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ABSTRACT. Climate change adaptation in China faces dual challenges: the development demand and its increasing pressure. In re-
cent years, China has made great efforts in climate change impact assessment, adaptation policy-making, as well as technological re-
search and development. The objective of this paper is to analyze and summarize the achievements and gaps of improving the adapta-
tion strategies. A case study focusing on China is provided as a reference for other developing countries. In China, positive and nega-
tive impacts coexist, with the negatives outweighing the positives. Climate change affects mainly seven fields, including agriculture, 
water resources, coastal zone, ecosystem and biodiversity, urban development, major projects, and human health. A top-down policy 
system of climate change adaptation in China consists of 117 national and departmental policies, 31 provincial action plans and 21 
provincial adaptation plans. There is an increasing number of climate change adaptation policies appearing in China. Identification, 
classification and key-chain analysis are performed over the adaptation policies, in order to build up the technology system that cap-
tures their structure and characteristics. Progress has been made in the development and application of the top 10 adaptation technolo-
gies, such as extreme weather event prediction and early warning technology, integrated adaptation technology for human health, as 
well as technology for the conservation and restoration of typical climate-sensitive ecosystems. However, gaps still exist in the mis-
match between adaptation goals and resource management in terms of adaptation policy-making, adaptation mechanism of global 
changes, and strategic adaptation technology and top-level design. 
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1. Introduction 

Climate change has been closely related to the rise and 
fall of a civilization such as ten major disasters throughout 
ancient Egyptian history, the glory of the Great Tang Dynasty 
in China, the disappearance of ancient Kroraina and the de-
cline of the Mayan civilization. According to five assessment 
reports on climate change, several special reports on adapta-
tion by the Intergovernmental Panel on Climate Change 
(IPCC, 1990a; 1990b; 1995; 1997; 2001; 2007; 2012; 2014), 
and three “National Assessment Reports on Climate Change” 
in China (NARCC EC, 2007; 2011; 2015), global warming is 
an indisputable fact. Climate change has led to frequent 
droughts, floods, water shortages and imbalances in water 
distribution, as well as reduced biodiversity. In addition, eco-
logical security is at risk, which posese major challenges to 
the sustainable development of the economy and society 
around the world (Huang et al., 2006; Li et al., 2008b; Li et al., 
2009; Qin et al., 2007; Lv et al., 2010). Adaptation to climate 
change has become an inevitable choice for the collective 
needs of society. As the impacts become increasingly preva-
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lent, it is difficult for the developed countries to avoid serious 
harm posed by such impacts, even if they have strong ability 
in climate change adaptation. Many countries are showing 
increasing focus on climate change adaptation (Biesbroek et 
al., 2010) to move to low carbon economy.  

As one of two important strategies for reducing the im-
pacts of climate change, the other being mitigation strategy, 
adaptation is an urgent task for China (MOST and ACCA21, 
2012; ACCA21, 2017). China, with its large population, com-
plex climatic conditions, fragile ecological environment, and 
frequent extreme weather events, is one of the countries that is 
seriously affected by climate change. China is also one of the 
several developing countries with significant development in 
industrialization, informatization, urbanization and agricultur-
al modernization. To protect food security, ecological security, 
human lives, property, and scientific achievements, China 
should prioritize adaptation to climate change. If no effective 
measure is taken, losses will increase, which may hinder fur-
ther development of China's economy and society (NARCC 
EC, 2015). “The 13th Five-Year Plan for Economic and So-
cial Development of the People’s Republic of China” outlines 
the need for enhanced climate change adaptation. President Xi 
Jinping made a declaration at the Paris climate conference of 
paying equal attention to adaptation and mitigation of climate 
change. The signing of the Paris agreement announced Chi-
na's intention to build a “climate adaptation” society (Li et al., 
2014; UNFCCC, 2015; Chen et al., 2016). 
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China attaches great importance to global leadership in 
climate change adaptation. China takes the first place among 
developing countries to develop Agenda 21, exercises initia-
tives from the United Nations Framework Convention on Cli- 
mate Change, establishes a national leadership and coordination 
mechanism on climate change, and developes a series of ma-
jor policies and actions. China also funds research and tech-
nology development in climate change adaptation. Since the 
“11th Five-Year Plan” period, the Ministry of Science and 
Technology and 14 other ministries and commissions have 
jointly launched China's Scientific and Technological Actions 
on Climate Change, accelerated basic and key technology 
research and development, built technologically integrated 
applications and carried out international technological coop-
eration on climate change adaptation, which have yielded re- 
markable results. 

This paper summarizes the results from climate change 
impact assessments, adaptation policy design, technological 
research and development, as well as the gaps in adaptation 
progress and the proposed strategic recommendations for fu-
ture climate change adaptation for China. This study also 
seeks to extend the basis of adaptation strategy in China th- 
rough a case study, which may benefit other developing coun-
tries. The paper is organized as follows: section 2 summarizes 
climate change impacts in seven fields and divides the im-
pacts into positive and negative ones; section 3 summarizes 
adaptation policy progress at the national and regional levels 
and analyzes adaptation policy development; section 4 sum-
marizes the results and achievements of adaptation science 
and technologies, including the framework of adaptation tech- 
nologies, as well as its associated progress and applications; 
section 5 discusses China’s adaptation characteristics, the ad-
aptation principle of “seeking advantages and avoiding dis-
advantages”, the gaps, and recommentations for adaptation 
policy, science and technology; section 6 presents the conclu-
sions of this study.  

2. Climate Change Impacts in China 

According to the latest instrumental records on tempera-
ture time series from the past century, the average land 
warming in China between 1909 and 2011 is in the range of 
0.9-1.5 °C (NARCC EC, 2015), higher than the global aver-
age. Climate warming leads to the observed patterns of water, 
heat resources and environmental factors, resulting in both 
direct and indirect impacts on natural ecosystems, as well as 
China’s socio-economic development. Vulnerable fields af-
fected by climate change in China are as follows: agriculture, 
water resources, coastal zones, ecosystems and biodiversity, 
urban development, major projects, and human health. The 
overall and specific climate impacts in each field are summa-
rized in Table 1.  

Some climate change impacts may be conducive to the 
environment and socio-economic development. Global warm- 
ing can lead to an increase in thermal resources in agriculture, 
which aids in the expansion of arable land in the north (Shi et 

al., 2002; Lian et al., 2007). The amount of precipitation in-
creases significantly in the western region (Zhang et al., 2007). 
As a result, the net primary productivity of vegetation increa- 
sed in Xinjiang and Tibet (Zhang et al., 2007). For the current 
climate of China, a slight increase in temperature is beneficial 
to forest ecosystems which are mainly carbon sinks.  

There are also negative impacts. Climate warming leads 
to a serious shortage of water resources and the uneven dis-
tribution, resulting in augmented instability of agricultural 
production (Sun et al., 2010). Corn and wheat production in 
northeast China is greatly affected (Tao et al., 2012). Because 
of a significant increase in temperature and a decrease in pre-
cipitation, the vegetation coverage in the permafrost area de-
creases largely (Mao et al., 2011). The net primary productiv-
ity decreases in the ecotone between agriculture and animal 
husbandry in northern China (Liu et al., 2009; Li et al., 2012). 
The frequency and intensity of extreme weather events in-
creases significantly in most areas throughout China (Zhang 
et al., 2008). Mangrove and coral reef ecosystems degrad se-
verely (Hu et al., 2008; Shi et al., 2008). Climate change pos-
es negative influence on the richness and diversity of species, 
such as some species’ extinction from their original habitats 
(Ma et al., 2006; Yuan et al., 2007). Changes in the distribu-
tion of harmful organisms excerts increased risk in causing 
habitat degradation (Zhao et al., 2007; Li et al., 2008a). More 
and more cities in China experiences an increase in the fre-
quency of extreme precipitation events (Chen et al., 2010). 
Climate change causes high temperature heat waves and other 
extreme weather events that affect human health (Qian et al., 
2010), such as the increasing risk of infectious diseases (Lu et 
al., 2010; Yang et al., 2010a; Yang et al., 2010b) and the ex-
panding scope of vector borne diseases (Zhou et al.,2007). 
Climate change has significant negative impacts on many 
projects (Dai et al., 2007; Ren et al., 2008; Ren, 2012). In 
summary, positive and negative impacts of climate change 
coexist, but the negatives outweigh the positives (Wu et al., 
2014). 

3. Adaptation Policies in China 

3.1. Programs for Adaptation Policies 

According to the results of the “Third National Assess-
ment Report on Climate Change in China” (NARCC EC, 
2015), a top-down policy system of climate change adaptation 
formed after the State Council issued the “National Program 
on Climate Change” in 2007, which included 117 national and 
departmental level policies, 31 provincial action plans and 21 
provincial adaptation plans. In Figure 1, the first level is 
named as “Top level design”, which includes the aforemen-
tioned “National Program on Climate Change” in 2007, and 
the new “National Program on Climate Change (2014-2020)”. 
Both documents outline China’s overall framework for action 
on climate change, including climate adaption. The second 
level is “National action”. This includes the “National strategy 
of climate change adaptation”, as well as relevant laws and 
regulations guiding the formulation and implementation of 
adaptation policies in China. The bottom level is composed of 
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a series of specific policy measures and actions developed by 
departments and local governments according to different 
divisions of labor and their characteristics, which will be in-
corporated into the socio-economic and ecological civilization 
construction (Peng et al., 2015). 

One hundred and nineteen climate change adaptation 
policies can be analyzed from issued departments, categories 
and dates. The policies are issued by 13 national departments 
including the Ministries of Science and Technology, Water 
Resources, Agriculture, and Environmental Protection. The 
more the areas under the department’s jurisdiction are affected 
by climate change, the more policies are issued. From an ad-
aptation point of view, the policies can be divided into regula-
tions, strategies and planning. One hundred and nineteen poli-

cies include 59 plans (accounting for about 50%), 28 strate-
gies (accounting for about 24%), and 32 regulations (ac-
counting for about 26%). From the time of release, 2009-2011 
was the period in which the volume of climate change policies 
reached at its peak, with 72% being adaptation policies.  

Thirty-one provinces (including autonomous regions and 
municipalities) in China made local climate change plans in 
2009 and started to implement the plans, according to the 
“National Program on Climate Change” requirements. In 2011, 
the National Development and Reform Commission issued 
the “Guidelines for the formulation of local climate change 
planning” for the local governments. Recently, Beijing, Sh- 
anghai, Tianjin, and a total of 23 provinces such as Jiangxi, 
Shaanxi (including autonomous regions) issued provincial 

Table 1. Climate Change Impacts in China (NARCC EC, 2015) 

Fields Overall impacts Specific impacts 

Agriculture Expansion of the sown area of medium- and 
late-ripening crops; unit yield loss and quali-
ty decline of some crops; degradation of farm 
land quality; increased cost of fertilizers and 
water; aggravated agricultural disasters.  

Unit yields of wheat, maize and soybean from 1980 to 2008 drop by 
1.27%, 1.73% and 0.41% respectively, while the unit yield of rice in-
crease by 0.56%; if the annual temperature rises by 1 °C, crop areas 
affected by the pest risks in China will increase by 96 million hm2, and 
the release period of available nitrogen will be reduced by 3.6 days; the 
target on grain self-sufficiency in China is forced to be lowered by 
0.4% from 95%. 

Water  
Resources  

The measured runoffs of major rivers in 
China have reduced. Under RCP4.5, the total 
water resource will decrease by less than 5% 
in the future. Climate change will intensify 
the frequency and magnitude of rainstorms, 
storm surges, large-scale droughts and other 
extreme weather events. 

Runoff of Haihe River Basin has diminished by 40-60%, and the mid-
dle and lower reaches of the Yellow River also experience such a re-
duction by 30-60%. The contribution rate of climate change is 26% for 
Haihe River, 38% for Yellow River, and 30% for Liaohe River. 
Droughts-affected area of Haihe River Basin has been increasing by 
3.18% every ten years. For the last 60 years, 16 provinces suffered 
severe droughts in consecutive years. 

Coastal Zone 
 

Coastal sea level rises; storm surges, aggra-
vated ocean acidification, severe and wide 
coastal erosion, coastal wetland loss, degra-
dation of ecosystems such as mangroves and 
coral reefs, and fisheries and offshore aqua-
culture. 

During the period 1980 to 2012, coastal sea level rose by 2.9 mm/year, 
a rate higher than the global average. From 1986 to 1996, the average 
reduction in the area of the Yellow River Delta was 26 km2/a; since the 
1980s, Guangdong has seen a loss of more than 50% of its coastal wet-
lands; the coastal coral coverage in the mainland and the Hainan Island 
has plummeted by more than 80% in the last 30 years; the mangrove 
area has plunged by 73%. 

Ecosystem and 
Biodiversity 

Ecosystems have largely benefited from 
climate change but there are also many ad-
verse impacts. In the future, the impacts of 
climate change will be mostly negative, but 
there will be no irreversible impacts on ter-
restrial ecosystems if temperature increase 
being below 3 °C. 

Carbon sinks of forests increase 51.0 TgC/a from 1984 to 2003; NPP is 
likely to rise by 10-20% in the 2030s and 28-37% in the 2090s; The 
Wetland area in the Poyang Lake in 2000 was about 11% less than that 
in the 1990s; in the future, the elevation of alpine pasture grasslands in 
the Qinghai-Tibet Plateau, Tianshan Mountains, and Qilian Mountains 
will grow by 380-600 m. There will also be changes in animal distribu-
tion, phenology and migration, which are caused by the reduction in the 
area of habitat, degradation of habitat quality, and changes in wintering 
habitats.  

Urban  
Development 

Urban inundation; disrupted transportation, 
infrastructure. , and people’s life appear. 

From 2008 to 2010, 62% of the cities in China suffered inundation and 
137 cities experienced frequent inundation. 

Major Project South-North Water Diversion Project’s mid-
dle route, Three Gorges Project, Qing-
hai-Tibet Railway, and Three-North Shelter-
belt Project have been affected. The associ-
ated adverse impacts will increase in the 
future. 

The actual annual mean runoff received in the Danjiangkou Reservoir 
was 18.5%, less than that of the planed capacity; annual precipitation 
will increase by 6.1-9.7% /100a in Three Gorges Project region; annual 
temperature of above -0.5 °C will cause the Qinghai-Tibet Railway to 
moving downward by 30 cm in 50 years. 

Human Health Climate change has lead to climate related 
diseases and mortality. 

Northward-shift of endemic area of vector-borne diseases; accelerated 
spread of infectious diseases. Higher frequency and intensity of heat 
waves and extreme events lead to an increase in mortality caused by 
certain diseases.  

*Overall and specific climate impacts in table are summarized from the Chapter 2 in “National Assessment Report of Climate Change (III)”. 
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plans to respond to climate change. Some provinces also ac-
tively promoted the development of local laws and regulations 
in order to standardize the actions, tasks, and safeguards ad-
dressing climate change. Moreover, Qinghai and Shanxi pro- 
vinces issued corresponding measures to deal with climate 
change. Although there is no specific climate change adapta-
tion policy in these two provincies, adaptation-related content 
is included in local climate change planning, laws and regula-
tions. 

 

3.2. Tendency of Adaptation Policies 

Currently in China, there is only a few policies focusing 
on climate change adaptation (Table 2). Industries and other 
sectors closely related to climate change impacts are given 
more consideration to the need of climate change adaptation. 
There is an increasing trend in the number of climate change 
adaptation policies in China, indicating that the interconnec-
tions between climate policies and relevant policy areas to 
mainstream climate change concerns are strenghthening (Kok 
and Coninck, 2007). The special climate change adaptation 
policies, together with the government’s mainstreaming poli-
cies, constitute the basis of climate change adaptation issue in 
China (Zhang et al., 2015). 

The special adaptation policies constitute the core of 
China's climate change adaptation policy system and outline a 
top-level design. Since 2007, the Chinese government has 
formulated and issued only about 10 policies focusing on cli-

mate change adaptation (Table 2). Although other policies 
such as “National Program on Climate Change” and “Science 
and Technology Special Actions Addressing Climate Change 
in China” include climate change mitigation strategies, the 
“National Strategy for Climate Adaptation” and “Action plan 
for urban adaptation to climate change” are completely inde-
pendent. Climate change adaptation is indicated in special 
chapters and content in the files. The objectives, basic princi-
ples, key areas and measures are clearly defined in the special 
adaptation policies. The work of the State Council and its 
constituent departments should be coordinated and deployed 
from the perspective of climate change adaptation. Taking 
“National Climate Change Science and Technology Devel-
opment Plan” in “12th Five-Year Plan” as an example. This 
plan guides China's climate change science and technology 
actions. Key adaptation areas should focus on water resources, 
agriculture, forestry, marine, human health, ecological system, 
major projects, disaster prevention and many others. Mecha-
nisms and evaluation methods for the impacts of climate 
change should be improved. The theoretical and technical 
research and development capabilities should be enhanced. 
The adaptation technologies demonstrated in typical fragile 
regions and areas should be carried out. In particular, the top 
ten key adaptation technologies are screened out and empha-
sized in the plan. According to the plan, the Ministry of Sci-
ence and Technology deployed a series of research projects to 
adapt to climate change in the “12th Five-Year Plan”. The 
“National Climate Change Science and Technology Devel-

Table 2. Special Climate Change Adaptation Policies (Zhang et al., 2015) 

Released  
department 

Name Time Adaptation content Reference 

State Council National Program on Climate 
Change 

2007 Objectives, basic principles, key areas and 
measures before 2010 

(State Council,2007) 

NDRC National Strategy for Climate  
Adaptation 

2013 Special climate Adaptation Strategy on nati- 
onal level  

(NDRC, 2013) 

NDRC National Program on Climate 
Change (2014-2020) 

2014 Objectives, policies, key tasks and safegu- 
ards during 2014-2020 

 
(NDRC, 2014) 

NDRC Interim Measures for the adminis- 
tration of foreign cooperation in the 
field of climate change 

2010 Strengthening the management of foreign 
cooperation  

 
(NDRC, 2013) 

MOST China’s Science and Technology 
Actions on Climate Change 

2007 Implement National Program on Climate 
Change in science and technology area  

(MOST, 2007) 

MOST National Climate Change Science 
and technology development plan 
in the 12th Five-Year Plan 

2012 Guides for science and technology actions in 
the 12th Five-Year Plan 

(MOST, 2012) 

Forestry  

Administration 

Forestry action to address climate 
change in the 12th Five-Year Plan 

2011 Implement National Program on Climate 
Change in forest area 

(Forestry Administra-
tion, 2011) 

Meteorological 
Administration 

Action Plan for implementing Na-
tional Program on Climate Change 

2007 Implement National Program on Climate 
Change in meteorological area 

(Meteorological Ad-
ministration, 2007) 

Oceanic 

Administration  

Oceanic Program on Climate 
Change 

2009 Implement National Program on Climate 
Change in Oceanic area 

(Oceanic Administra-
tion, 2009) 

NDRC& MO-
HURD 

Action plan for urban adaptation to 
climate change 

2016 Implement National Strategy for Climate 
Adaptation; enhance the ability of cities to 
adapt to climate change 

NDRC& MOHURD, 
2016 
 

*NDRC means National Development and Reform Commission, MOST means Ministry of Science and Technology, MOHURD means Ministry of 
Housing and Urban-Rural Development of the People's Republic of China. 
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opment Plan” in “13th Five-Year Plan” will be released later 
in 2017. 

In concert with special climate change adaptation policies, 
mainstreaming policies can improve the adaption ability of 
various fields (e.g., ecological and environmental protection, 
disaster prevention and mitigation, health insurance, urban 
development, and so on). The “National Comprehensive Dis-
aster Prevention and Mitigation Plan (2011-2015)” focuses on 
strengthening the construction of risk management policies in 
natural disaster, including frequent disasters caused by climate 
change (State Council, 2011). “China’s Biodiversity Conser-
vation Strategy and Action Plan (2011-2030)” outlines further 
requirements to strengthen China's biodiversity conservation, 
especially under climate change (MEP, 20 10). The require-
ments of “National Environment and Health Action Plan 
(2007-2015)” are designed to strengthen the efforts in the leg-
islation, management and technology fields regarding the envi-
ronment and health, through controling heath-related negative 
effects of climate change, such as reducing the occurrence of 
climate related diseases and maintainning public health 
(MOHC, 2007). “Guidelines of the National Committee for 
Disaster Reduction” points out that strengthening the com-
prehensive disaster reduction in urban and rural areas is an 
important part of climate change adaptation requirements 
(NCDR, 2011).  

4. Adaptation Sciences and Technologies 

4.1. Framework of Climate Change Adaptation 
Technologies 

The adaptation technology system can be divided into 
three parts: climate change impacts and risk assessment, adap- 

tation technology, and adaptation mechanisms. Speicially, 
adaptation technology includes natural and human system 
adaptation technologies. The technology sub-system can ge- 
nerate several adaptation technology systems for different 
fields, industries, and regions (Figure 1) (ACCA21, 2017).  

The criterion for identifying climate change adaptation 
technology are one component within the methodology for 
climate change adaptation. Identification is the first step to cr- 
eate a framework. The core criteria for identification origina- 
tes from the pertinence of climate change problems. How to 
distinguish the adaptation aspect from routine aspects of te- 
chnologies? According to the Fifth Assessment Report of 
IPCC, the first principle of effective adaptation is to adapt to 
climate change, reduce risk and consider the dynamic changes 
of vulnerability and exposure. Also, adaptation and mitigation 
technologies are different. It is important to discriminate be- 
tween mitigation and adaptation effects. According to the 
aforementioned criteria, the existing adaptation technologies 
in different regions and fields can be recognized and selected 
(Li et al., 2015).  

Classification of climate change adaptation technologies 
can 1) provide a foundation for the selection, integration, and 
benefit assessment of adaptation technologies, and 2) estab- 
lish a solid basis for the framework of climate change ada- 
ptation technology system. Different classification patterns for 
adaptation technologies can be summarized according to the 
process of climate change, regions, sectors, purpose, mecha- 
nism, timeliness, degree, level, etc. The adaptation technolo- 
gies can be classified into 3 categories based on the process of 
climate change, such as before, during, and after climate 
change. Based on regions and sectors, adaptation technologies 
can be classified into 8 regions (Northeast, Northwest, South- 

 

Figure 1. Framework of climate change adaptation technologies. 

 
 

 

  

 

 

 

 

 

 

 

 

 

Adaptation 

technology system 

Adaptation technology 

in Field &industry  

Climate projection, climate 

impact and risk assessment 

Pertinence 
Adaptation mechanism 

and method 

Effectiveness 

Human system 

Extreme event assessment 

Future scenario prediction 

Short term climate prediction Nature system 

Human health, climate 

poverty, agriculture 

and sensitive 

industries, social 

Natural ecosystem, 

water resources, 

ocean &coastal 

zones, etc 

Regional adaptation 

technology system 

Field adaptation 

technology system 

Industry adaptation 

technology system 

Impact analysis &assessment 

Receptor adaptation mechanism 

Ordered adaptation mechanism 

Adaptation technology optimization 

Adaptation impact assessment 



 X. J. He / Journal of Environmental Informatics 29(2) 110-121 (2017) 

 

115 

east, and Southwest of China, etc.) and 7 sectors (agriculture, 
water resource, and ecology environment, etc.) (Li et al., 
2016). 

Sorting the chain of climate change adaptation techno- 
logies is a part of the theoretical guidance for building the 
framework of a climate change adaptation technology system. 
Using technology prediction and selection as a basis for the 
adaptation of a technology chain for climate change adap- 
tation starts with the need for climate change adaptation in 
China. Issues such as guidance are raised, strengthening the 
effectiveness of and assessment links for climate change 
adaptation technology. Three key links make up the techno- 
logy chain for climate change adaptation: climate prediction 
technology, climate impact and risk assessment technology, as 
well as climate change adaptation technology (Figure 1). 
Accurate climate change projections are selected with adap- 
tation evidence and objects. It is beneficial to bridge the gap 
between the impact of climate change and adaptation techno- 
logy, which can improve the relevance of adaptation techno- 
logy (Mastrandrea et al., 2010; ACCA21, 2017). 

The technology list for climate change adaptation is a 
concrete composition of the framework for climate change 
adaptation technology system. The technology list factors 
include the impact of climate change and vulnerability in the 
field, the choice of appropriate countermeasures and measures 
to adaptation cost and benefit evaluation, as well as the sele- 
ction, demonstration and promotion of adaptation technology 
(Smit, 1993; Ju et al., 2010; Margul et al., 2010; Peng and Lu, 
2012). Numerous patents on climate change adaptation tech- 
nologies are available upon request from a patent examination 
information inquiry (Liu et al., 2013). The technology list for 
climate change adaptation can be prepared for different areas. 
Agriculture, forest, water, coastal belt, ecosystem and human 
health are considered as research topics which are predisposed 
to climate change. Eleven expressions of adaptation tech- 
nology are selected, such as early warning, engineering, 
dynamic monitoring, evaluation, disaster prevention, ada- 
ptation space, longacting adaptation, model analysis, and 
major engineering technologies. Industry standards, specifica- 
tions and social influence as well as public opinion are 
additional expressions of adaptation technology (Ge et al., 
2015).  

 

4.2. Progress in the Development of Adaptation  
Technologies 

The top ten adaptation technologies are emphasized in 
the “National Climate Change Science and Technology 
Development Plan in 12th Five-Year” (Table 3). Progress has 
been made in the development and application of these ten 
adaptation technologies. The technologies aim to solve severe 
climate change problems in adaptation, such as extreme wea- 
ther events, water resource shortages, crop diseases and insect 
pests, biodiversity conservation, rising sea levels, etc. 
Different adaptation technologies are adopted in different 
sectors and regions according to local characteristics and the 
severity of climate change impacts. The technologies are ap- 

plied to sectors such as meteorology, agriculture, water 
conservancy, human health, and urban development. Vulner- 
able areas of climate change are involved in applied regions, 
such as the Qinghai-Tibet Plateau, arid regions, coastal zones, 
Yellow River basin, Yangtze River basin, and urban areas in 
China. 

5. Discussions 

5.1. Adaptation Characteristics 

China's adaptation to the impacts of climate change is 
facing the challenges of the development demand and its in- 
creasing pressure. The strategic position of adaptation in 
addressing climate change and the development of the country 
should be improved. Climate change adaptation in China has 
its own characteristics, which can be described as dual cha- 
llenges. The challenge comes from the lack of adaptation to 
the impacts of climate change caused by lower socio-eco- 
nomic development. In addition, the challenge also comes 
from the lack of adaptation to climate change in the future. As 
a developing country, China's national conditions and deve- 
lopmental stage demonstrate that China is facing not only a 
need to enhance sustainable development, but also the in- 
creasing adaptaion needs associated with the projected climate 
change risk. The “development” adaptation refers to coping 
with the risks of climate change as well as social and eco- 
nomic development at the same time, given the lack of 
investment and ability to build in adaptation due to deve- 
lopment lag. The “increasing” adaptation deals with the new 
climate risk adaptation when the basic needs are satisfied (Pan 
et al., 2011). 

Therefore, the strategic position of adaptation in addre- 
ssing climate change and the country’s development should be 
improved, by taking its “Chinese characteristics” into account. 
China’s adaptation to climate change must consider economic 
development and climate protection within its sustainable 
development framework. One may adjust the mode of 
development to adapt to the changing climate, and achieve a 
win-win situation between social and economic development 
and climate change. In the relatively developed regions of 
China, one should focus on the increased climate change risks, 
in addition to coping with existing risks, especially in densely 
populated coastal areas. In the developing regions of China, 
one can compensate insufficient investment of existing risk 
and consider new risks, such as climate poverty in eco- 
logically fragile areas. This requires adaptation to climate 
change with poverty alleviation while identifying its vul- 
nerable population and priorities in its adaptation. Integrating 
climate change adaptation into regional socio-economic deve- 
lopment plans, and in particular in less developed regions, 
helps to achieve the national goal of eliminating absolute 
poverty by 2020. 

  

5.2. Principle of “Seeking Advantages and Avoiding  
Disadvantages” 

The impacts of climate change can be positive and 
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Table 3. Progress in the Development and Application of Ten Adaptation Technologies (NARCC EC, 2015) 

Technology Development Progress Application Progress 
Climate projections, Extreme 
weather event projection and 
early warning technology 

Occurrence, causes and onset mechanism of extreme climate events have been studied thoroughly. Database and 
indicator system of major meteorological disasters, climate model simulation is improved. Remote sensing and
surface observations are combined in the monitoring of severe weather events. Other progress includes: a regional 
climate model (RegCM4.0) (Gao et al., 2013); dynamical–statistical downscaling approach by coupling the PRE-
CIS regional modelling system (Wang et al., 2015); high-resolution probabilistic projections of temperature
changes (Wang et al., 2014); statistical downscaling and dynamical downscaling (Tang et al, 2016); multi-model 
ensembles for regional climate downscaling (Reichler et al., 2016). 

Numerical Weather Prediction within 10 days and short-term radar fore-
casts are accurate, but weather prediction of 10+ days, monthly, quarterly, 
yearly is not yet mature. 

Technology for the develop-
ment, efficient use, and reason-
able allocation, of water resour-
ces in arid regions 

Studies on real-time drought monitoring of large irrigation area, flood/runoff forecasting for drought, optimal
operation of large cascade reservoirs and drought risk management have been conducted. Drought monitoring and
water resources allocation technology framework of yellow river basin has been build (Wang and Peng, 2016).
Breakthroughs are achieved in the assessment of regional potential for water resource development, better alloca-
tion of water resources in river basins, under-mulch drip irrigation (Wu et al., 2016). 

These technologies are included in the planning of the provincial level in 
the arid areas, the adjustment of the arid areas Economic Industrial struc-
ture, and the optimization of the allocation of water resources according to 
the unified management of River Basin. 

Technology for the cultivation 
of plants resistant to drought 
and high temperature and pest 
and disease control 

Hybrid millet resistant to drought and high temperature and cotton resistant to pests have been cultivated; experi-
mental studies have been done about the indicators of crop pests’ adaptation to extreme temperatures; a projection
model has been developed about the long-term trends in pest occurrence in the context of global warming; pro-
gress has been made in the prevention and control of alien creatures’ invasion; information technology has been 
used in the monitoring of plant pests and diseases (Zhao et al., 2010; Zhou et al., 2010; Xie et al., 2011). 

These technologies are the key content of agricultural adaptation to cli-
mate change in the provincial climate change planning. 

They are also applied in the area of information technology and the moni-
toring and forecasting of two rice pests. 

Technology for the conserva-
tion and restoration of typical 
climate-sensitive ecosystems 

Efforts have been made to develop and demonstrate the technology for the in-situ, ex-situ, and genetic conserva-
tion of rare and endangered species and habitat conservation and restoration; progress has been made in corridor 
construction for the migration of endangered species; Degradation causes and loading capacity of semi-arid 
grasslands have been assessed and a plan has been carried out to achieve forage-livestock balance; the technology 
for restoring degraded ecosystem has been developed and demonstrated; the list of endangered plants and animals
have been worked out and priority regions selected (Wu et al., 2011). 

The application of the degraded ecological restoration technology has 
improved the ecological status; the rare and endangered species have been 
effectively protected and the habitat has been improved. Applications also 
include ecological protection planning (Feng and Li, 2016). 

Technology for the assessment 
of climate change impacts and 
risks 

Vulnerability indicators have been gradually improved; methodological framework has been established; efforts
have been made to develop technology for risk assessment taking into account social and economic factors; ex-
plorations have been made on adaptation priorities. 

Applications include the establishment of the 3rd National Assessment 
Report in China. 

Integrated adaptation technolo-
gy for human health 

Pattern in the spreading of vector-borne diseases against the backdrop of global warming has been improved; 
Monitoring and assessment of climate change’s impacts on human health and the research into the habits of vec-
tors has been studied. 

Under the condition of extreme weather and climate, the health emergen-
cy plan has been gradually improved, and the establishment of the early 
warning system has made the number of casualties caused by extreme 
weather events largely decrease. 

Integrated adaptation technolo-
gy for typical coastal zones 

The marine disaster monitoring and early warning system has been established; progress has been made in the 
restoration of coastal ecosystems and the research on the evolution of marine ecosystems; remote sensing has been 
applied to risk assessment (Zhang, 2010). 

Applications include the improvement of the coast protection standards to 
reduce the casualties, and draw the marine risk map to promote the ration-
al planning and utilization of the coastal zone, establishment of 19 nation-
al marine nature reserves, protected area of more than 1000 km2, regional 
marine nature reserves of 52, the protection area of more than 1500 km2. 

Technology for protecting ur-
ban lifeline projects in extreme 
weather events 

Research and application of key technologies of urban lifeline security have been carried; and a series of contin-
gency plans have been worked out (Song, 2012). 

Action plan for urban adaptation to climate change has been released; 30 
cities is planning on adapting to the construction of the pilot cities. 

Revision of criteria and regula-
tions on key industries’ adapta-
tion to climate change 

Efforts have been made to revise the criteria on key industries’ adaptation to climate change based on a study of
typical cases such as the impacts of snow and icing on the power supply system in 2008, and the impacts of tor-
rential rain on Beijing’s drainage system in 2012. 

Revising the roadbed standard in Qinghai Tibet railway according to fro-
zen-soil changes; revising the urban drainage system according to new 
standards; revising the safety production standard in key industries. 

Technology for weather modi-
fication  

Progress has been made in the identification and forecasting of weather good for operations as well as the under-
standing and technology improvement of artificial precipitation stimulation, and hail and fog mitigation. 

Artificial rain and snow enhancement and hail suppression technology to 
alleviate the drought has a large area of application; fog technology is 
demonstrated in key areas of critical moment. 
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negative. “Seeking advantages and avoiding disadvantages” 
means making full use of opportunities from climate change 
and avoiding its harmful effects on natural systems and 
human society. The main principles of adaptation to climate 
change in China determine how to draw on the advantages 
and avoid its disadvantages, how to make the best of the 
favorable factors and opportunities brought by climate change, 
and how to address various scientific challenges. The existing 
problems in address various scientific challenges. The exis- 
ting problems in popularizing this principle include: more 
focus on avoiding the disadvantages and making use of ad- 
vantages not fully established. In addition, achieving ma- 
ximum utilization of resources has not been achieved in pra- 
ctice. The quantification of advantages and disadvantages is 
insufficient, and targeted measures can not be effectively 
implemented. Currently, “seeking advantages and avoiding 
disadvantages” is mainly focused on the field of agriculture. 

In regard to global warming impacts, scenarios should 
make full use of heat resources, longer frostfree periods and 
other favorable conditions to adjust the planting structure and 
crop distribution. This leads to changes in cropping systems, 
improvements in cropping index, development of new crop 
varieties, and out-of-season vegetables. These measures aim 
to improve crop yield and guarantee national food safety. At 
the same time, other resource constraints, such as excessive 
extraction of groundwater and wetland ecological problems, 
should be considered in the expansion of the northeast rice 
species. The balance problem and ecological water planting 
should be considered for the Xinjiang oasis and Tibet valley 
area to improve the layout in the valley. Meanwhile, measures 
need to be taken to avoid disadvantages excerted by climate 
change on water resources, agriculture, ecosystems and bio- 
diversity, environment, off-shore and coastal zones, major 
projects, transportation, and regional development. The mea- 
sures are consistent with national strategy formulation, cli- 
mate change impact, risk monitoring and evaluation, the 
development and application of adaptation technology, streng- 
thened financial support, and enhanced public awareness.  

 

5.3. Adaption Policy 

A mismatch between adaptation goals and resources in 
adaptation policy-making, as well as the difficulty of evalua- 
tion and supervision during policy implementation, still exists. 
The decision-making mechanism and capacity-building of 
climate change adaptation policies should be improved. The 
elements of adaptation policy include four aspects: goal sett- 
ing, adaptability and resources, decision-making, and im- 
plementation. Through the evaluation of the integrity and 
rationality of the elements in the national and adaptation poli- 
cies, some problems are found (Peng et al., 2015; Zhang et al., 
2015). The adaptation policy goals are clear, but its matching 
resource of implementation support is insufficient. The im- 
portance of human resources and the strengthening of capital 
investment are mentioned in polices, yet social capital, natural 
resources and material capital, which are required to achieve 
the adaptation goals, are not involved. In China, adaptation 

policy decision-making is based on the opinions of stake- 
holders and the assessment of climate change impacts. Ne- 
vertheless, it is not enough for the evaluation of the non- 
climatic factors and future risk assessment. Distribution and 
promotion channels of adaptation policies are effective and 
smooth. The implementation results of adaptation policies are 
obvious. However most adaptation policies do not have a 
clear description of regulatory mechanisms and effective eva- 
luation work arrangements. There is a disconnection between 
the perception of risk of climate change and the formulation 
of adaptation policies. The results of climate change research 
and the information required for climate change decisions 
often fail to achieve the “seamless links” requirement (Mas- 
trandrea and Field, 2010). 

Adaptation to climate change requires international and 
national coordination to avoid actions in one region or field 
damaging efforts from another region or field. Adaptation to 
climate change needs legislative protection, which requires 
integrated coordination at the country level, as well as sci- 
entific and reasonable planning at the local level. A leading 
group for climate change adaptation in science and techno- 
logy should be established with responsibility of top-level 
design, planning, and coordination of climate change adapta- 
tion science and technology at the national level, as well as 
fully using international, national, regional, departmental, and 
industrial science and technology resources. It is necessary to 
enhance the supervision in the process of adaptation policy 
implication. The “after implementation” policy evaluation sy- 
stem must also be strengthened to ensure the independence of 
evaluation and seriousness towards the evaluation conclu- 
sions. More attention should be paid to the digestion and 
absorption of the results. Therefore the assessment of the po- 
licy can play an essential role. Adaptation to climate change 
requires improving the matching degree between policy goals 
and adaptation resources, as well as supporting the necessary 
human, financial and material resources, to promote future 
policy implementation.  

 

5.4. Adaptation Science and Technology 

There remains a gap between “basic science” and “adap- 
tation technology”. Basic and applied research on adaptation 
to climate change should be strengthened in order to lay a 
solid foundation for climate change adaptation in China. Cu- 
rrently, climate change adaptation actions in China are not 
sufficiently supported by scientific research. There are still 
gaps between climate change impact research and adaptation 
technology. The boundary of climate change adaptation study 
cannot be clearly distinguished from that of traditional indus- 
try or field research. Basic research and technology develop- 
ment of climate change adaptation is still relatively weak. 
Climate change impacts on water resources, marine environ- 
ment, biosphere, food safety and human health, as well as its 
adaptation methodology and routes are not clear enough to 
support technology development (Huang 1998; Huang and 
Loucks, 2000; Li et al., 2008c; Li and Huang, 2009; Li et al., 
2010). There is a gap in the adaptation mechanism of global 
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changes in the climate system and elasticity and threshold of 
basic research, when comparing with international advanced 
levels. The adaptation technology system cannot compensate 
the adverse effects on various fields and industries, especially 
due to the lack of reserving strategic adaptation technology, 
including early warning and disaster prevention technology of 
extreme climate events, the adaptation technology targeting 
the impacts of climate change on socio-economic develop- 
ment. “Small, scattered, broken” research tasks and non- 
symbolic results appear to be with insufficient top-level de- 
sign. A key challenge is the lack of high-resolution and 
reliable future climate change scenarios, due to the spatial 
mismatch in the coarse outputs of global climate models (also 
known as GCMs) and impact assessment models (such as 
hydrological and crop models). 

Adaptation research that integrates and balances scien- 
tific and technological resources, systematically incorporating 
new advances based on relevant studies in China and all over 
the world, should be conducted in order to overcome technical 
bottleneck problems. Special and stable government funding 
and investment channels, strengthened support to adaptation 
technology systems, adaptation decision-making, and adapta- 
tion propaganda, are needed (Schenkel, 2010). Efforts should 
be made to enhance empirical, theoretical and comprehensive 
assessment modeling research based on the mechanism be- 
hind the impacts of climate change in all fields, and to assess 
the impacts of continued global warming scenarios and 
regional risks. The intention is to further strengthen the links 
among “climate change-vulnerability-risk-adaptation mecha- 
nism-measures”, which leads to improvements in the preva- 
lence of adaptation technology. Studies should be carried out 
on the mechanisms of extreme climate events, the vulnera- 
bilities of every field to climate change, mapping vulnera- 
bilities and general vulnerability distribution, and mapping the 
risk distribution of climate change. This may improve the 
study of adaptation in a socio-economic system and advance 
the adaptability of a non-traditional adaptation field to adapt 
to climate change. Technologies should be developed to help 
vulnerable areas to adapt to climate change, particularly those 
that are highly pertinent. A specific technological system in 
this field should be built in order to promote integration, 
application and dissemination of adaptation technologies 
(ACCA21, 2017). 

6. Conclusions 

Achievements and gaps in climate change impacts and 
adaptation in China were summarized and analyzed in this 
study. First, the progress in climate change impact assessment 
was reviewed from two perspectives of “negative and positive” 
impacts and “overall and specific” impacts. Then, climate 
change adaptation information was divided into adaptation 
policies and adaptation technologies. On one hand, the pro-
grams and system of adaptation policies were summarized, 
with an analysis of the tendency of adaptation policies. On the 
other hand, the framework of adaptation technologies was 
built based on identification, classification, and key-chain 

analysis of a list of adaptation technologies. Results showed 
that progress has been made in the development and applica-
tion of the top 10 adaptation technologies. Finally, adaptation 
characteristics, adaptation principles, gaps and recommenda-
tions in adaptation policy and technology were discussed. The 
main findings were: 

1) In China, positive and negative impacts coexist, and 
the negatives outweigh the positives. Climate change impacts 
seven main fields, including agriculture, water resources, 
coastal zone, ecosystems and biodiversity, urban development, 
major projects, and human health. “Seeking advantages and 
avoiding disadvantages” is an important principle of climate 
change adaptation.  

2) A top-down policy system of climate change adapta-
tion consists of 117 national and departmental policies, 31 
provincial action plans and 21 provincial adaptation plans in 
China. An obvious mainstream trend of climate change adap-
tation policies appears in China. Nevertheless, the mismatch 
between adaptation goals and resources arrangement in adap-
tation policy-making, and the difficulties of evaluation and 
supervision during policy implementation, still exist. 

3) Identification, classification, and key-chain analysis 
are performed over a list of climate change adaptation tech-
nologies in order to construct a technology system. Progress 
has been made in the development and application of 10 top 
adaptation technologies, such as extreme weather event pre-
diction and early warning technology, integrated adaptation 
technology for human health, as well as technology for the 
conservation and restoration of typical climate-sensitive eco-
systems. However, there are still gaps between climate-impact 
research and adaptation actions. Gaps remain in adaptation 
mechanisms for global change, reserving strategic adaptation 
technology, and top-level design. 

4) As a developing country, China has its own climate 
change adaptation challenges. China is facing dual challengies: 
the development demand and its increasing pressure. China’s 
adaptation must consider overall economic development and 
climate protection in a framework of sustainable develop-
ment. 

In the future, the strategic position for adaptation in ad-
dressing climate change impacts should be improved, taking 
its “Chinese characteristics” into account. The “large army 
fight” in adaptation research should be conducted. Future re-
search directions in this field may include climate change 
impact assessment quantification, future climate scenario 
projections, risk assessments under uncertainties, identifica-
tion of adaptation mechanisms and resilience characteristics 
of eco-environment systems, and the determination of its 
threshold and adaptation path. Further research may include 
mechanism studies in response to typical socio-economic 
systems under climate changk, which include urban area, vil-
lage, farmland (e.g., irrigation areas), and commercial forests. 
There is also a need for methodological studies on climate 
change adaptation policy decision-making mechanisms, cost 
benefit analyses, capacity-building of climate change adapta-
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tion policies, integration and optimization of monitoring re-
sources, impact monitoring, and adaptation of data sharing 
systems. 
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