
 Procedia Environmental Sciences   33  ( 2016 )  654 – 660 

1878-0296 © 2016 Published by Elsevier B.V. This is 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.2016.03.120 

Available online at www.sciencedirect.com

ScienceDirect

The 2nd International Symposium on LAPAN-IPB Satellite for Food Security and Environmental 
Monitoring 2015, LISAT-FSEM 2015 

Land use/land cover change detection in an urban watershed: a case 
study of upper Citarum Watershed, West Java Province, Indonesia 

Mufubi Agatona,*, Yudi Setiawanb, Hefni Effendib,c

a Department of Natural Resources and Environmental Management, Bogor Agricultural University, Baranangsiang, Bogor 16144, Indonesia
b Center for Environmental Research, Bogor Agricultural University, PPLH Building 2nd-4th Floor, Jl Lingkar Akademik, Dramaga, Bogor 

16680, Indonesia 
c Department of Aquatic Resources Management, Bogor Agricultural University, Marine Building 3rd Floor, Dramaga, Bogor 16680, Indonesia  

Abstract 

Upper Citarum Watershed is critically threatened by LULCC especially due to rapid urbanization, forest conversion and 
agricultural expansion. Such changes have degraded the watershed and significantly impacted on the water quality in the upper 
Citarum River. In order to prevent such degradation, periodic LULCC monitoring is paramount. This study employed GIS and 
RS techniques to detect LULCC in Upper Citarum Watershed between 1997 and 2014. The results revealed a significant change 
in the proportions of the various LULC types of the study area from the year 1997 to 2014. Forest decreased by 41% between 
1997 and 2005, and by 35% between 2005 and 2014. In the same time period, agricultural land increased by 8% and 2% from 
1997 to 2005 and from 2005 to 2014 respectively. On the other hand built-up increased by 100% between 1997 and 2005, and by 
65% between 2005 and 2014. Bare land increased by 56% between 1997 and 2005 but declined by 15% between 2005 and 2014. 
Bush land cover decreased by 14% between 1997 and 2005 and by 4% between 2005 and 2014. Water body decreased by 12% 
between 1997 and 2005, and 10% between 2005 and 2014. The study revealed that rapid urbanization was the change initiator 
and the major force driving LULCC in Upper Citarum Watershed. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Land use and land cover change (LULCC) is one of the major environmental changes occurring around the globe 
today. The interaction of LULCC with climate, ecosystem processes, biogeochemical cycles, biodiversity as well as 
human activities is of paramount importance [1, 2]. However, in the last two decades the magnitude and spatial 
reach of human impacts on the earth’s land surface is unprecedented [3]. Changes in land use and land cover has 
been accelerating as a result of socio-economic and biophysical drivers [4] and are closely linked with the issue of 
the sustainability of socio-economic development since they affect essential parts of our natural capital such as 
vegetation, water resources and biodiversity [5]. Improper practices of LULC including deforestation, uncontrolled 
and excessive grazing, expansion of agriculture, and urban development are deteriorating watershed conditions [6], 
at various temporal and spatial scales [7-9].  

 Citarum Watershed is one of the severely threatened watersheds in the world and the most degraded watershed 
on Java Island, having an Environmental Quality Index of less than 40% [10]. The upper Citarum Watershed is 
experiencing rapid LULCC especially due to rapid urbanization, forest conversion and agricultural intensification. 
Such changes have degraded the watershed and caused deterioration of water quality in Citarum River. To prevent 
such degradation, monitoring of LULCC in a watershed is very important. Therefore this study was intended to 
employ GIS and remote sensing techniques to detect LULCC in upper Citarum Watershed between 1997 and 2014. 

2. Methods 

2.1. Study area 

The study was conducted in Upper Citarum Watershed from September 2015 to November 2015. The Upper 
Citarum Watershed is the uppermost part of the whole Citarum Watershed located on Java island of West Java 
province, Indonesia. Upper Citarum is divided into eight sub watersheds which include; the Cikapundung 
Cipamokolan, Cikeruh, Cisangkuy, Citarik, Cirasea, Ciwidey, Ciminyak and Cihaur (Fig. 1). The Upper Citarum 
Watershed is the water reservoir and electricity source of the capital Jakarta, which is situated on the coast of the 
Java Sea. There is 56% of the Upper Citarum Watershed belongs to the administrative district of Bandung. The 
watershed is embedded in a hilly landscape of the backcountry of Jakarta. The whole area is 230,802 ha and 26,000 
km wide [11]. The spatial distribution of the rainfall is not consistent [12]. Due to the extremely mountainous terrain 
and its topographic effect, the average annual rainfall varies from 1,966 mm up to 2,600 mm.  

The study area lies in tropical rain forest climate despite a short dry season. However, some parts at the highest 
altitude experience warm temperate climate; moist, with precipitation in all months, with a hot summer, warmest 
month over 22°C [12]. The rainy season in the Upper Citarum Watershed is from November to April and the 
remaining months are the so-called transition or dry season. There is a huge amount of rainfall from the beginning of 
March until April and the second peak is from November until December [13]. According to the Ministry of forestry 
of Indonesia [14], the daily average temperature is between 22°C and 23°C and the average wind speed in a month 
lie between 23 and 106 km per hour while the atmospheric humidity is between 25% and 83%.

2.2. Materials 

Satellite data 
Landsat images of path/row 121/65 and 122/65; Landsat 5 TM for 1997 and 2005, and Landsat 8 OLI for 2014. 
The satellite acquisition date for the images was July to September. 
Vector data
(i) Upper Citarum Watershed boundary (Obtained from Regional Environment Management Agency, “BPLHD” 
-West Java province). 
(ii) Land cover map of West Java province (1990-2013), obtained from Baplan, Ministry of Forestry. 
[Scale:1:250.000] 
Software 
ERDAS IMAGINE 9.1 and Arc GIS 10.2. 
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