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Executive Summary

As the COVID-19 pandemic sweeps through the globe, lives and livelihoods are threatened.
Yet now more than ever, we need to bear in mind its larger implications. The same forces

that have enabled the virus’s assault on humanity underlie the larger threat of a changing
climate. The current pandemic presents imminent and discrete dangers, while climate risks,
by contrast, are gradual and cumulative. This means that a global climate crisis could be far
lengthier and more disruptive than the coronavirus pandemic. Moreover, our responses to the
pandemic will be critical factors in whether and how we achieve sustainability. In a time where
the world faces simultaneous supply and demand shocks, building resilience through a focus
on sustainability can and must be consistent with the effort to safeguard our economy and our
lives.

Earth’s climate is changing, after more than 10,000 years of relative stability. Since the 1880s,
the planet’s temperature has risen by about 1.1 degrees Celsius. As average temperatures rise,
acute physical hazards such as heat waves and floods grow in frequency and severity, and
chronic hazards, such as drought and rising sea levels, intensify.

For China, climate change is forecast to make the country warmer and wetter. If emissions
continue to rise at the current rate, the threats of extreme heat and lethal heat waves could
affect 10 to 45 million people by 2030, particularly in East China. The average share of
outdoor working hours lost each year to extreme heat and humidity would increase from 4.0
percent today to as much as 6.5 percent in 2030 and 9.0 percent in 2050—equivalent to $1
trillion to 1.5 trillion in GDP at risk in an average year. The kind of heavy precipitation that was a
once-in-50-years event in 1980 is expected to be two to three times more likely in 2030 and
three to six times more likely in 2050.

Preventing further buildup of physical risk and stabilizing the climate will require rapidly
reducing greenhouse-gas (GHG) emissions and ultimately taking emissions to net zero. China
has mounted a vigorous response to climate risks and opportunities. These initiatives are
admirable and, in some sectors, industry-leading. Nevertheless, given its scale and influence,
it can do more. China still accounts for around 20 percent of global emissions, with net
emissions of 16 gigatons of CO2 equivalents.

By making a rapid and orderly transition to a low-emissions pathway, China could greatly limit
its exposure to both physical climate risk and transition risk, and it could tap new sources of
economic growth. The country could also help reduce the world’s GHG emissions to an extent
that almost no other nation can.

China could adopt a ‘4+3+3’ climate response centered on mitigation, adapting the country
to climate risks and supporting global sustainable economic development.

In order to transit to a low-emissions pathway in line with the Paris Agreement, we identified
4 ways for China to mitigate and decarbonize. First, emissions could be reduced through
demand-side measures, which include improving energy efficiency, optimizing industry
processes, implementing circular economy measures, and encouraging shift in consumer
patterns. Second, power and fuel mix would need to change. Power and transportation
account for about a third of China’s GHG emissions. Retiring inefficient coal plants and
deploying more renewables, ramping up electrification, expanding the use of biomass, and
growing the hydrogen market are all important steps. Third, scaling up a carbon-management
industry is essential. China could invest in developing carbon capture, utilization and storage
(CCUS) technology and further support reforestation. Fourth, non-CO2 emissions, like
methane and nitrous oxide, would need to be significantly reduced as well. This includes
reforming agricultural and food systems, such as improving fertilization practices, as well as
eliminating fugitive methane emissions.
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As climate hazards are likely to grow in frequency and intensity, climate adaptation measures
are important. There are 3 ways to put resiliency at the core of China’s city planning and
infrastructure. First, China needs to develop resiliency planning expertise and factor in
physical risks into city planning policies, strategies, and operations across all departments.
Second, infrastructure projects need to plan for the changing climate, including climate

risk assessments to evaluate potential effects of acute and chronic hazards. Third, financial
innovations could be promoted to better manage risks. Instead of relying on post-disaster
government relief, climate risk insurance could be helpful to transfer some of this risk
exposure in light of extreme weather events.

Lastly, in addition to decarbonizing and adapting at home, China can support sustainable
economic development globally. There are 3 ways to support sustainable economic
development. First, China could develop, scale, and transfer low-emissions solutions. As

the world seeks to move toward a low-carbon economy, demands for related exports and
technologies—such as electrolyzers, sustainable aviation fuels, alternative proteins, and
CCUS technologies—could increase dramatically. As it develops low-carbon technologies,
China should aspire to be more than a manufacturer. It could provide financial and
technological support to overseas customers. Second, it could mobilize capital flows for green
projects. Given China’s influence, it is well placed to prioritize cross-border green projects,

to mobilize investment into green finance, and to encourage other countries to consider the
climate impacts of their own infrastructure. Third, and most importantly, China could play
abigger role to support international climate collaborations. Dealing with climate change
requires arapid transition in all sectors, everywhere, at a time when global political leadership
is in flux. For China, this is an opportunity to demonstrate its commitment to leading in the
low-carbon transition.

In the post-coronavirus world, countries are going to grapple with restarting economies
amidst arecession. The “next normal” could reflect an imminent restructuring of the global
economic order. However, we cannot afford to leave the climate risk agenda on the table.
Climate change is here, with associated physical risks. The next ten years are critical if the
world is to meet its climate-change commitments. The fixed “carbon budget” means that the
further we delay our actions, the steeper our future decarbonization path would need to be.

Dealing with climate risk will continue to be a top global priority and will force change in many
industries. Although this transition will be difficult, it also is a time for China to show leadership
in a new, low-carbon economy. The potential is huge.
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Introduction

As the COVID-19 pandemic sweeps through the globe, lives and livelihoods are threatened.
Yet now more than ever, we need to bear in mind its larger implications. The same forces

that have enabled the virus’s assault on humanity underlie the larger threat of a changing
climate. The current pandemic presents imminent and discrete dangers, while climate risks,
by contrast, are gradual and cumulative. This means that a global climate crisis could be far
lengthier and more disruptive than the coronavirus pandemic. Moreover, our responses to the
pandemic will be critical factors in whether and how we achieve sustainability. In a time where
the world faces simultaneous supply and demand shocks, building resilience through a focus
on sustainability can and must be consistent with the effort to safeguard our economy and our
lives.

Earth’s climate is changing, after more than 10,000 years of relative stability. Since the 1880s,
the planet’s temperature has risen by about 1.1 degrees Celsius (°C).! Climate scientists find
that almost all countries have experienced increases in average annual temperatures over the
same time frame. For example, the portion of the Northern Hemisphere that experiences a
substantially hotter summer has expanded from less than 1 percent before 1980 to 15 percent
in 2015.2 Regions affected by climate change will continue to grow in number and size.

As average temperatures rise, acute physical hazards such as heat waves and floods grow in
frequency and severity, and chronic hazards, such as drought and rising sea levels, intensify.
Physical risks from climate change will continue to increase as long as humans continue to
release long-lived greenhouse gasses (GHGs), like carbon dioxide, into the atmosphere. Risks
are bound to increase for the next decade, because a certain amount of warming is “locked in”
due to past emissions and the thermal inertia of the geophysical system.

For China, climate change is forecast to make the country warmer and wetter. If emissions
continue to rise at the current rate,® the threats of extreme heat and lethal heat waves could
affect 10 to 45 million people. The kind of heavy precipitation that was a once-in-50-years
event in 1980 is expected to be two to three times more likely in 2030 and three to six times
more likely in 2050.

Preventing further buildup of physical risk and stabilizing the climate will require rapidly
reducing GHG emissions and ultimately taking emissions to net zero. The drive toward a low-
carbon economy will create transition risks, such as the risk of rapid devaluations of certain
companies. The longer that society delays action to address GHG emissions, the greater the
buildup. At the same time, the low-carbon transition also creates significant opportunities for
those who plan and invest now.

China has mounted a vigorous response to climate risks and opportunities. The country’s
adaptation agenda has covered infrastructure resiliency, hazard alerts, emergency-relief
planning, and other measures. China has topped all nations in renewable-energy investment
for seven years and has the most wind and solar capacity of any country. In sectors that use a
lot of energy, carbon intensity has dropped significantly.

Doubling down on these initiatives and others to make a rapid and orderly transition to a low-
emissions pathway, China could greatly limit its exposure to both physical climate risk and
transition risk, and it could tap new sources of economic growth. The country could also help
reduce the world’s GHG emissions to an extent that almost no other nation can. Taking up this
challenge—announcing bold actions and delivering them—could have a powerful catalytic
effect on other countries, encouraging them to move more quickly onto a low-carbon path.
China has a historic opportunity to affect positive, global change. By taking this opportunity,
the country could raise its standing on the international stage.
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This paper provides facts and recommendations to inform thinking about how China could
respond to climate risk and approach the low-carbon transition. It covers the following topics:

— Part1presents a global perspective on physical climate risks, and what adaptation and
mitigation measures are needed to shift onto an emissions-reduction trajectory in line
with the Paris Agreement.

— Part 2 gives a brief update on China’s exposure to climate change through three case
studies and its policy responses to date.

— Part 3 sets up recommendations for adaptation and mitigation.

Leading the battle against climate change: Actions for China



Part1

Global perspectives
on climate change
and policy response
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0.7-1.2

billion people will live in
areas with anon-zero
chance of lethal heat waves
by 2050 (not factoring in air
conditioner penetration)

Climate science tells us that a certain amount of warming and buildup of risk is locked in,
because of what has already been emitted. That fact makes it critical to both address the
damage that has already been done and to act today to limit further warming. Climate policy
responses can therefore generally be categorized into adaptation measures (for managing
near-term physical climate risks) and mitigation measures (for lessening greenhouse-gas
emissions eventually reducing them to net zero to reduce future physical climate risk). Both
adaptation and mitigation are necessary to avoid the impacts of climate change.

Physical climate risk

Climate risk and response, published by the McKinsey Global Institute (MGI), the business
and economic research arm of McKinsey & Company, analyzed how climate change’s physical
impacts will manifest across five socioeconomic systems:*

1. Livability and workability. Hazards like heat stress could affect the ability of human
beings to work outdoors or, in extreme cases, could put human lives at risk. Heat reduces
labor capacity because workers must take breaks to avoid heatstroke and because the
body naturally limits its efforts to prevent overexertion. Increased temperatures and
achanging climate could also shift disease vectors and thus affect human health (see
sidebar, “Does climate change increase the likelihood of disease outbreaks?”).

2. Food systems. Food production could be disrupted as drought conditions, extreme
temperatures, or floods affect land and crops. A changing climate could improve in some
areas and degrade food system performance in others while introducing more or less
volatility. In some cases, crop yields may increase; in other cases, changes could exceed
thresholds beyond which some crops fail entirely.

3. Physical assets. Physical assets like buildings could be damaged or destroyed by
extreme precipitation, tidal flooding, forest fires, and other hazards. Hazards could even
materially affect an entire network of assets, such as a city’s central business district.

4. Infrastructure services. Infrastructure assets are a particular type of physical asset that
could be destroyed or disrupted in their functioning, leading to a decline in the service
they provide or arise in the cost of these services. A range of hazards including heat, wind,
and flooding can disrupt infrastructure services. This in turn can affect other sectors that
rely on these infrastructure assets.

5. Natural capital. Climate change is shifting ecosystems and destroying forms of natural
capital such as glaciers, forests, and ocean ecosystems, which provide important services
to human communities. This in turn imperils the human habitat and economic activity.
These impacts, though hard to model, could be nonlinear and—in some cases, such as
glacier melting—irreversible as the temperature rises. For some risks, such as forest fires
and water scarcity, human mismanagement may play a role, but their extent and impact
are multiplied by climate change.

By 2030, all 105 countries examined could experience an increase in at least one major
type of impact out of the above five socioeconomic systems by 2030. By 2050, under an
RCP 8.5 scenario, the number of people living in areas with a non-zero chance of lethal heat
waves would rise from zero in 2019 to between 700 million and 1.2 billion (not factoring in air
conditioner penetration). Financial markets could bring forward risk recognition in affected
regions, with consequences for capital allocation and insurance. Greater understanding

of climate risk could make long-duration borrowing unavailable, affect insurance cost and
availability, and reduce terminal values. This could trigger capital reallocation and asset
repricing.
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Exhibit1
Four types of adaptation measures are needed.

1

Protecting people
and assets

Does climate change increase the likelihood of disease outbreaks?

While there is no proven connection between climate change and the COVID-19
pandemic, there is in general a risk that outbreaks of other diseases could become
more frequent due to climate change, according to researchers at Stanford University
and elsewhere.®

As rising temperatures create more hot, humid climates, more parts of the world will
provide favorable growth environments for vectors, such as mosquitos, ticks, and
flies, that carry such diseases as malaria, Lyme disease, dengue, and West Nile virus.®
Climate change’s effects on food and water security, including heavier rainfall and
flooding, can promote the spread of foodborne and waterborne illnesses, such as
diarrhea.” Perhaps most concerning, thawing permafrost could release microbes and
viruses that have been trapped and preserved for thousands of years.®

Studies on emerging infectious diseases attribute their increase to human activities,
such as climate change and its variability, deforestation and associated biodiversity
loss, and biological invasions.® In Malaysia, massive deforestation has caused fruit
bats to migrate to new areas and food sources, creating conditions for new infectious
contacts. Scientists suspected that this, together with the El Nifio events, has caused
the emergence of the Nipah virus.”

Climate change also increases the risk of natural disasters, which can promote disease
outbreaks. For example, after a cyclone in 2018, cases of cholera jumped from 5 to 138
in Beira, Mozambique."

Adaptation

Our research shows that four types of adaptation measures are needed and that their pace
and scale will likely need to increase significantly (Exhibit 1). The first measure is protecting
people and assets. Examples include increasing emergency preparedness, hardening
infrastructure and assets, and building protective structures like sea walls. The second type
of adaptation measure is building resilience, which involves building excess capacity or
diversifying systems to create redundancy and backup—for example, raising inventory levels
in production systems or building backup power capacity. The third measure is reducing
exposure. It involves limiting exposure of people or assets to areas that are expected to see
hazards become more severe or intense. In some cases, it might be practical to relocate
assets and communities that are too difficult or costly to protect. Last is insurance and
finance. Insurance is a crucial shock absorber to help manage risks, providing system
resilience to recover more quickly from disasters and reduce knock-on effects.

2

Building resilience
— Raiseinventory levels in —

4

Insurance and finance
— Subsidize premiums for

3

Reducing exposure
Relocate assets and

communities that are too
difficult to protect

— Increase emergency
preparedness

production systems

— Build backup power
— Harden infrastructure capacity —

and assets

Redesign physical asset
footprints based on full

— Build protective life cycle

structures like sea walls

vulnerable stakeholders

— Encourage parametrized

insurance and
catastrophe bonds

— Mobilize finance to fund

adaptation measures

Source: McKinsey analysis
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Mitigation

The Paris Agreement, which China signed in 2016, aims to limit global temperature rises to
2°C above preindustrial levels this century and preferably keeping the increase to 1.5°C. The
goal of 1.5°C requires staying within a global “carbon budget” of 570 gigatons (Gt) of CO2
(Exhibit 2).

The climate system includes feedback mechanisms that could cause significant further
warming (Exhibit 3). Examples include the melting of Arctic permafrost, which could release
significant amounts of greenhouse gases; forest dieback that both releases greenhouse
gases and reduces or eliminates major carbon sinks; and losses of global ice cover, which
would cause Earth to reflect less solar energy.

Exhibit 2

The 1.5°C goal requires limiting carbon dioxide emissions to a global “carbon budget” of 570
Gt CO2.

Carbon dioxide emissions, Gt CO2 M Historic emissions M 1.5 °C pathway emissions

50
40 .39 4141494141 o 51-566% in emissions
reduction versus 2010
30
9 Remain within the carbon
20 budget' of 570 Gt CO2
10 © Netzero emissions by 2050
0
o e Methane and Nitrous Oxide
201016 18 21 2030 2050 also steeply mitigated

" B70 Gt of cumulative CO2 emissions from 2018 for a 66% chance of a 1.5 °C increase in Global Mean Surface Temperature (GMST) - Budget is 420 GtCO2 fora1.56°C
increase in Air Temperature

Source: McKinsey 1.6C Scenario Analysis; IPCC, Le Quéré et al. 2018

Exhibit 3
When temperature increases, so do the risks of climate feedbacks. Risk of feedback increases
Low  Medium  High

Global mean temperature increase -

Feedback mechanisms 1°C 2°C 3°C 4°C 5°C 6°C 7°C 8°C

Loss of Arctic summer seaice :

Loss of Alpine glaciers

Collapse of Greenland glacier .

Collapse of West Antarctic ice sheet

Accelerated permafrost melt
Dieback of the Amazon rainforest
Dieback of the boreal forest
Collapse of thermohaline circulation

Collapse of ENSO'Cycle

Collapse of east Antarctic ice sheet
Loss of Arctic winter seaice

Historical global warming from 1880 is already
estimated to be 1.1 °C

" EINifo—Southern Oscillation.

Source: Shellnhuber, J. “Why the right goal was agreed to in Paris.” Nature Climate Change. (2016); Steffen, W. et al. “Trajectories of the Earth system in the
Anthropocene.” Proceedings of the National Academy of Science. (2018); Lenton T. et al. “Tipping elements in the Earth’s climate system.” Proceedings of the National
Academy of Science. (2008). Lenton, T. “Arctic climate tipping points.” Ambio. (2012); Chadburn, S.E et al. “An observation-based constraint on permafrost loss as a
function of global warming.” Nature Climate Change. (2017). DeConto, R. & Pollard, D. “Contribution of Antarctica to past and future sea-level rise.” Nature. (2016).
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Latest McKinsey research explores the math behind three technically achievable global
scenarios for achieving decarbonization in line with a 1.5°C warming target (Exhibit 4)." All

the scenarios, we found, would imply immediate, all-hands-on-deck efforts to dramatically
reduce greenhouse-gas (GHG) emissions. The first scenario frames deep, sweeping
emissions reductions across all sectors. Another scenario assumes oil and other fossil fuels
remain predominant in transport for some time, with aggressive reforestation absorbing the
surplus emissions. The third scenario assumes that coal and gas continue to generate power
for longer than the first scenario, with even more vigorous reforestation making up the deficit.

In all scenarios, drastic reduction in global coal-powered electricity generation, by 70 to 80
percent of current levels, is necessary to achieve nearly carbon-free power systems by 2030,
which then support decarbonization of other sectors through electrification. In parallel, the
use of carbon-capture technologies would need to scale up by more than 50 times from
today’s level. Given that China accounts for around 45 percent of the world’s coal-powered
electricity generation, the country has a huge role in decarbonizing the global power system.

Leading the battle against climate change: Actions for China



Exhibit 4

Three challenging — yet possible — decarbonization scenarios could limit global temperatures

below 1.5 °C.
2030
2016 Scenario A Scenario B Scenario C

Carbon dioxide emissions 13
GtCO2 1 *
® Power 1 \‘\

Industry 0 \\\
® Transport ° \\

Avoided deforestation j *~. - \‘\

® Buildings

® Agriculture 5 \
\

® Carbon dioxide removal 4 . /

3 » o

© S ~a

Q B = B =~ -~ el . &

1 - ——___

0 . __ -

1 N - S -

0 - ®- -®
Decarbonization pace
Coal generation 9,685 2,100 2,100 3,200
TWh/year L] [ | ] [ | ] [ [ ]| [

[ [ []
XxEVs sales! <1 54 49 54
% of total sales | [ [ [ [ ]| [ | [ | | [ [ [ [ ]|
| |
Captured CO2 via CCUS 33 1,700 1,700 1,300
MtCO2/year | [ [ [ [ [ [ [ [ ]| [ [ ] [ [ ]
[ || [ | | [ |

Net deforested land 14 3 1 1
Mha/year [ [ ]| 1 | I
Additional land reforested for 0 il 14 13
carbon dioxide removal ..I ... .-.

Mha/year

' Includes sales of BE Vs, FCEVs, PHEVs, and HEVs

Source: Global Energy Perspective — Reference Case 2019; McKinsey 1.6C Scenario Analysis

Leading the battle against climate change: Actions for China



Part2

a’s climate

in
exposure and policy

response to date

Ch

©
£
L
(S)
%
o
S
(2]
c
S
2
Q
<
[}
o
c
(]
K=
(3]
[}
2
©
£
d
3
0
£
(]
(2]
©
o
=
=
©
e)
Q
e
S
(2]
-
T
(]
Q
-




10-45

million people could be
affected by extreme heat
and lethal heat waves

in China by 2030

Due to a changing climate, China is expected to continue becoming warmer and wetter. This

could mean more, and worse, physical climate hazards such as storms and floods. Thisis the
conclusion from our analysis of how climate risk in China would evolve in a higher-emissions,

lower-mitigation scenario.

China’s physical climate risk

Climate change is already affecting China. China’s Third National Assessment Report

on Climate Change, ®led by China’s Ministry of Science and Technology, the China
Meteorological Administration, Chinese Academy of Sciences and Chinese Academy of
Engineering, found that the average temperatures in China have increased up to 1.5°C since
1909, higher than global averages. Sea levels off eastern China rose 93 millimeters between
1980 and 2012, while glaciers shrank 10% between 1970s and early 2000s.

Because Chinais such a big country, though, there are and will be regional variations. Climate
scientists typically divide Chinainto seven regions. By 2050, climate change is expected to
have distinct effects on each (Exhibit 5). Some areas are expected to become wetter, others
to become drier, and many to get hotter. (In the appendix, three case studies explore how
climate risks could evolve in China in a higher-emissions, lower-mitigation scenario through
three case studies.)

Specifically, summer in China will likely last longer and feature more very hot days. A larger
share of the population could be living in areas with some annual probability of lethal heat
waves." Under those conditions, China would see lower labor productivity and a reduction in
the effective number of hours that people can work outdoors. By 2030, the threats of extreme
heat and lethal heat waves could affect 10 million to 45 million people. The average share

of outdoor working hours lost each year to extreme heat and humidity would increase from
4.0 percent today to as much as 6.5 percent in 2030 and 9.0 percentin 2060—equivalent

to $1trillion to 1.5 trillion in GDP at risk in an average year. East China is expected to have the
highest probability of lethal heatwaves, and a relatively large decrease in outdoor working
hours (see Appendix: case study 1).

In addition, China is forecast to face a higher likelihood of extreme rainfall, which would
increase the share of its capital stock that is at risk of riverine flood damage.”® The number of
people affected by riverine flooding each year is expected to grow from 67.5 million in 2020
to around 83 million in 2050. Statistically, expected average annual losses from both riverine
and flash flooding could increase from $35 billion today to $51 billion in 2050."” Northwest
China will have the highest flood risk of any region (see Appendix: case study 2).

There would be a slight increase in the share of time spent in drought over a decade and some
decrease in the risk of water stress.' China could see statistically expected yields increase
about 2 percent overall by 2050 relative to a1998—-2017 baseline, with some regional
variations, including potential yield decreases (see Appendix: case study 3).
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Exhibitb
Climate hazards are projected to intensify in China.

Based on RCP 8.5

Seven climate regions of China

Central
China
Heilongjiang Beijing Gansu Chongging Henan Anhui Guangdong
Jilin Hebei Ningxia Guizhou Hubei Fujian Guangxi
Liaoning Inner Qinghai Sichuan Hunan Jiangsu Hainan
Mongolia Shaanxi Tibet Jiangxi Hong Kong
Shanxi Xinjiang Yunnan Shandong Macau
Tianjin Shanghai
Taiwan
Zhejiang
2020 2030 2050

Drought frequency?
% of decade in drought

21-40 MW 41-60 M 61-80 W >80

% @é
Lethal heat wave )

probability,® % p.a. <2 3-b 6-10 11-15 M 16-30 M 31-45 MW46-60 M >60

The boundaries and names shown on this map do not imply official endorsement or acceptance by McKinsey & Company.

" Time periods typically refer to 20-year periods. For 2020, we typically use the period 1998-2017, for 2030, we use 2020-2040, and for 2050, we use 2040-2060.

2 Measured using a 3-month rolling average. Drought is defined as a rolling 3-month period with Average Palmer Drought Severity Index (PDSI). PDSI is a temperature
and precipitation-based drought index calculated based on deviation from historical mean. Values generally range from +4 (extremely wet) to —4 (extremely dry).

8 Alethal heat wave is defined as a 3-day period with maximum daily wet-bulb temperatures exceeding 34 °C wet-bulb, where wet-bulb temperature is defined as
the lowest temperature to which a parcel of air can be cooled by evaporation at constant pressure. This threshold was chosen because the commonly defined heat
threshold for human survivability is 35 °C wet-bulb, and large cities with significant urban-heat-island effects could push 34 °C wet-bulb heat waves over the 35 °C
threshold. Under these conditions, a healthy, well-hydrated human being resting in the shade would see core body temperatures rise to lethal levels after roughly
4-5 hours of exposure. These projections are subject to uncertainty related to the future behavior of atmospheric aerosols and urban-heat-island or cooling-island

effects.

Source: Woods Hole Research Center; World Resources Institute Water Risk Atlas (2018); World Resources Institute Flood Risk Analyzer; McKinsey Global Institute
analysis
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2020 2030 2050

Extreme precipitation
Change of likelihood
compared to 1950—-81
of an1950—-8150-year
precipitation event <X 7 1-2x W 2-3x B 3-4x W >4x

Increase in average

annual temperature
Shift compared to 0-0.5 11-15 [ 21-25 MW 31-35 W41-45 MbHi1-55 M61-65 H>70

preindustrial climate °C 0.6-1.0 16-2.0 M 26-3.0 M3.6-40 WM46-50 WM56-6.0 W6.6-70

v

Water supply

Change in surface water
compared with 2018 (%).
Boundaries on the map
represent water basins

M 20-40% Near [ 20-40% M 41-70% M >70%
decrease normal increase increase increase

2020' 2040

Hurricane (precipitation)
Change of likelihood
compared with 1981-2000
of a1981-2000 100-year
hurricane <1.00x 1.01-1.26x M 1.26-176x M 176-2.25x M 2.26-3.00x M >3.00x

- W

The boundaries and names shown on this map do not imply official endorsement or acceptance by McKinsey & Company.
" Time periods typically refer to 20-year periods. For 2020, we typically use the period 1998-2017, for 2030, we use 2020-2040, and for 2050, we use 2040-2060.

Source: Woods Hole Research Center; World Resources Institute Water Risk Atlas (2018); World Resources Institute Flood Risk Analyzer; McKinsey Global Institute
analysis
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China’s policy response to date

China’s adaptation measures are crucial for managing its own risks. But China also has the
scale and influence to move the needle on global GHG emissions and to help lead the world
toward a more stable climate. In important ways, it has already started to do so (Exhibit 6).

On adaptation, having released its National Strategy for Climate Change Adaptation in 2013,
China has spent RMB 3.9 trillion on adaptation measures during the 12th five-year plan period
(2011-15),”° equivalent to 1 percent of GDP in 2015.

On mitigation, China has taken many steps toward decarbonization and greening the
economy. China has led global investment in renewable energy for seven consecutive years;?°
it has a larger electric-vehicle (EV) market than Europe and the United States combined.?' By
promoting a technological “energy revolution,” developing renewable energy, and reforming
energy markets, energy-intensive sectors like mining and textile manufacturing have
markedly increased their efficiency.

Internationally, China has made important commitments. It co-convened the Global
Commission on Adaptation in 2018, which defined eight areas for adaptation solutions, and
began its Year of Action in 2019 to advance these solutions worldwide.?? And when it signed
the Paris Agreement in 2016, China pledged to help mitigate future climate risks.

Exhibit 6

China has taken important steps to address climate change.

2013

Release of the National Strategy
for Climate Change Adaptation

Publication of the Air Pollution
Control Action Plan; this banned the
construction of new coal-fired power
plants in various coastal provinces

2016

China pledged $5.1 billion to assist
developing countries in addressing
climate change and development
problems

China signed the Paris climate accords,
in which countries agreed to work to
limit global temperature rises to 2 °C

2014

Release of the National Plan on Climate
Change (2014—-20). This set the target
of 700 GW in renewable power by 2020

2017

The share of nonfossil fuels in China’s
primary energy consumption rose from
12% t0 14.3%

Chinainvested $126.6 billion in
renewable energy

2015

Inits Intended Nationally Determined
Contribution (INDC), China pledged
to bring carbon emissions to a peak
by 2030 and increase the share of
nonfossil-energy carriers of the total
primary energy supply to around 20%

2018

Chinaannounced it had reduced its
carbon intensity 45.8% from 2005
levels, 2 years ahead of its target

Source: Press search
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Nevertheless, China still accounts for around 20 percent of global emissions, with net
emissions of 16 gigatons (Gt) of CO2 equivalents (Exhibit 7).22 On a per capita basis, though,
China’s CO2 emission is less than half of that of United States or Canada®. Coal accounted
for about 70 percent of China’s 2018 total electricity generation, and China increased its
coal-fired power capacity 42.9 gigawatts in the 18 months to June 2019, outstripping closures
of coal-fired power plants in the rest of the world.?® In addition, methane (CH4), a powerful
greenhouse gas, contributes approximately 30 percent of China’s net emissions, mostly from
the fossil-fuel value chain, including coal mining, and from food and agriculture (beef and rice).

Exhibit 7
China’s greenhouse-gas (GHG) emissions reached 16 gigatons of CO2 equivalents.
CO2 makes up for over 60% of total emissions and CH4 adds another third

China’s GHG emissions, 2016, by type of gas and sector, gigatons (Gt) W CO2 [ Carbon dioxide removal’ [l CH4 M Other GHGs

4.0 0.9 0.6 81

17 0.8
[0)
6% <
2%

I (-3%)

Power Transport Buildings Industry Agriculture Others
(25%0) (6%) (4%) (50%) (10%) (5%)

CO2 CH4 Oth
(carbon dioxide) 62% (methane) 30% GH(:: 8%

" 0.2Gt of net negative emissions includes 0.3Gt of negative emissions from LULUCF and 0.1Gt from other sources (waste, and others).
NB: In addition to energy-related CO2 emissions, emissions from process (eg, from cement production), deforestation, agriculture, waste, and negative emissions are
included. Conversely, emissions from biotic feedbacks are not included (eg, permafrost thawing, wildfires).

NB2: Does not include perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).

Source: FAO; EDGAR; Global Energy Perspective — Reference Case 2019; McKinsey 1.5C Scenario Analysis
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‘44343’ climate
response for China




China’s initiatives are admirable and, in the automotive sector and some others, industry-
leading. Nevertheless, given its scale and influence, it can do more. Bold climate leadership
could help both China’s economy and its environment, and enhance its global role. China
could adopt a ‘4+3+3’ climate response centered on mitigation, adapting the country to
climate risks and supporting global sustainable economic development (Exhibit 8).

Exhibit 8
China could adopt a 4+3+3’ climate response.

Mitigation: Help with Support sustainable economic
decarbonization development globally

— Reduce demand through — Develop, scale and export
efficiency, optimization, and climate solutions

AT — Mobilize capital for green

Change the power and fuel mix projects globally

Scale up a carbon- — Support global climate
management industry collaboration

Lower methane and nitrous
oxide emissions

Source: McKinsey analysis

Mitigation: four ways to help
with decarbonization

McKinsey has identified four broad categories of requirements, that, if met, have the potential
to decarbonize the global economy and thus stabilize the climate. The requirements could be
broken down and cascaded into a standard set of sustainability indicators. This could enable
Chinese state-owned enterprises and businesses to start incorporating sustainability into
their strategic agenda.

Reduce demand through efficiency, optimization, and circularity

There are four categories of demand-side measures that can significantly reduce emissions,
including:

a. Energy-efficiency improvements. China could be the pacesetter and propose new
energy efficiency industry standards in appliances, lighting, electrical equipment and
building codes. Take the transportation industry as an example—China could standardize
truck tire designs, ship propulsion and hull shape, and aircraft drag to increase the thermal
efficiency of internal-combustion engines and to improve aerodynamics. Doing so can
lower fossil fuel consumption per kilometer.
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b. Process optimization. Switching to the best available technologies could reduce energy
use, such as dry cement kilns or naphtha catalytic cracking for monomer production in
plastics. China should have a clear policy roadmap to incentivize adoption of low-carbon
technologies through subsidies, push for economies of scale to drive down costs, and
eventually transit to market-based mechanism to expand them at scale. Meanwhile, data
analytics could help the transport sector to improve logistics and operational efficiency
through, for example, better air traffic management or reduced movement of underutilized
trucks and ships. China has lots of expertise in customer-based logistics optimization,
such as using digital truck brokers to match outbound and inbound logistics demands.
These technologies could be expanded beyond trucking. It could also further improve its
algorithms to achieve higher efficiency.

c. Circular economy measures. Circular economy aims to design out waste, keep products
in use and regenerate natural systems. According to Ellen MacArthur Foundation, it could
lower China’s cost of access to goods and services and save approximately 5.1 trillion USD
in 2030, equivalent to 14 percent of China’s projected GDP in 2030.26 The government
plays a key role. Public funding could be used to accelerate the scaling of circular business
solutions, such as including relevant criteria in public procurement tenders. Cities should
ensure relevant infrastructure—like waste collection systems, treatment and recycling
facilities, material banks—is in place to ensure effective recirculation of materials.?”
Furthermore, business practices could be redesigned with circular economy in mind, such
as better plastic packaging design to reduce demand for virgin plastics and oil, and scrap
steel to bypass the carbon-intensity of processing of iron ore.

d. Shiftin consumer patterns. The coronavirus pandemic has accelerated many climate-
friendly adjustments. Widespread usage of remote communication systems has replaced
in-person meetings during the lockdown. In China and rest of the world, the governments
could take the lead to encourage these solutions to endure even after the pandemic.
Teleworking, reducing long-distance business trips, and switching air travel to high-speed
rail travel could help reduce transportation demand and emissions.

Cutting across these measures is the importance of individual behavior. Consumers can use
lower-carbon options to travel—train instead of car, rail instead of plane; reduce food waste;
less beef and lamb; and opt for environmentally friendly goods, such as EVs, all while reusing
and recycling.

Mobilizing the consumer requires raising public awareness of climate change and educating
the next generation. This is beginning to happen. Starting in September 2020, the Italian
government will require all public schools to administer 33 hours of teaching per year to
children in every grade on the topic of climate change and environmental sustainability.?®

In the United States, California has collaborated with Ten Strands, an educational
nongovernmental organization, to provide an environmental curriculum to all K-12 students.®

China’s Ministry of Education could incorporate sustainability-related topics into the
curriculum and in relevant subjects in the National College Entrance Examination.
Community-based initiatives, such as the existing China Youth Climate-Action Network
(CYAN), also can help promote sustainable behavior.

Change the power and fuel mix

Power and transportation account for about a third of China’s GHG emissions. China cannot
decarbonize, then, without massive change in these sectors.

a. Deploy more renewables. Chinais the world leader in solar and wind capacity. That
represents tremendous progress. However, the scale of its needs will require that much
more be done to reduce power-sector emissions.

Coal stillaccounts for nearly 70 percent of China’s power generation.®® China must scale
up its efforts to retire inefficient coal plants and replace them with renewables, or the
world will be unable to meet its climate commitments. As Jiang Kejun, a senior researcher
from NDRC Energy Research Institute, said, “Phasing out coal-fired power generation

is not as hard as we thought, and it is actually totally doable.”®' His research identified 18
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million tons of hydrogen
was produced in China
in 2017, but vast majority
was “grey hydrogen”

percent of China’s coal plants, accounting for 10 percent of China’s capacity and mostly
located in northern or northeastern China, are suitable for near-term retirement, based on
their technical attributes, profitability, and environmental impact.®?

China could consider a methodical and measured approach to reform its downstream
coal industries. It would need to balance regional economic development needs, national
energy supply security and environmental impact. Coal-based production is unlikely to
be profitable in a future where crude price remains low in a prolonged period of time.
Without appropriate reform, there could be significant financial and economical risks to
the industry and the region.

Electrify transport, building and industry. China’s EV fleet is the biggest in the world,
but it still represents only about 2 percent of the vehicles on the road. Large cities account
for most of the sales.® China should push to accelerate the sales of EVs. Exhibit 3 shows
that xEV sales (including BEVs, FCEVs, PHEVs, and HEVs) would need to be around half of
total vehicle sales in 2030, to achieve decarbonization in line with a 1.5°C warming target.
To maintain and grow its leadership in this sector, China could be more ambitious and aim
to have almost all new car sales in xEV by 2030. This is critical, as a 1.5C pathway implies
that by 2030, the majority of vehicle sales globally would need to be electric, including
battery, fuel-cell, and hybrid vehicles. Electrification also needs to go beyond vehicles.
China could support buildings’ energy needs with electricity (or even better, renewables
through installing solar panels on rooftops) instead of fossil fuels. Electrifying industrial
processes, such as heating, could further eliminate direct fossil fuel use.

Expand the use of biomass, biofuels, and bioenergy. In some sectors, such as aviation,
it will be difficult to move away from liquid hydrocarbon fuels. China can take action to
scale production of sustainable aviation fuel (SAF) in two ways. First, build new or convert
existing refineries to bio-refineries. SAF production based on hydrogenated vegetable
oils, esters, and fatty acids can be scaled up to partially replace fossil kerosene jet fuel.
(Note that the source of the feedstock for biofuels is important, to avoid the unintended
consequence of deforestation.) Supporting policy via a fuel tax or direct subsidy could
encourage SAF adoption. Second, support development of next-generation biofuels.
Other biofuel production pathways, such as bioethanol to jet fuel, biomass gasification,
and power-to-liquids, are in their infancy. China can support these emerging technologies
by funding basic research and start-up phases.

. Grow the hydrogen market. Hydrogen is an inexhaustible energy carrier that can

generate heat and electricity with water vapor as the only by-product. Versatile, clean,
and safe, it can decarbonize sectors such as long-distance transportation, industrial
energy, and building heat and power. It could also complement the use of wind and solar
resources, which are intermittent; since hydrogen can be stored, it makes the grid more
flexible. Estimates suggest that hydrogen could in theory meet 18 percent of the world’s
final energy demand in 2050, thereby reducing annual CO2 emissions by about 6 Gt
compared with today’s technology.34

To build a hydrogen ecosystem in China, it is important to clean up hydrogen production. In
2017, China produced about 21 million tons of hydrogen (one-third of global production).3®
The vast majority was “gray hydrogen,” meaning that it was produced from fossil fuels, a
process that emits CO2. To support decarbonization, hydrogen production would need to
be done differently. “Blue hydrogen” is an option; this uses existing processes but adds
carbon capture. “Green hydrogen” is, via electrolysis, using renewable power sources. The
cost of green hydrogen is still high but coming down quickly, due to cheaper renewables
and electrolyzers.

Government support is crucial to begin the transition to blue and green hydrogen. For
example, expanding China’s emission-trading system to cover industrial production
would encourage a shift from gray hydrogen. Nonfinancial measures could be effective—
for example, working with industry leaders to set targets for low-carbon hydrogen
production. These would help acknowledge the important of hydrogen and scale it up as
an attractive alternative for industrial heating. This could offer dramatic decarbonization
opportunities for industries like steel, aluminum and cement.
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For hydrogen to gain widespread use, China must also rapidly expand its distribution
network, including pipes and filling stations for fuel-cell-powered vehicles (FCEVs). The
China Hydrogen Alliance expects that only 100 refueling stations will be installed by the
end of 2020—not many, considering China’s vast size.3¢

Hydrogen production and distribution infrastructure, funded by a combination of public
and private sources, should be constructed regionally, based in clusters instead of
centrally, considering the need for extensive pipes to distribute hydrogen. Provincial
governments could work together to map out hydrogen supply locations and pipe systems
and build control centers to oversee production and develop common standards. The
central government can help facilitate these efforts among provincial governments, such
as by standardizing fueling nozzles.

Scale up a carbon-management industry

a. Expand CCUS. At the moment, CCUS is costly and limited; storage and transport
infrastructure are limited. Through rapid iteration and testing of carbon capture at
industrial sites and coal plants, China could become a CCUS leader.

CCUS retrofits can prevent more than 90 percent of CO2 emissions from entering the
atmosphere; the collected gas must then be sequestered or put to productive use. If CCUS
is to make a difference, the next few years will be a critical time to improve the technology,
build supporting infrastructure, and lower costs. Ultimately, power plants with CCUS could
be combined with bioenergy, resulting in negative-emissions power generation. Several
CCUS projects are in place in China, but these efforts are tiny relative to the scale of the
need. Moreover, regulatory uncertainty and high costs have limited CCUS development, in
China and elsewhere.®”

On the policy side, China’s existing CCUS regulatory framework is insufficient to support
this ambition®®. There is no legislation related to CCUS in China (only guidelines and
outlines), resulting in a lack of legal responsibility. Most policies concentrate on the
storage component of CCUS and neglect the capture and transportation components.
Also, the approval process is complex, because CCUS is an integrated technology

and does not fit into the management of one department. China could prioritize CCUS
legislation, to cover the entire spectrum of CCUS and simplify its approval process to
encourage larger-scale deployment.

High capital costs are the biggest barrier. Without a direct tax stimulus policy or other
support, it is difficult for CCUS projects to be economically feasible. China could set
up specific funding to boost research and deployment or target subsidies to electricity
produced via CCUS plants. Once China achieves economies of scale, these financial
supports could be cut back.

b. Stop deforestation and supportreforestation. Deforestation is a significant challenge
globally, but itis comparatively less serious in China, thanks to logging bans and
monitoring programs. China’s forest cover increased by more than 46,000 square miles
between 2000 and 2010.%° On one hand, China could play a critical role in ending global
deforestation. Brazil and Democratic Republic of Congo are the top two countries losing
the most tropical primary rainforest in 2018.%° They also happen to be the top destinations
for China’s FDI'in Latin America and Africa respectively, accounting for 55 billion and 12
billion USD from 2005-2017.4 China could leverage its relationships and influence in
current deforestation hot spots. On the other hand, there is great opportunity for China
to export its afforestation expertise. China has successfully turned one-third, or 6,000
square kilometers, of Inner Mongolia’s Kubugi desert green. The project is now estimated
to be worth $1.8 billion USD over 50 years.*? Teams from Saudi Arabia and Pakistan were
also attracted to study China’s desert greening techniques. These expertise could help
support afforestation efforts globally.
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of agriculture emissions
could be saved by Chinese
farmers, if they were to apply
nitrogen fertilizer at the same
level as farmers in the US

Lower methane and nitrous-oxide emissions

Methane (CH4) and nitrous oxide (N20) are greenhouse gases that make the second- and
third-greatest contribution to climate change, respectively. Methane has a particularly acute
impact in the near term, and in a1.5°C scenario, it would need to fall globally approximately
35 percent by 2030 and 65 percent by 2050.4 Methane has a much shorter lifetime in the
atmosphere than CO2, but is a far more potent greenhouse gas. Reducing its emissions, then
can play a disproportionate role in limiting near-term temperature increases and reducing the
risk of irreversible climate feedbacks or tipping points.

a. Reform agricultural and food systems. Globally over a 20-year time frame, agriculture,
forestry and land-use change account for approximately 27 percent of global GHG
emissions,* almost as much as industry. Since 2000, China’s agriculture production
emissions have increased 16 percent; it is now the largest agriculture emitter in the
world.*® Doing better will require changes in production and consumption systems.
McKinsey has identified 256 GHG-efficient farming technologies and practices.*® Two are
particularly relevant for China.

First, improve fertilization practices in rice cultivation. China’s rice-based diet means

it accounts for 29 percent of global rice consumption*” and 28 percent of production.
Flooded rice paddies provide ideal conditions to produce methane.*® Improved fertilization
practices in rice cultivation,*® better rice-paddy water management, and expanded
adoption of dry direct seeding could reduce methane emissions in the sector by about

40 percent. Encouraging shifts to these practices, through subsidies on equipment or
penalties on methane emissions, could mean a huge deal to China and the world.

Second, reduce the use of nitrogen fertilizers. Chinese farmers use an average of 305
kilograms of nitrogen per hectare per year—more than four times the global average.®®
What makes dealing with this difficult is that 99 percent of Chinese farms are smaller than
five hectares, a much higher percentage than in the rest of Asia or Europe.® To change
Chinese farmers’ behavior will require engaging them individually. Nevertheless, this can
be done and will prove worthwhile. Applying nitrogen to levels seen in the United States
could cut agriculture emissions 24 percent and save farmers $22 per hectare. Yields could
also improve. The government can further expand its organic fertilizer subsidy scheme,??
thereby encouraging farmers to replace or scale back traditional nitrogen fertilizers.

The other side of the good equation is to consider food consumption. China could become
competitive in the emerging alternative-proteins industry and begin to shift consumption
toward cleaner and healthier foods. Ruminant animal protein, like beef and lamb, produces
pre-farm gate emissions at levels that are about ten times as much as poultry or fish. In
general, Chinais expected to consume more meat over the next decade. By 2028, per
capita beef consumption is expected to be 4.1 kilograms per capita, making China the
second-largest beef market, after the United States.®® Because beef consumption in
Chinais much less than that of other markets on a per capita basis, it will be easier to
educate and shape consumption behaviors now and limit the rise in demand for beef
before new habits are formed.

b. Eliminate fugitive methane emission. About a third of China’s fugitive emissions is
generated through its coal sector,® further supporting the case for reducing its use. There
is also an opportunity to reduce fugitive methane in the oil-and-gas industry, where most
actions are profitable and relatively easy. This includes substituting Kimray pumps with
electric pumps and detecting and repairing small distributed leaks.
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Adaptation: three ways to put
resiliency at the core of city
planning and infrastructure

The coronavirus pandemic highlights the important need for resiliency—the ability to absorb
a shock. Both pandemics and climate risks represent physical shock, which translate into

an array of socio-economic impact. As countries restart the economy to save lives and
livelihoods in a post-coronavirus world, it is also critical to build a much greater economic and
environmental resiliency as part of the recovery ahead. As we discussed previously, climate
hazards are likely to grow in frequency and intensity, given the “locked in” global warming
from past emissions. China needs to limit its risk and safeguard vulnerable populations. Doing
so will require the concept of environmental resiliency to be at the core of city planning and
infrastructure projects. This principle and the following suggestions can also be applied to
agricultural and natural systems.

Develop resiliency planning expertise

To make Chinese cities resilient, officials need to factor in physical risk into their policies,
strategies, and operations across all departments—housing, transportation, water, sewers,
and so on. This will require embedding a focus on resiliency at the heart of city planning. Cities
will need to systematically assess their exposure to physical climate risk. Systems might need
to be redesigned to strengthen protection—for example, building defenses like sea walls or
elevating buildings, decentralizing power systems and water grids, and driving up insurance
penetration as a shock absorber to transfer risks and offer timely relief support.

The resiliency mind-set must be at the heart of city planning. There are efforts to promote

this idea. The Rockefeller Foundation’s 100 Resilient Cities initiative, which ran from 2013 to
2019, provided cities with capacity building, funding, and technical support to assess and plan
for awide range of risks, including those related to climate.®® Two Chinese cities, Huangshi
and Deyang, participated in the 100RC initiative and have developed their physical resilience
strategies accordingly. Meanwhile, a number of cities, including Cape Town, Chicago, London,
New York, and Rotterdam, have created resilience strategies. For example, the Lower
Manhattan Coastal Resiliency (LMCR) project aims to reduce flood risk from storm surges and
sea-level rises through 2100.%¢

China’s NDRC could play arole in creating a resilience playbook to help cities measure their
climate resiliency and to identify areas of particular urgency. The tool kit could help cities
define resiliency initiatives and create a network of experts. To help with implementation,
NDRC could provide technical support and help build local government capabilities. NDRC
could also coordinate with the Ministry of Housing and Urban-Rural Development and the
Ministry of Ecology and Environment to identify cities, to pilot specific programs and convene
aresiliency council to support their work.

Update planning and risk assessment models for resiliency

Infrastructure projects need to take the changing climate into account, managing for risk over
the lifetime of the asset. That means building for resiliency from the start, so that the asset
does not break down or get disrupted if disaster strikes or conditions change. In the long run,
prevention is cheaper than repairing the damage after a major event.5” Every dollar invested in
building resilient infrastructure saves an estimated $6 in future costs.®®

One approach is to include probabilistic forward-looking modeling of physical-climate impact
assessment in all infrastructure projects. This would enable planners to design for resiliency.
For example, South Africa conducted a climate risk assessment when it began planning the
expansion of the Port of Durban. As a result of this work, planners made the port higher to
cope with the possibility of rising sea levels and developed a plan to deal with heavier rainfall
and winds.®®
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Climate risk assessments need to evaluate what effects acute hazards like flooding could
have on infrastructure assets and also on the possible effects of chronic hazards like rising
heat (for example, reduced efficiency of power transformers and the grid). Once such
assessments are done, there are many ways to respond, such as reinforcing or elevating
structures, erecting physical barriers, increasing backup capacity, and relocating assets to
less vulnerable areas.

China already requires environmental-impact assessments (EIAs) for new infrastructure
projects. These focus on water, air, noise, and wastes; there is no requirement to track GHG
emissions or to assess resiliency. China could revise its EIA regulations and bring them up to
the highest international standards. For example, EU regulations assess both the project’s
likely impact on climate change and the attendant climate risks a project could be exposed to;
the EIA can order that projects be modified to be more resilient.°

Given the complexity of climate risk assessments, it might make sense for China to start
with pilot projects in regions facing the highest level of climate risk. That would allow locall
governments to learn from experience and to figure out what capabilities, such as data
collection and risk modeling, they need to develop.®’

Existing infrastructure stock also is important and needs to be hardened against climate risks.
China should conduct a careful assessment of the key risks facing existing infrastructure.
Then it could implement relevant hardening policies, with careful consideration of what
measures to undertake and when, based on asset turnover and maintenance cycles.

Promote financial innovation to better manage risk

As Chinese cities prepare for resilience, insurance protection needs to be part of their
planning. Extreme weather events are economically costly and socially destabilizing. Counting
on the sovereign to backstop all risks is not sustainable — increasing physical climate risks
means that total potential risks could be even larger than the Chinese GDP.

Instead of relying on post-disaster government relief, there is an opportunity to transfer some
of this risk exposure to insurance. Climate risk insurance could be helpful in several ways. It
creates cash flow for people who need it, while protecting government finances. It can also
help governments plan for unexpected hazards. Finally, it might encourage the construction
of more resilient projects: better-protected assets require a lower insurance premium.5? In
developing climate risk insurance, public authorities and the insurance industry would have to
make sure the right regulatory and financial framework is in place.

Protection could come in three levels: micro (individuals and businesses); regional
(municipalities and provinces); and sovereign. A wide variety of investment structures could
be developed, including traditional loss-based insurance but also catastrophe bonds or
weather derivatives, which transfer the risk to institutional investors on the financial markets.
The value of these alternative solutions is determined by a weather index, like temperature,
windspeed, rainfall or snowfall. Given these complexities, expertise and systematic effort
from government, regulators, and the private sector both within China and internationally.
Access to global insurance markets is crucial in order to diversify risks.

China has along way to go in this regard.®® Take agriculture insurance. Penetration (premiums
as percentage of agricultural GDP) is only 30 percent of the global level, while coverage
(insurance amount over total value of assets) is only half of that of the United States.®* Overall,
while it has been growing, China’s insurance penetration is only 4 percent, half the global
average,®® and natural-catastrophe coverage is underdeveloped.

Leading the battle against climate change: Actions for China 29



30

Support sustainable economic
development globally

In addition to decarbonizing and adapting at home, China can support sustainable economic
development globally. By developing low-emissions solutions, mobilizing capital flows for
green projects, and supporting international climate collaboration China’s actions at home
can have a global impact.

Develop, scale, and transfer low-emissions solutions globally

As the world seeks to move toward a low-carbon economy, demands for related exports and
technologies could increase dramatically. China already leads the world market for solar
photovoltaic (PV) panels and is seeing growing demand for wind turbines, batteries, and
electric vehicles. China should look ahead and align its technology investments to what the
world will want next. Specifically, China could see investment opportunities for the following
products and services to address the global need for climate solutions:

— Alternative proteins and other solutions to reduce methane emissions from livestock

— Electrolyzers, fuel cells, and the supporting infrastructure and components that will be
crucial for sustainable hydrogen production

— Carbon capture, use, and storage (CCUS), which will be needed for decarbonization of
industry

— Sustainable aviation fuels, likely derived from organic waste or bioenergy initially

— Batteries and electricity storage technology, building upon China’s expertise in electric
vehicles

These technologies are for the most part also critical for China’s own mitigation responses.
By deploying them domestically China can reduce their economic risk and support other
countries that are seeking to reduce emissions of their imports and companies seeking to
reduce emissions in their value chains (known as Scope 3 emissions).

As it develops low-carbon technologies China should aspire to be more than a manufacturer.
China should actively support the adoption of low-carbon technologies by providing
financial and technological support to overseas customers. Doing so would support both the
development of global scale for Chinese corporations and the accelerated achievement of
mitigation goals.

Mobilize capital for green projects

In both inbound and outbound foreign direct investment, China ranks second globally.®® That
makes it a major player. It could use its influence to encourage investment in adaptation and
mitigation projects.

Chinais well placed to prioritize cross-border green projects; to mobilize investment into
green finance; and to encourage other countries to consider the climate impacts of their
own infrastructure. China could consider including stricter, legally-binding environmental
requirements into cross-border deal terms. It could also revise the Ministry of Commerce’s
list of “encouraged sectors and negative list”. Explicitly including green sectors, such as
renewable energy, and excluding activities like coal production would send a much stronger
signal to host countries to step up their green game.

Support international climate collaboration

Dealing with climate change is the challenge of the 2020s. It requires a rapid transition in all
sectors, everywhere, at a time when global political leadership is in flux. For China, this is an
opportunity to carve out a new role. China could make bigger and bolder commitments, to
demonstrate its commitment to the transition to a low-carbon world. That would be good in
and of itself; it might also inspire others to follow suit. Leading global climate initiatives could
take many forms.
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First, China could support international discussions to set standards on effective carbon
mechanism and pricing. China, together with rest of world, could rethink the optimal
international carbon mechanism, be it an emission trading scheme or a carbon tax system.

If the cost of carbon reduction in China is lower than that of the developed world, a global
carbon pricing scheme could be beneficial. This means that China’s carbon price likely needs
to go up.f” It also means that China would need to consider expanding its scheme to more
sectors and provinces, while exploring the potential of a “tax neutral” scheme — a carbon tax
to replace same existing taxation, so net tax could be lower if businesses manage to reduce
emissions.

Second, China could shape development financing and help support a low-carbon future
globally. It could drive collaboration among multilateral development banks through the

Asian Infrastructure Investment Bank (AlIB). It could also actively look into leadership

roles through the World Bank and other development banks. Aiming to be “lean, clean and
green”, one of AlIB’s goal is to invest in sustainable infrastructure and help develop a green
economy.’® Development banks can jointly review and define more stringent standards based
on Paris Agreement, then reform and implement their energy, transport and sustainable city
investment strategies.

Third, China could expand its involvement in international trade groups to elevate the climate
agenda within sectors. Many have called on businesses to align their trade associations’
climate policy advocacy to be consistent with the goal of net-zero emissions by 2050.5°
Chinese businesses could play a leading role to orchestrate changes in sectoral practices.

Last, China could set bolder international ambitions too. A net-zero commitment—that is, to
cut GHG emissions to net zero by 2050—could be an area for discussion.”® As of December
2019, about 80 countries, including almost all of the European Union, have taken this pledge.
By taking a leading role in climate and sustainability issues, China can position itself as a
strategic partner.

In the post-coronavirus world, countries are going to grapple with restarting economies

amid arecession. The “next normal”, as we argued, could reflect an imminent restructuring of
global economic order.” However, we cannot afford to ignore the climate risk agenda. Climate
change is already here, with associated physical risks. Dealing with climate risk will continue
to be atop global priority and will force change in many industries. The next ten years are
critical if the world is to meet its climate-change commitments. The further we delay our
actions, the greater our physical risk and the steeper our future decarbonization path would
need to be.
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Case studies on the
ettects of physical
climate risks in

China by 2050

The following three case studies illustrate how, using the five-system framework (see Part 1),
near-term physical climate risks could affect China.
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110-250

million could be exposed
to extreme heat and lethal
heat waves by 2050

Exhibit 9

Case study 1: Extreme heat lessens China’s livability and workability

Extreme heat and humidity can have a dramatic effect on people’s health and ability to work
outdoors. Pushing the human body’s core temperature above its optimal level of 37°C causes
rapid declines in performance. The core temperature needs to rise only 0.2°C to compromise
one’s multitasking ability and 0.9°C to compromise neuromuscular coordination; 3°C induces
heatstroke, and 5°C can mean death.”

Hot weather is not new to China. What is different is that climate change could bring more, and
deadlier, heat waves. In the summer of 2019, the China Meteorological Administration issued
a “yellow warning” for regions south of the Yangtze River in southeastern and southern China.
Major cities in this area, including Shanghai and Chengdu, suffered temperatures of more
than 40°C.” At average humidity of 50 percent, temperatures above 40°C are equivalent to
31°Cin “wet-bulb” temperature (a metric that incorporates both heat and humidity). The lethal
wet-bulb temperature is 35°C. At that level, healthy, well-hydrated adults resting in the shade
can see their core temperatures rise to deadly levels after four to five hours.™

Today, no Chinese regions are prone to lethal heat waves; climate change could greatly
increase the likelihood. By 2030, extreme heat and lethal heat waves could affect ten million
to 45 million people. The average person in that group could have a roughly 25 percent
chance of experiencing a lethal heat wave at least once in 2025-2035 (without factoring in

air conditioning). The number of people exposed to extreme heat and lethal heat waves could
climb to 110 million to 250 million by 2050. For them, the probability of being exposed to a
lethal heat wave at least once in 2045-2055 could increase to 35 percent.”® A hotter China will
be aless livable China. One way to adapt is to increase air conditioner penetration, currently
60 percent.”® However, unless the greenhouse-gas intensity of air-conditioning technology
can be reduced, more air-conditioning could also mean higher emissions.

Another hazard is chronic exposure to extreme heat and humidity, which can reduce labor
productivity and the number of hours that people can work outdoors. In hot, humid conditions,
workers must take frequent breaks to avoid heatstroke, and their bodies tire more quickly.
Such effects could fall on more than half of China’s working population: 26 percent work in
the agricultural sector,”” and 28 percent of industrial employment takes place at least partially
outdoors. MGl estimates that for China, the average share of outdoor working hours lost each
year to extreme heat and humidity would increase from 4.0 percentin 2020 to as much as 6.5
percent in 2030 and 9.0 percent in 2050 (Exhibit 9).”® As a result, the share of China’s GDP
lost to heat and humidity could double from 1.5 to 3 percent by 2050—equivalent to $1trillion
to $1.5 trillion in GDP at risk in an average year.”

More working hours are lost as temperatures rise.

Based on RCP 8.5

Share of lost working hours!
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The boundaries and names shown on this map do not imply official endorsement or acceptance by McKinsey & Company.

" Lostworking hoursinclude loss in worker productivity as well as breaks, based on an average year that is an ensemble average of climate models.

Source: Woods Hole Research Center
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$51

billion could be lost on
average annually from
both riverine and flash
flooding in 2050

Exhibit 10

Case study 2: Heightened flood risk threatens people, property, and
infrastructure.

In Chinese folklore, Yu the Great tamed flooding rivers with a system of controls that helped
irrigate farmlands. In modern times, too, China is well acquainted with the reality of floods.
Since 1990, the country has absorbed about $1 trillion in flood-related economic losses.®°
Each year from 2008 to 2018, floods harmed an average of nine million hectares of cropland
and killed 760 people.®'

Climate change could make floods more common. Researchers estimate that climate change
doubled the flood risk that led to the 2017 floods in Hunan province, which threatened the
livelihoods or destroyed property of 11.6 million people, resulting in $7.2 billion in direct
economic losses.®? In July 2018, heavy rains inundated the Sichuan basin and parts of
northwest China, causing floods and mudslides. Across Sichuan, Shaanxi, and Gansu
provinces, 6.1 million people suffered direct damages to their lives and livelihoods (including
25 deaths), and economic losses were estimated at $4.8 billion.8?

MGl analysis shows that climate change is likely to further increase China’s flood risk. The
chance of flash floods is expected to increase three to four times in parts of western China
(Exhibit 10). Overall, the country’s five-day rainfall average is expected to increase 25 percent
by 2050.84 The additional precipitation will have pronounced effects in the Yangtse and
Minjiang river basins.® Considering today’s level of flood protection, the number of people
affected by riverine flooding each year is expected to grow from 67.5 million in 2020 to
around 83 million in 2050.8% Average annual losses from both riverine and flash flooding could
increase from $35 billion today to $51 billion in 2050.87

Like other climate hazards, flooding can also have significant knock-on effects. For example,
most mining of heavy rare earths takes place in China’s southeastern region. There, the
annual likelihood of rainfall heavy enough to trigger mine and road closures is projected to rise
from about 2.5 percent today to 4 percentin 2030 and 6 percent in 2050.88

The risk of a once-in-50-years extreme precipitation event is likely to intensify.

Based on RCP 8.5

<1Ix 1-2x W 2-3x M 3—-4x M >4x

Likelihood of an “extreme precipitation event,” compared with 1950—81
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The boundaries and names shown on this map do not imply official endorsement or acceptance by McKinsey & Company.

Source: Woods Hole Research Center
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Exhibit 11

Case study 3: Climate change could bring higher crop yields but also
increase volatility

Climate change’s effects on agricultural systems will differ from place to place. In general,
climate change is expected to increase the volatility of crop yields. Rice, wheat, corn, and
soybeans make up almost half the calories of an average global diet. Three of these crops—
rice, wheat, and corn—could experience increases in the risk of a significant yield decline in
China by 2030. Only soybeans could see lower risk (Exhibit 11).

Avyield shock in China could have significant knock-on effects, given that it produces 28
percent of the world’s rice, 24 percent of its corn, 18 percent of its wheat, and 4 percent of its
soybeans. Since the world has built up a global stock of grain,® a yield shock in China would
probably not lead to food shortages, but it could trigger higher prices.

Examining the possible impact of chronic shifts in climate conditions on total yield for the four
crops and in all seven regions, we find that average yields could increase by about 2 percent
by 2050 relative to a1998-2017 baseline, driven primarily by an increase in soy yields.®®
However, there is also greater risk of yield declines in rice, wheat, and corn, as well as greater
risk of heatwaves, floods, or the spread of agricultural pests.

Regional variations are, by definition, not reflected in national averages. These variations
could bring changes in where crops are grown. For example, parts of northern China could
see higher yields due to warmer temperatures; more rain in other parts of China could result
in yields falling. Over time, it is possible that agricultural activity will shift to take advantage of
improved conditions in new areas, thereby reducing the effect of higher yield volatility.

The risk of crop yields falling could rise in China, which is a major agricultural producer.

Based on RCP 8.5

Share of global production Annual risk of 10% yield Annual risk of 15% yield Major production
(2015-2017) decline (China) decline (China) regions
W China W 2020 W 2020

Rest of the world W 2030 W 2030

Rice 72%
Wheat 82%
Corn 76%
Soy 96%

40% 3
46% ¥

52%

The boundaries and names shown on this map do not imply official endorsement or acceptance by McKinsey & Company.

Source: Woods Hole Research Center; South China Morning Post; press search

Leading the battle against climate change: Actions for China 35



About the authors

Jonathan Woetzel is a senior partner and director of the McKinsey Global Institute, where
Mekala Krishnan is a senior fellow. Haimeng Zhang is a senior partner in the Hong Kong
office; Kimberly Henderson is a partner in the Washington, DC, office; and Grace Lam is a
consultant in the New York office.

The authors would like to thank Hauke Engel, Doan Nguyen Hansen, Angie Kan, Lawrence
Liu, Connor Mangan, and Mei Ye for their contributions to the research and writing of this
article.

Acknowledgments

We would like to thank the Development Research Center of the State Council and the China
Development Research Foundation for giving McKinsey & Company the opportunity to
contribute to the discussion of climate change and its implications for China.

We are grateful to Chen Chao, James Daniell, Paul Growald, Guo Yao, Lu Mai, Helen Owers,
Wang Xue, Yu Jiantuo and Zhang Gengtian for their deep insights.

Finally, we would like to thank our McKinsey colleagues for their efforts: Ziad Haider, Bernd
Heid, Tom Hellstern, Sheng Hong, Bernhard Kotanko, Glenn Leibowitz, Nick Leung, Johanna
von der Leyen, Xiaoyun Li, Linda Liu, Meng Liu, Spencer Liu, Peter Mannion, Erwann Michel-
Kerjan, Jean Christophe Mieszala, Cait Murphy, Joe Ngai, Jesse Noffsinger, Carter Powis,
Josh Rosenfield, Keeton Ross, Vera Tang, Daniela Vargas, Xiaofan Wang, Ting Wu, and Hao
Xu. We also received support from the McKinsey Global Institute and the Sustainability
Practice.

Leading the battle against climate change: Actions for China



h))))}frp >

=




38

Endnotes

"NASA GISTEMP (2019) and Nathan J. L. Lenssen et al., “Improvements in the GISTEMP
uncertainty model,” Journal of Geophysical Resources: Atmospheres, June 2019, Volume 124,
Number 12.

2 Sippel et al. (2015), “Quantifying changes in climate variability and extremes: Pitfalls and
their overcoming”, Geophysical Research Letters, Volume 42, Issue 22; McKinsey Global Insti-
tute analysis with advice from University of Oxford Environmental Change Institute.

3 Climate science makes extensive use of scenarios ranging from lower (Representative Con-
centration Pathway 2.6) to higher (RCP 8.5) CO2 concentrations. This report focuses on RCP
8.5, because the higher-emission scenario it portrays enables us to assess physical risk in the
absence of further decarbonization.

* Jonathan Woetzel, Dickon Pinner, Hamid Samandari, Hauke Engel, Mekala Krishnan, Brodie
Boland, and Carter Powis, Climate risk and response: Physical hazards and socioeconomic
impacts, McKinsey Global Institute, January 2020.

5See Andrew Winston, “Is the COVID-19 outbreak a black swan or the new normal?,” MIT
Sloan Management review, March 16, 2020; and Rob Jordan, “How does climate change
affect disease?,” Stanford Earth, School of Earth, Energy & Environment, March 15, 2019.

8 Nick Watts, Markus Amann, Nigel Arnell, Sonja Ayeb-Karlsson, Kristine Belesova, Helen
Berry etal., “The 2018 report of the Lancet Countdown on health and climate change: shaping
the health of nations for centuries to come”, The Lancet, December 2018, Volume 392, Issue
10163.

K. R. Smith, A. Woodward, D. Campbell-Lendrum, D. D. Chadee, Y. Honda, Q. Liu, J. M.
Olwoch, B. Revich, and R. Sauerborn, “Human health: Impacts, adaptation, and co-benefits,”
Climate Change 2014. Impacts, Adaptation, and Vulnerability, Part A: Global and Sectoral
Aspects, Contribution of Working Group Il to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change, ed. C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M.
D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. C. Genova, B. Girma, E. S.
Kissel, A. N. Levy, S. MacCracken, P. R. Mastrandrea, and L. L. White, Cambridge University
Press, Cambridge, United Kingdom, and New York, NY, USA, 2014, pp. 709—54.

8 Matthieu Legendre, Audrey Lartigue, Lionel Bertaux, Sandra Jeudy, Julia Bartoli, Maga-

li Lescot, Jean-Marie Alempic, Claire Ramus, Christophe Bruley, Karine Labadie, Lyubov
Shmakova, Elizaveta Rivkina, Yohann Couté, Chantal Abergel, and Jean-Michel Claverie. “In-
depth study of Mollivirus sibericum, a new 30,000-y-old giant virus infecting Acanthamoeba”,
PNAS, September 2015112 (38) E5325-5335.

9 Serge Morand, “Factors of emergence: climate change, biodiversity, land use and globaliza-
tion,” Emergence of Infectious Diseases — Risks and Issues for Societies, 2018

0 Kaw Bing Chua, Beng Hui Chua and Chew Wen Wang, “Anthropogenic deforestation, El
Nifio and the emergence of Nipah virus in Malaysia,” Malaysian J Pathol, 2002; 24(1) : 15-21

" Stephen Eisenhammer, “Cholera cases jump to 138 in Mozambique’s Beira after cyclone,”
Reuters, March 29, 2019, https://www.reuters.com/article/us-africa-cyclone-cholera/mo-
zambique-confirms-138-cholera-cases-after-cyclone-strikes-beira-idUSKCN1RAOUG

2 Kimberly Henderson, Matt Rogers, Bram Smeets, and Christer Tryggestad, “Climate math:
What a 1.5-degree pathway would take,” McKinsey Quarterly, April 2020.

B EEH (FZRUERBHEZRIHEIRE) &7, FETIEZE1Z8 M, November 23,
2015, http://www.ccchina.org.cn/Detail.aspx?newsld=56949

Leading the battle against climate change: Actions for China



™ Alethal heat wave is defined as a three-day period with maximum daily wet-bulb tempera-
tures exceeding 34°C wet-bulb, where wet-bulb temperature is defined as the lowest temper-
ature to which a parcel of air can be cooled by evaporation at constant pressure. This thresh-
old was chosen because the commonly defined heat threshold for human survivability is 35°C
wet-bulb, and large cities with significant urban heat island effects could push 34°C wet-bulb
heat waves over the 35°C threshold. Under these conditions, a healthy, well-hydrated human
being resting in the shade would see core body temperatures rise to lethal levels after roughly
four to five hours of exposure. These projections are subject to uncertainty related to the
future behavior of atmospheric aerosols and urban heat island or cooling island effects.

®Risk values are calculated based on expected values, i.e., the probability-weighted value at
risk.

'® Based on an interview with a natural-hazards risk engineer. The number of people affected
refers to the number who lose production and livelihoods as a result of floods. The estimate
for 2050 could be 25 million more or 25 million fewer.

"Based on an interview with a natural-hazards risk engineer. The estimated losses do not
account for additional flood-mitigation efforts.

8 Water stress is measured as annual demand of water as a share of annual supply of water.
For this analysis, we assume that the demand for water stays constant over time, to allow us to
measure the impact of climate change alone. Water-stress projections for arid, low-precipita-
tion regions were excluded, due to concerns about projection robustness.

'® Chai Qimin, Fusha, Wen Xinyuan, et al., “Financial needs: Implementing China’s nationally
determined contribution to address climate change by 2030,” China Population, Resources
and Environment, 2019, 29(4): 1-9.

20 REN21, “Chapter b: Investment Flows,” Renewables 2019 Global Status Report, June 2019,
https://www.ren21.net/gsr-2019/chapters/chapter_05/chapter_05/

2 Patrick Hertzke, Nicolai Miller, Stephanie Schenk, and Ting Wu, “The global electric-vehicle
market is amped up and on the rise,” McKinsey, May 2018.

22“Our leadership,” Global Commission on Adaptation, 2020

2 Greenhouse gases can be compared in terms of global warming potential (GWP), which is
ameasure of how much energy one ton of gas present in the atmosphere will absorb during a
given period, relative to one ton of carbon dioxide. GWP is calculated for a specific time span.
Because each greenhouse gas persists in the atmosphere for a particular period, its GWP will
vary with the time span used in the calculation. One ton of methane has a GWP of 28 over 100
years and a GWP of 84 over 20 years. Our analysis is based on 20-year GWP values.

24 C0O2 emissions of Chinais 7.5 metrics ton per capita, as compared to 15.2 for Canada and
16.5 for the United States. According to latest data (2014) compiled by Carbon Dioxide Infor-
mation Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory,
Tennessee, United States.

% Jillian Ambrose, “China’s appetite for coal power returns despite climate pledge,” The
Guardian, November 20, 2019, https://www.theguardian.com/world/2019/nov/20/chi-
na-appetite-for-coal-power-stations-returns-despite-climate-pledge-capacity

% Ellen MacArthur Foundation, The Circular Economy Opportunity for Urban & Industrial
Innovation in China, 2018, https://www.ellenmacarthurfoundation.org/publications/chinare-
port

2T Ellen MacArthur Foundation, Completing the Picture: How the Circular Economy Tackles
Climate Change, 2019, https://www.ellenmacarthurfoundation.org/publications/complet-
ing-the-picture-climate-change

%8 Jason Horowitz, “Italy’s Students Will Get a Lesson in Climate Change: Many Lessons,
in Fact,” New York Times, Nov 5, 2019, www.nytimes.com/2019/11/05/world/europe/ita-
ly-schools-climate-change.html

Leading the battle against climate change: Actions for China 39



40

29450 Climate solutions from cities in the People’s Republic of China: Best practices from
cities taking action on climate change”, Asian Development Bank, November 2018, adb.org.

30 Projection for 2020 from McKinsey Energy Insights’ Global Power Model.

3"Echo Xie. “Phasing out coal power and meeting climate goals by 2050 ‘totally doable’ for
China,” Jan 8, 2020, https://www.scmp.com/news/china/politics/article/3045078/phas-
ing-out-coal-power-and-meeting-climate-goals-2050-totally

32 Cui, R., N. Hultman, K. Jiang, H. McJeon, S. Yu, D. Cui, M. Edwards, A. Sen, K. Song, C. Bow-
man, L. Clarke, J. Kang, F. Yang, J. Yuan, W. Zhang, “A High Ambition Coal Phaseout in China:
Feasible Strategies through a Comprehensive Plant-by-Plant Assessment.” Center for Global
Sustainability: College Park, Maryland. 37 pp.

3 Patrick Hertzke, Nicolai Miller, Stephanie Schenk, and Ting Wu, “The global electric-vehicle
market is amped up and on the rise,” McKinsey, May 2018.

34 Hydrogen Council, “Hydrogen scaling up: A sustainable pathway for the global energy tran-
sition,” November 2017.

s FER MR E S KE SRR The State Council, The People’s Repub-
lic of China, July 8, 2019, http://www.gov.cn/xinwen/2019-07/08/content_5407075.htm

3¢ “China Hydrogen Energy and Fuel Cell Industry Whitepaper”, China Hydrogen Alliance, July
2019.

TR EmRIRE. M BN ERNIDR TGN A B2, TR EIIR, July 2017, Vol. 24.,
http://www.ncsc.org.cn/yjcg/zlyj/201804/P020180920508768846809.pdf

38 Kai Jiang, Peta Ashworth, Shiyi Zhang, Xi Liang. Yan Sun, Daniel Angus. “China’s car-
bon capture, utilization and storage (CCUS) policy: A critical review”, Renewable and Sus-
tainable Energy Reviews. Volume 119, March 2020, 109601, https://doi.org/10.1016/j.
rser.2019.109601

39 Andrés Vifa, William J. McConnell, Hongbo Yang, Zhenci Xu and Jianguo Liu, “Effects of
conservation policy on China’s forest recovery”, Science Advances, March 18, 2020, Vol. 2, no.
3,e15600965, DOI: 10.1126/sciadv.1500965.

40 Mikaela Weisse and Elizabeth Dow Goldman, “The World Lost a Belgium-sized Area of Pri-
mary Rainforests Last Year”, World Resources Institute Blog, April 25, 2019, https://www.wri.
org/blog/2019/04/world-lost-belgium-sized-area-primary-rainforests-last-year

“1China Power Team. “Does China dominate global investment?” China Power. September 26,
2016. Updated January 27, 2020. Accessed March 31, 2020. https://chinapower.csis.org/
china-foreign-direct-investment/

42 Charlie Campbell, “China’s Greening of the Vast Kubugi Desert is a Model for Land Restora-
tion Projects Everywhere,” Time, July 27, 2017.

43 Based on McKinsey’s analyses of the pathway for non-CO2 emissions. The analysis uses
20-year GWP values, incorporates climate-carbon feedback information from IPC’s ARb, and
assumes that emissions decrease on alinear trajectory.

“4 This figure is from the Intergovernmental Panel on Climate Change (IPCC) GHG inventory
submitted in 2019. It shows lower emissions than in the previous inventory.

% Aleksandra Arcipowska, Emily Mangan, You Lyu and Richard Waite, “5 Questions About Ag-
ricultural Emissions, Answered,” World Resources Institute Blog, July 29, 2019, https://www.
wri.org/blog/2019/07/5-questions-about-agricultural-emissions-answered

46 Justin Ahmed, Elaine Almeida, Daniel Aminetzah, Nicolas Denis, Kimberly Henderson,
Joshua Katz, Hannah Kitchel and Peter Mannion, “Agriculture and climate change: reducing
emissions through improved farming practices”, McKinsey, March 2020.

4T“Grain: World Markets and Trade,” United States Department of Agriculture, March 2020,
https://apps.fas.usda.gov/psdonline/circulars/grain.pdf

“8 Sass et al., “CH4 emissions from rice agriculture,” 2003, ipcc-nggip.iges.or.jp.

Leading the battle against climate change: Actions for China



4 Bruce Linquist et al., “Fertilizer management practices and greenhouse gas emissions from
rice systems: A quantitative review and analysis,” Science Direct, Volume 135, August 30,
2012, pp.10—21, sciencedirect.com

%0 Briony Harris, “China cut fertilizer use and still increased crop yields. This is how they did it ,”
World Economic Forum, March 26, 2018, https://www.weforum.org/agenda/2018/03/this-
is-how-china-cut-fertilizer-use-and-boosted-crop-yields/

V. Ricciardi et al., “How much of the world’s food do smallholders produce?,” Global Food
Security, Volume 17, 2018; Sarah K. Lowder, Jakob Skoet, and Terri Raney. “The number, size,
and distribution of farms, smallholder farms, and family farms worldwide,” World Development
87 (2016): 16—29.

2 “China takes a step closer to green agriculture,” Xinhua, February 28, 2017, http://english.
www.gov.cn/state_council/ministries/2017/02/28/content_281475580571930.htm.

5 OECD Agriculture Statistics: OECD-FAQ Agricultural Outlook, 2019, https://data.oecd.org/
agroutput/meat-consumption.htm

% @. Janssens-Maenhout et al., “EDGAR v4.3.2 global atlas of the three major greenhouse
gas emissions for the period 1970—-2012,” Earth Syst. Sci. Data, 2017, pp. 1—55.

% Bryna Lipper, “How to Develop a Resilience Strategy,” 100 Resilient Cities, March 10, 2016,
http://www.100resilientcities.org/how-to-develop-a-resilience-strategy/

% “| ower Manhattan Coastal Resiliency,” New York City Economic Development Corporation,
2020, https://edc.nyc/project/lower-manhattan-coastal-resiliency

5" Michael Della Rocca, Tim McManus, and Chris Toomey, “Climate resilience: Asset owners
need to get involved now,” McKinsey, January 2019.

%8 “National Institute of Building Sciences issues new report on the value of mitigation,” Na-
tional Institute of Building Sciences, January 11, 2018, nibs.org.

% Arend Kolhoff and Thijs van den Berg, “ESIA for port development in South Africa,” 2017,
http://www.commissiemer.nl/docs/mer/diversen/climate_case_4_-_esia_for_port_devel-
opment_in_south_africa.pdf

60 “Directive 2014/52/EU of the European Parliament and of the Council,” European Council,
April 24,2014,

51“On the adaptation to climate change requirements into the environmental impact assess-
ment of construction project,” http://shkx.gks.cqut.edu.cn/newsinfo.aspx?id=298

52H, Kunreuther and E. Michel-Kerjan, At War with the Weather: Managing large-scale risks in
anew era of catastrophes, MIT Press, 2011.

83 E. Michel-Kerjan and JB Taglioni, “Insuring hurricanes: Perspectives, gaps and opportunity
after 2017,” McKinsey & Company, 2017.

6 John Qu, Arthur Bi, Gary Huang and Joy Xue, ‘T [AX#, ABEN—HBBEFTERNRKT
17),” McKinsey & Company, May 2018.

65 “China Insurance Sector 2019 Q1,” EMIS, 2019.

86 UNCTAD (2019b). World Investment Report 2019: Special Economic Zones. United Nations
publication. Sales No. E.19.11.D12.

87 China’s carbon pricing through its emission trading scheme is still on the lower end (ranging
from 1.6-8.9 USD per total carbon dioxide), as compared to the likes of European Union, South
Korea, New Zealand (ranging from 16-20 USD per total carbon dioxide). Nominal value, based
on mean values observed between April 2018 and April 2019. Sébastien Postic and Clément
Métivier, “Global Carbon Account 2019,” Institute for Climate Economics, May 2019.

8 Zhang Yue, “AlIB: ‘lean, clean, green’,” China Daily, October 22, 2015, https://www.chinadai-
ly.com.cn/kindle/2015-10/22/content_22255236.htm

8 Mike Scott, “Big Business Called Out For Using Trade Groups To Fight Climate Action,” Oc-

Leading the battle against climate change: Actions for China 4



42

tober 18, 2019, Forbes, https://www.forbes.com/sites/mikescott/2019/10/18/big-business-
called-out-for-using-trade-groups-to-fight-climate-action/

" Energy Transition Commission, “China 2050 A Fully Developed Rich Zero-Carbon Econo-
my,” Rocky Mountain Institute, 2020.

" Kevin Sneader and Shubham Singhal, “Beyond coronavirus: The path to the next normal,”
McKinsey & Company, March 2020.

" P. A. Hancock and loannis Vasmatzidis, “Human occupational and performance limits under
stress: The thermal environment as a prototypical example,” Ergonomics, 1998, Volume 41,
Number 8.

73 M. Cappucci, “Exceptional heat wave on tap for China,” Washington Post, 23 Aug. 2019,
https://www.washingtonpost.com/weather/2019/08/23/exceptional-heat-wave-tap-china/

™ Steven C. Sherwood and Matthew Huber, “An adaptability limit to climate change due

to heat stress,” Proceedings of the National Academy of Sciences, May 25, 2010, Volume
107, Number 21; threshold confirmed, assuming light clothing cover, using the physiological
Predicted Heat Strain (PHS) model. Jacques Malchaire et al., “Development and validation of
the predicted heat strain model,” Annals of Occupational Hygiene, March 2001, Volume 45,
Number 2.

5 The climate state during the three time periods is as follows: “today” refers to average
conditions during the years 1998—-2017, 2030 refers to the average of the years 2021-40,
and 2050 refers to the average of the years 2041—-60. The ranges of people exposed to
extreme heat and lethal heat waves in 2030 and 2050 are based on the ranges of population
projections from the UN World Population Prospects and the UN World Urbanization Pros-
pects, to bound population growth based on high and low variants and based on urban and
total population growth rate. The calculated probabilities of exposure to lethal heat waves are
approximations. They assume that the annual probability of X percent applies to every year in
the decade centered on 2030 or 2050. We first calculate the cumulative probability of a heat
wave not occurring in that decade, which is 1= X™. The cumulative probability of a heat wave
occurring at least once in the decade is then 1 minus that number. Note that if atmospheric
aerosol concentration does not decrease over the next decade, the probability of lethal heat
waves could be reduced, as atmospheric aerosols (particularly black carbon) are not currently
appropriately represented in the CMIP5 ensemble Global Climate Models.

"8 The Future of Cooling in China, International Energy Agency, Paris, 2019.

TMOHRSS. “Distribution of the workforce across economic sectors in China from 2008
t0 2018,” Statista, https://www.statista.com/statistics/270327/distribution-of-the-work-
force-across-economic-sectors-in-china/

8 Lost working hours calculated according to the methodology of John P. Dunne et al., “Re-
ductions in labour capacity from heat stress under climate warming,” Nature Climate Change,
February 2013, Volume 3, but corrected using empirical data from Josh Foster et al., "A new
paradigm to quantify the reduction of physical work capacity in the heat,” Medicine and Sci-
ence in Sports and Exercise, June 2019, Volume 51, Issue 6. Exposed sectors include exclu-
sively outdoor sectors such as agriculture, mining, and quarrying, as well as indoor sectors
with poor air-conditioning penetration, including manufacturing, hospitality, and transport.

" The lower end of the range assumes that today’s sectoral composition persists, while the
higher end is based on projections from IHS Markit Economics and Country Risk on sectoral
transitions and GDP increases. The dollar impact is calculated by multiplying the share of
hours lost in outdoor sectors with GDP in these sectors (this assumes that such consensus
projections do not factor in losses to GDP from climate change). We used backward multipli-
ers from input-output tables to include knock-on effects.

80 The estimate refers to direct economic losses in the agriculture, forestry, animal husbandry
and fishery, industrial, infrastructure and transportation, and water conservancy sectors.

8By harmed, we mean a loss of 10 percent or more of the field crop output. By severely dam-
aged, we mean a loss of 30 percent or more of the field crop output. When seasonal crops in
the same plot suffered more than one flood, we count only losses from the heaviest flood.
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82 Based on an interview with a flooding expert and the Chinese government’s most recent
assessment of final damages. Yin Sun et al., “Anthropogenic influence on the heaviest June
precipitation in southeastern China since 1961,” Bulletin of the American Meteorological Soci-
ety, January 2019, Volume 100, Number 1.

83 “Resilient City in China,” Urban China Initiative, 2019

8 Peng, S., Ding, Y., Liu, W., and Li, Z., “1 km monthly temperature and precipitation dataset for
China from 1901to 2017,” Earth Syst. Sci. Data, 11,1931-1946, https://doi.org/10.5194/essd-
11-1931-2019, 2019.

8 These are the regions where most water conservation investments are going, due to higher
precipitation.

8 Based on an expert interview with a natural-hazards-risk engineer. The estimate of the
number of people affected by floods assumes no changes to 2019 flood standards. It refers to
the number of people whose livelihoods would be affected. The estimate could be 25 million
people more or less than the number given here.

87 Based on an interview with a natural-hazards-risk engineer. This estimate does not account
for additional flood-mitigation efforts.

8 Woods Hole Research Center analysis. It is important to note that near-term regional
projections of precipitation extremes have been assessed as highly sensitive to the influ-
ence of natural variability, particularly in lower latitudes. The 30-year projection is thus more
robust than the decadal projection. Furthermore, there is recent evidence from observa-
tional records indicating that in many regions, climate models may underestimate changes
in precipitation volume. For more details on the relevant uncertainties, see Ben Kirtman et
al., “Near-term climate change: Projections and predictability,” in Climate Change 2013: The
Physical Science Basis, Contribution of Working Group | to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change, ed. Thomas F. Stocker et al., New York, NY,
Cambridge University Press, 2014,

8 Current stock-to-use ratios are high at 30 percent of consumption. This ratio indicates
the level of carryover stock for any given commodity as a percentage of the total use of the
commodity.

%0 These results are based on AGMIP models and include the impacts of CO2 fertilization.
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About McKinsey & Company

McKinsey & Company is a global management consulting firm committed to helping
organizations create Change that Matters. In more than 130 cities and 65 countries, our teams
help clients across the private, public and social sectors shape bold strategies and transform
the way they work, embed technology where it unlocks value, and build capabilities to sustain
the change. Not just any change, but Change that Matters —for their organizations, their
people, and in turn society at large.

In China, today we have more than 1,000 Partners, consultants, and professional support
staff located across six locations in China: Beijing, Shanghai, Shenzhen, Hong Kong, Taipei
and Chengdu. For more information please visit: www.mckinsey.com/china
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