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Abstract - Transformation of land cover in a region with rapidly dwindling land/man ratio is required to be demonstrated. 
Uncontrolled demographic pressure and industrial development took its toll in unsustainable land use pattern leading to the 
dubious distinction of the region as one of the worst Arsenic affected realm of the world. The present study proves an 
appraisal of spatial changes in the land use/land cover over the last 21 years (1992-2013) in a coastal region of Papua New 
Guinea using multi-temporal Landsat images. The transformation of land use scenario of the district was depicted through 
remote sensing via supervised classification technique. The comparative study shows that this region had experienced 
consistent change in forest area with an overall rate of change of about more than 15 percent from 1992 to 2013.  
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I. INTRODUCTION  
 
Assessment of Land use/ land cover (LULC) is an 
important parameter to meaningfully plan land 
resources management (Zhu, 1997). Natural 
resources are responsive to human interaction and 
these together with terrain features determine the 
selection of proper land use pattern, which also in 
some way reflects the cultural, social and economic 
conditions (Vink, 1975). The growth of population 
and consequent demand for land are very high in 
some country and per capita availability of land is 
very low (Nagdeve, 2008). The indiscriminate use of 
available land causes the emergence of several 
environmental issues in many parts of the world, 
particularly in the fragile areas, and the present study 
area forms part of one such landscape. Especially the 
excessive use of ground water from shallow 
depthexcessive use of ground water from shallow 
depth water table for intensive agriculture and for 
sustenance of demography has given rise to an 
alarming Arsenic pollution in ground waters many 
times over the prescribed World Health Organisation 
limit (Ghosh, 2011). The change in any form of land 
use is largely related either with external forces or the 
pressure built up within the system (Bisht and 
Kothyari, 2001). Assessment of spatial and temporal 
changes in land use pattern is an effective tool for the 
evaluation of changes occurring in land use and the 
extent of environmental degradation. The great merits 
of recording land use maps are that each parcel of 
land can be precisely located and the areal 
relationships of different uses analyzed in a way that 
is not possible with a variety of statistical data, often 
collected for quiet different purposes (Best and 
Coppock, 1962).  
Remote sensing technology puts forward an 
indispensible role in obtaining real time data for 
updating information about the present state and the 
incessant dynamic alterations of our earth surface via 

image classification and change detection (Singh, 
1989; Song et al., 2001). Moreover, timely and 
accurate information of earth surface features affords 
a better understanding of the interrelations connecting 
the human and natural phenomenon to improve 
management and use of resources (Lu et al., 2004). 
Extensive use of Landsat data for land cover mapping 
has provided earth observation data to gather a broad 
assortment of information needs since 1972 at local, 
regional and global scales (Csaplovics, 1998; Foody, 
2002; Williams et al., 2006). The availability of 
Landsat data in the Geocover dataset and the United 
States Geological Survey’s (USGS) decision to offer 
free access to all Landsat data holdings suggest 
prospect for land cover classifications using Landsat 
imagery (Knorn et al., 2009). A lot of work on LULC 
has been made by various researcher (Li et al., 2001; 
Gao et al., 2006; Serra et al., 2008; Dewan and 
Yamaguchi, 2009; Kaiser, 2009; Siren and Brindizio, 
2009). Change detection can be performed by 
supervised approaches (Singh, 1989). A supervised 
technique entails ground truth points to obtain 
training sets containing information about the spectral 
signatures of the changes that occurred in the 
considered area between a pair of dates. An attempt 
has been made to map out the status of LULC of Lae 
area, Morobe province of Papua New Guinea during 
1992 – 2013 with a view to detecting status of land 
exploitations and the changes that has taken place 
using supervised classification technique. 
 
II. MATERIALS AND METHODS  
 
The study area is Lae city is located just in the East 
from the mouth of Markham River (6° 44' S 147° 00' 
E). The climate of the region is characterized by 
tropical climate,  hot and wet summer, dominated by 
three factors. These are- (i) the equatorial low 
pressure and sub tropical high pressure, (ii) the 
influence of ocean and (iii) the influence of altitude. 
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Landsat7 (Thematic Mapper-TM) and 8 (Optical 
Land Imager-OLI) satellites were used in the present 
study (Table 1), that maintain near polar, sun-
synchronous orbit. All the satellite data was geo-
referenced to the projection: Universal Transverse 
Mercator (UTM) zone 54 and Datum: World 
Geodetic Datum (WGS) 84. Geometric correction 
was made using both topographic maps and ground 
control points (GCPs) to register the 2013 image. 
Using the rectified image, other images were also co-

registered. The root mean square error (RMSE) 
between the 2010 image and other images was within 
the acceptable limit of 0.25 pixels (Lunetta and 
Elvidge, 1998).  The most useful band combinations 
in Landsat for discrimination of land cover categories 
are bands 5-4-3 (OLI) and 4-3-2 (TM) which are 
assigned as red, green, and blue, respectively. Image 
processing was performed using ERDAS IMAGINE 
v.10 image processing software. 
 

 
Table 1. Characteristics of Landsat data used in the present study 

 

Supervised classification technique with Maximum 
Likelihood (MXL) algorithm was applied as a 
parametric rule to assign the pixel into nine (9) land 
cover classes based on their spectral reflectance 
characteristics (Richards and Jia, 2006). Different 
training sets were demarcated for each land cover 
class and confirmed through a digital topographic 
map, ground truth points, and the visual interpretation 
of different images. Using the training sets, various 
spectral signatures for each class were developed and 
evaluated using separability analysis to estimate the 
expected error in the classification for various feature 
combinations (Landgrebe, 2003). Using a separability 
cell array, different spectral signatures in each class 
were merged together (Jensen, 2004) which then was 
expected evince better accuracy in the final image 
classification.  
To correctly perform assessment of classification 
accuracy, an error matrix table (Congalton, 1991) was 
derived that represented a square array of numbers 
laid out in rows and columns, expressing the number 
of sample unit (e.g. clusters of pixel) assigned to a 
particular category relative to the actual category as 
verified in the field. The columns normally 
represented the reference data, while the rows 
indicated the classification generated from the 
remotely sensed data. However, accuracy assessment 
was performed for the imagery with the merged 
signatures. Interpretation was based on field 
verification. Stratified random sampling was adopted 

in the accuracy assessment by considering 50 sample 
points for each land cover class. Two different 
measures could be derived from the values in an error 
matrix: user’s and producer’s accuracy (Story and 
Congalton, 1986; Campbell, 2002). A Kappa 
coefficient is commonly used as a measure of map 
accuracy (Hudson and Ramm, 1987; Congalton and 
Green, 1999). Overall accuracy, user’s and 
producer’s accuracies, and the Kappa statistics were 
then derived from the error matrix, along with both 
the errors of inclusion (commission errors) and errors 
of exclusion (omission errors). It has been a widely 
used measure for classification accuracy and was 
recommended as a standard by Rosenfield and 
Fitzpatrick- Lins (1986). Typically, the specified 
requirements take the form of a minimum level of 
overall accuracy (Foody, 2002). The USGS proposed 
an accuracy level of 85% as the minimum 
requirement for land use/cover mapping with Landsat 
data (Anderson et al., 1976). 
 
To confirm the classification accuracy, accuracy 
assessment analysis was computed. Table 2 identifies 
the error matrices for both the images developed from 
the supervised classification technique. In table 3 the 
overall classification accuracy and kappa statistic 
were 86% and 0.8397 respectively in 1992. In 2013 
the overall classification accuracy and kappa statistics 
increased to 92% and 0.9071 respectively.  
 

 
Table 2. Classification accuracy and kappa statistics of two classification 

 
 
III. RESULTS AND  DISCUSSION  
 
For each date, nine land cover classes were generated 
in the Lae region, Morobe Province, Papue New 
Guinea. Following land cover classes were 
considered in image classification: Deep Sea Water,  
Shallow Sea Water,  River Water,  Dense Vegetation,  

Low Dense Vegetation,  Shrubs,  Fallow Land,  
Agriculture/Plantation and  Urban and Built-up 
(Figure 1a and 1b). For each year, the area of the land 
cover classes was estimated and the percent of area 
occupied for each land cover classes were calculated 
(Table 3). Supervised classification results showed 
that in 1992-2013 the forest region had been the 
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dominant land cover features with coverage of 
approximately 57% (22932.14 ha) of the study area. 
In 1992, urban and built-up land covered 1.3% 
(526.07 ha), open land occupied 5.4% (2174.47 ha) 
and shrubs occupied 11.9% (4742.12 ha). Conversely, 
in 2013, forest covered 40% (15954.89 ha), urban and 
built-up land covered 4.4% (1758.06 ha), open land 
occupied 5.3% (2100.94 ha) and shrubs occupied 
20.1% (8023.82 ha). As a result of population 
pressure and industrial development in this area, a 
dramatic increase in the urban and built-up land was 
observed in 1992 and 2013. The major assumption of 
change detection is a difference exists in the spectral 
response of a pixel on two dates if the biophysical 
materials within the instantaneous field of view have 
changed between dates. Post-classification change 
detection through cross tabulation method avoids 
problems encountered at the pixel level (such as 

shadows and reflections) and requires both images to 
be individually rectified and classified before they 
can be compared pixel by pixel. This pixel-by-pixel 
comparison is accomplished using a change detection 
matrix (see description below). Care must be taken to 
ensure that both classifications are as accurate as 
possible since any errors that occur in the 
classification will be carried over into the change 
detection. This method provides good from-to 
information and results in a base map that can be used 
for the next year. It identifies where the change has 
occurred and how much change has occurred as 
describe in table 4. This a simple process to 
understand overall changes of land use/land cover in 
the study area. Grass cover land (upland and low) and 
urban and built-up are the two major gain class from 
1992 to 2013.  

 
Table 3. The area coverage by hectare and percentage for each land use/land cover classes 
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Figure 1. Changes in Land use/land cover classes of Lae  region (a) 1992 and (b 2013 

 
Table 4. Change detection (Cross-tabulation) of land use/ land cover over 21 years 

 
 

CONCLUSION  
 
During the last 21 years (1992-2013), an impressive 
land cover change was observed in Lae region of 
Morobe province in Papua New Guinea. In this 
research supervised classification approach and 
change detection techniques were used to monitor the 
change of LULC during this period. Results from the 
hybrid classification technique also shows that this 
region has experienced consistent change in forest 
and open land and vegetation/pshrubs/grassland area, 
with an overall rate of change of about more than 10 
to 15 percent from 1992 to 2013 in this region. To 
understand changes of land use/land cover due to 
population growth in Lae coastal regions a change 
detection analysis is performed. It detects "from-to" 
or "to-form" information in the tabular form. This 
comparative analysis is performed through a 

quantitative method of change detection called "post 
classification comparison change detection". The 
mixed classes with medium resolution satellite 
imagery require knowledge about the actual ground 
cover types to achieve the satisfactory result and to 
increase the classification accuracy. 
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