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Abstract 

Risk to health from excess heat is gaining attention in scholarship and policy. Demographic 

and socio-economic factors affect the extent to which a person is at risk from excess heat, 

whilst empirical research of social vulnerability to heat outside a ‘Western’ context is relatively 

limited. Many countries still rely on expert judgements to draw locally specific context for heat 

vulnerability assessment. Yet, their view might not be evidence-informed and the result is 

influenced by who are involved. This paper reflects this point by eliciting expert views of social 

heat vulnerability in Taiwan through an expert questionnaire survey using the Analytic 

Hierarchy Process method, and the result was compared to existing empirical research. Our 

study finds that experts consider factors related to adaptive capacity, especially societal support, 

as the most important; but rate gender and ethnicity as the least important. Although experts 

point to the importance of adaptive capacity, there are relatively few empirical studies to date 

in societal support, and the low priority given to gender and ethnicity also contradicts prior 

empirical research. For heat risk assessment, our findings show that whilst systematic 

elicitation of expert judgement may help to fill gaps in empirical evidence specific to the local 

context, caution should be paid to the significant divergence with existing empirical data and 

expert opinions depending on who are selected to involve. 
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Taiwan. 
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1. Introduction 

Heat – and its effects on people – is one aspect of climate change where the need for scientific 

expertise to guide decision making on interventions and adaptation is gaining attention. The 

Lancet Countdown on Health and Climate Change reported that compared to the year 2000, 

157 million more people were exposed to heatwave events in 2017; with each person subject 

to an additional 1.4 days of heatwave events per year (Watts et al., 2018). It has been estimated 

that warmer temperatures will rank amongst the world’s most significant health threats by the 

end of the century (Carleton et al, 2020; McKinnon et al., 2016). Empirical research regarding 

heat-related illness and mortality found demographic and socio-economic status of 

individuals/neighbourhoods plays an important role in determining heat vulnerability, but this 

issue is more sufficiently understood in Western countries (e.g. Klinenberg, 2002; Gronlund, 

2014; Harlan et al., 2012). Excessive heat is a recurrent climate threat to countries located in 

the South-East-Asia region, which has severely impacted public health and put forward the 

problem of socioeconomic inequality in adaptation (Arshad et al., 2020; McKinnon et al., 2016; 

Kjellstrom et al., 2017). With emerging research showing that socio-economic drivers of heat 

risk vary across countries (Turek-Hankins et al, 2021; Indraganti and Rao, 2010) and the 

imperative need of local knowledge to identify vulnerable population, expert judgments with a 

set of indicators are widely adopted for assessment (Barnett et al., 2008). Yet, divergence might 

remain with evidences grounded in empirical data depending on indicators selected and expert 

involved in heat vulnerability assessment. This paper links an expert survey with a structured 

literature review for Taiwan, in which heat is a growing concern. In doing so, we test the claims 

of existing literature and evaluate the potential and challenges of expert elicitation to support 

available empirical research. 

2. Literature synthesis 
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2.1. Heat vulnerability indices and expert judgement 

Research on heat vulnerability has grown considerably in recent years to understand specific 

environmental and socioeconomic characteristics of vulnerable populations (e.g. Johnson et al., 

2012; Weber et al., 2015; Chow et al., 2012; Harlen et al., 2006; Ellena et al., 2020). However, 

differences between disciplines tend to limit overall understanding of vulnerability of and 

responses to extreme heat (Fernandez Milan and Creutzig, 2015; Ellena et al., 2020). Social 

implications of heat vulnerability and its association with living environments are particularly 

understudied (Esplin et al., 2019; Ellena et al., 2020). In response to the absence and difficulties 

of empirical studies looking holistically at the breadth of socio-economic factors of heat 

vulnerability, there is a growing interest in developing vulnerability indicators through expert 

judgements (e.g. Wong et al., 2017; Rasanen et al., 2019; Estoque et al., 2020; Bao et al., 2015; 

Depietri et al., 2013; Reischl et al., 2018). It is also recognised that some socio-economic 

characteristics informing heat vulnerability, such as neighbourhood connectivity and 

perceptions of security, are not readily apparent or quantifiable in available demographic and 

socio-economic data and may require context-specific expert knowledge to interpret (Yardley 

et al., 2011; Sampson et al., 2013; Wolf et al., 2010; Abrahamson et al., 2009).  

Nonetheless, using expert opinion to determine the importance of social vulnerability to 

excessive heat is not without problems. Expert opinions are not necessarily ‘objective’ or 

‘value-neutral’, and expert judgements on relative importance (normative statements) do not 

necessarily reflect evidence grounded in empirical data (Decancq and Lugo, 2013; Qi et al., 

2020). Expert recommendations on problems and appropriate countermeasures may be 

informed by experts’ own disciplinary backgrounds (Chowdhury et al., 2012; Hebbert, 2014); 

by the experts selected to be involved in assessment processes (Mabon et al, 2019); or by which 

disciplinary perspectives are most effectively able to influence policy (and which are ignored) 
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(Finewood et al., 2019). Indeed, whilst heat vulnerability is often closely associated with public 

health research (e.g. Watts et al., 2018); valuable insights into how heat vulnerability differs 

across space and society have also come from disciplines as diverse as urban planning (Byrne 

et al., 2016); sociology (Klinenberg, 2002); and history (Hoffman et al., 2020).  

A second challenge to expert-led heat vulnerability assessment is that the vast majority of 

empirical city-scale research to date engaging with socio-economic drivers of heat vulnerability 

has been concentrated in North America, Europe or Australasia (Bao et al., 2015; Rosenthal et 

al., 2014; Gronlund, 2014; Ellena et al., 2020; Bouchama et al., 2007). Increasing attention has 

been drawn to tropical and sub-tropical Asia countries – especially in India, by the world 

organisations (e.g. WHO, and UNDP) and the Global Heat Health Information Network, 

arguing for imperative heat adaptation actions (Kjellstrom et al., 2017), as the effect of 

increased temperatures is more frequently and keenly felt due to global climate patterns as well 

as high population and development density that exacerbate urban heat island effects 

(Giridharan & Emmanuel, 2018; McKinnon et al., 2016). The understanding of socio-

economic implications on heat mortality and morbidity is however less known in this region. 

As human populations are acclimatized to local conditions in physiological, behavioural, and 

cultural terms (Kovats and Hajat, 2008; Gronlund, 2014; Bakhsh et al., 2018), heat 

vulnerability and adaptive responses are often informed by the specific environmental, societal 

and cultural context of a locality (Huang et al., 2011; Lefevre et al., 2015; Indraganti and Rao, 

2010). It is thus critical to avoid assuming heat vulnerability in this region is driven by the same 

socio-economic factors (Gronlund, 2014). Moreover, although there is existing empirical 

research into heat-health relationship and socio-demographic drivers of vulnerability in Asian 

cities (e.g. Chan et al., 2012; Bai et al., 2014; Hajat et al., 2005; Lin and Chan, 2009; Li et al., 

2020), most research has only evaluated factors limited to available and quantifiable data, 

particularly age, gender, income, and physiological disease (Appendix 1). As a result, 
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vulnerability drivers rooted in wider societal context in this region are less understood.  

This paper responds to these challenges through a survey of experts from a breadth of 

disciplines to identify important areas of heat vulnerability for cities in Taiwan; underpinned 

by a literature review, which systematically includes a wide breadth of vulnerability factors 

across exposure, sensitivity, and adaptive capacity dimensions. Specifically, we aim to (a) 

identify potential attributes of heat vulnerability in the Taiwanese context; (b) understand areas 

of agreement, priority and divergence across experts from a breadth of backgrounds and 

academic disciplines; and (c) evaluate areas of potential similarity and difference with existing 

peer-reviewed scientific literature. Balancing expert judgements with empirical evidence 

grounded in data provides a fuller picture of heat vulnerability in a subtropical city where the 

socio-cultural and development context is distinct from the West. This approach will assist 

cities, where the empirical research and/or data provide inadequate information to inform an 

evidence-based policy, to rapidly identify vulnerable populations; and at the same time, 

highlight areas requiring further attention for empirical study. 

2.2 Context of Vulnerability 

This study adopts Rinner et al’s (2010) conceptual framework for understanding heat 

vulnerability through exposure, sensitivity and adaptive capacity (Figure 1). In this framework, 

potential vulnerability is shaped by exposure and sensitivity, but can be reduced by adaptation 

interventions into residual vulnerability. According to the IPCC’s Third Assessment Report, 

exposure is the nature and degree to which a system is exposed to significant climatic variations; 

sensitivity is the degree to which a system is affected, either adversely or beneficially, by 

climate-related stimuli; and adaptive capacity is the ability of a system to adjust to climate 

change (including climate variability and extremes) to moderate potential damages, take 

advantage of opportunities, or cope with consequences. As demonstrated in Figure 1, the 
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degree of exposure is attributable to physical environmental features (e.g. Nayak et al., 2018; 

Uejio et al., 2011; Zanobetti et al., 2013) and individual occupation and behaviours (e.g. 

Eisenman et al., 2016; Coates et al., 2014; Lin & Chan, 2009). Sensitivity is often related to a 

person’s physiological and psychological condition (e.g. Hajat et al., 2005; Zanobetti et al., 

2013; Zhang et al., 2013) and socio-demographic features (e.g. Benmarhina et al., 2015; Coates 

et al., 2014; Harlan et al., 2013). Adaptive capacity can be described by socio-economic status 

of an individual (e.g. Rosenthal et al., 2014; Harlan et al., 2013; Martin et al. 2017) as well as 

external resources and interventions (e.g. Lin et al., 2019; Wolf & McGregor, 2013).  

A full literature review focused on drivers relating to social aspects of heat vulnerability in the 

dimension of exposure, sensitivity and adaptive capacity at the individual level, which formed 

the basis of the expert survey, is included as Supplementary Data. As this review shows, some 

of the factors identified in existing research have been well studied in Taiwan, but others are 

still under-studied or considered as relevant but lack evidence grounded in empirical data. 

Table 1 below focuses on areas that reflect specific characteristics of Taiwanese societies and 

which may differ from ‘Western’ context. 
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Figure 1 Conceptual framework of heat vulnerability (adapted from Rinner et al., 2010) 

Table 1: summary of key heat vulnerability drivers and distinctions/findings in Taiwan-specific 

studies 
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are more likely to have less greenery, higher 
living density, and lower-quality housing (Wu 
et al., 2010; Lin and Chan, 2009; Gronlund, 
2014; Hoffman et al., 2020; Harlan et al., 2006; 
Schell et al., 2020), which put the communities 
at risk of higher mortality during heatwaves. 

Built environments, including housing 
construction, greenspace abundance, and 
development density, have been regarded as an 
important factor associated with the spatial 
variation of urban heat island effect and thermal 
comfort of cities (e.g. Shih et al., 2020; Chen et 
al., 2019b; Lin et al., 2017). 

O
cc

up
at

io
na

l t
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e Labourers involved in strenuous outdoor 
physical activities tend to be affected the most 
by high temperature, whereas those working in 
indoor occupations subject to hot and poor 
ventilation environments are also at risk 
(Coates et al., 2014; Ellena et al., 2020). 

Study of Lin and Chan (2009) in five major cities 
of Taiwan indicated that construction workers, 
farmers and fishers, particularly those who are 
elderly, are at higher risk in prolonged hot and 
humid weather. This may be related to wider 
social factors. For example, farmers and fishers 
in Taiwan tend to have lower incomes and are 
older. Moreover, many construction workers are 
foreign labourers, who may have less language 
capability and local knowledge (Wu et al., 2010); 
and may live in poorer-quality housing which 
might be hot and lack air-conditioning (Lin and 
Chan, 2009).  
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 Older people with decreasing 
thermoregulation ability (Johnson et al., 2012) 
in most countries (Kovats and Hajat, 2008; 
Stafoggia et al., 2005; Coates et al., 2014; 
Chern et al., 2016; Lin et al., 2011). Older age 
may also be a proxy for existing health 
conditions in that morbidity tends to be 
triggered by extreme temperatures (Schwartz, 
2005; Wu et al., 2010; Chung et al., 2009; 
Watts et al., 2018). 

Older people found to be at higher risk of heat-
related mortality and morbidity in Taiwan (Sung 
et al., 2013). 

H
ea
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 st
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 Morbidity tends to be triggered by extreme 
temperatures (Schwartz, 2005; Wu et al., 2010; 
Chung et al., 2009; Watts et al., 2018). Heat 
stress is associated with distress, suicide, and 
hospital admissions for psychological 
problems (Watts et al., 2018) 

In Taiwan, major depressive disorder is found to 
be associated with elderly people who live in 
regions with higher average annual temperature 
(Chen et al., 2019). A household survey in 
summer 2013 also reveals that Taiwanese people 
tend to have bad moods and do things more 
ineffectively in hot weather (Liao, 2016). 

G
en

de
r Association varies across age (e.g. Chan et al., 

2012; Onozuka and Hagihara, 2015), cities 
(Bai et al., 2014; Zhang et al., 2013), state of 
isolation (Kovats and Hajat, 2008; Onozuka 
and Hagihara, 2015) and perhaps specific 
gender roles in a society (Indraganti and Rao, 
2010; Bai et al., 2014; Coates et al., 2014; 
Onozuka and Hagihara, 2015). 

Often reported in Taiwan as an insignificant 
factor or a factor that interactively affects heat 
vulnerability with other socio-demographic 
factors, such as age and occupations (e.g. Chen 
et al., 2019c; Wang and Lin, 2015; Lin and Chan, 
2009). 

R
ac

e 
an

d 
et

hn
ic

ity
 Areas containing a high proportion of ethnic 

minorities argued to be at greater risk (Weber 
et al., 2015; Johnson and Wilson, 2009; 
Kovach et al., 2015). 

Taiwan relatively ethnically homogenous, 
although the large and increasing number of 
foreign workers doing strenuous jobs may 
warrant further enquiry as these people tend to 
be socio-economically disadvantaged (Lin et al., 
2009). Taiwanese studies into difference in heat 
risk by ethnicity are less common. Wu et al. 
(2010) investigated heat-induced cardiovascular 
mortality between 1994 to 2003 in Taiwan and 
suggested that the aboriginal population is at 
higher risk. This result is suggested to be 
associated with aboriginal people’s 
disadvantaged socioeconomic status in Taiwan 
(e.g. less formal education and lower income) 
(Wen et al., 2004) and associated/resulting 
unhealthy lifestyle (e.g. heavy alcohol drinking 
and tobacco smoking) (Wu et al., 2010).  
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 Income is widely reported as a measure to 

sustain good health (Adger et al., 2004); to 
cover loss of earnings due to declining  
productivity during extreme heat; and to pay 
to power electric cooling systems (Johnson et 
al., 2012; Xu et al., 2013; Kovats and Hajat, 
2008). Ownership of air-conditioners is linked 
to economic status, and is particularly 
important for countries with warm climates 
(Chung et al., 2009; Maller and Strengers, 
2011). 

Lin et al (2011) indicated a lower heat-related 
death and illness in Kaohsiung compared to 
nNorthern cities in Taiwan is likely related to 
higher prevalence of air-conditioners. 
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in
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rm
at

io
n Reflects socioeconomic status and affects the 

literacy of individuals for acquiring and 
understanding information to respond to heat 
risk (Bao et al., 2015; Harlan et al., 2012; Reid 
et al., 2009; Son et al., 2012). 

Education has shown to have little influence on 
perceived well-being in hot weather in Taiwan 
(Liao, 2016). 

Le
ve

l o
f 

is
ol

at
io

n Less local knowledge and are linguistically 
isolated from local societies are considered to 
be more susceptible in Phoenix, USA (Chow 
et al., 2012). 

N/A 

So
ci

al
 c

ap
ita

l Both formal and informal support networks 
from local communities can help reduce 
impact from social isolation and aid recovery 
(Yang et al., 2010; Chow et al., 2012; Harlan 
et al., 2006; Klinenberg, 2002). 

Although subjective perception does not 
necessarily correspond to objective health 
condition, social support from the local 
community is perceived as a positive 
characteristic to reduce the negative feelings of 
well-being in hot weather (Liao et al., 2016). 

3. Methods and Analysis 

Taiwan has a subtropical climate and has seen a clear warming trend in the last century. The 

summer has become longer, with 27.8 summer days added between 1957 to 2006 (TCCIP, 

2017). The frequency of extreme hot days (above 95th percentile of the record) has rapidly 

increased in the past few years, and is particularly severe in cities (ibid.). According to the 

projection from the Taiwan Climate Change Projection and Information Platform (TCCIP) 

(2017), extreme hot days could increase by 100 days per year by the end of this century under 

the RCP8.5 (‘business as usual’) scenario. However, government policies and research in 

Taiwan have heavily focused on flooding, resulting in relatively few empirical studies on heat 

vulnerability and policies to assist in local preparedness.  

3.1 Identifying vulnerability factors  

Given that existing empirical studies in Taiwan provide incomprehensive understanding about 

social attributes of heat vulnerability, a fuller literature review was conducted to identify 

additional potential factors to be evaluated in the Analytic Hierarchy Process. Using Web of 
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Science and Google Scholar, we scanned articles using the key words ‘heat vulnerability’, ‘heat 

risk’, ‘heatwave’, ‘high temperature’ and ‘extreme temperature’ in English and ‘高溫風險’, 

‘高溫脆弱度’, ‘熱浪脆弱度’ and ‘極端高溫’ in classical Chinese to include local studies in 

Taiwan. Relevant references cited in reviewed articles, which may not have been returned by 

the initial search, were followed-up and reviewed to gain wider insight. This includes both 

scientific literature and grey literature. For each article, we classified the social context of 

vulnerability into exposure, sensitivity, and adaptive capacity according to the conceptual 

framework developed in Figure 1, and recorded factors, proxies for assessment, and any 

statistical significance. This returned a limited number of empirical studies in Taiwan (12 

papers); most of them focused on public health. The review findings are included as 

Supplementary Data (Appendix 1).  

Social vulnerability features from the literature were recorded based on three categories - 

empirical factors, potential factors, and not stated factors. Empirical factors refer to factors 

which have been quantitatively assessed and tested for statistical significance in a Taiwanese 

context; potential factors refer to those quantitatively assessed and tested in empirical research 

from other countries; and not stated factors were attributes mentioned in grey literature, review 

articles and those included in ‘heat vulnerability indices’ (i.e. studies using a basket of 

indicators, generally selected subjectively from the literature, for assessing vulnerability). As 

per Section 2, it was recognized that potential features of social vulnerability found in other 

countries might not be as significant when transferred to the Taiwanese context.  

3.2 Questionnaire design and survey 

Opinions from people familiar with the local context are argued to be a way to ensure inclusion 

of local knowledge and values, and increase legitimacy of indicators for those who are 

responsible for environmental management and hazard response (Barnett et al., 2008). A 
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questionnaire survey was designed and distributed to expert communities in Taiwan through 

JISC Online Surveys (Appendix 2). Expert survey respondents were identified from 

governmental expert meetings on issues related to climate change adaptation, such as 

‘Efficiency Analysis of Outdoor Ventilation and Promotion Strategies in Urban Areas’ and 

‘Disaster Resilience and Multiple Utilisation Strategies of Public Lands and Infrastructure at 

the Development Area of Towns and Countries in the Local-Level National Plan’; as well as 

through a Google search of experts appearing on newspapers and authors of relevant academic 

papers or research projects in Taiwan. 47 experts were identified and an invitation letter with 

the link was emailed between October to December in 2019. Reminder letters were sent 

initially after two weeks and on a weekly basis to increase the respondent rate. In total, we 

received 24 responses, covering the fields of public health, climatology, sociology, urban 

planning and architecture and mostly from academia and government in Taiwan. For a highly 

specific topic of this nature, the sample size based on expert judgement is by necessity limited 

(Suganthi, 2018) and is in line with comparable sample sizes used in analogous studies (Lee 

and Chan, 2008; Kurka, 2013; Chowdhury et al., 2012). 

This study applies the Analytic Hierarchy Process (AHP) to design the questionnaire and 

conduct analysis. AHP is a method developed by Saaty in 1980s for decision making on 

multiple criteria and has been widely applied for weighting indicators from collective opinions 

(Ho, 2008; Gan et al., 2017). Based on the criteria identified from the literature, this study 

structured vulnerability factors into a three-layered hierarchy, including key dimensions, subset 

of the dimensions, and individual characteristics (Table 2). For each hierarchy, respondents 

were asked to make numerical pairwise comparisons between factors in each layer under the 

same dimensions of a higher level. Based on a nine-point scale, respondents were asked to 

compare the importance of each set of paired factors from ‘equal important’ of both sides to 

‘extreme important’ on one side of the factors (Table 3). To collect additional factors that may 
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be missing from the questionnaire, a box for open-ended comments was also provided. Open-

ended responses are reported within the results to add additional explanatory or contextual 

information.  

Table 2 Social factors of heat vulnerability 

Key dimensions Subsets of the dimensions Individual characteristics 

A. Exposure 

A1 Occupational type 

A1.1 Outdoor labouring workers 

A1.2 Indoor labouring workers in hot environments 

A1.3 Vagrant 

A2 Living environment 

A2.1 Living density 

A2.2 Building types (eg. height, materials, quality). 

A2.3 Surrounding greenspaces and water bodies 

B. Sensitivity 

B1 Health status 

B1.1 Disability/mobility impairment 

B1.2 Existing physical health problems (excluding 

handicaps) 

B1.3 Existing psychological health problems 

B2 Age 
B2.1 Young children 

B2.2 Elderly people 

B3 Gender 
B3.1 Males 

B3.2 Females 

B4 Race/ethnicity 
B4.1 Ethnic minority (excluding indigenous people) 

B4.2 Indigenous people 

C. Adaptive 

Capacity 

C1 Available resources of 

individuals 

C1.1 Economic status (income, savings) 

C1.2 Availability of cooling devices (e.g. fans, air 

conditioning) 
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C2 Level of isolation 
C2.1 Living alone 

C2.2 New overseas immigrants 

C3 Ability to acquire 

information 

C3.1 Education level 

C3.2 Linguistic capability 

C4 Social resources and 

support 

C4.1 Accessibility of medical resources 

C4.2 Support from societies/communities 

 

Table 3 Rating scheme for pairwise comparison 

Rating Description 

1 - Equal Two factors contribute equally to the vulnerability. 

3 - Moderate Experience and judgement slightly prioritise one factor over another. 

5 - Strong Experience and judgement strongly prioritise one factor over another. 

7 - Very Strong 
A factor is emphasized very strongly over another. Its dominance demonstrated in 

practice. 

9 - Extreme Importance 
The evidence emphasising one factor over another is of highest possible order of 

affirmation. 

3.3 Analytical methods 

The result from the pairwise comparison in the survey was recoded to conduct descriptive 

statistics. Mean score, median score, variance, and standard deviation of 32 pairwise 

comparisons were firstly computed for identifying relative importance of factors and the degree 

of consensus or division in opinions. Secondly, to derive the weight of each vulnerability factor 

from expert judgments for determining priority areas, this study adopted geometric mean 

method (GMM) in AHP to create pairwise comparison reciprocal matrices and to normalise 

the geometric means of the rows (Podvezko, 2009). Following the equations and procedure 
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described in Saaty and Vargas (2012), the weights of each factor were calculated. Accordingly, 

important factors were defined as those gaining above average weights in the given hierarchy.  

For assessing the consistency in judgements between experts, we applied consistency index 

(CI) and consistency ratio (CR) respectively to examine whether the transitive property 

between judgements is consistent using the equations and procedures described by Saaty and 

Vargas (2012). CR was applied to examine the consistency of transitivity amongst factors in a 

pairwise-comparison of a given aspect which contains more than two factors. In practice, 

perfect consistency has been rarely observed, as perceptions and judgements are subject to 

change due to individual conditions (Saaty and Vargas, 2012). Hence, a small degree of 

inconsistency is considered tolerable to better reflect real-world conditions (Saaty and Vargas, 

2012). A value of CR under 0.1 (the rate of inconsistency up to 10%) is therefore accepted in 

the consistency assessment (Peláez et al., 2018; Saaty and Vargas, 2012).  

To understand the difference in judgements due to personal familiarity toward heat risk and 

vulnerability, expert judgements were divided according to self-reported familiarity into high 

and medium groups. To reduce subjectivity in self-reported familiarity, respondents were asked 

to select one of six narrative statements which most closely matched their experience (see 

Figure 2a). The statements included tangible actions which would indicate the respondents’ 

familiarity with heat risk, adaptation and vulnerability issues. So to be able to report their 

familiarity as ‘very high’, for example, respondents had to have led research or work relating 

to heat risk, adaptation and vulnerability; to be able to report their familiarity as ‘high,’ they 

needed to have been involved in research or work relating to heat risk, adaptation and 

vulnerability; and so on.  As the respondents were known to the researchers, and as the sample 

was relatively small, the researchers were able to cross-check the experts’ self-reported 

expertise against their actual experience. This cross-check led to two experts being upgraded 
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on the basis of having done more extensive or significant research than they reported. Experts 

reported to have directly conducted or been partly involved in research or works related to heat 

risk, adaptation and vulnerability are grouped into the high familiarity category. Experts who 

have directly conducted or partly involved in research or works related to climate risk, 

adaptation and vulnerability are grouped into the medium familiarity category. This results in 

12 experts in each group. In addition to analysing median score and variance with descriptive 

statistics, the process to derive weights and to assess consistency was repeated respectively for 

each of these two groups for comparative analyses. Radar maps based on the result of weighting 

were produced to display the difference in opinions toward individual characteristics of 

vulnerability between the two expert groups. 

4. Results 

4.1 Background of respondents 

The survey collected opinions from 24 experts, 75% (18) from academia, 12.5% (3) from 

government, and 12.5% (3) from other sectors, including not-for-profit organisations, private 

sector and media. This covers 3 female and 21 male experts from earth science, atmospheric 

sciences, environmental science, urban planning and development, architecture, geography, 

public health, sociology, and occupational safety (Figure 2b). Amongst 24 experts, 50% had 

prior experience in working or researching heat related issues, such as heat vulnerability 

assessment, health impact from excess heat, awareness of and adaptive behaviours to heat, 

urban heat island effect and urban thermal comfort; and  the other half had experience in issues 

related to climate change impacts, vulnerability and adaptation (Figure 2a). 
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Figure 2 The a) familiarity and b) disciplines of respondents 

4.2 Priority areas of vulnerability  

Table 4 shows the result of weighting of each factor and the consistency assessment of each 

comparison set from the AHP analysis. Important factors of each layer were determined as 

those gaining higher weights than the average value, which is calculated by 1 divided by the 

number of factors of a given layer. All comparison matrices with more than two factors have 

passed the transitivity check with consistency ratio, as all CR values are lower than 0.1. 

At the first layer (key dimension), adaptive capacity received the highest weight. Yet, as shown 

in Table 5, there is a relatively high rating variance in the pairwise comparisons within Layer 

1, suggesting that respondents’ opinions are more divided in the key dimensions.  

Within the second layer (subsets of the dimensions), the rating of ‘occupational type’ and 
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‘living environment’ under the exposure dimension results in close weights, whereas ‘health 

status’ and ‘social resources and support’ were prioritised in the sensitivity dimension and the 

adaptive capacity dimension respectively (Table 4. Conversely, the least important factors were 

identified as ‘race/ethnicity’ as shown in Table 4. The highest rating variances in the pairwise 

comparisons of Layer 2 factors were found in the comparison sets of ‘occupational types versus 

living environments’, ‘available resources of individual versus level of isolation’ and ‘health 

status versus age’, which suggest a more divided opinion (Table 5). On the contrary, ‘gender 

versus race/ethnicity’ (equally important) and ‘health status versus race/ethnicity’ (health status 

more important) were rated more consistently (Table 5).  

In the third layer (individual characteristics), several factors were identified as important (Table 

4). Amongst 23 factors, five factors were prioritised by all experts: ‘outdoor labouring workers’, 

‘support from societies/communities’, ‘accessibility of medical resources’, ‘economic status’, 

and ‘elderly people’ (Table 4). Greater rating variance was found with the comparison sets of 

‘living density versus building types’, and ‘living density versus surrounding greenspaces and 

water bodies’, suggesting lower consensus (Table 5). Conversely, the most consistent opinions 

between experts were ‘ethnic minority versus indigenous people’ (equally important) and 

‘ability to acquire information versus social resources and support’ (social resources and 

support more important) (Table 5).   

 

 

 

 



17 

 

Table 4 Weights, ranking, and consistency of heat vulnerability factors from the AHP survey 
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*Note: 1) Consistency ration is only applied to comparison matrices with more than two factors; 2) value higher than the average weight in a given layer is underlined. 
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Table 5 Descriptive statistics of pairwise comparison 

Paired comparison 
All High Medium 

Med Var Med Var Med Var 

1st
 L

ay
er

: 
K

ey
 

di
m

en
si

on
s A Exposure: B Sensitivity 5 3.19 5 1.89 4 3.81 

A Exposure: C Adaptive Capacity 6 3.41 6.5 1.97 5 3.85 

B Sensitivity: C Adaptive Capacity 6 3.49 6.5 2.50 5 4.14 

2nd
 L

ay
er

: S
ub

se
ts

 o
f t

he
 d

im
en

si
on

s 

A1 Occupational type: A2 Living environment 5 4.24 5.5 4.74 5 3.69 

B1 Health status: B2 Age 4 2.87 3.5 3.64 4.5 2.08 

B1 Health status: B3 Gender 3 3.07 3 5.35 4 0.75 

B1 Health status: B4 Race/ethnicity 4 2.71 5 4.35 4 0.64 

B2 Age: B3 Gender 5.5 3.83 6 3.39 5.5 4.22 

B2 Age: B4 Race/ethnicity 5.5 3.82 5.5 4.06 5.5 3.58 

B3 Gender: B4 Race/ethnicity 5.5 2.83 5 3.69 5.5 1.97 

C1 Available resources of individuals: C2 Level of 
isolation 4 3.39 5.5 3.75 3.5 1.64 

C1 Available resources of individuals: C3 Ability to 
acquire information 3.5 2.00 3.5 2.58 3.5 1.39 

C1 Available resources of individuals: C4 Social 
resources and support 3 1.19 3 1.08 4 1.08 

C2 Level of isolation: C3 Ability to acquire 
information 3 1.81 3 1.06 3.5 2.06 

C2 Level of isolation: C4 Social resources and 
support 3 1.64 3 0.89 4 1.50 

C3 Ability to acquire information: C4 Social 
resources and support 5 0.82 5 1.42 5 0.19 

3rd
 L

ay
er

: I
nd

iv
id

ua
l 

ch
ar

ac
te

ris
tic

s 

A1.1 Outdoor labouring workers: A1.2 Indoor 
labouring workers in hot environments 6 2.48 6 2.64 5.5 1.91 

A1.1 Outdoor labouring workers: A1.3 Vagrant 4 2.87 4.5 3.47 4 2.24 

A1.2 Indoor labouring workers in hot environments: 
A1.3 Vagrant 4 1.77 3 1.89 4 1.64 

A2.1 Living density: A2.2 Building types 5.5 2.96 6.5 3.42 5 1.91 

A2.1 Living density: A2.3 Surrounding greenspaces 
and water bodies 5 1.75 5 1.97 5 1.47 

A2.2 Building types: A2.3 Surrounding greenspaces 
and water bodies 5 0.64 5 0.91 5 0.35 
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B1.1 Disability/mobility impairment: B1.2 Existing 
physical health problems 4 3.58 3 3.19 4 3.08 

B1.1 Disability/mobility impairment: B1.3 Existing 
psychological health problems 5 2.56 5 2.75 4.5 2.31 

B1.2 Existing physical health problems: B1.3 
Existing psychological health problems 5 2.74 5.5 3.69 5 1.74 

B2.1 Young children: B2.2 Elderly people 5 2.66 6 2.25 5 2.72 

B3.1 Males: B3.2 Females 6 2.00 6.5 0.74 5 2.47 

B4.1 Ethnic minority: B4.2 Indigenous people 6 1.44 6 1.08 5 1.58 

C1.1 Economic status: C1.2 Availability of cooling 
devices 5 2.50 5 2.64 5 2.08 

C2.1 Living alone: C2.2 New overseas immigrants 3.5 1.66 3 1.24 4 1.67 

C3.1 Education level: C3.2 Linguistic capability 4 1.62 4 2.19 4 0.97 

C4.1 Accessibility of medical resources: C4.2 
Support from societies/communities 5 2.49 5 3.17 5 1.81 

*Note: 1) Coding 1~4 means left factor more important; 5 means two factors are equally important; and 6~9 

rmeans right factors more important. 2) Greater and lower variances are highlighted in bold and in italic 

respectively. 

4.3. Main areas of consensus and disagreement between expert groups 

This section further compares weights and ranking of factors between the two expert groups 

based on their familiarity to heat vulnerability. Overall, experts from the high familiarity group 

felt adaptive capacity was more important, whereas experts from the medium familiarity group 

prioritised exposure factors (Table 3; Figures 3 and 5). As shown in Table 4, medium group 

experts ranked A1.1, A1.2, A2.2, and A2.3 in the exposure category as the top four important 

areas. In contrast, the high familiarity group gave exposure factors relatively low priority. The 

pairwise comparison of sensitivity factors in the second layer has resulted in more divided 

opinions from the high familiarity group, particularly in the areas of ‘health status versus 

gender’, ‘health status versus race/ethnicity’, and ‘age versus race/ethnicity’ (Table 5). Within 

the sensitivity factors, the greatest consensus between two expert groups were found with the 
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factors of ‘gender’ and ‘race/ethnicity’, both of which are regarded as insignificant (Tables 4 

and 5). The relatively low ranking of sensitivity factors, such as ‘young children’, ‘male’, and 

‘ethnic minority (excluding indigenous people)’ (Table 4, Figure 4), however require more 

attention, as these factors are reported as drivers of heat vulnerability by empirical research in 

Taiwan (e.g. Wu et al., 2010; Chern et al., 2016).  Conversely, the most divided opinion is 

found with the factor of ‘elderly people’. It is placed fourth by the high familiarity group, 

compared to fourteenth place for the medium familiarity group (Table 4; Figure 4). 

A big divide between the two expert groups was revealed in the adaptive capacity dimension, 

which is prioritised by the high familiarity groups but was rated as the least important by the 

medium familiarity group (Table 4; Figure 5). Apart from C1.1, C2.1, and C2.2, individual 

characteristics of adaptive capacity in the third layer were weighted and ranked much higher 

by experts from the high familiarity group (Table 4; Figure 5). The biggest difference was 

found with ‘support from societies/communities’, which was ranked as the top priority by the 

high familiarity group, but was placed to twelfth by the medium familiarity group. 

It is worth noting the disciplines and expertise of experts in different groups. Over half of 

experts in the medium group are from urban planning, design and architecture disciplines, who 

have research regarding urban heat island effect and physical environments (Figure 2b). By 

contrast, there was a higher proportion of experts from public health, occupational health and 

sociology disciplines in the high familiarity group (Figure 2). We reflect on the possible effect 

of the experts’ disciplinary backgrounds in Section 5. 
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Figure 3 Comparison of expert weighting of individual characteristics in the exposure 

dimension 

 

Figure 4 Comparison of expert weighting of individual characteristics in the sensitivity 

dimension 
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Figure 5 Comparison of expert weighting of individual characteristics in the adaptive capacity 

dimension 

4.4. Additional insights from open-ended responses 

In addition to the quantitative AHP data, respondents also in cases provided qualitative 

responses. For instance, within the sensitivity category, gender and race were rated as low 

importance by experts in spite of extant empirical studies showing an association with heat 

vulnerability. One open-ended response reflects this perception: 

“Heat vulnerability in Taiwanese cities should not be differentiated by gender, ethnicity, 

age, aboriginal, newcomers... All humankind perceived the same. It is a concern that the 

questionnaire is full of societal and hierarchical discrimination. There are no ethnicity 

and societal hierarchical difference here in Taiwan.” (Professor in Landscape) 

On the other hand, another respondent suggested that whilst occupation may affect 

vulnerability, the extent to which an individual is vulnerable may change over time because of 

physiological adaptation: 
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“Types of occupation can be considered, (yet) long term exposure to hot working 

environments might enhance adaptive capacity to heat…” (Assistant Prof in Occupational 

health).  

Societal change in recent decades in Taiwan has reduced especially gender and ethnic 

inequality, which might lead to a general perception of an equal society. Nevertheless, whilst 

our quantitative analysis did not show race, ethnicity or language ability as being major drivers 

of vulnerability in and of themselves, one response did raise the possibility of language 

capability raising the risk for others. Lack of native language ability was argued to be a barrier 

for foreign care workers looking after vulnerable persons: 

“Foreigners who are hired to care for the elderly may have a language barrier to 

understand the climate impact to the elderly.” (Professor in Environmental Health and 

Epidemiology) 

Respondents also raised the importance of subjective/specific personal factors which are 

related to individuals’ life histories and contexts, but are harder to assess via socio-economic 

data: 

 “…the earlier experiences of poverty in childhood might influence adaptive behaviour. 

My granddad has good economic condition now (as well as good education levels, salary, 

and foreign language ability), but he still dislikes turning on AC in order to save money. 

This puts him at risk of heat stroke.” (Researcher in Architecture) 

Also, the attitude and specific behaviour of individuals which are influenced by life experiences 

and/or daily activities can play an important role in shaping adaptive capacity. Yet this is not 

necessarily able to be described by socioeconomic characteristics. For example, a respondent 

(researcher in environmental health) suggests “outdoor activities of individuals in summer can 
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be another criterion for study”. 

5. Discussion 

We reflect on findings from the survey to expand beyond existing research in socio-economic 

heat vulnerability with non-Western country context, to give the broader interdisciplinary focus 

which is advocated for climate vulnerability studies (Rosenzweig and Wilbanks, 2010; 

Romero-Lankao et al., 2013); and also reflect on the potential and challenges around 

systematically assessing expert opinion as the basis for heat vulnerability assessments (cf Qi et 

al., 2020). 

5.1. Heat vulnerability in non-Western country context 

In our survey, expert respondents weighted the least important factors as ‘race/ethnicity’ and 

‘gender’, which have been commonly identified as determinants of heat vulnerability in 

previous research globally (e.g. Harlan et al., 2013; Nayak et al., 2018; Uejio et al., 2011; 

Whitman et al., 1997; Sung et al., 2013). This is notable because Taiwan has multiple 

indigenous groups and increasing foreign workers, yet few empirical studies have to date 

discussed heat vulnerability with race or ethnicity (Wu et al., 2010; Lin and Chan, 2009). The 

study of Wu et al. (2010) - the first and seemingly only local study of ethnicity identified in 

our literature review, however argued that aboriginal people are more susceptible to high 

temperature due to lower socio-economic status and unhealthy lifestyle. There is hence a 

potential difference between expert opinions from the locality and previous research relating 

heat vulnerability to physical living environments, neighbourhood safety, and inter-personal 

culture of a minority group (e.g. Klinenberg, 2002). Newland and Liu (2020) also indicate that 

local governments are less responsive in indigenous areas, which may influence ability to 

support indigenous residents. To some extent, the low ranking in our survey thus reflects the 



26 

 

lack of existing studies with race and ethnicity and indicates a potential oversight of associated 

issues.  

Similarly, the low rating of the ‘gender’ factor by our expert respondents might reflect a 

perceived state of gender equity in Taiwan. Existing empirical studies have however shown 

either men or women may be more susceptible to heat depending on various factors, such as 

age, occupational types, health status, types of illness, and temperature (Chen et al., 2019c; 

Kim et al., 2016; Cheng et al., 2019). Men tended to have more emergency visits in Taiwan 

than women, whilst women tended to have higher hospital admission during hot days (Cheng 

et al., 2019). Socially, although gender inequality has become less prominent in Taiwan (the 

gender equality was highest in Asia in 2020 based on Gender Inequality Index (Taiwan Today, 

2020)), it might still reveal complicated social and cultural characteristics of a society which 

are relevant to heat vulnerability (e.g. Kim et al., 2016; Onozuka and Hagihara, 2015). For 

example, occupations subject to greater heat exposure and strenuous labouring, such as 

agriculture, forestry, fishing, and construction, still have more male workers in Taiwan (Lin 

and Chan, 2009).   

By contrast, important factors identified by experts were ‘occupational type’ under the 

exposure dimension; ‘health status’ and ‘age’ under the sensitivity dimension; and ‘social 

resources and support’ and ‘available resources of individuals’ under the adaptive capacity 

dimension. Whilst limited to pre-determined types of occupations, outdoor strenuous labouring 

is often perceived as a risk factor (Lin and Chan, 2009; Liao et al., 2016; Wu et al., 2010). 

Similarly, expert judgements showed greater concerns over outdoor workers, particularly 

within the expert group reporting high familiarity, than indoor workers in hot environments. 

This perception could be related to the prevalence of air-conditioners in most buildings (Lin 

and Chan, 2009). Nevertheless, as raised by an expert of occupational safety and health in the 
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open-ended comment of our survey, caution should be given to jobs associated with prolonged 

heat exposure including indoor works and the possible phenomenon of acclimatization by 

workers. 

The higher rating of ‘health status’ and ‘age’ broadly confirms international research and 

empirical studies in Taiwan (e.g. Wu et al., 2010; Wang et al., 2012; Lin et al., 2019). Yet, 

although our results match existing research into physiological impact of heat (Chung et al., 

2017; Wang & Lin, 2015; Wang et al., 2012), experts recognised psychological health impact 

from high temperature less than empirical research (Chern et al., 2016; Chen et al., 2019c). The 

significantly lower rating of ‘existing psychological health problems’ from both expert groups 

suggests an underestimation in this area, which will require further attention when considering 

heat vulnerability and developing possible interventions. 

On average, respondents considered adaptive capacity as the most important high-level 

dimension associated with heat vulnerability in our study, whilst there was a big divergence 

between expert groups. Previous studies suggest the importance of ‘social resources and 

support’ is likely to be culturally and socially specific, and can be either a source of strength 

(Bouchama et al., 2007) or a weakness (Wolf et al., 2010) for responding to heat risk. There is 

to date relatively limited empirical evidence to confirm this assertion both in Taiwan and 

beyond. Available local evidence concentrating on quantifiable factors (Wu et al, 2010; Lin et 

al., 2019) has provided insufficient insights about ‘social resources and support’ in heatwaves. 

Moreover, the open-ended responses indicate the possible influence on heat vulnerability of 

subjective or person-specific factors. For example, a comment in our survey suggested 

willingness to use cooling devices which cost money may be further complicated by individuals’ 

life history and values. Such factors are, however, hard to quantify and/or represent, which may 

make their inclusion challenging.  
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5.2. Contribution to existing research on expert-driven policy for urban climate change issues 

One notable finding was that experts with direct research or experience in heat risk (i.e. the 

‘high expertise’ group) do not necessarily agree more amongst each other on the factors 

contributing to vulnerability compared to their counterparts with less experience or expertise. 

This reflects the ‘certainty trough’ proposed by MacKenzie (1998), which suggests that as 

experts’ familiarity with techno-scientific phenomena increases, so too does their awareness of 

associated uncertainties. As expertise increases, experts may be less likely to make predictions 

with certainty or agreement. It may be the case that expert respondents are more aware of the 

complexity in determining the relative importance of factors (Gronlund, 2014) and are more 

confident with the factors which they have studied. High-level rhetoric (e.g. MacPhearson et 

al, 2016; Acuto, Parnell and Seto 2018; Bai et al, 2018) rightly paints techno-scientific 

expertise as a force for good which can help city governments make better evidence-based 

decisions about responding to climate risks. Our findings suggest that vulnerability judgements 

could be skewed by the disciplinary composition of experts involved, whereas involving more 

experts from different disciplines and areas of focus could help to generate a more 

comprehensive picture.  

Our findings also show that expert judgement may not necessarily match up to existing recent 

peer-reviewed evidence from the same locality. Some factors - specifically psychological 

issues, gender, race - were rated as low priority by respondents despite the existence of peer-

reviewed and validated quantitative research relevant to Taiwan suggesting the importance of 

these elements to heat vulnerability (e.g. Chern et al, 2016; Cheng et al., 2019). This reflects 

bigger questions in the literature about what counts as valid knowledge when making decisions 

about how to respond to climate change risks (Mabon et al, 2019), and how to weigh up 

understandings of vulnerability arising from different knowledge systems (McNamara and 
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Buggy, 2017). Our results add to this the challenge of responding to a situation where collective 

expert judgements - grounded in professional experience and deep local contextual knowledge 

- may to some extent conflict with quantified and validated ‘scientific’ outputs, and/or where 

experience-based expert opinion may be relied on to shape vulnerability assessments in the 

absence of scientific evidence appropriate to the local context. It is also worth remembering 

that not all quantitative scientific outputs are of equal validity and reliability, and may indeed 

produce conflicting results for the same locality.  

We hence recommend local governments develop protocols for dealing with potential conflicts 

between knowledge systems in vulnerability assessments. Further research could integrate 

different types of knowledge through systematic and evidence-driven participatory processes 

aimed at gaining consensus from experts in situations of high uncertainty (e.g. Raikes and 

McBean, 2017; Rasanen et al, 2019). Identifying authors of key peer-reviewed studies and 

inviting them to participate in expert workshops alongside those whose expertise derives from 

practice and experience could be one way to reconcile findings of peer-reviewed research with 

expert judgement. Such a process would allow differences between peer-reviewed research and 

‘expert’ opinion to be discussed and evaluated as part of a structured consensus-building 

process. 

5.3. Areas for further research 

Both the quantitative and open-ended responses show how drivers of vulnerability for heat in 

Taiwan differ to those in existing research, which may relate to cultural and social differences 

compared to the ‘Western’ contexts in which much heat vulnerability research has been 

conducted. Firstly, the availability and affordability of air-conditioners are not always 

considered as a key factor for heat adaptation in temperate climates, but are essential in sub-

tropical and tropical cities where the compact urban form intensifies heat accumulation. 
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Secondly, although experts did not quantitatively believe indigenous or ethnic minority status 

affect heat vulnerability, the open-ended responses suggest there is an emerging need to 

consider recent trends in Taiwanese society where migrant workers take on care and labouring 

jobs. The difference in heat risk according to ethnicity may not be as spatially pronounced as 

in countries like the USA with more ethnically segregated neighbourhoods (Hoffman et al., 

2020), but previous research in Taiwan (Lin and Chan, 2009) and also experiences with 

COVID in Singapore (Koh, 2020) suggest living conditions may place migrant workers at 

greater vulnerability as demographic profiles in Asia change. We also see factors relating to 

lone living and the way seniors are treated in Taiwan (i.e. a greater role for overseas care 

workers as above, the importance of neighbourhood patrols (Read, 2020), which are specific 

to the country’s aging trend. Future research may therefore wish to consider how cultural and 

societal differences may influence perceived and/or actual vulnerability across countries, 

cultures and societies. 

6. Conclusion 

In this paper, we combined the inventory of empirically demonstrated and potential factors by 

assessing literature and expert judgements through Analytic Hierarchy Process method, to elicit 

social aspects of heat vulnerability in Taiwan as an example of a subtropical Asian country 

with dense urban development characteristics and significant exposure to excess heat events. 

Heat vulnerability is an important research gap for regions located in the warm cliamte, as 

empirical studies to date (especially in Taiwan) have mostly focused on heat-health relationship, 

and discussion of socio-economic drivers of vulnerability across a breadth of factors has been 

inadequate. Internationally, whilst it is widely recognised that different people will be 

vulnerable to heat to a different extent depending on demographic and socio-economic factors, 

much of the research to date on social vulnerability has been conducted in an American or 
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European context. Our findings therefore add nuance to current literature regarding heat 

vulnerability in cities, which have very different societies from the West.  

Our research suggested social aspects of heat vulnerability are under studied in Taiwan, 

meaning that there is a lack of empirical evidence on which to base policy. It is hence inevitable 

to have to rely on expert judgement to identify socio-economic drivers of heat vulnerability. 

Adaptive capacity related factors, particularly ‘support from societies/communities’ and 

‘accessibility to medical resources, were rated as the most important dimension in determining 

heat vulnerability, whilst there are limited underpinning studies in this field. Conversely, 

factors related to gender and ethnicity were regarded as least important, despite the fact that 

empirical studies in Taiwan show an association with these factors. Our findings also make a 

contribution to the international literature by demonstrating that systematic review of expert 

judgement may help to fill gaps in empirical evidence specific to the local context; but also that 

expert assessments on the relative importance of heat vulnerability factors vary across 

discipline and may not be in agreement with the findings from existing peer-reviewed literature. 

Because vulnerability factors tend to reflect specific societal characteristics, further research 

providing insights into social and cultural influence on heat vulnerability across cultures and 

societies will be important for developing adaptation strategies. Further research also ought to 

test deliberative approaches for reconciling peer-reviewed research outcomes with experts’ 

experience-based judgements as part of developing urban heat vulnerability assessments. 

Finally, social inequality and vulnerability is a sensitive area. Whilst identifying inequality is 

important for decision-makers to decide priority areas for intervention, caution must be 

exercised to avoid inadvertently stigmatising people or places. Care should thus be taken with 

the language and visuals used when discussing heat vulnerability. 
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