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ABSTRACT

Older people are more vulnerable to climate change and with its increasing elderly population,
inadequate research on the health impacts of climate change has focused on this particular
population in China. This study evaluates climate change and health-related knowledge, attitudes
and practices (KAP) of elderly residents in three cities Suzhou, Hefei and Xiamen. This cross-
sectional study included 3466 participants. Data analysis was undertaken using descriptive meth-
ods (Chi-square test). Results showed that the elderly were most concerned about heatwaves,
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flooding and drought and the main perceived health risks included heatstroke and respiratory
diseases. Finally, over half of the participants from Suzhou city reported that they did not receive
enough government assistance in extreme events (56%). Findings from this work provide impor-
tant insights for new adaptation strategies targeting the elderly population. It is recommended
that the government should focus on creating awareness of the necessary adaptations the elderly
will need to take to alleviate the impact of climate change on their physical health.

I. Introduction

Climate change is the biggest global health threat of the
21* century (Costello et al., 2009). The health effects will
be both direct and indirect (Birat, 2021; Kinay et al,,
2019). Direct effects on human health will include those
linked to heat stress, flooding, drought, and increased
frequency and intensity of storms, while indirectly
through adverse changes in air pollution, in water secur-
ity, the spread of disease vectors, food insecurity, and
under-nutrition (Al-Amin et al., 2018; Watts et al.,
2015). The Lancet Countdown on human health and
climate change have identified that the health effects of
climate change in China are gathering momentum, with
rising temperatures identified as the most pressing issue
(Cai et al.,, 2021). These changes are already noticeable
in Chinese urban areas (Ren, 2015; Yan et al., 2016) in
part due to the rapid urbanization of China and the
creation of the urban heat island effect (Bicknell et al.,
2009; Bigio, 2003; Li et al., 2018). Existing research has
largely focused on cities in developed countries (Broto &
Bulkeley, 2013; Emilsson & Sang, 2017).

Although the health impacts of climate change will be
experienced by all segments of the population (Watts
et al., 2020), there is a substantial evidence based on the
fact that the impacts of climate change will have far-

reaching health implications for elderly people (people
aged 60 years and older) (Filiberto et al., 2009; Lackner
et al., 2019). Adaptation measures to address the health
impacts of climate change are therefore particularly
important (Bonyhady et al., 2010; Osman & Sevinc,
2019). However, understanding the knowledge levels
and specific social and behavioral risk factors associated
with climate change is crucial for the development of
age-appropriate adaptation measures in the future (He
et al.,, 2011; Xiao et al., 2016). As such, a deeper under-
standing of the perceptions and behaviors of the public
is required to design appropriate, and population
focused adaptation strategies.

To-date data on the knowledge, practices and percep-
tions of individuals are typically gathered through various
types of cross-sectional surveys, with knowledge, attitude,
and practice (KAP) surveys, also called the knowledge,
attitude, behaviour and practice (KABP) survey, which is
the most popular and widely used method (Green, 2001;
Hausmann-Muela et al., 2003). KAP surveys are the stu-
dies of a distinctive population in order to collect infor-
mation on what is known, what is felt or believed (Ojomo
et al., 2015). These surveys are easy to design, and include
quantifiable data. They have the potential for generalisa-
bility of small sample results to a wider population, have
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cross-cultural comparability, and are faster to implement
(Bhattacharyya, 1997). KAP surveys can also help identify
knowledge gaps, cultural beliefs, and behavioral patterns
that may identify needs and problems of the target popu-
lation, and barriers to help them (Pillay, 2005).
Quantitative KAP surveys are well-established methods
in the field of climate change (Pidgeon, 2012; Plotnikoff
et al., 2004; Seroussi et al., 2019) as a means of under-
standing the source of individual behaviors (Karami et al.,
2017; Thomas & Baptiste, 2018). The level of knowledge,
practices and perceptions of the elderly towards climate
change risks and how they understand the related health
impacts has not been sufficiently assessed in China
(Zhang et al., 2016). To address this gap, this study
developed and administered a Knowledge, Attitude and
Practices (KAP) survey to obtain a better understanding
of the elderly residents’ knowledge of climate change
health impacts, their attitudes to climate change events
and their protective practices in the Eastern Chinese cities
of Suzhou, Hefei and Xiamen. A focus on cities is impor-
tant as The Lancet Commission on Human Health and
Climate Change has repeatedly identified cities as crucial
in addressing climate change and its associated health
impacts (Murshed & Saadat, 2018; Yang et al., 2018).

As a means of informing policy-makers and future
adaptation strategies, this study focused on four
research questions:

RQI: What is the knowledge of the elderly regarding
climate change health risks? How does this differ
between cities?

RQ2: In what specific ways do the elderly think that
climate change will harm their health?

RQ3: What are the adaptive measures taken by the
elderly to prevent the health risks associated with cli-
mate change?

RQ4: What actions, if any, do these findings suggest for
public health officials and local governments?

In the following sections, a brief overview of KAP
(knowledge, attitudes, and practices) and its use in cli-
mate change and health research will be provided, and
an outline of the design and implementation of KAP will
be provided. Following the methods, the results of the
study will be presented for the three cities. These results
will be discussed in detail in light of previous research.

Il. Approach
Research design

This study employed a descriptive, cross-sectional
design with face-to-face questionnaires to assess the

level of knowledge, attitudes, and practices to climate
change. Cities were chosen based on the similarities and
differences including the climate, local customs and
socioeconomic conditions. Hefei is the provincial capi-
tal of Anhui Province, a former manufacturing city with
economic transition. Heavy manufacturing causes
heavy pollution in this city. Suzhou, the economic cen-
ter of Jiangsu Province, ranks number one in terms of
city development in China. Environmentally, this is
a city surrounded by channels; people live by the water
so that this may influence their perceptions regarding
climate change impacts (river flooding). The relatively
good social development level across three cities guar-
antees the citizens’ awareness of their living quality.
With its coastal location Xiamen is in a good position
in order to measure the early impacts of climate change.
There are already several signs of climate change affect-
ing Xiamen: severe weather, increased pollution, and
rising sea-levels (Lin et al., 2018).

Sampling and analysis

The survey questions were aligned with previous studies
undertaken around the world on KAP (Akerlof et al.,
2010; Whitmarsh, 2005) and climate change and
adapted to Chinese culture for some of the demographic
questions (questions related to income level were
excluded as the elderly were reluctant to answer this
specific question). In total 3466 elderly participants
were surveyed across public areas including parks and
community centers where many elderly citizens gath-
ered for exercising, relaxing, playing board games and
square dancing (Suzhou (n = 1200), Hefei (n = 1200),
Xiamen (n = 1066)). However, due to the continuous
precipitation in Hefei, shopping malls and nursing
houses were also visited. In order to increase participa-
tion, a small notebook and pen were provided to each
participant as a thank-you. The study area in each city
was restricted to urban zones. For the management and
statistical analysis of the data IBM SPSS (Bodzin & Fu,
2014; Field, 2013) software was used, and completed
questionnaires were digitally coded using Microsoft
Excel. Chi-Square test was used to analyze the data
and to test the relationships between categorical
variables.

To address the knowledge, attitude and practice of
our sample, this study has eight separate outcome vari-
ables of interest. These include:

e “Have you heard of climate change?” (Knowledge)
e “How would you define climate change impacts?”
(Knowledge)



¢ “Do you think climate patterns have changed in the
last 20 years?” (Knowledge)

e “Which one of the below impacts you noticed
changes?” (Knowledge)

e “Which of the following ways climate change
threatens your health?” (Knowledge)

e “Do you think climate change threatens your
health?” (Attitude)

¢ “Do you think your government is doing enough to
inform-warn you about climate change and its
health impacts?” (Attitude)

e “For each of the below health impacts what would
you do to manage your health?” (Practices)
o Heatstroke and exhaustion
o Respiratory diseases
o Infectious diseases
o Injuries

Ethical considerations

There were several types of ethical issues, which had
to be taken into consideration for the data collection.
Collecting written consent in China from the popu-
lation, in our case “the elderly”, is not possible in
China. Most people are happy to answer questions
but not to provide any personal information. Indeed,
during pilot survey studies and data collection, most
of the elderly were hesitant to sign any kind of form
(they often reacted uncomfortably, with the majority
refusing to give any kind of personal information),
yet they were still willing to answer the questions
without signing the consent form. Thus, it was
decided that verbal consent of the elderly would be
sought. The respondents provided oral consent
before taking part in the study. All the participants
were informed in advance about the purposes of the
research. No personal data was obtained such as
name, address or phone number. The model consent
form presented to the elderly is attached in the
“Appendix” and was used to elicit consent to parti-
cipate in the survey.

Ill. Results
Characteristics of the elderly

Table 1 presents the descriptive statistics for each of the
three cities. Across each of the three cities, males
accounted for 53% of the sample in total. Some partici-
pants were aged between 65 and 69 years old, 36% of the
participants had “less than high school” education and
60% of the sample selected “other” in job categories,
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with 13% selecting “engineering”. Note that most
respondents were retired so the job question relates to
their main career before retirement.

Knowledge of climate change

With regard to knowledge of climate change across the
whole sample, 73% reported that they had heard about
climate change (n = 2502) (Table 2). Participants
defined climate change with heatwaves (56%,
n = 1933), drought (40%, n = 1350), storms (36%,
n = 1244) and flooding (33%, n = 1136). The majority
of respondents (86%, n = 2338) in the overall sample
reported that the climate patterns changed in the last
20 years; with increases in heat (90%, n = 2271),
droughts (47%, n = 1082) and storms (44%, n = 1005)
identified (Table 2). Relating the impact of climate
change to respondent health, 46% reported experien-
cing heatstroke and 33% reported respiratory problems.

Table 2 also presents descriptive statistics for the
three cities. In Suzhou, 74% of the respondents noted
that they heard about climate change (n = 889). When
asked to define climate change, 58% of the participants
in Suzhou city defined climate change with increased
heatwaves, with 86% reporting that they had observed
changes in climate patterns in the past few years.
Heatstroke was reported as the most threatening health
impact of climate change in Suzhou (50%). Sixty-five
percent of the elderly in Hefei had heard about climate
change (n = 768). Fifty-seven percent and 37% of the
respondents defined climate change as “heatwaves” and
“drought”, respectively, as a defining factor of climate
change. Hefei participants thought that climate patterns
had changed in the last years (89%, n = 717). In Xiamen,
80% of the respondents had heard about climate change
(845). Fifty-nine percent defined climate change as heat-
waves and 40% chose “storms” as a defining factor of
climate change. Participants in Xiamen also reported
that climate patterns in the city had changed in the last
years (83%, n = 757). Similar to respondents in Xiamen,
Hefei participants referred to “heatstroke” (39%,
n = 471) as one of the most threatening health impacts
of climate change (Table 2).

Attitudes and perceptions of the elderly to the
health impacts of climate change

When government assistance-related questions asked,
55% of the overall participants thought that the govern-
ment was not doing enough to protect or warn them
from the negative impacts of climate change on their
health; however, this varied between cities.
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Table 1. Demographic characteristics of the elderly respondents in Suzhou, Hefei and Xiamen cities, with variables presented as;

gender, age, education and occupation

Total Suzhou Hefei Xiamen
n = 3466 n =1200 n = 1200 n = 1066 *p value
n (%) n (%) n (%) n (%)
Gender p<0-001
Male 1843 (53 - 2) 673 (56 - 1) 574 (47 - 8 596 (55 -9
Female 1623 (46 - 8) 527 (43 -9) 626 (52 - 2 470 (44 - 1
Age p<0-001
55-59 534 (15 - 4) 227 ( 9) 128 (10 - 7) 179 (16 - 7)
60-64 753 (21-7) 217 (18 - 1) 294 (24 - 5) 242 (22 -7)
65-69 895 (25 - 8) 305 ( 4) 337 (28-1) 253 (23-7)
70-74 768 (22 - 2) 288 (24 - 0) 246 (20 - 5) 234 (22 -0)
75 and older 516 (14 - 9) 163 ( 6) 195 (16 - 3) 158 (14 - 8)
Education p<0-001
Less than high school 1030 (36 - 2) 483 (40 - 9) 233 (31-0 314 (34 - 4)
High school 566 (19 - 9) 247 (20 -9) 124 (16 - 5 195 (21 - 4)
Some university 445 (15 - 7) 168 (14 - 2 126(16 - 8) 151 (16 - 6)
University graduate 251 (8-8) 109 (9 - 2) 41(5-5) 101 (11-1)
Postgraduate 25(0-9) 14(1-2) 6(0-8) 5(0-5)
No schooling 526 (18 - 5) 159 (13- 5) 221 (29 - 4) 146 (16 - 0)
Occupation p<0-001
Business, consulting, management 231(9-6) 143 (12 - 2) 38(7-2) 50(7-0)
Accounting, banking, finance 145 (6 - 0) 94 (8-0) 14(2-7) 37(5-2)
Design 54 (2-2) 16 (1-4) 8(1-5) 30(4-2)
Engineering 305(12-6) 122 (10 - 4) 21(4-0) 162 (22 - 6)
Healthcare 76 3-1) 27 (2-3) 10(1-9) 39(5-4)
Law 23(1-0) 7(0-6) 7(1-3) 9(1-3)
Sales and marketing 115 (4 - 8) 38(3-2) 8(1-5) 69 (9-6)
Other 1466 (60 - 7) 724 (61 - 8) 421 (79-9) 321 (44 - 8)

*p < 005 is considered as significant.

In Suzhou city 76% of the elderly thought that climate
change threatens their health. Fifty-six percent believed
that government had offered “no help” (advising the
elderly, or educating them) in climate change warning
(Table 3). In Hefei and Xiamen, 60% and 64% of the
participants reported that they believed that climate
change has a strong negative impact on human health.
Compared to Suzhou city, 54% and 55% of the participants
reported that the government is doing enough to protect-
warn the elderly from the health impacts of climate change.

Practices to protect against the health impacts of
climate change

Regarding individual practices to protect from the
health impacts of climate change (during moments of
heatstroke or exhaustion) most of the participants
reported drinking more water (44%, n = 1520) or stay-
ing indoors (34%, n = 1178), while 23% used air con-
ditioning, and 25% noted that they avoided going out in
stormy weather (Table 4).

Respondents in Suzhou reported that to mitigate
heatstroke and exhaustion, their preference is to con-
sume more water (60%, n = 721). However, a much
smaller percentage of respondents in both Hefei (30%,
n = 362) and Xiamen (41%, n = 437) reported a prefer-
ence for drinking more water to mitigate harming

effects. In Suzhou, 39% of the respondents reported
avoiding exposure to pollutants to mitigate the impact
on their respiratory system. In contrast, to mitigate
respiratory problems, respondents in Hefei expressed
a preference to use masks for protection (22%,
n = 259), while 13% of the participants preferred to
use air purifiers. To prevent injuries that may occur
due to stormy weather, 48% of Suzhou participants
would prefer to stay indoors (Table 4). However, this
percentage was much lower in Hefei and Xiamen, where
only 14% of the respondents preferred to “stay indoors”
to protect themselves from injuries during stormy
weather (Table 4). In Suzhou, 35% of the elderly
reported that their preference is to disinfect their
homes to lessen the impact of infectious diseases.
However, in Hefei and Xiamen, respondents expressed
a preference for being vaccinated (14% and 11%, respec-
tively), if there is a risk of infectious diseases.

IV. Discussion

The health impacts of climate change will be experienced
by all (Watts et al., 2020). However, there is a substantial
evidence base that the impacts of climate change will have
far-reaching health implications for elderly people, while
cities have been highlighted as a key space in the fight
against climate change (Filiberto et al., 2009; Lackner
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Table 2. Knowledge-related questions and Chi-square results in Suzhou, Hefei and Xiamen cities assessing the knowledge level of the

elderly
Total Suzhou Hefei Xiamen

n = 3466 n=1200 n=1200 n = 1066 *p value
KNOWLEDGE QUESTIONS n (%) n (%) n (%) n (%)
Q1. Have you heard about climate change? p <0-001
Yes 2502 (72 - 9) 889 (74 -5) 768 (64 -9) 845 (80 - 1)
No 930 (27 - 1) 305(25-5) 415(35-1) 210 (19-9)
Q2. How would you define climate change?
Flooding 1136 (32 - 8) 602 (50-2) 190 (15-8) 344 (32-3) p<0-001
Drought 1350 (38 - 9) 577 (48 -1) 442 (36 - 8) 331(31-1) p<0-001
Storms 1244 (35-9) 565 (47 -1) 245(20-4) 434(40-7) p<0-001
Wildfires 569 (16 - 4) 316 (26 -3) 114 (9-5) 139(13-0) p<0-001
Heatwaves 1933 (55 - 8) 693 (57 -8) 687 (57 - 3) 553(51-9) p<0-001
Q3. Do you think climate patterns changed in last 20 years? p <0-001
Yes 2338 (85-9) 864 (86-4) 717 (88 -6) 757 (83 - 0)
No 383(14-1) 136 (13-6) 92(11-4) 155(17 -0
Q4. Which one of the following impacts you noticed changes?
More storms 1005 (43 - 7) 519 (58 -4) 194 (25-6) 292 (44-6) p<0-001
More floods 773 (33 - 8) 469 (53-6) 136(17-9) 168 (25-8) p < 0-001
More droughts 1082 (47 - 0) 484 (54-9) 403 (52-8) 195(29-7) p<0-001
More heat 2271 (90 - 5) 861(90-2) 708(92-7) 702 (88-7) p<0-001
More cold 506 (22 - 7) 303(35-0) 1M7(15-5) 86(14-2) p<0-001
Q6. Which of the following ways climate change threatens your health?
Heatstroke-exhaustion 1582 (45 - 6) 603 (50-3) 471(39-3) 508 (47-7) p<0-001
Respiratory problems 1160 (33 - 5) 569 (47 -4) 358 (29 -8) 233(21-9) p<0-001
Infectious diseases 634 (18 - 3) 340 (28-3) 176 (14-7) 118(11-1) p<0-001
Injuries 516 (14-9) 295(24-6) 115(9-6) 106(9:9) p<0-001

*p < 0- 05 is considered as significant.

Table 3. Attitude-related questions and Chi-Square results in Suzhou, Hefei and Xiamen cities showing perceptions and attitudes of
the elderly on climate change health impacts and government assistance

Total Suzhou Hefei Xiamen
n=3466 n=1200 n=1200 n= 1066

n (%) n (%) n (%) n (%) p value*
ATTITUDE QUESTIONS
Q5. Do you think climate change threatens your health? p<0-001
Yes 1880 776 533 571

(67 - 4) (76 - 5) (60- 1) (64 - 4)
No 908 239 354 315

(32-6) (23-5) (39-9) (35-6)
Q8. Do you think your government is doing enough to protect-warn you from the health impacts of p<0-001

climate change?

Yes 1180 302 418 460

45 - 4) (30-2) (54 -3) (55-5)
No 1014 563 252 199

(39-0) (56 - 4) (32-7) (24-0)
| am not sure 404 134 100 170

(15-6) (13-4) (13-0) (20-5)

*p < 0- 05 is considered as significant.

et al., 2019). Adaptation and mitigation planning and
initiatives are the matters that the elderly population
has been insufficiently involved in (Kinay et al., 2019;
Kokoye et al.,, 2019). Research has highlighted factors
such as reduced mobility, changes in physiology and
more limited access to resources as the main factors for
affecting the adaptive capacity of the elderly (Akhtar &
Palagiano, 2018; Allex et al., 2013; Filiberto et al., 2009).
At the same time, whilst being particularly vulnerable to
the health impacts of climate change, adaptation efforts
have not taken into account the specific needs or capacity
of older people (Kumar, 2019). To fill this important

information gap, this study focused on the knowledge,
attitudes, and practices of the elderly participants on
climate change and its associated health impacts.

This unique dataset found that while the majority of
respondents had heard about climate change; however,
they only had a very basic understanding of climate
change. That is, climate change is not elderly’s everyday
language (Cumiskey et al., 2019; Lickiss & Cumiskey,
2019). The majority of the participants stated that they
have observed climate change-related changes in their
communities including changes in weather patterns, air
temperatures and other changes in the environment
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Table 4. Practice-related questions and Chi-Square results. Elderly practices when in danger of heatstroke and exhaustion, respiratory

problems, injuries and infectious diseases

Total Suzhou Hefei Xiamen
n = 3466 n = 1200 n = 1200 n = 1066
n (%) n (%) n (%) n (%) *p value

PRACTICE QUESTIONS

Q7. For each of the below how do you manage your health?

Heatstroke or exhaustion p<0-001
Drink more water 1520 (43 -9) 721 (60 - 1) 362 (30 - 2) 437 (41-0) p<0-001
Stay in the shade 1148 (33 - 1) 544 (45 - 3) 322 (26 - 8) 282 (26 - 5) p<0-001
Stay indoors 1178 34 - 0) 541 (45 -1) 340 (28 - 3) 297 (27 - 9) p<0-001
Use AC 804 (23 - 2) 371(30-9) 227 (18 -9) 206 (19 - 3) p <0-001
Respiratory problems p<0-001
Use masks 790 (22 - 8) 402 (33 -5) 259 (21 - 6) 129 (12- 1) p<0-001
Use air purifiers 815(23-5) 432 (36 - 0) 246 (20 - 5) 137 (12-9) p<0-001
Avoid exposure with pollutants 832 (24 -0) 468 (39 - 0) 232 (19-3) 132 (12 - 4) p<0-001
Infectious diseases p<0-001
Get vaccinated 697 (20 - 1) 409 (34 - 1) 173 (14 - 4) 115 (10 - 8) p<0-001
Stay at home if you have signs of infection 677 (19 - 5) 413 (34 - 4) 165 (13 - 8) 99(9-3) p <0-001
Disinfect the hot zones in your residence 660 (19 - 0) 421 (335-1) 154 (12 - 8) 85(8-0) p<0-001
Wash your hands often 602 (17 - 4) 404 (33-7) 125 (10 - 4) 73 (6-8) p<0-001
Injuries p<0-001
Avoid going out in stormy weather 864 (24 - 9) 581 (48 - 4) 129 (10 - 8) 154 (14 - 4) p <0-001
Avoid staying in the sun 834 (24 -1) 571(47 - 6) 136 (11 - 3) 127 (11-9) p <0-001
Ready a first aid kit for physical injuries 553 (16 - 0) 368 (30 - 7) 117 (9-8) 68 (6 - 4) p<0-001
Use sun protection if working outside 462 (13 - 3) 347 (28 - 9) 96 (8 - 0) 19(1-8) p <0-001

*p < 005 is considered as significant.

such as colder or hotter weather. Respondents also
noted that these changes are impacting their environ-
ment (less greenness, more and more heat); however,
respondents did not possess knowledge on the under-
pinning processes associated with climate change, i.e.
a buildup of excess carbon dioxide and other green-
house gases in the atmosphere, as the root cause of
climate change. With regard to the perceived impact of
climate change on health, residents across all three cities
reported that their health will be impacted by climate
change. In Suzhou participants reported that climate
change would impact their health via heatstroke
(50%); however, residents across the three cities also
reported concerns about respiratory/breathing pro-
blems, and infectious diseases. This study also found
that the survey respondents were willing to take action
to prevent or lessen the impact of climate change (adap-
tation) on their health. Personal adaptation measures
included performing changes in daily life such as drink-
ing more water during extreme heat events or staying
indoors. Comprehensive knowledge of climate change
risk and the underlying processes associated with cli-
mate change is a key component of effective personal
and community adaptation management (Monroe et al.,
2019). All age groups can adapt to climate change, yet it
is important for individuals to have more knowledge on
climate change (Cumiskey et al, 2019; Lickiss &
Cumiskey, 2019) so that they can lessen their impact
(Bi et al.,, 2020; Knutti, 2019; Lackner et al., 2019).
A recent study in Thailand found an association
between participants’ knowledge about climate change

and the level of education (p < 0 - 01) (Rahman et al,,
2021). It was also found that participants' attitudes
towards climate change were associated with their status
of residence (rural or urban) and their internet use
(p < 0 -05); and climate change-related practices were
associated with educational level (Rahman et al., 2021).
Without adequate education and awareness among the
elderly, there will continue to be a disconnection
between what is actually occurring their
communities.

In terms of practices, the elderly participants in this
study reported that they would drink more water to
protect themselves from the health impacts of climate
change during moments of heatstroke or exhaustion.
Results from one study in China showed that the
majority of the participants reported that they “altered
their behaviors” in order to cope with extreme heat
(Zhang et al, 2016). The most commonly adopted
adaptive behaviors for rural older people involved
wearing lightweight clothes (93%), reducing time out-
doors (73%) and staying indoors (72%). For older
urban residents, the most commonly adopted adaptive
behaviors were staying indoors (84%), wearing light
clothes (79%), and reducing physical activities (58%)
(Zhang et al., 2016). Future educational efforts need to
focus on increasing the knowledge of the specific risks
associated with each climate change hazard for human
health. Given the expected increase in temperatures in
China over the next 100 years, it is particularly impor-
tant to strengthen heatwave awareness. Strengthening
health services and community support mechanisms to

in



ensure that older people receive targeted support dur-
ing heatwaves are needed. The elderly being spending
most of their quality time outdoors, in parks, or in
their communities are in need of shelter from extreme
heat, and facilities in gathering areas are insufficient
(no free water, nothing to cool off with) to help them
for protection in extreme heat events. Drinking foun-
tains or means of free accessible water in gathering
areas of the elderly could be another initiative/incen-
tive to be considered by local governments-
municipalities for better adaptation of the elderly to
climate change risks (Allex et al., 2013; Dadson, 2019;
Vukmirovic et al., 2019).

To date there is limited social science research on the
ways in which people—in any country—understand the
health risks associated with climate change. The devel-
opment of standardized measures of climate health
beliefs, risk perceptions and adaptation actions would
provide a criterion by which comparisons can be more
easily made at all levels and by teams of researchers
working independently. A more effective public health
outreach campaigns on climate change at all levels—
local, regional, national and international are required.
The impact of climate change needs on human health
needs to be promoted at the local level.

Elderly: Focus for local governments and
policymakers

Adaptation action is more frequently reported in devel-
oped nations, and it is evident that there are limited
sources reporting on adaptation implications being
developed focusing on women, the elderly, or children
(Berrang-Ford et al.,, 2011). The elderly proportion is
projected to increase in the next 20 years creating sig-
nificant challenges for the cities to prepare for and build
resilience to predicted climate extremes including heat
waves, coastal flooding, and the risk of major storms
(Kabisch & Van Den Bosch, 2017).

China’s climate change policies should be further
investigated by researchers and study findings could be
used as a reference point to its urban climate strategies
for vulnerable populations. For China to improve its
adaptation strategies to climate change, urban data and
a cross-disciplinary impact evaluation is necessary.
There should be communication among those working
in different disciplines on problems related to climatic
variations in order to provide a common platform to
reflect on perspectives and experiences concerning vul-
nerable populations in local communities. As global
policy-makers are figuring out the implementation of
mitigation commitments for the Paris Agreement
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meeting, knowing the attitude and perception of vulner-
able populations is important to support their decision
makings (Bere-Semeredi & Bere-Semeredi, 2020; Li,
2021; Wang & Zhou, 2020).

A study in Japan associated five-year survival rate
with having access to green space suitable for taking
a walk and with parks and tree-lined streets near the
residence (Takano et al., 2002). Policy framed so far in
all around the world for elderly is showing that urban
living spaces of elderly is significant, and green space
planning can improve public health (Ji et al., 2020; Qiu
et al., 2021; Zhu et al., 2019). In China, climate change
can and should be further internalized as a priority issue
for local governments, and strengthening care for the
elderly should be the very core of the policy measures
(Yang et al., 2018). Local responses to climate change,
and local initiatives (initiatives in urban infrastructure,
in parks, in local communities) must also be the focus of
the central government (Qi et al., 2008). Health systems
are to be incorporated for the elderly to protect elderly
health, by adopting early monitoring and preventive
measures based on climate change (Liu et al., 2020;
Lowe et al,, 2011; Mayrhuber et al., 2018). Health pro-
fessionals and health organizations must join the grow-
ing global community of science-based advocates
working to achieve the goal of the Paris Agreement
(Banwell et al., 2018; Maibach et al., 2021). This can be
the greatest contribution to the health and wellbeing of
vulnerable populations who are most fragile to the
impacts caused by climate change (Leal Filho et al,
2019; Maibach et al., 2021).

This study highlighted a number of important educa-
tional areas including what is climate change, how it is
caused, and how it is affecting/can affect the elderly in
China in near future. Respondents felt that the govern-
ment assistance with regard to climate change was
insufficient. It is therefore important that any educa-
tional initiatives by governments, community organiza-
tions and community leaders should take more visible
actions to include elderly voices in the planning of any
adaptation measures (Bicknell et al., 2009; Sumi et al.,
2010; Zahran et al., 2008). Importantly, with regard to
the three-city analysis, important differences in the KAP
of elderly residents were observed, as such future adap-
tation measures need to account for both age and loca-
tion. Based on this varying KAP of participants across
the three cities of interest, we suggest the replication of
this survey at a nation-wide level. This would allow
a more nuanced understanding of what is driving per-
ceptions and behavior. Such an approach would be
particularly helpful in understanding how the elderly
perceive their own role in climate change adaptation.
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This information would need to be considered in the
development of a comprehensive climate change adap-
tation strategy.

V. Concluding remarks and recommendations

Older people are already profoundly affected by the
impacts of climate change (Benevolenza & DeRigne,
2018; Zhang et al,, 2016). These impacts are set to increase
due to a combination of exacerbating factors from climate
change to current environment-driven health risks leading
to increased mortality, and poorer health for the global
ageing population. Understanding human behaviors and
perceptions can help adaptation strategies to be developed
more effectively. This study gained an important under-
standing of on the knowledge, attitudes and practices
(KAP) in relation to climate change of a large sample of
the elderly respondents across three cities in East China.
The adverse health impacts of climate change can be mini-
mized or avoided with well-planned and well-applied adap-
tation strategies (Ireland & Clausen, 2019). The insights
from the data analysis can be used to identify acceptable
adaptation solutions for the elderly residents given the
health impacts of climate change associated with this age
group. Specifically, a key finding is that to be effective new
adaptive strategies targeted at the elderly requires careful
consideration of their vulnerabilities and capacity to adapt.
Local governments and researchers must focus on risk
communication and perception, and on cultural, beha-
vioral, and socio-demographic influences on adaptation
to climate change in vulnerable populations.

Acknowledgements

We acknowledge all those involved in the field of data
collection.

We confirm that the tables in this article are original, have
not been published previously, and do not require permission
to be published. We offer special thanks to Professor John S Ji
for his expert comments on this study. We also thank Sujie
Qin and Elmer Villanueva for their guidance in this work.

Data sharing statement

The study is carried out under privacy protection. The data
owner confirmed that the data cannot be made available to the
public due to privacy reasons.

Disclosure statement

All author(s) confirm that no conflicts of interest exist and
there is nothing to disclose.

Funding

This work was funded by the Xi’an Jiaotong Liverpool
University, Research Development Fund (RDF-14-03-07);
Xian Jiaotong Liverpool University [RDF-14-03-07];

Notes on contributor

Dr. Pelin Kinay is a University of Liverpool graduate from the
Faculty of Science and Engineering. Her research focus is
generally being climate change and health, she is also
researching in both the nature of climates - local, regional
or global - and the natural or human-induced factors that
cause climates to change, and factors leading to effective
climate adaptation. While her interest is growing in greenness
and climate change health co-benefits, she is also maintaining
focus in the areas of carbon neutrality and climate change
interactions.

ORCID

Pelin Kinay
Karyn Morrissey

http://orcid.org/0000-0002-3869-1797
http://orcid.org/0000-0001-7259-1047

PUBLIC INTEREST STATEMENT

Over the next few decades, societies will be challenged by
climate change exacerbated health impacts. Climate change
will also adversely impact some areas and populations more or
less intensely than others. With its rapidly increasing aging
population, China should pay specific attention to the elderly
for they are vulnerable to climate change and to the health
impacts that climate change may exacerbate. In this research
knowledge, attitude and practices of the elderly were assessed,
and recommendations were provided for the elderly as the
population focus for climate change adaptation strategies.
This work provides important insights for new adaptation
strategies targeting the elderly, looking into their knowledge,
attitude and practices in extreme climates. It is crucial to
create awareness of the necessary adaptations the elderly will
need to take to lessen the impact of climate change on their
health that must be the focus of the local governments and
health officials.

Contributors

Dr. Kinay drafted the initial manuscript, conducted litera-
ture research and review, and designed the data collection
instruments. Dr. Kinay acquired, analyzed, and interpreted
the data. Prof. Morse, Dr. Staddon and Prof. Morrissey
guided and advised on the project. Dr. Staddon secured
the funds from XJTLU for this work. Mr. Yiicel assisted in
the final proofreading and editing of the manuscript,
including the final reference checking. All co-authors
assisted in interpreting the results, reviewing and revising
the manuscript.

All authors who have accessed verified the underlying data.



References

Akerlof, K., DeBono, R., Berry, P., Leiserowitz, A., Roser-
Renouf, C., Clarke, K.-L., Rogaeva, A., Nisbet, M. C,
Weathers, M. R., & Maibach, E. W. (2010). Public percep-
tions of climate change as a human health risk: Surveys of
the United States, Canada and Malta. International Journal
of Environmental Research and Public Health, 7(6),
2559-2606. https://doi.org/10.3390/ijerph7062559

Akhtar, R., & Palagiano, C. (2018). Climate Change and Air
Pollution: The Impact on Human Health in Developed and
Developing Countries (1st ed.). Springer International
Publishing: Imprint: Springer. https://doi.org/10.1007/
978-3-319-61346-8

Al-Amin, A. Q. Nagy, G. J., Azeiteiro, U. M., Ayal, D. Y,,
Ayal, D. Y., Morgan, E. A, Chiappetta Jabbour, C. ],
Chiappetta Jabbour, C. J., Chiappetta Jabbour, C. ]J.,
Chiappetta Jabbour, C. J., & Chiappetta Jabbour, C.
(2018). A comparative analysis of climate-risk and extreme
event-related impacts on well-being and health: Policy
implications. International Journal of Environmental
Research and Public Health, 15(2), 331. https://doi.org/10.
3390/ijerph15020331

Allex, B., Arnberger, A., Wanka, A., Eder, R., Hutter, H.-P.,
Kundi, M., Wallner, P., Kolland, F., Blittner, B., &
Grewe, H. A. (2013). The elderly under urban heat pres-
sure-strategies and behaviours of elderly residents against
urban heat. Proceedings REAL CORP Tagungsband,2023.
https://core.ac.uk/download/pdf/199447794.pdf

Banwell, N., Rutherford, S., Mackey, B., & Chu, C. (2018).
Towards improved linkage of disaster risk reduction and
climate change adaptation in health: A review.
International Journal of Environmental Research and
Public Health, 15(4), 793. https://doi.org/10.3390/
ijerph15040793

Benevolenza, M. A., & DeRigne, L. (2018). The impact of
climate change and natural disasters on vulnerable popula-
tions: A systematic review of literature. Journal of Human
Behavior in the Social Environment, 29(2), 1-16. https://doi.
0rg/10.1080/10911359.2018.1527739

Bere-Semeredi, 1., & Bere-Semeredi, -A.-A. (2020).
Perception, knowledge, attitude and behavior toward
climate. Innovation in Sustainable Management and
Entrepreneurship: 2019 International Symposium in
Management (SIM2019). https://ideas.repec.org/h/spr/
prbchp/978-3-030-44711-3_15.html

Berrang-Ford, L., Ford, J. D., & Paterson, J. (2011). Are we
adapting to climate change? Global Environmental Change,
21(1), 25-33. https://doi.org/10.1016/j.gloenvcha.2010.09.012

Bhattacharyya, K. (1997). Key informants, pile sorts, or surveys?
Comparing behavioral research methods for the study of acute
respiratory infections in West Bengal. In The anthropology of
infectious diseases: Theory and practice on medical anthropology
and international health (chap. 8, pp. 211-238). https://books.
google.com.tr/books?id=WUj5AQAAQBA]J&pg=
PA211&lpg=PA211&dq=Key+informants,+pile+sorts,+or+sur
veys?+Comparing+behavioral+research+methods+for+the
+study+of+acute+respiratory+infections+in+West
+Bengal&source=bl&ots=x1MxCDov57&sig=
ACfU3U0I1oKIftmIIFvj7DslGtFGsggzLg&hl=en&sa=X&ved=
2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEA
M#v=onepage&q=Key%20informants%2C%20pile%20sorts%

SUSTAINABLE ENVIRONMENT (&) 9

2C%200r%20surveys%3F%20Comparing%20behavioral %
20research%20methods%20for%20the%20study%200f%
20acute%20respiratory%20infections%20in%20West%
20Bengal&f=false

Bi, P., Shi, X.-M., & Liu, Q.-Y. (2020). Climate change and
population health research in China: Knowledge gaps and
further directions. Advances in Climate Change Research,
11(3), 273-278. https://doi.org/10.1016/j.accre.2020.07.001

Bicknell, J., Dodman, D., & Satterthwaite, D. (2009). Adapting
cities to climate change: Understanding and addressing the
development challenges. Earthscan.

Bigio, A. G. (2003). Cities and climate change. In Building
safer cities: The future of disaster risk (pp. 91-99). World
Bank. https://documentsl.worldbank.org/curated/en/
584631468779951316/pdf/272110PAPEROBuilding
OsaferOcities.pdf

Birat, J.-P. (2021). Materials, greenhouse gas emissions and
climate change. In Sustainable materials science-
Environmental metallurgy (pp. 43-120). EDP Sciences.

Bodzin, A. M., & Fu, Q. (2014). The effectiveness of the
geospatial curriculum approach on urban middle-level stu-
dents’ climate change understandings. Journal of Science
Education and Technology, 23(4), 575-590. https://doi.
0rg/10.1007/510956-013-9478-0

Bonyhady, T., Macintosh, A., & McDonald, J. (2010).
Adaptation to climate change: Law and policy. The
Federation Press.

Broto, V. C., & Bulkeley, H. (2013). A survey of urban climate
change experiments in 100 cities. Global Environmental
Change, 23(1), 92-102. https://doi.org/10.1016/j.gloenv
cha.2012.07.005

Cai, W., Zhang, C., Suen, H. P., Ai, S, Bai, Y., Bao, J., Chen, B.,
Cheng, L., Cui, X,, Dai, H., Di, Q., Dong, W., Dou, D,
Fan, W, Fan, X,, Gao, T., Geng, Y., Guan, D., Guo, Y.,
Hu, Y., & Gong, P. (2021). The 2020 China report of the
Lancet Countdown on health and climate change. The
Lancet Public Health, 6(1), e64-e81. https://doi.org/10.
1016/52468-2667(20)30256-5

Costello, A., Abbas, M., Allen, A., Ball, S., Bell, S., Bellamy, R,,
Friel, S., Groce, N., Johnson, A., Kett, M., Lee, M., Levy, C,,
Maslin, M., McCoy, D., McGuire, B., Montgomery, H.,,
Napier, D., Pagel, C., Patel, J., de Oliveira, J. A. P., &
Patterson, C. (2009). Managing the health effects of climate
change. The Lancet, 373(9676), 1693-1733. https://doi.org/
10.1016/S0140-6736(09)60935-1

Cumiskey, L., Lickiss, M., Saki¢ Trogrli¢, R., & Alj, J. (2019).
Interdisciplinary pressure cooker: Environmental risk com-
munication skills for the next generation. Geoscience
Communications, 2(2), 173-186. https://doi.org/10.5194/
gc-2-173-2019

Dadson, S. J. (2019). Water science policy and management:
A global challenge (First ed.). John Wiley & Sons, Inc.

Emilsson, T., & Sang, A. O. (2017). Impacts of climate change
on urban areas and nature-based solutions for adaptation.
In Nature-based solutions to climate change adaptation in
urban areas (pp. 15-27). Springer. https://doi.org/10.1007/
978-3-319-56091-5_2

Field, A. P. (2013). Discovering statistics using IBM SPSS
statistics: And sex and drugs and rock n’ roll (4th ed.). Sage.

Filiberto, D., Wethington, E. Pillemer, K., Wells, N,
Wrysocki, M., & Parise, J. T. (2009). Older people and
climate change: Vulnerability and health effects.


https://doi.org/10.3390/ijerph7062559
https://doi.org/10.1007/978-3-319-61346-8
https://doi.org/10.1007/978-3-319-61346-8
https://doi.org/10.3390/ijerph15020331
https://doi.org/10.3390/ijerph15020331
https://core.ac.uk/download/pdf/199447794.pdf
https://doi.org/10.3390/ijerph15040793
https://doi.org/10.3390/ijerph15040793
https://doi.org/10.1080/10911359.2018.1527739
https://doi.org/10.1080/10911359.2018.1527739
https://ideas.repec.org/h/spr/prbchp/978-3-030-44711-3_15.html
https://ideas.repec.org/h/spr/prbchp/978-3-030-44711-3_15.html
https://doi.org/10.1016/j.gloenvcha.2010.09.012
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://books.google.com.tr/books?id=WUj5AQAAQBAJ%26pg=PA211%26lpg=PA211%26dq=Key+informants,+pile+sorts,+or+surveys?+Comparing+behavioral+research+methods+for+the+study+of+acute+respiratory+infections+in+West+Bengal%26source=bl%26ots=x1MxCDov57%26sig=ACfU3U0I1oKIftmIlFvj7DslGtFGsggzLg%26hl=en%26sa=X%26ved=2ahUKEwjpyPm8u7rzAhVhMewKHRrhCY4Q6AF6BAgDEAM#v=onepage%26q=Key%20informants%2C%20pile%20sorts%2C%20or%20surveys%3F%20Comparing%20behavioral%20research%20methods%20for%20the%20study%20of%20acute%20respiratory%20infections%20in%20West%20Bengal%26f=false
https://doi.org/10.1016/j.accre.2020.07.001
https://documents1.worldbank.org/curated/en/584631468779951316/pdf/272110PAPER0Building0safer0cities.pdf
https://documents1.worldbank.org/curated/en/584631468779951316/pdf/272110PAPER0Building0safer0cities.pdf
https://documents1.worldbank.org/curated/en/584631468779951316/pdf/272110PAPER0Building0safer0cities.pdf
https://doi.org/10.1007/s10956-013-9478-0
https://doi.org/10.1007/s10956-013-9478-0
https://doi.org/10.1016/j.gloenvcha.2012.07.005
https://doi.org/10.1016/j.gloenvcha.2012.07.005
https://doi.org/10.1016/S2468-2667(20)30256-5
https://doi.org/10.1016/S2468-2667(20)30256-5
https://doi.org/10.1016/S0140-6736(09)60935-1
https://doi.org/10.1016/S0140-6736(09)60935-1
https://doi.org/10.5194/gc-2-173-2019
https://doi.org/10.5194/gc-2-173-2019
https://doi.org/10.1007/978-3-319-56091-5_2
https://doi.org/10.1007/978-3-319-56091-5_2

10 P. KINAY ET AL.

Generations, 33(4), 19-25. https://www.ingentaconnect.
com/content/asag/gen/2009/00000033/00000004/art00004

Green, E. C. (2001). Can qualitative research produce reliable
quantitative findings? Field Methods, 13(1), 3-19. https://
doi.org/10.1177/1525822X0101300101

Hausmann-Muela, S., Ribera, J., & Nyamongo, 1. (2003).
Health-seeking behaviour and the health system response.
Disease Control Piroirities Project working paper Nol4.

He, X., Hong, T., Liu, L, & Tiefenbacher, J. (2011).
A comparative study of environmental knowledge, atti-
tudes and behaviors among university students in China.
International Research in Geographical and Environmental
Education, 20(2), 91-104. https://doi.org/10.1080/
10382046.2011.564783

Ireland, P., & Clausen, D. (2019). Local action that changes
the world: Fresh perspectives on climate change mitigation
and adaptation from Australia. In Managing global warm-
ing (pp. 769-782). Elsevier. https://doi.org/10.1016/B978-
0-12-814104-5.00027-2

Ji, J. S., Zhu, A., Lv, Y., & Shi, X. (2020). Interaction between
residential greenness and air pollution mortality: Analysis
of the Chinese Longitudinal Healthy Longevity Survey. The
Lancet Planetary Health, 4(3), e107-el15. https://doi.org/
10.1016/S2542-5196(20)30027-9

Kabisch, N., & Van Den Bosch, M. A. (2017). Urban green
spaces and the potential for health improvement and envir-
onmental justice in a changing climate. In Nature-Based
Solutions to Climate Change Adaptation in Urban Areas
(pp- 207-220). Part of the Theory and Practice of Urban
Sustainability Transitions book series (TPUST). Springer.
https://link.springer.com/chapter/10.1007/978-3-319-
56091-5_12

Karami, S., Shobeiri, S. M., Jafari, H., & Jafari, H. (2017).
Assessment of knowledge, attitudes, and practices (KAP)
towards climate change education (CCE) among lower
secondary teachers in Tehran, Iran. International Journal
of Climate Change Strategies and Management, 9(3), 402-
415. https://doi.org/10.1108/IJCCSM-04-2016-0043

Kinay, P., Morse, A. P., Villanueva, E. V., Morrissey, K., &
Staddon, P. L. (2019). Direct and indirect health impacts of
climate change on the vulnerable elderly population in East
China. Environmental Reviews, 27(3), 295-303. https://doi.
org/10.1139/er-2017-0095

Knutti, R. (2019). Closing the knowledge-action gap in cli-
mate change. One Earth, 1(1), 21-23. https://doi.org/10.
1016/j.oneear.2019.09.001

Kokoye, S. E. H., Yegbemey, R. N., & Awoye, O. M. H. R.
(2019). Advancing climate change research in West Africa:
Trends, impacts, vulnerability, resilience, adaptation and
sustainability issues. Nova Science Publishers.

Kumar, R. (2019). Applied agricultural practices for mitigating
climate change. CRC Press.

Lackner, B., Leal Filho, W., & McGhie, H. (2019). Addressing
the Challenges in Communicating Climate Change Across
Various Audiences (1st ed.). Springer International
Publishing: Imprint: Springer. https://doi.org/10.1007/
978-3-319-98294-6

Leal Filho, W., Balogun, A.-L., Olayide, O. E., Azeiteiro, U. M.,
Ayal, D. Y., Muioz, P. D. C,, Nagy, G. J., Bynoe, P,
Oguge, O., Toamukum, N. Y., Saroar, M., & Li, C. (2019).
Assessing the impacts of climate change in cities and their
adaptive capacity: Towards transformative approaches to

climate change adaptation and poverty reduction in urban
areas in a set of developing countries. Science of the Total
Environment, 692, 1175-1190. https://doi.org/10.1016/j.sci
totenv.2019.07.227

Li, X. (2021). More than meets the eye: Understanding per-
ceptions of China beyond the favorable-unfavorable
dichotomy.  Studies in  Comparative International
Development, 56(1), 68-86. https://doi.org/10.1007/
s12116-021-09320-1

Li, Y., Ren, T., Kinney, P. L., Joyner, A., & Zhang, W. (2018).
Projecting future climate change impacts on heat-related
mortality in large urban areas in China. Environmental
Research, 163, 171-185. https://doi.org/10.1016/j.envres.
2018.01.047

Lickiss, M. D., & Cumiskey, L. (2019). Design skills for envir-
onmental risk communication. Design in and design of an
interdisciplinary workshop. The Design Journal, 22(supl),
1373-1385. https://doi.org/10.1080/14606925.2019.
1594963

Lin, T., Cao, X, Huang, N, Xu, L., Li, X,, Zhao, Y., & Lin, J.
(2018). Social cognition of climate change in coastal com-
munity: A case study in Xiamen City, China. Ocean ¢
Coastal Management. https://www.sciencedirect.com/
science/article/abs/pii/S096456911730666X

Liu, J., Potter, T., & Zahner, S. (2020). Policy brief on climate
change and mental health/well-being. Nursing Outlook, 68
(4), 517-522. https://doi.org/10.1016/j.outlook.2020.06.003

Lowe, D., Ebi, K. L., & Forsberg, B. (2011). Heatwave early
warning systems and adaptation advice to reduce human
health consequences of heatwaves. International Journal of
Environmental Research and Public Health, 8(12),
4623-4648. https://doi.org/10.3390/ijerph8124623

Maibach, E., Miller, J., Armstrong, F., El Omrani, O,
Zhang, Y., Philpott, N., Atkinson, S. Rudoph, L,
Karliner, J., Wang, J., Pétrin-Desrosiers, C., Stauffer, A., &
Jensen, G. K. (2021). Health professionals, the Paris agree-
ment, and the fierce urgency of now. The Journal of Climate
Change and Health, 1, 100002. https://doi.org/10.1016/j.
joclim.2020.100002

Mayrhuber, E. A.-S., Diickers, M. L., Wallner, P,
Arnberger, A., Allex, B., Wiesbock, L., Wanka, A,
Kolland, F., Eder, R., Hutter, H.-P., & Kutalek, R. (2018).
Vulnerability to heatwaves and implications for public
health interventions-A scoping review. Environmental
Research, 166, 42-54. https://doi.org/10.1016/j.envres.
2018.05.021

Monroe, M. C., Plate, R. R, Oxarart, A., Bowers, A., &
Chaves, W. A. (2019). Identifying effective climate change
education strategies: A systematic review of the research.
Environmental Education Research, 25(6), 791-812. https://
doi.org/10.1080/13504622.2017.1360842

Murshed, M., & Saadat, S. Y. (2018). Effects of urbanization
on climate change: Evidence from Bangladesh. Journal of
Natural Sciences Research, 8, 1-8. https://ssrn.com/
abstract=3247302

Ojomo, E., Elliott, M., Amjad, U., & Bartram, J. (2015).
Climate change preparedness: A knowledge and attitudes
study in southern Nigeria. Environments, 2(4), 435-448.
https://doi.org/10.3390/environments2040435

Osman, M. M., & Sevinc, H. (2019). Adaptation of
climate-responsive building design strategies and resilience
to climate change in the hot/arid region of Khartoum,


https://www.ingentaconnect.com/content/asag/gen/2009/00000033/00000004/art00004
https://www.ingentaconnect.com/content/asag/gen/2009/00000033/00000004/art00004
https://doi.org/10.1177/1525822X0101300101
https://doi.org/10.1177/1525822X0101300101
https://doi.org/10.1080/10382046.2011.564783
https://doi.org/10.1080/10382046.2011.564783
https://doi.org/10.1016/B978-0-12-814104-5.00027-2
https://doi.org/10.1016/B978-0-12-814104-5.00027-2
https://doi.org/10.1016/S2542-5196(20)30027-9
https://doi.org/10.1016/S2542-5196(20)30027-9
https://link.springer.com/chapter/10.1007/978-3-319-56091-5_12
https://link.springer.com/chapter/10.1007/978-3-319-56091-5_12
https://doi.org/10.1108/IJCCSM-04-2016-0043
https://doi.org/10.1139/er-2017-0095
https://doi.org/10.1139/er-2017-0095
https://doi.org/10.1016/j.oneear.2019.09.001
https://doi.org/10.1016/j.oneear.2019.09.001
https://doi.org/10.1007/978-3-319-98294-6
https://doi.org/10.1007/978-3-319-98294-6
https://doi.org/10.1016/j.scitotenv.2019.07.227
https://doi.org/10.1016/j.scitotenv.2019.07.227
https://doi.org/10.1007/s12116-021-09320-1
https://doi.org/10.1007/s12116-021-09320-1
https://doi.org/10.1016/j.envres.2018.01.047
https://doi.org/10.1016/j.envres.2018.01.047
https://doi.org/10.1080/14606925.2019.1594963
https://doi.org/10.1080/14606925.2019.1594963
https://www.sciencedirect.com/science/article/abs/pii/S096456911730666X
https://www.sciencedirect.com/science/article/abs/pii/S096456911730666X
https://doi.org/10.1016/j.outlook.2020.06.003
https://doi.org/10.3390/ijerph8124623
https://doi.org/10.1016/j.joclim.2020.100002
https://doi.org/10.1016/j.joclim.2020.100002
https://doi.org/10.1016/j.envres.2018.05.021
https://doi.org/10.1016/j.envres.2018.05.021
https://doi.org/10.1080/13504622.2017.1360842
https://doi.org/10.1080/13504622.2017.1360842
https://ssrn.com/abstract=3247302
https://ssrn.com/abstract=3247302
https://doi.org/10.3390/environments2040435

Sudan. Sustainable Cities and Society, 47, 101429. https://
doi.org/10.1016/j.5¢s.2019.101429

Pidgeon, N. (2012). Public understanding of, and attitudes to,
climate change: UK and international perspectives and
policy. Climate Policy, 12(sup01), S85-S106. https://doi.
0rg/10.1080/14693062.2012.702982

Pillay, M. (2005). Knowledge, Attitude and Practices (KAP)
survey. Stellenbosch University.

Plotnikoff, R. C., Wright, M.-F., & Karunamuni, N. (2004).
Knowledge, attitudes and behaviours related to climate
change in Alberta, Canada: Implications for public health
policy and practice. International Journal of Environmental
Health Research, 14(3), 223-229. https://doi.org/10.1080/
0960312042000218633

Qi, Y., Ma, L, Zhang, H., & Li, H. (2008). Translating a global
issue into local priority: China’s local government response to
climate change. The Journal of Environment ¢ Development, 17
(4), 379-400. https://doi.org/10.1177/1070496508326123

Qiu, C,, Ji, J. S., & Bell, M. L. (2021). Effect modification of
greenness on temperature-mortality relationship among
older adults: A case-crossover study in China.
Environmental Research, 197, 111112. https://doi.org/10.
1016/j.envres.2021.111112

Rahman, M. S., Karamehic-Muratovic, A., Baghbanzadeh, M.,
Amrin, M., Zafar, S., Rahman, N. N,, Shirina, S. U,, &
Haque, U. (2021). Climate change and dengue fever knowl-
edge, attitudes and practices in Bangladesh: A social
media-based cross-sectional survey. Transactions of the
Royal Society of Tropical Medicine and Hygiene, 115(1),
85-93. https://doi.org/10.1093/trstmh/traa093

Ren, G.-Y. (2015). Urbanization as a major driver of urban
climate change. Advances in Climate Change Research, 6(1),
1-6. https://doi.org/10.1016/j.accre.2015.08.003

Seroussi, D.-E., Rothschild, N., Kurzbaum, E., Yaffe, Y., &
Hemo, T. (2019). Teachers’ Knowledge, Beliefs, and
Attitudes about Climate Change. International Education
Studies, 12(8), 33-45. https://doi.org/10.5539/ies.v12n8p33

Sumi, A., Fukushi, K., & Hiramatsu, A. (2010). Adaptation
and mitigation strategies for climate change. Springer.
Publisher description http://www.loc.gov/catdir/enhance
ments/fy1013/2009942778-d.html

Takano, T., Nakamura, K., & Watanabe, M. (2002). Urban
residential environments and senior citizens” longevity in
megacity areas: The importance of walkable green spaces.
Journal of Epidemiology and Community Health, 56(12),
913-918. https://doi.org/10.1136/jech.56.12.913

Thomas, A., & Baptiste, A. K. (2018). Knowledge, perceptions, con-
cerns, and behaviors to climate change—the Caribbean context:
An introduction. Journal of Environmental Studies and Sciences, 8
(1), 39-41. https://doi.org/10.1007/s13412-017-0462-5

Vukmirovic, M., Gavrilovic, S., & Stojanovic, D. (2019). The
improvement of the comfort of public spaces as a local
initiative in coping with climate change. Sustainability, 11
(23), 6546. https://doi.org/10.3390/sul 1236546

SUSTAINABLE ENVIRONMENT (&) 11

Wang, B., & Zhou, Q. (2020). Climate change in the Chinese
mind: An overview of public perceptions at macro and
micro levels. Wiley Interdisciplinary Reviews. Climate
Change, 11(3), €639. https://doi.org/10.1002/wcc.639

Watts, N., Adger, W. N., Agnolucci, P., Blackstock, ]J.,
Byass, P., Cai, W., Chaytor, S., Colbourn, T., Collins, M.,
Cooper, A., Cox, P. M., Depledge, J., Drummond, P.,
Ekins, P., Galaz, V., Grace, D., Graham, H., Grubb, M,,
Haines, A., Hamilton, I., & Costello, A. (2015). Health and
climate change: Policy responses to protect public health.
The Lancet, 386(10006), 1861-1914. https://doi.org/10.
1016/S0140-6736(15)60854-6

Watts, N., Amann, M., Arnell, N., Ayeb-Karlsson, S.,
Beagley, ., Belesova, K., Boykoff, M., Byass, P., Cai, W., &
Campbell-Lendrum, D. (2020). The 2020 report of The
Lancet Countdown on health and climate change:
Responding to converging crises. The Lancet. https://www.
thelancet.com/article/S0140-6736(20)32290-X/fulltext

Whitmarsh, L. E. (2005). A study of public understanding of
and response to climate change in the South of England.
University of Bath Bath.

Xiao, J., Fan, W., Deng, Y., Li, S., & Yan, P. (2016). Nurses’
knowledge and attitudes regarding potential impacts of
climate change on public health in central of China.
International Journal of Nursing Sciences, 3(2), 158-161.
https://doi.org/10.1016/j.ijnss.2016.04.002

Yan, Z.-W., Wang, J., Xia, -J.-J., & Feng, ].-M. (2016). Review
of recent studies of the climatic effects of urbanization in
China. Advances in Climate Change Research, 7(3),
154-168. https://doi.org/10.1016/j.accre.2016.09.003

Yang, J., Siri, J. G., Remais, J. V., Cheng, Q., Zhang, H.,,
Chan, K. K, Sun, Z., Zhao, Y., Cong, N., & Li, X. (2018).
The Tsinghua-Lancet commission on healthy cities in
China: Unlocking the power of cities for a healthy China.
The Lancet, 391(10135), 2140-2184. https://doi.org/10.
1016/S0140-6736(18)30486-0

Zahran, S., Brody, S. D., Vedlitz, A., Grover, H., & Miller, C.
(2008). Vulnerability and capacity: Explaining local com-
mitment to climate-change policy. Environment and
Planning. C, Government & Policy, 26(3), 544-562.
https://doi.org/10.1068/c2g

Zhang, Y., Wang, J. N., Ma, W., Nitschke, M., Hansen, A,
Bi, P., & Jiang, B. F. (2016). Case study: Improving popula-
tion health in a rapidly urbanizing world: Are older Chinese
people ready to adapt to climate change? In Urbanization
and in Public Health China (pp. 267-298). Imperial College
Press. https://www.worldscientific.com/doi/abs/10.1142/
9781783268559_0013

Zhu, A., Yan, L. L, Wu, C.-D,, James, P., Zeng, Y., & Ji, J. S.
(2019). Residential greenness, activities of daily living, and
instrumental activities of daily living: A longitudinal cohort

study of older adults in China. Environmental
Epidemiology, 3(5), e065. https://doi.org/10.1097/EE9.
0000000000000065


https://doi.org/10.1016/j.scs.2019.101429
https://doi.org/10.1016/j.scs.2019.101429
https://doi.org/10.1080/14693062.2012.702982
https://doi.org/10.1080/14693062.2012.702982
https://doi.org/10.1080/0960312042000218633
https://doi.org/10.1080/0960312042000218633
https://doi.org/10.1177/1070496508326123
https://doi.org/10.1016/j.envres.2021.111112
https://doi.org/10.1016/j.envres.2021.111112
https://doi.org/10.1093/trstmh/traa093
https://doi.org/10.1016/j.accre.2015.08.003
https://doi.org/10.5539/ies.v12n8p33
http://www.loc.gov/catdir/enhancements/fy1013/2009942778-d.html
http://www.loc.gov/catdir/enhancements/fy1013/2009942778-d.html
https://doi.org/10.1136/jech.56.12.913
https://doi.org/10.1007/s13412-017-0462-5
https://doi.org/10.3390/su11236546
https://doi.org/10.1002/wcc.639
https://doi.org/10.1016/S0140-6736(15)60854-6
https://doi.org/10.1016/S0140-6736(15)60854-6
https://www.thelancet.com/article/S0140-6736(20)32290-X/fulltext
https://www.thelancet.com/article/S0140-6736(20)32290-X/fulltext
https://doi.org/10.1016/j.ijnss.2016.04.002
https://doi.org/10.1016/j.accre.2016.09.003
https://doi.org/10.1016/S0140-6736(18)30486-0
https://doi.org/10.1016/S0140-6736(18)30486-0
https://doi.org/10.1068/c2g
https://www.worldscientific.com/doi/abs/10.1142/9781783268559_0013
https://www.worldscientific.com/doi/abs/10.1142/9781783268559_0013
https://doi.org/10.1097/EE9.0000000000000065
https://doi.org/10.1097/EE9.0000000000000065

	Abstract
	I. Introduction
	II. Approach
	Research design
	Sampling and analysis
	Ethical considerations

	III. Results
	Characteristics of the elderly
	Knowledge of climate change
	Attitudes and perceptions of the elderly to the health impacts of climate change
	Practices to protect against the health impacts of climate change

	IV. Discussion
	Elderly: Focus for local governments and policymakers

	V. Concluding remarks and recommendations
	Acknowledgements
	Data sharing statement
	Disclosure statement
	Funding
	Notes on contributor
	ORCID
	PUBLIC INTEREST STATEMENT
	Contributors
	References

