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Abstract

Excessive exposure to nocturnal artificial light is a global problem with deep consequences in ecosystems, human
health, and the naturally occurring continuity events. The rapid growth of Dhaka, a city with extreme population
density, has seen a boom in nighttime light pollution over the last 10 years. Using VIIRS Day/Night Band (DNB)
satellite data and the Remote Sensing Ecological Index (RSEI), which aggregates greenness, wetness, temperature,
and dryness, this study evaluates the spatiotemporal variation of light pollution and ecological effects during 2015—
2023. The results demonstrated that regions with higher nighttime radiance generally possess lower ecological
index values, suggesting an incremental degradation of ecological quality. From 2015 to 2023, the radiance
increased from 22,065.411 nW/cm?/sr to 38,415.472 nW/cmz/sr. The ecological index maps of Dhaka District from
2015 to 2023 reveal a marked decline in environmental quality, with previously "Good" areas like Tejgaon and
Keraniganj deteriorating due to increased urbanization and vegetation loss. Additionally, a growing negative
correlation between light pollution and the Remote Sensing Ecological Index (RSEI) highlights the rising
ecological risk posed by artificial lighting in urban environments. This turns the attention to urban and
environmental policies of Dhaka that urgently need to tackle the issue of light pollution for long-term benefits. The
study further reflects the importance of remote sensing and ecological modeling in sustainable urban planning and
ecological resilience.
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1 Introduction

Light pollution, the result of an excessive amount of light or poorly directed artificial lighting, amongst other
pollutants, interrupts the natural day-night cycle in most components of the biosphere, different ecosystems,
biodiversity, and human health (Abdullahi et al., 2016). Light pollution, which is basically described as an
improper or over-utilization of artificial light, comes in many forms, such as skyglow, glare, light trespass and
clutter. Besides interfering with astronomic observation, its general ecological effects have raised global alarm
(Tanha et al., 2024). One of the biggest changes to the natural environment is the rise in nighttime light levels
caused by artificial lighting. With the spread of streetlights and electric lights everywhere, the natural pattern of
day and night is being disrupted. This loss of darkness affects many species and habitats, disturbing animal
movements and their internal biological cycles due to constant exposure to outdoor lighting (Abdullahi et al.,
2016). Light pollution can disrupt the ecological balance of local environments (McKinney & Schoch, 2003). In
Bangladesh, particularly in its capital city, Dhaka, light pollution is becoming a significant urban issue. The city's
rapid population growth, unchecked infrastructure development, and absence of a joined-up urban lighting policy
have turned it into one of the most brightly lit cities in South Asia (Tanha et al., 2024).This lighting spills into the
adjacent regions, endangering migratory birds, disrupting the pollination systems, and aggravating the urban heat
islands (Rahim et al., 2024).This research aims to provide an ecological vulnerability assessment of Dhaka's urban
core using remote sensing. It addresses artificial light at night and its impact on key ecological parameters. These
results provide valuable perspectives for sustainable urban planning and environmental management in Bangladesh
and other developing megacities.

2 Materials and Methods

2.1 Study Area

The most urban (and most heavily populated) area of Bangladesh, Dhaka District, is situated in central Bangladesh
with Dhaka, the capital, at its heart. The district covers an area of around 1,463.60 square kilometers and has highly
urbanized areas such as Dhaka North and South City Corporation areas, as well as peripheral upazilas such as
Savar, Keraniganj, and Dhamrai (Adnan et al., 2009). Due to over 14 million people and fast-growing urbanization,
Dhaka has experienced a rapid rise in artificial light by the residential, commercial, and industrial sectors (Swapan
et al., 2017). Presenting a serious light pollution, this urban sprawl, in combination with ill-regulated lighting,
means that it causes serious lighting pollution, particularly in the heart of the city, such as Tejgaon, Motijheel,
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Gulshan, and Mirpur (Haque, 2014). Overuse and improper control of streetlights, billboards, vehicle headlights,
and commercial lights are all contributing to the night sky brightness, resulting in disruption of natural cycles and
ecological systems.

2.2 Description of Data

This study analyzes the trend of light pollution in Dhaka city by applying the VIIRS Nighttime Day/Night Band
dataset. Landsat 8 and Landsat 9 have been used for ecological indicators. Landsat 8 has been in operation since
2013, and Landsat 9 launched in 2021. NASA’s Landsat 9 project scientist stated that by enhancing the revisit
frequency to eight days and guaranteeing data continuity starting in 2013, Landsat-9 carries on the Landsat-8
mission. Combining Landsat 8 and Landsat 9 improves temporal coverage and minimizes gaps caused by clouds,
and increases reliability.

2.3 Calculation of Light Pollution

The calculation of light pollution in this study was conducted using the VIIRS Nighttime Day/Night Band (DNB)
dataset by focusing on Dhaka as the region of interest for the period 2015 to 2023. The dataset was filtered annually
to extract the median radiance value per pixel, and a radiance threshold of 0.5 was applied to mask overly bright
pixels that could distort the analysis. For each year, total radiance was calculated by adding valid median radiance
values within Dhaka. The threshold value 0.5 nW/cm?/sr removes background noise and natural illumination so
that only real artificial light pollution is measured. This value falls right in the optimal range for urban light
detection (Rahim et al. 2024).

2.4 Calculation of Ecological Indicators

Landsat 8 imagery was used for the year 2015, while Landsat 9 imagery was utilized for 2023. Ecological indicators
were calculated using four key indices: NDVI (Normalized Difference Vegetation Index) for greenness, LST (Land
Surface Temperature) for temperature, NDBSI (Normalized Difference Built-up Index) for dryness, and MNDWI
(Modified Normalized Difference Water Index) for wetness. NDBSI is a remote sensing-based index used to
identify built-up areas and bare soil exposure. IBI(Index-based Built-up Index) is calculated using spectral bands
that distinguish built-up areas from vegetation and water. Sl(soil Index) is used to identify and quantify bare soil
or exposed ground in satellite images. Here, Band 2 represents visible blue, Band 3 represents green, Band 4
represents red, Band 5 represents Near-Infrared, and Band 6 represents shortwave Infra-red region.

Table 1. Remote Sensing-Based Ecological Indicators with Formulas

Band5—-Band4
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SI = (Band6+Band4)—(Band5+Band2)
~ (Band6 + Band4) + (Bands + Band2)

IBI+SI

NDBSI = S s 5

2.5 Construction of Remote Sensing-Based Ecological Index

All the selected indicators were normalized to make them in the same units and values range for considering their
contribution for assessing ecological conditions. The individual normalized level of NDVI;, LST;, NDBSI;, and
MNDWI; reflects each pixel’s proportionate ecological contribution to the whole study area. After normalizing,
the entropy weight method was used to objectively assess the contribution weight (w1, w2, w3, and wa) of regional
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indicators based on the spatial information entropy of each indicator. It gives more weight to indicators that have
greater variability and greater content of information. Based on the obtained weights, the Remote Sensing-based
Ecological Index (RSEI) was computed using the equation:

RSEI = (NDVIj x w1) + (LSTj X w2) + (NDBSIj X w3) + (MNDWIj X W4)....oor.eecrree. 6

A higher ecological index represents better ecological quality, while a lower ecological index represents poor
ecological quality, usually associated with urban expansion, land degradation and thermal pressure.

3 Results & Discussion

3.1 Mapping of Light Pollution

Light pollution maps at the regional and temporal scale demonstrate a significant spatio-temporal augmentation
from 2015 to 2023 over Dhaka District, suggesting alarming effects of urbanization and industrial development.
In 2015, light pollution was centered around urban and semi-urban locations like Tejgaon, central Savar, and some
parts of Keraniganj, with the rural periphery such as Dhamrai, Nawabganj, and Dohar remaining largely unaffected
by it. By 2023, this situation had changed significantly, with areas of high light pollution in Savar and adjoining
areas such as Tejgaon expanding largely. Formerly low or no-pollution regions, including Keraniganj and parts of
Savar and Nawabganj, shifted to moderate or high pollution, likely due to urban expansion, increased street
lighting, and infrastructure growth. Figure 2. shows that total radiance increased from 22,065.411 nW/cm2/sr in
2015 to 38,415.472 nW/cm?/sr in 2023, with a slight dip in 2020.
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Figure 1. Light Polluted Area of Dhaka City in 2015 and 2023

This highlights the urgent need for sustainable urban planning to reduce pollution and protect the environment
from health problems. The minor decrease seen in 2020 may be related to the potential effects of the COVID-19
lockdown, essentially leading to less human activity. In contrast, during the post-pandemic recovery, radiance
increased rapidly, especially from 2021 to 2023. The results of both the spatial distribution maps and the
radiometric trends together indicate that integrated urban lighting policies are needed urgently.
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Total Light Pollution (Radlance) Over Years in Dhaka
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Figure 2. Total Light Pollution Over Years in Dhaka from 2015-2023

3.2 Mapping of Ecological Indicator

Dhaka District experienced the strongest change at the scale, according to four indicators of ecological change
(NDVI, LST, NDBSI, and MNDWI) from 2015 to 2023. In many of the urban and peri-urban zones, NDVI
recorded lower values, showing a decrease in vegetation and green cover. The LST increased greatly, especially
in central and expanding urban areas, indicating hot surface temperature caused by urban heat island effects.
NDBSI was increased in different parts of the district, representing increased aridity associated with enhanced
sprawl of built-up and bare land. MNDWI revealed a small change of increase, indicating a reduced presence of
surface water with decreasing wetness. Collectively, these changes indicate increasing ecological pressure
associated with the expansion of artificial light.
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Figure 3. Ecological indicators in 2015 & 2023 — (a, b) Greenness, (c, d) Temperature, (e, f) Dryness, and (g, h)
Wetness

3.3 Spatiotemporal Change in Remote Sensing-based Ecological Index in Dhaka District

The ecological index maps for 2015 and 2023 show a tangible change in environmental quality over the period of
the Dhaka District. In 2015, this area, especially in locations like Tejgaon and specific segments of Keraniganj,
appeared in a significant portion labeled "Good" ecological condition, while the "Bad" areas stood comparatively
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less. But by 2023, the picture turned completely upside down: the number of bad ecological areas accelerated
significantly due to aggravation in southern Keraniganj, Dohar and parts of Savar and Tejgaon. Over the years
many areas that were at least moderately or even well-conditioned ecologically have declined. Over the years,
environmental pressure has increased which can be observed that as vegetation decreases, built-up increases and;
ecological degradation elevates.
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Figure 4. Remote Sensing-Based Ecological Index of Dhaka in 2015 & 2023

3.4 Impact of Light Pollution on Ecological Index
Figure 5. shows the relationship between light pollution and Remote Sensing Ecological Index (RSEI) for 2015
and 2023. A negative correlation is found in both years, suggesting that better ecological quality (higher RSEI
values) generally coincides with lower light pollution. For 2015, the correlation is weak (R2=0.0347), indicating
that the ecological index in this year had little explanatory strength over the light pollution values. However, in
2023 the strength of the relationship increased slightly (R? = 0.1173), indicating that, as time progressed, the
ecological quality became more inversely related to light pollution. The trend suggests an increasing influence of
artificial lighting on urban ecological environments, that is, the ecological risk of light pollution has been
increasing.
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Figure 5. Relationship Between Light Pollution & RSEI in (a) 2015 & (b) 2023

4. Conclusion

The Remote Sensing Ecological Index (RSEI) in this study is an integrated assessment of ecological vulnerability,
which is based on the triple balance theory, and RSEI combines greenness (NDVI), temperature (LST), dryness
(NDBSI) and wetness (MNDWI). RSEI provides RSEI metrics that are scalable in space and more efficient than
typical data-driven urban plan evaluations by combining the use of remote sensing technologies to deliver urban
planner land cover decision support. According to the study, the ecological quality of Dhaka deteriorated from
2015 to 2023 due to increased brightness due to artificial light, decreased green vegetation, increased temperature
and decreased dry and wet degrees. Abstracting away represents both increasing ecological disparity and
decreasing resilience. This study provides compelling evidence of the importance of remote sensing for monitoring
the environment, and to further enhance the matter, RSEI could be integrated with additional indicators to promote
sustainable urban planning in Dhaka and cities alike.
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