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Abstract

The purpose of this study is to analyze landuse changes in the Kelara watershed and to assess the suitability of current
landuse changes with the spatial planning regulation of Jeneponto within Kelara basin. This study integrates various
survey techniques, remote sensing, and geographic information system technology analysis. Geospatial information used
inthisstudy consistsof Landsat ETM 7+ satelliteimagery (2009) and Landsat 8 (2014) aswell asanumber of spatial data
based on vector data which is compiled by the Jeneponto Government. Remote sensing data using two time series (2009
and 2014) are analyzed by means of supervised classification and visual classification. The analysisindicated that land
use type for the paddy fieldsand forests (including mangroves) converted become a current land use which isinconsistent
with the spatial planning regulation of Jeneponto.The use of land for settlement tends to increase through conversion of
wetlands (ricefields). These conditions provide aninsight that this condition will occur in thefuture, so that providing the
direction of land use change can be better prepared and anticipated earlier.

Keywor ds: landuse change, GIS, remote sensing, spatial planning regulations

Abstrak

Tujuan dari studi ini adalah menganalisis perubahan penggunaan lahan di DAS K elara sertamenilai kesesuaian penggunaan
lahan saat ini dan perubahannya dengan rencana tata ruang wilayah Kabupaten Jeneponto yang berada di dalam wilayah
DAS Kelara. Penelitian ini mengintegrasikan berbagai teknik survei wilayah, penginderaan jauh, dan teknologi sistem
informasi geografik. Informasi geospasial yang digunakan dalam penelitian ini terdiri atas citra satelit Landsat ETM 7+
(2009) dan Landsat 8 (2014) serta sejumlah dataspasial berbasisjenisdatavektor yang disusun oleh Pemerintah K abupaten
Jeneponto. Jenis data penginderaan jauh menggunakan 2 (dua) seri waktu (tahun 2009 dan 2014) yang dianalisis menggunakan
metode klasifikas terbimbing (supervised classification) dan klasifikasi visual. Hasil analisis menunjukkan bahwa jenis
penggunaan lahan untuk sawah dan hutan (termasuk mangrove) mengalami konversi penggunaan lahan yang tidak sesuai
dengan rencana tata ruang wilayah Kabupaten Jeneponto. Penggunaan lahan untuk pemukiman cenderung mengalami
peningkatan melalui konversi lahan basah (sawah). Kondisi tersebut memberikan gambaran tentang kondisi yang akan
terjadi di masa mendatang sehingga penanganan arah dan kecenderungan perubahan penggunaan lahan yang lebih baik
dapat disiapkan dan diantisipasi lebih awal.

Kata kunci: perubahan penggunaan lahan, GIS, penginderaan jauh, rencana tata ruang wilayah

Introduction 470river basinswereinacritical condition sincethe
areas of the river basins were no longer effective
catchment areas (Suwarno, 2011). Even up to 2014,
Hge T y i X there were only 10 out of 155 river basinsin Java of
activitiesin making use of variousresource potentials. which percentage of forest cover was above 30

Human’s activities lead to an increase of landuse percent (http://www.republika.co.id accessed on
changewhich averagely never happens before either June 19th 2014). River basin degradationin Indonesia
inlevel of _scal_e orinleve of amou.nt gnd total area is supposed to have happened in 1970s. Itiscommonly
of land whichis used (Turner, 1994 Vitousek et a . triggered by paItern of land-use Change to the needs
1997). A resuilt of aresearch conducted by Schneider of agricultural areas (including plantation lands), as

et al. (2001), taking place in the area of Ipswich well as residential areas and mining areas (Junaidi,
Massachusetts River Basin (DAS), USA, indicates 2009).

that landuse change is mostly caused by landuse
conversion of forests into residential areas. This The causes of damage of river basins in Indonesia
condition aso happened in Indonesia. Up to 2011, areincons stency of land-use policy and urban landuse

One of the main factors reinforcing global climate
change nowadays is land-use change due to human’s
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plan (Marisan M, 2006) and rapid increasein human
population (Vitousek et al ., 1997). The samecondition
in which the increase of population leads to an
increase of land-use for society’s agricultural needs
occursin KelaraRiver Basin. Asaresult, the amount
of land for preservation zones significantly decreases
because of the continuous increase of land
conversion for agricultural activities. The change of
land-cover condition putseffectson society especialy
indry season inwhich soil water availability islimited.
According to Foley et al., (2005), changes in land
cover and vegetation in the long run will contribute
the sustainability of food production, clean water and
forest resources, climate and in the end will decline
human’s quality of life and wealth. The documentation
of landuse change from time to time, hence, is
required to conduct.

This research aims, firstly, at assessing the
consistency or inconsistency of land-use pattern in
Kelara River Basin located in the regency of
Jenepontowithitsurban landuse plan. Specifically, it
isintended to recognize the condition of land cover
withinthe period of 2009 to 2014 and also to analyze
the tendency of land-use change which is occurred.
Secondly, the aim of this research is to analyze the
appropriatenessof landuseinKelaraRiver Basinwith
Jeneponto’s urban land-use plan.

The pattern of landuse change occurred in the period
of 5 yearsisexpected to be ableto show thetendency
of change. Thelanduse changewhichiscontinuously
and appropriately recognized will contribute to better
understanding on how process and interaction
between human and natural phenomena happen in
such a way that resources can be better managed
(Lu et a.; 2004, Giri et al., 2005). This way, some
effortsto solve the problems can be applied well as
earlier aspossible.

Research Method
L ocation

This research was conducted in KelaraRiver Basin
located in the regency of Jeneponto. Kelara River
Basinislisted asariver basinintheregency of Gowa
and Jeneponto with thetota areaof 39,089 haincluding
13.100 hainthe regency of Jeneponto (34% of total
area of Kelara river basin) and 25.983 ha square
miles in the regency of Gowa (66% of total area of
KelaraRiver Basin). Thisstudy focuses on research
conducted in the regency of Jeneponto. KelaraRiver
Basinin the regency includes an area of which most
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of the lands are used as agricultural areas. This
research took place in the period of February 2014
toJuly 2014.

Data and Types of Data

Data used in this study are spatial and non-spatial
data. Spatial data are data which have geographic
referencesand their characteristics. Meanwhile, non-
spatial dataaretabular data. Primary and secondary
data were used in this research. The primary data
consist of satellite image data (2009’s record of
Landsat ETM [Enhanced Thematic Mapper Plus]
7+ and 2014’s record of Landsat 8). Secondary data
which were used include data of space pattern of
Jeneponto Regency, data of the River Basin’s area
borders, data of area’s administration (province,
regency, district) aswell as other relevant thematic
data (geology, land system, etc)

Satellite image data used in this study are based on
USGS (United State Geological Survey) (http://
earthexplorer.usgs.gov/). Thetypeof dataissatellite
image of Landsat ETM 7+ acquired in January 2009
and satellite image of Landsat 8 acquired in May
2014.

Landsat 7 TM/ETM is an earth resource satellite,
an advanced program of the previous spacecrafts
(Landsat 1-6). The space probe is characterized
by (1) sensory devices of which spatial resolution
and radiometric sensitivity areincreased, (2) faster
data delivery rate, and (3) focus to scan the
information rel ated to ecol ogical aspects (including
vegetation). Landsat ETM 7+ is equipped with
multispectral scanner sensor which is more
advanced than the previous versions of Landsat
satellite image. This additional sensor is called
thematic mapper/TM, an addition to four channels
of Landsat MSS (Multispectral Scanning) equipped
to the previous version of Landsat satellite image
(Reddy, 2008; Chang K. T, 2004; Lillesand and
Kiefer, 1997). Landsat 8 continues the mission of
Landsat ETM 7+ so that both satellites have similar
characteristics, particularly in resolution aspects
(spatial, temporal, and spectral resolutions),
correction method, satellite altitude, and sensor
characteristics. The differences between them are
(1) the number of band, (2) the lowest
el ectromagneti c wave spectrum rangewhich isable
to be caught by sensor, and (3) the bit value (digital
number range) from every single pixel of theimage
whichistheimprovement of sensory characteristics
of Landsat 7 (adapted from http://landsat.usgs.gov/
landsat8.php).
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In addition, thematic data are in the form of data of
area administration obtained from Regional
Development and Planning Center in Jeneponto
regency and Geospatial Information Center (scale
1:50000).

Method of Analysis

The interpretation of the satellite image was
conducted by using ErdasIMAGINE 9.2 and Indrisi
Selva software. Meanwhile, the other spatial data
were analyzed with the help of ArcGIS 10.2
software. The stages of interpreting image are
described asfollows:

Interpretation of Landsat ETM 7+ and Landsat
8 Satellite Image

Before satelliteimageswereinterpreted, there should
beaset of activities, comprising:

Geometric and radiometric correction.
Geometric correction is a process required to place
apieceof satelliteimagein the actual positioninthe
real world according to the position of geo-reference.
Meanwhile, radiometric correction is a histogram
adjusting method which was implemented with the
assumption that in the data recording process, there
were many weak or eventotally zero signal catching
distortionsand thereforethere existed some zero data.
Whereas, if the value was more than zero, it was
considered as bias.

Composite Image Preparation. This processis a
combination of three wavelengths carried out by
giving the basic colors to them, consisting of basic
colors: red, green, and blue. Type of color composite
image depends on much object being studied. Inthe
study, the composite color for Landsat ETM 7+ is
the combination of band 5 4 3, while the band
combination for Ladsat 8 imageisband 6 5 4.

Image Shar pening. The process isincluded in the
set of composite arrangement which was conducted
by sharpening theimageandfilteringthedigita value
of the image.

Image I nterpretation. The process involves
analysisand obj ect identification. Some aspectsneed
to be attentively examined, such as color, digital
number, structure, texture, brightness, pattern, sites,
and so on. Image interpretation and classification
were conducted by using supervised classification
with Maximum Likelihood method by deploying
composite band combination to analyze vegetation.
The result of land use analysis was validated by
impl ementing ground truth.
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Spatial Analysis

The data were analyzed using the devices of
geographical information system by applying
appropriate analysis techniques, including some
overlay methods (intersect, clip, merge, etc), update,
and crosstabul ation. The process of comparing land
use was conducted by using overlay of the land- use
databy applying ArcGIS software. The overlay result
will produce what kinds of land use have changed
from 2009 to 2014. Based on the annually observed
land-use classification, algorithm of land-use change
during 5 year abservationisfound. Thisapproachis
the most common pattern applied to analyze the
landuse change (Jensen, 2004).

To find out the level of consistency between land
use policy and actual condition, atest was carried
out by making cross-component-tabulated table of
the components, for instance, the data of space pattern
of RT /RW chambersand the analysisresult of land
use. The data combination will show the actual
condition of the suitability or mismatch between the
spatial pattern and land use. Thisresult of analysis
may spatially show the position of land usewhichis
inconsi stent with the space policy. Thus, the result of
thestudy can giveinputsto the policy makersto solve
the occurring problems.

Results and Discussion
Landuse in 2009

Based on the results of the classification of Landsat
ETM7 + 2009 using seven classes of land use, It
showed about the land use percentage of Kelara
watershed in Jeneponto District presented in Figure
2 and that theinterpretation of thelargest land usein
2009 was amixed farms (58.50% Kelarawatershed
in Jeneponto), whilethe smallest |land use were shrubs
(0.8%). A significant type of land use was for rice
(32.95%) since satelliteimage acquisition in January
2009 was coincided with therainy season, so people
could conduct wetland cultivation (irrigated and non-
irrigated rice) with rice plants.

Landuse in 2014

Classification results of Landsat 8 acquisitionsin May
2014 resulted in eight types of landuse. Classification
results showed that thelargest landuse was for mixed
farms (60.67% of the watershed areain the district
Kelara Jeneponto), while the smallest was for the
mangrove (0.23%). Based on the results of image
classificationin 2014, there were additional types of
landuse, namely the use of land for the pond. Land
on the embankment which had not previously been
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Figure 2. Percentage of Kelara watershed land use in 2009
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Figure 3. Percentage of Kelara watershed land use in 2014
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Figure 4. Percentage of Kelarawatershed land use in 2009The percentage space allocation according to the
spatial pattern of Jeneponto regency

Table 1. Cross tabulation of landuse in 2009 and 2014

Landuse in 2014
Landusein 2009 ] ] ] o Water
Forest Mixed fidd Mangove Residence  Ricefidd  Shrubs* Pond body Totd
Fores 67 - - - - 70 - - 137
Mixed field - 7,664 - - - - - - 7,664
Mangove - - 13 - - 25 82 6 126
Settlement - - - 604 - - - - 604
Ricefield - 285 - 42 1,940 2,003 - 46 4316
Shrubs - - 9 - 12 73 - 11 105
Water body - 0 10 - 3 70 7 58 147
Tatal 67 7,948 32 646 1,95 2,240 88 122 13100
Noate: * = shrubs and open land
Table 2. Cross tabulation using pattern RT/RW of Jeneponto regency with the landuse in 2014
Landuse in 2014
Space pattern '
RT/RW Forest l\?l]xed Mangrov Residence Ricefield Shrubs Pond Water Total
ield e body

Agro-forestry - 197 - - - 22 - - 219

Holticutture and 59 2157 : : : 197 } } 2430

ricefield ! ’

Preserve forest 8 625 - - - 167 - 12 811

Cultivation area of ) 7 } } : : ) 7

forestry

Residence - 228 - 577 168 156 - 11 1,140

Wet Farming Land - 1,216 - 20 1674 1,085 - 10 4,005

Dry Farming Land - 2,083 29 29 91 333 88 47 2,700

Farm - 1,435 - 3 23 281 - 41 1,783

Pond - - 3 - - 1 - - 4

Total 67 7,949 32 646 1956 2,240 88 122 13,100
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identified significantly in 2009, within aperiod of 5
(five) years increased to 82 ha, primarily from the
conversion of mangrove land.

Space pattern of Kelara water shed in Jeneponto
regency

Accordingto Law 26/2007 on spatial planning, spatial
alocation of an area was divided according to the
distribution of space pattern of that area. Space
pattern was space alocation in an areathat included
a design of reservation and cultivation functions.
Based on the overlaying results between space
pattern map of RT/RW in Jeneponto regency with
Kelara watershed boundaries it was indicated that
thelargest space all ocation was given to thewetlands
of agricultural cultivation area (31% equivalent to
4,005 ha), whilethe smallest allocation was givento
ponds (4 ha) whilefor the preservation areawas 6%
of Kelara the watershed area located in Jeneponto
(811 ha). Based on thedataanalysisresult of landuse
in 2009, paddy field areas(irrigated and non-irrigated)
reached 4.316 ha (32.95% of Kelarawatershed area
in Jeneponto regency). This indicated that the
allocation of land for wetland cultivation areatended
to be lower than the actual condition of paddy crop
in 2009. Fluctuations of thericefield areawas caused
by the pattern of land cultivation which was very
dependent on weather patterns (rain) that occurred.

Pattern of Landuse year 2009 - 2014

To determine the tendency of changes in land use
during the five (5) years in Kelara watershed in
Jeneponto regency, crosstabulation analysis between
the types of landuse from 2009 to 2014 was held.
Theresult of the analysis (Table 1) showed that the
biggest changein landuse (from 2009 to 2014) wasa
wetland. Changesin landuse classification were not
caused by the conversion of landuse, but due to
changes in land utilization due to limited water
resources. Wetlands classified asricefields (in 2009)
partly were not cultivated in 2014 (according to
satelliteimagery) dueto water shortage problem. As
aresult, most of the land changed into open land or
shrubs (in this study, classification of the open land
was not spesifically used and included in class of
shrub land use). This study also showed that the
accuracy of image classification required an
explanation for any landuse changes that occured.

Landuse changes that occured in Kelara watershed
in Jeneponto regency happened in all types of land
use. Changes in landuse occurred in the use of
ricefield. The conversion (change in land use that
could not be returned into its previous use) occured
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onland usefor forest, mangrove, wetland, settlement,
and ponds. The conversion of forest land use occured
for an area of 70 hawhich commonly cultivated by
peoplefor crops. Land conversion of mangroveland
use to be a pond area of 82 ha and damaged
mangrove land area of 25 ha. Ricefield conversion
to residence covered 42 ha and 2.003 ha were |eft
asdry land (shrubs) which werenot cultivated. Those
non-cultivated ricefields were due to lack of water
to irrigate the areas. This condition indicated that
Kelara watershed had a better management.

Conversion of land happened to the change of the
function of mangrove areainto pond. And it reached
an average of 16 ha/ year in the period of 5 (five)
yearsin coastal regions. Moreaarming condition was
the reduction of forest from 137 ha (in 2009) to 67
ha (2014) and the rate of forest conversion reached
up to 14 ha/ year. Both types of landuse conversion
were quite alarming because they could cause amore
severe damage to the environment.

Spatial Plan (RT/RW) and Actual Landuse

To determine consistency or inconsi stency between
the spatial policies in Jeneponto regency with the
actual conditionsof landusein Kelarawatershed, the
process of cross tabulation between RT/RW spatial
pattern map of Jeneponto regency and the latest land
use data (Landsat 8 2014) was held. Results of the
analysis were presented in Table 2, which showed
theinconsistency between the spatial pattern (spatial
policy) and the actual condition of land cover. It was
seen from the function change of preserve forest
became into mixed farms. Even there were only 8
ha of preserve forest which were actually complied
with forest vegetation cover.

Similarly, in cultivation area according to spatial
pattern map of Jeneponto regency, there had been a
conversion of landuse into residential areas. Even
the area that was actually a pond was alocated as
dry land agriculture. It indicated that there was
inconsistency of land use policies which quickly
encouraged land use changes. If this condition was
alowed continuously without serious and systematic
effortsto deal with, public would experience value
loss. One thing which happened today was the
shortage of water supply for thevarious public needs.

Concluson

Based ontheresultsit can be concluded that: (1) Within
five years, there has been alanduse conversion from
ricefield into residence, from mangroveinto fishpond
and from forest into famland, (2) The average of
mangrove conversion into fishpond reached 16 ha/
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year and from forest into farmland reached 14 ha/
year, (3) Changesinlandusefromricefield into shrubs
or open land were caused by a shortage of water for
that, so that it was necessary to have a better water
resource management, (4) Inconsistency between
spatial policy and actual landuse was thought to be
one of the factors that cause landuse changes that
occured quickly.
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Therefore, we recommend to solve land degradation
isthat |anduse changes in Kelara watershed should
be aconcern dueto land degradation potency so that
there is a reduction of agricultural land for the
development of food cropsin thisregency. Itisaso
needed to have aland characterization study in Kelara
to support the purpose of landuse which considers
into account aspects of sustainability.
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