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Abstract

The globalization and the developing of technology cause the increasing of human needs, which impacted to land use and cover
change (LUCC), particularly in watershed area. Two watersheds have been investigating, namely Ciliwung and Cisadane
watershed. The LUCC in those watersheds still continues since the growth of society and economy are increasing. Therefore, it
needs a significance breakthrough to analyze the driving factors of LUCC. The aims of this research are 1) to monitor and
analyze the LUCC, and 2) to figure out the driving factor of the LUCC. The outputs are LUCC maps, spider web diagram and the
driving factor of a change during three period of time, i.e. 1978, 1995 and 2012. The LUCC and its driving factors were analyzed
through Landsat satellite image. The results show the LUCC are always changed during those periods. The LUCC in those
watershed following several processes and in the end changed into settlements and dry lands, predominantly.
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1. Introduction

The fulfillment of community needs always grow and demanding. Those impacts the excessive nature
exploitations. One of those impacts can be found in Ciliwung and Cisadane Watershed. The land use and cover
change (LUCC) impacted the remain forest only left 12.0% in Ciliwung and 36.6% in Cisadane Watershed [1]. The
excessive change influences the water quality [2], decreasing ecological condition [3,4], giving negative effect to
next generation. One of negative effects of LUCC is increasing carbon emissions because reducing area that serves

* Corresponding author. Tel.: +62-856-9557-4368.
E-mail address: arifasihati@gmail.com.

1878-0296 © 2016 The Authors. Published by Elsevier B.V. Thisis an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the organizing committee of LISAT-FSEM2015

doi:10.1016/j.proenv.2016.03.098


https://core.ac.uk/display/82502453?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proenv.2016.03.098&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proenv.2016.03.098&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proenv.2016.03.098&domain=pdf

466 Yuliana Arifasihati and Kaswanto / Procedia Environmental Sciences 33 (2016) 465 — 469

as a regional carbon sequestration [5]. Those negative effects can be minimized by a robust watershed management
[6] through geographic information system (GIS) technology. This technology gives information about the
occurrence of LUCC remotely of the area to be examined.

This research are planning to achieve goals, i.e. 1) classifying the major changes of LUCC and 2) determining the
driving factor impacting on LUCC. The classifying are derived from Landsat image of three periods, i.e.1978, 1995
and 2012. The driving factor are calculating statistically using auto logistic regression [7].

2. Methodology
2.1 Location

This research was carried out in Ciliwung and Cisadane Watershed (Fig. 1). The geography, location and
boundaries of those watersheds are presented in Table 1. The data acquisition are shown in Table 2.
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Fig. 1. The Location of Ciliwung and Cisadane Watersheds

Table 1. The general information of Ciliwung and Cisadane Watershed

Name of Watershed Geography Location Area (ha) Administrative Regions

Ciliwung 06°06’ 00" - 6° 46’ 12" S and 386105  Bogor District, Bogor City, Depok City, and Jakarta
106° 48" 36” - 107° 00’ 00” E T Province

Cisadane 06° 37 48" - 6° 46" 12" S and 151.808.00 Bogor District, Bogor City, Tangerang District, and
106° 49' 48” — 107° 00' 00" E T Tangerang City

Table 2. Landsat data acquisition

Landsat Data Acquisition Date
July 17", 1978 Path 131 Row 065
LANDSAT1 MSS July 17 1978 Path 130 Row 065
August 8™, 1995 Path 122 Row 065
LANDSATS TM July 25™, 1996 Path 122 Row 065

LANDSAT7 ETM+ May 26", 2012 Path 122 Row 065
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2.2 Research methods

The methods used are:

e Inventory: the compilation of required data for research. The data were obtained by compiling spatial
information and field survey check. The spatial information [8] was obtained through landsat imagery for three
periods, i.e.1978, 1995 and 2012 which were used to perform the comparison of the LUCC. The field survey
check [9] was conducted by taking 15 sampling of each land use/cover classification.

e Analysis: the examining of training area followed by classification of supervised classification, prediction
accuracy, detection of change of land use/cover and determination of the driving factor.

e Stepwise regression analysis: the clarifying of correlation of six variables, i.e. rainfall, soil type, slope,
population, population density, and the distance to the city centre.

3. Results
3.1 Landuse and cover identification and changes during three times
Based on image classification, all of land use and cover class in Ciliwung and Cisadane Watersheds always

changing (Fig. 2). Ciliwung Watershed is dominated by built up area and Cisadane Watershed is dominated by
dryland area.

CILIWUNG
1978 1995 2012
CISADANE L R .

1978 1995 2012

Legenda

I Forest [ Built-up [ Bushes | |Bareland
B Water [ Oryland [ JPaddy | ICloud 048 16 24 ﬁmmmm
O —

Fig. 2. The LUCC of Cimandiri and Cibuni Watersheds during three periods
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3.2 Driving factor

The results of LUCC that occurred during three periods are correlated with six variables. The equation of linear
regression using the stepwise regression through logistic regression analyses (LRA) method (Table 3). Our finding
shows five variables are impacted the LUCC of Ciliwung watershed, while there are three variables that effect of the
LUCC in Cisadane Watershed (Table 4). It means the variables of population density, the distance to city centre and
precipitation should be considered in government development programs in order to detain the LUCC acceleration.
In addition, those programs should figure out that the LUCC is the result of the complex interactions between
behavioural and structural factors (drivers) associated with the demand, technological capacity, social relations and
the nature of the environment in question [10]. On the other hand, this research results in compliance that climate-
driven land-cover modifications interact with land-use changes [11].

Table 3. The result of LRA method for the correlation of the LUCC

Name of Watershed Period Equation
Ciliwung 1978-1995 Y =0.100 + 0.156 X; - 0.11 X, - 0.001 X3 - 0.010 Xs + 0.670 X
1995-2012 Y =75.190 + 1.410 X; - 0.630 X; - 0.070 X3-0.700 X5 + 12.540 Xs
Cisadane 1978-1995 Y =166.950 + 12.840 X, -7.300 Xs - 614 Xs
1995-2012 Y =268 +2.130 X; - 6.720 X5 - 1332 Xg

Table 4. The LUCC driving factors of Ciliwung and Cisadane Watershed

Rainfall Soil type Slope Population Population density The distance to the city centre
Name of Watershed
(X1) (X2) (X3) (Xa) (Xs) (Xe)
Ciliwung *) Q] Q] no Q] )
Cisadane +) no no no O] O]
Change of Ciliwung Watershed (%) Change of Cisadane Watershed (%5) i
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Fig. 3. The LUCC Spider web diagram of Ciliwung and Cisadane Watershed
4. Conclusion

Based on the results of the land use/cover classification in 1978, the largest is bushes, while water bodies
continued to decline from 1995 to 2012. The LUCC of 1978 to 1995 noted that the changing is 64,83% while not
changing is 35,17%. In addition, the LUCC that occurred in 1995 to 2012 is 56,04%, while not changing is 43.96%.
The method of LRA by using stepwise regression produces five variables that influence the LUCC. Five variables
impacted to the LUCC of Ciliwung i.e. precipitation, soil type, slope, population density, and distance of the city
centre, while three variables that affect the Cisadane watershed are precipitation, population density, and the distance
to the city centre.



Yuliana Arifasihati and Kaswanto / Procedia Environmental Sciences 33 (2016) 465 — 469 469

Acknowledgements

This research was conducted under the project entitled Designing Agroforestry Landscape towards Low Carbon
Societies (LCS) of BOPTN 2014. The satellite data were supported by Department of Landscape Architecture,
Faculty of Agriculture, Bogor Agricultural University (IPB).

References

1. Ministry of Environment. Status Lingkungan Hidup Indonesia 2010. Jakarta: Ministry of Environment; 2010. In Bahasa.

2. Kaswanto, Arifin HS, Nakagoshi N. Water Quality Index as a Simple Indicator for Sustainability Management of Rural Landscape in West
Java, Indonesia. International Journal of Environmental Protection 2012; 2: 17-27.

3. Nakagoshi N, Inoue M. River system in Japan from a landscape ecological aspect. J Environ Sci-China. 2003; 15: 160-166.

4. Kaswanto, Nakagoshi N, Arifin HS. Impact of Land Use Changes on Spatial pattern of landscape during two decades (1989-2009) in West
Java region. HIKOBIA. 2010; 15: 363-376.

5. Harashina K, Takeuchi K, Tsunekawa A, Arifin HS. Nitrogen flows due to human activities in the Cianjur-Cisokan watershed area in the
middle Citarum drainage basin, West Java, Indonesia: a case study at hamlet scale. Agric, Ecosyst Environ. 2003; 100: 75-90.

6. Kaswanto, Nakagoshi N. Landscape Ecology-Based Approach for Assessing Pekarangan Condition to Preserve Protected Area in West Java.
In Designing Low Carbon Societies in Landscape (Nakagoshi, N. and Mabuhay, J. A. (eds.)). Springer; 2014.

7. Verburg PH, Veldkamp A, Fresco LO. Simulation of changes in the spatial pattern of land use in China. Applied Geography. 1999; 19: 211-
233.

8. Nahuelhual L, Carmona A, Lara A, Echeverria C, Gonzalez ME. Land-cover change to forest plantations: Proximate causes and implications
for the landscape in south-central Chile. Landscape Urban Plann. 2012; 107: 12-20.

9. Gao Y, Zhang W. LULC classification and topographic correction of Landsat-7 ETM+ imagery in the Yangjia River Watershed: the
influence of DEM resolution. Sensors 2009; 9: 1980-1995.

10. Shalaby A, Tateishi R. Remote sensing and GIS for mapping and monitoring land cover and land-use changes in the Northwestern coastal
zone of Egypt. Applied Geography. 2007; 27: 14p.

11. Overmars KP, Verburg PH. Analysis of land use drivers at the watershed and household level: Linking two paradigms at the Philippine
forest fringe. International Journal of Geographical Information Science. 2005; 19: 28p.

12. Lambin EF, Geist HJ, Lepers E. Dynamics of Land-Use and Land-Cover Change in Tropical Regions. Annual Review of Environment &
Resources. 2003; 28: 205-241.



