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Abstract

The present study was undertaken to analyze the temperature variation in Rajshahi City, Bangladesh, for the period
from 1994 to 2024. Among all the divisions, it has been seen that in Rajshahi, the temperature growth is increasing
year by year. For the study, Meteorological data have been collected from the Bangladesh Meteorological
Department (BMD), and the highest resolution data considered were 3-hourly data, which were aggregated into
daily, monthly, and annual scales to study the trends of average temperature. Additionally, the study analyzed the
maximum and minimum temperatures on a monthly and yearly basis to identify the peak. The Mann-Kendall test
and Sen’s slope have been used to detect statistically significant trends. The study indicates a temperature rise. It
shows 2024 as the hottest year and April as the hottest month. The temperature rise is mainly caused by
urbanization, expansion of industries, UHI effect, and global warming by greenhouse gases. Apart from that, the
issue has been made worse by the growth of the industry and vehicle exhaust. To reverse the annual temperature
rise, planting on rooftops, methods that save water, climate-resistant smart city designs, sustainable constructions,
and more parks and gardens in cities are all needed.
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1 Introduction

Bangladesh is exceptionally exposed to climate change's impacts. These have been manifesting in various
environmental and socio-economic problems.(BARC, 2010; Jahan, 2018) Many studies has been documented in
various pieces of research on the increasing trend in temperature in Bangladesh, showcasing its significant impact
on the country's climate and environment (Rizvee et al., 2020). The most comprehensive climate assessments
indicate that Bangladesh has observed an average temperature increase of approximately 0.5°C over the last
century, with more severe warming having been observed since the mid-20th century (Rahman & Lateh, 2017).
The average temperature will increase by 1.4°C to 3.8°C at the end of the 21st century (MoEF, 2009; WB, 2023).
Higher temperature rises are observed in Bangladesh's northern and western parts compared to coastal regions,
according to studies on regional temperature variances. (Chowdhury et al., 2017; Monir et al., 2023; WB, 2023)
The rise in temperature, particularly during summer and winter seasons, has severe implications for agriculture.
Temperature increases decrease crop yields, exacerbate water scarcity, and increase vulnerability to heat-related
illness (Patwary et al., 2025). (Shahid, 2010) noted that the highest temperature increase occurs during the summer
(March to May months), with the maximum temperature often exceeding 38°C.(Qureshi, 2023) Conversely, the
winter season (November to February), is not exempt from hot temperatures. This shift towards warmer winter
seasons is detrimental, as it disrupts the natural rhythm of the seasons and affects infrastructure (Mohsin, 2015).
Understanding the local perceptions of climate change is central to the development of effective adaptation
policies. There have been few studies on regional warming trends and their impacts on the local activities (Al et
al., 2024). Most previous studies have focused on national or regional scales, often overlooking local climatic
nuances that can significantly affect urban areas like Rajshahi. It results in warming effects that are most locally
felt. (Tabassum et al., 2024) For example, a study highlighted that while the Dhaka division has experienced
stronger positive temperature trends compared to other regions like Khulna, the dynamics in Rajshahi remain
under-researched and require focused attention.(Mondal et al., 2018)The main goal of this paper is to apply
statistical techniques like the Mann-Kendall test and Sen's slope estimator.(Alahacoon et al., 2021) Then analyze
temperature trends in Rajshahi and provide valuable insight into how these changes may affect urban and rural
populations equally.(Alahacoon et al., 2021; Bassirou & Bitondo, 2023) By determining those particular
vulnerabilities, this research hopes to assist in local adaptation planning that will improve the resilience of the
urban infrastructure, agriculture, and overall community livelihood of Rajshahi against prevailing and future
climatic threats.

2801



Shema Akter & Aditya Dev
ICCEI 2025

2 Study Area

The total study area, including RCC, covers approximately 96.69 square kilometers in the northwestern part of
Bangladesh. Rajshahi is situated on the north bank of the river Padma. It extends geographical coordinates from
24° 12" to 24° 42’ N latitude and from 88° 15’ to 88° 50’ E longitude.(RU, 2025) The terrain of the study area is
more or less flat. The height range in this study area is 15 to 19 meters above mean sea level. Rajshahi city is the
area's administrative, economic, and educational hub, with a fast rate of urbanization defining its environmental
and socio-economic characteristics. Figure 1 is prepared by using ArcGIS. (ESRI, 1999) In Rajshahi, the wet
season is hot, oppressive, and mostly cloudy, and the dry season is warm and mostly clear. Over the course of the
year, the temperature typically varies from 51°F to 97°F and is rarely below 46°F or above 103°F.(weatherspark,
2025)

Legend

Figure 1:Location of the Rajshahi City (RC) area

3 Methods and Materials

3.1 Data Collection and Screening

The 3-hour temperature data of Rajshahi city has been collected from the Bangladesh Meteorological Department
(BMD) for 30 years, from 1994 to 2024. After collecting the raw data, a heat map (Figure 2) was generated before
starting the data screening process. The heatmap shows that the trend of increasing temperature over the years has
been very pronounced. The summer months, especially May, June, and July, usually record the highest
temperatures throughout the year, the temperatures often exceeding 30°C, thus confirming the warming trend. On
the other hand, December, January, and February are winter months that are still fairly cool, but the increase in
temperature over the years is still very pronounced. The whole trend suggests that the temperatures have been
steadily rising, more so, within the last twenty years.

Monthly Temperature Data (1994-2024)

Figure 2: Heat Map of the temperature of Rajshahi city

3.2 Mann-Kendall Temperature Analysis Trend

The Mann-Kendall test is used for pattern identification in hydro-meteorological data time series. (ASWAD, 2020)
The MK test detects trend existence and direction without assumption of any particular data distribution, while
Sen’s Slope gives a numerical value of the temperature change. The non-parametric Mann-Kendall (S) is given
below(ASWAD, 2020; Dubey et al., 2023; Joshua Ma’aku, 2023):
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S = X5 Xjeier sign(Xj — Xi) )

Where n is the number of data points, Xjand X; are annual values in years j and i, j > 1, and Sign (Xj— X;) is
calculated using the equation(ASWAD, 2020):

—1 for (Xj—Xi) <0
} @)

Sign (Xj — Xi) ={ 0 for (Xj —Xi) =0
+1 for (Xj — Xi) >0

The individual sign capability that can take on the values 1, 0, or -1 is denoted by the (X — X;) from equations (1)
and (2). (ASWAD, 2020) A positive S number denotes an ever-increasing trend, whereas a negative value denotes
a declining tendency (ASWAD, 2020; Monir & Sarker, 2024). Right now, this test assumes that there aren't many
related values in the data collection. (ASWAD, 2020). Now,

Var(s)=-[n(n-1)@n+5)- 59_, tp(tp-1) (2tp+5)] ®)
Here, g is the zero difference between n, the number of observed values being compared, tp is the number of
observed values being compared from the pw group. The following is a standardized measure of test statistics
(Zmk)(ASWAD et al., 2020):

S5-1 .
m, If5<0
Zi= 0 if$=0 4)

S+1 .
Frar U570

Znk scores are normally distributed with variances of 0 and 1. They are used as a measure of trend significance.
The test might be applied against the null hypotheses, HO, when Z is greater than Za/2.(Joshua Ma’aku, 2023)
The Znk value is compared with the standard normal distribution table for the two-tailed test at confidence levels
of a.=1%, a = 5%, and a = 10%.(Ahmad et al., 2018) In a two-tailed test, the null hypothesis (HO) will be accepted
as no trend if the computed value of Zy falls within the interval — Z1-0/2 and Z1-0/2, and thus, H1 is
rejected.(ASWAD, 2020; Joshua Ma’aku, 2023)

3.3 Sen’s Slope Estimator
The slope of the Sen was determined to be the mean of all pair-wise slopes for any pair of points in the dataset.
(ASWAD, 2020).For per slope, the equation will be:

Yj-Yi
mi == (5)
Y;and Y; are data values at time j and i (j > i), respectively. (ASWAD, 2020; Qin et al., 2023) If in the time series
there are n values of Yj, estimates of the slope will be N= n(n-2)/2. The slope of the Sen Estimator is the mean

slope of such slopes, N values. (ASWAD, 2020; Qin et al., 2023)The Sen's slope is:

If nis old,
m="= (6)
m= %(mg + mg) (7)

Positive Sen's slope reveals an upward trend, while negative Sen’s slope suggests a downward trend.(ASWAD,
2020)

3.4 Linear Regression Analysis
For this study, this linear regression analysis (equation 8) has been applied only to the yearly average temperature
trend.(ASWAD et al., 2020)

Y=mx*X+c 8)
4 Result Analysis

4.1 Yearly Trend Analysis

The analysis of the yearly average temperature trend from 1994 to 2024 reveals a significant upward trend, with
the linear regression model indicating an average annual increase of approximately 0.0241°C. The value of R?
equal to 0.4753 indicates that there is a moderate relationship between temperature and year, whereas the p-value
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of 0.0000452 and z-value of 4.08 affirm the existence of a statistically significant trend. Even with the ups and
downs of the temperatures, both the linear regression and Sen's slope methods point to a consistent increase in
temperature throughout the period, which is synonymous with global climate change trends. The equation of the
trendline is:

y = 0.0241 X Year — 22.06 9)

Equation (9) shows a statistically significant positive trend (z = 4.08, p = 0.0000472), explaining 47.53% of the
variance in y (R2 = 0.4753). The slope is significant at approximately the 99.995% confidence level.

Yearly Average Temperature Trend
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Figure 3:Yearly temperature trend of Rajshahi city

4.2 Monthly Trend Analysis

The Mann-Kendall test and Sen’s slope results are shown in Figure 4 (Qin et al., 2023). The Mann-Kendall trend
test and Sen’s Slope estimator were both applied to the monthly average temperature data of Rajshahi City for the
years 1994 to 2024. A 5% significance level (p < 0.05) was used to judge the reliability of the statistics. A positive
trend was found in April (p=0.032), June (p=0.00086), July (p=0.00046), August (p=0.0062), September
(p=0.00015), and October (p=0.0486), with the highest statistical significance in June. Z-values for these six
months varied between 1.97 and 3.79, indicating extremely strong positive trends. On the contrary, January,
February, March, May, November, and December experienced non-significant warming that was not statistically
significant, thus displaying only minor seasonal changes. The long-term trend over the entire 30-year period is
upwards, which suggests that there has been a continuous warming phenomenon year-round. Sen’s Slope indicates
slow but sure monthly average temperature adjoins, consistent with South Asia research showing minimum and
maximum temperatures’ similar increase and decrease trends over the last 30-40 years. Comparing Rajshahi's
warming process with the findings in the IPCC AR6 Working Group II report, Rajshahi’s warming aligns closely
with the trend of urban heat accumulation observed in Asian cities, which is accelerated by urban sprawl,
vegetation loss, and increased emissions from transportation and new industrial evolution. The ARG report puts
forth the argument that urban cities undergo temperature changes at a rate that is almost twice that of nearby
countryside areas, with an even greater problem of heat during the night and an increase in electricity consumption
at the same time.

4.3 Adaptation

Cities should adopt and implement evidence-based measures to cope with heat stress, like remaining inside or in a
shaded area during sunshine hours, wearing caps or using an umbrella before going outside to a sunny area, etc.
The urban greening, which involves park expansion, roadside tree planting, and rooftop gardens, can help to bring
down temperatures of both the surfaces and the air by several degrees. Cool roofing or reflective roofing materials
can cut down indoor heat build-up significantly, and water-based cooling systems and community cooling centers
can give relief to needy people. Further, the preservation of open spaces can be a way to increase urban ventilation
corridors and thus help microclimate regulation. For Rajshahi, it would be very important to combine these
methods within city planning and to revise zoning laws by including sustainability as a criterion.
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Figure 4: Monthly temperature trend of Rajshahi city (Average Temp vs Year)

5 Conclusion

The continuous rise in temperature in Rajshahi City is a clear signal that Urban Heat Island (UHI) effect is getting
more and more pronounced. So, Rajshahi has to switch over to adaptive infrastructure and nature-based solutions
such as tree planting, rooftop gardens and facade greening in order to fight the heat and to improve the life quality
of the residents. Moreover, the policy making should concentrate on the endorsement of the land-use tactics that
are eco-friendly, for instance, preserving water bodies, planting more trees, and permitting the incorporation of air
flow corridors in urban zoning plans. It is important that future studies combine high-resolution land-use data with
satellite-derived surface temperature data so as to have a clearer understanding of spatial variations in urban
thermal dynamics and to pinpoint local heat hotspots. Such spatially detailed studies can lead to the resilience
being built into urban design, helping Rajshahi become a climate-adaptive, sustainable city that not only caters to
future development needs but also has the health of the environment at the forefront. The studies of this nature,
relying on highly detailed spatial data, can aid the resilience incorporation in the urban fabric, thus turning Rajshahi
into a climate and development friendly sustainable city that is not sacrificing environmental health.
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