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Assessing the groundwork
Surveying the impacts of climate change in China

Stephan Robin

Executive summary

Climate change has been, and will continue to be, a persistent and growing challenge for China, as it is for much of the 
world. According to UN data, China is already the most exposed country in the Asia–Pacific in terms of the number of 
climate disasters and of affected people—by mid-century, 85% of China’s population will be exposed to climate-related 
hazards.1 Various climate-related hazards already cost the Chinese economy billions of yuan annually and cause major 
disruptions to food and energy systems, in addition to posing a major threat to human settlements and activities. 
These impacts deserve greater attention from policy analysts, particularly given that they’ll increasingly shape China’s 
economic, foreign and security policy choices in coming decades.

Image: Poyang lakebed amid severe drought in August 2022. Only two years ago, the farmland visible lay along the banks of what was China’s largest freshwater lake. Satellite image 
collection and analysis by Nathan Ruser, ASPI ICPC. Source: ESA via Google Earth Engine.
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Sea-level rise will undermine access to freshwater for China’s coastal cities and increase the likelihood of flooding in China’s highly 
urbanised delta regions. Droughts are projected to become more frequent, more extreme and longer lasting, juxtaposed with 
growingly intense downpours that will inundate non-coastal regions. Wildfires are also projected to increase in frequency and 
severity, especially in eastern China. China’s rivers, which have historically been critical to the county’s economic and political 
development, will experience multiple, overlapping climate (and non-climate) impacts.

Such changes are becoming increasingly apparent across China, as they are for many parts of the world. Since June 2022, China 
has been battered by record-breaking heatwaves, torrential downpours, flooding disasters, severe drought and intense forest 
fires.2 In isolation, each of those climate hazards is a reminder of the vulnerability of human systems to environmental changes, 
but together they constitute an urgent monition of the serious consequences of climate change for national security interests.

This report is an initial attempt to survey the literature on the impact that climate change will have on China. It concludes 
that relatively little attention has been paid to this important topic, which is surprising, given China’s key role in international 
climate-change debates, immense importance in the global economy and major geostrategic relevance. That’s especially true for 
rapid-onset hazards such as flooding and wildfires, which remain relatively understudied compared to slow-onset changes such as 
changes in mean temperature and precipitation. Much of the scientific literature surveyed in this report notes that limited data and 
methodological challenges are significant barriers to better understanding the climate impacts and consequences for the country.

There’s also a lack of secondary research that integrates the impacts of climate hazards affecting China at local and national 
levels, alongside the climate disruptions to globally integrated systems such as trade, technology and people flows. This is 
particularly evident, for example, in analyses of China’s food and energy security, both of which are key to a country’s future 
political and economic wellbeing. The research on these centrally important systems is, for the most part, highly siloed in nature, 
and there’s a distinct lack of literature that even attempts to take a whole-of-system view of China’s food and energy security in a 
climate-changing world.

Climate change will be one of the most, if not the most, profoundly destabilising processes in modern history. For policymakers in 
Australia, China and around the world, to best navigate those disruptions there’s a need for holistic and multidisciplinary research 
that captures the pathways for simultaneous hazards to compound each other, with cascading impacts at both the national and 
the global scale. As this report identifies, that work still needs to be done.

Introduction

Australian analysis dealing with China and climate change tends to be concerned with the political economy of emissions 
reduction.3 However, just as geopolitics influences our collective response to climate change, climate change shapes geopolitics. 
The realisation that climate change will have broad-ranging domestic implications is certainly emerging among many national 
governments. The Albanese government has initiated Australia’s first comprehensive climate and security risk assessment, 
underpinning the growing international awareness that climate change poses an acute security risk that must be grappled with.4 
The US is currently producing its fifth National climate assessment report.5 It has more recently published federal departmental 
climate adaptation plans, as well as a national intelligence estimate of climate risks to the US’s geostrategic position globally.6 
Since 2008, the UK has published five-yearly climate change risk assessments, and New Zealand published its first national 
climate-change risk assessment in 2020, with the next iteration due before 2026.7

Not all of those assessments consider how climate impacts will affect the security or foreign policy interests of those countries, 
and those that do have significant shortcomings.8 Nonetheless, considerable effort has been invested by governments in 
understanding the climate-change risks to their domestic interests.

One glaring gap in the open-source literature is the lack of a comprehensive analysis of the impacts that climate change will have 
on China, which is a geopolitically pivotal great power. Those impacts will have direct, indirect and far-reaching consequences for 
both China and the nations with which it competes and cooperates.
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Most analysis suggests that climate-change impacts on China will be severe. According to UN data, China is already the most 
exposed country in the Asia–Pacific in terms of the number of climate disasters and the number of affected people, and there are 
indications that by mid-century 85% of China’s population will be exposed to climate-related hazards.9 Those impacts demand 
more attention from strategic analysts, particularly to understand how they might shape China’s economic, foreign and security 
policy choices in coming decades.

This report is an initial attempt to survey open-source literature on the domestic impacts of climate change in China. The survey 
is intended to be illustrative, rather than comprehensive. The objective is to lay the foundation for future, more in-depth analysis 
by identifying some of the key hazards and their broader systemic consequences and by revealing gaps and common themes 
across issue areas. The report aims to articulate the overall trends and the complexity of managing climate impacts that are often 
occurring simultaneously and in ways that magnify their societal effects.

Methodology

The report relies heavily on English-language sources found through both keyword searches (Google and Google Scholar) and 
academic journal databases. Much of the reviewed literature was, however, produced by academics in China-based institutions 
and so may also be reflective of the Chinese-language literature. An important next step should be to expand this literature survey 
to include a comprehensive examination of Chinese-language sources on these topics.

The report begins with the contextual background, including establishing some of the terminology used, and introduces the 
authoritative climate science reflected in the work of the UN’s Intergovernmental Panel on Climate Change (IPCC). The main body 
of the report concentrates on a range of climate hazards affecting China. The selection of those hazards was intended to illustrate 
a range of impacts that the hazards can have; there are additional hazards, such as extreme heat events, that are also significant in 
China but aren’t covered in this report.

Roughly by order of the amount of climate research that could be found for each hazard, the hazards considered are:

• sea-level rise and coastal flooding

• precipitation

• drought

• changes to river flows

• wildfires.

This is followed by two illustrations of climate-change impacts on human food and energy systems (including the renewable 
energy transition). The report concludes with some thematic observations gleaned from the research on climate-change impacts 
and some recommendations for future research that cuts across the siloes that are evident in the literature.

Background: The IPCC, RCPs and SSPs

This report relies significantly on the findings of the IPCC, which is the leading international body on assessing the science of 
climate change.10 Throughout the course of 2021–22, the IPCC has released the reports of three working groups as part of its sixth 
assessment report. The working groups, which are tasked with analysing different dimensions of climate change, are:

• Working Group I (WG1): Assessing the physical science

• Working Group II (WG2): Assessing the impacts of climate change, the vulnerability of different groups towards it, and what 
adaptation measures can be and are being taken

• Working Group III (WG3): Assessing methods for climate-change mitigation.
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The IPCC is currently combining the findings of the three working groups into its Sixth assessment synthesis report (AR6).11 While 
the IPCC provides an invaluable resource from a global or regional perspective, it’s somewhat less enlightening when considering 
country-specific climate impacts. However, the findings of the IPCC working groups are a valuable resource for understanding the 
scientific consensus on certain hazards and risks articulated in this report.

It should be stated that climate-change projections aren’t predictions, as there are many different plausible scenarios for how 
the emissions and economies driving this change could develop. The IPCC attempts to capture the range of possibilities through 
‘representative concentration pathways’ (RCPs) and five ‘shared socio-economic pathways’ (SSPs), which are referred to 
throughout this report. Both RCPs and SSPs are projections of what the world may look like by the end of the 21st century. The 
RCPs do that through projecting the extent of global warming based on different emissions scenarios, while the SSPs consider how 
the underlying societies and economies generating those emissions could develop. The two measures are complementary and 
together constitute a two-dimensional matrix of possible emissions pathways, as shown in Figure 1.

For example, SSP2 refers to a situation in which future social, technological and economic trends don’t shift markedly from 
historical patterns.12 RCP3.4 describes a level of greenhouse gas emissions that corresponds to around 2.2°C of warming by 
the century’s end, which is arguably the most likely level of warming, given present reduction trends in fossil-fuel emissions.13 
Together, they constitute SSP2-3.4, a ‘middle-of-the-road’ scenario in which the global response to climate change in the coming 
few decades doesn’t markedly vary from historical trends.

Figure 1:  An SSP–RCP matrix of global mean temperature change (°C) in 2050 and 2100

Source: Table created by author using data available in ‘SSP database (shared socioeconomic pathways), version 2.0’, International Institute for Applied 
Systems Analysis, 2022, online; and Keywan Riahi, Detlef P van Vuuren, Elmar Kriegler et al., ‘The shared socioeconomic pathways and their energy, land 
use, and greenhouse gas emissions implications: an overview’, Global Environmental Change, January 2017, 42:53–68, online.

Figure 1 is an example of an SSP–RCP matrix. The figure indicates changes in global mean temperature (°C) for each SSP–RCP 
combination in 2050 (the first number in each cell) and 2100 (the second number). Each cell is shaded according to how many 
climate models in the examined dataset were able to make projections for that particular SSP–RCP combination. The darkest 
cells represent five different models, the lightest represents a single model, and the blank cells indicate that none of the models 
was able to reconcile that particular SSP and RCP scenario. Each value is the calculated average temperature projection of the 
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RCP8.5  2.2  4.0  2.2  4.2  2.2  3.4  2.4  4.8

RCP6.0  2.1  3.3  2.1  3.3  2.2  3.3  2.1  3.3  2.2  3.2

RCP4.5  2.0  2.6  2.0  2.6  2.0  2.6  2.0  2.6  2.0  2.6

RCP3.4  1.9  2.2  1.9  2.2  1.9  2.1  1.9  2.2  1.9  2.2

RCP2.6  1.8 – 1.8  1.8 – 1.8  1.7  1.8  1.9  1.8

RCP1.9  1.6  1.4  1.7  1.3  1.6  1.3  1.7  1.4

https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=20
https://doi.org/10.1016/j.gloenvcha.2016.05.009


5Assessing the groundwork: surveying the impacts of climate change in China

models, with arrows representing the broad temperature profile over the century. For example, under SSP1-1.9, compared to 
pre-industrial temperatures, the global mean temperature will rise by 1.6°C by mid-century, before falling by 1.4°C by the century’s 
end. The dataset used to construct this table also includes SSP–RCP projections for a range of other environmental variables 
and socioeconomic indicators. Detailed descriptions of the assumptions underlying each SSP scenario and the different models 
are available.14

Domestic impacts of climate change

Sea-level rise and coastal flooding

Coastal flooding is an illustrative example of how the risk of sudden-onset hazards can be compounded by slow-onset changes. 
Storm surges caused by typhoons are generally the immediate cause of coastal flooding, but their severity is amplified by sea-level 
rise driven by both climate and non-climate factors. By affecting both the frequency of extremes and the underlying baseline that 
those extremes act upon, climate change is rapidly accelerating the likelihood of highly damaging coastal flooding.15

Even without storm surges, the impacts of rising sea levels in China will be significant. The IPCC’s second working group (AR6 WG2) 
found not only that sea levels are rising, but that they’re now rising nonlinearly: from a rate of 1.3 mm/year at the start of the 20th 
century, the global average has now nearly tripled to 3.7 mm/year.16 This rise is even faster in China, however: one study suggests 
that by 2050, under RCP4.5, sea levels around China may rise by between 0.2 metres and 0.4 metres.17

Such changes are already happening in some parts of China. Figure 2 shows the current extent of this rise around Jiangmen in the 
Pearl River delta.

Figure 2:  Satellite imagery showing the extent of inundation at the mouth of the Xihai Shuidao river; the zones in red are areas 
that are now regularly inundated but were not in the 1990s

Satellite image collection and analysis by Nathan Ruser, ASPI ICPC. Source: ESA via Google Earth Engine.
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Summarising Chinese-language research on the impacts of sea-level rise, one study highlights the range of challenges posed to 
China’s delta cities by rising seas: the degradation of vital coastal ecosystems, waterlogging of land and intrusion of saltwater into 
freshwater.18 Another study estimates that a 0.5 metre rise in sea levels around the Yangtze delta would result in the Qingcaosha 
reservoir, which supplies over 50% of Shanghai’s freshwater, having a salinity in excess of safe drinking levels for eight consecutive 
days per month during the dry season.19 The impact on China’s highly productive wetlands will also be severe: research 
indicates that a 1 metre rise in sea levels could result in a loss of 91% of China’s remaining freshwater marshes and 76% of its 
coastal wetlands.20

The danger of sea-level rise intensifies when it’s combined with typhoons to produce storm surges that result in coastal flooding.21 
The IPCC projects that tropical cyclones will increase in intensity, decrease in frequency, and shift poleward from the equator. 
Studies on China’s exposure to typhoons mirror those global trends.22 One study, modelling typhoon impacts under the most 
pessimistic IPCC emissions scenario (RCP8.5), found that at the end of the century typhoon landfall intensity would increase by 6%, 
and the storms would last 56% longer and penetrate 50% further inland. The authors of that study summarise those impacts as 
‘almost doubling the destructive power delivered to Asian inland regions’, including China.23

One analysis estimates that, globally by 2030, at least ‘15 million people and $177 billion [USD] in urban property will be impacted 
annually by coastal flooding’, and that most of the impacts will be in Asia.24 Recent research suggests that the coastal inhabitants 
of the Indo-Pacific are up to four times more vulnerable to coastal flooding than global mean sea-level rise alone would suggest.25 
Such concerns are driving drastic action in regional states, such as Indonesia, which recently announced plans to relocate its 
flood-prone capital to higher ground at an estimated cost of US$34 billion.26 In China, one analysis by the Swiss reinsurance 
company Swiss Re estimates that 25% of China’s industrial areas are exposed to storm surges and coastal flooding.27 Relative 
sea-level rise is particularly prominent in China’s highly urbanised and coastal delta regions, particularly the Yangtze and Pearl 
River deltas, where land subsidence is more than doubling the rate of relative sea-level rise.28

While much of the literature recognises those risks, relatively few studies consider how the compounding impact of increasingly 
severe storms, changing tidal patterns and sea-level rise will affect flood risk. One recent study observed that, ‘when compared 
to [sea-level rise] projections, the uncertainties of [extreme sea-level] estimates may be higher, but are typically ignored.’29 This 
is especially true in China, where other researchers note that ‘changes in Western Pacific typhoons under global warming are less 
well studied compared with Atlantic hurricanes.’30

Key challenges facing climate scientists when making more detailed projections of coastal flooding are the lack of large and 
high-resolution publicly available tide-gauge datasets and differences in the statistical modelling methods used. As one study 
identifies, researchers are forced to contend with data limited to specific stations or regional areas, and ‘local authorities [that] 
only provide annual maxima considering confidentiality of the full (high frequency) sea level records’.31 This leads to differences 
in the definition of ‘extreme values’ between research papers that depend on the provider of the tidal data, as some datasets 
feature higher resolution maxima data than others. Additionally, various analysis methods are used in the literature, which lead 
to significantly different projections.32 For example, projections of extreme sea-level events around the mouth of the Yangtze vary 
by up to 1.0 metre.33 While that discrepancy might seem negligible, given that daily tides vary by over 2 metres around the mouth 
of the Yangtze, for coastal flooding protection it’s a difference too large to ignore.34 As Dr Shu Gao, director of a Shanghai coastal 
research laboratory, puts it, ‘the price for constructing a 2 meter-high sea wall, compared with that of a 1 meter-high one, is not 
double, but tenfold.’35

Especially poorly understood are low-probability/high-impact events—the 1-in-1,000-year events that are most likely to 
completely overwhelm flood-protection measures, and that are set to become significantly more likely under most climate- 
change scenarios.36 The IPCC suggests that, by 2050, many low-lying megacities are projected to experience 1-in-100-year 
extreme sea-level events at least annually by 2050.37
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Precipitation

Precipitation refers to water deposition from rainfall, snow, mist and hail. Alterations to precipitation patterns are projected to be 
one of the major impacts of climate change. Precipitation is a major component of the Earth’s hydrological processes, and so has a 
cascading effect on an enormous range of climate, environmental and human systems.38

Globally, the IPCC notes that annual precipitation is likely to have increased since the 1950s, with a more recent acceleration from 
the 1980s.39 Reflecting the non-uniformity of those changes, the IPCC also notes that total annual precipitation held constant over 
China between 1973 and 2016.40 By 2081, average annual global land precipitation is projected to increase by between 1.5% and 
8% compared to a 1995 baseline under SSP2-4.5.41 In China, that increase could be as much as 11.3% by the end of this century 
under a similar scenario.42

Within China, researchers identify substantial variation in the distribution of both mean and extreme precipitation.43 For example, 
the IPCC states that, between 1973 and 2016, precipitation intensity increased while frequency decreased; amounts increased 
over autumn and winter while they decreased in summer.44 The cumulative effect of those various changes was that total annual 
precipitation held reasonably constant.45 It’s worth noting, however, that it’s changes to local precipitation patterns, and not 
spatial and temporal averages, that are the relevant features for assessing impacts on human activities.46

Extreme precipitation events have been responsible for major economic and human disruptions in China in recent years. In July 
2021, rainfall that officials reportedly described as ‘the heaviest rains for 1,000 years’ upended the daily lives of the 94 million 
inhabitants of Henan Province in central China and threatened to collapse the Yihetan Dam, which is located upstream from 
the 7 million residents of Luoyang.47 Torrential downpours in the following year reportedly led to the evacuation of more than 
1.2 million people and direct economic losses exceeding Ұ65 billion.48 During that extreme weather, Guangdong Province in 
southern China recorded one of its highest June water levels on record, which disrupted the key manufacturing, logistics and 
technology hubs along the Pearl River.49 Even as the number of rainy days is projected to decrease across China (excluding the 
northern provinces), such torrential downpours are expected to become more frequent and more intense due to climate change.50

Given the importance of precipitation to a host of other environmental and human systems, specific and local changes to rainfall 
patterns over China have been widely researched. For example, many studies agree that extreme precipitation events are making 
a larger contribution to Xinjiang’s total annual rainfall.51 Many others suggest that, across China, precipitation frequency is 
decreasing while intensity is increasing.52 More research suggests that rain-seasons are becoming longer in northwestern China 
and the Tibetan Plateau, while the opposite trend was observed in northeastern China, the North China Plain and central China.53 
Figure 3 shows the geographical distribution of those changes. In summary, there are a multitude of documented changes to 
China’s precipitation patterns at a variety of scales. There is, however, very little research that attempts to encapsulate the broad 
gamut of those changes in China, especially when compared to Western Europe and North America.54
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Figure 3:  A map of China indicating the rough geographical regions named in this report

Source: Zhe Du Qingjun Chen, Xinjin Lyu et al., ‘Analyzing the distribution of rabies clinics and achievements of standardized rabies clinics implementation 
in mainland China’, BMC Health Services Research, December 2019, 19(1): 955, online. Approximate Tibetan Plateau and North China plain overlays added 
by ASPI.

The gap between regional reanalysis datasets encapsulates that observation. Reanalysis datasets use existing but incomplete 
historical data as inputs into climate models to create a complete historical dataset that’s consistent with available observations. 
One researcher described their usefulness as their ability to create ‘coherent, homogenous, comprehensive, and gridded 
meteorological data’ from ‘spare and heterogeneous observations’.55 Tellingly, the first high-resolution reanalysis dataset for 
mainland China wasn’t developed until 2017, nearly 40 years after such datasets were first used in North America.56

The dearth of projections is also due in part to challenges in attributing changing precipitation patterns to specific causes. 
While that’s true for most climate hazards, the direct impact that pollution can have in altering local weather is particularly 
strong. For example, one study suggests that, while global warming is certainly an important factor in understanding the 
outlined changes to precipitation patterns, China’s rapid urbanisation and the consequential changes to atmospheric conditions 
shouldn’t be ignored.57 Other researchers concur, stating that ‘specific regional conditions complicate the attribution of 
regional-scale climate change’, and that locally produced aerosols (such as industrial pollution) may be closely linked to the 
observed precipitation changes.58 Disentangling those various influences from global warming presents a continuing challenge to 
precipitation projections.

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-019-4730-9
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Drought

Droughts exemplify the importance for hazard projections of the choice of environmental indicators.59 Drought indices are used by 
researchers to quantify drought severity and duration, although indices vary according to which indicators are included and how 
they affect the subsequent calculations. The first major drought index proposed was Munger’s Index, introduced in 1916. However, 
that index considered only the number of days since the last rainfall over a given region and so failed to adequately capture the 
severity of prolonged drought.60 There’s since been a proliferation of more sophisticated indices that consider changes to both 
water supply and demand.61 That abundance of indices, however, has led to a situation in which, as one researcher acknowledged, 
drought findings are very sensitive to variable selection and methodological choices.62 Efforts to robustly compare such indices 
and develop a more broadly agreed-upon standard are ongoing.63

The IPCC identifies with high confidence that there’s been a global increase in drought frequency and severity since the 1950s.64 
According to the IPCC, the recurrence period for what was a 1-in-10-year drought between 1850 and 1900 is now six years.65 
With 2°C warming above pre-industrial levels, that would reduce to four years.

That trend has been observed in China. One study found that China experienced drought in 49 of the 53 years between 1961 and 
2014.66 Another study observed a twelvefold increase in drought-affected areas in China between 1950 and 2009.67 Additional 
research found that, over a similar period, soil moisture had declined throughout most of the country.68 Given China’s historical 
experience with drought, those changes are alarming.

China has a long history of being drought affected.69 An extreme drought between 1876 and 1878 in northern China, also known 
as the Ding-Wu Great Famine, led to a five- to tenfold increase in the price of rice.70 As a result, more than 20 million people starved 
or were forced to migrate.71 One of the worst droughts in China’s recent history spanned from the autumn of 2009 to the spring 
of 2010. Driven by the combination of a strong negative-phase Arctic Oscillation and a weak South Asian monsoon, the drought 
caused an estimated US$30 billion in economic losses and left around 21 million people without secure drinking water.72 It also 
disrupted local hydropower energy availability, shuttering many of China’s southern steelworks.73 Indeed, the broader societal 
impacts of that drought prompted some researchers to propose a new drought index, the ‘Society Drought Severity Index’, which 
aimed to quantify droughts in terms of their impacts on the domestic, agricultural and industrial sectors.74

A decade later, severe drought in 2022 led to even more serious disruptions across large parts of the country.75 Those differences 
are especially stark in comparisons of satellite imagery in Augusts between 2020 and 2022. Figure 4 shows that comparison for the 
outskirts of Chongqing, where there was a clear drying of vegetation, while Figure 5 illustrates the dramatic drying of Poyang Lake 
250 kilometres southeast of Wuhan.
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Figure 4:  Satellite imagery showing the impact of China’s 2022 drought on agriculture on the outskirts of Chongqing; both 
images are from August

Satellite image collection and analysis by Nathan Ruser, ASPI ICPC. Source: ESA via Google Earth Engine.
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Figure 5:  Satellite imagery showing the drying of Poyang Lake between August 2020 and August 2022

Satellite image collection and analysis by Nathan Ruser, ASPI ICPC. Source: ESA via Google Earth Engine.

In the central province of Sichuan (near Chongqing), total electricity supply dropped by 40% in August 2022 due to low water levels 
and the province’s heavy reliance on hydropower (which provides 80% of the province’s total electricity).76 Early estimates suggest 
that nearly 50,000 hectares of crops have been lost and that more than 400,000 hectares have been damaged by the protracted 
drought and accompanying heatwave.77 Ninety per cent of Sichuan’s factories were reportedly forced to cease operations in 
a bid to save dwindling energy supplies, while electricity demand spiked by over 30% due to increased cooling demands amid 
extreme heat.78 Authorities in the provincial capital, Chengdu, even resorted to turning off lights on subway trains to free all 
energy resources for essential functions and increased coal-power capacity to meet immediate energy shortfalls amid ballooning 
demand.79 While, at the time of writing, the full scale of economic and social impacts haven’t been fully analysed, they’re likely to 
be even worse than in the 2010 drought.

Such droughts are predicted to become more frequent and more damaging in the future. One study found that, under an RCP4.5 
scenario, ‘drought duration and frequency are projected to increase in most parts of China, with a general increase of more than 
10%’ between 2021 and 2050 relative to a 1976–2005 baseline.80 Another research team supported that observation, noting 
that ‘under global warming, extreme drought events with long duration, high intensity, and extended affected area’ will occur 
more frequently.81
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A key limitation in drought projections in China has been the difficulty in defining suitable drought indices. A 2017 Nature article 
demonstrated the divergence between European drought projections based on two commonly used drought indices: the Standard 
Precipitation Index and the Standard Precipitation Evapotranspiration Index.82 That observation is echoed by the Chinese 
Academy of Sciences; as one of that institution’s researchers put it, ‘the hydrological community has not determined a universally 
good index to assess drought.’83 Panmao Zhai, co-chair of AR6 WG1, notes that this challenge is further compounded by the lack 
of a shared, community-wide conceptualisation of drought, saying that those differences are evident even within the IPCC’s AR6 
working groups.84 Until wider agreement is reached on which indices to use for China, finding consensus on what drought will look 
like in the future will be challenging.

China’s river basins: hotspots of both flood and drought impacts

Rivers are central to understanding China and a fulcrum upon which many interconnected climate related impacts turn.85 
Additionally, they’re particular geographical focuses for extremes of both precipitation and droughts. These hotspots of climate 
extremes provide a window into how China’s changing climate can have seemingly contradictory, though commonly damaging, 
impacts.

Exacerbated and altered extremes of both floods and decreased flows are a significant threat in the Yellow and Yangtze rivers, as 
well as the Mekong, which is a transboundary river system important not only for China but for the various countries downstream 
in that basin. In each of the following examples, historical case studies detailing the potential risks in play are available.

The Yellow River is described as the ‘birthplace of Chinese civilization’. It’s often called ‘Mother River’ for its ancient role as the 
birthplace of Chinese culture, but an alternative nickname is ‘China’s Sorrow’.86 As Philip Ball summarises, ‘life on the Yellow River 
floodplain was not so much precarious as predictably disastrous’, referencing the regular occurrence of massively destructive 
floods—an 1887 flood killed at least 1 million people.87

Research suggests that the streamflow of the river decreased significantly in the later half of the 20th century.88 ‘Zero flow’, or the 
drying up of certain sections of the river, has also been seen with increasing frequency during that period. Climate change is far 
from the only factor affecting this change, as researchers often emphasise that increasing human demand for water has been the 
dominant factor.89 Impacts are highly heterogeneous, as is attribution. For example, one study suggests that climate change is the 
dominant factor in the uppermost part of the Yellow River basin, while human activity is more important in the lower reaches.90

Climate-change projections for the Yellow River Basin for the remainder of this century are hugely uncertain. A range of studies 
suggest a long-term slight increase in average streamflow in the basin overall, but also an increase in both drought and flood 
extremes.91 On the other hand, another study finds that water availability will meet definitions of water scarcity under both RCP4.5 
and RCP8.5 scenarios across six subcatchments.92

The name ‘Yangtze’ is an artefact of English translation—Chinese people refer to the river as Chang Jiang, the Long River. The vast 
Long River splits modern China into a rough north–south division, and that geographical reality has given it an important place, 
alongside the Yellow River, in Chinese history.93

The Yangtze has been more deadly than the Yellow River in modern China. A serious flood in 1991 affected 230 million people, and 
another in 1998 killed around 3,500, causing an estimated US$20 billion in damages. Those events were nonetheless more modest 
disasters than the 1931 flood catastrophe on the Long River, which may have killed as many as 4 million.94

The giant Three Gorges Dam sits on the Long River. Notwithstanding seemingly speculative anxiety about a dam breach during 
2020 floods, the dam was long touted by Chinese leaders as a means of regulating the flow of the river and improving the 
availability of irrigation water for agriculture, in addition to the large hydropower capacity of the project.95 In reality, the results 
have been complex: droughts and floods have persisted in new patterns alongside landslides and new ecological concerns.96

There’s significant uncertainty about climate impacts on the Long River. Research has suggested that climate change will increase 
streamflow out to the end of this century if water management practices are ignored.97 A similar conclusion was reached by 
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another study that highlights the increased frequency of extreme floods and droughts.98 A critical determinant of the Long River’s 
climate trajectory will be changes to monsoon patterns, which remain particularly uncertain.99

The Mekong traverses China, Myanmar, Laos, Thailand, Cambodia and Vietnam. It was once free flowing but is now seasonal after 
the construction of hydropower installations on a large scale since the early 1990s. Many of the more than 70 million people who 
live in the river basin nonetheless remain reliant on the river.100

As one review summarised, research to date has indicated that, as a result of climate change impacts, the basin is likely 
to experience:

… increased temperature and annual precipitation, increased flood depths and duration in the Mekong Delta and Cambodian 
floodplain, variability in runoff, prolonged agricultural droughts in the south and the east of the basin, and sea level rise and 
salinity intrusion in the Mekong Delta.101

Once again, those findings aren’t geographically uniform. For instance, rainfall impacts are likely to be very different in the upper 
and lower parts of the basin. In the case of the Mekong, that means a range of impacts in very different national contexts.

While overcoming the threat posed by climate change is difficult in all three of these river basins because of their dense 
connectedness, the challenges are perhaps even greater on the Mekong, given the addition of fraught international politics.102

The rivers that run through China have been historically, and continue to be, hugely significant for both the country and the region 
more broadly. Extremes of both flooding and drought will be concentrated along these geographical hotspots. They exemplify the 
high degree of spatial heterogeneity in climatic impacts and reflect the interconnectedness of human and environmental systems.

Wildfire

The IPCC warns of situations in which climate events amplify each other to produce effects that exceed the coping capacity of 
natural systems.103 Wildfires are an example of such events, in which the risk is seriously amplified by the confluence of a variety of 
environmental conditions.104

It’s important to recognise that the correlation between those variables and wildfire risk is highly nuanced. For example, studies 
considering Serbian and Australian fire seasons found that precipitation reduced wildfire risk by lowering aridity.105 However, one 
study observed that, in China, ‘higher fire probabilities are correlated strongly with increased precipitation (rainfall), which favours 
vegetation growth (i.e. increasing biomass production) if there are also related high temperature (drier fuels) conditions.’106 That 
study highlights the influence that local environmental conditions have in affecting the way climate hazards manifest.

The IPCC identifies that there’s ‘high confidence that future climate variability is expected to enhance the risk and severity of 
wildfires in many biomes such as tropical rainforests’.107 Globally, from 1979 to 2013, the length of fire seasons has increased by 
19%, and fires have become more frequent, longer in duration, and more destructive in their impacts.108 Between 1987 and 2007, 
there were on average more than 8,100 forest fires annually in China, burning an average area of around 400,000 hectares each 
year.109 China’s Black Dragon Fire in 1987, which was the largest wildfire to strike China in over 300 years, has been described as ‘the 
beginning of the high-impact mega-fire phenomenon in the modern era’, killing more than 200 people, leaving 50,000 homeless 
and destroying one-sixth of China’s timber reserves.110

Wildfires in China exhibit further regional characteristics, which has led to most of the wildfire research having a similarly regional 
focus.111 For example, China’s northeast and southwest are the country’s most fire-prone regions, although fires in the northeast 
are far less frequent but burn much larger areas than those in the southwest.112 Wildfires are projected to become more frequent 
throughout most of eastern China as a result of climate change.113 Fire seasons are also predicted to change; for example, one 
study found that the Greater Khingan Forest in China’s northeast had shifted from having two fire seasons per year to having a 
single longer season.114
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Additionally, the role of climate change in driving this increase might not be uniform across China. One study, for example, 
found that climate factors almost entirely explained fires in the northeast, but that landscape and human factors played a 
considerable causal role in the southeast and southwest.115 Other research, however, identifies only minimal regional variation 
in the explanatory significance of climate, human, vegetation and topographical factors in projections of future forest fire 
occurrence, although those researchers agree that climate factors are the most significant overall.116 The fact that multiple climate 
and non-climate factors contribute to wildfire risk affects the precision of wildfire projections; one study, in particular, notes 
that ‘projections of future fire activity inherently integrate the uncertainties in projections of several complex and interacting 
variables’.117

Climate impacts on human systems: food and energy

Climate change will have a variety of impacts on the systems that underpin human activity. For the purposes of this survey, two 
relating to food and energy security are highlighted here.

Food security

Food security is often conceptualised as a human security issue, but it has far-reaching strategic implications. As one analyst 
recently put it, ‘the link between climate change and global instability often runs through our food systems.’118 And, while 
the links between food availability and social upheaval are debated, there’s good evidence that food instability can lead to 
political instability.119

As shown in Figure 6, food security is usually defined along four dimensions: food availability, access, utilisation, and stability.120 
The latest IPCC report states that, globally, ‘climate change is already contributing to reduced food security and nutrition and will 
continue to do so’, affecting ‘all four dimensions … through both direct and indirect pathways’.121

Figure 6:  The four dimensions of food security

Source: Created by ASPI using the food security dimension definitions articulated in Tanya Lawlis, Wasima Islam, Penney Upton, ‘Achieving the four 
dimensions of food security for resettled refugees in Australia: a systematic review’, Nutrition & Dietetics, April 2008, 75(2):182–192, online.

Figure 6: The four dimensions of food security
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However, there’s limited reference to food-security impacts in China; the IPCC cites a ‘paucity of data for observed climate change 
impacts on Asian agriculture and food systems’.122 The IPCC instead acknowledges that ‘the projected total negative impacts will 
far outweigh the expected benefits’, which will have profound impacts on the international food system, given that the continent is 
responsible for 67% of global agricultural production.123

Most of the literature investigating the impacts of climate change on food security in China focuses on the impact on crop yields. 
One paper—using relatively recent but nonetheless now outdated models—suggests that yields of rice, wheat and corn in China 
will decrease by 36.25%, 18.26% and 45.10%, respectively, by the end of the century.124 Those three crops together constitute 
around 45% of China’s total caloric production.125 Another paper notes that China’s agriculture may benefit from a changing 
climate that will extend the growing seasons in the colder regions of northern China.126 However, even the more ambitious 
of those studies limit the modelling to a handful of variables, running the risk of failing to capture the full extent of systemic 
climate impacts.

For example, one recent study found that ‘historical climate change is responsible for more than one-fifth of the observed 
increment of CPD [crop pests and disease] occurrences’ in China.127 Another echoes that observation, finding that rice, wheat and 
corn losses due to pests are expected to increase by 10% to 25% per degree Celsius of warming.128

Yet crop pests and diseases garner relatively little mention even in studies that aim to integrate the impact of multiple climate 
hazards, let alone those that involve single climate variables, such as precipitation or temperature. As the Food and Agriculture 
Organization of the UN noted in 2015, ‘the models used to make projections of crop yields generally do not take into account 
the impacts of climate change on the functioning of the ecosystems.’129 The disruption caused by acute hazards is a similarly 
underrepresented area within the literature.

Droughts and floods have been the most significant sources of disaster-induced grain loss in the past 30 years.130 Floods 
have repeatedly caused significant crop losses since 2020, and those losses have become a significant concern for Chinese 
policymakers.131 The outlook for drought and flood occurrence across China under different climate-change scenarios is complex, 
involving significant heterogeneity across the mainland, but the probable increases in both extreme drought and extreme 
precipitation are likely to intensify future crop losses.

Beyond food availability, threats to food security can come from any of the other four food-security dimensions. Understanding 
climate-change impacts on the food system through availability is unsurprisingly the most common, perhaps given the relatively 
small conceptual leaps from climate to environment to agriculture. However, that fails to capture the whole-of-system impact of 
climate change on food security.

For example, food access is becoming an increasingly complex subsystem within food security in China’s rapidly developing and 
populated urban conglomerates. As the authors of Climate change and food security in Asia Pacific describe it, ‘climate-related 
disaster[s] also cause infrastructural damages, effectively trapping certain populations in areas where they have limited or no 
physical access to food because of [disruptions] of critical supply chains.’132 Such observations point to the need to further assess 
how climate change will affect food access.

The lockdown experience of Shanghai in mid-2022 demonstrates how access to food in China’s major cities shouldn’t be taken 
for granted. As Beijing pursued its zero-Covid strategy, Shanghai was placed into a strict two-month lockdown from early April 
to the start of June. Due to policies aimed at limiting the movement of goods and people both into and within Shanghai, food 
supply chains broke down in the city.133 At the national level, there was no food shortage, but widespread frustrations over lack of 
food access led to rare public demonstrations, particularly in the early days of the lockdown.134 That local decline in food access 
even sparked a national decline, as panicked households throughout China’s major cities placed additional strain on food-supply 
systems in parts of the country not subjected to Covid lockdowns.135
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While the constraints in this case were pandemic-related, they may be climate-related in future. Extended extreme heat events, 
for example, are projected to become precipitously more common in China’s eastern urban population centres, producing a 
situation that, as one researcher explained, ‘reaches and exceeds the survivability threshold frequently in the future’.136 Flooding, 
as previously described, is projected to become a far more frequent occurrence in China’s coastal cities, conceivably jeopardising 
local food transportation and logistics. Despite those impacts, it was difficult to uncover research that dealt with this dimension of 
food security in China.

Additionally, China’s food system is highly integrated with global food trade, which has the potential to both dampen and amplify 
food security shocks. One group of researchers found that market responses may halve the severity of wheat-yield losses in China 
under the most pessimistic emissions scenarios by 2050, from a 9.4% to a 4.3% decline.137 Conversely, the IPCC has observed 
that, as climate-change impacts deepen, simultaneous crop failures in multiple major food-producing regions will become more 
likely.138 Those events have the potential to translate local shocks into global ones, as destabilisation of international food trade 
undermines market confidence and leads to export controls. The various food export bans put in place following Russia’s invasion 
of Ukraine, and the subsequent food-price rises that contributed to various recent political upheavals, are a good example of how 
that process can unfold.139

As in any large and populous country, China’s food system is complex. It features multiple subsystems, each of which is affected 
by climate change in its own way and with its own nuances. China is also part of a larger global food system, which itself will be 
affected by climate change in highly heterogeneous ways. It’s therefore perhaps unsurprising that most of the literature assessing 
China’s food security tends to be in the form of snapshots of the larger system, with superficial estimations of the whole, or 
highly detailed evaluations of specific elements. This brief survey of the food-security literature highlights the need for more 
comprehensive work that aims to bring together the different strands of climate change and food security in China in order to 
achieve a more holistic assessment of China’s food future.

Energy security and the energy transition

It goes without saying that energy and climate change are intimately linked. Climate change is predominantly a consequence of 
the world’s appetite for cheap and readily available energy in the form of fossil fuels. But the connection between energy and 
climate change goes the other way as well. Climate change has already instigated changes in global systems by presenting new 
energy-security challenges and precipitating a broader energy transition, and will continue to do so.

While there are many definitions of energy security in the literature, a simple working definition is ‘the uninterrupted availability 
of energy sources at an affordable price’.140 Four dimensions of energy security (similar to the four dimensions of food security 
described above) are discernible: the availability, access, usability and stability of energy supplies. Globally, the IPCC states that 
climate change presents risks in each of those dimensions.141 At the regional level, the IPCC states that ‘Asia faces [an] energy 
security problem even with the rapid growth in production and trade’, primarily due to dependence on vulnerable global 
energy supplies.142 However, there’s little direct comment within the IPCC report on the local impacts of climate change on 
particular national energy systems—a noticeable omission in the case of China, which is responsible for over 25% of total global 
energy consumption.143

As with the food-security literature, there’s very little research that deals comprehensively with how climate-change hazards will 
affect China’s energy security. Instead, most of the research focuses on specific energy-security dimensions.

China’s renewable and non-renewable energy generation infrastructure will be directly affected by climate change. For example, 
research suggests that the output of China’s thermoelectric power plants (coal, oil, gas and nuclear) will be diminished by the 
environmental changes caused by climate change. This is especially significant, given that those sources presently account for 86% 
of China’s energy mix and are projected to account for somewhere between 25% and 50% of China’s 2050 energy needs.144 One 
study projects that, even under mild RCP2.6 scenarios, the outputs of such energy sources could decline by as much as 10% due 
to changes in water resources and reductions in plant efficiencies.145 However, other studies challenge those figures, putting total 
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climate-change-induced power losses by 2050 under RCP2.6 at between 0.1% and 0.2%.146 As one study observes, the research has 
broadly ‘conclusive findings that climate change will have a negative effect on the power supply, yet the magnitude of this impact 
varies across estimates’.

Additionally, a number of studies has suggested that climate change will affect renewable-energy outputs as well, although the 
research is less definitive about what the extent of that impact will be in China.147 For example, increased streamflow due to 
climate change is expected to increase hydropower generation in China’s south. However, as has already been seen through the 
experience of especially hydropower-dependent Sichuan Province, energy stability may potentially be undercut by the increased 
frequency of droughts in the region and greater seasonal variation.148 One study finds that wind-energy resources may slightly 
decrease around the Taiwan Strait.149 The research is mixed for solar energy. One study projects increased cloud cover leading to 
a drop in solar resources in East Asia; other, slightly more dated, research suggests a small increase, particularly over southern 
China.150 While it’s difficult to draw specific conclusions from the available literature, it does nonetheless highlight that climate 
change will have an effect on renewable-energy resources.151 The significance of this issue will only grow as renewable energies 
assume a more central role in China’s energy mix.

Alongside those generally long-run, cumulative impacts on various forms of generation, the potential impacts of extreme weather 
events, which are likely to increase in intensity and frequency, should be noted. Extreme weather events are especially relevant as 
incidents that can both disrupt supply and spike demand, often simultaneously.152 One study estimates that over 14% of China’s 
electricity supply infrastructure, corresponding to around US$250 billion in assets, is at risk of outages due to climate change.153 
Other research suggests that over 30% of China’s population relies on electricity infrastructure that’s vulnerable to floods 
and droughts.154

In addition to the meteorological impacts on energy systems, climate change is also driving a broader and global energy transition 
from fossil fuels towards renewable energy. China has been a significant player in the global energy market since 2008, and the 
country is trying to position itself to retain and expand that significance in the ongoing renewable energy transition.155 There’s a 
dominant view in the secondary literature that, as the International Renewable Energy Agency (IRENA) put it, ‘no country has put 
itself in a better position to become the world’s renewable energy superpower than China.’156 However, academic research on the 
subject is somewhat cooler on that claim: the specifics of China’s role in that transition appear to be mixed in the literature.

For example, IRENA explicitly describes China as having a leading position in clean tech innovation, noting that Chinese firms 
collectively hold more renewable-energy patents than those of any other country.157 Other research argues that, although the 
number of renewable energy patents held by Chinese firms has grown exponentially in recent years, the quality of those patents 
is varied, and the international take-up of those innovations is still very limited outside of China.158 In a similar vein, another study 
found that the technological competitiveness of China’s renewable-energy offerings lags behind that of countries such as Denmark 
and Singapore, and that countries such as South Korea, Japan and Malaysia are catching up to China’s advantage.159 China’s role as 
a leading innovator in critical technologies therefore appears to be unclear, according to the surveyed literature.

Global manufacturing of renewable-energy technologies is heavily concentrated in China. A 2022 report from the International 
Energy Agency on solar photovoltaic supply chains found that China manufactures over 80% of the world’s photovoltaics, and that 
it has an even greater share of lithium-ion battery manufacturing capacity.160 Similarly, one study estimated that Chinese firms had 
captured 47% of the world’s wind-energy industry.161 Other researchers note, however, that a large portion of that manufacturing 
capacity services domestic Chinese demand, and that it’s ‘by virtue of China’s scale [that] the rapid ramp-up of renewables in the 
country has catapulted Chinese’ companies’ status globally’.162 With specific reference to China’s insulated domestic wind-energy 
market, one study remarks that ‘the global wind energy industry is nowadays a tale of two worlds, China and the rest.’163

There appears to be more consensus on China’s future strength in the energy transition through the influence that China will 
exert by its control of critical resources and mineral supply chains. Rare-earth minerals, which are critical to many advanced and 
renewable-energy technologies and of which China is responsible for between 60% and 72% of global extraction, have received 
particular attention in both academic and public discourse.164 China’s coercive use of rare-earth minerals has been widely 
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discussed in the literature, which makes specific reference to Japan, which was the target of a Chinese rare-earths exports ban in 
2010, and the US, in the context of the 2019 US–China trade war.165 Whether China will be able to retain its production dominance is 
also a topic that features in the literature.166

Renewable-energy financing, standards setting and changing trade patterns are further aspects of the energy transition in which 
China will play a significant role, as previous ASPI work has highlighted.167 Overall, while the literature generally agrees that China’s 
role in the energy transition will be significant, within that view there’s a notable degree of divergence on the specifics of what that 
role will look like.

Conclusion and key findings

In this report, we have surveyed research on a selection of worsening climate-change hazards in China, as well literature on the 
implications of climate change for China’s food and energy security. There are, of course, many other systems and hazards that 
could have been included in a larger piece of work: trade, technology and people flows, to name a few critical human systems, 
and heatwaves, humidity and oceanic changes as additional relevant hazards.

Some high-level findings from the literature surveyed on China’s climate hazards are as follows:

• Sea-level rise will present significant challenges to China’s coastal cities, ranging from threatening urban freshwater supply to 
elevating the risk of flooding due to storm surges.

• Total annual rainfall will increase over China over the next century. The frequency and intensity of extreme precipitation events 
are expected to increase, presenting a particular problem in China’s highly urbanised riverine regions.

• Droughts are projected to become both more severe and more common in China and will have broad and worrying impacts on 
its food, water and energy security.

• The projections of more extreme floods and droughts aren’t mutually exclusive, and China’s rivers are hotspots for both types 
of hazard.

• Wildfires are likely to become more destructive in large parts of China, although there’s significant uncertainty in the details of 
how climate change will affect changes to fire patterns.

The most important finding of this report is that the current literature examining the impacts of climate change on China (research 
that’s being used to inform policymaking and is feeding into major multilateral studies) appears to be in its infancy and is rarely 
multilayered in its scope. To illustrate this problem more clearly, Figure 7 indicates the general research areas considered in this 
survey. The research identified in this study usually covered two or three cells of the table. Examples included changes in the 
geographical distribution of wildfire frequency,168 the seasonal distribution of extreme precipitation under different warming 
scenarios,169 or, for some of the more ambitious studies, how changes in mean temperature, precipitation, humidity and wind 
speeds will affect food availability.170

Figure 7:  Research areas investigated in this report

Source: Created by ASPI.
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The problem is that a thorough assessment of any item on each level requires an assessment of the lower levels as well. A nuanced 
understanding of food security relies on understanding each of its four constituent dimensions (availability, access, utilisation 
and stability). However, an in-depth analysis of those dimensions requires integrating the impacts of a range of different hazards, 
recognising that each hazard has multiple characteristics, which also need to be acknowledged and synthesised.

The apparent lack of such multilayered research demonstrates a significant weakness in the body of literature that examines 
the impacts that climate change will have on China. Without additional work that aims at combining the findings of lower levels, 
a comprehensive assessment of the systemic impacts of climate change on China will be exceedingly difficult.

The deficit in the literature that links the environmental changes of the lower levels to the human system changes of the 
higher levels has serious implications for policymakers. It’s difficult to understand and plan for the geopolitical risks of climate 
change if, because of this concerning gap in the literature, analysts don’t yet have a concrete understanding of the climate and 
environmental impacts.

In addition, Figure 7 alludes to the importance of recognising that no country, least of all a country as integrated into global 
systems as China, exists in isolation. Climate impacts outside of China will have consequences within China, and impacts in China 
will be felt around the world.171 The underappreciation of the systemic disruptions in China caused by climate change therefore 
suggests a major blind spot in current geopolitical analyses of a country with major influence in global political, economic and 
social structures.

Those gaps need to be urgently addressed by future research. ASPI’s Climate and Security and Policy Centre will be conducting 
more work in this critically important space. Building a more comprehensive understanding of the security risks of climate change 
in China is no small task, but it starts with acknowledging current deficiencies in analyses of the impacts of climate change in China 
and taking steps to overcome the siloes that have restricted this vitally important area of research.
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