which is particularly relevant for designing the flood 
prevention infrastructure. 

The observed climate changes were analyzed based on the gridded climate dataset during 1961–2015; while 
the projected changes in precipitation and temperature during 2015–2099, and the changes in frequency of 
maximum daily rainfall during 2021–2050 under the representative concentration pathways (RCPs)—RCP4.5 
and RCP8.5—were based on regional climate modelling (RegCM4.0). Climate change risks were further 
assessed for all project subcomponents based on the observed and projected climate changes. 

It was projected that the annual average temperature will continue to increase to about 0.13°C/10 years under 
RCP4.5 and 0.38°C/10 years under RCP8.5 during 2015–2099. Annual rainfall was projected to decrease 
slightly under RCP8.5, while a trend was not projected under RCP4.5 during 2015–2099. However, the rainfall 
intensity during 2021–2050 was projected to change. The analysis suggested that the maximum daily rainfall 
of the 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. It is important to note that 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. 

Further details are available in the Supplementary Document 20 of the report and recommendations of the 
President on the climate vulnerability assessment and management report (endnote j). 

Projected temperature increases in Ziyang may stress physical structures and degrading materials, particularly 
plastic. 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 local economy, environment, and local quality 
of life.  

A. Climate Risk Screening 

Risk screening for each major project subcomponents is presented in the following: 

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 People’s Republic of China’s (PRC) 
standards and a flood volume based on the 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 will be able to (i) deal with too much water, and (ii) reuse the rain 
water during drought (endnote f). For Ziyang, the proposed sponge city interventions (i) focus on the detention 
basins and green areas alongside the roads which can capture rain water; hold it (detention); and make it 
available for later use; and can help provide protection from potential climate change. 

Wetland area development and green wedge. 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 
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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. 

Ecological preservation of bare hills. Increased precipitation and more extreme storms will result in even 
more erosion; and perhaps, sudden subsidence with landslide. Providing vegetation will also provide 
stabilization and ground cover and reduce vulnerability to weather events. The climate change risks will be 
mainly caused by the consequence of negative impacts of climate change on vegetation.   

Climate Risk Classification: Medium 

Climate Risk Assessment 
 

Project 
Subcomponent Potential Climate Impact Risk Level 

Flood-control 
embankment 

(i) Runoff volume and flood peak will increase. Medium 

(ii) Rainfall variability and higher temperatures result in soil moisture 
variations with the consequence of cracks in the embankment. 

Wetland area 
development and 
green wedge 

(i) Storm water flow into the wetland will increase. Medium 

(ii) Distribution patterns of pests and disease may change. 

(iii) Plants that are not adapted will be physiologically stressed. 

Ecological 
preservation of 
bare hills 

Increased precipitation and more extreme storms will result in even 
more erosion; and perhaps, sudden subsidence with landslide. 

Medium 

 

III. Climate Risk Management Response within the Project 

Risk screening and adaptation measures for each major project subcomponents are presented in the following: 

Some of the components protected from increased rainfall include the following: (i) sponge city interventions 
will help capture and convey stormwater, (ii) wetland area development and green wedge will help capture and 
store stormwater, and (iii) ecological preservation of bare hills will help reduce soil erosion.  

Output 1 will address the 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 1-in 50-year flood recurrence interval. The proposed adaptation options include the following: (i) 
the material selection of river embankment have been 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 have been 
considered. The specific adaptation measure is considered in the project design include reducing the flood 
disaster risk through increasing flood prevention capacity by enhancing the design of the freeboard of flood 
protection barriers. 

Output 1 will also address wetland area development, green wedge, and preservation of bare hills. The project 
activities under wetland area development, such as ecological dredging and the construction of ecological 
vegetation systems, will increase the capacity of rainfall storage. The proposed activities under the 
preservation of bare hills will provide stabilization and ground cover and reduce vulnerability to extreme climatic 
events. Regarding vegetation, the adaptation options considered in the project design in the current feasibility 
study report include (i) all planting materials (seeds, seedlings, saplings, and cuttings) coming from the Sichuan 
Province or the PRC; and (ii) selected species can endure high temperature, and periodic waterlogging and 
drought. 

Output 2 will focus on the service industry to increase job opportunities. The ADB loan pays for the equipment 
procurement. Building and ground construction is nonbank-financed. The design institutes have considered 
the 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 
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located away from areas that are vulnerable to flooding; and (iv) drainage systems and landscaping being 
designed for both drought and flooding. 

Output 3 will install a computerized urban development planning and management component to develop an 
intelligent park platform—the SMART information system. The climate change adaptation options incorporated 
in the project design, include the (i) design for the SMART management support system, which included the 
disaster prediction information, and urgent response system; and (ii) design for the SMART environmental 
system, which included the monitoring systems for water quality; and the heating, ventilation, and air 
conditioning. 

IV. Climate Mitigation within the Project 

Many of the project subcomponents will contribute to climate mitigation while addressing adaptation issues. 
This is the case for the re-vegetation subcomponents of the project, i.e., development of wetland area and 
green wedge, the construction of eco-dike and green areas alongside roads, which will contribute to 
greenhouse gas emission reduction by sequestering over 290.8 tons of carbon dioxide equivalent per year by 
the new tree and shrub planting in this project.   

V. Climate Finance within the Project 

Total climate adaptation finance is estimated as $0.31 million.  Total climate mitigation finance is estimated as 
$3.48 million.k ADB finances 80.66% of these estimated costs. 

Adaptation Activities 

(i) The project includes construction of a flood control embankment (eco-dike) along the Tuo River which 
flows through the urban areas of Ziyang Municipality. The height of the embankment is the sum of the 
height required to protect from the 1-in-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. 

(ii) The average freeboard along the 5 kilometers of embankment was calculated at 1.1 meters (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. 

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

Mitigation Activities 

(i) 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. 

(ii) This work was estimated to cost CNY22.5 million, or about $3.48 million.l 

a The Ziyang Municipality realized the gross domestic product of CNY109.24 billion in 2013, representing an annual 
rise of 10.6%. The municipality’s gross domestic product accounted for approximately 4.16% of the Sichuan 
Province’s total and ranked 10th in the province. Production of lemons in the municipality amounted to more than 
360,000 tons in 2012, over 80% of the total for the PRC. 

b The Ziyang Municipal Government pursues to improve the flood risk mitigation to a level of 1-in-50-year recurrence 
period. 

c Inclusive green development is defined as an integrated approach encompassing sustainable, resilient, accessible, 
and affordable solutions to the challenges faced by the urban poor and vulnerable groups by enhancing their access 
to urban services and infrastructure through targeted investments. This integrated approach encourages an 
institutional delivery mechanism that brings together all institutions and stakeholders—government, the private 
sector, and civil society—that have the capacity to deliver systems for inclusive urban service delivery. ADB. 
2016.GrEEEn Solutions for Livable Cities. Manila; and ADB. 2016. Yangtze River Economic Belt Environmental 
Protection and Rehabilitation Project—A Preliminary Study. Manila (TA 9044-PRC, consultant’s report). Inclusive 
green development will (i) change the traditional development model to a sustainable development model that would 
be in harmony with nature; efficient in the use of resources; have distinctive cultural features; and be suitable for 
entrepreneurship and life; (ii) meet the challenges of rapid urbanization by harmonizing urban development and 
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environmental planning in a comprehensive and planned manner; and (iii) serve as a guide to socioeconomic 
development in the growth process of the city and/or municipality. 

d The Sichuan Ziyang High Technology Development Zone now includes about 70%–80% of the urban areas of the 
Ziyang Municipality. 

e Government of the PRC. 2016. Outline of the Yangtze River Economic Belt Development Plan, 2016–2030. Beijing. 
f Sponge city refers to a city that is designed to passively absorb, clean, and use rainfall. The sponge city interventions 

refer to the replacement of concrete pavements with wetlands, green rooftops, and rain gardens to absorb the 
stormwater back into the land, making it work for the city instead of against it. Sponge city is a concept of 
comprehensive urban water resources management, in which greenways, parks, and wetlands maximize ecosystem 
services, including storm water management, using ecosystem-based adaptation. 

g This entails construction of riverside embankment to protect the SZHTDZ, and land for recreational facilities. 
h Government of the PRC. 2010. Social Insurance Law. Beijing. ZMG issued the (i) Opinion on Supporting to Redirect 

Migrant Workers to Return for Business Startups (Issuance No. Zifubanfa 2016-7) (2016), requiring the improvement 
of the business start-up environment to attract migrant workers to return home for work or starting a business; and 
(ii) Notice for Specific Rectification Action on Rural Labor’s Wage Arrears (Zifubanhan [2017] No. 238). 

i The SMART information system will be equipped with state-of-the-art hardware and software to support a (i) SMART 
government data management and office system, (ii) SMART economy (one-stop enterprise service platform) to 
promote e-commerce within Ziyang, (iii) SMART management support system, and (iv) SMART environmental 
system. The SMART information system also helps in setting up a government services system in the SZHTDZ that 
improves efficiency, transparency, resource sharing, and management. All systems will be monitored throughout 
their implementation along clearly defined performance-based benchmarks. 

i Climate Vulnerability Assessment and Management Report (accessible from the list of linked documents in Appendix 
2 of the report and recommendations of the President). 

k ADB. 2017. Guidance Note on Counting Climate Finance in Urban and Water. Manila; and Ziyang Municipal 
government. Ziyang Feasibility Study Reports and Cost Estimates.  

l Exchange rate of $1.00 = CNY6.46 (14 January 2018, China Bank). 
 


