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Preface

CDIA helps secondary cities in Asia and the Pacific develop 
bankable infrastructure projects. It has been working in the 
People’s Republic of China since 2008 and has conducted 
project preparation studies (PPSs) in 18 cities. Out of the 
20 PPSs conducted, 15 are now linked to project financing 
estimated at $6.4 billion, with about $2.4 billion or 37% linked 
to Asian Development Bank investment loans. 

In 2019 CDIA provided technical assistance to the municipal 
government of Huangshan in China’s Anhui Province. The 
assistance involved carrying out four project preparation 
studies in support of the implementation of the Anhui 
Huangshan Xin'an River Ecological Protection and Green 
Development Project (hereafter the Huangshan Xin’an River 
Project or the Project) — for which loans of $100 million 
from the Asian Development Bank and €50 million from the 
KfW German Development Bank were provided to China. 
The project will primarily upgrade sewerage and stormwater 
drainage facilities in Huangshan city, and in urban areas of its 
four surrounding counties, to reduce pollution in the Xin'an 
River. It will also construct river embankments to provide 
better flood protection, encourage the use of organic fertilizer 
and biological pesticides, strengthen capacity for ecological 
system and project management, and pilot a green finance 
mechanism.

The project is part of the ADB-China Country Partnership 
– Yangtze River Economic Belt Programme. The Yangtze 
River Economic Belt (YREB) is an environmentally-focused 
economic development initiative covering nine Chinese 
provinces including Anhui. The YREB region is home to over 
40% of China’s population, and contributes about 45% of the 
nation’s economic output. It is also home to freshwater bodies 
that provide drinking water for 400 million people. The Xin’an 
River, the major river in the southern part of Huangshan, 
drains southeast towards the Xin’an River Basin, flowing into 
Qiandao Lake and on to the Qiantang River, which discharges 
into the Hangzhou Bay, south of Shanghai. Qiandao Lake 
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This series of four reports is intended to support the 
Huangshan government, design institutes, sub-project owners 
and project managers to implement and build on innovative 
elements in each of the four areas, with recommendations 
and technical roadmaps to guide them through project design 
and implementation. It can also be used as a reference for 
other cities in China and elsewhere in the Asia Pacific region. 
Highlights of the innovative elements of the interventions 
include:

1. First Flush Stormwater Pollution Management: 
Space saving and cost-effective solutions for stormwater 
pollution control in urban areas, including adapted design for 
a detention pond and concepts for integrated community 
development.

2. Environmental Health and Safety (EHS) management: 
Development of a web-based EHS management platform 
for industrial parks, to improve environmental safety 
monitoring and emergency responses, and upgrade enterprise 
management behavior.

3. Application of Informational Communication 
Technologies (ICT):
Cost-effective ICT strategies for a range of environmental 
monitoring systems, with integration into ‘smart city’ data 
management platforms for better maintenance and operation. 

4. Climate Change Adaptation and Mitigation: 
Recommendations: piloting the ARCCE (assessment, review, 
communication, collaboration, engagement) participatory 
approach to developing climate change measures and 
integrating them into project design.

Further details can be found in the individual reports.

and the Xin’an River are the main source of drinking water 
for 10 million residents downstream in Zhejiang Province, 
and protecting the river’s water quality is thus of critical 
importance. 

Huangshan Municipality lies some 100 km south of the 
Yangtze River, in the south of Anhui Province. It is composed 
of three districts, Tunxi, Huangshan, and Huizhou, and four 
counties, She, Xiuning, Yi, and Qimen, with a total land area 
of 9,800 km2, and a permanent population of 1.4 million (0.72 
million urban and 0.68 million rural residents). Its UNESCO 
World Heritage Sites, including the mountain which gives the 
area its name, Huangshan (Mount Huang or Yellow Mountain), 
and the beautiful traditional villages of Xidi and Hongcun, 
draw more than 70 million tourists to the region every year. 
However, the rapid growth of tourism, along with economic 
development, urbanization and intensive agriculture, have 
increased environmental pressures across the Xin'an River 
Basin, and damaged water quality in the river. Huangshan 
Municipality is therefore in urgent need of strengthened water 
management and sustainable green development to maintain 
and improve water quality in the upstream reaches of the 
Xin'an River.

CDIA provided technical assistance to the Huangshan 
government on four core aspects of the Huangshan Xin’an 
River Project, all of which represent key areas for infrastructure 
investment in China. This has led to the introduction of 
innovative concepts, approaches and technologies for project 
design and implementation, making the city a pioneer in 
the relevant fields in China. CDIA technical experts took 
part in consultations and capacity-building events with 
local stakeholders to enhance understanding of the design, 
construction, operation and maintenance of the suggested 
innovations. These joint efforts contributed to the successful 
approval of the ADB loan for the Project in December 2019.
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Background: Fighting Climate Change

Climate change refers to a long-term change in temperature 
and weather patterns, with rising temperatures, extreme 
weather events, rising sea levels and an increased threat of 
natural disasters, which poses major risks to human activities 
globally. Floods, severe storms and drought have historically 
had a negative impact on China’s economy, environment and 
quality of life. Any increase in the frequency or intensity of 
such events could have significant effects on the nation. As a 
signatory to the Paris Agreement on climate change (2016), 
which seeks to cap average temperatures at less than 2°C 
above pre-industrial levels, China has pledged to reduce its 
greenhouse gas emissions by 60-65% per unit of GDP by 2030 
and has set low carbon development as a national target. 
However, China also faces continuing pressure to promote 
economic development, and further action must still be taken 
to tackle the threat of climate change and create low carbon 
economies, communities and cities. 

Huangshan Municipality in Anhui province was designated as 
a pilot city for low carbon development in 2017. Situated on the 
Xin’an River, a major source of drinking water for downstream 
provinces, Huangshan applied to the ADB for a loan for the 
Huangshan Xin’an River Project, which seeks to tackle pollution, 
enhance ecological resilience and boost sustainable economic 
growth in the area. In preparation for the Project, the Huangshan 
government’s Project Management Office collaborated with 
CDIA experts to conduct an assessment of the city’s vulnerability 
to climate change, so that measures could be developed and a 
roadmap drawn up to mainstream climate change resilience into 
the Project and reduce the city’s carbon footprint. The key output 
delivered by CDIA is a Climate Vulnerability Assessment and 
Management Report (CVAMR).2

The objective of this study is to strengthen the resilience 
of Huangshan Municipality to climate change impacts, by 
mainstreaming climate change adaptation and mitigation 
measures1 into the Anhui Huangshan Xin’an River Ecological 
Protection and Green Development Project (the Huangshan 
Xin’an River Project, or the Project). The study emphasizes 
an integrated approach involving a range of stakeholders, 
using risk analysis to promote an understanding of the 
urgency of tackling climate change. This report aims to 
share experience from the process with project managers, 
designers, administrators and urban planners. It also seeks 
to provide a model for climate change intervention in small 
and medium-sized cities elsewhere in China and the Asia-
Pacific region.

Executive 
Summary

Key Findings about Huangshan’s 
Climate Change Risks and Vulnerability 
  
Based on historical weather data and modelling, CDIA’s 
research found that Huangshan’s mean annual temperature 
between 2010 - 2015 was 0.69°C higher than that of 
the 1960s, and 1.05°C higher than the (relatively cold) 
1980s. The data, according to a model endorsed by the 
Independent Panel on Climate Change (IPCC), projects that 
under the baseline scenario, the annual mean temperature 
in Huangshan between 2020 - 2100 is expected to peak 
in 2090, 1.16°C higher than the annual mean temperature 
between 1960-2015. Average annual total precipitation, 
meanwhile, rose by 43.3% in the 2010s, as compared to 
the 1960s, and is predicted to a further increase, by up to 
140mm annually between 2020-2100.

The historical weather analysis and the weather model 
indicated that Huangshan is therefore likely to face a high risk 
of urban flooding and extreme heat, as well as a medium risk 
of water shortages and wildfires from 2020 to 2100. Extreme 
storms and greater rainfall variability (alternating drought-
wet conditions), along with higher temperatures, for example, 
can result in differential ground settlement or soil erosion, 
which can lead to damage to roads, pipelines and other 
utilities. Not only can climate warming cause drought, but 
disturbances to ecology could also cause the pine tree parasite 
Bursaphelenchus xylophilus  to move northwards, spreading 
deadly pine wilt disease further into Huangshan’s pine forests. 
These impacts would cause damage to both agriculture and 
the economy (see Chapter 3.1).

1 Climate change adaptation measures are those designed to address the current and future impacts of climate change, such as sponge city 

facilities, constructed wetlands etc., while climate mitigation activities help to reduce or sequester greenhouse gas emissions, such as greenfield 

carbon sequestration or sewage treatment improvement. 2 https://cdia.asia/wp-content/uploads/2020/09/Huangshan-CDIA-Climate-Change-Technical-Report-for-ADB-20190806.pdf

https://cdia.asia/wp-content/uploads/2020/09/Huangshan-CDIA-Climate-Change-Technical-Report-for-ADB-20190806.pdf
https://cdia.asia/wp-content/uploads/2020/09/Huangshan-CDIA-Climate-Change-Technical-Report-for-ADB-20190806.pdf
https://cdia.asia/wp-content/uploads/2020/09/Huangshan-CDIA-Climate-Change-Technical-Report-for-ADB-
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Integrated Approach to Addressing 
Climate Change Risks at the Project Level

The CDIA Project Preparation Study emphasized a multi-
disciplinary approach, using integrative interventions involving 
a range of stakeholders, including the municipal government, 
the project engineering team and other relevant parties. The 
integrative intervention process for climate change evaluation, 
communication and feedback in project planning and design can 
be summarized as the ARCCE approach (see Chapter 2.2): 

• Assess climate change scenarios; 
• Review original development project and related data; 
• Communicate with policy makers and local experts; 
• Collaborate with engineering consultants; and
• Engage with relevant stakeholders.

This approach provides an effective and efficient process 
for analyzing the impacts of climate change, and selecting 
appropriate measures to respond to the risks they pose.

1. Assessment of climate vulnerability and risks
Based on historical climate data and the IPCC-endorsed 
climate projection model, analysis was carried out to identify 
Huangshan’s key climate change vulnerabilities, and assess the 
potential impacts of climate change on the Project. 

2. Identifying appropriate adaptation and mitigation 
measures
The ARCCE model provides a tool for understanding the 
impacts of extreme adverse weather and their implications 
for the project, and for exploring possible solutions, in the 
light of practical constraints. After studying the Project’s 
engineering contents, measures and strategies to mitigate and 
adapt to climate change risks were proposed for the Project’s 
design and implementation phases. These recommendations, 
in areas including urban river flooding control, stormwater 
sewer systems, wastewater collection sewer systems, riverside 

wetlands and constructed landscapes as well as agriculture/ 
ecosystems, should be further developed in the Project’s 
engineering design brief, and should steer the climate change 
design process. This is an important step, as it allows the 
design team to understand the issues and develop their 
inception of the project, reinforce resilience in engineering 
design and adopt proven adaptation options for the Project’s 
infrastructure and substructure. The selection of adaptation 
and mitigation measures was also based on sustainable 
development principles, which incorporate socio-economic 
and environmental concerns into the process. This can help 
to justify the cost and the financing of the adaptation and 
mitigation measures for decision making.

3. Enhancing awareness and capacity building to 
combat climate change
As well as proposing climate change measures for 
resilience purpose, in a city-based project, it is also vital to 
communicate the urgency of the climate change crisis to the 
various stakeholders. The aim is to draw on their sense of 
responsibility to take immediate measures for adaptation and 
mitigation. In Huangshan, CDIA’s experts explained climate 
risk management approach and climate resilience strategies 
to the implementation agencies and relevant stakeholders. 
The city’s climate change trends and risks were summarized, 
highlighting the historical climate data and future projections, 
and discussed with the stakeholders, effectively enabling them 
to understand climate change as a fast-developing problem 
that needs to be addressed urgently and immediately, rather 
than as an issue for future generations. Such interactions 
help reinforce the aims of the Project by a) identifying local 
historical climate change damage; b) engaging input to 
enhance protection against climate change; and c) sharing 
common goals and outcomes.

4. Roadmap development for climate change resilience
A technical roadmap, tailor-made for the Project, was 
developed in order to mainstream the strategy and 
recommendations for tackling climate change into various 
aspects of the Project. Based on the technical roadmap, project 
managers and engineering design teams can further elaborate 
more specific climate change-related measures in the detailed 
design, construction and operation stages of the Project.

Proven Climate Change Framework: 
From Global issues to City Initiatives 
and Actions

Project-level climate change assessment is highly complex 
and inter-connected with many other processes and projects. 
Demarcating the boundaries of the various impacts of climate 
and how a project should cater for these is no easy task. It is 
an all-embracing process, which involves working with the 
municipal government, relevant parties and the engineering 
team to identify opportunities for embedding measures to 
improve the Project’s climate change performance into its 
design. Assessment of climate change involves analysis of 
historical climatic variables, radiative force, climate response 
and resulting impact. The findings should then be shared 
among various parties and integrated into the engineering 
processes to seek the most appropriate climate change 
measures for the Project. It is this partnership and the 
consensus built that allows the smooth implementation of the 
climate agenda within the Project, and identification of the 
most appropriate measures for adaptation and mitigation. 

It is hoped that the experience learnt from this study, and 
the approach described in this report, including the ARCCE 
framework developed for the Project, will be beneficial to 

other cities in promoting awareness of climate change, and in 
mainstreaming practical measures for building climate change 
resilience, particularly in small and medium-sized cities where 
there is often a lot that needs to be done to reduce climate 
change vulnerability.
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of reducing CO2 emissions by 40-45% 
(compared to 2005 levels) by 2020. 
This was achieved, but pressure remains 
to promote economic development; 
and with greenhouse gas emissions 
projected to increase until at least 2030 
under current policies, further action 
will have to be taken to tackle the threat 
of climate change. In particular, given 
China’s previous emphasis on fast-
track industrialization and urbanization, 
further measures will be required 
to create low carbon cities with a 
sustainable and competitive economy 
based on environmentally friendly 
energy ecosystems and communities.

Huangshan in China’s Anhui province 
was designated as a pilot city for low 
carbon policy in 2017.3 Pilot cities are 
required to actively address climate 
change risks, and explore low-carbon 
and green development paths tailored 
to their situation. The Huangshan 
Municipal Government pledged to 
integrate climate change risk control 
measures in its tourism industry – a key 
pillar of the city’s economy – to ensure 
that carbon emissions would peak in 
2020, and then decrease. Huangshan 
thus needs to promote green, low-
carbon development, and take a 
systematic approach to climate change 
adaptation and mitigation.

In preparation for implementation of 
the ADB-funded Anhui Huangshan 
Xin’an River Ecological Protection 
and Green Development Project, 

3 Notice on Carrying Out the Third Batch of National Low-Carbon City Pilot Scheme (Climate [2017] No. 66), National Development and Reform 

Commission, Jan 24th 2017.

(hereafter the Huangshan Xin’an 
River Project, or the Project), the 
Huangshan government applied to 
CDIA to conduct a Project Preparation 
Study, to assess the city’s climate 
change vulnerability, with the aim of 
introducing climate change adaptation 
and mitigation measures into the 
Project. This report describes CDIA’s 
approach to assessing Huangshan’s 
climate change risks and identifying 
appropriate measures to tackle these, 
notably through an integrated process 
of consultation. It also sets out technical 
guidelines for how such measures can 
be implemented.

Climate change poses major risks to 
humans and the environment globally, 
with rising temperatures, changes in 
precipitation, rising sea levels and an 
increased threat of natural disasters. In 
extreme cases it can lead to drought, 
fires, flooding, the death of animal 
and plant species, and damage to 
agricultural productivity and economic 
activity. Floods, severe storms and 
drought have historically had a 
negative impact on China’s economy, 
environment and quality of life, and any 
increase in the frequency or intensity 
of such events could have significant 
effects on the nation.

The People’s Republic of China is 
one the 196 signatory countries to 
the 2015 Paris Agreement on climate 
change, under the United Nations 
Framework Convention on Climate 
Change. The agreement aims to reduce 
greenhouse gas (GHG) emissions and 
take adaptation measures to curb the 
climate crisis and cap the global average 
temperature at below 2°C above pre-
industrial levels. As China is a key 
emitter of GHGs, it has a responsibility 
to reduce its CO2 emissions significantly 
in the next decade. 

Low carbon development is a key part 
of China’s approach to promoting 
sustainable development. Under 
the “Notice of Carrying Out Pilots 
of Low Carbon Pilot Provinces and 
Cities” promulgated by the Chinese 
government in 2010, China set a target 

1Introduction

1.1  Preparedness for Climate Change by Chinese Cities

@Photo from Nipic.com
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The Xin’an River is the main drinking 
water source for 10 million residents 
downstream in Zhejiang Province, 
but rapid economic development, 
urbanization, intensive agricultural 
production, and the growth of tourism 
have impaired its water quality 
and safety. Under the Huangshan 
Xin’an River Project, the city will 
implement a number of measures to 
strengthen water management and 
sustainable green development. These 
include upgrading and rehabilitating 
approximately 660 km of storm water 
sewers, which serve more than 400,000 
urban residents. This will significantly 
reduce the amount of pollutants in 
stormwater runoff discharged directly 
into the Xin’an River, by approximately 
3,000 tons of CO2 and 400 tons of 
ammonia per year. 

Environmental monitoring systems, 
meanwhile, will significantly improve 
water and air quality controls, and help 
reduce industrial pollution throughout 
Huangshan’s urban areas. The Project 
will thus improve the environmental 
and health conditions of Huangshan’s 
residents, particularly those in poorer 
districts that previously lacked modern 
sewer systems. Full details of the 
contents of the Project are listed in 
Appendix 3.4

For its Project Preparation Study, 
CDIA prepared a Climate Vulnerability 
Assessment and Management Report, 
in accordance with the ADB’s Climate 
Risk Assessment Framework. The 
aim was to identify climate change 
risks and recommend adaptation and 
mitigation measures to optimize project 
design in areas including: urban river 
flooding control, stormwater sewer 
systems, wastewater sewer systems and 
agriculture/ecosystems. 

CDIA first took into account historical 
data about climate in Huangshan, and 
future climate change projections for 
the city, before applying the World Bank 
Global Facility for Disaster Reduction 
and Recovery (GFDRR) Thinkhazard5 
models to assess the potential climate 
change risks it faces.   

Background: Historical Weather in Huangshan

Anhui province lies in the monsoonal area of the lower reaches of the Yangtze River. 
Anhui has a mild climate, abundant sunshine, distinctive seasons (warm spring, hot 
summer, cool fall and cold winter) and an obvious monsoon, due to its geographical 
position, with rain concentrated in the hot summer months from June to August. 
The northern part of Anhui has a warm-temperate, semi-humid monsoonal climate, 
while southern Anhui, where Huangshan is located, has a sub-tropical, humid 
monsoonal climate. 

Historical temperature data reveals a general warming trend in Huangshan over the 
past four decades. (See Figure 01.) From 1960 to 1980, the annual temperature in 
Huangshan varied in the range between 1oC and 2oC, with a steady downward trend. 
The mean annual temperature rebounded in the 2000s, rising at a rate of between 
0.27°C/decade and 0.62°C/decade – an average rate of 0.57°C/decade. Between 
2010 and 2015, the mean annual temperature was 0.69°C warmer than that of the 
1960s, and 1.05°C warmer than the (relatively cold) 1980s.

 Climate change adaptation 
activities are those designed to 
address the current and future 
impacts of climate change, such 
as the sponge city facilities, 
constructed wetland and eco-
compensation scheme that are 
included in the project. Climate 
mitigation activities are those 
that promote efforts to reduce, 
avoid, or sequester greenhouse 
gas (GHG) emissions, such as the 
greenfield carbon sequestration, 
forest management or sewage 
treatment improvement that are 
also included in the project.

5 Stuart Fraser, et al, 2017.  Methodology report: Updated for ThinkHazard! Version 2. Global Facility for Disaster Reduction and Recovery, the 

World Bank.

4  https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf

1.2  Climate Change Issues and the Xin’an River Project 

Annual Average Temperature from 1960 to 2015
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Figure 01: Historical Decadal Average Temperature (Tmean) in Huangshan During 1960 to 2015 

https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf
https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf
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For the purpose of analysis, 
Huangshan’s future climatic conditions 
were projected using a decadal model, 
in accordance with international 
practice.7 The maximum, minimum and 
average temperatures and precipitation 
from 2020 to 2100 were projected. (Full 
details in Appendix 2).8 

As can be seen in Figure 03, under 
the RCP 8.5 scenario (high risk, high 
emission), the climate projection 
model predicted a general rise in annual 
mean temperatures, peaking in 2090, 
at 1.16℃ hotter than the reference 
temperature (16.58℃ , the average 
annual temperature from 1960 to 2015). 

Average annual total precipitation 
rose by 43.3% in the 2010s, compared 
with the 1960s (as shown in Figure 02), 
with the annual number of rainy days 
ranging from 140 to 160. Further analysis 
of the rainfall pattern and monthly 
precipitation reveals that rainfall has 
become less evenly distributed: during 
the period 1990-2015, average monthly 
precipitation increased in the rainy 
season, compared to the period 1960-
1989, but decreased in the dry season.

A detailed analysis of historical climate 
data in Huangshan is also attached in 
Appendix 1 6

Figure 02: Decadal average and annual precipitation in Huangshan from 1960 to 2015

Figure 03: Projected Annual Average Temperatures in Huangshan from 2020 to 2100 in Different RCPs 9

7 IPCC/CMIP5 (Intergovernmental Panel on Climate Change/Coupled Model Intercomparison Project Phase 5) was used. The dataset of climate 

change projection adopted in this report was derived by the Beijing Climate Center Climate System Model version 1.1 Modified (BCC_CSM1.1-M). 

The climate change in Huangshan was further simulated by MarkSim DSSAT weather file generator.
8 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-2.pdf
9 Representative Concentration Pathways (RCPs). The RCPs were used for climate modelling 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).

1.3  Future Climate Projections
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The projected precipitation changes 
in Huangshan from 2020 to 2100 
vary in different greenhouse gases 
concentration scenarios, as shown 
in Figure 04.  The significantly hotter 
climate will also result in increased 
precipitation, peaking at 140mm above 
the (1960-2015) reference precipitation, 
in 2070, under the RCP 8.5 scenario. 

Figure 04: Projected annual precipitation in Huangshan from 2020 to 2100

Table 01: Summary of climate vulnerabilities and risks in Huangshan City

Data source: Think Hazard (http://thinkhazard.org/ )

Based on the above data and 
projections, the World Bank GFDRR 
Thinkhazard model was used for 
further research on potential climate 
change risks for Huangshan. Overall 
Huangshan, and consequently the 
Project, were found to be at medium 
risk from climate change. The highest 
level climate-related risks identified 
were in the areas of urban flooding 
and extreme heat. The city faces a 
medium level risk of water scarcity 
and wildfires, and a lower level risk of 
cyclones and landslides. 

Huangshan’s climate vulnerabilities and 
risks are summarized in Table 01 and 
analyzed below.

1.4.1  Urban/River flooding
According to the modelling, the risk of 
urban flooding in Huangshan is high. 
This means that potentially damaging 
and life-threatening urban floods are 
expected to occur at least once every 10 
years with an inundation depth of 0.5m. 
In view of the conservative algorithm 
of 0.5m of water depth, all major cities 
along the Yangtze River should be able 
to prevent such flooding. Nevertheless, 
suitable adaptation measures to protect 
against urban flood hazards should be 
factored into project planning decisions, 
project design, and construction 
methods. And even though the risk of 
river floods is considered very low, the 
river rehabilitation works which will be 
carried out as part of the Project could 
also help reduce this risk still further. 

1.4.2  Extreme heat
The risk of extreme heat in Huangshan 
is also classified as high. This means 
that prolonged exposure to extreme 
heat is expected to occur at least once 
every five years, with a high temperature 
exceeding 32oC. According to the 
assessment of the Intergovernmental 
Panel on Climate Change (IPCC) (2013), 
continued emissions of greenhouse 
gases will cause further global warming, 
and it is virtually certain that extremely 
hot temperatures will become more 
frequent over most land areas around 
the world over the next fifty years. It 
is therefore prudent to ensure that 
projects in Huangshan are resilient to 
global warming in the long term.

Risk Hazard Level

Urban flooding (0.5m, 1 in 10 years) High

Extreme heat (32oC 1 in 5 years) High

Water scarcity (<500m³/per capita/yr, I in 5 years) Medium

Wildfire hazard (FWI 30, 1 in 2 years) Medium

Cyclone hazard Low

Landslide hazard Low

Earthquake hazard Very low

River flood hazard (0.5m, 1 in 10 years) Very low

Costal flood hazard Very low

10 https://www.cnbc.com/2019/02/14/climate-disasters-cost-650-billion-over-3-years-morgan-stanley.html
11 Forestry Ministry, Huangshan Municipal Government Public Notice, 2019. 

1.4.3  Water scarcity
Water scarcity in Huangshan is classified 
as medium risk, with up to a 20% chance 
of a drought of less than 500m3 per 
capita per year in the coming 10 years 
(equivalent to 1370L/per capita per 
day). Drought poses a potential threat 
to personnel and stakeholders, and 
should encourage more consideration 
of water conservation in the Project. 
Project planning decisions, project 
design and construction methods for 
buildings and infrastructure should 
take into account the level of drought 
hazard. The present hazard level may 
also increase in the future due to the 
expanding effects of climate change. It 
would therefore be prudent to design 
projects in Huangshan to be resilient 
to increased drought hazard and water 
scarcity in the long term.

1.4.4  Wildfire 
The wildfire risk in Huangshan is also 
classified as medium, with a 10% to 50% 
chance of weather that could lead to 
a hazardous wildfire that might pose 
a risk to life and property in any given 
year. Project planning decisions, design, 
construction methods and emergency 
response planning should therefore take 
the risk of wildfires into account.

1.4.5  Other Impacts – Economic 
Risk and the Threat of Ecosystem 
Damage
Extreme weather phenomena, such as 
flooding, drought, or high temperatures, 
can reduce labor productivity and also 

damage factories’ production chains. 
Figures from Morgan Stanley in 2019 
show that the economic loss in the 
world from extreme weather over 
the previous three years was around 
US$650 billion.10 There is no quantified 
data for Huangshan – but the city has 
experienced repeated incidents of loss 
of productivity due to e.g. flooding and 
drought over recent years. Good climate 
change management will help safeguard 
local economic growth.

Disruption to the climate is also highly 
detrimental to ecosystems. Long-term 
climatic factors such as temperature, 
moisture, precipitation and evaporation 
all determine where and how plants and 
animals can grow or live. In Huangshan, 
climate change could play a part in 
triggering species range shifts (i.e. a 
change in the geographical distribution 
of species). For example, there are signs 
that the warming weather might lead 
to the nematode Bursaphelenchus 
xylophilus 11 moving northwards, which 
would cause the spread of pine wilt 
disease (PWD) and therefore the death 
of more of Huangshan’s pine forests. 

1.4  Huangshan’s Climate Change Risks
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1.5  CDIA’s Approach and Recommendations

The Xin’an River Project adopts an 
innovative, three-pronged approach to 
tackling climate change. This consists of:

i. Encouraging a paradigm shift 
among practitioners, engineers and 
policy makers so that they can fully 
understand and visualize the risks and 
impacts of imminent climate change; 

ii.  Effective management, involving 
working with stakeholders via an 
integrative intervention process 
to adopt and embed climate change 
measures in the Project and related 
actions; 

iii. Application of innovative 
technical and/or management 
measures to reduce climate change 
vulnerability.

As will be further discussed in the 
following chapters, key steps that 
need to be taken to assess and 
respond to climate change risk are: 

i. Reviewing available relevant project 
documents and, in close consultation 
with various engineering teams, defining 
the scope of the climate risk and 
vulnerability study;

ii. Collecting and reviewing available 
baseline biophysical, environmental, 
demographic, socioeconomic and 
policy data and information relevant to 
climate risk management in the project;

iii. Reviewing existing studies, data, and 
information on current and projected 
climate change risks and vulnerability 
for the proposed project;

iv. Identifying and discussing the 

implications of projected climate 
change impacts and associated 
uncertainties for the design and 
operations of the project;

v. Assessing vulnerabilities and the 
associated risks to the project’s 
structural components, under various 
estimated climate impact scenarios, 
including implications for performance, 
operation, and maintenance;

vi. Recommending appropriate 
adaptation and mitigation measures 
to optimize project design in relevant 
areas;

vii. Estimating the cost and financial 
implications of these adaptation and 
mitigation measures; and

viii. Ensuring the climate change actions 
are adopted in the project design and 
implementation.

It is hoped that the measures 
proposed will set a good example 
of concrete climate actions for 
small and medium-sized cities, in 
particular:
 
i. How to conduct climate change 
vulnerability risk assessment and 
management; 

ii. How to arrive at a set of 
recommendations on mitigation and 
adaptation measures; 

iii. Adopting climate strategy to 
optimize project design with low carbon 
parameters. 

@Photo from Nipic.com
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The resulting impacts could include 
a reduction in both agricultural yields 
and the availability of freshwater, and 
associated public health consequences 
for the local population, as well as 
damage to species like the valuable 
Huangshan pine tree. It is therefore 
important that all stakeholders 
understand the urgency of taking action 
as soon as possible, to avoid disastrous 
consequences. Implementing climate 
change adaptation and mitigation 
measures now will safeguard lives, 
properties and industrial/ agriculture 
productivity, as well as protect native 
species.  

However, it is often the case around 
the world that climate change is not 
made a top priority, as many people still 
do not see it as an issue that requires 
immediate action, believing that it will 
not have major impacts for decades or 
even centuries. (In the original Project 

EHS MANAGEMENT FOR INDUSTRIAL PARKS – DESIGNING WEB-BASED SOLUTIONS

design, for example, climate change 
impacts were part of the process but 
not seen as the key issue.) Without a 
paradigm shift, it will be hard to protect 
communities from the effects of 
climate change. In the case of individual 
projects, such as the Huangshan 
Xin’an River Project, CDIA believes it is 
important that stakeholders, including 
engineers, are made aware of the 
imminent threat of climate change, so 
that they can agree on a common goal 
for adaptation and mitigation actions/ 
interventions, in order to incorporate 
relevant measures into project design.

To mainstream such ideas, and make 
it clear that this is not a question 
for the next generation and that 
a concerted effort must be made 
today, CDIA proposes an integrated 
intervention process. This is a response 
to the complexity of climate change 
assessment at the project level, since 

2CDIA’s Integrative Approach to Climate 
Change Assessment and Project Design  

As the modelling described in Chapter 1 demonstrates, impacts of 
climate change that could affect Huangshan include:

i. A warmer climate with high energy flux levels, and thus more extreme 
heat events, including heatwaves and the ‘heat island’ effect;
ii. Changing precipitation patterns, leading to more frequent floods and 
droughts, and a high evaporation rate, etc.; and
iii. More severe typhoon incidents and landslides. 

its impacts can affect so many different 
fields and sectors. A conventional 
design-and-build type response 
is inefficient and ineffective: the 
assessment should ideally be an all-
embracing process, involving working 
with the municipal government, the 
engineering team and other relevant 
parties, to identify opportunities for 
embedding measures to improve the 
Project’s climate change performance 
into the Project design. 

@Photo by Akil Mazumder from Pexels

2.1  Integrative Intervention to Promote Understanding of Climate Change and 
Mainstream Measures into the Project
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To ensure that the stakeholders realized 
the urgency of addressing the impact 
of climate change, and the dangers of 
taking a business-as-usual approach, 
CDIA experts used several tools to 
familiarize the Project Management 
Office, design engineers and other 
stakeholders with the history of climate 
change as well as future projections. 
Steps included:  

i. Communicating historical weather 
records and incidents; 

ii. Demonstrating and applying the 
Beijing Weather Model, endorsed by the 
Intergovernmental Panel on Climate 
Change (IPCC), to project weather 
data, including precipitation and  
temperature; and

2.3  Innovative Adaptation/Mitigation Measures – Generation and Application

Applying the integrative intervention process proactively and innovatively to the climate change evaluation process produced a 
range of responses, which call for a multifaceted approach. The key innovation was to protect the development project itself from 
extreme weather damage. A whole suite of climate change adaptation and mitigation measures were proposed, which can be built 
into the Project to enhance Huangshan’s climate change resilience in the medium to long term. As will be discussed in greater 
detail in Chapter 3, key measures include:

• Identification of specific potential climate change impacts on the Project;
• Adaptation measures for infrastructure construction;
• Adaptation for extreme heat, drought and wildfire;
• Adaptation with Smart Systems;  
• Application of sponge city facilities;
• Constructed wetland with green vegetation;
• Innovative low carbon engineering measures;
• Carbon sequestration;
• Pine forest disease prevention for carbon sequestration; and
• Reduction in GHG emissions through rehabilitation and upgrading of wetlands and wastewater treatment plants.

iii. Using the World Bank Thinkhazard model to identify key risks and climate change 
hazard scenarios.

Findings from the climate risk modelling were shared among the various parties, to 
ensure that these risks were integrated into the engineering process, enabling the 
most appropriate measures for climate change adaptation and mitigation to be 
identified and incorporated.

The step by step approach to climate change assessment and action taken 
by CDIA in the planning and design stages of the Project, in order to generate 
appropriate project measures, can be summarized as “ARCCE”: 

i.
ii. 
iii.
iv.
v.

Assess climate change scenarios; 
Review the development project;  
Communicate with policy makers and local experts; 
Collaborate with engineering consultants; 
Engage relevant stakeholders. 

Figure 05: Integrative Intervention Process: The ARCCE Approach to Climate Change Figure 06: Climate Change Adaptation and Mitigation Measures Proposed for the Project

2.2  Methodology – ARCCE
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Potential climate change impacts in Huangshan are summarized in Table 02.

Table 02: Summary of Potential Climate Change Impacts

Climate Change Environmental Impacts

Increasingly high/low temperatures, increased variability
Vegetation degradation

Higher soil temperature

Intense high and/or low quantity of precipitation Floods, drought and storm

3Technical Roadmap

While there are some variables in the projections made by the climate change modelling, floods, severe storms, and droughts have 
occurred in the past in Huangshan, and it is therefore likely that such problems, as well as high temperatures, will affect the city’s 
infrastructure, whether existing or currently being built as part of the Project. For example, storms and rainfall variability (alternating 
drought-wet conditions), along with higher temperatures, lead to soil moisture variations. Such water-soil-temperature interaction 
inevitably leads to differential ground settlement or, in extreme cases, even soil erosion. The weakened soil bearing capacity that 
results will cause damage to infrastructure, including roads and river courses. The risks are summarized in the following table: 

To ensure the most effective response 
to these challenges, a range of measures 
was considered and discussed with the 
Project design team in capacity building 
forums. These included engineering 
measures to adapt the Project and make 
it more resilient to climate change, and 
other ecosystem-based measures to 
mitigate climate change and reduce 
emissions of greenhouse gases. The 
engineering options and the measures 
selected are detailed below, along with 
guidance on how the climate cost of 
such a project is calculated.

Table 03: Potential Damage to Infrastructure from Climate Change

 Hazard Potential infrastructure damage 

Soil bearing 
capacity

Dislocation of pipelines, manholes and catch-pits; collapse 
of roads, utilities structures; weakened foundations of 
structures, etc.

Severe flood water 
flows

Embankment damage, basement flooding, power 
line damage, flooding treatment processes/harming 
treatment efficiency.

Elevated inflow/ 
infiltration in 
pipelines

Pipe leakage, dislocation, manhole backflow/overflow.

Soil erosion Soil wash, debris flow, earth spread, topple in 
landscape/farming sites.

Drought Drying up of irrigation water, plants dying, hazard to 
landscape/farming.

Heat Island Effect

A greater fraction of absorbed solar radiation at the 
surface is converted into sensible rather than latent 
heat. This effect is due to the replacement of moist 
soils and plants with paved and waterproofed surfaces, 
e.g. concrete surfaces for pipe laying, access roads 
or concrete river bank parapet walls, and a resultant 
decline in surface moisture.

3.1  Identification of Potential Climate Change Impacts
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Technical details of the options 
for climate change adaptation are 
summarized in Appendix 4.12 The most 
important measures are:

Sponge City

 In 2014, China introduced a ‘Sponge 
City – Low Impact Development’ 
program, which calls for measures to 
help increase permeability and water 
absorption in urban areas, to tackle the 
growing problem of urban flooding and 
pollution. Sponge City design involves 
construction to soak up storm water 
and capture water for reuse in urban 
areas. Sponge City facilities can deal 
with excess water, reuse rainwater 
during drought, and create a greener 
environment. Sponge City design in the 
Huangshan Xin’an River Project includes 
measures to upgrade sewage and 
drainage systems (see 3.3.1), along with 
ecological stormwater catchpits, tree 
pits and porous pavements. Improved 
surface water management in rivers and 
lakes and landscaped enlargement of 
green spaces can also help reduce the 
risk of flooding, while also encouraging 
ecotourism.  

Greenfield and Vegetation

 Landscape project design can consider 
adaptation options based on

i.  Selection of Chinese species 
native to the region, which have 
climate resilience for local conditions; 

ii. Use of plants (seeds, seedlings, 
saplings, and cuttings) sourced 
from Anhui province or elsewhere in 
China; and

iii.  Careful selection of species that 
can endure high temperatures, periodic 
waterlogging or drought. 

Low-Carbon Construction

Low carbon technology for construction 
is an innovative engineering approach 
involving all processes from the 
planning of a project to its operation, 
post-construction. In China, low carbon 
engineering must follow requirements 
in the relevant National Standards 
for e.g. carbon emissions and green 
construction.13  ,  14 These requirements 
formed the basis of the blueprint 
for the Project, in which low carbon 
materials and practices were considered 

and adopted as the backbone of the 
Project’s construction and operation. 
The ground rules, devised through 
intervention at the feasibility study stage 
of the Project, are similar to the UK’s 
“4B’s” approach, which emphasizes: 

i. Build nothing: where possible, 
challenge the need to build new 
infrastructure and explore alternative 
approaches to achieve the desired 
outcome; 

ii. Build less: maximize the use of 
existing assets and optimize asset 
operation and management to reduce 
the extent of new construction required; 

iii. Build clever: design in the use 
of low-carbon materials, streamline 
delivery processes and minimize 
resource consumption; and 

iv. Build efficiently: embrace new 
construction technologies and eliminate 
waste.15

These guidelines apply throughout 
the entire life-cycle of the Project – 
i.e. its planning, design, construction, 
commissioning, operation and 
maintenance stages. 

13  GB/51366 -2019. Standard for building carbon emission calculation. National Standards of People’s Republic of China.
14 GB/T51356-2019. Assessment standard for green building.  National Standards of People’s Republic of China.
15  UK GBC, 2019. A Net Zero Carbon Buildings:  Framework Definition

Structural Measures

Reinforced structural materials should be considered in the design and construction of roads and drains, and of pipes/pipe 
beddings, walkways, retaining structures/flood dams along rivers, wastewater treatment stations and tourism facilities. Extra 
infiltration due to elevated ground water table/flooding can be dealt with by means of enhanced pipe flow capacity or emergency 
outlets in some wastewater treatment stations. Such structural measures require regular maintenance for efficient and effective 
operation. Damage to landscape works can be mitigated by maintaining vegetation, for example, by irrigation during dry periods.

@Photo by Ivars from Pexels

3.2  Engineering Options for Climate Change Adaptation

12  https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-4.pdf

https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-4.pdf
https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-4.pdf
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Factoring green facilities/technologies 
into the Project is a cost-effective way 
of enhancing its adaptation to climate 
change. According to the requirements 
of the “Management Measures for 
the Construction of Sponge City in 
Huangshan City”16, any construction, 
reconstruction or expansion of 
Huangshan City should wherever 
possible adopt Sponge City measures. 
When designing or constructing urban 
drainage and flood control works, it 
is therefore necessary to consider 
facilities to control first flush pollution 
and combat urban flooding. It is also 
essential to minimize leakage from 
interceptors and sewer pipelines. 

The Project includes measures to 
separate combined sewage systems, 
install new drainage pipes, and 
rehabilitate rivers.  Pilot measures 
proposed by CDIA will also include 
screening facilities for stormwater in 
separate sewers, to remove pollutants 
before they are discharged into 
rivers. (See separate report.)17

Figure 07: Sponge Facilities for Climate Change

It is therefore recommended that the Project design should adopt the following 
measures: 

Sustainable Development Strategies
The Project should incorporate a range of development and conservation strategies 
that will not only nurture the local environment but also make communities (including 
villages) more attractive, economically stronger, and more liveable. When upgrading 
drainage systems and river flooding prevention systems, for example, sub-projects 
can include landscaping measures which will encourage eco-tourism, with scenic 
waterfronts and walkability as priorities, thus boosting the local economy. 

Enhanced drainage and sewers in 
villages will help minimize the risk of 
river flooding. (See Appendix 318 for 
details of the relevant sub-projects 
1A-1 to 1A-6 which follow the "Sponge 
City Construction Technical Guide”19 

and "Anhui Sponge City Construction 
Technology - Rainwater Control and 
Utilization Engineering Standard 
Atlas”20 in their design.) However, in 
view of the projected climate change 

16 Office of the Huangshan Municipal People’s Government, 2018, Notice of the interim measures for the construction and management of sponge 

city in Huangshan city.
17 See: CDIA, Urban First Flush Stormwater Pollution Management - Innovative Designs for Small and Medium-Sized Cities
18 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf
19 Housing and Rural-urban Construction Bureau, 2014, Sponge City Construction Technical Guide, City construction issue [2014] No275

22 Alejandra S Coronel, Susana R Feldman, Emliano Jozami, Kehoe Facundo, Rubon D Piacentini, Marielle Dubbeling and Francisco J Escobedo, 

2015.  Effects of urban green areas on air temperature in a medium-sized Argentinian city.  Environmental Science, Vol 2 Issue 3, 803-826
20 Research Institute of Anhui Urban Construction Design, 2015, Anhui Sponge City Construction Technology - Rainwater Control and Utilization 

Engineering Standard Atlas, Anhui 2015Z102

23 WU Dan-jie, ZHAN Sheng-ze, LI You-hua, TU Man-zhang, ZHENG Jian-yang, GUO Ying-yuan, PENG Hai-yang, 2016.  New Trends and 

Practical Research on the Sponge Cities with Chinese Characteristics.  In China Soft Science, vol. 2016-01.

impacts discussed above, this study 
recommends that drainage pipes and 
structures should be designed with extra 
flood capacity, as well as reinforced 
structural strength and flow networks, 
to increase the Xin’an River’s resilience 
against flood risks. 

3.3  Implementing Climate Change Adaptation Measures 

As noted above, climate change 
projections indicate the potential for 
extreme heat or drought in terms of the 
macro-climate. However, at the city 
level, studies21 show that topoclimatic 
effects can have a dominant influence 
on micro-climate. It has been proven 
that, in carefully planned areas 
with a high ratio of green cover, the 
temperature can be reduced by 1o - 2o C. 22 

The design of local landscape features, 
slope gradients/angles, shading, solar 
radiation materials, soil temperature/
drainage, wind passage corridor/speed, 
and precipitation/runoff routing in 
urban green areas23 can help to reduce 
the number of hot dry days, enable 
the reuse/recycling of rainwater and 
water conservation, and minimize the 
potential for wildfires by creating a 
water-rich setting. 

With specific regard to Huangshan, 
ecologically-friendly constructed 
wetlands, and the monitoring of forest 
health to prevent plant diseases can 
also further enhance climate change 
resilience and protect against extreme 
heat vulnerability. 

21 T. R. Oke, 2012, Local Climate Zones for Urban Temperature Studies.  In Bulletin of the American Meteorological Society 93(12):1879-

1900 · December 2012

3.3.1  Application of Sponge City Adaptation Measures 3.3.1  Application of Sponge City Adaptation Measures

https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf
https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-3.pdf
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Guiding Principles 
for Sustainable 
Development Design

Increasing green cover ratio 
Providing shade and a cooling effect 
by increasing the area of trees, shrubs 
and vegetation cover can lower air 
temperature. Urban greening options 
include green roof-tops and/or vertical 
facades. The enhanced insulation 
effect reduces dependence on air-
conditioning in hot summers, thus 
saving energy.

Use of cool surface materials with 
high thermal radiative effect
Open structure road surfacing can be 
employed, using open grade friction 
course, asphalt concrete or no-
fine concrete. Footpaths, sidewalks 
and cycle tracks can be painted in 
environmentally-friendly colors (such 
as green or yellowish-green) to increase 
their radiative efficiency and provide a 
more comfortable environment.24

Application of riverside wetland 
with green features
On both sides of the Xin’an River, it is 
necessary to construct and upgrade the 
riverbank to provide better flood and 
drought resilience. Two plots of land of 
6000m2 and 4000m2 along the Xin’an 
River in She County (sub-project 1B-
6), and one of 4000m2 for the Xin’an 
River Green Agriculture Demonstration 
Project in She County (sub-project 2B-
1) have been designated for constructed 
wetland. Constructed wetland is 
designed to follow the natural terrain 
in the form of a terraced riverside 
wetland, using open texture material 
substrates like sand, rubble and stone. 
This encourages aeration and helps 
avoid anaerobic processes, which have 
side effects including the smell and risks 
of methane gas. Similar practices have 
proved successful along other stretches 
of the Xin’an River. The aim is to create 
aquatic habitats with plant diversity, 
stability of wetland communities and a 
variety of waterfowl. The large height 
difference between the river and its 
banks can be maintained by ecological 
retaining walls and/or stone cages, as 
well as natural revetments.

Forest health monitoring and 
disease prevention
 Proposed ecosystem-based 
adaptations include increasing the 
resilience of Huangshan’s forest 
environment to climate change, by 
reducing its vulnerability to the threat 
of forest fires and pest outbreaks. In 
January 2019, Huangshan was declared 
an epidemic region for Bursaphelenchus 
xylophilus ,25 the parasite that causes 
the deadly pine wilt disease, which is 
fatal for pine trees within 40 days of 
infection. Seventy-one of Huanghan’s 
townships have been identified as 
serious disease zones. In sub-project 
2B-3 of the Project (which focuses 
on 60 villages, with 70,000 hectares 
of forest of Pinus taiwanensis Hayata, 
Huangshan’s native species) the 
following measures are proposed:

i. Sustainable: 
• Striking a balance between 

socio-economic and 
environmental concerns;

• Conserving water (input/
output model);

• Promoting green eco-
measures and CO2 
sequestration;

• Paving less, to leave more 
pervious surfaces;

• Considering the origin and 
fate of materials;

• Considering the energy 
consumption over time;

• Encouraging the water-borne 
economy and navigability. 

ii. Natural
• Nurturing waterfront culture;
• Conserving nature;
• Walkability;
• Accessibility; 
• Biodiversity;
• Recreational benefits.

iii. Humane
• Respecting water; 
• Matching with natural water 

patterns;
• Aligning design with surface 

water features (wetlands/
lakes/streams);

• Restoring damaged water 
bodies;

• Balancing human water needs;
• Treating greywater before 

discharge;
• Smart irrigation;
• Embracing waterborne 

activities;
• Safety/water management. 24  Walid Briki and Lina Majed, 2019. Adaptive Effects of Seeing Green Environment on Psychophysiological 

Parameters When Walking or Running. In Frontier in Psychology, Feb 2019, Vol 10/252.  

25 Forestry Ministry, Huangshan Municipal Government Public Notice, 2019.

• Forestry monitoring/warning 
system: set up  monitoring 
cameras, along with drone 
monitoring over 30,000 ha;

• Quarantine and pest/disease 
prevention: set up a network of 
quarantine stations;

• Pest/disease mitigation and 
management: carry out stem 
injections to maintain tree health; 
implement chemical pest control of 
the beetle Monochamus alternatus 
(the vector for Bursaphelenchus 
xylophilus) over a 7 million ha area;

• Diagnostic equipment: install 
laboratory inspection and disease 
diagnosis equipment; and

• Management information 
system for disease control: set 
up an online information center 
to provide pest and fire control 
information, collect and scrutinize 
data, and provide an analytical 
system for management.

Introduction of Smart Systems
CDIA has proposed a smart 
environment, health and safety (EHS) 
management system for Huizhou 
District Industrial Park and She County 
Industrial Park, with online monitoring 
to collect data on stormwater/sewage 
drainage, air pollution, and solid waste. 
Management options for climate 
change resilience in such management 
systems include:

• Sharing information related to key 
extreme weather and climate event 
risks in the region; 

• Monitoring and prediction 
information relating to climate and 
extreme weather events;

 
• Emergency disaster management 

scheme; and

• Establishment of a multi-agency 
joint hazard defense system, and 
a reliable disaster emergency 
response system.
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In the green agricultural demonstration 
projects in She County and Huangshan 
District that are part of the Project, 
practices of formulated fertilization28 
and soil amelioration are proposed to 
improve the productivity of croplands 
and reduce non-point source pollution 
control. These enhanced agricultural 
practices can increase the biodiversity 
and carbon sequestration of cropland. 
In the assessment Table 04, the carbon 
sequestration potential from vegetation 
planting and improved croplands is 
1000 t carbon/year (ie. 3,666.7 t CO2 
equivalent per year), which sums up to 
91,667 t CO2e for 25 years (equivalent to the 
CO2 emissions produced by combustion of 
around 34,000 tons of coal).

The principle of a low carbon city is 
aimed at decoupling development from 
fossil fuel-based consumption, and 
creating a landscaped garden city with 
high green coverage, large water surface, 
and comfortable living environment.26 

Carbon sequestration, the uptake of 
carbon dioxide from the atmosphere, 
can contribute to low carbon 
development.27 One main means of 
sequestration is the use of biological 
processes such as photosynthesis of 
plants, or soil conservation, as a carbon 
sink, commonly known as carbon 
bio-sequestration. Improvements 
in the management of wetlands and 
wastewater can also reduce emissions 
of greenhouse gases.

Table 04: Preliminary Calculation of Carbon Sequestration from Vegetation 
Plantation and Improved Croplands

Category County/District Area (ha)
Carbon 
Sequestration 
Potential (t/year)

Vegetation 
plantation

Huangshan District 0.81 2.7

Yi County 0.60 2.0

She County 1.64 5.4

Sub-total 3.05 10.1

Improved 
croplands

She County 1300 650

Huangshan District 680 340

Sub-total 1980 990

Total                                              1000

4Implementing Climate Change Mitigation Measures: Carbon 
Sequestration and Greenhouse Gas Emission Reduction

26 WU Dan-jie, ZHAN Sheng-ze, LI You-hua, TU Man-zhang, ZHENG Jian-yang, GUO Ying-yuan, PENG Hai-yang, 2016.  New Trends and 

Practical Research on the Sponge Cities with Chinese Characteristics.  In China Soft Science, vol. 2016-01.

28Formulated fertilization: Using the recommended formula of fertilzers according to soil testing results.

27 https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 

4.1  Carbon Sequestration from Improved Greenlands and Croplands

https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-AnnexII_FINAL.pdf 
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Since 1999, Huangshan Municipality has 
initiated a pine disease control program, 
carrying out two major projects from 
1999-2004 and 2009-2014, with funding 
of RMB1.90 million and 95.85 million 
respectively. Through these efforts, 
Huangshan has established a set of 
basic monitoring, survey, inspection and 
control systems for the disease-bearing 
parasite Bursaphelenchus xylophilus . 
However, while these measures have 
helped to keep many pine trees healthy, 
23,035 trees in an area of around 2,500 
hectares were still found dead in 2018. 
As noted in Section 3.3.2, the Project 
includes strengthened monitoring and 
disease prevention measures which 
should effectively control the disease. 
This will also reduce the release of 
carbon dioxide into the atmosphere, 
since it is the local practice to burn 
infected dead pine trees in order 
to control the spread of pests and 
disease, emitting carbon sequestered 
in the trees. Experience suggests that 
strengthened forest monitoring and 
disease prevention measures could 
reduce pine tree infection in the 
Huangshan area by 80%. This could 
save an estimated 18,428 pine trees 
annually (i.e. 80% of the 23,035 trees 
that died in 2018), and the carbon 
sequestered as a result would amount 
to 18,557 tons of CO2. The pine forest 
disease prevention program would 
therefore provide additional carbon 
sequestration of 463,925 tons of CO2 
over the 25 years of the Project period.

According to the Intergovernmental 
Panel on Climate Change in 2007, 
natural wetlands contribute between 
20% – 39% of global emissions of 
methane. The variation in the quantity 
of greenhouse gas release in wetlands is 
largely due to differences in the nature 
of the emitting vegetation, including 
soil microbiota, which interfere with 
the production and consumption of 
methane. The constructed wetland 
subprojects along the Xin’an River 
in She County will control anaerobic 
conditions and reduce the release of 
methane, as detailed in Table 05:

Aerobic wastewater treatment 
systems generally generate CO2 as by-
products, whereas anaerobic systems 
produce a mixture of methane (CH4) 
and CO2. Based on GHG emission 
estimation methodology set up by 
the US Environmental Protection 
Agency,29the estimated CO2 and CH4 
emissions can be calculated. Under the 
sewerage improvement component 
of the Project, 27,662 m3 per day of 

Table 05: Estimate of Methane Emission Reduction in the Riparian Zone

Subproject Area of
riparian zone (m2)

GHGs generation (kg CO2 equivalent 
per year)

2A-6 10000
Before the project 21379.9

After the project -173.4

2B-2 4000
Before the project 8552.0

After the project -69.4

GHG Emission Reduction 30174.6

urban household wastewater will be 
collected and transported to urban 
wastewater treatment plants for 
treatment, while 2,339 m3 per day of 
rural wastewater will be collected and 
treated in rural wastewater treatment 
stations. Based on the stoichiometric 
estimation, methane gas emissions 
from the wastewater treatment process 
will be reduced by 215.8 tons per 
year once the Project measures are 

29 GHG Emissions Estimation Methodology for Selected Biogenic Source Categories: Solid Waste Disposal/ Wastewater Treatment/ Ethanol 

Fermentation, US EPA.
30 A carbon dioxide equivalent or CO2 equivalent, abbreviated as CO2-eq is a metric measure used to compare the emissions from various 
greenhouse gases, by converting amounts of other gases to the equivalent amount of carbon dioxide with the same global warming potential.

implemented, though carbon dioxide 
emission will increase by 368.5 tons 
per year. As a result, total daily GHG 
emissions are predicted to fall by 5,026.5 
tons of CO2 equivalent30 per day after 
implementation of the wastewater 
treatment improvements contained in 
the Project. 

4.2  Carbon Sequestration via Pine Forest Disease Prevention 4.3  Methane Emission Reduction from Wetland Mitigation

4.4  GHG Emission Reduction from Wastewater Treatment Improvement

4.5  Eco-compensation Scheme for Green Farming

Analysis shows that the nitrogen fertilizer used in tea farming in Huangshan is currently applied at a rate of 277 kg N/ha/year, with 
only 20% efficiency – and a large proportion of the fertilizer is eventually emitted from agricultural soil into the ambient air in the 
form of nitrous oxide (N2O). Using a very conservative estimate of a 10% reduction in chemical fertilizer usage, over around 4500 
ha of tea farms, as a result of the eco-compensation scheme, the GHG emission reduction is expected to be 78.3 tons N2O per 
year (23,333 tons CO2 equivalent).
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Table 06: Determining eligible climate adaptation activities in the project, via the three-step method

Step 1. Climate Vulnerability 
Context 2. Statement of Intent

3. Link Between Project 
Activities and Identified 
Climate Vulnerability

Sponge city facilities 
High intensity or low 
quantity of precipitation, 
leading to flooding or 
drought.

Development and 
installation of sponge 
city facilities in urban 
infrastructure to combat 
urban flooding and drought. 

Sponge city facilities, 
including ecological 
stormwater catchpits, 
ecological tree pits and 
porous pavements are 
included in the construction 
of urban drainage, 
pavements and flood control. 

Forest health monitoring 
and disease prevention

Increased frequency of 
forest fires and pest/disease 
outbreaks, due to periods of 
high temperatures.

Improvement of 
management measures 
related to forest fires and 
pest/disease outbreaks.

Integration of: 
(1) Forestry monitoring and 
warning system
(2) Quarantine and pest/
disease prevention
(3) Pest/disease mitigation 
and management
(4) Information system for 
pine tree disease control.

Constructed wetland
Extreme weather events 
with high temperature and/
or extended periods of dry 
season, causing droughts.

Establishment of a buffer 
zone for biodiversity 
and water resources as a 
resilience measure against 
water shortage and extreme 
droughts.

Development of wetland 
areas with vegetation and 
water reservoir to reduce the 
impacts of drought.

Smart Hydrology 
Information System

Flooding, adverse weather 
with extreme heat.

Enhanced capacity in 
monitoring, forecasting 
and early warning for 
flooding, water scarcity, and 
environment deterioration

Development of Smart 
Hydrology System for 
flood monitoring and early 
warning of hazards. 

Carbon bio-sequestration 
through vegetation 
plantation

Intense precipitation 
resulting in soil erosion.

Contribution to 
strengthening adaptation 
and resilience of agricultural 
activities against climate 
change.

Organic farming practices 
can help farmers adapt to 
climate change through 
strengthening agro- 
ecosystems and diversifying 
crop production.

Eco-compensation for 
green farming

Variable precipitation 
patterns and 
temperature changes, 
causing unpredictable 
environmental conditions 
for crops.

Enhanced capacity to 
prevent water and soil loss 
and water scarcity.

Vegetation and plantation to 
help reduce soil erosion and 
water siltation.

31 Guidance Note on Counting Climate Finance at ADB, Asian Development Bank, 2016 October 13th.

Climate finance is the sum of financing 
provided for project elements that 
contribute to climate change mitigation 
and/or adaptation. Tracking the cost 
of climate actions is an integral part 
of mainstreaming climate change 
considerations in project development, 
and should therefore begin from project 
conceptualization. The calculation of 
the cost of climate actions can be used 
both for purposes of external reporting, 
such as the annual report of the relevant 
project, and also for tracking progress 
towards meeting corporate targets 
and other climate-related objectives. 
(The approach to calculating the cost 
of climate actions in the Project is 
specified in the relevant guidance note 
issued by the ADB.)31 

In order to calculate the costs of 
climate actions, the activities (project 
components, subcomponents or outputs) 
that will contribute to climate change 
mitigation and/or adaptation should first 
be identified, and preliminary estimates 
of the related climate finance can then 
be prepared. The approach to identifying 
eligible mitigation and adaptation 
activities, and the cost analysis of the 
measures included in project design are 
described below.

Determination of Eligible Climate Adaptation Activities

Climate adaptation activities are those designed to address the current and future 
impacts of climate change. The following three-step method was applied to the Project 
to determine eligible adaptation activities (See Table 06):

1. Climate Vulnerability Context: Set out the context of the risks, vulnerabilities, 
and impacts related to climate variability that motivate the activity, using a robust 
evidence base.

2. Statement of Intent: State the purpose or intent to address the identified risks, 
vulnerabilities, and impacts.

3. Link between Project Activities and Identified Climate Vulnerability: Demonstrate 
a clear and direct link between the identified risks, vulnerabilities and impacts, and the 
activities to be financed.

SPECIAL FEATURE：
Calculating the Cost of Climate Actions

@Photo from Nipic.com
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Determination of 
Eligible Climate 
Mitigation Activities

Climate mitigation activities are those 
that promote efforts to reduce, avoid, 
or sequester greenhouse gas (GHG) 
emissions. According to estimates of 
GHG emission and sequestration, the 
following components of the Project are 
regarded as climate mitigation activities: 

i. Eco-compensation scheme for 
green farming：The scheme will 
promote green agricultural practices, 
resulting in reduction of fertilizer use 
and non-CO2 GHG emissions from 
agricultural practices. As discussed 
above, a conservative estimate of a 
reduction of pollutants on around 4500 
ha of arable land would see a reduction 
in GHG emissions of 78.3 tons of N2O 
per year (23,333 tons CO2 equivalent).32

ii. Carbon bio-sequestration 
through plantations：The vegetation 
plantation component (including new 
green lands and improved croplands) 
of the project will contribute to carbon 
bio-sequestration, and thus qualifies as 
a mitigation component. The carbon 
sequestration potential from the 
vegetation plantation and improved 
croplands is estimated to be 3,666.7 t 
CO2 equivalent per year.

iii.  Forest health monitoring and 
disease prevention ：This activity 
leads to a reduction of 463,925 tons 
of CO2 over the project period of 25 
years, by reducing the number of dead 

trees which have to be burnt. Thus，

this subproject as a whole can also be 
counted as contributing to climate 
change mitigation.

iv. Wastewater treatment 
improvement：As analized, this 
sub-project will lead to a reduction 
of 5,026.5 tons of CO2 equivalent per 
year. The upgrading and renovation 
of the wastewater treatment works 
can therefore be included as a climate 
change mitigation action.  

Estimated Cost of Climate 
Change Adaptation and 
Mitigation

After identifying the climate 
mitigation or adaptation activities, the 
corresponding cost for each of the 
eligible elements is then determined. If 
an entire subproject/activity qualifies 
as climate mitigation or adaptation, the 
entire cost of its implementation should 
be counted. If only specific portions of 
a project/activity are identified, only 
the financing of these eligible elements 
should be counted. 

The cost estimates for the adaptation 
and mitigation activities contained in 
the Project are provided in Appendices 
432 and 533, respectively. The estimated 
cost of climate change mitigation and 
adaptation activities is about 30% of the 
total project cost.

32 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-4.pdf
33 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-5.pdf
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Integrating and aligning 
interventions 

A key focus of this study is the 
preparedness of small and medium-
sized cities to reduce vulnerability 
from climate change. While the central 
government sets the overarching 
climate change policy of the country, 
municipalities should seek to address 
the issue with workable implementation 
measures at the local project level. 

The main tasks are: conducting local 
climate change assessment; sharing 
climate change awareness and capacity 
consensus building; developing sets of 
risk adaptation and mitigation measures; 
and adopting a practice of low carbon 
footprint engineering. 

This calls for a root and branch review 
of engineering design, emphasizing 
building collaboration with stakeholders 
and seeking local support for a city-wide 
engineering project. Irrespective of the 
nature of the city, climate change is a 
multi-disciplinary issue across different 
areas of professional expertise, and it is 
therefore essential to ensure that the 
exercise is overseen by experienced 
climate change specialists.

5Takeaways for Other Cities

Understanding climate 
change and the urgency 
of tackling it

In recent years, there has been much 
research on climate change, and its 
global impact is frequently discussed in 
the media. Yet many people still see it 
as an issue for future generations, and 
struggle to accept the immediacy of 
the melting of the polar ice caps or the 
flooding of low-lying  islands. 

In city-wide projects, it is vital to 
communicate the urgency of the 
climate change crisis to the various 
stakeholders. The aim is to draw upon 
their sense of responsibility, so that 
they will take immediate measures for 
adaptation and mitigation. 

In this exercise, historical records and 
weather data are used clarify climatic 
trends, and emphasize the extent of 
the damage caused by past cases of 
extreme weather, as well as highlighting 
flooding and drought intervals. Climate 
change models were also employed to 
project global warming crisis scenarios 
and their potential impacts at the local 
level. 

Embedding climate 
change measures in 
a project: Integrative 
intervention

To tackle the climate change crisis, it is 
crucial to provide measures to prevent, 
reduce, adapt to and mitigate these 
impacts. It is clear that this is not a 
question for the next generation and 
that a concerted effort must be made 
today. 

CDIA therefore proposes an integrated 
intervention process derived from 
the experience learned in this project. 
This is a response to the complexity of 
climate change assessment, since its 
impacts can affect so many different 
fields and sectors, and there is no 
formula for a simple solution at the 
project level.

A conventional design-and-build type 
response based on a set of instructive 
design guidelines has proved ineffective 
— the assessment should ideally be 
an all-embracing process, involving 
working with the municipal government, 
the engineering team and other relevant 
parties, to identify opportunities for 
embedding measures to improve the 
Project’s climate change performance 
into its design. 

This study has highlighted the urgency of assessing and responding to the real and immediate threat posed by climate 
change to the city of Huangshan. This experience is worth sharing with small and medium-sized cities and communities 
around the world that face similar climate change impacts. The key steps proposed below have proven effective in 
mainstreaming climate change adaptation and resilience measures into the design of projects and their infrastructure. 
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• Align the understanding of 
climate change variabilities and 
their likely impacts; 

• Examine the engineering 
contents and contexts and 
enhance essential elements for 
climate change resilience;

• Emphasize adaptation and 
mitigation measures for the 
climate change crisis; 

• Justify with relevant resources 
and funding. 

Based on experience from CDIA’s 
intervention in the Huangshan 
Xin’an River Project, an efficient and 
effective integrative intervention 
process, summarized as “ARCCE”, 
is the most suitable approach. 
The process involves the following 
elements:

i. Assessment of climate change 
scenarios: a screening and scoping 
exercise should be conducted based 
upon historical climatology and the 
nature of the project. IPCC-approved 
models should be used for climate 

change prediction and evaluation 
of the projected impacts of adverse 
weather.

ii. Review of the proposed 
development project: a thorough 
review should be carried out to 
establish a) the extent of climate 
change impacts on the project 
elements; b) ways in which the 
project elements themselves could 
contribute to global warming; c) 
any available alternatives; and 
d) measures for climate change 
mitigation and adaptation.

iii. Communication with policy 
makers and local experts: 
climate change information and 
understanding of its impacts should 
be conveyed effectively, to ensure 
a successful intervention. The 
proposed climate change measures 
are not only designed to boost 
resilience, but also to enhance the 
project performances. 

iv. Collaboration with engineering 
consultants: it is essential to 
establish a good channel for 
exchanges and interaction between 
climate change experts and 
engineering teams to a) promote 
understanding and awareness 
of the projected climate change 
scenarios with/without adaptation 
and mitigation measures; b) arrive at 
mutually agreed common goals to 
deal with climate change; c) ensure 
the engineering teams incorporate 
measures into the detailed design; 
d) ensure a shared planning and 
implementation process; and e) 
carry out shared outcome analysis.

v. Engagement with relevant 
stakeholders-such engagement has 
three targets; a) identifying local 
historical climate change damage; 
b) engaging input to enhance 
protection against climate change; 
and c) sharing common goals and 
outcomes.

Developing and 
adopting a set of 
engineering options

The ARCCE model is a tool that can 
help understand extreme adverse 
weather and its impacts upon the 
project. Through this process, 
possibilities and solutions can be 
explored, with due consideration of 
practical constraints. The outcomes 
should be further developed into the 
engineering design brief to steer the 
climate change design process. This is 
an important step for the design team 
to understand the issues and develop 
their inception of the project, in order 
to reinforce resilience in engineering 
design and adopt proven adaptation 
options for infrastructure and 
substructure. It was also based upon 
the sustainable development principles 
highlighted in Chapter 3, and a set of 
engineering options for the Huangshan 
project, as listed in Appendices 434 and 
5,35 was proposed for use. Furthermore, 
some of the project elements can be 
fine-tuned for eco-tourism, which 
can bring the benefit of economic 
sustainability. 

Enhancing ecological 
resilience capacity

For climate change adaptive capacity, 
it is cost-effective to factor green 
facilities/technologies with the best 
low carbon outcomes into the project. 
Some of the key measures discussed 
in Chapter 3, such as sponge facilities, 
green landscape cover, wetland 

restoration, open texture structural 
pavements, and monitoring and 
protection of forest health, are simple 
ways of integrating green absorptive 
surface into a city. A landscaped 
covering or soft green vegetation not 
only provides shade, and cool space 
with fresh air, it also reduces heat 
amidst the concrete surfaces of a built-
up area. A carefully designed, green 
cityscape can help reduce flooding, 
drought, urban heat, soil erosion and air 
pollution. Further adaptation measures 
can be developed by applying the 
integrative intervention process during 
project planning.

Low carbon operation and 
carbon sequestration

Climate change affects everyday 
life, and human activities must play 
their part in creating a low carbon 
environment. As demonstrated in 
Chapter 3, low carbon technology 
offers a climate-friendly approach for 
engineering planning, while the ‘4B’s 
guidelines – build nothing, build less, 
build clever and build efficiently – 
offer a straightforward way for working 
engineers to test their designs. The 
low carbon principle of a sponge city is 
aimed at decoupling development from 
a fossil fuel-based consumption model, 
to build a natural landscaped garden 
city. This creates an improved urban/
suburban living environment, and helps 
to reduce greenhouse gas emissions. 
Development projects can also promote 
uptake of atmospheric carbon dioxide. A 
major feature of this study is the emphasis 

The integrative intervention process is a useful tool to seek collaboration from various stakeholders to adapt to change from 
climate variabilities. The principal aim of the process is to:

@Photo  from Pexels

on carbon bio-sequestration, in which 
biological processes such as eco-farming, 
forestry or soil conservation are used as a 
carbon sink.

Providing justification 
for resources and 
funding

Climate change research often shows 
the big picture, but local implications 
are not always explored sufficiently. 
Engineering works, on the other hand, 
are based upon quantifiable entities 
for measurable output. For this project, 
financial analysis of the cost of climate 
change actions was conducted. As a 
follow-up, cost-benefit and financial 
analyses can be applied for option 
selection analysis. 

It is hoped the approach described in 
this report will be beneficial to other 
cities in promoting awareness of 
climate change and outlining practical 
approaches for building climate change 
resilience, particularly for small and 
medium-sized cities where there is 
often a great deal that needs to be done 
to reduce climate change vulnerability.

34 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-4.pdf
35 https://cdia.asia/wp-content/uploads/2020/09/CC-En-Appendix-5.pdf
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