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Abstract

Air temperature and humidity have a great impact on public health, leading to heat stress. This study investigates
the changes in the heat index (HI) as an indicator of thermal stress in the context of climate change across
Bangladesh. Using meteorological data from 1973 to recent years, collected from 23 stations nationwide, the study
analyzes trends in temperature, humidity, and precipitation to assess heat stress dynamics. The results reveal a
gradual but noticeable increase in the annual mean heat index over time, with early years averaging around 28.9°C
and a consistent upward trend in subsequent decades. Seasonal analysis indicates that the highest HI values occur
during the summer months, with peak discomfort observed in May, averaging 34.25°C, followed by April and
June. Spatial patterns show regional variations, with stations such as Barisal, Bhola, and Chandpur experiencing
consistently higher heat index levels, averaging above 30.2°C. These findings highlight the escalating risk of heat
stress in Bangladesh, underscoring the importance of region-specific climate adaptation and public health strategies
to mitigate the growing impacts of climate-induced thermal discomfort. This study can provide key insight for
communities working out how they will adapt to heat stress in the context of climate change in Bangladesh.
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1 Introduction

The average world temperature has been gradually increasing over the past few decades, as is widely known. It is
posing some major environmental dangers. Globally, the frequency of heatwaves is increasing (Wang et al., 2023).
Humidity significantly influences the perceived temperature for surface life. Heat index is a frequently used
measure that considers the influence of humidity as well as temperature. Bangladesh is a heavily populated nation.
In this nation, heat stress can pose a significant threat to public health and lead to disease in a significant number
of people (Kabir et al., 2020). Many scholars have dedicated their valuable time to examining how Bangladesh's
climate has changed at the national and regional levels in terms of the heat index during various historical periods.
The goal of Rajib et al. (2011) was to determine which areas in Bangladesh were more susceptible to heat waves
and heat strokes as a result of a high heat index. The country is separated into four parts, and the heat index has
been computed from 1960 to 2010. The findings indicate that the heat index is trending upward in almost every
location. The southwest and northwest regions have seen the largest increases in heat index values. Rakib (2013)
characterized the climatic change in southern Bangladesh using data from 18 meteorological stations over 30 years
(1981 to 2010). Based on the heat index, the results indicate that the eastern and southwestern regions are more
vulnerable than the other regions. Using a heat vulnerability index, Burkart et al. (2014) tried to investigate Dhaka's
urban heat island and susceptibility to heatwaves. According to the results, out of 41 thanas, 6 and 11 are classified
as high-risk and extremely high-risk zones, respectively. According to Khatun et al. (2020), Mymensingh residents
experience more thermal discomfort in urban areas than in rural ones, which is indicative of regional variations in
heat exposure. Rahman et al. (2021) assessed the variations in Bangladesh's heat index using the daily climatic
information for the years 1985-2015. For much of Bangladesh over the examined period (1985-2015), the data
showed a monotonic increase in the HI and severe caution conditions, particularly during the humid summer.
According to Ahmed et al. (2019), more study on the heat index trend in Bangladesh using official meteorological
data is necessary, while previous studies on the topic have been completed. The purpose of this study was to
evaluate the trend of Bangladesh's Heat Index change. In order to achieve this goal, this study calculated and
analyzed the trend of Bangladesh's Heat Index using temperature and humidity data from 23 stations during the
last 51 years (1973-2023). This study will contribute to illuminating Bangladesh's actual heat-induced stress issue.
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2 Methodology

2.1 Study Area
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Bangladesh is a tiny south Asian country located on the Ganges River delta. It is located between latitudes 20°38'N
and 26°38'N and longitudes 88°01'E and 92°4’E (Figure 1). Bangladesh's climate exhibits spatial variety (Ghose
etal. 2021). Bangladesh has three prominent seasons: pre-monsoon summertime (March to May), monsoon humid
summertime (June to August), and dry winter (December to February). Bangladesh is extremely sensitive to heat

index effects due to its large population and limited geographical space (IPCC, 2021).
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Figure 1. Study area with BMD stations.

2.2 Description of Data
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Weather information from 23 stations, including temperature and humidity, was gathered from the Bangladesh
Meteorological Department between 1973 and 2023. A total of 2.5 percent of the missing data was imputed using
the MissForest function in R. To impute missing environmental data, MissForest is frequently utilized (Stekhoven
& Biihlmann, 2012). Every dataset passed the quality control test, which BMD staff carried out. Table 1 displays

the descriptive statistics for the final data set.

Tablel. Descriptive statistics of the prepared data.

Data Temperature(°C) Humidity (%)
Minimum 14.21 39.81
1% Quarter 23.18 75.39
Median 27.56 80.87
Mean 25.97 79.52
3" Quarter 28.80 85
Maximum 36.76 97.06

Figure 2 displays the fluctuation in average maximum temperature and average humidity from 1973 to 2023. Figure
3 depicts the annual variance in average precipitation and temperature.
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Figure 2. Yearly variation of average max temperature
and average humidity.
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Figure 3. Yearly variation of average temperature
and average precipitation.

Serial correlation was found using the Durbin—Watson (DW) test, where values close to 2 denote independence
and values less than 2 imply positive autocorrelation. Stationarity was assessed using the Augmented Dickey—
Fuller (ADF) test; a statistically significant result (p < 0.05) suggests that the series is stationary. Table 2's findings
demonstrate that although the ADF test verifies stationarity for the majority of stations (Stationary = True), the
DW statistics (which are primarily in the range of 0.95 to 1.20) reveal a significant positive serial correlation.

Table 2. Durbin—Watson test and Augmented Dickey—Fuller (ADF) test result.

Station \IIDVL;';?:;‘ égt: p'-o\‘/lajlie Stationary Station \I/DVL;;E!; élt?';\'t: pﬁ/g:;e Stationary
Rajshahi 0.99 -3.767  0.00326 TRUE Satkhira 1.028  -5.339 0 TRUE
Rangpur 0.955 -3.511  0.0077 TRUE Rangamati 1172 -5.978 0 TRUE
Bogra 1.058 -4.583  0.00014 TRUE Ishurdi 1.073  -4.188 0.00069 TRUE
Dhaka 1.164 -4.192  0.00068 TRUE Chittagong 1129  -2.929 0.04213 TRUE
Bhola 1.083 -3.599  0.00579 TRUE Hatiya 1.036  -4.664 0.0001 TRUE
khulna 1.042 -3.744  0.00354 TRUE M.Court 1.096  -2.374 0.14917 FALSE
Mymensingh 1.082 -5.48 0 TRUE Barisal 0.997 -3.393  0.0112 TRUE
Comilla 1.064 -3.92 0.0019 TRUE Chandpur 1.015  -2.792 0.05937 FALSE
Sylhet 1.167 -2.9 0.04539 TRUE Cox's Bazar 1104  -3.221 0.01881 TRUE
Jessore 0.955 -4.899  0.00004 TRUE Faridpur 1.044  -4.206 0.00064 TRUE
Srimangal 0.858 -4.442  0.00025 TRUE Feni 1186  -4.667  0.0001 TRUE
Sandwip 1146  -4.253 0.00054 TRUE

2.3 Method

The Heat Index calculates the perceived temperature—how hot it feels—by combining the effects of air
temperature and relative humidity. Rothfusz (1990) created the HI equation through multiple regression analysis
of temperature and relative humidity using the initial version of Steadman's (1979) apparent temperature. This
study estimated the HI using a modified technique shown in equation 1 described by Blazejczyk et al. (2012).
Figure 4 depicts a flowchart of the research technique, which includes the equation.

Input Data
(Temperature, T
and Relative
Humidity, RH)

Is T<20 °C
and RH

Heat Index =T

<40%

Heat Index (HI) = —8.784695 + (1.61139411 x
T) + (2.338549 x RH) — (0.14611605 = T x
RH) — (0.01230809 x T2) — (0.01642482 x —
RH?) + (0.00221173 % T2 x RH) + (0.00072546
x T x RH?) — (0.00000358 x T? x RH?

Output HI

Figure 4. Flowchart of the methodology to calculate HI.
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For temperatures below 20°C and humidity levels below 40%, HI equals the temperature. Otherwise, the regular
formula is applied.

HI = —8.784695 + 1.61139411 * T + 2.338549 * RH — 0.14611605 * T = RH — 0.012308094 x
T2 — 0.016424828 * RH? + 0.002211732 * T?« RH + 0.00072546 = T * RH? — 0.000003582 x
T2 x RH? 1)

Where HI denotes heat index, T denotes temperature and RH denotes relative humidity. The HI values are
categorized into four levels based on their threat to human health (Table 3).

Table 3. Class of different heat stress (Anderson et al., 2013).

Classification Heat Index (°C) Effect on the body
Caution 27-32 Fatigue possible with Prolonged exposure
Extreme Caution 32-41 Heat cramps, heat exhaustion possible
Danger 41-54 Heat cramps, heat exhaustion likely

Extreme Danger >54 Heat stroke highly likely

3 Result and Discussions

Figure 5 displays the HI determined using a revised technique for each month from 1973 to 2023. According to
the results of the investigation, a significant percentage of 53.72% of months are classified as extremely cautious.
As a result, individuals in Bangladesh are particularly vulnerable to heat cramps and heat exhaustion at peak times.
People were only at danger of heat stress for 28.41 percent of the month. Figure 8 shows that persons were not at
risk of heat-induced stress solely during the winter season. From 1973 to 2023, 17.39 percent of the months were
classified as cautious. Only around 0.5 percent of the time did heat stress based on the heat index reach a dangerous
level. The distribution of heat stress conditions by year, as determined by the heat index, is shown in Figure 6; it
is evident that the level of severe caution and danger circumstances is rising over time. Prior to 1995, there was no
heat index hazard categorization.
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Figure 5. Percentage of monthly heat stress Figure 6. Yearly variation of HI (1973-2023).

conditions based on HI.

Following 1995, a significant shift in Bangladesh's climatic pattern was often signaled by the dangerously high
level of heat stress based on the heat index. Since 2010, there have also been increased heat index-based dangers,
which suggests that Bangladesh's climate is getting worse. While severe caution progressively grew, caution based
on the heat index stayed almost unchanged. Dangerous heat indexes were widespread after 1995 and have
progressively grown over time. Figure 7 illustrates the combined impact of temperature and humidity on the heat
index. Humidity and temperatures over 25°C to 30°C might result in a heat index in the caution to severe caution
zone. When the temperature is less than 20°C, there is no risk. A regular temperature of 30°C might lead to a heat
index of 40°C or more. Serious heat exhaustion can result from dangerously high heat indexes, particularly from
June to August. The heat index rises during these months due to high humidity, which slows down perspiration
evaporation from the skin and causes extra discomfort. Around 35°C and 70% to 90% humidity, danger and
extreme caution are indicated by the heat index. From Figures 2 and 3, it is evident that the temperature is rising
with time, and the humidity varies between 70% and 90%, which often results in Extreme Caution based on the
heat index. Although the proportion is still modest, the danger level of heat stress is increasing based on the heat
index. Figure 8 depicts the monthly fluctuation of HI over the defined period. According to the analysis, the
maximum heat index in the research region occurs in May and June. May to September have a higher heat index

2051



M. M. Rahman, N. Sakib, R. Yasmin & R. Ahmed
ICCEI 2025

than the other months. Extreme caution and danger heat indexes are commonly reported during these months.
During these months, Bangladeshis must exercise caution to avoid heat stress. Bangladesh's winter season spans
from December to February. There is no risk of heat stress based on the heat index during these months. If this
tendency continues, it might have major consequences for Bangladeshis' daily lives. Heat fatigue and cramping
might occur more frequently, which significantly reduces productivity.
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Figure 7. Combined influence of temperature and Figure 8. Monthly variation of Heat Index.

humidity on heat index.

High heat index values might worsen the situation for workers and anyone who is directly exposed to the heat. In
addition, people who commute every day and students may have severe heat fatigue. The elderly and those who
are more susceptible will be more likely to suffer from heat stroke. During the height of summer, a high heat index
number can make it almost difficult to work outside and potentially trigger a national emergency. Many people
may experience severe illnesses linked to heat stress. These accidents will enhance climate instability and reduce
Bangladesh's habitability. Table 4 summarises the findings of the Sen's Slope estimator and the Mann-Kendall
(MK) trend test, indicating an increasing trend and significant level.

Table 4. Mann—Kendall trend test and Sen’s Slope estimator summary.

Station Mk trend  Significance Kendall's Tau (t) p-value Linear Slope (HI units/year)

Barishal Increasing Yes 0.12 <0.001 0.045
Bhola Increasing Yes 0.12 <0.001 0.044
Bogura Increasing Yes 0.06 0.0175 0.031
Chandpur Increasing Yes 0.15 <0.001 0.068
Chittagong  Increasing Yes 0.14 <0.001 0.051
Cumilla Increasing Yes 0.10 <0.001 0.039
Coxs bazar  Increasing Yes 0.18 <0.001 0.061
Dhaka Increasing Yes 0.09 <0.001 0.040
Faridpur Increasing Yes 0.10 <0.001 0.043
Feni Increasing Yes 0.09 <0.001 0.031
Hatiya Increasing Yes 0.11 <0.001 0.032
Ishurdi Increasing Yes 0.07 0.00865 0.038
Jessore Increasing Yes 0.08 0.00223 0.034
Khulna Increasing Yes 0.10 <0.001 0.049
M.count Increasing Yes 0.18 <0.001 0.074
Mymensingh Increasing NO 0.05 0.0829 0.025
Rajshahi Increasing Yes 0.07 0.0103 0.041
Rangamati  Increasing No 0.05 0.0599 0.014
Rangpur Increasing Yes 0.08 0.00462 0.044
Sandwip Increasing Yes 0.08 0.00221 0.026
Satkhira Increasing No 0.05 0.0512 0.018
Srimangal Increasing Yes 0.06 0.0269 0.029
Sylhet Increasing Yes 0.11 <0.001 0.062

The average heat index value has clearly increased over time, as seen in Figure 9. Extreme danger or dangerous
heat index conditions may become more common, putting Bangladesh's citizens' health at serious risk. People are
constantly at danger of heat stress during the May through August heat index. This month, heat indexes exceeding
40°C have become rather common, which can lead to illnesses brought on by heat stress. May through August sees
an average heat index of above 34.35°C, which is uncomfortable and can lead to heat cramps and exhaustion.
Bangladesh's climate is being greatly impacted by climate change and the rise in world average temperatures,
which is changing the seasonal variation and raising dangerously high heat index values.
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Figure 9. Monthly variation of Heat Index.

4 Conclusion

This study analyzed long term heat index trend of Bangladesh. The key findings are summarized here:
«» According to the monthly HI study, out of 612 months, 53.72% are classified as extremely cautious,
17.39% as caution, and 0.5% as severe caution. In contrast, 28.41% of moths are classified as not posing
a concern to Bangladesh.

¢+ The annual variance of HI indicates that after 1995, a major change in Bangladesh's climate pattern was
frequently indicated by the heat index's dangerously high level of heat stress.

«+ Seasonal study reveals that the summer months have the greatest HI values, with May recording the
highest level of discomfort with an average temperature of 34.25°C, followed by April and June.

¢+ The results of this study will be highly beneficial in developing adaption techniques to lessen the effects
of HI.
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