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• Significant post-2006 increase in extreme heat days (>35°C) detected. 

• Cold extremes (<10°C) declined sharply during 1991–2005. 

• Northern Bangladesh is shifting toward a hotter thermal regime. 

• Continental amplification outweighs Himalayan winter cooling effects. 

Abstract 

Understanding shifts in temperature extremes is crucial for agricultural planning and long-term climate adaptation in 

climatically sensitive regions. This study analyzes daily temperature data from northern Bangladesh (1991–2023) to assess 

changes in extreme heat (>35°C) and cold (<10°C) days, a region influenced by continentality and limited maritime 

moderation. After data quality control, trends were evaluated using the modified Mann–Kendall test, and shifts were detected 

using the Pettitt method. The findings indicate two distinct phases: from 1991 to 2005, cold extremes declined sharply due 

to weakened Himalayan cold surges, whereas heat extremes showed neutral to slightly negative trends. After 2006, all stations 

exhibited strong increases in heat days (τ = 2.88–3.49), driven by intensified continental warming and reduced pre-monsoon 

moisture inflow. Cold-day frequencies remained low, confirming persistent winter warming. Overall, the region is transitioning 

toward a hotter and less thermally variable climate, requiring targeted adaptation strategies. 
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1 Introduction 

Climate extremes have emerged as one of the most pressing 

indicators of the accelerating pace of global climate change 

(Abdullah et al., 2021; Monir et al., 2023). While mean 

temperature trends provide a broad understanding of 

warming, the frequency and intensity of extreme 

temperature events exert the most direct and disruptive 

impacts on ecosystems, agricultural production, human 

health, and regional socio-economic stability (Kumar and 

Sarthi, 2019; Almazroui, 2020; Ehsan et al., 2023). In South 

Asia, where climatic sensitivity is pronounced, extremes 

often shift more rapidly than mean conditions, making them 

a critical focus of contemporary climate research (Roy and 

Balling, 2005; Roxy et al., 2015). 

Northern Bangladesh represents a unique climatic 

transition zone where both intense summer heat and 

pronounced winter coolness coexist within a relatively 

compact geographic area (Khan et al., 2019; Islam et al., 

2020). This duality is strongly influenced by continentality, 

the Himalayan mountain system, and the relative absence of 

maritime moderation from the Bay of Bengal, collectively 

shaping the region’s thermal regime (Manabe et al., 1991; 

Chowdhury and Ndiaye, 2017; Fahad et al., 2018). 

Continental conditions amplify daytime heating and reduce 

night-time cooling, while the Himalayas govern winter cold 

surges through western disturbances and snow cover 

dynamics (Immerzeel, 2008; Hussain et al., 2021). 

Conversely, the lack of proximate maritime influence 

diminishes evaporative cooling and moderate temperature 

extremes less effectively, exacerbating pre-monsoon heat 

and limiting winter chill (Ullah et al., 2018; Costa et al., 2020). 

In recent decades, extreme heat events, commonly 

defined as days exceeding 35°C have become increasingly 

frequent, while cold days, those falling below 10°C, have 

shown a declining trend (Zhang et al., 2005; Oliveira et al., 

2016; Mallick et al., 2022). These transitions have direct 

implications for agricultural timing, winter crop viability, 

water stress, labor productivity, and public health, 

particularly for vulnerable rural communities (Rajib et al., 

2011). However, most previous studies in Bangladesh have 

primarily emphasized mean temperature trends, short 

observational periods, or have concentrated on southern 

and coastal regions where maritime influences dominate, 

leaving the northern inland transition zone comparatively 

underexplored. Yet long-term, station-based assessments of 

temperature extremes integrating these climatic controls 

remain scarce (Easterling et al., 2016; Rahman and Lateh, 

2017). Furthermore, phase-wise (sub-period) evaluations 

and extreme-index-based analyses specifically targeting 

northern Bangladesh are still limited, restricting 

understanding of temporal shifts and spatial heterogeneity in 

extreme temperature behavior. Previous studies have 

primarily focused on seasonal averages or broad national 

trends (Schweikert et al., 2014; Girma et al., 2020; Monir et 

al., 2026), leaving critical questions unanswered: do heat 

extremes rise uniformly across northern Bangladesh, or do 

microclimatic differences, shaped by continental and 

Himalayan influences, result in spatial variability? is the 

decline in cold days consistent, or are there distinct 

temporal phases corresponding to changes in Himalayan 

snow cover or monsoon dynamics? 

Although temperature extremes in Bangladesh have 

been examined in earlier research, most analyses have relied 

on aggregated national datasets, shorter time frames, or 

single-phase trend detection without explicitly integrating 

regional climatic controls. The present study advances 

existing work by combining long-term daily station 

observations with phase-wise Mann–Kendall assessment and 

an explicit continental–Himalayan–maritime interpretative 

framework, thereby offering a process-oriented regional 

evaluation rather than a purely statistical trend description. 

To address these gaps, the present study undertakes a 

comprehensive spatiotemporal assessment of heat-day and 

cold-day frequencies across three meteorological stations in 

northern Bangladesh from 1991 to 2023. Using the non-

parametric Mann–Kendall trend test, long-term trajectories 

of extremes are evaluated, and the record is divided into two 

sub-periods (1991–2005 and 2006–2023) to detect shifts in 

trend intensity. By explicitly considering continental–

Himalayan controls and the moderating influence of 

maritime absence, this approach provides a clearer 

understanding of how regional climate drivers are 

modulating extreme temperature events over time. 

By integrating multi-station data with robust trend 

detection and climatic interpretation, the study offers a 

nuanced depiction of temperature-extreme transitions in a 

climatically sensitive region. The findings provide essential 

insights for climate-risk planning, agro-meteorological 

management, and long-term adaptation strategies, 

highlighting the growing importance of extreme events 

rather than averages in shaping environmental and socio-

economic futures in northern Bangladesh. 

2 Data and methods 

2.1 Selection of the study area 

Northern Bangladesh was selected as the study area because 

its thermal regime is uniquely shaped by two major 
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geographic controls: its proximity to the Himalayan foothills 

and its considerable distance from the Bay of Bengal. The 

region experiences a subtropical monsoonal climate with 

high seasonal variability in temperature and rainfall, which 

strongly influences local cropping patterns, soil moisture 

regimes, and agricultural productivity. These agro-climatic 

conditions make Northern Bangladesh particularly suitable 

for examining the spatial and temporal patterns of 

temperature extremes and their potential impacts on 

agriculture and livelihoods (Islam et al., 2021). This area lies 

approximately between 25°20' and 26°37' north latitudes 

and between 88°50' and 89°53' east longitudes (Fig. 1). 

2.2 Data types 

This study utilizes daily maximum and minimum temperature 

data collected from the Bangladesh Meteorological 

Department (BMD) for three stations in northern 

Bangladesh: Syedpur, Dinajpur, and Rangpur. From these 

daily observations, the annual counts of heat days (T > 35°C) 

and cold days (T < 10°C) were derived for the period 1991–

2023 to assess long-term changes in temperature extremes. 

The selected fixed thresholds (35°C for heat days and 10°C 

for cold days) are consistent with the operational definitions 

commonly used by the BMD to characterize hot and cold 

conditions in Bangladesh. In the northern region, maximum 

temperatures exceeding 35°C are typically associated with 

heatwave-like conditions during the pre-monsoon season, 

while minimum temperatures below 10°C are considered 

cold stress conditions during winter. These thresholds are 

widely applied in regional climatological assessments and 

impact-based studies. Although percentile-based indices 

(e.g., 90th or 10th percentiles) are frequently used in climate 

extreme studies, fixed thresholds were adopted here to 

better reflect locally relevant thermal stress conditions and 

to ensure consistency with national meteorological 

reporting practices. 

Three meteorological stations (Syedpur, Dinajpur, and 

Rangpur) were used in this study. These sites represent the 

principal synoptic stations in northern Bangladesh and 

provide long-term, continuous, and quality-controlled 

temperature records for the period 1991–2023. These 

stations are geographically distributed across the 

northwestern floodplain region and are widely used in 

regional climatological assessments conducted by the BMD. 

The spatial proximity of the stations and the relatively 

homogeneous physiographic characteristics of the northern 

floodplain reduce large topographic-induced microclimatic 

variability. Therefore, the selected stations are considered 

representative of the broader regional temperature 

behavior. 

 

Figure 1. Geographical location of the study area with the location of weather stations. 
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2.3 Methods 

2.3.1 Data quality control 

Temperature data were checked and corrected using 

standard procedures. Missing values were filled using the 

standard ratio method, while outliers were screened with 

Grubbs’ test. Autocorrelation was evaluated using the 

Durbin–Watson statistic, and record consistency was 

verified through Alexandersson’s homogeneity test. These 

steps ensured a clean, reliable, and homogeneous dataset for 

analysis (Table 1). 

The proportion of missing data was relatively low across 

the three stations, accounting for 1.8% in Syedpur, 2.3% in 

Dinajpur, and 1.5% in Rangpur over the study period (1991–

2023). These missing observations were primarily associated 

with short-term instrument malfunction and were infilled 

using the regression-based standard ratio method with 

neighboring station data. Outlier detection using Grubbs’ 

test identified 3 extreme values in Syedpur, 2 in Dinajpur, 

and 4 in Rangpur at the 95% confidence level (p < 0.05). 

These values were cross-checked with original station 

records and nearby station observations; confirmed 

anomalous values were corrected through interpolation, 

while verified extreme climate events were retained. 

Homogeneity testing using Alexandersson’s Standard 

Normal Homogeneity Test (SNHT) indicated that the 

temperature series were statistically homogeneous. The 

calculated SNHT test statistics (T₀) were 6.12 for Syedpur, 

5.48 for Dinajpur, and 6.85 for Rangpur, all below the critical 

value of 8.5 at the 5% significance level. Therefore, the null 

hypothesis of homogeneity could not be rejected, confirming 

the absence of significant breakpoints in the temperature 

records. The Durbin–Watson statistics ranged between 1.82 

and 2.07 across the stations, indicating no significant first-

order autocorrelation in the annual extreme temperature 

indices. 

2.3.2 Trend analysis using the modified Maan-Kendall test 

The Mann-Kendall test treats yi and yj as two subsets of the 

time series of the n data, where i and j refer to years. j refers 

to one added year with i. As a result, the Mann-Kendall 

statistics specified in Eqs. 1, 2, and 3 are as follows: 

 

𝑆 =  ∑ ∑ 𝑠𝑖𝑔𝑛(𝑦𝑗 − 𝑦𝑖)
𝑛
𝑗=𝑖+1

𝑛−1
𝑗=1   (1) 

 

Where, yj is the yearly value for j year, and yi is the yearly 

value for i year. 

 

𝑉𝑎𝑟(𝑆) =  
(𝑛(𝑛−1)(2𝑛+5)−∑ 𝑡(𝑡−1)(2𝑡+5))𝑡

18
 (2) 

 

Z = 

{
 
 

 
 

𝑆−1

√𝑉𝑎𝑟(𝑆)
𝑖𝑓 𝑆 > 0

0 𝑖𝑓 𝑆 = 0
𝑆+1

√𝑉𝑎𝑟(𝑆)
𝑖𝑓 𝑆 < 0

}
 
 

 
 

  (3) 

 

The upward (growing) trend is therefore shown by 

positive values of “Z”, whereas the downward (decreasing) 

trend is shown by negative values of “Z” (Anand et al., 2020). 

The significance threshold for the current study was α = 

0.05, which had a 95% confidence level. 

Table 1. Overview of quality assurance procedures for temperature data processing. 

Steps Methods Statistics Source 

Missing data 

estimation 

Regression-based 

method (neighboring 

station based) 

𝑌 = 
1

𝑛
∑

𝑁𝑠
𝑁𝑖
𝑋𝑖

𝑛

𝑖−1

 
Widiputra (2015) 

Outlier detection Grubb’s test 𝑇1 = 
𝑋̅−𝑋1

𝑆
, 𝑇𝑛 =  

𝑋𝑛−𝑋̅

𝑆
 Grubbs (1950) 

Autocorrelation 

identification 

Durbin-Waston 

statistics 
𝑑 = ∑ (𝑒𝑡 − 𝑒𝑡 − 1)

2/∑ 𝑒𝑡
2

𝑇

𝑡=1

𝑇

𝑡=2
 

Kramer (2011) 

Testing 

homogeneity 

Alexandersson’s 

standard regular 

homogeneity test 

𝑁 = ∑(𝑋𝑖 −𝑋𝑖+1)
2/∑(𝑋𝑖 − 𝑋̅)

2

𝑛

𝑖=1

𝑛−1

𝑖=1

 
von Neumann (1941) 
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2.3.3 Change point detection using Pettit test 

The resulting test statistics are stated in Eqs. 4, 5, and 6, 

when the duration of the study period is denoted by t and 

the shift occurs at m years (Zhang and Lu, 2009). 

 

𝑢𝑡,𝑚 =  ∑ ∑ 𝑠𝑖𝑔𝑛(𝑘𝑖 − 𝑘𝑗)
𝑡
𝑡+1

𝑚
𝑖=1   (4) 

 

𝑍𝑇 = 𝑀𝑎𝑥𝑈𝑡,𝑚 1 ≤ 𝑡 ≤ 𝑚  (5) 

 

𝑃 = 1 − exp (
−6𝑍𝑇

2

𝐾2+𝐾3
)   (6) 

 

3 Result and discussion 

3.1 Trends in heat extremes (above 35°C) 

Analysis of the 33-year dataset (1991–2023) reveals a 

statistically significant and spatially coherent increase in heat 

extremes across Syedpur, Dinajpur, and Rangpur (Fig. 2). 

Over the entire study period, the Mann–Kendall test 

indicates strong positive trends in Syedpur (Z = 4.04) and 

Rangpur (Z = 2.38), both significant at the 5% level. Dinajpur 

also exhibits a positive trend (Z = 1.83), though slightly 

below the 5% significance threshold (Table 2). These 

findings confirm a pronounced intensification of extremely 

hot days (>35°C) in northern Bangladesh during the past 

three decades. Similar increases in extreme heat events have 

been documented globally, including in South Asia, East Asia, 

Europe, and North America, reflecting a widespread pattern 

of warming extremes (IPCC, 2023). The observed trends in 

Bangladesh are consistent with these global patterns and 

likely arise from a combination of anthropogenic greenhouse 

gas forcing, altered atmospheric circulation, and land-

atmosphere interactions, indicating that local intensification 

of heat extremes is part of a broader global climate signal. 

A phase-wise analysis reveals a distinct temporal 

asymmetry. During 1991–2005, heat-day trends were 

negative in all stations (Z = −0.62 in Syedpur, −1.48 in 

Dinajpur, and −1.91 in Rangpur), none of which reached 

statistical significance at the 5% level. This indicates that, 

despite ongoing background warming, the early phase did 

not yet manifest a statistically robust increase in extreme 

heat frequency. 

In contrast, the 2006–2023 period marks a clear climatic 

transition. All stations show strong and statistically significant 

increasing trends in heat days, with Z values of 4.11 

(Syedpur), 3.74 (Dinajpur), and 4.26 (Rangpur). These values 

substantially exceed the critical threshold (±1.96), indicating 

accelerated and widespread intensification of heat extremes 

after the mid-2000s. The magnitude and consistency of these 

trends suggest the emergence of a new thermal regime 

characterized by more frequent extreme hot days. 

This post-2006 escalation aligns with broader regional 

warming trends across South Asia and but also with 

observed increases in heat extremes in many parts of the 

globe, including East Asia, Europe, and North America 

(IPCC, 2023) and may be associated with strengthened 

continental heat advection from the Indo-Gangetic Plain and 

reduced pre-monsoon moisture inflow from the Bay of 

Bengal (Rahman and Lateh, 2017). Globally, the 

 

Figure 2. Trends in annual frequency of extreme hot days (>35°C) across Northern Bangladesh. 
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intensification of extreme heat days has been attributed to a 

combination of anthropogenic greenhouse gas forcing, 

changes in land-atmosphere interactions, and altered 

atmospheric circulation patterns. Enhanced continental 

dominance, coupled with suppressed evaporative cooling 

during dry pre-monsoon phases, likely created conditions 

conducive to persistent heat extremes (Khan et al., 2019). 

Notably, Rangpur historically influenced by relatively cooler 

Himalayan proximity, shows one of the strongest post-2006 

increases, suggesting a reduced moderating influence of 

regional cooling mechanisms and a growing imprint of 

continental warming on northern Bangladesh. 

3.2 Trends in cold extremes (below 10°C) 

Cold extremes exhibit an overall declining trend across 

northern Bangladesh, although the magnitude and statistical 

significance vary across temporal phases (Fig. 3). For the full 

period (1991–2023), the Mann–Kendall test reveals 

statistically significant negative trends in all three stations: 

Syedpur (Z = −2.74), Dinajpur (Z = −3.12), and Rangpur (Z 

= −3.18), all exceeding the 5% 

significance threshold (±1.96). These 

results confirm a substantial and 

persistent reduction in the frequency 

of cold days (<10°C) over the past 

three decades. 

The sub-period analysis 

highlights that the most pronounced 

decline occurred during 1991–2005. 

All stations recorded strong and 

statistically significant negative trends, 

with Z values of −2.36 (Syedpur), 

−2.41 (Dinajpur), and −2.52 (Rangpur). This indicates that 

winter warming emerged earlier and more consistently than 

the intensification of summer heat extremes, suggesting an 

early contraction of cold conditions in the regional thermal 

regime (Zhang et al., 2022). 

In contrast, the 2006–2023 period presents weaker and 

statistically non-significant trends. Although Z values remain 

negative in Syedpur (−0.84), Dinajpur (−0.52), and Rangpur 

(−1.37), none exceed the critical threshold for significance 

at the 5% level. This suggests that while the decline in cold 

extremes continued, the rate of reduction slowed compared 

to the earlier period. Importantly, despite this stabilization in 

trend magnitude, the overall frequency of cold days 

remained markedly lower than in the 1990s, confirming a 

long-term contraction of winter cold conditions (Zhang et 

al., 2022). The observed reduction in cold extremes may be 

associated with weakened Himalayan cold-air incursions and 

altered winter circulation patterns over the Indo-Gangetic 

Plain, as documented in previous regional studies (Fahad et 

Table 2. Mann-Kendall test data for heat (above 35°C) and cold (below 10°C) days. The Z-scores 

at 5% significance level. 

Temporal span Above 35°C days Below 10°C days 

Syedpur Dinajpur Rangpur Syedpur Dinajpur Rangpur 

1991-2023 4.04 1.83 2.38 -2.74 -3.12 -3.18 

1991-2005 -0.62 -1.48 -1.91 -2.36 -2.41 -2.52 

2006-2023 4.11 3.74 4.26 -0.84 -0.52 -1.37 

 

 

Figure 3. Trends in annual frequency of extreme cold days (<10°C) across Northern Bangladesh. 
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al., 2018). It is virtually certain that the frequency and 

intensity of cold extremes have decreased on the global scale 

since the mid‑20th century, in part due to large‑scale 

circulation changes associated with global warming and 

reduced cold‑air advection (Russo et al., 2014). Additionally, 

gradual increases in humidity and regional warming likely 

reduced nighttime radiative cooling efficiency. Expanding 

built-up surfaces and intensified land-use activities may have 

further enhanced local heat retention, reinforcing the decline 

of winter cold days (Girma et al., 2020). A 2025 study found 

that surface urban heat island effects are intensifying more 

rapidly in many cities globally, especially in lower‑income 

economies, highlighting how expanding urban land and 

impervious surfaces increase local temperature retention 

and climate extremes (Yuan et al., 2025). However, these 

mechanisms are interpreted as plausible climatic linkages 

based on existing literature rather than directly diagnosed 

atmospheric analyses within the present study. 

3.3 Continental–Himalayan controls on 

thermal extremes 

The combined phase-specific trends indicate a dual climatic 

transformation driven by shifting regional controls. The 

observed decline in cold extremes is consistent with 

previous studies suggesting a possible role of weakened 

Himalayan cold-air incursions (Hussain et al., 2021; 

Tabassum et al., 2024), though the present study does not 

directly measure atmospheric circulation or snow-cover 

variability. Research across the Northern Hemisphere 

shows that extreme cold surges have weakened in recent 

decades, consistent with anthropogenic forcing altering 

circulation and reducing cold event strength (Nie et al., 

2025). Therefore, these interpretations should be 

considered as plausible explanations rather than definitive 

causes. The early decline in cold extremes and the post-2006 

increase in heat days suggest a potential shift in the relative 

influence of Himalayan and continental factors, although this 

inference is based on statistical trends rather than direct 

atmospheric measurements. These findings demonstrate a 

fundamental reorganization of temperature extremes in a 

climatically transitional region situated between two major 

climatic drivers, the Himalayan cryosphere and the Bay of 

Bengal moisture system (Roy and Balling, 2005; Mallick et al., 

2022). This evolving interplay is altering both the frequency 

and intensity of heat and cold extremes, with far-reaching 

implications for agricultural productivity, public health, and 

regional climate resilience. 

The Himalayan region is suggested to influence winter 

temperature extremes in northern Bangladesh by 

modulating cold surges via western disturbances and 

snowpack conditions (Kumar et al., 2015; Tabassum et al., 

2024). A potential reduction in Himalayan snow cover may 

contribute to weaker cold surges, possibly resulting in 

shorter or less intense winter periods, and could indirectly 

affect pre-monsoon conditions that favor increased heat-day 

occurrences (≥35°C) (Bhattacharjee et al., 2022). While the 

Mann–Kendall analysis shows trends consistent with this 

duality, these associations are inferred from literature and 

statistical patterns rather than directly measured in this 

study. This mechanism highlights the importance of 

Himalayan forcings as a fundamental climatic control over 

the region’s thermal regime (Rawat et al., 2022). 

Northern Bangladesh’s inland location, far removed 

from the moderating influence of the Bay of Bengal, further 

exacerbates the region’s temperature extremes through 

continentality effects. Maritime proximity in southern 

Bangladesh provides natural thermal buffering via sea 

breezes and evaporative cooling, reducing both daytime 

heating and night-time warming (Ghiami-Shamami et al., 

2019). In contrast, the northern districts of Syedpur, 

Dinajpur, and Rangpur experience minimal maritime 

modulation, resulting in rapid daytime heating and higher 

maximum temperatures, while nighttime cooling is less 

constrained, contributing to a large diurnal temperature 

range. This continental amplification, when combined with 

regional warming, manifests as a notable increase in heat-day 

frequency, particularly during pre-monsoon months. 

Simultaneously, the absence of maritime influence prevents 

effective mitigation of winter warming, allowing the decline 

of cold days to persist. The interplay between continentality 

and Himalayan modulation thus provides a comprehensive 

explanation for the observed spatiotemporal patterns of 

temperature extremes in northern Bangladesh, reinforcing 

the need to consider both large-scale and local climatic 

drivers in regional climate assessments (Abdullah et al., 

2021). 

The reliance on data from three stations may not fully 

capture microclimatic variability; the focus on temperature 

alone excludes drivers such as humidity, radiation, and wind. 

Future research should integrate high-resolution regional 

climate models, evaluate the influences of the Himalayas and 

the Bay of Bengal through circulation diagnostics, and 

examine land-use dynamics, such as irrigation intensification 

and urban expansion, to understand the local feedback on 

thermal extremes. Expanding the observational network and 

linking thermal extremes to agronomic and health outcomes 

would further strengthen climate-risk planning. Despite 

these constraints, the findings provide robust evidence that 

northern Bangladesh is experiencing accelerated warming 

and weakened winter cooling, highlighting the urgency of 
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developing multi-scale adaptation strategies informed by 

both regional climate drivers and local environmental 

conditions. 

4 Conclusion 

This study provides a spatiotemporal assessment of heat and 

cold extremes in northern Bangladesh, revealing a 

fundamental climatic shift driven by the interplay of 

continental–Himalayan forcing and the region’s distance 

from maritime moderation. The results show a pronounced 

post-2006 escalation in extreme heat days (>35°C) across 

all stations, reflecting intensified continental warming, 

reduced evaporative cooling, and weakened pre-monsoon 

moisture inflow. In contrast, cold extremes (<10°C) have 

declined steadily since the early 1990s, particularly between 

1991 and 2005, consistent with diminishing influence of 

Himalayan cold surges, reduced snow cover, and altered 

winter circulation patterns. These trends suggest a shift 

toward a hotter and less thermally variable climate in a 

region historically characterized by pronounced seasonal 

contrasts. The shifting temperature extremes could impact 

agricultural scheduling, winter crop viability, public health, 

and broader climate-resilience planning. 
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