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Abstract

Bangladesh has experienced rapid urbanization over the past two decades, leading to a significant loss of
vegetation. Vegetation plays a vital role in the local climate, as vegetation changes effectively, it affects the
rainfall pattern and Temperature. This study aims to investigate how changes in vegetation impact rainfall and
temperature patterns across Bangladesh from 2000 to 2024, employing a remote sensing-based approach.
Normalized Difference Vegetation Index (NDVI) data, derived from MODIS sensors using Google Earth Engine
(GEE) and processed in ArcGIS 10.8, were used to assess vegetation cover, while rainfall and temperature data
were sourced from the Climate Hazards Group InfraRed Precipitation (CHIRPS) and MODIS, respectively. The
relationship between changes in vegetation measured by NDVI and local climate was explored by spatial
correlation analysis. The outcome of this study shows an increase in NDVI (r = 0.2952), rainfall (r = 0.0022),
and temperature (r = 0.0095), due to climate change impacts. The correlation coefficients between annual NDVI
and rainfall, and annual NDVI and temperature were found to be R? = 0.1697 and R? = 0.645, respectively.
These findings will contribute to agriculture, food security, water resources, livelihoods, rural economy, disaster
risk, planning, and policy making
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1. Introduction

As a monsoon-dominated subtropical nation, Bangladesh has experienced a major shift in environment and land-use
alteration over the last twenty years due to high urbanization, increasing agricultural output, and clearings. Vegetation has
such an important role in a local and a regional climate due to variation of evapotranspiration, surface energy balance, and
atmospheric moisture (Bonan et al., 2008; Pielke et al., 2011). NDVI, as one of the indicators of the greenness and health of
vegetation cover, generated through satellite remote sensing, can be used as a tool to monitor on a large scale, temporal and
spatial variations in vegetation cover (Didan et al., 2021; Myneni et al., 1997).

Previously, numerous studies have been conducted throughout Bangladesh regarding the effects of climatic parameters
(rainfall and temperature) on vegetation dynamics, reporting significant correlations between the variability in the NDVI and
the monsoon patterns of rainfall(Das et al., 2023) . The NDVI, when considered in the context of wet seasons, on most
occasions, is positively correlated with rainfall, as a result of the soil moisture being higher during wet seasons, and the
temperature has more seasonal variation and geographical variability. Nonetheless, in recent, i.e., how variations in
vegetation cover affect the local climatic variables, including rainfall and land surface temperature (LST), have not yet been
thoroughly studied in Bangladesh although it has been confirmed globally that vegetation can alter microclimates and
regional hydrological processes proactively (Spracklen et al., 2012; Ellison et al., 2017). Deforestation of the Amazon and
the tropical regions of Africa has been attributed to diminished rainfall and temperature changes due to the distortion of
evapotranspiration and surface roughness (Lawrence & Vandecar et al., 2015; Gordon et al., 2005). This gap of knowledge is
important regarding the idea that vegetation changes due to urbanization, land use change, and afforestation or deforestation
programs may significantly change the hydroclimatic conditions of Bangladesh, and this will affect agriculture, water
resources, and climate resilience (MoEFCC et al., 2023). There have been a limited number of studies that quantitatively
evaluated the long-term impacts of vegetation dynamics on rainfall and temperature in Bangladesh based on multi-decadal
observations and season-by-season analysis. In addition, earlier studies tend to concentrate on vegetation as a factor of
climatic change, when in fact, it is also a possible independent cause of climatic fluctuation. This study aims primarily to
bridge this gap by examining the effects that vegetation dynamics represented by NDVI trends have had on rainfall and land
surface temperature in Bangladesh from 2000 to 2024.
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This study seeks to produce new knowledge of the vegetation-climate interaction in a rapidly transforming and climate-
sensitive monsoon landscape by reversing thinking about vegetation as an inactive element in the climate system. The
implications of the research will deepen knowledge that forms the basis of making climate-resilient land management and
agricultural policies in Bangladesh, which promote sustainable use of natural resources with continued urbanization and
climate change variability.

2. Materials and methodology
2.1 Study Area

Geographically, Bangladesh lies between 20.5°N to 26.5°N latitude and 87.5°E to 93.5°E longitude in the region
of South Asia with some 148,460 km? in area. India borders it on the west, the north, and the east, Myanmar on
the east, and the Bay of Bengal on the south. The geography of the country mainly boasts of lush fertile flood
plains courtesy of the rivers Ganges, Brahmaputra, and Meghna, and miscellaneous areas in the southeast and
northeast consisting of hills. These attributes make it have a high ecological diversity and a dynamic nature of
land characteristics. The climate of Bangladesh is well described as subtropical monsoon with four distinct
seasons, and these include a pre-monsoon, monsoon, post-monsoon, and dry season. The country is extremely
subject to shifts in the environment with the seasons. Monsoon season is usually the hottest (June to September),
and high humidity and dense cloud cover are observed during the monsoon season (Islam et al., 2020). Flora in
Bangladesh is widespread and depends on geo physiographic divisions. Semi-evergreen and evergreen forests
occur in the east hill tracts (Sylhet and Chattogram). It has swampy vegetation and cultivated land in the central
floodplains. The south western and north western areas are characterized by farmlands and orchards, and the
southern coastal strip plays host to the Sundarbans, the largest mangrove forest across the world and a UNESCO
World Heritage Site (MoEFCC et al., 2023).

2.2 Data Collection and Processing

Satellite-derived secondary data were used in the analysis, and the data used were processed mainly with Google
Earth Engine (GEE), and the area of interest was set based on the FAO GAUL 2015 dataset so that the average
calculations could be made at the national scale. Vegetation health was measured using the Normalized
Difference Vegetation Index (NDVI) product of the MODIS Terra MOD13QL1 Version 6.1 (Didan et al., 2021),
composited at a 16-day interval with a 250-m resolution. NDVI values were scaled by 0.0001 and compiled as
the mean during a month. The MODIS Terra MOD11A1 Version 6.1 product generated Land Surface
Temperature (LST) that provides daily LST at 1 km resolution. These values were expressed in degrees Celsius
by means of an equation: (LST x 0.02) - 273.15, and then LST were averaged monthly. Rainfall data came in
the form of the CHIRPS Daily dataset (Funk et al., 2015) that interpolates satellite and ground station
observations to provide ~5 km resolution. Each day's rain was added and accumulated into months, and an
average over Bangladesh was calculated. In order to examine the season changes, the year was split into four
climatological seasons as pre-monsoon (March-May), monsoon (June-August), post-monsoon (September-
October), and dry or winter (November-February). NDVI, LST, and precipitation values have been grouped by
seasons in order to be compared. Simple linear regression analysis of each of the seasons was conducted to
investigate the relationship between NDVI and the two climatic variables. Such a method permitted quantifying
the strength and direction of correlation in time and seasons. Both seasonal and long-term datasets have been
exported as CSV and analyzed with Microsoft Excel and ArcGIS 10.8 to visualize and spatially confirm the
dataset. This standardized statistical and processing mechanism helps establish an illustration of vegetation
patterns in Bangladesh, seasonal versus long-term changes in the climatic patterns. (MoEFCC et al., 2023)
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3. Results & Discussion
3.1 Seasonal Relationship Between NDVI and Rainfall

The interaction between the average NDVI and total rainfall in Bangladesh between the years 2000 and 2024
has been demonstrated in a linear regression in Fig.3.1 Rainfall Vs NDVI of different seasons. During the dry
period, the relationship seems insignificantly positive (R> = 0.1904), which implies that when the rainfall
becomes higher, then vegetation greenness also becomes a bit higher. Nevertheless, R? indicates a low impact of
rainfall on NDVI during the season, probably because of low evapotranspiration and vegetation dormancy. The
regression line is negative in the pre-monsoon season, and it exhibits a high correlation (R?= 0.3193). Such an
inverse relationship implies that an increase in rainfall may not imply that there will be greener vegetation at this
time. This season may have these factors causing the surprising trend delay in vegetation response and high
temperature stress. During the monsoon, the positive correlation is not found as could be expected. Regression
shows a weak negative correlation (R?= 0.1366), which means that although the precipitation is optimal, NDVI
does not always increase. It might also be because of the copious rainfall in some regions, causing waterlogging,
reduced NDVI measurements because of clouds, and saturation in biomass growth. The negativity of the
relationship between the post-monsoon season also has a negative relationship (R? = 0.1697), but to a lesser
extent. The pattern could suggest lingering moisture on encouraging vegetation as rainfall is dwindling,
suggesting a delayed or decoupled reaction of NDVI to rainfall in the late maturing period. In general, these data
indicate that, although rainfall is a very important factor that promotes vegetation growth, seasonal NDVI and
rainfall do not undergo constant changes in Bangladesh. Changes in Earth temperature, soil capacity to hold
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water, land use modification, and vegetation are some factors that can moderate this relationship. Non-linear and
weak-moderate correlations between vegetation and climate help bring out the complexity of the relationship
between vegetation and climatic structures in a subtropical country with monsoon characteristics in Bangladesh
(Das et al., 2003).

3.2 Seasonal Relationship Between NDVI and Land Surface Temperature (LST)

The seasonal relationship between NDVI and LST over Bangladesh in the period between 2000 and 2024, with
linear regression, is presented in Fig. 3.2. The six subplots have been symbolized as the four climatic seasons:
dry, pre-monsoon, monsoon, and post-monsoon. NDVI and the LST are significantly and relatively strongly
correlated during the dry season (R?= 0.3862). This implies that warmer climatic conditions can facilitate green
vegetation, probably because the weather is sunny and the evaporation is moderate, facilitating winter farming
activities. In the pre-monsoon season, the relation seems to be a little less favorable (R?= 0.0306), but the
correlation is not strong. This could simply imply that higher-than-normal temperatures (usually above 35°C)
experienced during this time exert heat stress in the vegetation, which, in spite of the increased daylight, means
the reduction in NDVI values. During a monsoon period, the correlation between NDVI and LST is small (R? =
0.0387), which may be attributed to homogeneous cloudiness and lower temperatures, which provide
appropriate conditions for plants. Nevertheless, the low correlation suggests that there is minimal suppression of
vegetation by LST during this season because rainfall is the most active growth factor. The post-monsoon
season is loosely positively correlated as well (R? = 0.0217). In this case, although LST is starting to increase
now, monsoon leftovers keep vegetation active, which can make the NDV1 relatively high even as temperatures
rise. In general, the NDVI-LST association would seem to be season-sensitive and less reliable in Bangladesh,
where NDVI related well to LST during the dry and post-monsoon seasons but not during hotter times of the
year in pre-monsoons. The results show that Bangladesh vegetation is vulnerable to temperature extremes,
especially the heat stress condition during the pre-monsoon, and moderate temperatures favor greenness during
winter and post-monsoon. Such seasonal observations are in line with earlier literature suggesting that
vegetation will respond to temperature changes on a threshold basis, and how they are mediated by water
availability.
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Fig.4 Changes in (a) NDVI (b) Rainfall & (c) LST over Bangladesh between 2000 and 2024
4.3 Seasonal Trends in NDVI-Climate Variable Correlations

The figure 3.3 of the Correlation coefficient demonstrates the seasonal patterns of correlation between NDVI
and two climate factors (rainfall and land surface temperature) in Bangladesh, indicating that it affects
vegetation in a multi-seasonal manner. The highest coefficient of correlation between NDVI and rainfall is
during pre-monsoon (r = 0.5651), indicative of the need to get early rains, which facilitate crop emergence, and
natural green up, following the dry spell. The least correlation is observed during the monsoon season (r =
0.3696), due to the saturation and waterlogging that might have covered the vegetation, along with the clouds
interfering during the measurement of NDVI. Dry (r = 0.4363) and post-monsoon (r = 0.4119) seasons indicate
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moderate correlations, which argue that residual moisture shows effects on the vegetation. An almost perfectly
flat line depicting the strength of the correlation between rainfall and the vegetation (slope = -0.0269, R?=
0.1697) gives a hint of further effects of irrigation, land-use patterns, and crop patterns reducing the direct effect
of rainfall on vegetation. The relationship between LST and NDVI records the greatest rate during the dry
seasons (r =0.6214) because the temperature and sunshine are moderate, which promotes winter crops and
vegetation. This relationship decreases drastically in times of pre-monsoon (r = 0.1749), monsoon (r = 0.1967),
and post-monsoon (r = 0.1473) since heat stress, moisture, and cloud cover limit the impacts of heat on
vegetation. The down trend in slopes of the NDVI and LST correlation across seasons (slope = -0.1410, R? =
0.645) reveals that climatic drivers prevailing during dry and wet seasons change temperature and dry season as
well as rainfall and moisture during wet seasons. Together, these trends refer to the seasonality of the vegetation-
climate relations in Bangladesh and to the fact that the climate factors alternate with the anthropogenic ones
associated with irrigation and the management of the land usage, which is why the vegetation and land
management strategies are to be seasonalized.

The seasonal overview confirms the difficulty and variability of vegetation reactions to climatic factors of the
Bangladesh monsoonal environment. Greater importance in the pre-monsoon season due to the strong influence
of rainfall explains the importance of early rains in priming vegetation in the recovery phase of dry spell, with
weaker or negative correlations during the monsoon and post-monsoon seasons indicating that heavy rainfall
and other factors such as waterlogged soil and cloud cover would restrict vegetation response. Temperature, on
the other hand, has the most significant control in the dry season, where warm to moderate temperatures and
sunlight facilitate the growth of vegetation, particularly in the winter crops system. The significant reduction in
the influence of temperature in the dry season further proves the fact that moisture is the controlling factor in
summers and rains as far as the health of vegetation is concerned during these seasons. The above-described
gradual decline in the significance over time of both rain intensity and temperature correlations suggests that
non-climatic processes, which include irrigation extension, land use, and agricultural activities, increasingly
synchronize the vegetation dynamics, thus simple climate-vegetation relations are becoming less predictable.
Such a general trend brings the need to take into account the presence of seasonal effects and various interacting
drivers in the study of vegetation trends and towards informed decision-making in Bangladesh towards
sustainable practices of land and water resources management.
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5. Conclusion

The study has explored environmental dynamics in Bangladesh since 2000 -2024 through the seasonal
depictions of relationships between NDVI and two important climatic variables, rainfall and LST. The findings
demonstrate that there is clear seasonal behavior: the NDVI index is highly positively correlated with the
rainfall in the pre-monsoon period, which supports the weight of early rains and vegetation growing and crop
establishment. Conversely, during the dry season, NDVI is best correlated with the LST because the landscape
during that time has moderate temperatures with clear skies, enhancing the vegetation activity. These
relationships, however, strengthen significantly during the non-monsoon and post-monsoon seasons, possibly
due to the greater influence of other factors causing vegetation to respond less to individual factors, and factors
hindering NDVI detection, such as too much rainfall, waterlogging, cloud cover, and heat stress. The overall
magnitude of the relationships that exist between NDVI and rainfall and LST has gradually decreased during the
25-year period of study. What this trend foreshadows is that climatic variability, which is one of the main
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sources of vegetation variability, is no longer being exercised directly. Increasingly, however, anthropogenic
causes, including urbanization, intensified irrigation, and land-use change-are playing an increasingly dominant
role in regulating vegetation patterns, resulting in the decoupling of vegetation patterns and natural climate
changes. The following changing relationships bring out the complexity of vegetation and management of
natural resources in humid Bangladesh, where it is driven by the rain-filled monsoonal subtropical climate.

Application of satellite-based data allowed large-time and space coverage of these dynamics but was also
limited by medium spatial resolution, effects of cloud contamination, and use of national average values, which
can suppress any local-scale variations. In addition, the linear correlation and regression analyses used do not
measure the effect of socio-environmental evaluation on an ecological response that may be non-linear and
lagged. Further studies, which will also embrace higher resolution remote sensing data and on-the-ground data,
and the incorporation of socioeconomic and land use data, will be necessary to further the understanding. Such
multi-dimensional strategies play an essential role in guiding region-specific and climate-smart land and
agricultural management practices in countries like Bangladesh, especially within the background of fast-
changing environments and climates
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