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Abstract

Air pollution is a key environmental issue affecting the urban population in the urban cities of Hindu
Kush Himalaya (HKH) countries. It is particularly detrimental to marginalized occupation groups like
street vendors, labourers and drivers who work outdoors for their livelihood. There are mitigation
strategies to reduce the brunt of air pollution that work in the long run. However, these strategies will
need time to implement and operationalize. Adaptation behaviours and measures, in this context, are
urgently required and become vital to cope with the impacts of air pollution exposure especially for
highly exposed informal workers who have very little means of avoiding it. Adaptation behaviour is
very complex and depends on socioeconomic and psychological factors. In this paper, we assess the
impact of psychological factors like perception and motivation on the adaptive behaviour of the
informal workers using Protection Motivation Theory (PMT). Our findings from Dehradun show
that concern behaviour towards air pollution was strongly affected by motivation and perception
factors. Adaptive behaviour in the form of both concern behavior and the extent of use of additional
protective measures is dependent on how the risks of air pollution and related adaptation measures are
perceived by the workers. In addition to this, certain adaptation behaviours like changing or adjusting
the daily normal behaviour to avoid air pollution exposure are not feasible as they have direct
implications on daily wage earnings.

1. Introduction

Rapid urbanization fuelled by economic growth and disorganized industrialization albeit increasing the
socioeconomic status has worsened the air quality in the South Asian developing countries (Shi et al 2020).
According to the data from State of Global Air, the annual PM 2.5 concentrations for the entire South Asia is 5-9
times higher than the WHO annual ambient PM2.5 standards (Health Effects Institute 2020). Moreover, most of
the polluted cities (49 out of 50) fall in four Hindu Kush Himalayan (HKH) countries - India, China, Bangladesh,
and Pakistan (IQAir 2020). Exposure to such high levels of pollution has a negative impact on human health, as
pollution is considered the fifth-leading risk factor for mortality at a global scale coupled with increased harmful
short-and long-term effects (Masiol et al 2014, Boogaard et al 2019).

The study sites—Chittagong in Bangladesh and Dehradun in India—are two such cities with high levels of
pollution. The port city is the second largest city in the country and has a rich socio-political history. Being the
second largest city and a major business hub of Bangladesh, the city is densely populated and amongst the most
populated city in South Asia. Major sources of emissions emanate from various kinds of diesel vehicles and
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automobiles, biomass/coal burning for cooking and brick kilns, a massive undertaking of construction works,
re-suspended road dust particles, etc (Hossen amd Hoque 2016). The air quality in the city has been steadily
declining over the years with the average Air Quality Index (AQI) showing a steady increase from 127 to 133
during the 2013-2015 period (Hossen and Hoque 2016). The assessment carried out by Masum and Pal (2020)
in selected locations in the city over the period of 2012-2019 show that the air quality turns from unhealthy
(AQI > 150) to extremely unhealthy (AQI > 200) every year during the dry season (November to February).
Similarly, Dehradun city in India has also experienced an increase in air pollution over the last decade because of
haphazard urbanization, and industrialization. City covers an area of 64.4 sq. km. and has a population of
569,578 (2011 census). Physical topography of Dehradun is diversified, spanning from the plains to mountains.
Dehradun’s economy is mainly service sector based but rapid industrialization has taken place in the outskirts of
the city over the last 2 decades. Being the gateway to the Himalayan region of the State, the city also attracts a
large number of tourists on their onward journeys to different hill destinations. In 2019, migration data revealed
that Dehradun had not only a significant influx of people from the hilly regions of the state but also from other
states of the country. Being declared as an ad-hoc capital of the Himalayan state Uttarakhand the city
experienced a huge influx of individuals and a rise in the number of vehicles. Today, vehicular emission is one of
the biggest sources of air pollution in Dehradun. According to the road transport authority, only 10,000 vehicles
were registered in Dehradun between 1937 and 1967. But at present, there are more than 126,452 vehicles are
registered, and a large proportion of registrations happened post the year 2000. This rapid urbanization and
unwanted development are adversely affecting the air quality of the city.

Emissions through automobile, industry and burning of fossil fuels are the major contributors. AQI
measures show unhealthy air conditions at various parts of the city including the city centre (Ghantaghar) and
bus station. The 2011-2014 trend of AQI in major city centres and bus stations was measured to be very
unhealthy (AQI > 200) (Deep et al 2019).

This trend of decreasing air quality in these cities has affected the daily lives of the residents in the cities. The
informal workers like street vendors, labourers and drivers are most vulnerable to air pollution exposure because
of the nature of their job that requires them spending long hours outdoors. Migrants from rural areas with low
educational qualifications form a large portion of informal urban workers.

Adaptation behaviour is very complex and depends on socioeconomic determinants and psychological
factors such as motivation and perception (Bamberg and Moser 2007, Helm et al 2018). In our context, as the
informal workers primarily shared very similar socioeconomic conditions, an assessment of psychological
factors that affect the adaptation behaviour were of interest. Hence, the main objective of the research was to
assess the impact of psychological factors like perception and motivation on the adaptive behaviour of these
informal workers. The motivation to focus on and explore these factors comes from the fact studies related to
adaptation behaviours to cope with air pollution in the context of urban informal workers are limited.

Mitigation strategies like reduction of energy use in the household environment, better urban planning,
provision of renewable energy, use of electric vehicles, etc and pro-environmental behaviour to improve the air
quality in the city can go along way in reducing the brunt of air pollution (Sofia et al 2020). However, these
strategies will need time to implement and operationalize. Adaptation behaviours and measures, in this context,
are urgently required and become vital to cope with the impacts of air pollution exposure especially for highly
exposed informal workers who have very little means of avoiding it. Therefore, this study contributes
significantly by exploring linkages between the psychological factors and adaptive behavior to cope with air
pollution exposure among informal workers. It is a novel contribution to the existing literature as very less has
been researched on the topic for informal workers in the urban areas in a developing country context of South
Asia. Moreover, the study also plays a vital role in guiding customized interventions and strategies that foster
sustained adaptive behavior while addressing the unique challenges faced by the informal workers.

2. Literature review

Several studies have explored the linkages between psychosocial factors and health protective behavior. The
psychosocial factors have been found to be stronger predictors of protective behavior than sociodemographic
factors (Al-Rasheed 2020, Zickfeld et al 2020, Batra et al 2021, Yildirim et al 2021). This has shed light on the
importance of exploring into these factors to assess the protective behavior. In this regard, impacts of
psychological factors using social cognitive models of behavioral change like health belief model (HBM), the
protection motivation theory (PMT) and the extended parallel process model (EPPM) have been prominent
(Radisic etal 2016, Covey et al 2019, Xu et al 2020). These models depended primarily on cognitive assessment of
risk perception, severity, and vulnerability.

One of the best predictors of protective behavior among the cognitive factors is efficacy beliefs. Both efficacy
for protective behavior and self-efficacy when engaging in protective behavior have been shown to be predictors
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of health protective behavior in cases of pandemic (Bish and Michie 2010, Kim and Niederdeppe 2013, Yoo et al
2016, Ahmad et al 2020, Al-Rasheed 2020, Lin et al 2020, Bronfman et al 2021, Scholz and Freund 2021, Kojan
etal 2022). In some studies, the link between protective behaviour and perceived self-efficacy (Yildirim et al
2021) and response efficacy (Al-Rasheed 2020) were found to be very weak. Similarly, it is also found from the
empirical literature that perceived risk also relates positively to protective behavior intention (Tooher et al 2013,
Ferrer and Klein 2015, Williams et al 2015).

There have been a few studies exploring into determinants of protective and/or adaptive behavior in relation
to air pollution exposure. These studies have tested the effects of perceived threats and response efficacy on
adaptation to smog episodes and have found positive relationships (Johnson 2012, Lin and Bautista 2016,
D’Antoni et al 2017, Covey et al 2019, Mehiriz and Gosselin 2022). In some studies, self-efficacy was found to be
statistically significant factor in predicting adaptive or protective behavior (Hansstein and Echegaray 2018,
Sahrir 2019). At the same time, the findings from the empirical literature also show a positive effect of the
perception of threats towards adaptation to smog (Johnson 2012, Ban et al 2017, Covey et al 2019, Qin et al 2020,
Xuetal 2020).

3. Conceptual framework

Protection Motivation Theory (PMT) has been used as the conceptual framework to understand the adaptation
behaviours of the vulnerable occupation groups in the urban centres in Chittagong, Bangladesh and Dehradun,
India. PMT has been used in the health sector and is based on the health belief model of Rogers et al

(Rogers 1975, Maddux and Rogers 1983). It has been widely adopted in research to understand the pro-
environmental behaviour in the fields of environmental risk and natural disaster response. (Mulilis and

Lippa 1990, Bubeck et al 2012, Floyd et al 2000, Ghanian ef al 2020). The theory stipulates that when faced with
potential threats, people tend to conduct two psychological assessments: threat appraisal and coping appraisal.
Threat appraisal consists of an individual’s perceived severity of and vulnerability to a risk. Coping appraisal
includes the perceived capability to engage in and perceived effectiveness of the coping responses and behaviours
constituting self-efficacy and response efficacy. These, in turn, determine the adaptive behaviours of the
individuals concerned. There have been several studies that have researched into self-efficacy and response
efficacy and its effect on adaptation behaviour. Among them, some have explored into pro-environmental
behaviour (Kim et al 2013, Zhao et al 2016, Rainear and Christensen 2017, Xue et al 2021) while others have
focused on health-related behaviour (Floyd et al 2000, Milne et al 2000).

In the context of air pollution, we define threat appraisal as ‘risk appraisal’ and coping appraisal as
‘adaptation appraisal’ following the terminology used by Xue et al (2021). During the risk appraisal process, the
workers assess the vulnerability to, and severity of the risks associated with air pollution. Perceived severity is
measured by assessing an individual’s association of negative health consequences to air pollution exposure. The
perceived severity is measured for two locations - workplace and during commutation. Perceived vulnerability is
measured by assessing an individual’s belief about the likelihood of developing a health risk and working
capacity in the future due to air pollution exposure. In addition to this, mental vulnerability is also factored
looking at the linkages between mental distress and annoyance to air pollution exposure. The adaptation
appraisal consists of indicators measuring self-efficacy i.e., the perceived capability of the workers to engage in
protective behaviour and response efficacy i.e., the perceived effectiveness of the protective behaviour/measures
to cope with air pollution exposure. Adaptive behaviour, in our context, relates to the use of additional
protective measures and concern behaviour towards the risks associated with air pollution exposure (Ban et al
2017). As the workers had little to no flexibility in adjusting their duration of work or timing of their work
schedules, they were not taken as part of the relevant adaptation measures. The framework is illustrated in
figure 1.

3.1. Hypotheses
We test a few hypotheses in relation to the conceptual framework of PMT outlined above. The hypotheses are as
follows:

Hypothesis 1: Risk appraisal of air pollution exposure will affect the workers’ intention to conduct adaptive
behaviour. The higher the risk is perceived to be, the stronger the adaptive behaviour.

In the risk appraisal process, if the risk is adjudged to have high perceived severity and vulnerability, then, it is
believed that the workers will be motivated to adopt adaptation behaviours. In other words, the hypothesis states
that there is a positive relationship between perceived severity of the workers towards the risk of air pollution and
adaptive behaviour. Similarly, there is a positive relationship between perceived vulnerability and adaptive
behaviour. For the purposes of our hypothesis testing, the perceived vulnerability and severity are combined to
reflect the assessment of risks of air pollution exposure for the workers.
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Figure 1. Protection Motivation Theory (PMT).

Hypothesis 2: Adaptation appraisal conducted by the workers to cope with air pollution exposure will affect
their adaptation behaviour. The higher the perceived adaptive capacity (assessed by self and response efficacy),
the stronger the adaptive behaviour.

In the adaptation appraisal process, the workers usually engage in adaptation appraisal that consists of self-
efficacy and response efficacy to determine the extent to which they can deal with the risks associated with air
pollution exposure. If the workers feel that they have higher adaptive capacity, they will engage in adaptive
behaviour. In other words, the hypothesis states that there is a positive relationship between the workers’
perception of their own ability to undertake adaptation behaviour and conducting the adaptation behaviour.
Similarly, there is a positive relationship between the workers’ perception of the effectiveness of an adaptation
behaviour and conducting the adaptation behaviour.

4. Data and methods

4.1. Study areas

Chittagong is the second largest city of Bangladesh which has been recognized as the commercial capital of the
country. Itis a major seaport and an industrial hub that has seen a host of infrastructure development activities
in the recent years (Hossen ef al 2023). Hundreds of brick kilns, cement factories, and iron industries exist in the
city and the outskirts to support the construction and infrastructure development activities. Mostly unregulated
industries such as steel mills, brick kilns and cement manufacturing factories located in the commercial and
residential regions contribute to significant particulate levels (Begum et al 2009, Mia et al 2015). Energy
consumption, industrialization, and construction activities have been the major contributors to ambient air
pollution in the city.

Dehradun citylocated in Doon Valley, is the interim capital of the Indian Himalayan state of Uttarakhand.
The city covers an area of 64.4 sq. km., is divided into 100 wards, and has a population of 569,578 as per the 2011
census. Dehradun is rapidly urbanizing; the city is experiencing growth in residential as well as commercial
areas. Designated as an interim capital of the state and conducive policies to increase business opportunities,
Dehradun attracted industries from different parts of the country. In order to meet the demands of a growing
population, construction and industry a huge influx of migrants from remote hills, parts of eastern Uttar
Pradesh and Bihar entered the city as informal workers. The current population as per the state government
records is around 967,000 (United Nations World Population Prospects 2022). The city’s population density is
8633 /km?2 with a decadal population growth rate of 37.4% (Uttarakhand Pollution Control Board 2021a).
According to the road transport authority, only 10,000 vehicles were registered in Dehradun between 1937 and
1967. But at present, there are more than 1,26,452 vehicles are registered, and a large proportion of registrations
happened post the year 2000. This rapid urbanization and unwanted development are adversely affecting the air
quality of the city (Uttarakhand Pollution Control Board 2021b).
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Figure 2. Map of the study areas showing the ‘centres of aggregation’. Source: Maps prepared by Sunil Thapa, ICIMOD.

4.2, Data and measurement variables

The study is based on the primary data collected through a survey with a cross-sectional design. A sampling
method introduced by Cochran (1977) was used to determine the sample required for an unknown population.
A total of 770 participants (385 from each city) were required to gain a 95% confidence interval with a margin of
error of +5%. 800 participants were surveyed in total to cater for some loss in respondents owing to attrition
during surveying.

The study used the ‘centres of aggregation’ strategy to create alist of locations in the urban centres where the
target population of workers concentrates as illustrated in figure 2. This list of non-residential locations where
target population concentrates is produced through ethnographic scoping. These centres of aggregation are then
provided to interviewers randomly with final respondents also being selected at random at different times. This
method of time-location sampling (TLS) is an alternative strategy to sample sub-populations when a set
sampling frame is difficult to acquire. (Reichel and Morales 2017). This strategy allows for representative
samples of hard-to-reach populations for whom there are no sample frames (Quaglia and Vivier 2010). TLS used
in the study is held to approximate random cluster sampling where everyone attending the cluster (location) has
an equal chance of inclusion but are sampled as a group. Carefully compiled universe of locations serves as the
foundation for the sampling frame as well as ensures representativeness. Hence, the workers have been selected
randomly from these universes of locations where they aggregate as known by the scoping exercise.

The workers perform informal outdoor work that constitutes of street vending, construction labor, driving,
etc On an average, drivers, street vendors and day laborers spent 12, 11 and 8 h per day working outdoors
respectively in Dehradun. Similarly, drivers, street vendors and day laborers in Chittagong spent 13, 12 and 10 h
per day respectively. This showed that the workers were highly vulnerable to the effects of air pollution as they
spend an exorbitant amount of time outdoors. Hence, adaptation to the exposure to air pollution is a dire need.
In this context, the adaptation behavior that consisted of concern behavior and the use of additional protective
measures have been explored. Additional protective measures consisted of the use of masks, home remedies, air
purifier/conditioners, etc About 60 per cent of workers in Chittagong and about half of the workers interviewed
in Dehradun used masks varyingly during their workdays.

So, a questionnaire was administered to the workers to assess their perceptions relating to the risks of air
pollution exposure in the urban centres of Chittagong, Bangladesh and Dehradun, India. The questions have
been designed in Likert scale to collect a greater degree of nuanced perceptions. The indicator variables were
measured using a seven-point Likert type scale for most of the variables with some being measured in four- and
five-point scales. The scale and description of the indicators of interest are listed in table 1.




Table 1. Description of the indicators under each of the latent variables.

Latent variables, associated indicators, and scale descriptions

Mean

SD

Risk Appraisal

RA1: Mental Vulnerability 1 (prone to mental distress due to air pollution) [Have you felt mental distress due to air
pollution?] (1-Not at all distressed; 2-Slightly distressed; 3-Somewhat distressed; 4-Moderately distressed;
5-Very distressed)

RA2: Mental Vulnerability 2 (prone to annoyance due to outdoor air pollution from traffic and other sources)
[Have you been annoyed by outdoor air pollution due to traffic and other sources?] (1-No, never; 2-Rarely;
3-Occasionally; 4-A moderate amount; 5-A great deal)

RA3: Severity 1 (severity of health risk associated with air pollution) [In your opinion, is the health risk associated
with air pollution serious?] (1-Not serious at all; 2-Low serious; 3-Slightly serious; 4-Neutral; 5-Moderately ser-
ious; 6-Very serious; 7-Extremely serious)

RAA4: Severity 2 (severity of air pollution at the workplace) [Do you think air pollution is a serious issue at the
workplace?] (1-Not serious at all; 2-Low serious; 3-Slightly serious; 4-Neutral; 5-Moderately serious; 6-Very
serious; 7-Extremely serious)

RAS5: Severity 3 (severity of air pollution during commute) [Do you think air pollution is a serious issue during
commute?] (1-Not serious at all; 2-Low serious; 3-Slightly serious; 4-Neutral; 5-Moderately serious; 6-Very ser-
ious; 7-Extremely serious)

RAG6: Vulnerability 1 (vulnerable to the effects of air pollution—in terms of health) [In your opinion, how vulner-
able are you to the effects of air pollution—in terms of health?] (1-Not vulnerable at all; 2-Low vulnerability;
3-Slightly vulnerable; 4-Neutral; 5-Moderately vulnerable; 6-Very vulnerable; 7-Extremely vulnerable)

RA7: Vulnerability 2 (vulnerable to air pollution affecting the working capacity in the future) [In your opinion, do
you think a severe smog or air pollution problem will affect your working capacity in the future?] (1-Strongly
disagree; 2-Disagree; 3-Somewhat disagree; 4-Neither agree nor disagree; 5-Somewhat agree; 6-Agree; 7-
Strongly agree)

Adaptation Appraisal

AAL1: Belief that changing daily normal behaviour can lead to avoiding air pollution impacts. [In your opinion, do
you believe changing your daily normal behavior can lead to avoiding air pollution impacts?] (1-Very untrue of
what I believe; 2- Untrue of what I believe; 3- Somewhat untrue of what I believe; 4- Neutral; 5- Somewhat true
of what I believe; 6- True of what I believe; 7- Very true of what I believe)

AA2: Belief that protective measures can protect you from air pollution. [In your opinion, do you believe that
protective measures can protect you from air pollution?] (1-Very untrue of what I believe; 2- Untrue of what I
believe; 3- Somewhat untrue of what I believe; 4- Neutral; 5- Somewhat true of what I believe; 6- True of what I
believe; 7- Very true of what I believe)

AA3: Belief that using air filtering masks would help in coping with air pollution problem. [In your opinion, do you
believe using air filtering masks would help in coping with air pollution?] (1-Very untrue of what I believe; 2-

45(29)

111 (65)

26 (16)

31(10)

44(151)

10(8)

24(0)

24(5)

16(7)

8(10)

77 (76)

80(80)

37(20)

27(21)

42(67)

39(32)

50 (26)

41(21)

27(22)

14 (24)

83(112)

54(89)

31(57)

31(50)

65 (34)

16 (73)

52(51)

25(46)

20(35)

15 (25)

78 (65)

41 (54)

22(11)

18 (16)

39(10)

52(41)

26 (34)

116 (23)

85(21)

54(19)

18(18)

16(12)

81(82)

87(113)

57(27)

94 (94)

82(50)

66(123)

86(116)

107 (109)

99(79)

97 (63)

46(11)

77 (41)

64(90)

26(72)

61(81)

96 (91)

8(35)

12(27)

6(0)

13(11)

6(49)

4(10)

6(16)

9(22)

2.82(2.89)

2.24(2.56)

4.39 (4.66)

4.45 (4.66)

3.61(2.09)

4.54(4.16)

4.01(4.91)

3.83(4.64)

4.34(4.75)

4.85(4.84)

1.15(1.04)

1.22(1.13)

1.73(1.69)

1.76 (1.53)

1.71 (1.46)

1.51 (1.44)

1.68(1.58)

1.41(1.35)

1.43(1.41)

1.27(1.49)
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Table 1. (Continued.)

Latent variables, associated indicators, and scale descriptions 1 2 3 4

Mean

Untrue of what I believe; 3- Somewhat untrue of what I believe; 4- Neutral; 5- Somewhat true of what I believe;
6- True of what I believe; 7- Very true of what I believe)

AA4: Belief that filtering mask will reduce the risk of respiratory diseases. [Do you agree with the following state- 7(16) 20(31) 16 (10) 38(29)
ment—IfT use a filtering mask, I will reduce my risk for respiratory diseases’] (1-Strongly disagree; 2- Disagree;
3-Somewhat disagree; 4-Neither agree nor disagree; 5-Somewhat agree; 6- Agree; 7- Strongly agree)

Adaptation Behaviour

ABI1: Extent of protective measure use to cope with increasing level of air pollution. [Have the use of protective 230 (128) 1(1) 20(36) 54 (135)
measures increased, decreased, or remained unchanged as the air pollution has risen?] (1-Protective measure
not used; 2-Reduced; 3-Remain unchanged; 4-Increased)

AB2: Concern behaviour: concerned about the risks associated with air pollution. [In your opinion, are you con- 38(6) 72 (36) 50 (67) 38(30)
cerned about the risk associated with air pollution?] (1-Not concerned at all; 2- Low concern; 3-Slightly con-
cerned; 4-Neutral; 5-Moderately concerned; 6-Very concerned; 7-Extremely concerned)

AB3: Concern behaviour: Extent of concern about the increase in air pollution. [Has the concern increased or 118 (49) 10(1) 55(63) 122 (187)
decreased or remained unchanged as the pollution became worse?] (1-Not concerned; 2-Concern reduced;
3-Concern remained unchanged; 4-Concern increased)

75(76)

71(98)

127(109)

30 (49)

20(29)

3(14)

5.02 (4.87)

1.66 (2.59)

3.44(4.27)

2.59(3.29)

1.41 (1.66)

1.19(1.41)

1.63(1.48)

1.34(1.09)

*Note: The initial values in the columns correspond to the frequencies of responses in Chittagong and the ones in parentheses correspond to the ones in Dehradun.
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4.3, Statistical procedures

The indicators for the latent variables in table 1 are used in the Partial Least Square Structural equation
Modelling (PLS-SEM) methodological framework to test the conceptual theory of PMT among the workers
using SmartPLS4. The PLS-SEM modelling approach has been used for several reasons. First, SEM is well
recognized among social science researchers as many concepts can be measured mainly through latent variables
and observed indicators (Hair etal 2017, 2019). Second, SEM is more powerful than factor analysis, path
analysis, or multiple regression when done for similar studies assessing adaptation behaviours (Hansstein and
Echegaray 2018, Sahrir 2019, Xue et al 2021). Finally, SEM gives a complete picture of the entire model regardless
of the complexity of the relationships and can accommodate several explanatory constructs. As the principle
focus groups for us were outdoor workers, office workers who were also interviewed were removed for the PLS-
SEM analysis that amounted to 300 from each city totalling to 600 respondents from both cities.

5. Results

5.1. Socioeconomic status of the workers

The socioeconomic status of the workers in the two sites have some similarities in terms of their characteristics.
A majority of the workers that were available for survey were male in both cities. About 97% of respondents were
male in Chittagong and 83% in Dehradun. The patriarchal structures and cultural norms are the major reasons
for more male workers in the selected occupation. The average age of the respondents was in the range of

37-39 years in both sites. However, they differed in other characteristics like education level, migration status
and income/savings information. On average, the highest education level achieved by the workers in Chittagong
was 4th grade and 10th grade in Dehradun. About 66% of the workers surveyed in Chittagong had migrated to
the city in comparison to around 49% in the case of Dehradun. Average self-reported income per month is
found to be higher for Dehradun as compared to Chittagong workers with the amount saved by the workers
showing the opposite trend (table 2).

5.2. Assessment of the measurement model

To validate the results obtained from the measurement model in PLS-SEM that has tested the PMT theoretical
framework, the internal consistency, convergent validity, and discriminant validity of the model need to be
established. Initial step would be to investigate the factor loadings where the loadings of 0.7 and higher is
considered ideal (Hair et al 2017). However, loading values equal to and higher than 0.5 are acceptable if other
items have high scores or loading to complement Average Variance Extracted (AVE) scores greater than 0.5
(Byrne 2016). Hence, factor loadings of 0.5 and above have been retained in the model as a result.

To examine the internal consistency reliability, we used Cronbach’s alpha and composite reliability for all
the constructs. When assessing the Cronbach’s alpha coefficient, the values between 0.65 and 0.7 are acceptable,
values between 0.7 and 0.8 are good and so on (Xue et al 2021). As the values for Cronbach’s alpha is above 0.65
for each index, the instrument is considered reliable. The composite reliability value should be above 0.7 to be
considered reliable. This is being met by all the constructs with values well above 0.7.

Similarly, we assess the convergent validity from the Average Variance Extracted (AVE) measure. The value
for AVE exceeds cut-off point of 0.500 for all of the constructs ensuring convergent validity (Latan and
Noonan 2017). These have been listed in tables 3 and 4. Heterotrait-monotrait ratio (HTMT) was used to
establish discriminant validity. If the value of HTMT is lower than the threshold value of 0.85, discriminant
validity is established (Henseler et al 2014). Table 5 shows that the HTMT ratios among the constructs are all
below the cut-off point and hence discriminant validity is established.

Following an exploratory factor analysis in STATA, perceived severity and perceived vulnerability are
combined into one latent variable construct named ‘risk appraisal’. Similarly, self-efficacy and response efficacy
were also combined into one latent variable named ‘adaptation appraisal’. This has been consistent with the
common factor analysis performed by Xue et al (2021) where these items are combined after the factor analysis.

5.3. Analysis of research hypotheses
The hypotheses were tested applying the PLS-SEM algorithm using the SmartPLS 4 software. Figures 3 and 4
depict two latent variables in Risk appraisal and Adaptation appraisal with their respective indicator variables as
well as the dependent latent variable of Adaptation behaviour. It shows the path model with the factor loadings
and Beta values. The estimated results of the PLS-SEM model are shown in table 6 with the use of PLS-SEM
algorithm and bootstrapping methodology to obtain the results.

The results show that risk appraisal has a significant and positive impact on the workers’ adaptation
behaviour to cope with air pollution exposure (6= 0.477 & 0.585, p < 0.000). This suggest that higher the risk
assessment of the workers towards air pollution exposure, greater the inclination for the workers to adopt
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Table 2. Socioeconomic status of the workers in chittagong and dehradun.

Mean Standard deviation Min Max

Variables Obs

Chittagong Dehradun Chittagong Dehradun Chittagong Dehradun Chittagong Dehradun
Gender (Male = 1; Female = 0) 300 0.97 0.83 0.156 0.373 0 0 1 1
Age 300 39.5 37.02 14.8 10.4 16 19 82 77
Education level 300 4.2 10.3 4.2 3.1 0 0 16 16
Migration status (Yes = 1;No = 0) 300 0.66 0.49 0.47 0.50 0 0 1 1
Savings amount 300 2777 1628 3164 2439 0 0 20000 15000
Income per month 300 16753 19500 8356 10795 1500 2500 70000 70000

Note: The unit of measurement for savings amount and income per month is INR for Dehradun and Taka for Chittagong.
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Table 3. Measurement model for chittagong.
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Composite Average variance extracted

Variables Items  Cross-loadings ~ Cronbach’salpha reliability (rho_c) (AVE) value
Adaptation Behaviour ~ AB1 0.674 0.65 0.805 0.582

AB2 0.856

AB3 0.745
Adaptation Appraisal AAl 0.593 0.70 0.815 0.528

AA2 0.738

AA3 0.727

AA4 0.830
Risk Appraisal RA1 0.702 0.83 0.874 0.501

RA2 0.596

RA3 0.845

RA4 0.634

RA5 0.647

RA6 0.724

RA7 0.776
Table 4. Measurement model for dehradun.

Composite Average variance extracted

Variables Items  Cross-loadings ~ Cronbach’s alpha reliability (rho_c) (AVE) value
Adaptation Behaviour ~ AB2 0.914 0.68 0.86 0.755

AB3 0.821
Adaptation Appraisal AAl 0.811 0.76 0.80 0.505

AA2 0.742

AA3 0.673

AA4 0.598
Risk Appraisal RA1 0.586 0.74 0.82 0.501

RA2 0.687

RA3 0.818

RA6 0.685

RA7 0.719
Table 5. Discriminant validity (HTMT).
Heterotrait-monotrait ratio (HTMT) Chittagong Dehradun
Adaptive behaviour <-> Adaptation appraisal 0.577 0.402
Risk appraisal <-> Adaptation appraisal 0.276 0.298
Risk appraisal <-> Adaptive behaviour 0.66 0.847

adaptive behaviours. Looking into the individual items, the findings further indicate that the higher the
perceived vulnerability and severity of the risks associated with air pollution exposure, inclination towards
adaptive behaviour is increased verifying Hypothesis 1.

Similarly, the results also show that an adaptation appraisal has a highly significant positive effect on
adaptation behaviour (6= 0.818 & 0.527, p < 0.000). The findings show that the self-assessment of workers’
adaptability significantly affect the inclination towards adaptive behaviour, in turn, verifying Hypothesis 2. This
assessment includes self-assessment of adaptability in the form of self-efficacy and response efficacy.

However, the measurement model for Dehradun contained few items that had factor loadings of below 0.4
(that were removed from the model) that included perceived severity of risks indicators and extent of use of
protective measures. The risk appraisal indicators relating to perceived severity of air pollution at work and
commute have low factor loadings indicating that they do not significantly affect the overall risk appraisal
construct. In other words, this shows that the severity of air pollution at work and commuting are not perceived
as a significant risk factor. Additionally, low factor loadings for adaptation behaviour indicator means that the
composition of the latent variable for adaptation behaviour consists only of concern behaviour associated with
the risks of increase in air pollution. The likely reasons for this could be that workers in Dehradun do not directly
link air pollution with their workplace or mode of commute and subsequently do not see the need for the use of
protective measures as part of the adaptation behaviour. As over more than half of the workers were migrants,
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Figure 4. Route model created by SmartPLS using PLS-SEM algorithm for Dehradun.

their perception of risks may have been shaped by the relatively high level of air pollution in their origin villages
and cities. Also, Dehradun lies in close proximity to Delhi, which is constantly in the news (print and electronic)
for poor air quality, and respondents believe that the air quality in Dehradun is better and also the bad air is
attributed to pollution transported from Delhi. This might explain the respondents not linking air pollution
with local sources and not thinking it important to use protective measures.
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Table 6. Hypothesis testing.

Hypothesis Relationship Beta, 8 t-value p-value Decision
H1 Risk appraisal <-> Adaptive behaviour 0.477 (0.585) 15.8 (15.2) 0.000 Supported
H2 Adaptation appraisal <-> Adaptive behaviour 0.818(0.527) 8.9(4.48) 0.000 Supported

Note: Beta and t-values in parentheses are values for Dehradun and without parentheses are for Chittagong.

6. Discussion

Understanding the adaptation behavioural responses to air pollution among the vulnerable occupation groups in
an urban centre was the key objective of this study with a focus on perception and motivation-based factors—risk
appraisal and adaptation appraisal - as adjudged through PMT framework. The findings suggest that individual
items in risk appraisal (i.e., perceived severity and perceived vulnerability) as well as in adaptation appraisal (i.e.,
self-efficacy and response efficacy) have a significant and positive impact on the workers’ adaptation behaviour to
reduce the risks associated with air pollution. The higher the perceived severity and vulnerability towards these
risks, the greater their adaptation behaviour conduct. Similarly, if the workers of the vulnerable occupation groups
think that they can and have the ability to carry out (assessing through the process of adaptive appraisal) adaptive
behaviours, then, they are more likely to engage in such behaviour. This can be corroborated by several studies that
have observed a positive statistically significant relationship between perceived severity, perceived vulnerability,
self-efficacy, response efficacy and adaptive behaviour. (Cismaru eral 2011, Kim et al 2013, Koerth et al 2013).
However, a similar study done in the context of air pollution with the residents of an urban centre in Malaysia find
that perceived severity and response efficacy does not have a statistically significant relationship towards adaptive
behaviour. (Sahrir 2019). As there is a dearth of studies that have explored this relationship among vulnerable
groups in the air pollution context, there aren’t comparable studies.

Additionally, we also find that the influence of adaptation appraisal on the workers’ inclination to engage in
adaptive behaviour was larger than the risk appraisals for Chittagong. In other words, when the workers face the
risks of air pollution, prior to undertaking an adaptive behaviour, they tend to focus more on the effectiveness of
the adaptive behaviour and whether they can effectively conduct such a behaviour. This finding is consistent
with the analysis and conclusion by Xue et al (2021), Dang et al (2014), Floyd et al (2000), Milne et al (2000) in the
context of climate change adaptation. In the case of Dehradun, the adaptation appraisal and risk appraisal
assessment showed that both had almost equal influence on the adaptation behavior (that mostly consisted of
concern behavior). These results point towards equal importance placed on both aspects by the workers as
concern behavior is influenced and shaped by both risk perception and adaptation appraisal.

Our finding adds to the existing body of literature on the importance of an individual’s risk perceptions in
influencing adaptive behaviour (Bubeck et al 2012, Azadi et al 2019, Xue et al 2021). When we unpack the
findings, it shows that the perception factors like perceived severity of the risks from air pollution, perceived
vulnerability—both mental and physical susceptibility to the risks associated with air pollution, self-capability to
assess and engage in adaptation behaviour are the key determinants in conducting adaptation behaviours. In
particular, we are able to delve into the factors that affect the adaptive behavioural responses of vulnerable
informal worker groups. They cannot avoid air pollution risks in their daily work lives as their main source of
livelihoods involve spending majority of time outdoors in the urban centres. While adopting protective
measures like wearing masks, using home remedies, applying cloth masks, etc are feasible for these groups of
workers, conducting other behaviours like changing their daily normal behaviour becomes a challenge. By the
nature of their jobs, informal workers like street vendors, laborers, and drivers have very little flexibility in
choosing their working hours or timing of their work. Hence, adjusting their daily normal behaviour like
changing the duration of their work outdoors or even the timing of the work hours outside becomes difficult and
unfeasible for the most part. Moreover, the informal workers are not able to adjust their work routines more
actively as ‘air pollution exposure’ is just one of the many issues that they are facing in their daily lives. Their
struggle to manage their daily basic needs like food, shelter, education, health, etc still remain a major priority,
above the risk of air pollution exposure. This is a common issue in many of the urban centres in the HKH
countries as pointed out by Maharjan et al (2022).

7. Conclusion

Air pollution has adverse effects on society—faced more acutely by the most marginalized and vulnerable groups
of informal workers. The informal worker groups like street vendors, labourers and drivers constitute most of
the urban poor and are usually the most exposed due to the nature of their work. It is important that these
workers engage in adaptation behaviour to cope with the adverse impacts. While long-term mitigation measures
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arerequired, these adaptation behaviours can partially reduce, the adverse impact of exposure to air pollution of
urban workers in the short and medium term. This study focuses on the understanding of the psychological
factors that influences the adaptation behaviour of the workers and hence needs to be incorporated in any effort
towards behavioural change.

Adaptive behaviour is contextual and influenced by concern towards the risks associated with air pollution
exposure. Concern behaviour, therefore, constitutes one of the adaptive behaviour responses towards air
pollution exposure. Our findings from Dehradun have shown that concern behaviour as an adaptation behavior
was strongly affected by risk appraisal and adaptation appraisal. The findings from Chittagong show that
adaptive behaviour (both in the form of the extent of use of additional protective measures and concern
behavior) is dependent on how the risks of air pollution and related adaptation measures are perceived by the
workers. In addition, our study also shows that certain adaptation behaviours like changing or adjusting the daily
normal behaviour to avoid air pollution exposure is not a feasible option as it has direct implications on daily
wage earnings. Therefore, any behavioural change interventions to promote the use of protective measures
should focus on increasing awareness of air pollution impacts and the efficacy of adaptation measures. However,
more efficient avoidance behaviour (such as changing duration and time of exposure) requires interventions to
offset the daily wage consequences for the workers.

Insights from the study can contribute to the development of occupational health and safety guidelines, specifically
designed to protect the vulnerable occupation groups from air pollution exposure. The findings can help the policy
makers and implementation agencies to go beyond generic recommendations and offer practical, occupation-specific
measures to change behaviour of workers towards protection against negative impact of air pollution.

Acknowledgments

Authors are thankful to all participants (respondents) and enumerators of this research for their support during
data collection process. The authors also gratefully acknowledge the support of core donors of ICIMOD: the
Governments of Afghanistan, Australia, Austria, Bangladesh, Bhutan, China, India, Myanmar, Nepal, Norway,
Pakistan, Switzerland, and the United Kingdom. The views and interpretations expressed in this publication are
those of the authors and are not necessarily attributable to ICIMOD.

Data availability statement

All data that support the findings of this study are included within the article (and any supplementary files).

Ethics declarations

There is no institutional review board in Nepal to review and approve non-medical research with human
subjects, but that research team have obtained consent for use of data from the workers, and other ethical
standards have been upheld including: that no children were involved, that the work has not been published
previously, and that this work does not reproduce any figure or table from previously published work.

Declaration of conflict of interest

The authors declare no competing interests.

ORCID iDs

Sugat B Bajracharya © https: /orcid.org/0000-0002-7944-205X
Amina Maharjan ® https://orcid.org/0000-0003-4002-3242
Nidhi Singh @ https:/orcid.org/0000-0002-5784-6678

Vishal Singh ® https:/orcid.org/0000-0001-6023-7075

Sheikh Tawhidul Islam © https:/orcid.org/0000-0002-9697-4306

References

Ahmad M, Iram K and Jabeen G 2020 Perception-based influence factors of intention to adopt COVID-19 epidemic prevention in china
Environ. Res. 190 109995

Al-Rasheed M 2020 Protective behavior against COVID-19 among the public in Kuwait: an examination of the protection motivation
theory, trust in government, and sociodemographic factors Soc Work Public Health 35 546-56

13


https://orcid.org/0000-0002-7944-205X
https://orcid.org/0000-0002-7944-205X
https://orcid.org/0000-0002-7944-205X
https://orcid.org/0000-0002-7944-205X
https://orcid.org/0000-0003-4002-3242
https://orcid.org/0000-0003-4002-3242
https://orcid.org/0000-0003-4002-3242
https://orcid.org/0000-0003-4002-3242
https://orcid.org/0000-0002-5784-6678
https://orcid.org/0000-0002-5784-6678
https://orcid.org/0000-0002-5784-6678
https://orcid.org/0000-0002-5784-6678
https://orcid.org/0000-0001-6023-7075
https://orcid.org/0000-0001-6023-7075
https://orcid.org/0000-0001-6023-7075
https://orcid.org/0000-0001-6023-7075
https://orcid.org/0000-0002-9697-4306
https://orcid.org/0000-0002-9697-4306
https://orcid.org/0000-0002-9697-4306
https://orcid.org/0000-0002-9697-4306
https://doi.org/10.1016/j.envres.2020.109995
https://doi.org/10.1080/19371918.2020.1806171
https://doi.org/10.1080/19371918.2020.1806171
https://doi.org/10.1080/19371918.2020.1806171

10P Publishing

Environ. Res. Commun. 6 (2024) 025016 S B Bajracharya et al

AzadiY, Yazdanpanah M and Mahmoudi H 2019 Understanding smallholder farmers’ adaptation behaviors through climate change beliefs,
risk perception, trust, and psychological distance: evidence from wheat growers in Iran J. Environ. Manag. 250 109456

Batra K eral 2021 Knowledge, protective behaviors and risk perception of covid-19 among dental students in India: a cross-sectional analysis
Healthcare9 574

Bamberg S and Moser G 2007 Twenty years after Hines, Hungerford, and Tomera: a new meta-analysis of psycho-social determinants of
pro-environmental behaviour Journal of environmental psychology 27 14-25

Ban]J, Zhou L, Zhang Y, Brooke Anderson G and Li T 2017 The health policy implications of individual adaptive behavior responses to smog
pollution in urban China Environ. Int. 106 144-52

Begum B A, Biswas S K, Nasiruddin M, Showkot Hossain A M and Hopke P K 2009 Source identification of chittagong aerosol by receptor
modeling Environmental Engineering Science 26 679—89

Bish A and Michie S 2010 Demographic and attitudinal determinants of protective behaviours during a pandemic: a review Br ] Health
Psychol 15 797-824

Boogaard H, Walker K and Cohen A J 2019 Air pollution: the emergence of a major global health risk factor Int. Health 11 417-21

Bronfman N et al 2021 Factors influencing the adoption of COVID-19 preventive behaviors in Chile Sustainability (Switzerland) 13 5331

Bubeck P, Botzen W J and Aerts ] C 2012 A review of risk perceptions and other factors that influence flood mitigation behavior Risk Anal. 32
1481-95

Byrne B M 2016 Structural Equation Modeling with AMOS: Basic Concepts, Applications, and Programming (3rd Edition) (Routledge)
(https://doi.org/10.4324/9781315757421)

Cismaru M, Cismaru R, Ono T and Nelson K 2011 Act on climate change’: an application of protection motivation theory Social Marketing
Quarterly 17 62-84

Cochran W G 1977 Sampling Techniques. 3rd edn (Wiley)

CoveyJ, Horwell CJ, Rachmawati L, Ogawa R, Martin-Del Pozzo A L, Armienta M A and Dominelli L 2019 Factors motivating the use of
respiratory protection against volcanic ashfall: a comparative analysis of communities in Japan, Indonesia and Mexico Int. J. Disaster
Risk Reduct. 35 101066

DangH L et al 2014 Understanding farmers’ adaptation intention to climate change: a structural equation modelling study in the mekong
delta, vietnam Environ. Sci. Pol. 41 11-22

D’Antoni D, Smith L, Auyeung V and Weinman ] 2017 Psychosocial and demographic predictors of adherence and nonadherence to health
advice accompanying air quality warning systems: a systematic review Environ. Health 16 100

Deep A, Pandey C P, Nandan H, Purohit K D, Singh N, Singh J, Srivastava A K and Ojha N 2019 Evaluation of ambient air quality in
dehradun city during 2011-2014 J. Earth Syst. Sci. 128 14

Ferrer R A and Klein WM 2015 Risk perceptions and health behavior Current Opinion in Psychology 5 85-9

Floyd DL, Prentice-Dunn S and Rogers R W 2000 A Meta-Analysis of Research on Protection Motivation Theory 30 407-29

Ghanian M, Ghoochani O M, Dehghanpour M, Tagipour M, Taheri F and Cotton M 2020 Understanding farmers’ climate adaptation
intention in Iran: a protectionmotivation extended model Land Use Policy 94 104553

Hair ] F, Hult G T M, Ringle C M and Sarstedt M 2017 A Primer on Partial Least Squares Structural Equation modeling (PLS-SEM) (2nd ed.)
(USA: Thousand Oaks, CA: Sage)

Hair J F, Risher ] J, Sarstedt M and Ringle CM 2019 When to use and how to report the results of PLS-SEM Eur. Bus. Rev. 31 2-24

Hansstein F V and Echegaray F 2018 Exploring motivations behind pollution-mask use in a sample of young adults in urban china
Globalization and Health 14122

Health Effects Institute 2020 (https://stateofglobalair.org/data/# /air/plot)

Helm SV, Pollitt A, Barnett M A, Curran M A and Craig Z R 2018 Differentiating environmental concern in the context of psychological
adaption to climate change Glob. Environ. Chang. 48 158-67

Henseler J, Ringle C M and Sarstedt M 2014 A new criterion for assessing discriminant validity in variance-based structural equation
modeling J. Acad. Mark. Sci. 43 115-35

Hossen M and Hoque A 2016 Variation of ambient air quality scenario in chittagong city: a case study of air pollution Sciprints. (https://doi.
org/10.20944 /preprints201608.0174.v1)

Hossen Md A et al 2023 Trend analysis of ambient air quality of Chattogram city AIP Conference Proceedings 2713 ed F Tangreti 60009

IQAIr 2020 2020 World Air Quality Report. IQAir Rep., 41 (www.iqair.com/world-most-polluted-cities /world-air-quality-report-2020-
en.pdf)

Johnson B 2012 Experience with urban air pollution in paterson, new jersey and implications for air pollution communication Risk Anal. 32
39-53

Kim H and Niederdeppe J 2013 Exploring optimistic bias and the integrative model of behavioral prediction in the context of a campus
influenza outbreak J Health Commun 18 206-22

Kim S, Jeong S and Hwang Y 2013 Predictors of pro- environmental behaviors of american and korean students : the application of the
theory of reasoned action and protection motivation theory Science Communication 35 168—88

Koerth ], Jones N, Vafeidis A T, Dimitrakopoulos P G, Melliou A, Chatzidimitriou E and Koukoulas S 2013 Household adaptation and
intention to adapt to coastal flooding in the axios - loudias - aliakmonas national park, greece Ocean Coast. Manage. 82 43—50

Kojan L, Burbach L, Ziefle M and Calero Valdez A 2022 Perceptions of behaviour efficacy, not perceptions of threat, are drivers of COVID-
19 protective behaviour in Germany Humanities and Social Sciences Communications 9 1-15

Latan H and Noonan R 2017 Partial Least Squares Path Modeling: Basic Concepts, Methodological Issues and Applications (Cham: Springer)
(https://doi.org/10.1007/978-3-319-64069-3)

Lin T and Bautista R 2016 Predicting intention to take protective measures during haze: The roles of efficacy, threat, media trust, and
affective attitude Journal of Health Communication 21 790-9

Lin CY etal 2020 Using an integrated social cognition model to predict COVID-19 preventive behaviours Br ] Health Psychol 25 981-1005

MiaMd A, Nasrin S, Zhang M and Rasiah R 2015 Chittagong, Bangladesh Cities 48 31-41

Maddux ] E and Rogers R W 1983 Protection motivation and self-efficacy: a revised theory of fear appeals and attitude change Journal of
Experimental Social Psychology 19 469—79

Mabharjan A et al 2022 Air pollution exposure and its impacts on everyday life and livelihoods of vulnerable urban populations in south asia
Environmental Research Communications 4 071002

Masiol M, Agostinelli C, Formenton G, Tarabotti E and Pavoni B 2014 Thirteen years of air pollution hourly monitoring in a large city:
potential sources, trends, cycles and effects of car-free days Sci. Total Environ. 494 84-96

Masum M H and Pal S K 2020 Statistical evaluation of selected air quality parameters influenced by COVID-19 lockdown Global J. Environ.
Sci. Manage. 6 85-94

14


https://doi.org/10.1016/j.jenvman.2019.109456
https://doi.org/10.3390/healthcare9050574
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1016/j.envint.2017.06.010
https://doi.org/10.1016/j.envint.2017.06.010
https://doi.org/10.1016/j.envint.2017.06.010
https://doi.org/10.1089/ees.2008.0055
https://doi.org/10.1089/ees.2008.0055
https://doi.org/10.1089/ees.2008.0055
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1093/inthealth/ihz078
https://doi.org/10.1093/inthealth/ihz078
https://doi.org/10.1093/inthealth/ihz078
https://doi.org/10.3390/su13105331
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.1111/j.1539-6924.2011.01783.x
https://doi.org/10.4324/9781315757421
https://doi.org/10.1080/15245004.2011.595539
https://doi.org/10.1080/15245004.2011.595539
https://doi.org/10.1080/15245004.2011.595539
https://doi.org/10.1016/j.ijdrr.2019.101066
https://doi.org/10.1016/j.envsci.2014.04.002
https://doi.org/10.1016/j.envsci.2014.04.002
https://doi.org/10.1016/j.envsci.2014.04.002
https://doi.org/10.1186/s12940-017-0307-4
https://doi.org/10.1007/s12040-019-1092-y
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1111/j.1559-1816.2000.tb02323.x
https://doi.org/10.1111/j.1559-1816.2000.tb02323.x
https://doi.org/10.1111/j.1559-1816.2000.tb02323.x
https://doi.org/10.1016/j.landusepol.2020.104553
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1186/s12992-018-0441-y
https://stateofglobalair.org/data/#/air/plot
https://doi.org/10.1016/j.gloenvcha.2017.11.012
https://doi.org/10.1016/j.gloenvcha.2017.11.012
https://doi.org/10.1016/j.gloenvcha.2017.11.012
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.20944/preprints201608.0174.v1
https://doi.org/10.20944/preprints201608.0174.v1
http://www.iqair.com/world-most-polluted-cities/world-air-quality-report-2020-en.pdf
http://www.iqair.com/world-most-polluted-cities/world-air-quality-report-2020-en.pdf
https://doi.org/10.1111/j.1539-6924.2011.01669.x
https://doi.org/10.1111/j.1539-6924.2011.01669.x
https://doi.org/10.1111/j.1539-6924.2011.01669.x
https://doi.org/10.1111/j.1539-6924.2011.01669.x
https://doi.org/10.1080/10810730.2012.688247
https://doi.org/10.1080/10810730.2012.688247
https://doi.org/10.1080/10810730.2012.688247
https://doi.org/10.1177/1075547012441692
https://doi.org/10.1177/1075547012441692
https://doi.org/10.1177/1075547012441692
https://doi.org/10.1016/j.ocecoaman.2013.05.008
https://doi.org/10.1016/j.ocecoaman.2013.05.008
https://doi.org/10.1016/j.ocecoaman.2013.05.008
https://doi.org/10.1057/s41599-022-01098-4
https://doi.org/10.1057/s41599-022-01098-4
https://doi.org/10.1057/s41599-022-01098-4
https://doi.org/10.1007/978-3-319-64069-3
https://doi.org/10.1080/10810730.2016.1157657
https://doi.org/10.1080/10810730.2016.1157657
https://doi.org/10.1080/10810730.2016.1157657
https://doi.org/10.1111/bjhp.12465
https://doi.org/10.1111/bjhp.12465
https://doi.org/10.1111/bjhp.12465
https://doi.org/10.1016/j.cities.2015.05.011
https://doi.org/10.1016/j.cities.2015.05.011
https://doi.org/10.1016/j.cities.2015.05.011
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1016/0022-1031(83)90023-9
https://doi.org/10.1088/2515-7620/ac77e0
https://doi.org/10.1016/j.scitotenv.2014.06.122
https://doi.org/10.1016/j.scitotenv.2014.06.122
https://doi.org/10.1016/j.scitotenv.2014.06.122
https://doi.org/10.22034/GJESM.2019.06.SI.08
https://doi.org/10.22034/GJESM.2019.06.SI.08
https://doi.org/10.22034/GJESM.2019.06.SI.08

10P Publishing

Environ. Res. Commun. 6 (2024) 025016 S B Bajracharya et al

Mehiriz K and Gosselin P 2022 The effect of perceived threats and response efficacy on adaptation to smog: an instrumental variables design
Risk Anal. 42 1042-55

Milne S, Sheeran P and Orbell S 2000 Prediction and Intervention in health-related behavior: a meta-analytic review of protection
motivation theory Journal of Applied Social Psychology 30 106—43

Mulilis J-P and Lippa R 1990 Behavioral change in earthquake preparedness due to negative threat appeals: a test of protection motivation
theory Journal of Applied Social Psychology 20 619-38

Qin C, TaoR,LuoJ W, Hong L, Xu L, Fang J and Zhou C H 2020 Change in public concern and responsive behaviors toward air pollution
under the dome Risk Anal. 40 19832001

Quaglia M and Vivier G 2010 Construction and field application of an indirect sampling method (time-location sampling): an example of
surveys carried out on homeless persons and drug users in france Methodological Innovations Online 5 17-25

Radisic S, Newbold K B, Eyles ] and Williams A 2016 Factors influencing health behaviours in response to the air quality health index: a
cross-sectional study in hamilton, canada Environ. Health 59 17-29

Rainear A M and Christensen J L 2017 Protection motivation theory as an explanatory framework for proenvironmental behavioral
Intentions Communication Research Reports 34 239—48

Reichel D and Morales L 2017 Surveying immigrants without sampling frames—evaluating the success of alternative field methods
Comparative Migration Studies 5 1

Rogers RW 1975 A protection motivation theory of fear appeals and attitude Change The Journal of Psychology 91 93114

Sahrir § 2019 The predictive effects of protection motivation theory on adaptive behaviour towards urban air quality Asia Proceedings of
Social Sciences 5 69—74

Scholz U and Freund A M 2021 Determinants of protective behaviours during a nationwide lockdown in the wake of the COVID-19
pandemic British Journal of Health Psychology 26 935-57

ShiY, Bilal M, Ho H Cand Omar A 2020 Urbanization and regional air pollution across South Asian developing countries—A nationwide
land use regression for ambient PM2.5 assessment in Pakistan Environ. Pollut. 266 115145

Sofia D, Gioiella F, Lotrecchiano N and Giuliano A 2020 Mitigation strategies for reducing air pollution Environmental Science and Pollution
Research 27 19226-35

Tooher R, Collins J E, Street ] M, Braunack-Mayer A and Marshall H 2013 Community knowledge, behaviours and attitudes about the 2009
HINI influenza pandemic: a systematic review Influenza and Other Respiratory Viruses7 131627

United Nations World Population Prospects 2022 2022 Revision of World Population Prospects (https://population.un.org/wpp/)

Uttarakhand Pollution Control Board 2021a Dehradun City Air Action Plan (https:/ /ueppcb.uk.gov.in/pages/display/183-air-action-plan)

Uttarakhand Pollution Control Board 2021b District Environment Plan (https://ueppcb.uk.gov.in/pages/display/218-draft-district-
environment-plan-state-environment-plan)

Williams L, Rasmussen S, Kleczkowski A, Maharaj S and Cairns N 2015 Protection motivation theory and social distancing behaviour in
response to a simulated infectious disease epidemic Psychology Health & Medicine 20 8327

XuZ,LiJ, Shan J and Zhang W 2020 Extending the theory of planned behavior to understand residents’ coping behaviors for reducing the
health risks posed by haze pollution Environment, Development and Sustainability 23 212242

Xue M, Zhao Y, Wang Z and Zhang B 2021 Behavioural determinants of an individual’s intention to adapt to climate change: Both internal
and external perspectives Environ. Impact Assess. Rev. 91 106672

Yildirim M, Geger E and Akgiil O 2021 The impacts of vulnerability, perceived risk, and fear on preventive behaviours against COVID-19
Psychol Health Med 26 35-43

Yoo W, Choi D H and Park K 2016 The effects of SNS communication: how expressing and receiving information predict MERS-preventive
behavioral intentions in South Korea Comput. Hum. Behav. 62 34—43

Zhao G, Cavusgil E and Zhao Y 2016 A protection motivation explanation of base-ofpyramid consumers’ environmental sustainability
Journal of Environmental Psychology 45 116-26

Zickfeld J et al 2020 Correlates of health-protective behavior during the initial days of the COVID-19 outbreak in norway Front Psychol 11
564083

15


https://doi.org/10.1111/risa.13814
https://doi.org/10.1111/risa.13814
https://doi.org/10.1111/risa.13814
https://doi.org/10.1111/j.1559-1816.2000.tb02308.x
https://doi.org/10.1111/j.1559-1816.2000.tb02308.x
https://doi.org/10.1111/j.1559-1816.2000.tb02308.x
https://doi.org/10.1111/j.1559-1816.1990.tb00429.x
https://doi.org/10.1111/j.1559-1816.1990.tb00429.x
https://doi.org/10.1111/j.1559-1816.1990.tb00429.x
https://doi.org/10.1111/risa.13177
https://doi.org/10.1111/risa.13177
https://doi.org/10.1111/risa.13177
https://doi.org/10.4256/mio.2010.0015
https://doi.org/10.4256/mio.2010.0015
https://doi.org/10.4256/mio.2010.0015
https://doi.org/10.5864/d2016-002
https://doi.org/10.5864/d2016-002
https://doi.org/10.5864/d2016-002
https://doi.org/10.1080/08824096.2017.1286472
https://doi.org/10.1080/08824096.2017.1286472
https://doi.org/10.1080/08824096.2017.1286472
https://doi.org/10.1186/s40878-016-0044-9
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.31580/apss.v5i1.1089
https://doi.org/10.31580/apss.v5i1.1089
https://doi.org/10.31580/apss.v5i1.1089
https://doi.org/10.1111/bjhp.12513
https://doi.org/10.1111/bjhp.12513
https://doi.org/10.1111/bjhp.12513
https://doi.org/10.1016/j.envpol.2020.115145
https://doi.org/10.1007/s11356-020-08647-x
https://doi.org/10.1007/s11356-020-08647-x
https://doi.org/10.1007/s11356-020-08647-x
https://doi.org/10.1111/irv.12103
https://doi.org/10.1111/irv.12103
https://doi.org/10.1111/irv.12103
https://population.un.org/wpp/
https://ueppcb.uk.gov.in/pages/display/183-air-action-plan
https://ueppcb.uk.gov.in/pages/display/218-draft-district-environment-plan-state-environment-plan
https://ueppcb.uk.gov.in/pages/display/218-draft-district-environment-plan-state-environment-plan
https://doi.org/10.1080/13548506.2015.1028946
https://doi.org/10.1080/13548506.2015.1028946
https://doi.org/10.1080/13548506.2015.1028946
https://doi.org/10.1007/s10668-020-00666-5
https://doi.org/10.1007/s10668-020-00666-5
https://doi.org/10.1007/s10668-020-00666-5
https://doi.org/10.1016/j.eiar.2021.106672
https://doi.org/10.1080/13548506.2020.1776891
https://doi.org/10.1080/13548506.2020.1776891
https://doi.org/10.1080/13548506.2020.1776891
https://doi.org/10.1016/j.chb.2016.03.058
https://doi.org/10.1016/j.chb.2016.03.058
https://doi.org/10.1016/j.chb.2016.03.058
https://doi.org/10.1016/j.jenvp.2015.12.003
https://doi.org/10.1016/j.jenvp.2015.12.003
https://doi.org/10.1016/j.jenvp.2015.12.003
https://doi.org/10.3389/fpsyg.2020.564083
https://doi.org/10.3389/fpsyg.2020.564083

	1. Introduction
	2. Literature review
	3. Conceptual framework
	3.1. Hypotheses

	4. Data and methods
	4.1. Study areas
	4.2. Data and measurement variables
	4.3. Statistical procedures

	5. Results
	5.1. Socioeconomic status of the workers
	5.2. Assessment of the measurement model
	5.3. Analysis of research hypotheses

	6. Discussion
	7. Conclusion
	Acknowledgments
	Data availability statement
	Ethics declarations
	Declaration of conflict of interest
	References



