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a b s t r a c t 

In 2018, a total of US$166 billion global economic losses and a new high of 55.3 Gt of CO 2 equivalent emission 

were generated by 831 climate-related extreme events. As the world’s largest CO 2 emitter, we reported China’s 

recent progresses and pitfalls in climate actions to achieve climate mitigation targets (i.e., limit warming to 1.5–

2°C above the pre-industrial level). We first summarized China’s integrated actions (2015 onwards) that benefit 

both climate change mitigation and Sustainable Development Goals (SDGs). These projects include re-structuring 

organizations, establishing working goals and actions, amending laws and regulations at national level, as well 

as increasing social awareness at community level. We then pointed out the shortcomings in different regions 

and sectors. Based on these analyses, we proposed five recommendations to help China improving its climate 

policy strategies, which include: 1) restructuring the economy to balance short-term and long-term conflicts; 

2) developing circular economy with recycling mechanism and infrastructure; 3) building up unified national 

standards and more accurate indicators; 4) completing market mechanism for green economy and encouraging 

green consumption; and 5) enhancing technology innovations and local incentives via bottom-up actions. 
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. Introduction 

The world needs to reduce 15 gigatons (Gt) of carbon dioxide equiv-

lent (CO 2 e) annually to curb warming to 1.5–2°C above the pre-

ndustrial level. As the world’s largest emitter of CO 2 , China produced
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ithout mitigation, China’s annual CO 2 emissions can reach 16 Gt by

030 ( Liu et al. 2015 ). To undertake the resposibility, China sets up its

ationally Determined Contributions (NDCs) in 2015 to reach its emis-

ion peak around 2030 and to lower its CO 2 emission per unit of GDP

n 2030 by 60–65% from the 2005 level ( IEA, 2015 ). With four-year
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Fig. 1. China’s practices in combatting climate change and achieving Sustainable Development Goals. 
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fforts, the top-down strategy for climate mitigation has benefited mul-

iple Sustainable Development Goals (SDGs). First, China’s carbon emis-

ion, compared to the 2005 level, decreased by 48% in 2019. This figure

s larger than the 45% goal by 2020 ( NBS, 2020 ) (SDG 13). Partly con-

ributed to this success are eight regional pilot emission trading systems

ETS) that have been launched since 2013. Second, the conservation of

atural resources has surpassed the goal of 1.3 billion cubic meters by

020 as the volume of China’s forest stock increased by 3.8 billion cubic

eters in 2019 ( MEE, 2020 b) (SDG15). Third, the non-fossil-fuel power

ccounted for 14.3% of the country’s total primary energy consumption,

losing in the target of 15% by 2020 ( UNFCCC, 2018 ). China also signif-

cantly reduced the cost of renewable energy ( Yan et al., 2019 ) (SDG 7)

nd improved air quality level. In 2019, 46.6% of 338 cities at or above

refecture level in China met national air quality standard (including

ollutants assessment of SO 2 , NO 2 , PM 10 , PM 2.5 , CO and O 3 ). This num-

er is 25% greater than that of 2015 ( MEE, 2020 b). Finally, China’s life

xpectancy surpassed 76.7 years according to the World Population Re-

iew in 2019 (SDG 3) ( World Population Review, 2019 ). In the same

ear, the State Council of China further released the Healthy China 2030

ctions, aiming to further improve the overall environmental and health

onditions ( The State Council, 2019 ; Zhang and Gong, 2019 ). 

. China’s practices to achieve the co-targets of climate 

itigation and SDGs 

Through a top-down integrated mechanism, China established dif-

erent actions and practices that co-benefit towards meeting SDGs along

ith climate change mitigation ( Fig. 1 ). The government, for example,

erged several national agencies 1 into the Ministry of Ecology and Envi-

onment (MEE) in 2018 ( Xinhua News Agency, 2018 ). The MEE oversees

he realization of climate- and SDG-relevant objectives in industry, fiscal

olicy, finance, energy, investment and technology, from the national

evel down to the city, county or township level. Local governments are

esponsible for river system management, using the “river chief mech-

nism ” in 2016 ( Xinhua News Agency, 2016 ). More than 300,000 river

hiefs were appointed, who face a lifetime accountability for water qual-

ty in their jurisdiction under public scrutiny ( Xu, 2017 ) (SDG 6 and

4). By 2019, this project improved the water quality of major rivers

ompared to the 2012-2016 conditions (e.g., pollution-induced water

carcity in northern China) ( Ma, 2020 ). Over 74.9% of 1,931 surface wa-

er sections under the national monitoring program met Grade I–III wa-

er quality standard, a 10.4% increase from that of 2015 ( MEE, 2020 b).

In 2007, China set up a leading group, chaired by the Premier, to

ackle climate change and energy conservation and emission reduction

SDG 7 and SDG 13), followed by a series of top-down amendments,

rom constitutional legislative amendments to national-level designs of
1 National Development and Reform Commission (NDRC), Ministry of Natural 

esources (MNR), Ministry of Water Resources (MWR), Ministry of Agriculture 

MOA) 
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d  
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s  

(  
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limate change mitigation and sustainable development by the State

ouncil ( Xinhua News Agency, 2015 ). These changes resulted in several

argeted measures and actions associated with renewable energy (SDG

), such as: 1) replacing coal with natural gas projects ( MEE, 2016 ) and

lue-Sky Protection Campaign ( MEE, 2018 ), 2) fining or closing down

olluting entities or those who are responsible for depleting natural re-

ources. China also targets special events and opportunities to promote

ts programs. For instance, during the APEC conference, China Africa

ooperation Forum, National Day Parade Ceremony and G20 summit.

hina carried out short-term measures such as temporarily halting en-

erprises that did not meet the environmental protection standards. Ad-

itionally, China has promoted social awareness about the importance

f environmental protection and sustainable development through var-

ous activities such as the “national low carbon day ” ( Xinhua News

gency, 2013 ) so that people recognize the importance of good gov-

rnance during this process ( Cai et al., 2018 ). 

However, challenges remain in achieving the balance between cli-

ate mitigation and economic growth. Even before the COVID-19 out-

reak, the turndown trends of global economy led China to increase

teel and coal consumption in 2017 and 2018 to maintain its economic

rowth. This circumstance steered China away from the targeted sus-

ainable development path. To achieve SDGs by 2030, China needs to

ower its annual growth rate of emission (below 2%), and to increase

he share of non-fossil fuels in primary energy consumption to around

0%. This target has not been achieved because China’s CO 2 emission

nnual growth rate was 3.4% in 2019 ( Dudley, 2020 ). Although the av-

rage annual growth rate of China’s national CO 2 emission dropped by

.5% between 2014 and 2016, China’s CO 2 emission in 2018 remained

igh (~9.8 Gt or 28.8% of the world total) ( Dudley, 2020 ). 

. Five tips for China to realize its climate mitigation and SDG 

argets 

To facilitate the realization of both climate mitigation targets and

DGs, we proposed five recommendations ( Fig. 2 ): 

.1. Restructure the economy to balance short-term and long-term conflicts 

During the implementation of NDC in multiple consecutive five-

ear-plans, conflicts arise between national policy and local economy.

n the short term, the policy to reduce energy consumption and to

hift towards renewable energy can save 100 Mt coal and reduce 180

t CO 2 e every year. Yet this energy-saving reformation shuts down

elow-standard conventional power plants and affects local economy.

mployment in fossil fuel extraction industry decreased by 0.84 mil-

ion in 2018 compared to 2016 ( CEIC, 2020a, 2020b, 2020c, 2020d ).

ecause reformation of energy policy also affects manufacturing in-

ustries (e.g., cements, steel, crude copper, aluminum, and coking

lants), most of the 262 resource-based cities in China experienced a

hrink in industrial output and a further increase in unemployment

 CEIC, 2020a, 2020b, 2020c, 2020d ; Liu et al., 2018 ). The value of
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Fig. 2. Five tips for China to realize its climate mitigation targets and Sustainable Development Goals. 
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uxin’s heavy industry has declined by nearly 67% in 2017, followed by

 GDP drop from 9.9 US$ billion in 2013 to 6.1 US$ billion in 2017. Un-

mployment also increased accordingly by more than 30% from 2014 to

016 ( CEIC, 2020a, 2020b, 2020c, 2020d ; Mi et al., 2017 ). These num-

ers are expected to grow amid economic recession due to COVID-19

andemic as demand for coal in China fell by 6.8% in the first quarter

f 2020 ( China National Coal Association, 2020 ), and is projected to

ecline by 5% throughout the year ( IEA, 2020 ). 

In the long term, the provincial and municipal governments are pres-

ured by tax shortage from the decline of conventional fossil fuel indus-

ry and the ambitious targets at the national level to shift towards re-

ewable energy. The central government used the top-down mechanism

o allocate local reformation targets in energy sectors, but the possible

conomic recession is born locally ( World Bank, 2019 ). To avoid it, indi-

idual welfare and environmental investment/cost per capita should be

onsidered as indicators in climate actions. In addition, a large regional

isparity at provincial level including health (SDG 3), employment (SDG

) and climate (SDG 13) should be discretionally considered in policy

aking to achieve both the SDGs and climate mitigation targets. 

.2. Develop circular economy with recycling mechanism and infrastructure

While considerable illegal recycling operations can be stopped by

utting off all imports of low-quality recyclable goods to China, it

oes not stop the sewage and garbage disposal problem. Data from the

orld Bank suggested that in 2015, China generated 210 Mt of munic-

pal solid waste, only 48 Mt less than the United States ( Kaza et al.,

018 ). In March 2017, the central government released the plans for

uilding a standardized compulsory household waste sorting system

n 46 major Chinese cities by 2020, aiming for a national recycling

ate over 35% by 2020 ( NDRC, 2017 ). Waste sorting is a prerequi-

ite for circular economy and more sustainable cities (SDG 11) that

equires government investment, promotion, supervision, as well as

ndividual awareness and action (i.e., more responsible consumption)

SDG 12). In addition, it requires waste treatment infrastructure and

ecycling technology, but so far, landfill and incineration are still the
247 
redominant means of municipal solid waste disposal in China. To ac-

elerate landfill leachate treatment, biogas and waste heat utilization,

aste treatment infrastructure and technology (SDG 9) should become a

riority. 

.3. Build up unified national standards and more accurate indicators 

As stricter environmental regulations are applied in the urban areas,

here is a shift in pollution centers to the rural regions as for the case

f the heavy polluting Capital Steel factory. It moved from Beijing to

angshan, Hebei province in 2008. In 2019, 13 iron and steel groups

ith factories in the main districts of Tangshan city were again moved

o the rural counties in Hebei ( NDRC, 2019 ). Therefore, applying the

ame standard between the urban and the rural regions is critical, not

nly to curb the amount of pollution, but also to encourage industry

nnovations (SDG 9) and sustainable communities (SDG 11). 

Meanwhile, emission intensity (CO 2 emissions per unit of GDP) is

onsidered one of the most widely used indicators for climate actions

SDG 13) ( Xu et al., 2020 ). Yet it does not identify the net CO 2 emission

dded each year. While China’s emission intensity fell at a rate of over

.8% annually (greater than the global average of 2.7% since 2015)

ue to increasing GDP, China’s total energy consumption increased by

.3%. Total CO 2 emissions also increased by 2.2% in 2018 ( NBS, 2020 ),

he second-year increase after a leveled-off emission between 2014 and

016 ( Dudley, 2020 ). Because the increasing demands for renewable

nergy offset the influence made by decreasing fossil-fuel consumption,

hanges in fossil fuel emission should instead be used to emphasize the

ffectiveness of mitigation strategies. More indicators, such as emission

er unit of cement or steel production in industry with high fossil-fuel

emand can also be used for different industrial outputs. 

.4. Complete market mechanism of green economy and encourage green 

onsumption 

Emission reduction and pollution policy should shift according to

he shift in pollution sector, from the traditionally high-emitter produc-

ion sector (e.g., energy and manufacturing) to the consumer sector (e.g.
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ransportation and construction). The shift in policy should be reflected

n the establishment of market mechanisms for future green economy

SDG 8) and sustainable development (SDG 11). China has run eight pi-

ot carbon ETS since 2013 and constructed its national carbon-trading

ystem since 2018. Until 2019, the contribution of emission abatement

rom the eight ETS projects reached 92.8 Mt CO 2 e or around US$ 304

illion ( China National Coal Association, 2020 ). With a fully opera-

ional national ETS in 2021, China’s ETS will be able to cover 33% of its

omestic carbon emissions (~3.5 Gt CO 2 e) ( Mu et al., 2018 ; Wang et al.,

018 ). In the near future, the study should focus on the measuring, re-

orting, and verifying trading credits. 

Likewise, renewable energy power plants should grow based on

ncentives rather than rely on government subsidy. For instance, the

istributed photovoltaic system can be integrated with added values

nto the farmland irrigation or dairy business ( Zhang et al., 2016 ;

hang et al., 2018 ). For other renewable energy systems, improved busi-

ess models and financial incentives from the demand side are needed

or building up a more sustainable market and encouraging green con-

umption by: 1) integrating national emission trading market mecha-

ism; 2) enhancing more competitive business model for renewable en-

rgy industries; 3) increasing customer awareness of sustainable prod-

cts and services. 

.5. Enhance technology innovation and local incentives with bottom-up 

ctions 

In several regions of China, renewable energy power plants estab-

ished by a top-down approach were abandoned because of the lack

f local demands and the short of economically viable technology to

ransmit the generated power. In Gansu Province and Xinjiang Uyghur

utonomous Region, for example, the rate of abandoned wind power

eached 30% ( Wang et al., 2019 ). Similarly, the rate of abandoned

olar power in Jiuquan City, Gansu Province and Golmud City, Qing-

ai province was over 20% ( Qi et al., 2019 ). Although the NDRC and

ational Energy Administration (NEA) have launched the “Three-year

lean Energy Consumption Action Plan ”, the market demand and end-

ser consumption need to be incentivized using bottom-up approaches.
Fig. A. 17 Sustainable D

248 
ottom-up actions should emphasize on technology innovation (SDG 9),

ducation by academia or non-governmental organization, and public

onitoring or participation ( Yang and Yang, 2019 ; MEE, 2020 ) (SDG

7). Monitoring platforms should be established by independent orga-

izations to better motivate public participation in evaluating emission

eduction programs. 

. Conclusions 

During the last few years, China has established multiple projects in

ir pollution control, renewable energy promotion, water and soil treat-

ent, and forest recovery to achieve multiple SDG targets. While nu-

erous top-down mechanisms (e.g., allocating new organizations, set-

ing medium-term goals, taking actions, amending law and regulations)

ave dominated the course of actions, bottom-up mechanisms should

e promoted via emission trading, international academic cooperation,

echnology transfer, market incentive, and business model innovation in

reen economy. More sustainable China requires a long-term vision, uni-

ed national standards with solid multi-sectoral cooperation between

overnment and individuals. 
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ppendix 

The Sustainable Development Goals are the blueprint to achieve a

etter and more sustainable future for all. They address the global chal-

enges we face, including those related to poverty, inequality, climate,

nvironmental degradation, prosperity, and peace and justice. The 17

oals interconnect and in order to leave no one behind, it is important

hat we achieve each Goal and target by 2030. 

(SDGs website: https://www.un.org/sustainabledevelopment/

ustainable-development-goals/ ) 
evelopment Goals. 

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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