Proceedings of the" International Conference on Civil Engineering for Sustainable Development
(ICCESD 2@0), 7~9 February202Q KUET, Khulna, BangladestiSBN-978984-34-8764 3)

ENVIRONMENTAL MONITORING AT AND AROUND THE MATUAIL
LANDFILL SITE OF DHAKA CITY USING REMOTE SENSING

Md. Sayeduzzaman Sarker#*, Nokibul Alam Chowdhury?, Md. Moshiur Rahman?, Rafsun Ahmad* and
Afzal Ahmed®

IStudent, Department of CE, AUSBangladesh, -nail: shafin161@gmail.com
2Student, Department of CE, AUSangladesh, -enail: e-mail: nokibaus@gmail.com
3Student, Department of CE, AUSangladesh, -enail: moshirr415@gmail.com
4Student, Department of CE, AUSangladesh, emaitafsunahmad@gmail.com
SProfessor, Department of CE, AUSBangladesh, emaiiifzal.ahmed200@gmail.com

*Corresponding Author

ABSTRACT

Municipal Solid Waste (MSW), a part of which is being disposed off at Matuail sanitary landfill
located within Jatrabari Thanahis study has analysed the environmental ingpatand around this
landfill using remote sensing techniques. Special attention was given on the effect of biodegradation
process of waste which results gas emissions and leachate contaminéiwh loformation can be

gained from remote sensing daagrasping the nature of electromagnetic radiation in terms of their
wavelength and frequency. Data from satellite platforms can be utilized to landfill management and
monitoring practices, solve future waste management agenda withoutkiegitig touch of earth's
surface using remote sensifithe objective of this research is to develop a means of environmental
monitoring at the landfill site and its surroundings through the implementation of various time series
remote sensing indices e.g., Land Surfaeenperature (LST), Normalized Difference Vegetation
Index (NDVI), Soil Adjusted Vegetation Index (SAVI) and Modified Soil Adjusted Vegetation Index
(MSAVI). LST is the skin temperature of the earth which is calculated by SW algorithm. It is used to
observethe spatietemporal pattern of temperature distribution. NDVI, SAVI and MSAVI are the
Bio-indicators and they are helpful to analyse the vegetation health condition at and around the
landfill area. Vegetation coverage plays a significant role on the li§fibdtion. The Landsat data

were downloaded from United States GeologBatvey (USGS) websites for Landsab4'M and
Landsat 8 OLI/TIRS by using the path and row of 137 and 44 respectivelges at a-year interval
starting from 1993 to 2018 wersedto monitor the impacin this study.From the result of LST, it

is observed that the average temperature of the

an optimum temperature of 35.20 i n 2@A4av8raget hen i
temperature of the Existing Sanitary Landfil|l (E
2018 and from 21.97 i n 1993 -daerobic3adndfilb(ESAL)The 2018
NDVI result for the study period shows thatthe perct ages of O6Bare Soil 6 and

increasedirasticallyfrom 10% to 41.20% and 13.30% to 31.52% respectifalyhis 25-yearperiod

in Jatrabari thanaOn the other hand he percentages of 6Shrub and
Ve get &avegone downfrom 54.20% to 25.15% and 12.55% to 0% respectiveAVI and

MSAVI also show the evidence of increasing the amount of bare soil and structural object and
decreasing the amount of vegetatidtrom overall assessment, it can be said tha to the
inappropriate wastenanagement at the Matuail landfill, a harmful effeeis tbeen done to the
surroundingenvironment. As an outcome, temperature has rigeidly and amount of vegetatitras

declined to a significant extent.

Keywords:Landfill Monitoring; Land Surface Temperature (LST); Normalized Difference Vegetation

Index (NDVI); Soil Adjusted Vegetation Index (SAVI); Modified Soil Adjusted Vegetation Index
(MSAVI)
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1. INTRODUCTION

Bangladesh is located in the Soitast Asia region which has agulation over 160 millionDhaka

is the capitabf Bangladesh. More than 15 mah people live in thigity. A study by the Department
of Environment (DoE)
cities in dher developig countries.Total waste produced in Dhia city is about4600 tons/day
(Abedin & Jahiruddin2015). Besidesthe amount ofvaste generation riseliring the wet seasott.

seems like impossible to dispose that amount of waste as the city does not dwayle resources.
Dhaka City Corporation (DCC) uses two landfill sites specifically; Matuail (40ha) which is a sanitary
landfill and Amin Bazar (20ha) is under operation process for sanitary conditimmg total wastes

1150 tons/day to 145@ns/daywastesaredisposedff at Matuail andfill. The rest of the wastes are
dispesed off at Amin Bazar landfill (Bhuyan, 2010Matuail landfill site is located around 8
kilometers from the center of the south of Dhaka city which is mainly used for disposal ofgalunic

reveal

ed

t hat

Dhakaos

prob

solid waste by the Dhaka South City Corporation (DSCC). It is located in the DSCC region in
between latitude of 23°42.97' to 23°43.35' N and lamgitof 90°26.83' to 90°27.2"' HdssainJahan,

Parveen, Ahmed & Uddirg018. Matuail laadfill is located in Jatrabariana which has an area of

13.19 square kilometeend thetotal population is about 260772 and the population density is about
19770/km? where average monthly temperature is around 30°C; average monthly rainfall is around
100mm; average nmbhly wind speed is around 15kmph and average monthly humidity is around
50% from 2009 to 2018Bangladesh Meterological Departme&MD], 2018. A location map of
Jatrabarittanais givenin the figure 1 below.

Dhaka District

90°280°E

Matuail Landfill |3

80'260°F

S0°270'E
Jatrabari Thana

90°280F

Fig 1: Location Map of Jatrabari Thana

Main waterbody in Jatrabari thaisaBalu River which carries floodwater from the Shitalakshya and

the Turag during the flood season. The Balu is important mainly for the local drainage and can be

accessed by small boats. From Google earth it is assutetthéha is ehuge amount of urban area in
the south direction and a small portion of vegetation in the e@sh corner and some water bodies

are scattered ithe whole region of Jatrabahana area. Main crops are paddy, potaio @arious

kinds of veg@ables(Banglapedia2019) The overall objective of this research is to monitor the
condiion of Matuail ndfill site and the surrounding area. The major objective of this research is:

1. To calculate and analyze various remote sensing indices e.g\NDST,, SAVI and MSAVI.
2. To observe the temperature distribution pattern and vegetation health condition at the Matuail

landfill site and the surrounding region.
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3. To assess the present status of waste management at Matuail landfill site of DSCC.

2. METHODO LOGY

The methodology of the study comprises on extracting the LST, NDVI, SAVI and MSAVI of the
Jatralari thana area which covers the Matdaihdfill. A systematic development of the methodology
of this study is showim the figure Zbelow with the help o& flow diagram
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Fig 2: Methodology Flow Chart

2.1 Data Collection

The opeational activities of Matuailandfill started in 1993. As the main focus of this study is to
acquire the environmental effect of the Matuail landfill from its very beginningges at a fyear

interval started from 1993 to 2018 are used in this study. The Landsat data were downloaded at free of
cost from USGS websitesamelywww.glovis.usgs.govand www.earthexplorer.usgs.goVhe path

and row is 137 and 44 respectively. ArcGIS 10.2.2 was used for data analysis. The shape file of
Jatrabari thana is collected from Bangladesh Agricultural Research Council (BARC).

2.3 Data Processing

Before data processing, image is clipped withhiklp of desired shape file of the Jatrabari thana area
The process of estimating LST for two satellites is differ&equired data were extracted from
respective metadata file and digital number (DN) of thermal band is converted to radiance. Then, LST
is estimated by the required equation. For NDNar Infrared Reflectance (NIR) and Red band is
needed which represents the band reflectance obtained in thénfreed and red (visible)
wavelengths respectively. Then, SAVI was improved by conjoinisgjlaeconcilement factor L into

the NDVI equation. The L value differs with the quantity of green vegetation. LMBAVI is a
modification of SAVI that further diminish soil brightness dominances, therefore, resulting in higher
vegetation susceptibilit In SAVI, L is generally left alone at a constant 0.5, but for MSAVI, the soil
reconcilement factor is simply computed by an equatimages of LST and NDVI are reclassified
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into categories to understand the variation of values to compare with eaclamth® analyze the

values properlyThe temperature classes are-gI9, (2225), (2528), (2831), (3%34), (3437), (3%
40) and (4044) Degree Celss, whilethe categories for NDVI areQ.5<0), (0), (>060.05), (0.05
0.1), (0.20.3), (0.30.6) and (06-0.8) for water body, no vegetation, bare soil, structural object, shrub
and grassland, moderate vegetation and high vegetation respectively.

3. RESULT AND DISCUSSION

3.1 Thermal Comparison

Tablel: Comparison of Highest, Lowest and Average Temperature obddtihana

LowestTemp( )

AverageTemp( )

Year Highest Temp( )
November 15, 1993 26.67
October 281998 30.42
December 13, 2003 30.82
December 10, 2008 29.18
November 6, 2013 43.96
November 20, 2018 34.84

19.28 23.12
22.81 25.89
21.50 25.10
21.06 24.69
30.42 35.20
25.32 29.09

From the overall comparison of temperature of Jatrabari tsiaman in the table, it is observed that

the highest temperature incressea pi d |l y

down

30.

thana increasel 2 .
reduces6 .

t o
4 2 2013iand then fells down to2 5 .
08 by
11

increasesignificantly.

32

from 2463.. 297

from

iimn 129008 taon d
34 . 84 he lowest t@nfpdra8urdsesnddr atst i cal | vy
iThe av&rage 8emperature of the Jatriaba
a n years (1993 to 2013). ©ofgh i Gverage temperature
f 8 o r201&8b0Otlin the contrast of 199® 2018, the average temperature

19.

The reclassified images of LST of 1993, 1998, 2003, 2008, 2013 and 2018 are given in the figure 3 to
8 below.

LST (Degree Celsius), Jatrabari Thana, 1993 A
P N

COLandnll Area
19-22
2228
oo I 25 - 28

LST (Degree Celsius), Jatrabari Thana, 1998 A
N

COLandoll Area

2228

.S 28
28-3

Fig 3: The reclassified LSImage (1993) Fig 4: The reclassified LST Image (1998)
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LST (Degree Celsius), Jatrabari Thana, 2003 A
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N

Fig 5: The reclassified LST Image (2003) F

ig 6: The reclassified LST Image (2008)
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N

[ Landfill Area
28-31

BT

| TR
37-40
40 -44

O Landfill Area

.S 28
28-31
. 334

.. E3-37
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Fig 7: The reclassified LST Image (2013) Fig 8: The reclassified LST ImageQ(P8)

Table 2: The LST Pixel Percentage of Each Range ovéttittde Area (Based oRixel Count)

Temp Range Pixel Percentage of Each Range Over The Whole Area

( ) Now3 6 Oct®8 De®3 6 De® 6 Novi3 6 No W8 «
19-22 7.1 - 0.5 2.3 - -
22-25 89.3 40.1 57.8 60.5 - -
2528 3.6 44.71 39.8 36.4 - 18.3
28-31 - 15.2 1.9 0.8 25 76
31-34 - - - - 32 55
34-37 - - - - 40.7 0.2
37-40 - - - - 24.4 -
40-44 - - - - 1.4 -

From the table 2, it can be said tB2t2 5

2013, 343 7 hasbecome the major covering temperature range. By the year of 2088128
the majorcovering temperature range and atmne temperature rargas 192 2

disappearin 2018.To find out he temperature variation pattern year by year, two polygons are
generated within Matuail landfill area which represents ESL and F8Ahyoutof ESL and FSAL

within Matuail landfill is given in the figure 9.
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Matuail Landfill Site Inside Jatrabari Thana :\

i [
\) Ry /[ Jatrabari Thasa
e \\ B Existing Sanitary Landfill

- [ Fulfilled Sem;-A erobic Land6ill

Fig 9: Layout of ESL and FSAL within Matudiandfill

Table 3: Maximum, Minimum and Average Temperature of BB8d FSALfrom 1993 to 2018

Year Polygon 1993 1998 2003 2008 2013 2018
Maximum ESL 23.68 26.25 26.27 25.40 40.07 34.69
Temp( ) FSAL 23.25 29.59 28.77 29.18 41.36 34.84

Minimum ESL 21.50 23.25 21.94 22.38 31.20 28.86
Temp( ) FSAL 19.28 24.54 24.11 24.55 33.75 28.32
Average ESL 22.56 23.81 23.53 23.33 35.81 31.99
Temp ( FSAL 21.97 26.83 26.61 26.97 37.11 31.52

The capacity of FSAL was fulfilled by 2006, so the construction of ESL was required and ended in

20052006. From thetable 3, it can be concludabat temperatures of ESL are comparatively less

than tempertares of FSAL for almost every particular year. In 1993, as these places were barren land,
temperatures were stable. By the year of 1998, waste composition process of FSAL influences to

increase temperature for it and ESL also. Temperatures increaseallsabtween 2008 and 2013,

striking at around 4@ 4

and
many years to stabilize the decomposed waste, it emits a huge quantity of heat during this long period.

this can be

explained by

t he

This stabilizatiorprocess takes nearly -P® years sometimes depending on some major criteria. The

study clearly revealed that as the landfill activities starts, the temperature at and around Matuail
f2@m 19%ange.

landfill increases rapidly to 40 4

3.2 BioIndicators

3.2.1 NDVI

The reclassified images of NDVI of 1993, 1998, 2003, 2008, 2013 and 2018 are given in the figure 10

to 15 below.

NDVI, Jatrabari Thana, 1993

4 ometers
.

A
Landfill Area
Water body
No vegetation
Bare Soil
I Structural Object
I Shrub and Grassland
I Moderate Vegetation 1 .

NDVI, Jatrabari Thana, 1998

A

N

B Moderate Vegetation
High Vegetation

Fig 10: The reclassified NDVI

Image (1993 Fig 11: The reclassified NDVI Image (1998)
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NDVI, Jatrabari Thana, 2003 A NDVI, Jatrabari Thana, 2008 /\
N

) : e
e 5 A
W, 4 -
Landfill Area R | PO
Water body R - Landfil Area

[771 No vegetation WLy Water body
[ Bare Soil L H‘}G > Ty A No vegetation

B Structural Object _" ry 2 i 1 Bare Soil

B Shrub and Grassland 4 N Structural Object

. I Moderate Vegetation I Shrub and Grassland

‘‘‘‘‘‘‘‘‘‘‘

High Vegetation Il Moderate Vegetation

F|g 12: Thereclassified NDVI Image (2003) Flg 13: The reclassmed NDVI Image (2008)

NDVI, Jatrabari Thana, 2013 A NDVI, Jatrabari Thana, 2018 A

Landfill Area
Water body

[71 No vegetation

[ Bare Soil

I Structural Object

Landill Area
Water body .
1 Bare Soil F
I Structural Object
I Shrub and Grassland
o "
M Moderate Vegetation " T m Shrub and Grassland

Fig 14 The reclassmed NDVI Image (2013 Fig 15: The reclassified NDVI Image (2018)

Table 4 The NDVI Pixel Percentage of Each Range over the Whole @a&sed orPixel Count)

NDVI Category Pixel Percentage of Each Range Over The Whole Area
No w3 6 Oc®©8 6 De ®3 6 Decds8 Novi3 6 No VI8 ¢
Water Body 6.6 14.9 16.9 27.3 7.5 2.1
No vegetation 3.35 4.1 55 5.9 - 0.007
Bare Soil 10 10.1 11.5 13.1 14 41.2
Structural 13.3 12.1 10.5 13.9 30.6 31.52
Object
Shrub and 54.2 338 34.7 33.45 43.3 25.15
Grassland
Moderate 12.55 24.9 20.3 6.35 4.6 -
Vegetation
High Vegetation - 0.1 0.6 - - -

Higher NDVI value represents healthy vegetation, whereas lower NDVI value enfzratefective

and unhealthy vegetatiofrrom the table 4,tiis clearly exposed thawvithin the 25 year period,
amounts of bare soil and structural object increastly, on the other hand, amounts of vegetation
health and water body is diminishing. Imper waste management system is affecting the natural
environment of the surroundingBhe waterbody percentage is almost 27.3% in 2008, which seems
unreal. Also the figure 13 shows water body in some areas which are covered with structural object
and roawvay in real (assed from Google Earth)atrabari thana is a low lying area and also the
drainage system of some parts of this area are mostly ineffective. 2007, 2008 and 2009, in these three
consecutive years a huge amount of rainfall occufiBMD, 2018, thuscreates huge waterlogging
problem in the area. Reclassified images of 2007 and 2009 are given in the figure 16 and 17.
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Comparing these images with the reclassified NDVI image of 20f\&¢ 13), it can be said thdue

to waterlogging problem theater body percentagénavereached 27.3%.

NDV1, Jatrabari Thana, 2007 A

N

_ " [Landfill Area
Water Body
No Vegetation
[ Bare Soil
I Structural Object
I Shrub & Grassland
I Moderate Vegetation
High Vegetation

.........

NDV1, Jatrabari Thana, 2009 A

33 N
=

[CJLandfill Area
Water Body
No Vegetation
Bare Soil
[ Structural Object
I Shrub & Grassland
worees [ Moderate Vegetation

Fig 16: The reclassified NDVI Image (2007 Fig 17: The reclassified NDVI Image (2009)
3.2.2 SAVI

The images of SAVI of 1993, 1998, 2003, 2008, 2013 and 2018 are given in the figure 18 to 23
below.

SAVI, Jatrabari Thana, 1993 SAVI, Jatrabari Thana, 1998

Landfill Area

Value
High : 0.788732

Landfill Area
Value

High : 0.927273
Low : -0.230769 Low : -0.310345

Fig 18: The reclassified SAVI Image (199Z Fig 19: The reclassified SAVI Image (1998)

vvvvvvvv

SAVI, Jatrabari Thana, 2003

Landfill Area Landfill Area

Va Va

lue lue
High : 1.01674 High : 0.846473

Low : -0.411765 Low : -0.258065

Fig 20: The reclassified MSAVI Image (200: Fig 21: The reclassified MSAVI Image (2008)
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Landfill Area Landfill Area

Value Value
High : 0.655295 High : 0.437663

Low : -0.0936621 Low : -0.0335481

Fig 22: The reclassified MSAVI Imadg@2013) Fig 23: The reclassified MSAVI Image (2018)

SAVI is improved by the alteration of NDVI to be used in infertile areas whereas vegetative cover is
little. The highest valuencreasedrom 0.78 in 193 to 1 in 2003. Then it starts to decrease frben t
optimum valuego 0.43in 2018.Consequently, the lowest value decredsas -0.23 in 1993 tc0.41

in 2003. From the peak point it increaskastically t0-0.03 in 2018 As the positive higher value
represents healthy vegetatigrowthand positive laver value represents poor vegetatimowth, so it

can be said that, the vegetatigrowth diminishesin a significant way. Here, negative value
represents water bodf¥houghonly from the minimum and maximurhighest andowest value, it
cannot be saidlearly how much the vegetation growiticreases or decreases for these particular
year.

3.2.3 MSAVI

The images oMSAVI of 1993, 1998, 2003, 2008, 2013 and 2018 are given in the figute 29
below.

MSAVI, Jatrabari Thana, 1993 A MSAVI, Jatrabari Thana, 1998 A

Landfill Area Landfill Area

Value Value
High : 0.690041 High : 0.764954

LN ac}
2y
. Low : -0.35573 \q . Low : -0.506943

Landfill Area Landfill Area

Value alue
High : 0.809227 High : 0.722336

Low : -0.710289 Low : -0.406029

Fig 26: The reclassified MSAVI Image (2002 Fig 27: The reclassified MSAVI Image (2008)

ICCESD-202048159



5 International Conference on Civil Engineering for Sustainable Development (ICCESI) Bangladesh

MSAVI, Jatrabari Thana, 2013 A MSAVI, Jatrabari Thana, 2018 A

Landfill Area Landfill Area

Value Value
High : 0.607422 High : 0.452148

Low : -0.133301 Low : -0.0458984

Fig 28: The reclassified MSAVI Image (201 Fig 29: The reclassified MSAVI Image (2018)

MSAVI is the further modification of SAVIThe highest valueises from 0.69 in 19930 0.81 in
2003. Then iteduces from the optimum point to 0.45 in 2018imilarly, the lowest value falls from
-0.35in 1993 t60.71 in 2003. From the optimum point it asdemlrastically t60.04 in 2018As like
SAVI, the positive higher value represents healthy vegetajiomvth and positive lower value
represents poor vegetatignowth, so it can be said that, the vegetation growth has diminished in a
significant way. Here alsq negative value represents wateody and from the minimum and
maximumhighest and lowest value, it is quite obscure timat muchvegetation growth increases or
decreases for these particular year.

4. CONCLUSIONS

This researchanalysesthe spatieeemporal pattern of LST and interprets the vegetation health
measuring indices such as NDVI, SAVI and MSAVI as indicators of environmental degraidgation
Matuail landfill and its surrounding regidretween 1993 and 2018hough global warming kich

occurs mainly due to human activities such as the emission of greenhouse gases and so on has an
impact on increase in global surface temperatures and there are some industries which also influenced
the rise of the temperature in Jatrabari thana, m#ia landfill operations have a great impact on the

LST increase of the study area. Becals®r vegetation growth obtained from NDVI appears at and
around the Matuail landfill which indicates the increase of surface temperature as NDVI and LST are
vastly correlated.So, this goes without saying theST increases in the study arsggnificantly

mainly due tothe landfill gases by rising the average air temperature from the decomposition process
of wastesalongside with some other factors as urbanizatiefprestation and so om addition, he

overall activities happesd in thelandfill severely impacts the outpwalues of NDVI, SAVI and

MSAVI. Threateningly, more and more wastes are generaiuggy day and little in the way of
recycling andseparatia of waste willlead toa disastrous condition in the future.
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