Z‘ I El' A International Information and

Engineering Technology Association

Environmental and Earth Sciences Research Journal
Vol. 10, No. 2, June, 2023, pp. 73-83

Journal homepage: http://iieta.org/journals/eesrj

NDVI-based Analysis of Green Space Decline and Air Quality in Dhaka: Implications for |
Sustainable Development Goals

Md Abdullah Salman™

Prince Halder’”, Raian Islam Evan

, Asiqul Haque

, Maksudur Rahman

Check for
updates

, Md Mostafa Jaman Rabby"®, Md Sabbir Hossen‘,

Department of Geology and Mining, University of Barishal, Barishal 8254, Bangladesh

*Corresponding Author Email: masalman@bu.ac.bd

https://doi.org/10.18280/eesrj.100206

ABSTRACT

Received: 14 March 2023
Accepted: 1 April 2023

Keywords:
Dhaka, air pollution, green space,
industrialization, urbanization, NDVI,

Sustainable Development Goals (SDGs)

The rapid industrialization of cities poses significant challenges to sustainable
development, particularly environmental degradation. The Sustainable Development
Goals (SDGs) recognize the urgent need to address this issue in industrialized regions. A
case study approach obtained valuable insights into Dhaka's green spaces and their
implications for SDG 11 and 15. This study explores the decrease in green cover in Dhaka
City attributed to unplanned industrialization and examines its relationship with the
degradation of air quality during the period spanning from 1991 to 2021. The image
classification procedure yielded overall accuracy rates ranging from 0.82 to 0.90. The
findings reveal a significant decline of 16% in healthy vegetation and 8.98% in
shrubs/grasslands, possibly due to a 34.7% increase in built-up/bare lands. AQI increased
from 124 in 1996 to 172 in 2018 in Dhaka but decreased to 163 in 2021, probably due to
the COVID-19 pandemic. Unplanned industrialization has led to reduced green cover and
increased air pollution in the city. The study emphasizes the utility of NDVI (Normalized
Difference Vegetation Index) measurements to address these challenges and achieve the
SDGs. These measurements provide valuable information for decision-making and policy

formulation, promoting the creation of green environments.

1. INTRODUCTION

The migration of individuals from rural to urban areas,
commonly referred to as urbanization, has been a widespread
occurrence on a global scale for decades. This process has
resulted in a number of negative effects, including the loss of
urban green space and an increase in air pollution [1-3], as well
as a number of positive effects. Urban inhabitants can reap
various advantages from green spaces, such as parks, gardens,
and forests, encompassing better air quality, reduced heat
island effects, and augmented mental health and well-being [4].
Trees serve as a carbon sequestration mechanism by
intercepting particulate matter and microscopic pollutants,
thereby enhancing the deleterious impacts of climate change.
The expansion of cities often results in the relinquishment of
green spaces to accommodate new constructions and
infrastructure, consequently causing a decrease in the standard
of living for inhabitants of urban areas. The global urban
region experienced a significant increase of 168% from 2001
to 2018, with the most notable growth rates observed in Asia
and Africa [5]. The inhalation of air pollution has been linked
to various health issues, such as respiratory and cardiovascular
ailments, lung cancer, and stroke [6, 7]. In 2019, a thorough
evaluation of the worldwide burden of diseases revealed that
air pollution, originating from indoor and outdoor sources,
constituted the fourth most significant risk factor for mortality
and disease globally. This factor was responsible for 6.67
million deaths. Air pollution accounted for 12% of fatalities in
children under 5 [8]. Outdoor air pollution is responsible for
causing approximately 4.2 million untimely fatalities globally
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each year, with the most significant impact observed in
countries with low- and middle-income economies [1, 4].
Bangladesh has been categorized as a lower-middle-income
nation since 2015 and is one of the nations with the highest
population density globally, with a populace exceeding 160
million individuals [9, 10]. In recent years, the nation has
undergone a swift urbanization process, whereby the
proportion of individuals residing in urban areas has increased
from 17% in 1974 to 36% in 2018 [11]. This has resulted in
the expansion of cities and villages, resulting in a decrease in
green spaces. The Bangladesh Bureau of Statistics conducted
a study that revealed that the country's forest cover decreased
from 17% in 1975 to 10% in 2010 [12]. The depletion of green
areas has had a noteworthy effect on both the ecosystem and
the well-being of the populace, with the issue of air pollution
emerging as a significant apprehension in urban areas [13, 14].
The city of Dhaka, located in Bangladesh, is widely
recognized as a highly urbanized and heavily polluted city
characterized by elevated levels of environmental pollution
and a notable scarcity of green spaces [5]. Over the past two
decades, Dhaka has undergone a warming trend of
approximately 3 degrees Celsius, which can be attributed to
various factors such as the depletion of green spaces and swift
urbanization. This is noteworthy as the global community aims
to limit the increase in global temperature to below 1.5 degrees
Celsius [15]. UNEP has mandated that a sustainable urban area
should possess a minimum of 25% open space, whereas Dhaka
only possesses 8% of such spaces [16]. Urban green
infrastructure, comprising vegetation such as trees and shrubs,
provides many benefits to urban environments. These benefits
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include the provision of shade, regulation of wind speeds, the
absorption of hot air to mitigate elevated urban temperatures,
the preservation of soils, the facilitation of wastewater
treatment, and the reduction of air pollution and associated
health risks through sewage water for irrigation purposes.

The major contributors to air pollution in Dhaka are brick
kilns (40%), vehicle emissions (30%), construction (20%),
industry and open burning (10%) [17]. In the vicinity of Dhaka
City, brick kilns emit a total of 23,000 tons of PM, s into the
atmosphere on a yearly basis [18]. Exposure to the polluted air
in Dhaka has resulted in the contraction of various respiratory
illnesses such as infectious lung disease, pneumonia, acute
respiratory infections, tuberculosis, and other related ailments.
About two-thirds of Bangladesh's respiratory health problems
and 10% of the country's total disease burden are attributable
to air pollution [19].

This study aims to investigate the adverse effects of
urbanization on green spaces and air quality in the context of
global urbanization and potential measures to alleviate these
issues, and ascertain the evolution of vegetation coverage in
Dhaka City across different time periods. Besides, the
vegetation coverage was quantified using Normalized
Difference Vegetation Index (NDVI) analysis. Thus, the
results of this analysis were subsequently examined in relation
to the phenomena of rapid urbanization and degradation of Air

Quality.

2. UNDERSTANDING NDVI

The Normalized Difference Vegetation Index (NDVI) is a
tool that uses satellite data to measure the health of vegetation
and track changes in land cover. NDVI is valuable for
environmental monitoring and management. NDVI is used in
various applications, including forest health monitoring, crop
yield estimation, land cover change detection, and water
quality monitoring [20]. NDVI assesses the condition of
vegetation based on the difference between NIR (near-infrared)
and R (visible red light) divided by the sum of these two band
frequencies. Brief details of the following formula are
mentioned in 3.3.2.

(NIR — R)

NDVI = ————~
(NIR + R)

(1

where R = the red portion of the electromagnetic spectrum and
NIR = the near-infrared portion of the electromagnetic
spectrum.

The Landsat satellites capture images of the Earth's surface
using a variety of sensors, including multispectral scanners
and thermal infrared sensors. These sensors record data across
various spectral bands, allowing scientists and researchers to
analyze different aspects of the Earth's surface, such as land
cover, vegetation health, urban development, and changes
over time. The significance of the Landsat program lies in its
long history of providing consistent and high-quality data that
has become a cornerstone of remote sensing applications.

For Landsat 4 - 5 & Landsat 7 data, band 4 (NIR) and band
3 (Red) are used to measure the NDVI; for Landsat 8§ &
Landsat 9 data, band 5 (NIR) and band 4 (Red) are utilized.
NDVI values vary from -1.0 to 1.0; values near -1.0 indicate
the absence of vegetation, while values close to +1.0 indicate
abundant vegetation. Table 1 shows a reference vegetation and
land cover classification based on NDVI index values.
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Table 1. Reference classification of land cover types based
on NDVI values [21]

Different Land Areas NDVI Values NDVI Values (X)
Water Negative Values X<0
Rocks/Sand/Snow Values Close to Zero -0.1<X<0.1
Greenery/Vegetation ~ Low Positive Values 0.1<X<0.4
Tropical Rain Forest Approaching to 1 X—1

The amounts of chlorophyll present in the leaves are used to
identify and assess the health of plants. Chlorophyll plays a
pivotal role in photosynthesis. It traps solar energy and stores
it in chemical energy, thus functioning as a natural solar cell
[22]. A healthy plant with many cell structures can absorb red
light to fuel photosynthesis to create chlorophyll and reflect a
large amount of near-infrared light and a low amount of visible
red light. The converse is true for an unhealthy plant [23].
Consequently, measuring how NIR varies relative to red light
accurately indicates chlorophyll, which corresponds with plant
health.

3. MATERIALS AND METHOD

In this research, Landsat imagery from 1991 to 2021 with
five year time intervals was used to conduct NDVI analysis.
The data were prepared for further processing by performing
specific preprocessing procedures. The following stage was
extracting the area of interest from satellite images using the
boundary shapefile of the study area. Afterward, an approach
was made to conduct an NDV1 analysis to classify the acquired
data. The next step was to assess the accuracy of the expected
data. Eventually, the area of the classified images was
measured, and the findings were interpreted. The flowchart of
our methodology is shown in Figure 1 below.
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Figure 1. Methodological workflow of the study



3.1 Study area

© Dhaka City Corporation

Figure 2. Study area map

Dhaka, located in the middle of Bangladesh, is one of the
most polluted cities in the world [24]. It is located at 23<46'37"
north and 9023'58" east. The overall land area of the city of
Dhaka is 306 square kilometers [25], and its population is 12.6
million [26]. As Dhaka is the commercial hub of Bangladesh,
every year, half a million [27], individuals from all around
Bangladesh relocate to Dhaka. The city has undergone
massive urbanization and rapid development in response to the
rising need for excessive populations. These enormous
populations and the rural nature of the city augmented the
transportation demand. Consequently, numerous new
automobiles are added to the road each year, causing daily

traffic congestion and CO; emissions. The study area map has
been shown in Figure 2.

3.2 Data source and collection

The NDVI analysis was used to quantify the quantity of
healthy vegetation in the study area. This study required
remote sensing satellite images. Several sources produce
remotely sensed images of the earth's surface features. The
Landsat data provided by the United States Geological Survey
(USGS) was used for this research because it is publicly
available and contains the oldest and most extensive collection
of satellite images. All necessary data were retrieved from the
USGS's official website.

3.2.1 Landsat data description

The Landsat imagery used in this study is listed with
appropriate description in Table 2. Four types of sensor data
were used, each with a spatial resolution of 30 meters. The
Landsat TM sensor has 7 bands and captures visible and near-
infrared light. The Landsat ETM+ sensor has 8 bands,
including four visible and near-infrared (VNIR), two short
wave infrared (SWIR), one thermal infrared (TIR), and one
panchromatic (PAN) band. The Landsat OLI sensor has 11
bands, including visible, near-infrared, and shortwave infrared
light. The Landsat TIRS sensor has 2 bands and captures
thermal infrared radiation [28, 29].

Worldwide Reference System - 2 (WRS -2) [30] is used by
Landsat 4,5, 7, 8, and 9. All of our data was taken under cloud-
free weather. All of the satellite data was recorded during the
daytime. Except for the thermal and panchromatic bands, all
the bands of Landsat data have spatial resolutions of 30 meters.
The study area shapefile was produced by georeferencing.

Table 2. Description of USGS Landsat data used for conducting NDVI analysis

Landsat Dat_e_o_f WRS WRS Red Band NIR Band Day{Night Cloud Resolution
Data Sensor Type Acquisition Path Row Wavelength (pm) Wavelength (um) Indicator Cover (%)

Landsat 4-5 ™ 12-Dec-1991 137 44 0.630-0.690 0.850-0.880 Day 0 30m

Landsat 4-5 ™ 25-Dec-1996 137 44 0.630-0.690 0.850-0.880 Day 0 30m
Landsat 7 ETM+ 15-Dec-2001 137 44 0.630-0.690 0.850-0.880 Day 0 30m
Landsat 7 ETM+ 13-Dec-2006 137 44 0.630-0.690 0.850-0.880 Day 0 30m
Landsat 7 ETM+ 11-Dec-2011 137 44 0.630-0.690 0.850-0.880 Day 0 30m
Landsat8  OLIand TIRS 16-Dec-2016 137 44 0.645-0.670 0.860-0.885 Day 0 30m
Landsat9  OLIand TIRS 22-Dec-2021 137 44 0.645-0.670 0.860-0.885 Day 0 30m

3.3 Data processing

3.3.1 Image Pre-process

Image with Scanline Error Resolved Image

Figure 3. Resolving errors in data
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After retrieving the data, an approach was made to verify
data integrity. Certain scanline errors have been found for
some data in this instance (Figure 3). These records contain L7
ETM+ (path 137, rows 44) of 2006 and 2011 (Table 2).
Scanline errors in collected data can be resolved with the Fill
nodaata (Raster>Analysis>Fill nodata) tool in QGIS, an open-
source GIS application.

Every Landsat image has been projected to the Universal
Transverse Mercator (UTM) Zone 46 North Geographic
Coordinate System and georeferenced to the WGS 1984 datum.

3.3.2 NDVI Analysis of the study area

The raster data were imported into ESRI ArcGIS after
preprocessing the satellite images (version 10.8.1). The
software provides imagery tools and methods for visualization
and analysis, as well as the world's largest imagery database,



making it ideal for mapping and analyzing satellite imagery.
Red Band and Near Infrared Band (NIR) were employed for
NDVI analysis. NIR and Red bands on various Landsats have
different wavelengths mentioned in Table 1.
NDVI was calculated using the Float command in Raster
Calculator for precision.

_ Float (NIR — R)

NDVI =
Float (NIR + R)

)

Several classification methods are used to categorize NDVI
values, including thresholding, maximum likelihood, random
forest, KNN with DTW, and support vector machine. This
study used the maximum likelihood classification method
(Table 3). This method classifies pixels into different
vegetation types: forest, grassland, and shrubland. The
classifier uses the known distribution of NDVI values for
different vegetation types to classify pixels [31].

Table 3. Suitable NDVI ranges utilized for the land cover
classification in this study

Land Cover Types NDVI Value Range
Water Body <-0.008
Built-up/Bare Land -0.008 to 0.10
Shrubs/Grassland 0.11t0 0.20
Healthy Vegetation >0.20

3.4 Accuracy assessment

From 1991 to 2021, seven different years of data were
considered at five-year intervals for NDVI analysis. For a
more precise assessment of the accuracy of the data, it is
typically preferable to survey a sample of randomly selected
points by visiting the study area and analyzing each point.
However, it can occasionally be costly, time-consuming, or
even impossible to visit and inspect the randomly chosen
points physically. To authenticate our data, we utilized high-
resolution images of the real world provided by Google Earth
Pro as ground-truthing reference data.

Ground-truthing was conducted in December for each year's
Google Earth Pro imagery aligned with the respective Landsat
images. However, ground-truthing was not possible for 1991
and 1996 due to the lack of clear reference images.

Figure 4. Ground truthing points of the study area

Accuracy improves with larger sample points. For accuracy
assessment, a simple random sampling method was used to
choose 30 random data points, where new points were selected
for each year (Figure 4).

Parameters such as overall accuracy, user accuracy,
producer accuracy, and kappa coefficient were determined for
each year's data. The following formulae were used to
calculate these parameters:
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Overall Accuracy =
Total number of correctly classified pixels (diagonal) x

3)

Total number of reference pixels

100

User’s Accuracy =

Number of correctly classified pixels in each category (4)

X 100

total number of classified pixels in that category (the row total)

Producer’s Accuracy =

Number of correctly classified pixels in each category

)

X 100

total number of reference pixels in that category (the column total)

The Kappa coefficient [32] is a statistical method for
assessing the accuracy of classifications. The bigger the kappa
value, the stronger the connection between theoretical and
actual data (Table 4). There may be a variety of kappa
coefficient calculation formulae; nevertheless, the following
equation was used to calculate the kappa coefficient:

Kappa Coefficient =
(TSXTCS)— Z(Column total xRow total)

TS?—3(Column Total—row total)

x 100 (6)

Here,
TS = Total number of samples taken
TCS = Total number of correct samples

Table 4. Rating criteria for Kappa statistics [33]

SINo. Kappa statistics _Strength of agreement
1 <0.00 Poor
2 0.00 - 0.20 Slight
3 0.21-0.40 Fair
4 0.41-0.60 Moderate
5 0.61-0.80 Substantial
6 0.81-1.00 Almost perfect

4. AIR QUALITY OF DHAKA CITY
4.1 Overview of air quality of Dhaka City

Because of unplanned industrialization and an excessive
number of automobiles, Dhaka's air quality continues to
deteriorate. The most concentrated pollutant is PM, 5, which
accounts for 73% of the city's air pollution. Other major
pollutants in Dhaka include NO» (10.4%), SO» (6.5%), and CO
(10%) [34]. It has been observed that emissions from almost
all sorts of vehicles, including cars, jeeps, lorries, buses,
minibusses, microbuses, two-stroke engine-powered vehicles,
and motorcycles, have severely polluted the air in the city. In
addition, train engines, industrial plants, brickfields, airplanes,
power plants, dust particles, open-burning incineration, and
solid waste disposal contribute to air pollution. Road
excavations, construction, and other forms of urban growth
generate dust pollution, contributing to Dhaka's air pollution.
The high levels of air pollution in Dhaka have a number of
negative impacts on public health, including respiratory
problems, heart disease, and cancer [34]. Typically, the Air
Quality in Dhaka begins to decline towards the end of October,
with winter being the season most severely impacted by air
pollution [35].

In Dhaka, the primary cause of air pollution is automobiles.
Air pollution caused by transportation is increasing at an



alarming pace. Rapid vehicle ownership growth in Dhaka
necessitates immediate pollution control measures. As a result
of exposure to pollutants from a vast number and diversity of
motorized vehicles in the city, the residents of Dhaka suffer
from various health issues. These motor vehicles emit the most
particulate  matter, hazardous, and  smog-forming
hydrocarbons. PM,s has been related to different
cardiovascular and respiratory illnesses and cancer due to its
ability to infiltrate alveolar structures, terminal.

4.2 Types of pollutants in Dhaka

According to studies by the World Health Organization [36],
outdoor air pollution causes 4,2 million fatalities annually,
with over 2 million occurring in Southeast Asia. Uncontrolled
industrial growth and a chronic disregard for air quality
regulations are clearly to blame for Dhaka's gradual rise to one
of the world's most polluted cities. In a typical urban setting,
around 200 air contaminants [37] are prominent. Most of these
pollutants are detrimental and challenging to maintain a
healthy and sustainable environment. Carbon monoxide (CO),
Ozone (0O3), Sulfur Dioxide (SO,), Nitrogen Dioxide (NO>),
PM, s, and PM, are the most prevalent pollutants in Dhaka
City, according to IQAir [13].

4.3 Need for green cover in Dhaka City

From the end of the last century, becoming a megacity,
Dhaka started its course to shape itself into a gray city with
only buildings, roads, people, and industries. The significant
change in Dhaka's nighttime temperature shows that it has
been changing at a rate of 0.22°C per decade in the last fifty
years, and the extreme events regarding climate have increased
dramatically [38]. The absence of necessary green cover
created tremendously adverse effects on air quality,
ecosystems, human health, environmental sustainability,
biodiversity, land surface temperature, social economy,
demography, and the overall climate of the city.

Green vegetation, including trees and plants, is crucial in
combating air pollution by absorbing harmful substances and
emitting oxygen. Moreover, they can help alleviate the heat
island effect in urban areas, thus enhancing environmental
conditions. Additionally, the green cover offers various
advantages, such as reducing air and noise pollution, increased
food security and nutrition, improved environmental quality
and cooling, provisioning for urban biodiversity species,
pleasure from horticulture, enhancing attractiveness for
tourism, promoting mental well-being, and enhancing the
city's visual appeal. However, Dhaka City lacks sufficient
greenery, resulting in a low tree-to-person ratio. Increasing
green cover in Dhaka is imperative by planting more trees and
establishing green space.

4.4 Recommended approaches to safeguard and improve
green cover

Dhaka City is one of the world's most populated cities. The
population growth of this city is escalating with each passing
day. As a result of population growth and fast urbanization,
green spaces are depleting, the ecosystem is suffering, and so
are we. As determined by the NDVI study, Dhaka City had
167 square kilometers of green cover in 1991. However, this
city lost 77 square kilometers of green cover in 2021, bringing
the total to 90 square kilometers and continuing to decline. To
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combat this continual transition, preserving and enhancing the
valuable green cover is essential. More urban greenery is
aesthetically pleasing, and it also has the potential to enhance
the quality of life for urban residents by reducing air pollution.
Due to the scarcity of empty land in urban areas, we must use
the remaining places to increase green cover. The Dhaka North
City Corporation (DNCC) and the Dhaka South City
Corporation (DSCC) have launched tree plantation drives to
increase the green cover in the city by planting 200,000 and
100,000 trees, respectively, over the next two years [39].
Around 1500 mature trees were cut down for the metro rail
project alone in Dhaka City [40].

Only around 2% of Dhaka City's over 4.5 million rooftops
have greenery on them [41]. Raising public awareness and
inspiring individuals to engage in rooftop agriculture and
homestead gardening are other strategies for expanding the
green space available to people. They can plant herbal,
decorative, and economically valuable trees. Urban
Agriculture (vertical gardening, vertical farming, etc.) is a
further approach to expanding green space. Vertical farming
and hydroponics are becoming more popular worldwide, and
some countries that have implemented it include Japan, South
Korea, China, the U.K., some Middle Eastern countries, Africa,
Israel, and the Netherlands. Hydroponic vertical farming
technology allows growers to cultivate crops in stacked plant
spots within tower-like structures, providing crops with access
to natural sunlight so they grow with less waste of land, water,
and energy [42]. Although in the city of Dhaka, this practice
is not yet prevalent. Individuals and commercials alike should
utilize this approach more often. Consequently, it is expected
that the green cover of Dhaka City will rise, and a portion of
the food needs of urban dwellers will be met. Incorporating
tree plantings into the development plan would be an
alternative strategy. Whenever the government or private
sector initiates a development project in an urban region such
as Dhaka, it is astute for them to plant the tree species that
absorb the maximum carbon dioxide. Large trees with dense
wood, such as pines and conifers, hijol, and other indigenous
tree species, such as Aphanamixis polystachya Wall. And
Parker, locally known as Pitraj, absorbs much carbon dioxide.
Hopefully, Dhaka City will acquire more greenery in the
future if the aforementioned strategies are feasible to apply.

5. RESULT

The study utilized NDVI analysis as the preferred method
for vegetation assessment due to its specific design for
quantifying vegetation quantity and health. This choice was
made because the study aimed to investigate the dynamics of
green cover and its correlation with air quality. This section
will present the findings of the study, including the obtained
outcomes, their accuracy, and the subsequent interpretation.

5.1 Green space scenario of Dhaka City from 1991-2021

Dhaka has undergone a massive and rapid land cover
change, especially in vegetation and built-up areas from 1991
to 2021. To understand this change, the area of each land cover
for the studied year has been computed using NDVI analysis
data. Table 5 reveals that Dhaka City had around 167 square
kilometers of green space in 1991 but only 153 square
kilometers in 1996, a roughly 14 square kilometers loss. In the
next studied year, 2001, the City witnessed a significant loss



of green space and retained merely 107 sq. km of green space.
In contrast, it expanded significantly in 2006, adding green
space totaling 139 square kilometers. In the subsequent year
of study, 2011, the expansion was negligible, adding just 1
square kilometer. However, after 2011 data shows a gradual
extenuation of green space where the city had about 111 sq.
km and 90 sq. km in respective years in 2016 & 2021. Green

space and urbanization dynamics over time can be observed in
Table 5.

Additionally, the thematic land cover changes in the study
area that occurred within the study period (from 1991 to 2021)
are illustrated in Table 6.

The land cover changes from 1991 to 2021 for each year
was illustrated through NDVI analysis in Figure 5.

Table 5. NDVI analysis of Dhaka City from 1991 - 2021 using average value range

1991 1996 2001 2006 2011 2016 2021
Area
Land Cover Type o Area 0 Area o Area o Area o Area 0 Area o
S0 % sgkm) " sqkm) 7 sakm) 0 sgkm) 0 fsgkm) * isqkm) %
Water Body 45  14.75%; 37 12% i 54 17.65%:i 24 79% i 34 111%: 28 9.15% i 16 43.15%
Built-up/Bare Land 93 305%: 116 38.5%;: 145 47.4%: 142 46.55%: 132 43.1% i 167 54.55%: 199 65.25%
Shrubs/Grassland 107 35.08%: 106 34.5%: 66 21.55%: 101 33.10%: 107 34.97%: 81 26.5% : 80 26.15%
Healthy Vegetation 60 19.67%: 47 15% i 41 134%: 38 12.45%:i 33 10.78%: 30 9.8% i 10 3.27%
Table 6. Resultant thematic change statistics “from-to” matrices (1991-2021)
1991 2021 Area Change (sq. km) Area Change (%)
From Water Body To Water Body 5.25 1.72
From Water Body To Built-up / Bare Land 25.33 8.29
From Water Body To Shrubs / Grassland 12.84 4.20
From Water Body To Healthy Vegetation 1.36 0.45
From Built-up / Bare Land To Water Body 4,56 1.49
From Built-up / Bare Land To Built-up / Bare Land 66.18 21.66
From Built-up / Bare Land To Shrubs / Grassland 19.93 6.52
From Built-up / Bare Land To Healthy Vegetation 2.74 0.90
From Shrubs / Grassland To Water Body 1.66 0.54
From Shrubs / Grassland To Built-up / Bare Land 74.36 24.34
From Shrubs / Grassland To Shrubs / Grassland 29.41 9.62
From Shrubs / Grassland To Healthy Vegetation 2.28 0.75
From Healthy Vegetation To Water Body 0.56 0.18
From Healthy Vegetation To Built-up / Bare Land 30.35 9.93
From Healthy Vegetation To Shrubs / Grassland 25.58 8.37
From Healthy Vegetation To Healthy Vegetation 3.14 1.03
NDVI Analysis Data of Dhaka City Corporation (DCC) From 1991 To 2021
Composite Legend N
[ ohaka city Corporation Beundary
I water Body A
I sittup/Barren Rock
[ shrubs/Grassiands Legend 0 275 5.5 11 16.5 22
B Heatthy Vegetation = :m ——— 1cm = 3 miles Miles

Figure 5. Composite image of NDVI analysis (1991 - 2021)
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Table 7. Overall calculation of accuracy and Kappa coefficient

Year Parameters Waterbody Built Up Shrub Healthy
UA 71.4 100 85.71 87.5
PA 100 80 75 100
2001 OA 86.67
Kappa 0.82
UA 85.7 83.33 100 90
PA 100 100 70 100
2006 OA 90
Kappa 0.86
UA 83.33 714 875 100
PA 100 100 875 75
2011 OA 86.67
Kappa 0.81
UA 875 100 80 100
PA 100 92.9 100 80
2016 OA 93.33
Kappa 0.90
UA 100 93.75 100 60
PA 100 100 714 75
2021 OA 90
Kappa 0.85

[Note: UA = User’s Accuracy; PA = Producer’s Accuracy; OA = Overall Accuracy]

5.2 Data accuracy analysis and interpretation

For data accuracy analysis, this study utilized the Error
Matrix method, a statistical method for data accuracy
assessment that uses users, producers, overall accuracy, and
kappa coefficient [43].

User accuracy assesses the proportion of correctly classified
instances within a predicted class, indicating errors of
commission. Producer accuracy assesses the proportion of
correctly predicted instances within the actual class, capturing
errors of omission. The overall accuracy in the error matrix
method is a metric that evaluates the correctness of instance
classification across all classes. It quantifies the percentage of
accurately classified instances from the total instances
considered within the error matrix. The Kappa coefficient in
the error matrix method measures the agreement between
observed and predicted classifications, accounting for chance
agreement [33].

The accuracy evaluation for 2001, 2006, 2011, 2016, and
2021 was performed using a high-resolution Google Earth Pro
image. We were unable to determine accuracy for 1991 and
1996 because of a lack of quality imagery from Google Earth
Pro for our study area prior to 2001.

In 2001, the average user and producer accuracy for
classified images was 86.15% and 88.75%, respectively. In
2006, the average user and producer accuracy was around
89.75% and 92.5%, respectively. The average user accuracy in
2011 was 85.55%, and the producer accuracy was 90.62%. In
contrast, the average user and producer accuracy in 2016 was
91.87% and 93.22%, respectively. Furthermore, in 2021, the
average user accuracy was 88.43%, while the average
producer accuracy was 86.6%.

The overall accuracy for 2001, 2006, 2011, 2016, and 2021
was 86.67%, 90.0%, 86.67%, 93.33%, and 90.0%,
respectively. Kappa values were 0.82, 0.86, 0.82, 0.90, and
0.85 for 2001, 2006, 2011, 2016, and 2021, respectively. All
data relating to accuracy assessment are presented in Table 7.
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6. DISCUSSION
6.1 Comparative analysis of vegetation coverage

With the expansion of urban areas, the NDVI data (Table 5)
indicate that vegetation coverage in the study area is
decreasing. Seven years of NDVI data separated by five years
intervals were analyzed. According to the NDVI data chart
analysis, the vegetation coverage of the research area is at its
peak in 1991 and its lowest in 2021. From 1991 through 2021,
vegetation cover is decelerating. The most significant change
in vegetation occurred between 2016 and 2021, with a value
of 20 square kilometers in areas where urbanization
accelerates the most.

On the other hand, in 2001 and 2006, there was a subtle
change of only 3 square kilometers. The least urbanization was
evident during this period. Therefore, there is an explicit
relationship between urbanization and green cover.

This comparative analysis revealed that the study area had
seen significant urbanization during the last decade, as shown
by the construction of metro rail lines and elevated
expressways, among other enormous development projects.
As mentioned before, the construction of the metro train in
Dhaka resulted in the loss of around 1,500 mature trees, a
significant and disastrous consequence for a densely populated
city.

The line graph (Figure 6) illustrates the relationship
between vegetation areas and their change throughout the
study years. The produced curve demonstrates that urban
vegetation loss has accelerated during the last 15 years (2006-
2021).

The accelerated industrialization and unplanned
urbanization in Dhaka have substantially decreased vegetation
areas. Rural residents migrate to the capital for social benefits,
services, and professional possibilities, increasing housing
demand and tree removal. If the current rate of vegetation loss
in Dhaka continues, the green space will be in grave danger.
Land use planning preserves green spaces, including zoning,
urban expansion boundaries, and green infrastructure



strategies. However, urban development pressures, inadequate
funding, and limited public support highlight the need for
effective strategies and community involvement to preserve
and maintain these vital green spaces.
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Figure 6. Land cover of Dhaka City from 1991 to 2021
6.2 Quantifying relation of NDVI data and air quality

The study was conducted to quantify the total land cover
area of Dhaka City and its dynamics through a time series
analysis of the past three decades. In addition, the research
sought to establish a temporal correlation between vegetation
dynamics and changes in the city's air quality. Figure 7
portrays the estimated NDVI study data, revealing a strong
downward trend of healthy vegetation.
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Figure 7. Trend of vegetation loss

A total of approximately 83.33% of Healthy Vegetation was
lost within the studied time interval (Table 5). On the contrary,
Built-up or Bare land shows a sharp augment of about 214%,
which could be considered a crucial reason for the loss of
Healthy Vegetation in Dhaka City. Approximately 46.11% of
the observed loss in green space, comprising shrub/grassland
and healthy vegetation, was identified.

Due to rapid Industrialization, the city's air started to receive
various pollutants like PM> s, PM;o, BC (Black Carbon), etc.;
this is the primary reason for the city's air pollution. Based on
PMa s, the air quality Index of Dhaka City was about 124 in
1996 [44], which was unhealthy for the sensitive group (Table
8). In 2002, 2006, 2009 [45], and 2018 [46], the Air Quality
Index was about 158, 162, 164, and 172; this value is
considered unhealthy air, according to IQAir (Table 8). An
apparent degradation in air quality was observed from 1996 to
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2018 (lower the AQI value, better the quality of air). On the
other hand, there was a slight increase in air quality in the year
2021, and it became 163, which is thought to be the reason for
less emission of pollutants from industries, factories,
transportation, and other sources during the COVID-19
pandemic [47].

Therefore, it can be observed that the deterioration in the air
quality and Land cover changes like loss of Healthy vegetation
and drastic augmentation of Urbanization are highly correlated.

Table 8. Air quality index parameters and health
recommendations [13]

Condltlo UsS AQI Health Recommendation (for
PMz2s
Level 24-hour exposure)

0- Air Quallty is satlsfactory and

Unhealth
y for
Sensitive
Groups

General public and sensitive
individuals, in particular, are at
risk to experience irritation and

respiratory problems.

101-150 | 35.5-55.4

Increased likelihood of adverse
Unhealth | ;1 500 [55.5.150.4| €ffects and aggravation to the
y heart and lungs among the
general public

Very General public will be
noticeably affected. Sensitive
SITTGElin | A0 groups should restrict outdoor
y activities.

Hazasrdou 250.5+

6.3 Sustainable ways of improving air quality

General Public at high risk of
experiencing strong irritations
and adverse health effects.
Should avoid outdoor activities

The rapid and unplanned urbanization of Dhaka City is the
result of the country's economic boom, which has introduced
a period of modernization, industrialization, and
advancements in socioeconomic conditions. Consequently,
the city has not satisfied the criterion for ambient air quality
applicable to urban residential neighborhoods.

Rapid, long-term, reliable solutions implementation is
needed to maintain sustainable air quality. First, the sources of
air pollution and how they interact with the environment
should be identified, followed by identifying their substitutes.
If no alternatives are available, then actions should be taken to
mitigate the negative consequences of pollutant emissions at
their sources.

There are two significant causes [48] of air pollution in
Dhaka: vehicular emissions and industrial pollutants. Vehicles
are necessary for mobility, yet public transit is more effective
than private transportation. However, a recent study by the
Bangladesh Road Transport Authority (BRTA) shows that
fewer than 3% of registered vehicles are mass transit vehicles,
while motorcycles and private automobiles account for over
70% of registered vehicles. Consequently, more private
automobiles and motorbikes create more significant air
pollution. In addition, air quality may be improved by
lowering emissions from motor vehicles by switching



diesel/petrol cars to CNG, a program that the government of
Bangladesh has already undertaken. As far as industrial
pollution is concerned, decentralization is a more efficient way
to minimize air pollution in Dhaka [49]. However, there are
also attempts to minimize emissions from brick kilns by
implementing eco-friendly, cleaner, and more energy-efficient
technologies for brick manufacture.

Lastly, increasing vegetation cover is necessary to improve
the overall air quality. Therefore, one of the essential solutions
would be to plan extensive greenery in the form of parks,
gardens, and forests with particular plant species to contribute
to the clean air supply. Trees filter the air in cities and can
absorb carbon dioxide from the atmosphere. Forests and
grasses filter the air by absorbing noxious gases and collecting
dust and debris that would otherwise linger in the environment
[50].

The surface area of city rooftops ranges from 21 to 26 per
cent [51]; thus, if they can be turned green, they will
effectively improve air quality. Adding more plants is one of
the most effective ways to lessen the effects of excessive air
pollution. Considering Dhaka's current air quality condition,
the city must implement more green initiatives to enhance air
quality. For an acceptable AQI, intensive vegetation cover in
the form of Urban forests and proper selection of tree species
able to contribute to fresh air supply is the best alternative. The
urgent requirement is to push for more greenery and better
quality plants to help with these problems.

7. CONCLUSION

This research has comprehensively analyzed the temporal
change of vegetation and its impact on air quality in Dhaka
City. The findings clearly indicate that the city has
experienced a significant loss of green space over the past
three decades due to population growth, urbanization, and
increased housing demand. As a result, Dhaka's air quality has
deteriorated considerably, with industrial emissions, vehicular
traffic, and construction activities contributing to increased
pollution levels. The decline in vegetation has further
exacerbated this issue, as fewer trees and plants are available
to absorb air pollutants and release oxygen. The ecological
balance has been disrupted, leading to the city's displacement
and endangerment of various species.

The long-term effects of vegetation loss, rapid urbanization,
and air quality degradation are extensive and multifaceted. The
disruption of ecosystems and reduction in biodiversity have
created ecological imbalances that require urgent attention.
The intensification of industrial activities and vehicle
emissions has increased health risks for urban residents,
resulting in escalating healthcare costs and burdening
healthcare systems. Additionally, the heat island effect and
energy consumption for cooling purposes strain the power grid
and contribute to rising electricity production and distribution
costs. The challenges of water management, including reduced
rainwater absorption and increased flooding risks, further
compound the issues faced by Dhaka City. Moreover, social
and economic disparities are exacerbated, impacting
marginalized communities disproportionately.

To address these challenges and work towards a more
sustainable future, it is imperative to implement
comprehensive strategies. These strategies should encompass
sustainable urban planning, preservation of green spaces, air
pollution control measures, and improved water management
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practices. Transitioning to renewable energy sources can
positively impact air quality, and the government should
provide incentives and support for the adoption of solar, wind,
and other renewable technologies. Waste management
initiatives, including segregation, recycling, and composting,
coupled with investments in waste treatment facilities, can
contribute to a cleaner environment. Integrating green spaces,
parks, and urban forests into city planning can help mitigate
air pollution and enhance overall air quality. The preservation
and creation of green areas should be prioritized, including
innovative approaches such as rooftop gardens, vertical green
walls, and urban parks.

Similar challenges faced by other cities, such as Lahore,
Hotan, New Delhi, and Kathmandu, emphasize the need for a
collaborative approach in addressing air pollution and green
space decline. By striking a balance between urban
development and the preservation of open spaces, cities can
pave the way for a healthier and more sustainable urban
environment.

The findings of this study present a clear call to action for
stakeholders, policymakers, and the community at large to
prioritize sustainable development goals and work towards a
greener, cleaner, and more resilient Dhaka City. By
implementing the recommended approaches outlined in this
paper, we can contribute to a better quality of life for present
and future generations, fostering a city that thrives both
economically and environmentally.
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