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Abstract

Paddy is one of the main contributions to the Malaysia economy among agricultural activities. It yields
rice which is the Malaysian staple food. Therefore, it is crucial to monitor rice growing area to maintain
its production will continue to sustain. Geographic Information Technologies namely remote sensing (RS)
and geographical information system (GIS) can be utilised in monitoring rice growing areas, thus
planning and managing the cultivation area. This paper, therefore, aimed to detect and update changes of
paddy growing area, and monitor landscape changes in the northern region of Peninsular Malaysia as the
study site. Data used is based on four years series of Landsat 7 ETM+ and Landsat 8 OLI/TIRS obtained
from United States Geological Survey (USGS). Five types of land cover were identified using maximum
likelihood supervised classification method. The findings indicate that rice growing area had decreased
significantly. Thus, proper monitoring and planning for rice growing activities are needed in ensuring
food security in Malaysia.
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1. Introduction

Paddy, which produces rice, is one of the most important agricultural activities in Malaysia and
remains the third largest crop, next to oil palm and rubber. Paddy field covers about 600,000 hectares of
area under cultivation. Two third of rice growing area under cultivation was located in Peninsular
Malaysia, where half of it falls under eight major irrigation schemes (Cheong, 1998). Rice, being the
staple food in Malaysia, provides a food supply for 28.3 million Malaysian population (Ahmed, & Siwar,
2013). According to Abu and Shah (2013), the National Food Security Policy aims to increase the
National Self Sufficiency Level (NSSL) of domestic rice production from 70% in 2010 to 85% by 2015.
Such target, the importation of rice from will decrease from 30% to 15% by 2015. In order to achieve that
target, Malaysia needs to produce approximately 2.5 million metric tons annually. That can be made
through the increase of crop productivity (yield per unit of land; kg/m?) and water productivity (yield per
unit of water or “crop per drop”: kg/m®) (Beddington, 2010). More importantly, the size of the rice
growing area needs to be protected (Elhadary, Samat, & Obeng-Odoom, 2013). Paddy mapping provides
valuable information for many rice monitoring purposes (Shams, 2014). Accurate estimation of rice
growing areas provides important information for public authorities, planners, and decision-makers in
formulating policies concerning import or export if there is a shortfall and/or surplus of rice (Mosleh,
Hassan, & Chowdhury 2015).

At present, however, not many studies have undertaken that estimate the area used for rice
farming. Inconsistent records in the Agriculture Department and Farmers Association caused difficulties
to quantify areas used for rice farming. Remote sensing, for example, is an ideal tool for vegetation
mapping since Landsat imagery which differs in their spatial, spectral and temporal resolutions could
provide data for monitoring and quantifying land use activity (Elshorbagy, Imam, & Nour, 2014). The
characteristics of Landsat or satellite images allows to differentiate rice growing areas since paddy
growing season has four significant activities namely land preparation, planting, growing, and harvesting.
Satellite imagery, therefore, can be used to acquire information of the size of paddy parcel, monitor and
observe the activities during the growth stage, starting from land preparation to harvest (Pandak, & Sutha,
2014). Also, a satellite-based method could offer approximated data which allows on planting period
and/or daily temperature to be gathered for large areas at relatively low cost (Xin, Yu, van Leeuwen, &
Driessen, 2002). The aim of this paper, therefore, is to monitor changes in paddy area cultivation in the

northern region of Peninsular Malaysia.

2. Problem Statement

As stated above, rice is an important crop, usually planted in flooded fields. Paddy is a seasonal
crop where the area changes into three stages during each growing session. First, planting season where
land surface was covered with water at a depth of 2-15cm. Then about 2 months later, most of the fields’
surface is covered by canopies of green rice plants, and then, at the end of the growing period prior to
harvesting, leaf and stem moisture content will decrease which consequently makes paddy fields turns to
greenish yellow (Wang et al., 2015). Remote sensing has been widely used in monitoring rice growing
areas (Kurosu, Fujita, & Chiba, 1997; Oetter, Cohen, Berterretche, Maiersperger, & Kennedy, 2001; Shao

et al., 2001). Satellite images of vegetation can provide data on the density of plant growth over the entire
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world. However, when applying to rice growing area, there might be a confusion of paddy field with
other land cover types because, during harvesting period, the reflectance cover newly might be
misclassified open field as a new urban area. Besides, build-up and barren lands have similar high
reflectance at visible and approximately near to infrared bands. The most standard measurement for
vegetation is the Normalized Different Vegetation Index (NDVI) that can be used to differentiate various
vegetation covers. According to Weier and Herring (2000), low values (0.1 and below) of NDVI are
representing rock, sand or snows. Moderate values (0.2 to 0.3) of NDVI represent grassland and shrub,
while high values (0.6 to 0.8) corresponds to the temperate and tropical rainforest (Weier & Herring,
2000). However, when applying to rice growing area, there will be a confusion of paddy field with other
land cover types because, during harvesting period, the reflectance cover newly might be misclassified
open field as a new urban area. Regarding on these physical features, Wang et al., (2015) proposed the
usage of a simple algorithm, that is, Land Surface Water Index Combination (LSWI) with a value less
than 0 to be put forward for built-up or barren lands. Then, the frequency of a pixel identified as built-up
or barren lands in the Landsat 8 time series was calculated. The study by Shams (2014), for example,
proposed the usage of LSWI and NDVI to obtain the final paddy map combination. Similarly, the study
by Fang (1998) also used NDVI based land cover use or image classification using administrative
boundaries to distinguish rice paddy from another field. Later, Normalized Difference Water Index
(NDWI) was used as a measurement for detection of water level in vegetation (Maki, Ishiahra, & Tamura,
2004). Then a comparison between NDVI and NDW!I of temporal dynamics and spatial patterns were
used to identify water during the flooding period and rice transplanting (Xiao, Boles, Frolking, Salas,
Moore, Li, & Zhao, 2002). As shown by Xiao et al. (2002), Maki et al. (2004) and Shams (2014) satellite
image was useful in detecting rice-growing areas. MODIS (or Moderate Resolution Imaging Spectro-
radiometer) data with high temporal and continuous observation has been integrated with pixel- and
phenology-based algorithms to detect paddy field phenology to map growing rice areas or track the
intensity of paddy rice fields (Bridhikitti, & Overcamp, 2012). Nevertheless, MODIS-phased phenology
information unable to capture the sub-pixel dynamics of small paddy fields in heterogeneous and
fragmented agricultural landscapes (Son, Chen, Chen, Duc, & Chang, 2013). Landsat images with 30m
spatial resolution could improve requirement detection of paddy rice field. But, further study is necessary
to document the combination of satellite images with pixel- and phenology-based algorithms for rice

growing areas mapping (Wang et al., 2015).

3. Research Questions

The research underwent mapping rice growing area using several techniques of remote sensing as
proposed by previous researchers to obtain good accuracy of the classified images. Satellite images might
have a technical error such as images are covered by clouds which provides limited good satellite image
for analysis. The article offers good classification images which are useful in monitoring rice growing

mapping area in the Northern Region of Peninsular Malaysia.
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4. Purpose of the Study

Paddy areas in the Northern Region of Peninsular Malaysia have decreased as urban development
rise from year to year. Therefore, this article is purposely to monitor rice mapping area using remote
sensing and GIS which provides valuable finding to responsible authorities in managing the study area.
Satellite images were undergone image classification processes to assess changes in paddy area in the

Northern Region of Peninsular Malaysia.

5. Research Methods

The study was carried out in Northwest Coast of Peninsular Malaysia which involves the state of
Kedah, Perlis and Penang. It is located between latitude 5° 05 N and 7° 23’ N and longitude 99° 38’E and
101° 09'E, with an area approximately 11,369 square kilometres (See Figure 01). Most of Malaysia's
paddy rice production takes place in the northwest corner of the peninsular region, which are close to
Thailand border (Xiao et al., 2006). It was estimated that over 3.98 million people reside in these states
(Department of Statistics, 2010) which are technically making the population density of 350 people per
square kilometres. This figure will eventually cause a build-up area to be getting denser. Furthermore,
these three states had undergone rapid urban development, which will cause significant changes in the
paddy rice field area. This phenomenon will increase demand for land which results in the encroachment
of the built-up regions into agricultural area mainly paddy rice field area at the urban fringe (Elhadary et
al., 2013).

Kedah, Perlis and Pulau Pinang

Pulau
Pinang '

Peninsular Malaysia

Figure 01. The study area

49



https://doi.org/10.15405/epshs.2019.09.5

Corresponding Author: Mohd Amirul Mahamud

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

The second reason for selecting the northern region of Peninsular Malaysia is because these areas
have the largest rice growing areas in Malaysia. The total areas are 96,558 hectares under Muda
Agriculture Development Area (MADA), and 11,000 are under the Irrigated Agriculture Development
Project. The area underwent rapid urbanisation since the 1970s. Therefore, it is timely that proper
planning and monitoring of rice growing areas to be undertaken to preserve paddy growing areas and
ensure national food security (Department of Agriculture, n.d.). Landsat 8 OLI/TIRS and time series
Landsat 7 ETM+ satellite remote sensing data obtained from the United States Geological Survey
(USGS) were used for this study. Landsat 8 OLI/TIRS was used to obtain data of 2014 whereas Landsat7
ETM+ images were used to acquire data of 2002, 2006 and 2010. Multi-source remote sensing images
were used to map paddy rice field. In this study, the multispectral image of remote sensing data was used
to identify changes in paddy field areas from the year 2002 to 2014. Thus, time series optical images
(Landsat 8 OLI/TIRS and Landsat 7 ETM+) also have been utilised. Landsat image for the year 2002,
2006, 2010 and 2014 have been used and underwent supervised classification since this approach allows
identifying of training stage of known class membership in the study areas. Next step is class allocation
where cases (e.g. pixels) of unknown class membership were set to the class where they have the
maximum similarity with some pre-defined decision rule. Then, the maximum likelihood classification
was conducted which allocates each pixel to the class where it has the greatest probability of membership.
The last stage of supervised classification is the verification stage, where the accuracy of the classification
was evaluated (Foody, 1997). Moisture of land varies during different stages of paddy growth system,
thus selecting correct training site is essential to detect the area of paddy rice field. Google Earth and land
use data from the Federal Department of Town and Country Planning (FDTCP) North Zone have been
used to identify the location paddy rice area. NDVI technique was utilised to identify value given pixel to
evaluate the moisture of paddy rice soil site changes during the period. Different values were detected in
an area of paddy field. Finally, the accuracy assessment was conducted to validate the image

classification.

6. Findings

(c) Land cover 2010 (cl) Land cover 2014

Figure 02. Land covers maps of the northern region, Peninsular Malaysia
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This study used satellite images of 2002, 2006, 2010 and 2014 to map paddy growing areas in the
Northern region of Peninsular Malaysia. Based on the image classification undertaken, four land cover
maps were produced. Figure 02 shows land cover maps of indicated dates produced using maximum
likelihood supervised classification. Landsat image of the year 2002 was a clear image with the minimum
cloud, but for the year 2006 and 2010 the images had clouds cover which resulted the accuracy of the
supervised images was slightly lower than the accuracy obtained for the year 2002. However, the
accuracy of those three classified images was above 80 per cent, which was considered good
classification and can be used for further analysis. The quality of Landsat 8 OLI/TIRS image of the year

2014 was very clear as it is the latest and powerful technology.

Area (in hectares)
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2002 m2006 ®m2010 m2014

Figure 03. Area (in hectares) of each class for the different period

Based on the land cover map generated from image classification, land cover comprised of 5
classes namely green forest, urban, other agriculture, paddy, and water bodies was produced. Figure 03
indicates the size of land cover for the five classes identified. Based on that figure, the paddy field area
had decreased from 2002 to 2006 and had slightly increased between 2006 and 2010, but further
decreased in 2014. This result was verified with the data from the Department of Agriculture (2013). The
pattern of other land cover indicated that the area for green forest also decreased, while the areas used for
other agriculture had increased from 2010 until 2014. During the study period, the urban land cover had

experienced a steady increase in size.

6.1. Patch Analyst

Based on the images generated through the supervised classification, landscape changes of each
class (represented by each land cover) were calculated using patch analyst tool. Patch Analyst is an
extension tool of a GIS system that assists the spatial analysis of landscape patches (Malinowski &
Szumacher, 2013). This study investigated each landscape changes to identify the pattern of land cover in
the study areas. There were three characteristics calculated from the patch analyst tool namely mean
shape index (MSI), mean patch size (MPS) and number of patches (NumP). The result is as shown in
Table 01.
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Table 01. Patch Analyst result

2002 2006
Class Name

MSI MPS NumP MSI MPS NumP
Water Bodies 1.18 30.66 31178 1.15 20.27 46712
Urban 1.21 3.50 24093 1.20 0.74 11206
Paddy Field 1.18 0.25 28711 1.21 1.88 10208
Green Forest 1.19 0.70 38003 1.22 5.58 15696
Other Agriculture | 1.21 1.29 15182 1.20 0.67 35218

2010 2014
Class Name

MSI MPS NumP MSI MPS NumP
Water Bodies 1.19 37.02 25849 1.18 178.26 5286
Urban 1.19 0.48 18618 1.21 0.54 20374
Paddy Field 1.21 0.62 40412 1.19 1.08 15675
Green Forest 1.21 5.67 14643 1.21 1.07 28724
Other Agriculture | 1.21 1.53 14576 1.22 5.85 13747
MSI = Mean Shape Index MPS = Mean Patch Size

NumP = Number of Patch

As shown in Table 01, the Mean Shape Index (MSI) value of Paddy Field is entirely consistent
showing that the patch's shape is quite compact and not irregular. The urban patch also has the similar
MSI value with the Paddy Field. It is proved that the local authorities are monitoring any development
have to be following the respective State Structure Plan. However, the Number of Patch (NumP) of Paddy
Field is decreasing while the NumP of Urban is increasing within the same year period. This matter

should be considered to ensure the development not affected the paddy field negatively.

7. Conclusion

The study proved that remote sensing and geographical information system could provide valuable
information for monitoring the paddy cultivation area. Furthermore, it helps agency or planner to make
the right decision for future generation food security. Increasing our cultivation productivity prolonged
our economic rate, but if it not handled with the right plan, it will give a negative impact on land use, such
as flash flood and pollutions. Even though Malaysia still has a minimum negative impact from such a
threat, preparation should be done to avoid future damage.

On the other hand, local authorities should also be aware of the encroachment of development into
the paddy field area due to the cheaper paddy field value that developers can have to develop. Beside of
strict act to protect paddy field conversion to development land, local authorities should give more
support to paddy field's owner in cultivating their paddy field so that they will hesitate in selling their
valuable land to developers.

Finally, remote sensing multispectral data provide signal reflectance value to investigate feature on
the image. These production work from Landsat image, are faster rather than conventional practice.

Besides, planners can upgrade their map data and perform necessary actions to keep paddy fields in good
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condition for rice production. Improvement in data quality and applying knowledge will bring a desirable
result for future benefit.
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