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Abstract

Heatwaves have increasingly become a critical issue for urban residents, significantly influencing their daily mobility
decisions and comfort. This study examines how heatwaves impact urban travel behavior and explores commuters'
willingness to pay for enhanced transport comfort during extreme heat in Bangladesh. Utilizing a structured
questionnaire, data from 682 participants revealed that while most respondents consider heatwaves mildly
uncomfortable, age, income, and health conditions significantly influence perceived severity. Individuals aged 35-44
and those experiencing health complications, notably dizziness, fatigue, and skin irritation, reported the highest
discomfort levels and the greatest willingness to pay extra for air-conditioned transport. Moreover, willingness to pay
strongly correlates with income stability, with higher-income groups displaying a pronounced readiness to invest in
comfortable travel options. Interestingly, even among commuters not altering their travel patterns during heatwaves,
nearly half indicated a willingness to pay more for better travel conditions, suggesting a gap between existing
infrastructure and commuter expectations. These insights highlight the necessity for targeted urban policy
interventions and infrastructure upgrades to improve comfort and resilience amid rising temperatures.
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1 Introduction

Rapid urbanization and climate change have increased heatwave frequency and intensity, disrupting urban mobility
worldwide. In Bangladesh, a densely populated country with high temperatures and humidity, heatwaves pose
significant challenges to daily commuters (Miah et al. 2022). The combination of heat stress and inadequate
transportation infrastructure not only reduces comfort but also adversely impacts public health and productivity
(Kovats and Hajat 2008). Previous research found that heatwaves influence travel behaviors such as shifting travel
times, mode choices, and route selections (Li et al. 2021). Additionally, extreme heat events increase health risks like
dehydration, fatigue, and heat strokes, further exacerbating discomfort during travel (Kovats and Hajat 2008). Yet,
despite these recognized impacts, there remains limited research specifically examining how different demographic
and socioeconomic groups perceive heatwaves and their associated willingness to invest in comfort enhancing
transport options, particularly in developing countries.

Income stability and age notably influence commuter responses to heat stress, influencing both their vulnerability and
capacity to pay for comfort upgrades (Umme et al. 2023). Consequently, exploring these dynamics in Bangladesh, a
country experiencing rapid economic growth along with environmental vulnerabilities is crucial.

This study, therefore, investigates the relation between age, income, health conditions, and travel behaviors during
heatwaves, providing essential insights to inform urban planning and policymaking aimed at enhancing commuter
resilience and comfort.

2 Literature Review

A growing number of studies show that heatwaves strain urban residents, shaping health and mobility. In Bangladesh,
a survey of nearly 900 city dwellers reported widespread symptoms such as fatigue and dehydration that disrupt daily
activities and travel (Patwary et al. 2025). Heat exposure raises illness risk during travel and outdoor activity (Basu
2009), and discomfort worsens where shaded routes or heat-resistant infrastructure are lacking (Lanza and Durand
2021).
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Evidence from the United States and Europe finds that extreme heat reduces trip frequency, shifts departure times,
and increases reliance on air-conditioned modes (Batur et al. 2024). Older and lower-income groups adjust less, likely
due to limited options or flexibility (Renninger and Cabrera 2025). Heat also alters pedestrian choices, discouraging
longer walks and complicating transit access in hotter areas (Basu 2009).

Willingness to pay for comfort depends on socioeconomic status, heat awareness, and personal experience with heat
(He et al. 2021). In Bangladesh, higher income, education, and stable jobs are linked to greater willingness to pay
(Alam and Zakaria 2021). Comfort itself is a key driver of public transport use alongside reliability, safety, and access
(Sogbe et al. 2025). Yet Bangladesh-specific evidence on how age, health, and income shape these responses, and on
willingness to pay under heat stress remains limited, which this study addresses.

3 Data Collection and Methodology

A structured questionnaire survey was used for data collection. Trained student volunteers served as surveyors and
collected data both online and offline. A total of 1,000 responses were received; after removing incomplete cases, 682
remained, covering diverse age, gender, occupation, income, and urban—rural groups. This coverage enabled robust
analysis of heatwave impacts on urban travel behavior and commuters’ willingness to pay for more comfortable
transport.

The questionnaire comprised 23 targeted items on demographics, travel, heatwave impacts, adaptations, health, and
willingness to pay for more comfortable modes. Demographics covered age, gender, occupation, income, and
residential location. Travel questions addressed trip frequency, mode preference, purpose, timing, duration, and
behavioral changes during heatwaves. Health items focused on common symptoms, including dehydration, dizziness,
fatigue, headaches, and skin irritation. Descriptive statistics for the variables found significant are reported in Table 1.

Table 1 Descriptive Statistics of the Survey Responses (Income in BDT)

SL Variable Item Frequency
1  Your Age? Under 18 Years 27
18-24 Years 411

25-34 Years 86

35-44 Years 62

45 Plus 96

2 Monthly family income? Below BDT 20,000 102
BDT 20,000-40,000 162

BDT 40,000-60,000 250

Above BDT 60,000 168

3 How severe do you find the impact of heat on your comfort No Impact 52
during travel? Mild 392
Severe 238

4 Have you experienced any health problems (e.g., fatigue, No 125
dehydration) during heatwave travel? Yes 557

5 If you have experienced any health problems or disease, Dehydration 181
specify the problem Dizziness or Fatigue 71
Headache 147

No Problem 108

Other 47

Skin Irritation Or Rash 128

6  Would you be willing to pay more for a more comfortable No 182
mode (e.g., air-conditioned vehicle) during heatwaves? Yes 500

7 Overall, have you changed your travel behavior specifically No 131
due to heatwave? Yes 551

After data collection, we tested associations between categorical variables with the chi-square ()) test (Agresti
2007). The test compares observed frequency (O) and expected frequency (E) using equation 1.
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Significance was set at p < 0.05. We then quantified association strength using Cramer’s V (Cohen 2013) using
equation 2, where n is sample size and r and ¢ are the numbers of rows and columns.

XZ
V= \]n. (min(r —1,c - 1)) @

Together, these metrics identified which factors were significantly linked to travel behavior and willingness to pay
during heatwaves.

4 Results and Discussion

This section provides an analysis of survey findings, illustrating the impact of heatwaves on urban travel behavior and
individuals’ willingness to pay for increased travel comfort in Bangladesh.

4.1 Age, comfort impact, and willingness to pay (WTP)

Table 2 Impact of Heatwaves by Age Group

Age Impact of Heatwave on Comfort
No impact % Mild %  Severe %
<18 Years 0.00% 74.07% 25.93%
18-24 Years 9.49% 59.85% 30.66% DF 8
25-34 Years 5.81% 52.33% 41.86% P Value 0.00873099
35-44 Years 4.84% 41.94% 53.23% 12 20.4593791
>45 Years 5.21% 57.29% 37.50% Cramer’s V 0.12247262

Table 3 Age and Willingness to Pay (WTP)

Age Willingness to Pay for Comfort (Yes) %

<18 Years 77.78%

18-24 Years 68.61% DF 4
25-34 Years 84.88% P Value 0.01140805
35-44 Years 79.03% x2 Value 12.97308631
>45 Years 78.13% Cramer’s V 0.137920704

Age is linked to how commuters experience heat and how much they value comfort. Younger respondents mostly
reported mild effects on travel comfort (Under 18: 74.07%; 18-24: 59.85%), while severe discomfort was highest
among 35-44-year-olds (53.23%) and also elevated at 25-34 (41.86%). The association is statistically significant but
modest (y* = 20.46, p = 0.0087, Cramer’s V = 0.122), consistent with evidence that age shapes heat vulnerability
(Sheridan and Dixon 2017) and that working-age adults face greater exposure from commuting demands (Jahangir et
al. 2024) (Table 2).

WTP for added comfort shows a similar age pattern. Willingness peaks at 25-34 (84.88%), followed by 3544
(79.03%) and 45+ (78.13%). It is lower among under-24s (Under 18: 77.78%; 18-24: 68.61%), which likely reflects
limited financial independence (Ek et al. 2025). The age—WTP link is significant with a small effect size (y> = 12.97,
p = 0.011, Cramer’s V = 0.138) and aligns with research on comfort preferences in urban travel (Vichiensan et al.
2025) (Table 3).

Taken together, the groups reporting the most severe discomfort are also the most willing to pay for comfort upgrades.
This reinforces the interpretation that exposure and ability to pay move in tandem across age groups, with working-
age commuters both feeling the heat more acutely and expressing stronger demand for air-conditioned services and
related amenities.

1238



4.2 Income and Willingness to Pay (WTP)

Table 4 Income and Willingness to Pay (WTP)
Monthly Family Income Willingness to Pay for Comfort (Yes) %

<BDT 20,000 69.61% DF 3

BDT 20,000-40,000 67.90% P Value 0.006926422
BDT 40,000-60,000 71.60% %2 Value 12.13758131
>BDT 60,000 83.33% Cramer’s V 0.133405547

Considering that age closely correlates with income, Table 4 explores the relationship between monthly family income
and willingness to pay for transport comfort during heatwaves. Consistent with previous research linking income to
consumer willingness to pay for services (Ek et al. 2025), a clear pattern emerged: higher income groups exhibited
greater willingness to pay for increased comfort. Respondents with incomes above 60,000 BDT showed the highest
willingness (83.33%), while those below 40,000 BDT were notably less inclined (67.90% for 20,000—40,000 BDT
group and 69.61% for below 20,000 BDT group). Statistical analysis further reinforced the significance of this
relationship (y*> = 12.14, p = 0.007), highlighting a small association of economic stability on decisions related to
transport comfort (Cramer’s V = 0.133).

4.3 Health Impacts and WTP
Table 5 Health Impacts and WTP

Experience of Health Willingness to Pay for Comfort (Yes) %
Problem Due to Heatwave

No 64.80% DF 1
P Value 0.017253778
Yes 75.22% %2 5.670373965
Cramer’s V 0.091182955

Table 6 Specific Health Problems and WTP
Type of Health Problem Willingness to Pay for Comfort (Yes) %
Experienced

Dehydration 71.27%

Dizziness or Fatigue 83.10%

Headache 72.11% DF 5

Skin irritation or rash 80.47% P Value 0.05024068
Other Problem 65.96% ¥2 Value 11.05807131
No Problem 66.67% Cramer’s V 0.127334916

Health status is linked to comfort preferences during heatwaves. Respondents who reported any heat-related health
problem showed higher WTP for comfort than those without problems (75.22% vs 64.80%). The association is
significant but small (> = 5.67, p =0.017; Cramer’s V = 0.091), aligning with evidence that health is a key factor in
weather-related travel choices (Basu 2009) (Table 5).

Specific symptoms strengthened this pattern. WTP was highest among those reporting dizziness or fatigue (83.10%)
and skin irritation or rash (80.47%), and remained elevated for dehydration (71.27%) and headache (72.11%)
compared with respondents reporting no problems (66.67%). The overall association is marginal but of small
magnitude (> = 11.06, p = 0.050; Cramer’s V = 0.127), supporting the view that travelers with heat-related symptoms
are a sensitive group who place greater value on comfort-enhancing options (Seong et al. 2023) (Table 6).
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4.4 Behavioral Changes and WTP

Table 7 Behavioral Changes and WTP

Change Travel Behavior Willingness to Pay for Comfort (Yes) %
No 47.33% DF 1
P Value 7.38774xe
Yes 79.49% 12 55.96052448
Cramer’s V 0.286449917

Finally, an intriguing aspect explored was whether individuals who did not alter their travel behavior due to heatwaves
were willing to pay more for comfort (Table 7). Interestingly, even among respondents who had not changed travel
behavior, nearly half (47.33%) were still willing to pay more, indicating potential unmet demand for comfortable
alternative transportation options. This finding suggests the current transportation infrastructure inadequately
addresses the comfort expectations of urban commuters during heatwaves, calling for strategic infrastructure
enhancements (Lim 2024). Chi-square tests confirmed the high significance of this observation (y*> = 55.96, p
=7.38774xe%), with a medium relationship (Cramer’s V = 0.286).

Overall, these findings clearly illustrate complex interactions between demographic, economic, and health factors
affecting urban travel comfort perceptions during heatwaves. They also emphasize a pressing need for targeted policy
interventions and infrastructure investment aimed at improving urban travel comfort and resilience to climate
extremes.

5 Conclusion

This study explored how urban travelers in Bangladesh respond to heatwaves and what factors influence their
willingness to pay for greater transport comfort. Data from 682 respondents show that age, health condition, and
income significantly shape both the perceived severity of discomfort and the adaptive behaviors adopted during
extreme heat.

The results suggest that people aged 25-44 are the most affected during travel and are also the most willing to pay for
added comfort, such as air-conditioned transport. This highlights the need to improve comfortable options for this
working-age group that relies heavily on daily commuting. Expanding air-conditioned buses on busy routes could
make a real difference. Younger commuters, especially those under 24, were less willing to pay, likely because many
are students or financially dependent. For them, student discounts or special summer fares could help. Temporary
subsidies during heatwaves can also ensure that lower-income groups are not left behind, as they have the least
willingness or ability to pay more. Altogether, these steps would make daily travel not just more bearable but fairer
and more accessible for everyone during extreme heat.

In light of these results, targeted policy measures can address both vulnerability and demand. Increasing the number
of air-conditioned buses across urban routes would meet the expressed need for comfort, while temporary fare
subsidies during heatwaves can ensure no traveler is excluded from these improvements. Such interventions would
reduce health risks and promote equity in access to resilient transport infrastructure. Addressing the gap between
discomfort and available travel options can support a more inclusive and adaptive urban mobility system.
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