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Abstract. The change of land-use/land-cover (LULC) is inexorable to cater to the needs of the
people, from a natural land use dominance to the built-up areas' dominance. Many geospatial
studies have examined the LULC, yet the data used were not up-to-date. Hence, this paper
proposes an integrated framework to assess the LULC by using the latest complimentary data of
Landsat 8 from Earth Explorer-USGS, and subsequently processed in Geographic Information
System application (ArcGIS 10.8) by executing two classification techniques: i) interactive
supervised classification (ISC) and ii) Iso cluster unsupervised classification (ICUC). The study
area is Kelantan, a state located in Peninsular Malaysia. Three hundred sampling points were
randomly generated within the boundary of Kelantan to compare the classified map of 2021 with
ground data using Google Earth Pro 7.3 and Google Street View. Results show that the ISC
method presents an overall accuracy of 87.7% (K= 0.79, p<0.001) compared to the ICUC
method, with an accuracy rate of 67.7% (K= 0.47, p<0.001). ISC method with the proposed
integrated framework can be viable techniques to assess LULC and can be used to study the
change of LULC periodically. Thus, it helps stakeholders make better decisions in resource
planning and distribution, especially in Kelantan, where the natural resources are rich.

Keywords: LULC; image classifications; GIS; Kelantan.

1. Introduction

The increasing population has contributed to the demand for more living space where forested areas
were tardily converted to agricultural lands and built-up areas, particularly housing, commercial lots,
and industrial zones [1]. The growth rate of Melaka, Pulau Pinang, Selangor and Wilayah Persekutuan
have exceeded the national urban population rate of 70%. Meanwhile, Kedah, Melaka, and Perak
increased significantly from around 20% to 70%, whereas Kelantan increased gradually from
approximately 15% to 40% [2]. It means Kelantan may still retain substantial natural resources
compared to other urbanized states in Peninsular Malaysia.

The studies of LULC allow researchers to understand, analyze and explore geospatial information
of a town or city. One of them is related to Urban Heat Island (UHI) and human thermal comfort. For
instance, Yeo ef al. [3] examined various spatial settings of LULC. They suggested that people living in
urban areas tend to experience heat stress due to asphalt streets, car parks, concrete areas, and vacant
land. Meanwhile, suburban and rural areas with tree-covered areas are less likely to experience heat
stress due to shades and evaporative cooling effects. Assessing LULC allows researchers to monitor the
change of land use and predict the dynamic landscape pattern [1,4]. Other than that, the studies on
ecosystem services provision, biodiversity, habitat conservation, and environmental sustainability
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utilize the LULC data set as well [5]. Despite the fact that LULC studies are widely explored in the field
of city planning, one common problem facing is that outmoded data set from open public sources were
often utilized [4]. The outdated geospatial mapping can hardly be used in the decision-making process,
especially concerning sustainable development and planning of a city or town, unless the nature of the
study itself is to scrutinize urban morphology that focuses on dynamic landscape simulation. Thus, the
objectives of this paper are: 1) to examine LULC classification with post-classification techniques using
Landsat 8 imagery via GIS, and ii) to compare the accuracy of both ISC and ICUC classification
approaches.

2. Methods

2.1 Study area

Kelantan is in the northeast part of peninsular Malaysia under the Universal Transverse Mercator (UTM)
coordinate system of Zone 47N to 48N, with approximately 15,040 km?. The northern part of Kelantan
faces Thailand's border, with Golok River defining the border. The eastern and southern sides face
Terengganu and Pahang, respectively, with hilly terrains and forestry. Lastly, the western side faces
Perak.

2.2 Data processing and analysis

There are various models or frameworks to assess LULC. For instance, the manual processing method
uses geo-processing and editor tools in ArcGIS to update the data by overlaying the latest remote sensing
data [1]. However, this method is only suitable for small-scale editing based on the data provided by
local authorities. Another method is through supervised or unsupervised classification methods, suitable
for macro scale processing by letting the software identify the statistical patterns or using predefined
decision rules to train the sample pixels without ground data [6]. Little to no literature explicitly explains
how the open-source data can produce the LULC maps. Thus, this study aims to propose an integrated
framework to produce high-accuracy LULC maps (refer to Figure 1).

Firstly, we downloaded the Landsat 8 data from Earth Explorer, USGS [7], and set the predefined
criteria like the site's boundary, date of the map, and cloud cover percentage. Two Landsat 8 images
were downloaded, one covered the northern part, and another covered the southern part of Kelantan,
Malaysia. The projected coordinate system is WGS 1984, UTM Zone: 47N. There are a total of 11 bands
images for each set of data. We only used bands 1 to 7 because bands 8 to 11 were irrelevant and needed.
The composited images are as shown in Figure 2, where the combinations of the bands are: Map A
(6,5,2), Map B (7,6,4), Map C (4,3,2), and Map D (5.,4,3) based on RGB colour model.

It is important to note that the composite of bands may influence the identification of different
LULC. For instance, Map D's infrared colour is suitable for identifying vegetation, where darkest red
indicates forested area and the lightest red indicates agricultural land. Similarly, Map A can also identify
agricultural land and forested areas where lighter green indicates agricultural land and darker green
indicates forested areas. Nevertheless, both Map A and Map D are rather hard to distinguish the barren
land and built-up areas because both appear almost the same colours. Thus, we suggest using Map B to
differentiate between barren land and build-up area. Indeed, we can always refer to Map C, the natural
colour. Despite the different band combinations helping us identify the type of LULC, there are always
limitations. For instance, it is hard to differentiate agricultural land and forested areas, especially when
the agricultural lands are fruit tree plantations, rubber estates, or oil palm estates. The ISC or ICUC
classification might miscode between the two.
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Figure 1. Integrated framework for LULC assessment.

Figure 2. Different bands combination for image classification.

For the ISC method, we trained the sample on the map manually by selecting the pixels on the map.
We trained the samples according to agricultures, waterbodies, forested area, barren land, built-up area,
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and cloud cover. Cloud cover was trained separately to simplify the post-editing process because it tends
to be miscoded as built-up areas. After classifying the image, both ISC and ICUC maps were converted
to polygon to fix the cloud cover with the editor tool. It is almost impossible to fix every detail in this
stage. Hence, we only fixed all the cloud cover in the attribute table and its shadows. After editing the
ISC and ICUC maps, the attributes table in the map was dissolved and merged using geo-processing
tools to combine similar types of LULC and both northern and southern parts. It is important to note
that it should not be merged at the beginning of the stage because the colour of the pixels is non-identical.
Otherwise, it may miscode during the classification process.

The ISC and ICUC generated LULC maps (see Figure 3) were converted to raster using the
conversion tool - feature to raster. It is not mandatory to convert to raster, but we suggested doing so.
Otherwise, computing error might occur due to a large sampling size. Next, executing the spatial analyst
tool - create accuracy assessment to generate 300 stratified randomized sampling points within the maps
across different types of LULC. Each sampling point was intercepted with the feature map to obtain the
attribute information.

Map 2021 ISC

Map 2021 ICUC
Class_name

Class_name
Agricultures

Agricultures

Barren Land
Barren Land

BuiltUp Area

] P I cuitup Area
Forested Area

] I Forested Area

I vateroodies I vaterbodies

Figure 3. LULC maps based on supervised and unsupervised classifications. Map A is by ISC
method, while Map B is by ICUC method.

Lastly, the sampling point layer was exported to an excel file using a conversion tool and converted
to a kml file to open with Google Earth Pro. Next, ground data were collected from the km/ file open in
Google Earth Pro by examining the exact location of the points in the satellite image and Google Street
View. Using these methods can help reduce the petrol consumption and time to travel to each destination
where the sampling points are. Nevertheless, if the information on the sampling point data is unavailable,
an actual ground visit should be carried out.

3. Results and discussion

Tables 1 and 2 show the comparison of ground data with the projected result. The map produced using
the ISC method has an 87.7% accuracy rate, with K=0.79 and p <0.001 (Table 1). Based on the Cohen's
Kappa coefficient (K), K = 0.79 represents a substantial strength of agreement, whereas the p < 0.001
indicates the result is statistically significant. Meanwhile, the map produced by the ICUC method has
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an accuracy of 67.7 %, where K = 0.47 and p < 0.001. It means the strength of agreement is moderate.
Based on the previous literature [6], the supervised classification method is expected to provide a more
accurate map. However, the method they applied was maximum likelihood classifier, while we were
applying interactive supervised classification (ISC), which does not require a training signature file. The
sample points we trained from the map are more than 50 per group, and we found that the signature file
could not be generated.

Table 1. Accuracy assessment for interactive supervised classification (ISC).

Ground data Total U. Acc., %
AG BL BA FA WB
ISC AG 57 0 0 21 0 78 73.1
BL 3 25 2 0 0 30 83.3
BA 1 6 3 0 12 50.0
FA 5 0 165 0 170 97.1
WB 0 0 0 10 10 100.0
Total 66 27 8 189 10 300
P. Acc, % 86.4 92.6 75.0 87.3 100

a. Overall Accuracy: 263/ 300 * 100 = 87.7 %
b. Measurement of Agreement, K = 0.79

c.p<0.001
Table 2. Accuracy assessment for Iso cluster unsupervised classification (ICUC).
Ground data Total U. Acc, %

AG BL BA FA WB
ICUC AG 54 16 0 53 0 123 43.9
BL 0 3 0 5 1 9 33.3
BA 8 7 0 0 16 43.8
FA 11 0 1 130 0 142 91.6
WB 0 0 0 1 9 10 90.0

Total 66 27 8 189 10 300
P. Acc., % 81.8 11.1 87.5 68.8 90.0

a. Overall Accuracy: 203/ 300 * 100 = 67.7 %
b. Measurement of Agreement, K = 0.47
c.p<0.001

To identify the shortcoming of the proposed integrated framework, we also compared the projected
LULC with ground data on each category (i.e., user's accuracy). For instance, waterbodies (WB) show
100% accuracy for the ISC method, while ICUC only shows a 90% accuracy rate. Meanwhile, the built-
up area (BA) has the lowest accuracy rate for the ISC method. Initially, this was somewhat unexpected.
We thought the forested area should exhibit the highest error due to difficulty differentiating the
agriculture (AG) and forested area (FA) while training the samples. After re-assessment, we believe this
occurred because the top layer of the built-up areas retained too many pixel values, indirectly causing
the problem for the training sample manager to automate the classification algorithm to associate with
the pixel values. For ICUC, the lowest accuracy rate goes to barren land (BL) with only 33.3%. It is
rather critical because most of the pixels were miscoded as FA. It is the same for AG and BA (see Table
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2). In sum, the ICUC method does not produce encouraging results unless post-editing is executed after
running the inter-reliability test. Similarly, extra precautions should focus on BA and AG for the ISC
method to further improve the accuracy of the LULC map.

4. Conclusion remarks

The proposed integrated framework could effectively produce LULC maps with a higher accuracy rate.
The accuracy rate can be improved when thoroughly examined in the post-classification stage. In our
case, we only fixed the cloud cover and its shadows. Based on the findings, we found that built-up areas
(user's accuracy of 50%) and agricultural lands (user's accuracy of 73.1%) for the ISC method have the
lowest user's accuracy rate. Nevertheless, the overall accuracy rate is still more than the usual standard
of 85% precision; hence the result is reliable. If both LULC were rectified during the post-editing
process using a bottom-up approach, the accuracy might see an overall improvement. We would also
like to highlight that the shortcoming of using computational algorithm-based classification is that each
LULC's sub-attributes are impossible to identify at this stage. Therefore, future research can improve in
this aspect. Practically, this study may benefit stakeholders, local authorities, or practitioners to adapt
the framework in their respective fields. An up-to-date map can support sustainable planning of a town
or city, including but not limited to monitoring the change of LULC, identifying potential eco-tourism
spots, assessing and valuing ecosystem services providers, and perhaps preventing illegal logging. In
sum, this study would bring a new contribution to the practical production of a LULC map without
depending on the outdated data sources acquired from the open public sources data or local authorities.
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