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Abstract— Land surface water bodies, an essential part of the Earth’s water cycle such as rivers, lakes, swamp, and reservoirs,
influence the global ecosystem and climate global significantly. Makassar, one of the most populated cities in Indonesia, recently
experiences massive development that affects the existence of vegetation area and urban aquatic ecosystem. This study attempts to
detect the urban surface water bodies and to monitor the change by using Landsat OLI TIRS. In order to extract the high accuracy of
data, the image data utilized in this study was acquired by Landsat 8 OLI TIRS sensor on 14 December 2000, 27 December 2009 and
06 January 2019 from the United States Geological Survey (USGS) portal analyzed by Normalized Difference Water Index (NDWI)
and Modified Normalized Difference Water Index (MNDWI). These methods are scientifically used to classify the data into two
categories consisted of water and non-water objects. The result shows that in the last nine years, urban surface water bodies increased
around 129.8 ha distributed mostly in Manggala area. Due to rapid urban development such as housing, makes the urban runoff
concentrating in low land and creates giant swamp as well as an urban wetland. In coastal areas however decline of the water body
due to dominantly by massive reclamation, housing and factory settlement. The increase of urban surface water bodies can lower the
urban heat while massive development in the built-up area can worsen the urban heat.

Keywords— Landsat OLI TIRS; urban water bodies; water index; urban heat.

can be utilized in automatic or semi-automatic water body

I. INTRODUCTION extraction and mapping [9]. The data include the images

Land Use and Land Cover (LU/LC) changes are essential whi‘ch‘celn be (}blelinet‘] by Ad‘vemced Space borne Thermal

to study to reach the concept of sustainable development [1] Emission and RF flection Radiometer (‘J‘\STER) [19]‘ [11].

successfully. As a necessary part of the earth’s water cycle, the Landsat series [12]-[14] and Sentinel-2 multispectral
urban aquatic ecosystem such as reservoirs, rivers and lakes, imagery [6], [15].

water is an integral component of the ecosystem which plays ‘,i‘\llelll)*SI(;i of thi C()l]CCl]ll'ill;(;]l] (,)(g‘ﬂ()wl g] i]lsl-l‘fzr syﬁlem;s
a significant role to influence climate system and global critical to detect the canses of flooding [16]. Besides that, the

ecosystem. Therefore, understanding managing water level of drainage density, drainage patterns and the shape of
resources and by l'l’l()l]‘il()l'il]!i and ill]iﬁ)’ie‘i lhg h;’dl'()l()ﬂy the watershed is also an essential factor in influencing the
process of the urban aqu;lticpecosyste m and mapping thg ir flow h)'_d rogra ph, fast or Slm,” the alm()ug]l of water flow from
spatial distribution is essential [2]-[4] since monitoring the lh? sug‘ll;e Of)(;h? l;mdh to bring l;) Lhc rver Lh:ll‘]l‘]‘Cl [71. Bi’;
change of surface water and delivering the information on using modching the cause of the OCCUITENCE 15 expecte

the dynamics of surface water body can be used as a to be analyzed more clearly. In terms of space, there are
decision-making process and policy [5]. Moreover, the related elements which are responses from the rain in a
destruction and decline of urban surface water bodies caused l()pf)gl‘elphlc zone. Elements sgch as runoff ﬂ()w,‘sml erosion,
by rapid urbanization [6] and increased agricultural sediment buildup all strongly influenced by existing land use
development [7] which significantly affect regional climate, m ic‘ area. S?Llemel_]l;e:]he? POPUI“[C [hE ared affect the
living environment, public health and urban heat island [8]. ()([]}lujlz‘fn(m o “":]e“ﬁ . ml];n(m 30 that 1t can canse
Also by using remote sensing data with Geographic a \:["?l;f’c “‘np‘l(';h (hm lhcdu_:%lm? _[‘1 1. Jdel is considered ver

Information System (GIS) to monitor and measure the . c use o t € hydrological model 15 considered very
change of urban surface water bodies is essential because it important in making analysis and solutions to a problem
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with an integrated geographical approach [19]. Geographic

Information System (GIS) is an efficient tool in collecting

primary data, processing, and analysis, and presenting spatial

data, as well as assessments of water resources with the right,
fast and inte grated spatial technology objectives compared to
the mapping of groundwater potential which is at depth

using Geoelectric as an imaging device [20]-[22].

Mapping and monitoring urban surface water bodies with
high extraction accuracy have been widely used such as in
reservoirs [23], rivers [23], [24], lakes [23], [25], coastline
[26] and water bodies in an urban areca. However, due to the
mixed background and heterogeneous scenes, mapping
urban surface water must deal with the dramatic over-
estimation phenomenon [11]. Many studies have suggested
the use of water index to extract the surface water bodies
from remotely sensed data. It could enhance the difference
between water and non-water areas based on combinations
of two or more spectral bands by utilizing various algebraic
operations. For instance, the use of the combination of the
Normalized Difference Water Index (NDWI), Modified
NDWI (MNDWI) and Automated Water Extraction Index
(AWEI) could extract the water body and change detection
in Lake Burdur [25]. The Normalized Difference Water
Index (NDWI) is subject to excerpt water features from
Landsat TM using band 2 and band 4 [27]. NDWI also
makes the classification of potential water bodies using
Landsat 8 OLI and a combination of two boosted random
forest classifiers [23]. NDWI introduces the Automated
Water Extraction Index (AWEI) to improve water extraction
accuracy in areas that include shadows and dark surfaces
[28]. Meanwhile, the research revealed that NDWI has a
better result for deeper and worse for shallower parts of the
water surface. Therefore, the use of the normalized
difference water index (NDWI) approach increases the
reflectance properties of water by reducing the low
reflectance of Near Infrared (NIR) and enhancing the
reflectance in green wavelength [27], [29].

The fact that Makassar as one of the biggest city in the
eastern part of Indonesia has been undergoing rapid
increased in urbanization such as residence, shopping mall,
housing, transportation, and educational facilities, parking
area as well as governmental building influence the decline
of urban surface water bodies. The objective of this study is
to detect the change in urban surface water bodies by using
water indices extracted from Landsat OLI 8 TIRS in
different periods.

II. MATERIALS AND METHODS

A. Study Area

Geographically, Makassar City is located on the coast of
the West Coast in the southern part of South Sulawesi, at the
coordinates of 119°, 18', 27', 97" East Longitude and 5'. 8', 6',
19' South Latitude with an area of 175.77 km’ covering 14
sub-districts. Administratively, Makassar City has regional
boundaries, namely the South, bordering Gowa Regency, the
north bordering the Pangkajene Kepulauan Regency, the east
bordering the Maros Regency and the west side adjoining
the Makassar Strait. The topography is generally a coastal
area. The height of Makassar City ranges from 0.5 to 10
meters above sea level. Makassar City is a city that located

near the coast, stretching along the West and North corridors,
commonly known as a city with the characteristic
"Waterfront City," inside it flows several rivers which all
come into the town (Tallo River, Jeneberang, Pampang). For
example, Sunga Jeneberang which flows across the territory
of Gowa Regency and empties into the southern part of
Makassar City is a medium capacity river (1-2 m / s).
Whereas the Tallo and Pampang rivers which drain into the
northern part of Makassar are rivers with low capacity
debited approximately only reaching 0-5 m / sec in the dry
season.

b W R -~
Fig. | Study Area (Makassar)
B. Methods
The image data that utilized in this study was acquired by
Landsat 8 OLI TIRS sensor on 14 December 2000, 27

December 2009 and 06 January 2019 from the United States
Geological Survey (USGS) portal (Table 1).

TABLEI
LANDSAT 8 OLI BANDS

Band Name Wavelength Resolution
(pm) (m)
Deep blue 0435 -0451
Blue 0452 -0512
Green 0.533 - 03590
Red 0.636 —0673
Near Infrared (NIR) 0.851 —0.879 30
Short-wave Infrared 1
(SWIR_1) 1.566 — 1.651
Short-wave Infrared 2
_2
(SWIR_2) 2,107 -2294

To extract the image data, spectral water index has been
used to extract the urban surface water bodies from remotely
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sensed data by calculating the difference between two image
bands and applying an appropriate threshold to segment the
results into two categories (water and non-water features).
Among 11 bends, five bands were utilized in recent method
consisted of blue (0.45-0.52), green (0.52-0.60), red (0.63-
0.69), near infrared (NIR-0.76-0-90) and short wave infrared
(SWIR-1.55-1.75).

Table 2 shows that this study applies the Normalized
Difference Water Index (NDWI) because it was first
suggested by Mcfeeters [27], to detect surface waters in
wetland  environments and surface  water
dimensions, but NDWI is not able to extract shallow part of
water surface and differentiate built-up area from water
objects [29]. Also, to enhance the level of accuracy of the
result, it should use the summation of NDWI and a modified
NDWI namely MNDWI), where the equation between
NDWI and MNDWTI are:

measure

TABLEIL
MULTIBAND INDEXES

Multiband P
Index Equation Remark | Reference
e Water
qumalu.ed NDWI = Green- has
Difference | nypy/GreentNIR) | positive (271
Water Index b
value
Normalized | MNDWI= (Green | "
- SWIR_1)/(Green+S e [29]
Difference WIR 1) positive
Water Index - value

As a result, water features have positive values and are
enhanced. Vegetation and soil features generally related to
zero or negative values and is suppressed [27].

2000

2009

2019

Fig. 2 Landsat 8 OLI showing Major Water Surface of Makassar

By using Landsat 8 as shown in Figure 2, there is an
apparent change in surface water from 2000 to 2019.
Availability of Landsat 8 image data covering all regions
and with spatial, temporal, and spectral resolutions are the
three advantages possessed by these images, so it is
beneficial for natural resource management, and one of them
is in the area of coastal and marine areas.

Applications that can be applied using Landsat 8 data
include coastline identification, mangrove forest
identification, identification of coral reef and sea grass
ecosystems, extraction of bathymetry information and
retrieval of water quality information including chlorophyll,
sea surface temperature (SPL) and suspended solids (MPT).
In general, the use of remote sensing data for applications in
the coastal and marine areas mentioned above can be divided
into two parts according to the characteristics of
electromagnetic waves, namely to study objects in the water
column and above the water column.
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II1. RESULT AND DISCUSSION

A. Normalized Difference Water Index (NDWI)

The uwrban surface water bodies were extracted by
Normalized Difference Water Index (NDWI) from Landsat
satellite. The images were then classified into two categories
consisted of water and non-water objects. Furthermore,
water areas have values greater than zero while vegetation
and urban area have negative values [27]. Table 3 shows
changes in urban surface water bodies during nine years in
urban surface water bodies of Makassar city from 2000 to
2019. The result of the Normalized Difference Water Index
(NDWI) reveals that the urban surface water bodies of
Makassar have been experiencing an increase from 2000 to
2019. In 2000, the area of the urban aquatic ecosystem was
1162 ha while in 2009 increased to 1233.9 ha, and 2019
reaches 1291.8 ha.




TABLEIII
THE CHANGES ON URBAN SURFACE WATER BODIES WITH NORMALIZED
DIFFERENCE WATER INDEX (NDWT)

No. Years Urban Surface Water Bodies (Ha)
1 2019 1,162.00
2 2009 123390
2000 1,291.80

Table 3 above shows that during the last nine years, more
than 129.8 ha area of urban surface water bodies increased

while the distribution of urban surface water bodies in
Makassar based on NDWT analysis.

Figure 3 below shows that in 2000, mostly the water
bodies distributed in  Tamalate, Tamalanrea and
Biringkanaya District. In 2009, urban aquatic ecosystem
spread dominantly in Tamalate, Tamalanrea, and
Biringkanaya while Manggala district appeared as a new
area of the existence of urban surface water body, and finally,
in 2019, the urban water areas disseminate mostly in
Tamalate, Tamalanrea, Biringkanaya, and Manggala District.

2009

B Water Bodies

I Water Bodies

Fig. 3 Normalized Difference Water Index (NDWI)

B. Modified Normalized Difference Water Index (MNDWI)

Table 4 shows changes in urban surface water bodies
during nine years in urban surface water bodies of Makassar
city from 2000 to 2019.

TABLETV

THE CHANGES ON URBAN SURFACE WATER BODIES WITH MODIFIED
NORMALZED DIFFERENCE WATER INDEX (MNDWT).

No. Years Urban Surface Water Bodies (Ha)
2019 1,400
2 2009 1,377
2000 1,547

The urban water body was extracted by Modified
Normalized Difference Water Body because this method
more suitable for increasing the accuracy of water extraction
and effectively reduce as well as remove built-up land noise
than NDWI. Furthermore, MNDWI can be concluded more
detail detecting urban water surface than NDWI [29].

The result of Modified Normalized Difference Water
Index (MNDWI) shows that the urban surface water bodies
of Makassar have been experiencing fluctuation from 2000
to 2019. In 2000, the area of the urban aquatic ecosystem
was 1547 ha while in 2009 went down to 1377 ha, and 2019
reaches 1400 ha. The distribution of urban surface water
bodies in Makassar based on MNDWI analysis can be seen
in following figure 4.

de
e I Water Bodes

N Water Bodies

Fig. 4 Modified Nomalized Difference Water Index (MNDWI)




C. Comparison NDWI and MNDWI

MNDWI was modified from NDWI to find the best
method to detect the water body. Xu stated that Modified
Normalized Difference Water Body is a more suitable
method for increasing the accuracy of water extraction and
effectively reduce as well as remove built-up land noise than
NDWI [29]. The different result of MNDWI and NDWTI can
be seen in the following Table 5.

TABLE WV
THE COMPARISON OF MNDWT AND NDWI
No. Years MNDWI (Ha) NDWI (Ha)
1 2019 1.400.00 1,162.00
2 2009 1.377.00 1.233.90
3 2000 1.547.00 1.291.80

NMDWI and NDWT are the most accurate methods to
detect, measure and monitor the urban surface water bodies
because they can agglomerate into two classes consisted of
water and non-water arcas. The result of NDWI shows that
in the last nine years, the urban aquatic ecosystem in
Makassar has been increasing more than 129.8 ha. However,
the significant increase only happens in Manggala District
while other Districts are experiencing a decline. Manggala
District especially experiences an increase of water bodies
due to massive urban development such as housing and
residence in which many agricultural areas such as rice field
and swamps are converted. As a result, the urban wetland is
getting wider because the urban runoff concentrated in some
regions deficient land and created giant urban wetland so
that in 2000, the urban wetland was smaller while in 2009
and 2019 are getting wider in Manggala District. Besides,
water bodies in Tamalate, Tamalanrea and Biringkanaya
District, especially in coastal areas, decreased due to urban
development such as massive reclamation in Losari Beach,
housing and factory while either water bodies, agricultural or
vegetation area are mostly converted to be built-up areas
[30].

Furthermore, an increase of land use and land cover
change especially the conversion of water bodies can trigger
phenomena of urban heat island and urban temperatures
getting worse [31]-[33] while urban surface water bodies
can lower the temperature especially Land Surface
Temperature (LST) [34]. Also, rapid development can also
lead to a decrease in the quality of freshwater [35].
Therefore, in urban planning policy, the local government
has to tighten the regulation not to allow either local
societies or developers to build house or resident.

The NDWI approach is effective for the detection of
surface water changes, especially in detecting differences
between two and three different times, simultancously [36].
The MNDWI method can suppress information about land
built effectively by highlighting water information and
accurately extracting information from water bodies in the
study area. While details on increasing water use, NDWI is
always mixed with noise from the land built and the city of
water bodies extracted according to the index is
overestimated. Therefore, NDWI is inadequate to improve
and retrieve information about water in areas dominated by
the land under construction [37]. This shows that MNDWI
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can significantly improve information about
especially in built-up areas.

Interpretation of satellite imagery cannot indeed be used
to describe the existence of aquifers directly, but in the
initial investigation (estimation) to find out the existence of
aquifers in the image can be used to determine groundwater
reserves. Indicators to detect the presence of groundwater
are such as soil moisture anomalies, vegetation density, and
natural drainage conditions [38]. In India, the use of Landsat
satellite imagery used as the primary data source in
groundwater surveys, and the results prove that underground
information from pumping tests has to do with indicators of
groundwater obtained from satellite images [39].

The results [40], show that MNDWTI can improve water
bodies and suppress built-up capabilities more efficiently
than NDWI. Also, the 10 m MNDWI produced by four
panoramic sharpness algorithms can represent more detailed
spatial information from the 20 m MNDWI water body
generated from the original image. Therefore, MNDWTI at 10
m resolution can extract maps of water bodies that are more
accurate than 10-m NDWI and 20-m MNDWI. No definite
relationship is needed to improve accuracy.

water,

IV.CONCLUSIONS

Normalized Difference Water Index (NDWI) and
Modified Normalized Difference Water Index (MNDWI) are
the best methods to categorize the water bodies from other
objects. During nine years, the urban aquatic ecosystem in
Makassar has been increasing. The increase however only
happens in Manggala District because massive urban
development makes the agricultural area and swamp getting
smaller so that the urban runoff concentrates in low land and
create a large urban wetland. Meanwhile, in a coastal area
like Tamalate, Tamalanrea, and Biringkanaya, the urban
surface water bodies decline due to construction activities
such as massive reclamation, housing, and factories.
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