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Structure of indicators and the selection criteria

This Chinese report is the regional spin-off of the global Lancet Countdown report.1 The definition of
indicators and the selection criteria were described in the previous global reports. For the audiances who are
not familiar with the global Lancet Countdown report, we reiterate the structure of indicators and the selection
criteria here.

As denoted in the global Lancet Countdown reports, the global and Chinese Lancet Countdown report aims
to "track progress on health and climate change and publish annual updates of the indicators" across five key
domains: 1.The health impacts, exposures and vulnerabilities of climate change; 2. Adaptation, planning and
resilience for health; 3.Mitigation actions and their health co-benefits; 4. Economic and financial aspects of
the interaction between climate change and health; 5.Public and political engagement in climate change and
health. Each following report has been an iteration of the previous, with new indicators introduced and
improved methodologies, naming and categorizing of indicators in order to fill the indicator gaps of each
domain.

The indicators are intended to be grouped by the problem they focus on and/or the solution they lead to. For
the first domain, the indicators are grouped within different climate change-health pathways: heat, extreme
weather events, infectious diseases (and in the global report also food security and migration). The second
domain is structured around the WHO Operational Framework for Climate Resilient Health Systems. The
global report also covers the areas of climate information services and health adaptation spending. Within
the third domain, indicators are grouped by sector, with air pollution as a co-benefit and a separate indicator,
as it spans across sectors. The global report also has indicators on agriculture and healthcare mitigation.
Within the fourth domain, the indicators are grouped into two areas: the health and economic costs of climate
change and benefits from mitigation, and the economics of the transition to zero-carbon economies. In the
global report, the final domain is organized into five different areas of engagement: media, individual,
scientific, government and corporate.

The selection criterias of the indicators include: 1.Track an aspect of the relationship between health and
climate change, well evidenced in the literature and not adequately covered through other indicators in the
report; 2.Utilise data from a reliable source, available at adequate temporal and spatial scales to enable
globe/regional trends to be observed at a global/regional level; 3.Be updatable periodically, ideally annually.
In this year’s Chinese report, one new indicator that is unique to China’s characteristics and fulfill the
forementioned three criterias has been included (indicator 1.2.2-cyclones).

The current suite of indicators in the Chinese Lancet Countdown report is not fully comprehensive due to
limited word count and limited time to develop this report. But they will be improved to cover a wider range
of important impacts and interventions in future reports.

Important notes about the additional indicators in the appendix

The 2020 China Lancet Countdown report is the first annual report that documents indicators of progress on
health and climate change. Although the findings of 23 indicators are reported in the main text, 34 indicators
went through a process of development this year. Some indicators reflect the indicator structure of the global
2020 Lancet Countdown report, but were merged into single indicators in the main text. These include
indicators 2.1.1 and 2.1.2, and 3.1.1 to 3.1.3, which are reported in the main text as 2.1 and 3.1 respectively.
The methods and data of these lower-level indicators are displayed here in the appendix.

A further seven indicators (as shown in Table 1) reflect the indicators of the global 2020 Lancet Countdown
report and a comprehensive assessment of health and climate change in China. Initial methods, data and
findings of these indicators are reported here in the appendix and these indicators (along with the other 23



reported in the main text) will undergo further development and improvement, with their findings reported
in full in 2021.

Table 1: Additional indicators under development and reported in the appendix

Indicator number | Name of indicator

1.14 Health and exposure to warming

1.1.5 Vulnerability to extremes of heat

123 Flood and drought

2.13 City-level climate change risk assessments

23 Climate information services for health

35 Food, agriculture, and health

4.14 Economic losses due to climate-related extreme events

Section 1: Climate change impacts, exposures, and vulnerability
Indicator 1.1: Health and heat

Indicator 1.1.1: Exposure of vulnerable populations to heatwaves
Methods

This indicator compared changes in heatwave exposure among the elderly population in China, using
temperature data from the European Centre for Medium-Range Weather Forecasts, ERAS reanalysis dataset,
and population count from a hybrid gridded demographic dataset, provided by Chambers (2020),* that
combines the NASA Socioeconomic Data and Applications Center (SEDAC) Gridded Population of the
World (GPWv4) and the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) Histsoc dataset. The
methodology for this indicator is similar to methodology described in the 2020 global Lancet Countdown
reports, but the definition of heatwave in the China report is different from the global report. The 92.5%
percentile of daily maximum temperature over the warm season (May 1% to Sep 30") between 1986 and 2005
was computed as reference, and a heatwave event was defined as a period of three or more days where the
daily maximum temperature was higher than the reference at a given grid. The days of heatwave were defined
as the number of days within the heatwave event.

Here we made some explaination about why we chose a definition that is different from the global report.
Actually, defining heatwave remains a highly controversial topic.* An extremely strict heatwave definition
(e.g., at least four consecutive days with daily maximum temperature = 99th percentile) may underestimate
the heat-related deaths and could not protect the public health efficiently because moderate heatwave (e.g.,
at least two consecutive days with daily maximum temperature = 90th percentile) may have already caused
considerable number of deaths, while a loose heatwave definition may activate the heatwave early warning
too early and too frequently, and cause inconvenience to the public and waste health resources.

Previous studies in different regions have adopted different heatwave definitions. For instance, Tian et al.
found that heatwave definition using 97.5th percentile of daily mean temperature and duration = 2 days
performed best on estimating the effect of heatwave on mortality from coronary heart disease in Beijing;’
Chen et al. reported that heatwave defined as =4 consecutive days with daily mean temperature > 98th
percentile was the most appropriate definition to assess the influence of heatwave added effect on mortality
in Nanjing;® Daniel et al. found that heatwave defined as =2 consecutive days with daily maximum apparent
temperatures > 95th percentile was the most appropriate definition in Rome and Stockholm.”

Generally, these studies were carried out only in a single or limited number of cities, and it is unsuitable to



generalize these identified heatwave definitions directly to other cities. To determine which heatwave
definition could best capture the health impact of heatwave in China, Yang et al. compared the goodness of
model fits among 15 heatwave definitions using the Akaike Information Criterion for quasi-Poisson (Q-
AIC).3 In detail, they summed Q-AIC values for each heatwave definitions from all group-specific mortality
in 31 capital cities of China; and the minimal sum of Q-AIC produced the best model fit and the best heatwave
definition. Finally, they found that heatwave definition as at least 3 consecutive days with daily maximum
temperature = 92.5th percentile performed the best model fit at the national scale, as the Q-AIC under this
definition was much smaller than others (Table 2). Therefore, although different from the global definition,
we believe this definition is the best and most appropriate one to estimate the health impact of heatwave at
the national level for China.

Table 2. Sum values of Akaike’s Information Criteria for quasi-Poisson (Q-AIC) for 31 Chinese cities,
using daily maximum temperature in warm season (May-September) for heat wave definitions.

Heatwave Definition QAIC

HWO1 Daily maximum temperature > 90.0th percentile for two or more consecutive day 1893057
HWO02 Daily maximum temperature > 90.0th percentile for three or more consecutive day 1892853
HWO03 Daily maximum temperature > 90.0th percentile for four or more consecutive day 1892960
HWO04 Daily maximum temperature > 92.5th percentile for two or more consecutive day 1892955
HWO05 Daily maximum temperature > 92.5th percentile for three or more consecutive day 1892623
HWO06 Daily maximum temperature > 92.5th percentile for four or more consecutive day 1893024
HWO07 Daily maximum temperature > 95.0th percentile for two or more consecutive day 1893082
HWO08 Daily maximum temperature > 95.0th percentile for three or more consecutive day 1893081
HWO09 Daily maximum temperature > 95.0th percentile for four or more consecutive day 1893423
HWI10 Daily maximum temperature > 97.5th percentile for two or more consecutive day 1893215
HWI11 Daily maximum temperature > 97.5th percentile for three or more consecutive day 1893496
HWI12 Daily maximum temperature > 97.5th percentile for four or more consecutive day 1893758
HW13 Daily maximum temperature > 99.0th percentile for two or more consecutive day 1893654
HW14 Daily maximum temperature > 99.0th percentile for three or more consecutive day 1893790
HWI15 Daily maximum temperature > 99.0th percentile for four or more consecutive day 1893981

(Source: Yang et al. 2019)

Instead of year-round ambient temperature, most of previous studies only included the warm season (e.g., 1
May to 30 September) or summer-time ambient temperature in heatwaves on population health analyses 4579,
Only using the warm season data can effectively remove the confounding effect of cold temperature, and also
adjust the effect of moderate hot temperature to avoiding the overestimation of the risk of heatwave.
Therefore, , we also adopted the warm season ambient temperature in this study.

The gridded 92.5th percentile of daily maximum temperature was calculated for 1986 - 2005 with a resolution
of 0.5°. For each year from 2000 to 2019, the number of heatwave events and total days of heatwaves per
year was calculated according to the definition.

The vulnerable population was defined as people aged over 65. The heatwave exposure of the vulnerable
population was calculated in person-days, i.e. the number of heatwave days multiplied by the exposed
population over 65, at each grid. Provincial-level and country level exposure were computed by summing
over corresponding cell data. The heatwave exposure from 1986 to 2005 was averaged to be the baseline
data. For each year from 2000 to 2019, the change in heatwave exposures relative to the baseline was assessed.
It was divided by the elder population to obtain the exposure per elder person.



Due to the increase of frequency/intensity of heatwaves, the per person heatwave exposure is showing an
increasing trend. Therefore, the spatial differences in the per person exposure shown in the figure is mainly
due to the spatial distribution differences of changes of heatwave days. The total heatwave exposure
(mentioned in the text) is also showing an increasing trend. It is not only associated with increase of
heatwaves, but also with the aging of population.

Data

1. Climate data was taken from European Centre for Medium-Range Weather Forecasts (ECMWF), ERAS
project.?

2. Population data from the hybrid gridded demographic data for the world was taken from Chambers
(2020).}

Caveats

The definition of vulnerable population (above the age of 65) does not include vulnerable groups that are
vulnerable due to limited access to healthcare, poor health status, low socioeconomic status and etc. As
described in the global Lancet Countdown 2020 report, there may be some inconsistencies with the
population data due to the use of two distinct data sources.

The caveats associated with the definition of a heatwave are described in indicator 1.1.2.
Future Form of Indicator

Future indicator may define vulnerable population based on socioeconomic status, healthcare accessibility
(e.g., number of hospital beds per unit number of people), and prevalence of medical conditions that increase
risk of morbidity and mortality from heatwaves, such as cardiovascular and respiratory conditions.

Additional Information

The differences of results between the 2020 global report and the China report can be explained. Based on
the definition of a heatwave event in the 2020 global report (99th percentile of minimum temperature), the
heatwave exposure of 65+ population in 2019 would be 0.5 billion in China. If based on the definition in the
Chinareport (92.5th  percentile of maximum temperature) , then the number of heatwave exposure was 2.82
billion in 2019 (about 5.6 times of that using the old definition). So there was indeed a significant difference
between the heatwave event and the heatwave exposure assessed in person days between the global and
Chinese report.

Indicator 1.1.2: Heatwave-related mortality

Methods

The heatwave definition and the rationale of choosing this definition has been described in details in indicator
1.1.1 The attributable number (AN) of deaths associated with heatwave is calculated. The method is as
follows:

AN = Pop,, X Mort,, x HW, , X AF,

Where Pop,, , refers to the grid cell-level population size in a specific year; Mort,, , is the baseline daily non-
accidental mortality rate; the mortality rate from China Statistical Yearbook is divided by 365 as a pre-process



because it is an annual statistic. HW,, , is the heatwave days in a specific year. AF),is the attributable fraction
(AF), which is calculated as:

_RR-1
" RR

Where RR represents the increase in the risk of mortality resulting from heatwave, compared with non-
heatwave. The daily death data of urban residents in 31 provincial capital cities of China and the daily weather
data is used to calculate the exposure-response relationships, using Poisson generalized linear models. For
detailed information, please refer to Yang et al. (2019)."

The exposure-response relationship between heatwave and mortality in different provinces (autonomous
regions) is represented by the related capital cities in mainland China, and the relationship is assumed to be
consistent during the study period. The annual heat-related deaths in a specific province (municipality or
autonomous regions) is the sum of the calculated annual heat-related deaths in the grid cells belong to this
province (municipality or autonomous regions), and the annual heatwave-related deaths in mainland China
is the sum of the deaths of the total grid cells.

Data

1. RR values are derived from Yang et al, (2019).4

2. Mortality rates at province levels (Mort, ;) are derived from China Statistical Yearbook.

3. Gridded climate data was from the European Centre for Medium-Range Weather Forecasts (ECMWF),
ERAS5 project.?
Population data was from the Chambers (2020) hybrid gridded demographic data for the world.?

5. Population structure data was from United Nations-World Population Prospects.10
Caveats

First, only limited number of exposure-response functions were used for such a big country like China.
Second, the exposure-response functions, which can be considered as the effects of high temperature and
heatwave on mortality, were assumed to be constant for the past 30 years. This might create an estimation
bias. In fact, along with the aging process, people’s increasing adaptation ability, the popularity of air
conditioning and other potential factors, the exposure-response function might also have changed in the past
30 years. However, due to lack of investigation into this field, for now, we assume the exposure-response
functions remains constant.

Future Form of Indicator

One possible improvement of this indicator would be to use further city-level exposure-response function
parameters within each province.

Indicator 1.1.3: Change in labour capacity

Methods

Firstly, gridded (0.5°) daily temperature, dew point temperature and relative humidity were used to
calculate wet bulb globe temperature (WBGT) in the shade. The calculation method of WBGTmax,
WBGTmean and WBGThalf is the same as Watts et al.!

Secondly, the fraction of work hours lost (WHL) in each industry was estimated by the loss function
from Watts et al.!



1 WBGT — Prod
loss fraction = 2 (1 T ERF( mean))

Prodgy

WBGT refers to the WBGTmax, WBGTmean and WBGThalf estimated in the first step. Prodean
and Prodgy refer respectively to the mean and standard deviation of labour loss fraction. They are the
fixed parameters for labourers working with different activity levels. Their respective values are
displayed in Table 3. Labour is commonly divided into engaging in the primary, secondary and tertiary
industry in China.! The primary industry refers to agricultural, forestry, animal husbandry and fishery,
the secondary industry includes manufacturing, construction, mining and utilities, and the tertiary
industry includes transport, trade, catering services, finance, real estate and other services.!! Labour in
the primary industry was assumed to work at a metabolic rate of 400w, the secondary industry was at
300w and the tertiary industry was at 200w. After estimating the loss fractions in each industry working
at different levels of WBGT, these fractions were clipped at both extremes using the same method as
Watts et al.!

Table 3: Input values for labour loss fraction'

Work level Prod,,ean Prodyy
200w 35.53 3.94
300w 33.49 3.94
400w 32.47 4.16

Note: w is short for watts. Work levels at 200w/300w/400w represent light/medium/heavy physical work respectively.

Thirdly, a labourer was assumed to work 8 hours a day (2 hours at WBGTmean, 2 hours at WBGTmax
and 4 hours at WBGThalf), as 8 hours is the legal working time stipulated by the Labour Law of
China.'? Based on the loss function and the above assumption, the daily loss of each person in each
industry was estimated. This was then multiplied by the number of people working in each industry to
obtain daily losses in each industry. Finally, the total WHL in each industry from 2000-2019 was
estimated by summing these daily losses.

Data

1. Gridded climate data was from the European Centre for Medium-Range Weather Forecasts
(ECMWF), ERA5 project.’

2. Population data was from the hybrid gridded demographic data for the world by Chambers (2020).’

3. Data on the percentage of people working in each industry in the previous years was from 2019
Statistical Yearbook of China.'?

Caveats

The loss function was used to estimate WHL globally.! However, whether the function is appropriate
for estimating WHL at the provincial level of China is still unknown.

The percentage of workers in the primary, secondary and tertiary industries is only reported at the
country level, hence this proportion is distributed evenly to all grid cells, which is not consistent with
the actual situation.

The result was different with the global report by Watts as we take different data sources and
methodologies. Firstly, gridded population data was from the hybrid gridded demographic data for the
world, and the percentage of people working in each industry was from the Chinese Statistical Bureau.
Secondly, based on the Chinese national economy classification standard, workers were divided into
engaging in the primary, secondary and tertiary industries instead of agriculture, industry and service



sectors in Watts et al.! Thirdly, we assumed a labourer works 8 hours a day instead of 12 hours. The
daily work time of 8 hours is more realistic in China as this is stipulated by the Chinese labour law. In
the sensitivity analysis, the WHL increased by 53%-56% if we assumed a labourer works 12 hours a
day as Watts et al.!

Future form of indicator

The loss function should be further tested whether it is suitable for the actual situation in China, and the
percentage of workers in different industries at the provincial or city level is needed. Also, this indicator
will be updated to show WHL in more specific sectors (e.g., manufacturing and construction) in the
future. Finally, the percentage of workers in the primary, secondary and tertiary industries is only
reported at the country level, hence this proportion is distributed evenly to all grid cells. In the future,
the percentage at the provincial or city level is needed.

Additional Information
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Figure 1: Heat-related work hours lost in China. (A) Annual potential work hours lost due to heat
per person employed in each industry from 2000 to 2019. (B) Total work hours lost in different
provinces in 2019.

Table 4: The total work hours lost (WHL, millions) and average WHL per person working in the primary
industry, secondary industry and tertiary industry from 2000 to 2019 in China

Primary industry Secondary industry Tertiary industry All industry

v Total WHL Total WHL WHL per Total WHL WHL per Total WHL WHL per
ear e o e
WHL per (millions) person (millions) person (millions) person
(millions) | person

2000 8481.2 24.6 969.1 6.3 33.1 0.2 9483.4 13.8
2001 8360.3 24 1211.2 7.8 60.4 0.3 9631.9 139
2002 8468.9 24.2 1163.8 7.8 102.8 0.5 9735.5 13.9
2003 11476.5 332 1998.4 13.1 298.1 14 13773 19.5
2004 7818 23.5 1140.1 7.1 44.1 0.2 9002.1 12.7
2005 8638.5 27 1267.5 7.5 384 0.2 9944.5 139
2006 9627.1 31.5 1709.4 9.5 64.6 0.3 11401.1 15.9
2007 8227.3 28 1617.7 8.4 53.4 0.2 9898.4 13.7
2008 5920.5 20.7 936.7 4.8 16.1 0.1 6873.2 9.5
2009 7374.8 26.6 1547.1 7.7 433 0.2 8965.2 12.3
2010 9292.1 34.7 2553.2 12.2 230 0.9 12075.3 16.5
2011 6374.7 25 1489.6 6.9 39.6 0.2 7903.8 10.8
2012 6149.4 24.8 1528.9 6.9 19.1 0.1 7697.4 10.5




2013 9040 38.9 3209 14.4 238.5 0.8 12487.4 16.9
2014 5312 24.3 1506.1 6.8 66.4 0.2 6884.5 9.3
2015 4459 21.2 1228.9 5.6 18.4 0.1 5706.3 7.7
2016 8356.7 40.5 3397.8 15.8 368.3 1.1 12122.8 16.3
2017 8663 432 3486.6 16.7 473.9 1.4 12623.4 17
2018 8239.5 42.5 2962.3 14.5 156.5 0.5 11358.3 153
2019 6905 35.7 2757.9 13.5 275.3 0.8 9938.2 13.4

The reasons why results for indicator 1.1.2 and 1.1.3 have different spatial patterns are at least two-fold:

First, the working hour loss(WHL) is affected by two factor, heat and working-age population, while the
vulnerable population of heatwave-related mortality are mainly people older than 65 years. So, the different
spatial patterns of working-age people and old people caused the different distribution of figure 3 and 4. For
example, Guangdong province is the most concentrated province of manufacturing industry, so there are
much more people aged 14-65 than 65+. That's why Guangdong's WHL is high but the heatwave-related
mortality is relatively low.

Second, although the temperature is the same, the heat effects are different for WHL and heatwave-related
mortality. WHL is calculated using WGBT, while heat-related mortality is calculated using daily maximum
temperature. The two are different because WGBT related to air humidity, air movement, radiation
temperature and air temperature.

Indicator 1.1.4: Health and exposure to warming

Methods

This indicator remains similar to the methodology described in the 2019 and 2020 global Lancet Countdown
reports, with a focus on China. Monthly averaged summer temperature (June, July and August) was obtained
from the ERAS reanalysis data set and population count data from a hybrid gridded demographic data. Both
are gridded data with horizontal grid of 0.5°. Population-weighted temperature and area-weighted
temperature were calculated every year from 1986 to 2019 for every province and the entire country. Changes
in population-weighted and area-weighted temperatures were calculated every year 2000 to 2019 with 1986-
2005 as the baseline. Area-weighted temperature was calculated by averaging temperature records at every
grid inside a province/for the entire country. Population-weighted temperature was calculated in a similar
method with weights proportional to population count.

Data

1. Climate data was taken from European Centre for Medium-Range Weather Forecasts (ECMWF), ERAS
project.?

2. Population data is from a hybrid gridded demographic data for the world, created by Chambers (2020).}
Caveats

The horizontal resolution of temperature data is too coarse to reflect warming trend at local level. Localized
temperature data are preferred.

Future Form of Indicator
Future version may consider using localized reanalysis data set, instead of the global reanalysis data set.

Findings



The country-wide population-weighted temperature rose by 0.64°C in 2019 compared with the 1986-2005
baseline. Province-level changes in annual average population-weighted temperature from 2000 to 2019 are
presented (Figure 2, Figure 3), relative to the 1986-2005 average. Regions with profound warming are in
Southwest China, such as Qinghai-Tibet Plateau and Sichuan Province, where ecosystems are fragile, and
Yangtze Delta region, the most economically advanced and populous region in China. Subtropical provinces
in South Central China, such as Hainan, Guangdong and Guangxi, witness less population-weighted
temperature rise.
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Figure 2: Change in population-weighted summer temperature in 2019, relative to the 1986-2005
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Figure 3: Mean summer warming relative to the 1986-2005 average in China

Indicator 1.1.5: Vulnerability to extremes of heat

Methods

10



This indicator displays a heat vulnerability index derived from (1) the proportion of the population over 65
years, (2) the prevalence of chronic disease among population over 65 years, (3) the proportion of the
population living in urban areas, (4) the number of air conditioners owned per 100 urban households at year-
end and (5) the green covered area as % of built-up area, using the equation below:

_ (pop65; + popurban; + disease; — AC; — green;)

HY, =

in which, HV; refers to the heat vulnerability index in province i; pop65; refers to the proportion of population
over 65 years in province i, popurban; refers to the proportion of the population living in urban areas in
province i; disease; is the chronic disease prevalence among population over 65 years in province i. AC; is
the air conditioner ownership per 100 urban household in province i, green; is the percentage of green covered
area in province i. Increased urbanization may exacerbate heat island effect and therefore the health effect of

heat '4, while expanding green area and installing air conditioner are treated as adaptation measures of this
15,16

Reasons why five factors are considered in the heat vulnerability index are as follows:

The equation to calculate the heat vulnerability index is referred to sub-indicator 1.1.1 Vulnerability to
extremes of heat in the 2019 Lancet Countdown Report !, indicator 1.1 vulnerability to the heat-related risks
of climate change in the 2018 Lancet Countdown report 7 and indicator 1.1 Vulnerability to the heat-related
risks of climate change in the 2019 MJA-Lancet Countdown Report '8, In these three reports, the heat
vulnerability index is calculated with the same indicators which include proportion of the population over 65
years, the prevalence of cardiovascular, diabetes and chronic respiratory diseases among population over 65
years and the proportion of the population living in urban (i.e. urbanization rate). As concluded from
previously studies, populations aged over 65 years, especially those with underlying disease are more
vulnerable to health effect of heat than others !. And increased urbanization may exacerbate heat island effect
and therefore the health effect of heat '*. Therefore, these three indicators are taken into account to be a
measure of possibly increased heat vulnerability. However, some other studies also show that expanding
green area and installing air conditioner are treated as adaptation measures from heat '* 6, which are proved
to decrease the heat vulnerability to some extent. In addition, Watts N, et al also mentioned that heat
vulnerability in their report did not include prevalence of cooling devices and the prevalence of green areas
in cities, which are the caveats of their studies. To make some improvement of this indicator, the number of
air conditioners owned per 100 urban households at year-end and the green covered area as % of built-up
area are included in the China Lancet Cutdown Report. According to the opposite effect of these indicators
on the heat vulnerability, the equation from the global report was revised, using addition when the indicator
may increase the vulnerability and subtraction when it may decrease the vulnerability. Although there are
still lots of influencing factors of heat vulnerability, for now we only focus on these five most important and
relatively convinced factors due to the limited evidence and data availability.

Equal weights are assigned to each indicator without consideration of the relative importance of them. Some
researchers applied weights to the indicators based on the strength of statistical relationship with health
outcome '°. However, the indicators used may not be independent of each other due to the complexity of the
vulnerability, which may lead to the unbalanced emphasis of the factors when using unequal weights 2°.
What’s more, the weights of the factors may largely depend on the context, thus the weights may change with
the different part of China. Therefore, equal weights are assigned for each indicator in this study to avoid the
possible bias from the inadequate understanding of the heat vulnerability.

The number of air conditioners owned per 100 urban households at year-end was normalized to the range
from 0 to 1 using Max-Min Method to keep consistent with other sub-indicators before calculation. Then the
index was normalized again to provide ranges between 0 and 100. The higher value of the index, the higher
the vulnerability to heat exposure is. Due to data limits, the number of air conditioners owned per 100 urban
households at year-end was missing for Tianjin, Jilin, Shanghai, Hunan, Yunnan, Tibet, Gansu and Xinjiang
in 2013 and 2014, and green covered area as % of built-up area was missing for Beijing in 2010, Tianjin in
2007 and 2008, and Shanghai in 2008 and 2009. To account for the missing values, a linear regression
model was used to make the estimations, as the sub-indicator shows a good linear relationship with year. In
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addition, the prevalence of chronic disease among the population over 65 years were available for 1998, 2003,
2008 and 2013 at the national level. A linear regression model was used again to estimate the prevalence for
other years during 2000-2013. However, the prevalence after 2013 was assumed to be unchanged to avoid
further uncertainty. The index displays aggregated trends by regions for the period 2000 to 2018. The Cox-
Stuart trend test was used to examine the significance of trend with years.

Data
1. The prevalence of chronic disease among population over 65 years was extracted from National Health

Service Survey (NHSS) Report published by Statistical Information Center of National Health
Commission. (http://www.nhc.gov.cn/mohwsbwstjxxzx/).

2. The other data related to the heat vulnerability index (proportion of the population over 65 years,
proportion of the population living in urban areas, air conditioner owned per 100 urban households at
year-end, green covered area as % of built-up area (%)) was extracted from China Statistical Yearbook
compiled by National Bureau of Statistics from 2001 to 2019."

Caveats

The caveats of this indicator would mainly be in four aspects.

First, the prevalence of chronic disease among population over 65 years is not available at the provincial
level. Second, the index does not include the existence of heat early warning systems. Third, a linear
regression model was used to handle with the missing value in some sub-indicators, leading to some bias.
Fourth, adjustment of survey method used by National Bureau of Statistics during the study period may cause
fluctuation of the data to some extent.

Future Form of Indicator

In the future, we would consider including more sub-indicators to better reflect various aspects of
vulnerability to heat.

Findings

Despite the increasing heat and heatwave exposure per capita, the national average vulnerability has increased
by 0.92% since 2000. Vulnerability continues to rise in every region of China (Figure 4). Northeast China
remains the most vulnerable area, followed by Northwest China, Southwest China and North China. If
adaptation measures such as green area and air conditioner were excluded from the index, the vulnerability
to extremes of heat in China would increase by 59% from 2000 to 2018.

12



6°E  70°E  BO'E  80°E  100°E  MO°E  120'E  130°E  WO'E  IS0°E

e China = East China B
~=North China Northeast China
445 ——Northwest China South Central China
= Southwest China

IU: N

s
o
=3

2 0 500 1,000km
——

Vulnerability to extremes of heat

415 5 : e !
Vulnerability to extremes O 1 !
41.0 of heat in 2018 / ;
| <41 wm43-44 / _
405 z 41-42m> 44 o P 0 500 1,000 km|
& =42-43  Nodata N .
40.0 ———T—T— T W0E S°E 106°E 1O E 120°E 10°E

@@@0:19‘5?9@@ pp@@@@d\ @@@@@Q&\'}&ﬂ;&«?&«‘;&@@\b & '19'\"‘5

Year

Figure 4: Vulnerability to extremes of heat in China. (A) Trend in different regions from 2000 to
2018. (B) Distribution of vulnerability index in 2018

20°N

13



A B
14% 75%
. =}
£ 13% g TO% f
e =
o o42% | £ B5% |
c g
z 1% 5 60w f
B: =
S 0% | 2 55%
2 Ea
a 9% 2 ©50%
B gm
ER ) »  45%
S 7% 5 40w |
2 g
5 6% £ 5%
e =1
g (=]
o 5% £ 0% |
i by e e g g g g afgp e gue gy g g g gy i
2000 2003 2006 2008 2012 2015 2013 2000 2003 2006 2009 2012 2015 2015
Year Year
[ D
45% - 200
& =
5 = 180
= 5
z W% = o 160
— [ =2
2 T
T 359 £.8 M0
# =
n 2 5 120
-] ; %
& 30% EE 100
o 2%
] %g 80
(4]
£ 25% 22 oL
o o
c -
@ <t 40
5 20%
20 F
50 Lo v v 1 P S R T T S NN N R gET
2000 2003 2006 2009 2012 2015 2018 2000 2003 2006 2009 2012 2015 2018
E “fear Year
30%
@
§ g 75%
-
=
o T0%
B ——— Esst China
g2
5 o 65% e Morth Ching
s
5.8 ~— Morthesst China
YE 60% )
c = Morthwast China
o B
T 2 s55% ——— South Central China
g_g, —— Southwest China
=]
o g 0% —— China
ﬁ wm
45% |
40%

2000 2003 2006 2009 2012 2015 2018

Year

Figure 5: Trend of (A) Proportion of the population over 65 years, (B) Proportion of the population
living in urban areas, (C) Green covered area as % of built-up area (%), (D) Air conditioner owned
per 100 urban households at year-end in China from 2000 to 2018, (E) The prevalence of chronic
disease among population over 65 years.

The sudden decline in proportion of population over 65 years around 2011, air conditioner ownership in
China around 2013 was due to the change in statistical approach.
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Indicator 1.2: Health and extreme weather events
Indicator 1.2.1: Wildfires
Methods

The methodology for this indicator remains the same as the indicator in the 2020 global Lancet Countdown
report. It was calculated by the following equation:

PDy = Popy X ZFPd,pixel

Where PD, refers to person-days exposed to wildfire in a specified year y, and Popy refers to the population
count from gridded population data in a specified year y. FPypierrefers to a fire point count located within a
population data pixel in an unique day d of year y. The Collection 6 active fire product?! is acquired by the
Moderate Resolution Imaging Spectroradiometer aboard the NASA Terra and Aqua satellites. Unique
acquired date counts of all fire points within a population pixel were calculated, and multiplied by population
count per square kilometer, taken from NASA SEDAC GPWv4.35,2! with urban areas (population density >
400 persons/km?) removed. Annual exposure days are grouped by into four periods: 2001-2005, 2006-2010,
2011-2015 and 2016-2019. Then mean value of each period was calculated. Finally, the exposure days were
allocated to provinces (Figure 7 and Table 5) and 6 regions of China (Figure 8) using zonal statistical
methods.

Data

1. Fire point data was downloaded from NASA Near Real-Time and MCD14DL MODIS Active Fire
Detections (SHP format).??

2. Population data was taken from the Chambers (2020) hybrid gridded demographic data for the world?’
and the Gridded Population of the World Version 4 (GPWv4).2?

Caveats

The information on confidence field and pixel distance in MODIS database haven’t been used in this year’s
analysis to identify the number of people affected.

This indicator doesn’t explicitly describe how the smoke from wildfire would influence human health.?*
The exposure level in wildland-urban interface is underestimated due to the removal of urban area based
on the population density.

Future Form of Indicator

In the future, VIIRS data (available since 2012) can be merged to MODIS fire points to calculate the annual
indicator result, rather than simply validate the result. The information on fire point confidence and pixel

coverage from MODIS database can be used to identify the number of people affected.

Further work will also be undertaken to explore how exposure to wildfire smoke can be captured in this
indicator.

Additional Information
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Table S: Annual Average Person-days Exposed to Wildfires in Provinces of China, from 2001 to 2019

Province 2001-2005 2006-2010 2011-2015 2016-2019
Beijing 9,527 20,460 29,892 15,056
Tianjin 21,134 44,468 76,944 73,957
Hebei 115,508 240,993 463,425 558,113
Shanxi 102,214 201,257 343,560 366,931
Inner Mongolia 62,258 108,625 288,942 326,831
Liaoning 90,067 265,632 586,606 509,408
Jilin 35975 161,840 539,265 546,148
Heilongjiang 164,006 309,878 1,025,086 1,132,985
Shanghai 9,785 14,098 2,153 620
Jiangsu 275,753 525,651 463,493 240,491
Zhejiang 79,967 158,207 177,609 140,601
Anhui 276,908 716,847 1,101,342 303,894
Fujian 182,076 320,030 190,356 122,355
Jiangxi 282,228 466,663 424,280 287,285
Shandong 164,443 319,377 557,111 444 405
Henan 151,468 426,745 631,763 231,280
Hubei 106,333 232,618 372,435 268,833
Hunan 455,882 898,682 650,163 383,556
Guangdong 631,397 873,869 653,493 318,867
Guangxi 582,128 977,535 687,837 499,334
Hainan 32,626 21,198 24,164 21,681
Chongqing 7,157 18,591 42,229 73,652
Sichuan 67,653 127,245 221,497 232,508
Guizhou 98,069 298,292 171,208 155,944
Yunnan 331,808 518,658 455,622 328,971
Tibet 14,145 32,650 37,689 27,778
Shannxi 47,629 54,016 93,267 100,947
Gansu 15,558 35,436 55,198 82,155
Qinghai 957 9,432 18,803 14,552
Ningxia 7,599 18,142 44,339 38,598
Xinjiang 21,103 44,423 76,160 55,776
Taiwan 15,870 22,881 15,635 22,128
Hong Kong 698 438 407 211
Macao NaN NaN NaN NaN

Note: NaN means not available due to the area of Macau being too small.

Indicator 1.2.2: Cyclones
Methods

In this indicator, data on exposure and damage levels from cyclones were taken three databases were used
to estimate the effects of tropical cyclones in China. Exposure data from 1980 to 2019 are from the China
Meteorological Administration (CMA) Tropical Cyclone Database provided by CMA Tropical Cyclone Data
Centre.?’ Damage data in mainland China is taken from China Meteorological Disaster Yearbook, which has
been published since 2004 by China Meteorological Press. The damage related information in Taiwan
Province was downloaded from the Statistical Bureau of Taiwan. The time scale of damage data is from 2004
to 2017.

Based on maximum average wind speeds near the bottom center of tropical cyclones given by the CMA, six
different grades could be defined: (1) tropical depression (10.8-17.1m/s); (2) tropical storm (17.2-24.4m/s);
(3) severe tropical storm (24.5-32.6m/s);(4) typhoon (32.7-41.4m/s); (5) severe typhoon (41.5-50.9m/s); (6)
super typhoon (>51my/s).

On the exposure dimension, the tropical cyclones are described in frequency, intensity and spatial-temporal
distributions at both the country and provincial levels. The student t-test is used to compare the difference
between the number of tropical cyclones from 2000 to 2019 and the baseline of the reference period (1980-
1999) when the data satisfy the normality test. Otherwise, the Mann-Whitney U test is used. Based on these
methods, the cluster of typical vulnerable areas could be found. The intensity changes could also be identified
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by comparing the relationships among the tropical cyclone levels on temporal scales.

Based on the hot-spot areas on exposure dimension, the spatial-temporal distribution of population affected
and relocated as well as houses and crop fields destroyed are used to evaluate the damages of these disasters
on the eco-system. The Mann-Kendall test, a non-parametric test, is used to explore the tendencies of these
aspects of damage dimension.?®

Data

1. Exposure data from 1980 to 2019 are from the CMA Tropical Cyclone Database provided by CMA
Tropical Cyclone Data Centre. (http://tcdata.typhoon.org.cn) 2327

2. Damage data in mainland China origin from China Meteorological Disaster yearbook published by
China Meteorological Press.?’

3. The damage data in Taiwan Province was downloaded from the Statistical Bureau of Taiwan. 2}

Caveats

The caveats of this indicator would mainly be in three aspects. First, the health effects caused by tropical
cyclones on the vulnerable population are not evaluated. The data is provincial-based, so the change of
vulnerability cannot be reflected, especially in typical cities that are most affected by tropical cyclones. The
changing of adaptation capability at the provincial levels is not evaluated.

Future form of indicator

1. More information on the relationships between tropical cyclones and health outcomes in China will be
studied.

2. Data at the typical cities would be used to identify the health vulnerability after the tropical cyclone

exposure.

Additional information
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Figure 9: The spatial-temporal distribution of tropical cyclone and its damages nationwide (A) The
spatial pattern of cumulative landing locations of tropical cyclones from 2000-2019. (B) Spatial pattern
of cumulative damage occurrences of tropical cyclone from 2004-2017, China. (C) The temporal trends
of occurrence of tropical cyclones below the typhoon grade. (D) The temporal trends of occurrence of
tropical cyclones typhoon grade and above .
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Figure 10: Frequency of Landing on Tropical Cyclones from 1980 to 2019. There is no statistical
difference in distribution between the study period and the reference period of tropical cyclones.
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Figure 11: Frequency of Tropical Cyclones Landfalling on Different Levels from 1980 to 2019.

The dashed lines are the mean of landfalling frequency at different levels in the reference period. Compared
with the reference period, the statistical difference was found at above typhoon level, because of the
increasing occurrences of severe and super typhoons.
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Figure 12: Population affected by Tropical Cyclones 2004-2017 in typical provinces that are most
affected by tropical cyclones. The dashed lines are the mean in the study period. The population
affected in Fujian Province are declining significantly.
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Figure 13: Population Relocated due to Tropical Cyclones in typical provinces that are most affected
by tropical cyclones. The dashed lines are the mean in the study period. The relocated population in
Zhejiang Province had declined significantly.
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Figure 14: Houses Collapsed caused by Tropical Cyclones on typical provinces that are most affected
by tropical cyclones. The dashed lines are the mean in the study period. The houses collapsed in
Zhejiang Province had declined significantly.
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Figure 15: Crop Fields Destroyed caused by Tropical Cyclones on typical provinces that are most
affected by tropical cyclones. The dashed lines are the mean in the study period. The crop fields
destroyed in Fujian Province had declined significantly.

Table 6: Frequency of Different Grades of Tropical Cyclones on Landing from 1980 to 2019

Year D];;?‘Ie);(s:?(lm T;)(])arir(;al Severset(;l"r;;)pical Typhoon Severe Typhoon Super Typhoon
1980 2 5 3 2 2 0
1981 6 3 5 0 1 0
1982 1 3 3 0 1 0
1983 2 0 2 3 0 0
1984 4 1 10 1 0 0
1985 6 1 7 2 1 0
1986 4 3 1 4 1 0
1987 2 0 4 2 0 0
1988 4 0 2 4 0 0
1989 3 2 5 5 0 1
1990 2 4 5 4 1 0
1991 1 0 2 4 2 0
1992 1 3 5 3 0 0
1993 1 1 1 5 0 0
1994 3 4 7 2 2 0
1995 4 3 5 1 0 0
1996 0 3 3 3 1 0
1997 1 1 3 2 0 0
1998 2 2 3 0 0 0
1999 5 1 3 2 0 0
2000 2 0 3 3 0 1
2001 5 2 4 6 0 0
2002 2 3 3 1 0 0
2003 1 2 1 7 0 0
2004 1 3 3 1 2 0
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Table 7: Total Frequency of Different Grades of Tropical Cyclones on Landing at Provincial Levels
from 1980 to 2019

Landing Tropical Tropical Severe Tropical Typhoo Severe Super
Provinces Depression Storm Storm n Typhoon Typhoon
Fujian 7 19 21 21 3 1
Guangdong 30 31 44 32 8 2
Guangxi 6 10 5 0 1 0
Hainan 24 20 17 19 3 1
Jiangsu 1 0 2 1 0 0
Liaoning 3 2 1 0 0 0
Shandong 5 5 2 0 0 0
Shanghai 0 2 2 0 0 0
Taiwan 7 7 19 23 22 4
Hong Kong 2 3 3 0 0 0
Zhejiang 1 4 10 10 5 2
Table 8: Damages Caused by Tropical Cyclones
Year Population Affected/1,000 Population Relocated/1,000 Houses Collapsed/1,000 Damage Area/Hectares
2004 NA NA 89.4 1019.22
2005 73679 9399 342 4663
2006 722514 8940.1 723 2957.9
2007 42260.6 7273.6 84 2082.03
2008 37915.6 4922.3 127.6 2310.3
2009 19435.6 2784.6 253 11143
2010 11491.6 1227 49.2 342
2011 18128 2715 25 1548
2012 47637 5696 130 3491
2013 49222 5552 91 2672
2014 26595 1773 52 2483
2015 23756 3595 23 1721
2016 17212 2606 38.2 2024
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Table 9: Damages Caused by Tropical Cyclones at Provincial Levels from 2004 to 2017

Affected Population Damage Population Houses
Province Affected/1,000 Area/Hectares Relocated/1,000 Collapsed/1,000
Anhui 18562.9 133.384 1284.9 132.6
Fujian 44404.3 231.45 13719.3 304.9
Guangdong 95122.7 577.51 8847.5 370.3
Guangxi 53511.9 394.19 3848.9 148.6
Guizhou 235 1.1 15 0
Hainan 38883.1 230.163 3915.8 67
Hebei 5698 8.5 359 24.1
Heilongjiang 3708 136.6 5 1
Henan 2022 19.34 1 12.5
Hubei 4431.2 36.62 180.7 42.1
Hunan 20590.6 98.629 2373.3 223.4
Jiangsu 19162.1 214.813 865.9 235
Jiangxi 17417.7 93.723 1271.2 98.8
Jilin 3697 273 59 2
Liaoning 6666 62.3 745 31
Shandong 12770.5 121.61 1037 50
Shanghai 2655.1 18.413 1499.7 16
Tianjin 322 6.7 0 2
Yunnan 5650 3451 79.5 15.1
Zhejiang 89932.7 435.32 17466.9 238.7

Indicator 1.2.3: Flood and drought
Methods

China suffers from frequent floods. More than half of the deaths related to natural disasters were caused by
flood in the past two decades.?> Apart from direct death or physical and mental harms, it also destroys
livelihood and shelters disease vectors that threaten human health and well-being.? Prolonged drought may
impact human health by shortening water supply and farmland production.*

In this context, flood is defined as hydrological flood, including riverine flood (the overflow of water from a
stream channel onto normally dry land in the floodplain), coastal flood (higher-than-normal levels along the
coast and in lakes or reservoirs) and flash flood (pooling of water at or near the point where the rain fell).
Drought refers to climatological drought, which is an extended period of unusually low precipitation that
produces a shortage of water for people, animals and plants. For a disaster to be entered into this report at
least one of the following criteria must be fulfilled: (1) 10 or more people reported killed; (2) 100 or more
people reported affected; (3) declaration of a state of emergency; and (4) call for international assistance.’!

All flood and drought disasters in China (including Taiwan, Hong Kong and Macao) for years 1980-2019
were extracted from the EM-DAT international disaster database, and the number of disasters in China and
each province per year was counted according to the location recorded in EM-DAT. The Student’s t-test is
used to compare the difference between the number of floods and droughts from 2000 to 2019 and the
baseline of reference period (1980-1999) when the data meet the normal test. Otherwise, the Mann-Whitney
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U test is used. Furthermore, flood is classified into three levels including moderate and less flood, severe

flood, and major flood according to the number of deaths and overall economic losses (Table 10).3

Table 10: Criteria of catastrophe classes for flood

Flood classes Overall losses (in million US dollars) Fatalities
1980-1989 1990-1999 2000-2009 2010-2019
Moderate or less 0.63<US$<29 0.91<US$<42 1.18<US$<54 1.33<US8$<61 1-19
Severe 29<US$<114 42<US$<164 54<US$<212 61<US$<239 20-99
Major Us$>114 US$>164 US$>212 US$>239 >100

Note: If only one criterion is met (i.e. either fatalities or overall losses), this is sufficient for classification

The cumulative number of floods and droughts in each province during 2000-2019 was counted and the
vulnerable regions are identified.

Data

1. EM-DAT at the Centre for Research on the Epidemiology of Disasters (CRED) at the Université
Catholique de Louvain, Belgium?!

Caveats

It is difficult to estimate the number of people exposed to floods and droughts because the locations of
disasters in EM-DAT database cannot always be accurate to city level. Additionally, since there is no direct
index of disaster intensity, the death number and total economic loss of each catastrophe are used to classify
the disasters, which may lack consistency in different databases and studies.

Data here is taken from the global EM-DAT database. The reasons for not choosing Meteorological Disaster
Yearbooks in China as the data sources are three fold: first, the data from the yearbook only covers 2004-
2017; second, they have three-year’s lag in reporting the data. So the current latest data in the yearbook is in
2017, third, most of the disasters don’t have data for occurrences. EM-DAT data is also used because it has
detailed data on the occurrences, the province where the disaster occured, the number of people affected
and the number of deaths. It is also easier to make comparisons with the global report.

Future Form of Indicator

The EM-DAT database is compiled from various sources including United Nations, governmental and non-
governmental agencies, insurance companies, research institutes and press agencies and updated on a daily
basis to ensure its credibility and completeness. It will continue to be the main data source for tracking this
indicator. However, efforts should be made in the future to obtain the number of people exposed to each
disaster through cooperation with Chinese institutions.

Findings

Compared with the reference period (1980-1999), the number of flood disasters, and especially major floods,
has increased significantly from 2000 to 2019. It is noted that the number of flood disasters increased
significantly from 2013 to 2017, which is probably due to the 2014-2016 strong El Nifio.** In 2019, there
were six floods classified as disasters in China. Most floods occurred in provinces in Southwest and South
Central China such as Sichuan, Guizhou, Hunan and Hubei provinces, and their flood occurrences are all
significantly higher than that of the reference period.

Compared with 1980-1999, there was no significant change in the number of drought in 2000-2019, with no

severe drought between 2018 and 2019. Northern China is drought-prone, with Inner Mongolia suffering the
most.
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Figure 16: Temporal and spatial distribution of flood and drought: 2000-2019. (A) Changes in the
occurrences of flood and drought (horizontal dashed lines represent the baseline levels of reference
period. (B) Number of flood with different intensity levels. (C) Cumulative number of flood from 2000
to 2019 by province. (D) Cumulative number of drought from 2000 to 2019 by province.

Table 11: Annual occurrences of flood and drought between 1980-1999 and 2000-2019

Year Number of flood Number of drought Year Number of flood Number of drought
1980 4 0 2000 9 3
1981 5 1 2001 9 2
1982 5 0 2002 10 3
1983 2 2 2003 6 2
1984 3 0 2004 9 0
1985 9 1 2005 13 2
1986 2 0 2006 21 1
1987 6 0 2007 12 0
1988 8 1 2008 7 1
1989 2 0 2009 7 2
1990 3 0 2010 5 1
1991 3 1 2011 5 0
1992 7 2 2012 13 0
1993 4 0 2013 14 1
1994 7 2 2014 13 2
1995 3 1 2015 12 1
1996 4 0 2016 12 1
1997 8 1 2017 13 1
1998 6 0 2018 8 0
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1999 6 1 2019 6 0
Total 97 13 Total 204 23
Table 12: Cumulative number of floods and droughts in each province from 2000 to 2019
Province Number of flood | Number of drought Province Number of flood Number of drought
Anhui 24 4 Jiangxi 42 3
Beijing 5 0 Jilin 11 4
Chonggqing 40 2 Liaoning 7 4
Fujian 31 2 Macao 0
Gansu 25 4 Ningxia 3
Guangdong 43 3 Qinghai 1
Guangxi 40 2 Shaanxi 28 5
Guizhou 62 3 Shandong 18 5
Hainan 8 0 Shanghai 2 0
Hebei 8 5 Shanxi 8 6
Heilongjiang 12 2 Sichuan 66 5
Henan 21 2 Taiwan 4 0
Hong Kong 1 0 Tianjin 0
Hubei 51 2 Tibet 1 0
Hunan 58 4 Xinjiang 9 0
Inner 10 8 Yunnan 43 4
Mongolia
Jiangsu 21 2 Zhejiang 22 2
10 - Sichuan Guizhou
9 Hunan Hubei
- - - - Baseline (Sichuan)- - - - Baseline (Guizhou)
8 1 ---- Baseline (Hunan) - - - - Baseline (Hubei)
7 4
36
25 \
o \
g 4 - \
2 1 \
1 ¥ A2z=zedz==2=2227%2 ’E:EE:::EEEEEEEEEEEEEEEEEEEEE;E_E
0 77—

D
qp@q’ PENATANAN & N 106\,,90 AANHUISAN qp'\ s IS rp'\'\ S

Year

Figure 17: Time trends of flood among four most vulnerable provinces: 2000-2019 (horizontal dashed
lines represent the baseline levels of the reference period)

Indicator 1.3: Climate-sensitive infectious diseases

Methods

This indicator focuses on dengue — a notable climate-sensitive vector-borne infectious disease in China. There
are three sub-indicators in indicator 1.3 — the climate suitability for Aedes aegypti (A. aegypti) and Aedes
albopictus (A. albopictus), the vulnerability index to dengue, and the disease burden for dengue in China.
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The climate suitability of A. aegypti and A. albopictus is represented by Vectorial capacity (VC), which
expresses the average daily number of subsequent cases in a susceptible population resulting from one
infected case. It is affected by climatic and environmental factors such as land-use type, temperature and
rainfall. The VC was calculated according to the method provided by Rocklov et al.(2019)** and Liu-
Helmersson et al. (2014)%. It takes into account interaction among host, vector and virus. VC is expressed
as:

VC = ma?b,,p"/—Inp

Where a is the average vector biting rate, b,, is the probability of vector infection and transmission of virus
to its saliva, p is the daily survival probability, # is the duration of the extrinsic incubation period-(EIP) ,
and m is set to 1 assuming female vector and human population as in Watts et al.(2019). ! Detailed model
description and explanation, as well as the relationship between daily temperature with these parameters can
be found in Rockldv et al. (2019).3 In this study, the time unit is 1 day, and each vector parameter depends
on the temperature. The parameter value comes from the literature, usually from experimental data, as
described in Liu-Helmersson et al. (2014).% The trend of VC time series was analyzed by Mann Kendall
trend test. The time unit is 1 season. A two-tailed p < 0.05 was considered statistically significant.

The dengue vulnerability index was calculated by dividing VC with average International Health Regulation
(IHR) core capacity. The average of IHR core capacity scores is the percentage of attributes of 13 core
capacities that have been attained at a specific point in time (presented on an annual basis). It measures the
ability to detect, assess, report, inform and deal with public health emergencies. The 13 core capacities of
IHR are: (1) National legislation, policy and financing; (2) Coordination and National Focal Point
communications; (3) Surveillance; (4) Response; (5) Preparedness; (6) Risk communication; (7) Human
resources; (8) Labouratory; (9) Points of entry; (10) Zoonotic events; (11) Food safety; (12) Chemical events;
(13) Radionuclear emergencies.

Vulnerability=VC/ average IHR core capacity

National trends for dengue fever are retrieved from the Global Burden of Disease project database over the
period 1990-2017 3¢ and provincial changes for these diseases between 1990 and 2017.37 The national trends
are presented as incidence rates per 100,000 individuals per year as well as Disability-Adjusted Life Years
(DALY35) rates per 100,000 individuals over the period.

Data

1. Monthly average daily temperature (minimums, maximum, and mean) data with the resolution 0.25°
from 1961-2018 were from Library for Climate Studies of Chinese Meteorological Administration.

2. The spatio-temporal distributions of 4. aegypti and A. albopictus in 1961-2018 in China were from the
China CDC.*

3. The IHR core capacity scores from 2010 to 2018 in China were downloaded from WHO website."

4. Thenational and province-level DALY rate and incidence rates of dengue over the period use the Global
Burden of Disease Study 2017 (GBD 2017) results published for China by the Global Health Data
Exchange and provincial-level findings of China published in a systematic analysis in China for GBD
2017.3%%7 The databases were accessed on 29 April 2020.

Additional Information

The average monthly VC for 4. aegypti and A. albopictus in mainland China from 1961 to 2018 are presented
in Figure 18. VC for A. aegypti and A. albopictus is found to have increased by 37% and 14% respectively

when comparing the 2014-2018 average value with the 1961-1965 average value. The overall vulnerability
index for two species (4. aegypti and 4. albopictus) had increased slightly by 8% in mainland China over
2010-2018 (Figure 19). The vulnerability index for 4. aegypti is higher than that of 4. albopictus during the
same year.
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Figure 18: The average monthly VC in mainland China, 1961-2018
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Figure 19: Trends in the annual average vulnerability index for A. aegypti and A. albopictus in
mainland China, 2010-2018.

Due to the increased climate suitability, China has witnessed an obvious northward shift of dengue cases
(Figure 20). The frequency of indigenous dengue outbreak has increased rapidly in China since 2013. In
2019, China experienced an unprecedented multi-sites indigenous outbreak of dengue in 13 provincial-level
administrative divisions (PLADs) which significantly higher than the average level (3.67 PLADs per year)
from 2013 to 2018.
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Figure 20: Dengue case numbers distinguished by colour according to the magnitude in each city
during 1980-2004 (A) and 2005-2016 (B) (adapted with the permission from authors).*!

Major caveat of this figure is that it doesn’t distinguish local cases with imported cases. But it could still
broadly show that dengue has a clear northward trend to the provinces that have no dengue before. The data
were unable to be updated till 2019 or 2018 or adapted to have a same baseline as above due to data
unavailability.

Table 13: Provincial all-age DALY rate percentage changes between 1990 and 2017 for dengue in
China

Location All-age DALY rate (per 100 Location All-age DALY rate (per 100 000)
No. nam 000) percentage change of No. nam percentage change of dengue,
¢ dengue, 1990-2017* ¢ 1990-2017*

1 China 468.75% 19 Jiangxi NA

2 Anhui NA 20 Jilin NA

3 Beijing NA 21 Liaoning NA

4 Chongging NA 22 Macau 404.40%
5 Fujian 345.53% 23 Ningxia NA

6 Gansu NA 24 Qinghai NA

7 Guangdong 359.11% 25 Shaanxi NA

8 Guanggxi 386.77% 26 Shandong NA

9 Guizhou NA 27 Shanghai NA
10 Hainan 339.33% 28 Shanxi NA

11 Hebei NA 29 Sichuan NA
12 | Heilongjiang NA 30 Taiwan 421.35%
13 Henan NA 31 Tianjin NA
14 Hong Kong 382.31% 32 Tibet NA
15 Hubei NA 33 Xinjiang NA
16 Hunan NA 34 Yunnan 276.53%
Inner ..

171 Mongolia NA 35 | Zhejiang 358.97%
18 Jiangsu NA

*'NA" means that the all-age DALY rate (per 100 000) percentage changes between 1990 and 2017 for dengue can not
be calculated in these provinces when the all-age DALY rate (per 100 000) of Dengue in 1990 and 2017 is zero as dengue
cases are few.

Caveats

Key caveats and limitations of the VC model and its parameterization are fully described in Liu-
Helmersson et al. (2014, 2016)*>*? and Rocklév et al., (2019).>* Overall, the most important limitation
is the assumption that the VC is a function of temperature, which should be improved by the more
sophisticated model in future. In addition, lacking data concerning IHR core capacities score in each
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province of China is another major caveat.
Future Form of Indicator

In future reports, VC can be calculated considering climatic and environmental factors such as factors
including temperature and rainfall and local reported dengue cases and monitored vector density in the model
synthetically according to different mosquito virus serotypes. New information about data, method and
spatial-temporal scale, etc. will be investigated further. In future, the vulnerability index for the provinces
with de. aegypti and Ae. albopicuts distribution can be calculated if we can obtain the alternative indicator
of IHR at the provincial level.

Section 2: Adaptation, planning, and resilience for health
Indicator 2.1: Adaptation planning and assessment
Indicator 2.1.1: National adaptation plans for health
Methods

A mixed approach, including qualitative analysis of national government documents related to climate
change response and a nation-wide China Health and Climate Change Survey for quantitative analysis, was
first applied for this indicator. Both documents review and quantitative survey will continue to be conducted
annually.

Government documents were searched on the websites of the State Council of PRC, the National
Development and Reform Commission, the National Health Commission of PRC etc., and search covered
keywords related to climate change, health, adaptation, vulnerabilities, and response etc. All of the documents
were read through and relevant contents/sections related to climate change and health adaptations were
extracted for further analysis. The following national government documents were identified as highly
relevant:

¢ The People’s Republic of China. China’s National Plan in Response to Climate Change (in Chinese).
2007.

¢ China’s National Development and Reform Commission and eight other ministries. China’s National
Climate Change Adaptation Strategy (in Chinese). 2013.China’s National Development and Reform

Commission. China’s National Climate Change Planning (2014-2020) (in Chinese). 2014.

The survey questionnaire was designed by the research team from Sun Yat-sen University, adapting the
2018 WHO Health and Climate Change Country Survey. The survey questions related indicator 2.1.1
included “Has your province implemented adaptation plans or strategies to address climate change health
risks at the provincial level?”, “How is the implementation of relevant policies and strategies?”, “What do
you think are the main constraints and challenges ahead?”, “What do you think should be the priority to
implement climate change and health response strategy?”. Focus group discussions, key informant
consultations were operated at least five times to ensure the validation of the questionnaire. The survey was
sent to the provincial Centers for Diseases Control and Prevention in all 31 provinces/regions/municipalities
in mainland China in early May 2020, and 17 of them completed the survey.

Data

1.  Government documents were retrieved from government websites as described above.
2. Data on provincial adaptation plans or strategies for health was obtained from the nation-wide online
voluntary survey conducted by Sun Yat-sen University and China’s CDC in early May, 2020.

Caveats
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The national online survey related to climate change and health adaptations was conducted in China for the
first time in 2020. The survey was not completed by all provinces, regions or municipalities as it was
voluntary. It was completed by the provincial Centers for Diseases Control and Prevention in the
provinces/regions/municipalities in mainland China, which might only reflect the adaptation plans at local
governments’ perspectives.

Future Form of Indicator

National reports and documents on climate change and adaptation plans for health will continue to be
searched and reviewed annually. The China Health and Climate Change Survey will also be conducted
annually and will continue to be the primary source of data to track this indicator 2.1.1. The survey tool could
be improved in the future, in terms of the questionnaire validation and response rate.

Additional Information

The Central Government of China issued the National Plan in Response to Climate Change in 2007, which
mentions the health impacts of climate change.” In 2013, the National Development and Reform
Commission (NDRC) and eight other ministries jointly published the National Climate Change Adaptation
Strategy, with a section entitled “Human Health”, proposing to improve the health and epidemic prevention
system, so to provide public weather-health information services.** In 2014, the NDRC further implemented
the National Climate Change Planning (2014-2020), emphasising the improvement of population adaptability
under climate change.*’

Indicator 2.1.2: National assessments of climate change impacts, vulnerability, and adaptation for
health

Methods

A mixed approach, including qualitative analysis of national assessment reports and a nation-wide survey for
quantitative analysis, was applied for this indicator.

National reports and documents on assessments of climate change impacts, vulnerability, and adaptation for
health released since the year 2000 were systematically searched. The series of reports, “Climate and
Environmental Evolution in China”, “The National Assessment Report on Climate Change”, and “Green
Book of Climate Change-Annual Report on Actions to Address Climate Change” were mainly reviewed to
qualitatively summarise the national assessment findings.

The provincial-level quantitative data for this indicator is sourced from the China Health and Climate Change
Survey as described in indicator 2.1.1.

Data
1. Government documents were retrieved from government websites as described above.
2. Data on provincial assessments of climate change impacts, vulnerability, and adaptation plans for health

was obtained from the nation-wide online voluntary survey conducted by Sun Yat-sen University and
China’s CDC in early May, 2020.

Caveats

The survey was not completed by all provinces as this survey was voluntary; however, the inclusion of 17
provinces in this survey covered most climate zones in China.
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Future Form of Indicator

National reports on assessments of climate change impacts, vulnerability, and adaptation for health will
continue to be searched and reviewed. The China Health and Climate Change Survey will be conducted
annually and will continue to be the primary source of data to track this indicator. The survey tool could be
improved in the future, in terms of the questionnaire validation and response rate.

Additional Information

China is facing severe and complex health challenges of climate change. In recent years, the national reports
on climate change had involved health as a part of the assessments. Health had been included as a section of
a chapter in the report of “Climate and Environmental Evolution in China: 2012”6 and “The Third National
Assessment Report on Climate Change™ in 2015.

A scientific assessment of health impacts, vulnerability and adaptation to climate change serves as a baseline
analysis of health risks and response measures, which may influence health policymaking and resource
allocation.! In recent years, the national reports on climate change have involved health as a chapter in the
assessment.**” However, the assessment was relatively brief and mainly focused on extreme weather events
related to health outcomes and infectious diseases. The projections of health impacts and vulnerability were
also included, but the projections were mainly qualitative, and no climate change scenario was used for
quantitative estimation.

Of 17 provinces surveyed, only Shanghai reported having completed a province-wide comprehensive
assessment of health impact, vulnerability and adaptation to climate change, and five indicated the work had
been done in a few cities (Figure 21). Heatwave related morbidity or mortality was the most assessed climate-
sensitive health outcomes (Figure 22). However, only two provinces thought their assessment findings had
somewhat influence on the health policy-making, while four indicated the influence was minimal. In terms
of the allocation of human and financial resources, only Shanghai indicated the assessment findings had
somewhat influence, while others reported minimal or no impact (Figure 24).

A scientific assessment of health vulnerability to
climate change has been done

A scientific assessment of health adaptation to
climate change has been done

A scientific assessment of health impacts of climate h 6 5 4
change has been done

A comprehensive scientific assessment of climate

health has been done

change impacts, vulnerability, and adaptation for F 5 6 5
0 5 10 15

® Province-wide A few cities No Unknown

Figure 21: Number of provinces with a scientific assessment of climate change impacts, vulnerability,
and adaptation for health
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Figure 22: The assessed climate sensitive diseases and health outcomes
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Figure 23: The impacts of assessment findings on the policy prioritisation and the allocation of
human and financial resources (Six provinces conducted comprehensive assessment)
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Figure 24: The impacts of assessment findings on the policy prioritisation and the allocation of
human and financial resources (Six provinces conducted comprehensive assessment)

Indicator 2.1.3: City-level climate change risk assessments
Methods

Cities have been accommodating an increasing proportion of the total population of China, up to 60 percent
by the end of 2019.° This indicator is measured with the CDP surveys of global cities in 2017, 2018, and
2019.% Fourteen Chinese cities in total joined the annual survey at least once and responded to the related
questions about climate change risk or vulnerability assessments and infrastructure affected by climate
hazards.

Three sub-indicators were developed based on three questions. The first is the number of the cities that have
undertaken a climate change risk or vulnerability assessment, recorded by the 2017, 2018, and 2019 surveys.
The second is the number of cities whose climate change risk or vulnerability assessment covering the public
health sector, recorded by the 2019 survey. The third is the number of the cities that reported the assets or
services related to public health would be affected by climate hazards, recorded in 2018 and 2019 surveys.
The methodology follows the 2019 global report of Lancet Countdown but adds a sub-indicator about the
inclusion of the public health sector in risk assessments.

Data
1. CDP Annual Cities Survey data
Caveats

Only a small portion of Chinese cities (14 out of more than 600 cities) were involved into the 2017, 2018,
and 2019 CDP surveys. The responding cities include Hong Kong, 10 in Taiwan, and 3 in Mainland China.
The results lack representativeness.
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Future Form of Indicator

The CDP survey is conducted annually. Newly released data will be used with previous data in future
reports.

In the future, the 28 pilot cities/counties/districts’ climate change risk assessments will be evaluated after the
project ends in 2020. The successful cases will be expanded to the whole country. We believe there will be
more cities to plan, conduct, and release their own climate change risk assessment. Therefore, a national
survey is expected to be designed and conducted to collect responses from city-level governments across
China about whether a climate change risk/vulnerability assessment has been undertaken for the city area and
whether the health sector has been covered by the assessment.

Findings

Fourteen Chinese cities in total responded to related questions in at least one of the 2017, 2018, and 2019
CDP surveys.

The joint results show 11 (including Hong Kong and 10 in Taiwan) of the 14 cities have undertaken a climate
change risk or vulnerability assessment and one (Zhenjiang) in progress, but one (Nanjing) has not
undertaken an assessment and one (Shenzhen) has no intention in the future. Concerning the vulnerable
sectors, seven cities” completed assessments cover public health. Besides, ten cities in total present that their
assets or services related to public health would be affected by climate change.

The great demand of city-level climate change risk assessments for vulnerable areas, groups, and sectors
including public health in China has spawned a pilot project from 2017 to 2020 containing 28

cities/counties/districts, which is directed by a national plan jointly issued by Ministry of Housing and Urban-
50, 51

Rural Development (MOHURD) and National Development and Reform Commission (NDRC) in 2016 .

Table 14: Chinese cities that have undertaken a climate change risk or vulnerability assessment

2017 2018 2019
Yes (11 cities in Hong Kong, Hsinchu (City)*, Hong Kong, Kaohsiung*, Hong Kong, Kaohsiung*, Kinmen*,
total) Kaohsiung*, New Taipei*, New Taipei*, Pingtung*, New Taipei*, Pingtung*, Taichung*,
Pingtung*, Taichung*, Taipei* Taichung*, Taipei* Tainan*, Taipei*, Taoyuan*, Yilan*
In progress Yilan* Yilan* Zhenjiang
No Shenzhen, Taoyuan* Nanjing
Not intending to Shenzhen
undertake

*Cities in Taiwan

List of cities whose risk and vulnerability assessment covering the public health sector (seven cities in
total)

2019: Hong Kong, Taoyuan*, Taipei*, Tainan*, Taichung*, New Taipei*, Kaohsiung*

(*cities in Taiwan)

List of cities that reported the assets or services related to public health would be affected by climate
hazards (10 cities in total)

2018: Hong Kong, Nanjing, New Taipei*, Pingtung*, Taichung*

2019: Hong Kong, Kaohsiung*, New Taipei*, Pingtung*, Taichung*, Tainan*, Taipei*, Taoyuan*,
Zhenjiang

(*cities in Taiwan)

List of 28 areas in the pilot project”™ for the Action Plan for Urban Adaptation to Climate Change
1. Chaoyang, Liaoning
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Dalian, Liaoning
Hohhot, Inner Mongolia
Xifeng District, Qingyang, Gansu
Baiyin, Gansu
Huangzhong County, Xining, Qinghai
Xixian New Area, Shaanxi
Shangluo, Shaanxi
Baicheng County, Aksu City, Xinjiang
. Korla, Xinjiang
. Shihezi, Xinjiang Production and Construction Corps, Xinjiang
. Huaibei, Anhui
. Hefei, Anhui
Jivjiang, Jiangxi
. Jinan, Shandong
. Lishui, Zhejiang
. Anyang, Henan
. Wuhan, Hubei
. Shiyan, Hubei
. Changde, Hunan
. Yueyang, Hunan
Haikou, Hainan
. Baise, Guangxi
. Tongan District, Chongqing
. Bishan District, Chongqing
. Hezhang County, Bijie, Guizhou
. Liupanshui, Guizhou
28. Guangyuan, Sichuan
(Source: http://www.mohurd.gov.cn/wjfb/201702/t20170228 230767.html)
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Indicator 2.2: Adaptation delivery and implementation
Indicator 2.2.1: Detection, preparedness, and response to health emergencies
Methods

Because of the consistent structure of the provincial government health emergency management system, the
health emergency management and response characteristics are similar among all the provinces of China.
However, due to the differences in management efficiency, infrastructure construction and social
preparation, different provinces will perform differently. It is very important to analyse these differences, and
thus point out the direction of improvement for the government and society. Based on the fundamental of
Research and Demonstration of Safety Resilient City Construction and Disaster Prevention Technology
(National Key R&D Program of China, Grant No. 2018YFC0809900), from 2019, we started to propose an
index system to assess the comprehensive health emergencies management ability of different provinces in
China, which suppprted Check-up for China's Cities, an official campaign to promote urban environmental
high-quality development launched by Ministry of Housing and Urban-Rural Development of the PRC.. The
system includes three dimensions: risk exposure and preparedness, detection and response, resource support
and social participation. The index applies to public health emergencies, covering disease outbreaks, mass
illness of unknown origin, serious food and occupational poisoning and other emergencies jeopardising
public health severely, including the climate-sensitive diseases and mediacal rescue caused by climate-related
extreme events. The three dimensions are divided into six second-level indicators and 20 third-level
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indicators. The indicators of the index system are listed as follows. The index system could be updated
annually by indicators updating and data updating.

Table 15: The indicators of the provincial comprehensive health emergencies management ability

index system

First-level Indicators

Second-level Indicators

Third-level Indicators

Risk Exposure and Preparedness(RE&P):
the degree of risk faced by the provinces
in the health environment and the work
done about emergency preparedness.

RE&P 1: Health emergency environmental
risks: the health risks due to population
mobility and risk management of the
provinces.

RE&P 1.1: Proportion of cities
identifies as National Health Cities

RE&P 1.2: Urban population density

RE&P 1.3: Percentage of migrant
population

RE&P 1.4: Passenger traffic volume

RE&P 1.5: Number of port entry
and exit personnel

RE&P 2: Health emergency preparedness:
the health emergency preparedness of the
provinces, in terms of emergency planning,
emergency space, and fiscal investment.

RE&P 2.1: Completeness of
emergency planning for public
health emergencies

RE&P 2.2: Construction space for
emergency facilities

RE&P 2.3: Percentage of medical
and health expenditure out of total
government public expenditure

Detection and Response(D&R): the ability
for infectious diseases detection and early
warming of the provinces, and the health
emergency response ability from the
perspective of results.

D&R 1: Health emergency detection and
early warning: the ability for infectious
diseases detection and early warming of the
provinces from the perspective of
information construction.

D&R 1.1: Construction of Infectious
Disease Surveillance Reporting
Systems

D&R 1.2: Availability rate of 4G
mobile phone

D&R 2: Health emergency response: * the
management and response to infectious
diseases of the provinces.

D&R 2.1: Incidence of category A
and B infectious diseases

D&R 2.2: Death rate of category A
and B infectious diseases

Resource Support and Social
Participation(RS&SP): the ability to
guarantee medical services and the degree
of participation of social forces in health
care of the provinces.

RS&SP 1: Medical service and resource
support: the condition of medical resources
and material supplies of the provinces.

RS&SP 1.1: Number of hospitals per
1,000 population

RS&SP 1.2: Number of primary
health care institutions per 1,000
population

RS&SP 1.3: Number of practicing
and assistant doctors per 1,000
population

RS&SP 1.4: Number of registered
nurses per 1,000 population

RS&SP 1.5: Number of beds in
medical and health institutions per
1,000 population

RS&SP 1.6: Production capacity of
pharmaceutical manufacturing
industry

RS&SP 2: Health emergency social
participation: the participation of
stakeholders in health emergencies.

RS&SP 2.1: Percentage of registered
volunteers

RS&SP 2.2: Number of social
organisations in the health sector

The contents and calculation methods of the indicators are described as follows.

o RE&P 1.1: Proportion of cities identified as National Health Cities: This indicator is measured by
the ratio of the number of National Health Cities in one province to the total number of cities in the
province. The National Health City is a national selection carried out every year by Bureau of
Disease Control and Prevention, National Health Commission of the PRC. The list of National
Health Cities was obtained from the website of National Health Commission of the PRC. The
amount of cities was obtained from China Statistical Yearbook.

e RE&P 1.2: Urban population density: Urban population density is relevant to the risk of disease
spread. It was obtained from China Urban and Rural Construction Statistical Yearbook.
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RE&P 1.3: Percentage of migrant population: The percentage of migrant population reflects the
risk level of imported infectious diseases and affect community resilience to emergencies. It was
obtained from Migrant Population Data Platform, which is an online database provided by Migrant
Population Service Center, National Health Commission of the PRC.

RE&P 1.4: Passenger traffic volume: This indicator is measured by the domestic passenger traffic
volume per year via one province, including railway, highway and waterway. It’s also an indicator
reflects the risk level of imported infectious diseases. The data was obtained from China Statistical
Yearbook.

RE&P 1.5: Number of port entry and exit passengers: This indicator is measured by the number
of port entry and exit personnel per year via one province, including land ports, waterway
ports and air ports. It also reflects the risk level of imported infectious diseases. The data was
obtained from China Port Statistical Yearbook.

RE&P 2.1: Completeness of emergency planning for public health emergencies: This indicator is
measured by text analysis to provincial emergency planning for public health emergencies. The
results are graded into 0-5 points. The criteria of text analysis include definition of emergencies at
different levels, reporting standards, responsibilities and tasks of different departments, mechanisms
of emergency response. The text of provincial emergency planning for public health emergencies
was obtained from website of general office of provincial government.

RE&P 2.2: Construction space for emergency facilities: The redundancy of construction space for
emergency facilities is important when severe epidemic outbreaks. This indicator is measured by
the area of urban construction land for municipal utilities per 10,000 population. The data of area of
urban construction land for municipal utilities was obtained from China Urban and Rural
Construction Statistical Yearbook. The data of population was obtained from China Statistical
Yearbook.

RE&P 2.3: Percentage of medical and health expenditure out of total government public expenditure:
Fiscal investment is a fundamental work in health emergency preparedness. The data was obtained
from China Statistical Yearbook.

D&R 1.1: Construction of Infectious Disease Surveillance Reporting System: Infectious Disease
Surveillance Reporting System is a national major project in the field of health emergency response.
The system plays an important role in detection, surveillance and rapid reporting to infectious
diseases. This indicator is measured by the percentage of counties covered by the system in one
province. The data is collected by Chinese Center for Disease Control and Prevention.

D&R 1.2: Availability rate of 4G mobile phone: This indicator is measured by the percentage of
population who own a 4G mobile phone. It is a key indicator that reflects the accessibility of
warming information. The data was obtained from China Information Almanac.

D&R 2.1: Incidence of category A and B infectious diseases: This indicator is one of the most
common used indicator in health emergency response assessment. The infectious diseases are
divided into Category A, B and C based on the Law of the People's Republic of China on the
Prevention and Treatment of Infectious Diseases®2. Category A and B infectious diseases are the
diseases prevalent and cause casualties easily. The data was obtained from China Health Statistics
Yearbook.

D&R 2.2: Death rate of category A and B infectious diseases: This indicator is another one of the
most common used indicator in health emergency response assessment. The data was obtained from
China Health Statistics Yearbook.

RS&SP 1.1: Number of hospitals per 1,000 population: Hospitals are the major place for health
emergency medical treatment. The data was obtained from China Health Statistics Yearbook.
RS&SP 1.2: Number of primary health care institutions per 1,000 population: Primary health care
institutions are the major place for early medical treatment and disease prevention. The data was
obtained from China Health Statistics Yearbook.

RS&SP 1.3: Number of practicing and assistant doctors per 1,000 population:The number of
doctors reflects the ability of treatment for health emergency. The data was obtained from China
Health Statistics Yearbook.

RS&SP 1.4: Number of registered nurses per 1,000 population: The number of nurses reflects the
ability of nursing for health emergency. The data was obtained from China Health Statistics
Yearbook.
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o  RS&SP 1.5: Number of beds in medical and health institutions per 1,000 population: The number
of beds in medical and health institutions reflects the admission capacity for health emergency. The
data was obtained from China Health Statistics Yearbook.

o RS&SP 1.6: Production capacity of pharmaceutical manufacturing industry: The production
capacity of pharmaceutical manufacturing industry is important for medical material supplies when
severe epidemic outbreaks. This indicator is measured by the annual gross domestic product of
pharmaceutical manufacturing industry per 10,000 population. The data of annual gross domestic
product of pharmaceutical manufacturing industry was obtained from China Industry Statistics
Yearbook.

o RS&SP 2.1: Percentage of registered volunteers: Volunteer participation assists the response to
health emergency, and it also reflects residents' resilience to health emergency. The data was
obtained from the Website of China Volunteer Service, an online platform provided by Ministry of
Civil Affairs of the PRC.

e RS&SP 2.2: Number of social organisations in the health sector:Social organisations play important
roles in the process of heath emergency response. This indicator is measured by the total number of
social organisations in the health sector in one province including social groups, foundations and
private non-enterprises. These data was obtained from China Civil Affairs’ Statistics Yearbook.

To integrate these indictors into an index, we determine weights for all the indicators. We assume the six
second-level indicators take equal weights for the index and determine the relative weights of the third-level
indicators under the same second-level indicators by Entropy Weigh method (EWM).

The calculation steps of EWM are as follows.
a) Min-Max Normalization.

( .
@, —min {‘Pu' Pojr e (pn].}

(for positive indicators)
< max {‘pu' (pzj, ) (pnl.} — min {(plj, ‘sz' v (pnj}
max {‘pu' Pyjo (pnl.} — 9

(for negative indicators)

kmax {(p1].' ‘le-' ey ‘Pm} — min {‘Pll-; ‘sz; ey (pn]}
?; is the original data of the jth third-level indicator of the ith province, n is the amount of provinces. A

positive indicator is an indicator that larger value means better result, while a negative indicator is an indicator
that larger value means worse result.

b) Calculate the proportion of normalised sample value.

Py
P =3m G=1,2,..m)
i=1¥jj
m is the amount of the third-level indicators under the same second-level indicator.

¢) Calculate the entropy of indicators.

1

e = —m P, ln(pi],) G=1,2,..m)
i=1

is the entropy of the jth third-level indicator.

n

€j

d) Calculate the entropy redundancy of indicators.
d]- =1- e;

d; is the entropy redundancy of the jth third-level indicator.

)

e) Determine the relative weights of indicators.
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The relative weights of third-level indicators are shown below.

Table 16: Relative weights of third-level indicators under the same second-level indicator

First-level Indicators Second-level Indicators Third-level Indicators Re!atlve
weights
RE&P 1.1: Proportion of the National Health
. 0.570
City
RE&P 1.2: Urb lation densit 0.149
RE&P 1: Health emergency Toan popu s 10p sty -
. . RE&P 1.3: Percentage of migrant population | 0.113
environmental risks
RE&P 1.4: Passenger traffic volume 0.131
RE&P 1.5: Number of entry and exit
. 0.037
Risk Exposure and passengers
Preparedness(RE&P) RE&P 2.1: Completeness of emergency
. . . 0.231
planning for public health emergencies
RE&P 2: Health emergency RE&P2.2: Cor'ls'tructlon space for 0.563
reparedness emergency facilities
P RE&P 2.3: Percentage of medical and health
expenditure in government public 0.206
expenditure
D&R 1.1: Construction of Infectious Disease 0280
D&R 1: Health emergency Surveillance Reporting System ’
detection and early warning D&R 1.2: Availability rate of 4G mobile 0720
. phone )
Detection and Response(D&R) D&R 2.1: Incidence of category A and B 0357
D&R 2: Health emergency infectious diseases )
response D&R 2.2: Death rate of category A and B
. : . 0.643
infectious diseases
RS&SP 1.1: Number of hospitals per 1,000 0.175
population )
RS&SP 1.2: Number of primary health care 0152
institutions per 1,000 population )
RS&SP 1.3: Number of practicing and 0.163
RS&SP 1: Medical service assistant doctors per 1,000 population )
and resource support RS&SP 1.4: Number of registered nurses per 0.080
Resource Support and Social 1,000 population )
Participation(RS&SP) RS&SP 1.5: Number of beds in medical and
L . 0.130
health institutions per 1,000 population
RS&SP 1.6: Production capacity of
. L 0.299
pharmaceutical manufacturing industry
RS&SP 2.1: Percentage of registered 0293
RS&SP 2: Health emergency volunteers ’
social participation RS&SP 2.2: Number of social organisations
. 0.707
in the health sector
Data

Unless otherwise specified, the most recent version of data available is used in this study.

1. The list of National Health Cities is obtained from the website of National Health Commission of the
PRC (http://www.nhc.gov.cn/). The most recent available version is the list of 2018.

2. Data for total cities, population, passenger traffic volume (including railway, highway and waterway),
and percentage of medical and health expenditure in government public expenditure is taken from the
China Statistical Yearbook. The most recent available version is China Statistical Yearbook 2019,
which contains the data of every province in 2018.

3. The data on urban population density and area of urban construction land for municipal utilities is based
on China Urban and Rural Construction Statistical Yearbook. The most recent available version is China
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Urban and Rural Construction Statistical Yearbook 2018,> which contains the data of every province in
2018.

4. The data on the percentage of migrant population is based on the website of Migrant Population Data
Platform (http://www.chinaldrk.org.cn/wjw/#/home). The most recent available data is based on the
Sixth National Census of China.

5. The data on the number of entry and exit personnel at the port is based on China Port Statistical Yearbook.
The most recent available version is China Port Statistical Yearbook 2016,% which contains the data of
every province in 2016.

6. The text of provincial emergency planning for public health emergencies is taken from the websites of
the general office of every provincial government.

7. The percentage of counties covered by Infectious Disease Surveillance Reporting System is collected by
Chinese Center for Disease Control and Prevention.

8. The data on the percentage of population available to a 4G mobile phone is based on China Information
Almanac. The most recent available version is China Information Almanac 2017, which contains the
data of every province in 2016.

9. The data on the incidence of category A and B infectious diseases, the death rate of category A and B
infectious diseases, the number of hospitals, the number of primary health care institutions number of
practicing and assistant doctors, the number of registered nurses and number of beds in medical and
health institutions is based on China Industry Statistics Yearbook. The most recent available version is
China Health Statistics Yearbook 2019,>” which contains the data of every province in 2018.

10. The data on annual gross domestic product of pharmaceutical manufacturing industry is based on China
Industry Statistical Yearbook. The most recent available version is China Industry Statistical Yearbook
2017,%® which contains the data of every province in 2016.

11. The data of percentage of registered volunteers is based on the Website of China Volunteer Service
(https://mpo.chinavolunteer.cn). The data we use in this study was obtain on 2020-05-05.

12. The data on the number of social organisations in the health sector (including social groups, foundations
and private non-enterprises) is taken from the China Civil Affairs’ Statistics Yearbook. The most recent
available version is China Civil Affairs’ Statistics Yearbook 2017, which contains the data of every
province in 2016.

Caveats

In this study, the data of most third-level indicators are based on 2018. But limited by the availability of data,
the data of some third-level indicators is based on 2016.

Future Form of Indicator

A Time-Series Analysis could be done in the future. And more indicators about comprehensive health
emergencies management assessment could be considered. All the data we adopt in this year is collected
by official government and could be updated in the next years.

Additional Information

This assessment covers all the other 31 provinces of China except Hong Kong, Macau, Taiwan. The index
results and rank of provincial comprehensive health emergencies management ability are listed below. The
results present regional differences and take the order of East China, North China, Northeast China, South
Central China, Northwest China and Southwest China from higher to lower. The average index result of
provinces in East China, North China, Northeast China, South Central China, Northwest China and
Southwest China are 55.24, 50.77, 48.29, 45.46, 44.82 and 42.15 respectively.
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Table 17: Index results and rank of provincial comprehensive health emergencies management

ability
Region Province Index result Rank
Beijing 60.87 3
Tianjin 42.92 24
North China
Hebei 51.82 11
Shanxi 47.49 16
Jilin 51.87 10
Liaoning 49.46 13
Northeast China
Heilongjiang 43.31 23
Inner Mongolia 48.54 14
Shanghai 54.29 6
Jiangsu 69.72 1
Zhejiang 54.89 4
Anhui 52.99 8
East China
Fujian 45.62 19
Jiangxi 40.26 28
Shandong 68.91 2
Taiwan _— —
Henan 54.35 5
Hubei 49.72 12
Hunan 41.93 25
Guangdong 46.16 18
South Central China
Guangxi 35.16 29
Hainan 45.44 20
Hong Kong e —_—
Macau —_— —
Sichuan 4822 15
Guizhou 45.23 21
Southwest China Yunnan 41.50 27
Chongging 43.58 22
Tibet 32.23 30
Shaanxi 52.26 9
Gansu 47.30 17
Northwest China Qinghai 41.73 26
Ningxia 53.40 7
Xinjiang 29.40 31

Indicator 2.2.2: Air conditioning - benefits and harms

Methods




The benefit of air conditioning is associated with the prevention of heatwave-related mortality. The
methodology of the prevented fraction calculation is the same as the 2019 global Lancet Countdown report,
using the data on the proportion of households with air conditioning in China, as well as a relative risk for
heatwave-related mortality of 0.23.

The harms of air conditioning mainly include the increasing energy consumption and CO; emissions. The
energy consumptions of urban household air conditioning from 2001 to 2015 in China were kindly provided
by the Building Energy Conservation Research Center in Tsinghua University, which can represent the
intensity of harms due to air conditioning. The CO; emission attributable to air conditioning can be calculated
by the conversion coefficient between CO, emission and electricity consumption (i.e. 0.785kg CO, emission
per 1kWh electricity consumption of air conditioning).

Data

1. The IEA kindly provided data on the proportion of households with air conditioning in China, which
can be used to calculate the prevented fraction of heatwave-related mortality due to air conditioning in
China.

2. The energy consumption of urban household air conditioning in China was from the Annual Report on
China Building Energy Efficiency by the Building Energy Conservation Research Center in Tsinghua
University.

Caveats

Firstly, for the prevented fraction calculation, the value of relative risk (RR) was assumed to be the same as
the global scenario. Although the RR due to heatwave in China has been analysed by several Chinese
researchers, the results of RR were inconsistent, which varied significantly from 0.91 to 1.34, because of
different definitions of heatwave, death categories, genders, age groups and lag periods.®*®! Furthermore, the
application of different values of RR would be inconducive to the international comparison of heatwave-
related mortality prevention of air conditioning. For these purposes, the value of RR in this study were still
kept the same as that in 2019 global Lancet Countdown report.

Secondly, the prevented fraction of heatwave-related mortality due to air conditioning discussed here was not
reconciled with the heat-related mortality in section one, because of different data sources. The former was
calculated based on data from the IEA, while the latter used data from other published papers. As research
continues, work will be undertaken to make these two indicators consistent in the future.

Thirdly, the calculation of energy consumption of air conditioning did not include commercial buildings and
rural areas.

Fourthly, this indicator cannot be broken down to the city level yet due to the inaccessibility of more
detailed data.

Future Form of Indicator

This indicator will be improved to reconcile the heatwave-related mortality (indicator 1.1.3) with the
prevented fraction discussed here.

Additional Information

In 2015, the total energy consumption of urban household air conditioning in China was 74.5 billion kWh,
which accounted for 12% of the total energy consumption of urban residential sector.®> The large amount of
energy consumption and CO; emissions due to air conditioning inevitably enhances urban heat island effect
and contributes to climate change.

45



Indicator 2.3: Climate information services for health
Methods

This indicator is measured with web traffic to the website of the National Emergency Early Warning
Information Release System (http://www.12379.cn/), 3 established in 2015 that releases meteorological
services, specifically, the yearly total numbers of page views for the website in 2018 and 2019. The system
releases more than 20 types of meteorological warnings at the national, provincial, city, and county levels.
The warnings for some meteorological hazards like cold wave, high temperature, and haze are released with
health suggestions for sake of risk prevention.

Data

1. The data of web traffic to the website of the National Emergency Early Warning Information Release
System (http:/www.12379.cn/), specifically, the yearly total number of page views for the website
separately for 2018 and 2019, was provided by the China Meteorological Administration (CMA).

Caveats

This method only captures the public’s active use of the website of the National Emergency Early Warning
Information Release System. However, the system releases meteorological warnings via multiple channels
not limited to this website. Moreover, the proportion of the website usage for health-related warnings is
unknown.

Future Form of Indicator

In future reports, this indicator will be improved to better assess the sensitivity and effectiveness of climate
information services for health. The presence of provincial level early warning information release systems
could be assessed. Warnings for specific climate change and health exposure pathways could be linked with
indicators in section 1 of the report to determine the proportion of events identified in section 1 are addressed
by the National Emergency Early Warning Information Release System. In the future, the traffic data for
different warning release channels adopted by the National Emergency Early Warning Information Release
System could also be collected for a more comprehensive delineation of the public use of the system.

Findings

The web traffic data offered by the website operator, the China Meteorological Administration (CMA), was
used for this indicator. The meteorological warnings released in 2018% and 2019% accounted for 96% and
97% of the respective total warnings across the country (270,256 and 261,959, separately) released by the
system. The warnings for health-related hazards® like high temperature (8.65%), cold wave (3.17%), haze
(1.11%), and sandstorm (0.25%) occupied 13% of the total meteorological warnings in 2019.%° Along with
the multi-level warnings, health suggestions are provided.®’

The total number of page views for the website throughout a year sharply increased from 3.8 million in 2018
to 8.7 million in 2019. The figures could, to some extent, measure the popularity of the national warning
release platform for health purposes, although the system releases warnings via multiple channels including
short message service, mobile applications and etc.

Table 18: Health suggestions for health-related meteorological hazards

‘ Warning ‘ Health suggestions
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High preventing heatstroke, reducing outdoor activities, providing specific suggestions and protections for
temperature vulnerable groups

Cold wave keeping warm, taking care of vulnerable groups
Haze wearing masks, people with respiratory diseases reducing outdoor activities
Sandstorm wearing masks, people with respiratory diseases or allergic to sand staying indoor

Note: The National Emergency Early Warning Information Release System releases warnings of meterological hazards apart
from these four hazards. . Health suggestions are provided for these four hazards. The health suggestions were summarized
based on Trial Procedures on the Release of Early Warning Signals for Unexpected Meteorological Disasters promulgated
by the China Meteorological Administration in 2004.

Section 3: Mitigation actions and health co-benefits

Carbon intensity of the economic system
Methods

This indicator contains two components:

1. Carbon intensity (CI) of the economic system, both at national (2000-2019) and regional (six regions)
(2000-2017) scales, in kgCO,/USS$; and

2. National CO, emissions from energy combustion by fuel and industrial process (mainly cement), in
MtCO; (2000-2019).

The technical definition of CI is the kilograms (kg) of CO: emitted for each unit (US$) of GDP. The rationale
for the indicator choice is that carbon intensity of the economic system will provide information on the level
of fossil fuel use, which has associated air pollution impacts. Higher intensity values indicate a more fossil
dominated economic system, and one that is likely to have a higher coal share. As countries pursue climate
mitigation goals, the carbon intensity is likely to reduce with benefits for air pollution. The indicator is
calculated based on total CO, emissions from fossil fuel divided by Gross Domestic Product (GDP)). GDP
reflects the economic development status in an area/country.

CO; emissions of China and 30 provinces (excluding Tibet) from 2000 to 2017 are calculated by sectoral
approach and reference approach individually, while in year 2018 and 2019, CO, emissions of China are
calculated by reference approach. Below is the equation for CI:

Clg = CO24/GDPg;

Where s denotes region; ¢ represents year; CO2y, denotes CO; emission in s in #; GDPy; represents the GDP in
s in ¢ which is collected from China Statistical Yearbook 3 .

CO; emissions data by sectoral/reference approach during 2000 to 2017 is collected from China Emission
Accounts and Datasets (CEADs, www.ceads.net);*>’° CO, emissions data of China from 2018 to 2019 is
calculated by reference approach and for details of this approach see Shan et al. (2018).%° The daily CO»
emissions of China in 2019 and 2020 is taken from https://arxiv.org/abs/2004.13614.

Data

1. Energy balance tables are taken from China Energy Statistical Yearbook 2001-2018;8
2. CO; emissions are taken from China Emission Accounts and Datasets (CEADs, www.ceads.net).%*7°
3. The daily CO, emissions of China in 2019 and 2020 is taken from https://arxiv.org/abs/2004.13614.

Caveats

CO; emissions of China in 2018 and 2019 are estimated by reference approach and they may be overestimated.
Compared sectoral emissions, reference emissions were 1-7% higher for three key reasons. Firstly, the energy
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loss during energy transformation process is not excluded from the reference energy consumption.%’ Secondly,
only transport loss and nonenergy usage of primary energy sources are excluded from the total consumption
in the reference approach, without the removeal of secondary energy sources. Finally, there is roughly a 1.2%
difference between the energy production and consumption data in China’s energy balance table. According
to the data from 2000 to 2017 provided by CEADs (www.ceads.net), the CO emissions of China by
reference approach is an average of 3.4% higher emissions estimated by sectoral approach.

Future Form of Indicator
This indicator for provinces will need to be updated to provide the data for the most recent years.

Additional Information

CI of China from 2000 to 2019 is generally decreasing (Figure 25). The reason behind this is that the average
annual increase rate of CO, emissions of China (7.3%) is lower than that of GDP (8%). CO emissions from
fossil fuel combustion in China rose rapidly between 2000 and 2012, then fluctuated between 2013-2017 (by
sectoral approach), and increased by 2.7 % from 2018 to 2019 (by reference approach) (Figure 25).57°
However, CO, emissions from natural gas combustion has increased by 1.6 times from 2000 to 2019 by
reference approach. 7!

The CI of six regions is also generally decreasing. However, the CI in Northwest and Northeast China has
increased by 4.1% and 0.2% respectively in 2017 compared to 2016, with large fluctuations in CI seen in
Northwest China from 2003 to 2017. The CI of Northwest China because Ningxia province lacked the CO»
emissions data from 2000 to 2002. At 1.2kg/US$1 in 2017, East China had the lowest CI, while Northwest
China had the highest CI at 4 kg/USS$.
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Figure 25. CO; emissions of China calculated by (A) sectoral approach (2000-2017) and (B)
reference approach (2000-2019)

Indicator 3.1: The energy system and health

Indicator 3.1.1: Coal phase-out

Methods

Two indicator componentsare used here:

1. Total primary supply of coal in China and by province (in EJ units); and

2. Share of coal in total primary energy supply.

The indicator on primary energy supply of coal is an aggregation of all coal types used across all sectors,
with data taken from annual editions of Energy Statistical Yearbook of China. The share of coal in total
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energy supply is estimated by dividing primary energy supply of coal across all sectors by total primary
energy supply.

The data for both indicator components is available for the period 2000-2018 at the national level, and for
the period 2000-2017 for each province.
Data

1. The data for this indicator is taken from annual edition of Energy Statistical Yearbook of China.”

Caveats

These indicators provide a proxy for air quality emissions associated with the combustion of coal. Further
work is required to convert coal use by sector and type into emissions of different air quality pollutants.

Future Form of Indicator

In the future, this indicator set could be developed to also estimate the actual air pollutant emissions
associated with coal use. This could be estimated using the GAINS model, with inputs of sectoral use, coal
type (both of which are available) and appropriate emission factors.

Additional Information

Due to the energy use from all sources, the overall coal share in China’s TPES continued to decline, from
72% in 2005 (the highest share during 2000-2018) to 66% in 2014, and further to 59% (Figure 26) in 2018,
reduced by 14% during 2000-2018. From regional perspectives, Beijing-Tianjin-Hebei area and East China
provinces along the coastline have cut their coal use substantially in recent years, while a continuous increase
was observed in Northwestern provinces, (Figure 26). As a result of the COVID-19 pandemic, demand for
coal fell by 6.8% in the first quarter of 2020 in China,” and is projected to decline by 5% throughout the
year.’
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Figure 26: National and regional Total Primary Energy Supply (TPES) from coal (2000-2018). (A)
TPES from coal and the proportion in TPES in China; (B) TPES from coal in six regions.

Table 19 Coal consumption by province, 2010-2017, Unit: PJ

Province 2010 2011 2012 2013 2014 2015 2016 2017
Beijing 5515 4953 4752 422.7 363.5 243.9 177.4 102.7
Tianjin 1006.2 1101.5 1109.0 1105.0 1052.4 950.1 885.5 811.3
Hebei 5749.3 64458 6564.5 6628.2 6203.7 6058.7 5883.4 5739.3
Shanxi 6251.7 7008.3 72327 7669.2 7868.3 7769.4 7456.6 8989.2
Inner Mongolia 5652.8 7260.5 7665.8 7309.0 7633.5 7640.6 7677.3 8079.3
Liaoning 35395 3779.3 3813.8 3795.8 3768.5 3629.1 3546.9 3681.6
Jilin 2006.0 2310.0 2320.0 2179.9 2172.7 2052.6 1971.3 1958.2
Heilongjiang 25579 2763.2 29233 27712 2846.0 2811.9 2937.9 3028.8
Shanghai 1229.9 1285.7 1193.8 1189.3 1024.8 989.8 968.3 958.3
Jiangsu 4835.7 5728.2 5811.5 5850.0 5633.7 5695.8 5871.4 5572.4
Zhejiang 2920.2 3093.1 3008.9 2964.4 2893.9 2894.2 2919.9 2985.5
Anhui 2800.0 3043.3 3078.0 3279.2 3304.7 3280.5 3292.5 3367.0
Fujian 1470.8 1824.1 1776.2 1691.1 1716.2 1603.5 1429.0 1579.0
Jiangxi 1307.5 1462.8 1423.9 1518.6 1565.2 1611.5 1594.6 1624.7
Shandong 7814.0 8147.4 8422.1 7888.4 8281.6 8567.3 8569.9 7989.1
Henan 5453.1 5939.6 5283.6 52455 5076.3 4965.4 4862.1 4745.4
Hubei 2819.7 3308.5 3307.2 2546.9 2488.5 2463.0 2446.2 2465.3
Hunan 23703 2722.6 2529.6 2349.5 2281.6 2332.4 2395.5 2596.7




Guangdong 3345.9 3859.9 3691.4 3581.0 3561.5 34723 3377.6 3594.7
Guangxi 1299.3 1472.2 1520.6 1537.4 1422.7 1265.8 1364.4 1384.4
Hainan 135.5 170.6 194.9 211.2 2132 224.4 212.5 230.1
Chongging 1339.1 1504.9 1413.0 1213.0 1276.0 1265.9 1187.8 1182.0
Sichuan 2411.6 2397.7 24852 24447 23122 1944.5 1856.7 1644.5
Guizhou 2283.4 2529.8 2790.0 2857.5 27459 2686.5 2855.9 2807.1
Yunnan 1957.1 2023.0 2061.9 2047.9 1815.9 1614.6 1561.9 1509.6
Shaanxi 2436.3 27879 3302.0 3610.6 3846.6 3846.2 4117.7 4201.2
Gansu 1128.2 1319.4 1372.8 1369.3 1405.9 1372.6 1335.0 1331.5
Qinghai 266.0 315.7 389.1 434.0 380.3 315.7 410.8 365.7
Ningxia 1206.8 1663.6 1686.2 1786.3 1854.1 1864.6 1813.9 2314.8
Xinjiang 1696.9 2039.9 2517.9 2973.7 3367.8 3633.9 3974.2 4264.1

Note: (1) data for Tibet is not available. (2) Due to statistical difference, provincial sum does not equal to
national total.

Indicator 3.1.2: Low-carbon emission electricity
Methods

Two indicators are used here, and presented in two ways:

1. Total low-carbon electricity generation (including solar, wind, hydropower and nuclear), in absolute
terms (TWh) and as a % share of total electricity generated; and

2. Total renewable generation (excluding hydro), in TWh, and as a % share of total electricity
generated.

The increase in the use of low carbon and renewable energy for electricity generation will push other
fossil fuels, such as coal, out of the mix over time, resulting in an improvement in air quality, with
benefits to health. The renewables (excluding hydro) indicator has been used to allow for the racking of
rapidly emergent renewable technologies. For both indicators, generation, rather than capacity, has been
chosen as a metric as the electricity generated from these technologies is what actually displaces fossil-
based generation.

Due to lack of electricity generation data at the provincial level, six provinces with the highest GDP in
20197 we selected to represent their region (Beijing for North; Liaoning for Northeast; Jiangsu for East;
Guangdong for South central; Sichuan for Southwest; Shaanxi for Northwest). The data is taken from
the China energy balance datasets.”® The absolute level indicators are the total gross electricity
generated, aggregating the relevant technology types. The share indicators are estimated as the low
carbon or renewable generation as a % of total generation.

Data
1. The data is taken from the China energy balance datasets. 7

Caveats

1. Solar, wind and nuclear generation data from the National Bureau Statistics of China is only
available from 2015.
2. This indicator set does not provide information on the air pollutant emissions displaced due to the
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increasing share of renewable generation.

Future Form of Indicator

Detailed data of provinces should be updated to get the accurate regional results.

Additional Information

Low-carbon electricity in China and six regions has been generally increasing from 2015 to 2019.From 2000
to 2014, the only low-carbon electricity reported in China was hydropower, which accounts for a larger
share of low-carbon electricity than renewable energy (57.1% ~74.09% of total low-carbon electricity) from
2015 to 2019, but its share has declined during this period. The national share of renewable energy increased
annually. In 2019, low-carbon electricity nationally accounted for 31.13% of total China electricity
generation). From 2018 to 2019, renewable energy increased by 16.77% while hydropower increased by
5.67%.

As costs continue to fall, solar generation continues to grow at remarkable rates of around 26.51 % but still
only accounts for 3.06 % of total generation. Among 30 provinces of China. At 11.2 TWhin 2019, Qinghai
produces the most solar power.”® Northwest China is the area that provides the most solar power in China
due to appropriate natural environment for solar generation. Southwest and South Central regions generate
more hydropower than northern provinces, mainly because that there are more rivers, a more favorable
terrain and a more humid climate in the southern area of China than the northern area. However, it should be
noted that in the Northeast China also has abundant hydropower.

The shares of low-carbon electricity in Northeast and South Central China were higher than national average,
but they had different shares of types of renewable energy in their mix mainly due to their resource
endowment and socioeconomic development level. In Liaoning, nuclear, wind and solar generation made up
66.15%, 30.91% and 2.88% of low-carbon electricity, respectively; while nuclear, wind and solar generation
were 92.17% , 5.76% and 2.07% of low-carbon electricity in Guangdong.

The detailed data of different sources of electricity generation in China and other six regions see Table
20 to Table 26
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Figure 27: Renewable and low-carbon emission electricity generation

(A) Electricity generated from low-carbon sources. (B) Share of electricity generated from low-carbon
sources. (C) Electricity generated from renewable sources (excluding hydropower). (D) Share of
electricity generated from renewable sources (excluding hydropower). TWh=terawatt hours.

Table 20: Different sources of electricity generation in China (TWh)

Thermal Low carbon Renewable Total
Year Hydropower Nuclear Wind Solar power generation generation generation
2000 2224 0.0 0.0 0.0 1088.5 222.4 0.0 1328.7
2001 2774 0.0 0.0 0.0 1176.8 277.4 0.0 1480.8
2002 288.0 0.0 0.0 0.0 1328.8 288.0 0.0 1602.4
2003 283.7 0.0 0.0 0.0 1580.4 283.7 0.0 1910.6
2004 3535 0.0 0.0 0.0 1795.6 353.5 0.0 2203.3
2005 397.0 0.0 0.0 0.0 2047.3 397.0 0.0 2500.1
2006 435.8 0.0 0.0 0.0 2369.6 435.8 0.0 2865.9
2007 485.3 0.0 0.0 0.0 2722.9 485.3 0.0 3281.6