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MONITORING AND PREDICTING LAND USE-LAND COVER (LULC) CHANGES WITHIN 
AND AROUND KRAU WILDLIFE RESERVE (KWR) PROTECTED AREA IN MALAYSIA 
USING MULTI-TEMPORAL LANDSAT DATA 

J. Gambo a,b, H. Z. M. Shafri a        , N. S. N. Shaharum a, F. A. Z. Abidin c, M. T. A. Rahman c 

a Department of Civil Engineering and Geospatial Information Science Research Centre (GISRC),  
  Universiti Putra Malaysia (UPM), Malaysia 
b School of General Studies, Binyaminu Usman Polytechnic, Nigeria 
c Department of Wildlife and National Parks (DWNP), Malaysia 

 

Abstract: Natural and anthropogenic activities surrounding a Protected Area (PA) 

may cause its natural area to change in terms of Land Use-Land Cover (LULC). Thus, 
there is need of environmental change monitoring within and around PA because of its 
significant values to ecosystem at conservation scales. Effects and influences of local 
community within and around PA turn into the major problems for natural resource 
and conservations management as well as environmental impact assessment. 
Ascertaining the complex interface in relations to changes and its driving factors over 
period of time within and around PA is significant in order to predict future LULC 
changes, build alternative scenarios and serve as tools for decision making.  The main 
objective of this work was to evaluate temporal change detection and prediction of 
LULC as well as the trends of changes from 1989 to 2016 within and around Krau 
Wildlife Reserve (KWR).  The cloud issues were mitigated by producing cloud free 
image and object-based image analysis (OBIA) was adopted after a comparison with 
pixel-based analysis for overall accuracy and kappa statistics. The comparison of 
classified maps had produced a satisfactory results of overall accuracies of 91%, 86% 
and 90% for 1989, 2004 and 2016 respectively. The natural/dense forest between 
periods of 1989-2016 was decreased whereas built-up and agricultural/sparse forest 
were increased. The simulation model of Land Change Modeler (LCM) was utilized with 
digital elevation model (DEM) and past LULC maps to project future LULC pattern using 
Markov chain. The predicted map trend showed an increase of dense forest converted 
to agricultural/sparse forest in the north-western, and urban/built-up in east-southern 
part of KWR. The study is important for the conservation of habitat species and 
monitoring the current status of the KWR. 
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1. INTRODUCTION 

Protected areas (PAs) represent a massive investment around the world both at national and international 
levels in looking after our environment. Awareness and dialogue about protection and conservation of 
these environmentally sensitive areas be well informed and shared understanding among all the 
beneficiaries involved within and around. Natural areas have been effected greatly in many world locations 
by natural and human activities. Thus, monitoring, detecting and forecasting of land features modifications 
are significant for sustainable management, biodiversity, conservation, and development of PA (Bozkaya et 
al., 2015). Geographic spaces which, because of their particular environmental values for conservation 
purposes, deserved a special forms of safety ranging from total closure, except for protection purposes, to 
various forms of intervention required to maintain or restore habitats, to direct human use, remove 
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SPATIAL EXPLICIT MODELING TO UNDERSTAND THE DYNAMICS OF LANDUSE 
SWITCH USING OPEN SOURCE SATELLITE DATA 
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Abstract: Restless global urbanization needs to monitor in order to design a stable and 

sustainable urban habitat. In this regard, remote sensing and GIS are considered as an 
efficient monitoring and decision-support tool in sustainable urban planning and 
practices. In this paper we accumulate the results of a research undertaken to measure 
the urban sprawl and land use dynamics of the Dehradun city, Uttarakhand using vast 
sixteen years data and spatially explicit cellular automata CA-Markov model. 
Furthermore, future scenario of the city and land use was also examined. To achieve the 
desired goal, sixteen years large temporal images of Landsat were used to analyze the 
spatial decoration of land use change in the study area. The outcome of this study was 
clearly reviled that there was a substantial change was take place in the Dehradun city 
and its surroundings in last sixteen years. Modeling proposed a clear trend of various 
land use classes’ transformation in the area of urban built up expansions and urban 
encroachment whereas agricultural lands and forest covers are reduced at an alarming 
rate over the time. Dynamically increasing population of the city can be approximated 
by the predicted future scenarios. In order to promote a balance in between urban 
growth and environmental protection towards a sustainable urban habitat and 
environmental, local community involvement and capacity building program can be an 
efficient drive in this regard. 
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1. INTRODUCTION 

Changing aspects of Landuse at the peri-urban areas is a complex and dynamic process that involves both 
natural and human systems (Xiao et al., 2006). Over recent decades the suburbs of the metropolitan area are 
designed by urban sprawl (Glaeser & Kahn, 2003). Urban sprawl is known as a multifarious concept that 
dealing with the expansion of auto-oriented, low-density development and has a considerable impact on the 
surrounding ecosystem (Yuan et al., 2005). It is characterized by the expansion of human population from a 
core urban area into previously rural and remote areas. The discussions about urban sprawl are often made 
partial by the view of metropolitan growth is inefficient and causes environmental degradation. But the other 
side of the issue says the beneficiaries of sprawl may be a silent majority who are not as politically active as 
center city boosters, environmentalists and the urban layman in voicing their views on the merits of the on-
going decentralization of jobs and people taking place across cities. 

In India, urban sprawl is in its zenith phase at the cost of farmland, forest, and other ecologically sensitive 
areas. Rapid urbanization in India is changing the dynamics between ecology, economy and the society 
(Bardhan et al., 2016). The exponential growth of urban population has clearly figured out by last few 
censuses results. The alarmingly diminishing forest coverage is upholding these findings. As like other states 
of India, cities of Uttarakhand is also experienced with population exploration evident by the census of India 
2011 report illustrated in Figure 1. 
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ESTIMATING MANGROVE FOREST DENSITY USING GAP FRACTION METHOD AND 
VEGETATION TRANSFORMATION INDICES APPROACH  

N. Khakhima, A. C. P. Putrab, T. U. Widhaningtyasb 
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Abstract: Mangrove forest represented a coastal ecosystem in Indonesia. Theoretical 

validation and in-field measurement by calculating the number of trees and the density 
data that was validated through remote sensing would not be appropriate because the 
remote sensing recorded canopy density and not tree stands. New method canopy 
photography or gap fraction method was the technique to predict sun radiation using 
the photograph taken upward through extremely wide lens and classification object 
image. The objectives of the study were (1) to examine the acuracy of the estimation of 
the mangrove forest density using vegetation index transformation, and (2) to map the 
mangrove forest condition. The location of the study was Alas Purwo Resort Grajagan 
National Park area. The material of the study was Landsat-8 OLI image recorded on 
January 19th, 2016 using SAVI vegetation index transformation method. Gap fraction 
filed measurement method was a new method in Indonesia. The results of the study 
showed that the regression of the SAVI index between index transformation value and 
in-field condition (R2) was 0.566, the forest density estimation resulting from the SAVI 
index transformation had the RMSE of 2.334178 and the density of the mangrove forest 
in Grajagan Bay of the Alas Purwo National Park included low density of 0-12.5% (30.42 
ha), medium density of 12.6-25% (116.55 ha), and high density of 25.1-37.6% (463.68 
ha).  
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1. INTRODUCTION 

Indonesia had a very wide coastal area with 95.181 km coastal line. Mangrove forest represented costal 
ecosystem and formed because of the presence of wave protection, fresh water input, sedimentation, tidal 
water flow, and warm temperature (Walsh, 1974). The mangrove forest in Grajagan Bay represented the 
most natural mangrove forest in Java Island (Sudarmadji, 2011). A part of the mangrove forest belonged to 
Alas Purwo National Park or to Grajagan Resort. According to the decree of the Minister of Forestry No. 283 
KPTS-II/1992 Alas Purwo National Park was a conservation area. 

Remote sensing was considered to be more effective in mapping mangrove condition than a conventional 
or terrestrial method. According to (Fawzi, 2015)  the remote sensing of the mangrove forest was able to 
provide detailed physical aspects of the forest such as species, zoning, change in land use arrangement, and 
mangrove physical mapping. According to (Lee & Yeh, 2009) mangrove had unique spectral reflection 
representing the combination of ground, water and vegetation because the mangrove grew in coastal area. 
Additionally, the basic reflection of mangrove canopy also influenced the spectral reflection of the 
mangrove (Kuenzer, Bluemel, Gebhardt, Quoc, & Dech, 2011). Forest density could be estimated in the 
remote sensing using vegetation index transformation approach. The vegetation index transformation was 
a mathematical model developed to estimate forest density (Danoedoro, 2012). The objectives of the study 
were to examine the accuracy of the estimation of mangrove forest density using remote sensing with 
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