‘ JoTewal Journal of Tropical Environment, Water, and Land Sustainibility 1(1) 2024, page 43-53.

Sustainibility

Land use land cover change analysis using minimum distance
classification (MCD) and spectral angle mapper (SAM)

method

Erina Sukmawati*!, Ardiansyah?, Afik Hardanto?

Post Graduate Programme, Universiti Malaysia Terengganu, Kuala Nerus 21030,
Terengganu, Malaysia

2Department of Agricultural Engineering, Jenderal Soedirman University, Purwokerto 53123,
Indonesia

*Corresponding Author e-mail: p5918@pps.umt.edu.my

Received: 06-06-2024 | Revised: 20-06-2024 | Accepted: 28-06-2024

Abstract

Increasing population growth followed by massive land use change. These conditions can
lead to disturbances in the hydrological function of a watershed. Several spatial approaches
are used to determine the extent of land-use change, including Minimum Distance
Classification (MDC) and Spectral Angle Mapper (SAM) algorithms. This study aims to gain
insights into the performance of the two algorithms in classifying land use change. The study
site was conducted in the Putih Sub-watershed, which is part of the upstream Serayu
watershed. Land cover classification is divided into three classes (i.e. vegetation/forest,
agriculture, and settlement. Spatial data from Landsat 7 and 8 imagery over 10 years (2009-
2019) is applied as material for the analysis. Based on the results of the MDC classification, the
area of agricultural land increased between 2009 (63%) and 2014 (70%), but decreased in 2019
(66%). While in SAM the same pattern was observed, namely an increase in utilized
agricultural area from 2009 (63%) to 2014 (75%) before declining by 73% in 2019. The SAM
method (RMSE=75.14) is more accurate than the MDC (RMSE=105.13), although both
methods share the same pattern. It is possible that the increase in agricultural land and
settlements effect to the severe erosion in the Serayu watershed, which requires the attention
of policy makers and related stakeholders.

Keywords: hydrological function, land use change, machine learning, watershed, water
conservation.

1. INTRODUCTION

Land use change has occurred significantly over the past two decades, especially dominating
in the developing regions. Potapov et al. (2022) reported that the largest areas of forest
reduction occurred in Africa, Asia and North America. Meanwhile, the smallest area of land
conversion is on the Australian Continent. One of the main factors leading to forest conversion
is the expansion of human settlements, with the highest percentages in Africa (68%) and Asia
(73%). A decrease in forest area can affect environmental functions, such as: biophysical and
biodiversity. Changes in hydrological functions were reported in South America due to forest

conversion (D'Almeida et al., 2007). Meanwhile, the impact of deforestation is also recorded
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to change soil characteristics and reduce its function in the tropics (Veldkamp et al., 2020). The
disturbance of invertebrate biodiversity in buffer zones also occurs due to the reduction of
forest area in riparian areas and tropical biodiversity (Silva-Aratjo et al., 2020; Yesuf et al.,
2019).

Forests are important areas in watersheds. Forests function primarily as water catchment
areas. Forest destruction in a watershed will cause the watershed to become a critical area.
Based on the condition of the watershed, the government has determined that 108 watersheds
in Indonesia are in critical condition and are prioritized to be immediately addressed and
restored (Aryani et al., 2020; Fatahilah, 2013). One of these critical watersheds is the Serayu
watershed, which administratively runs from Wonosobo Regency southward to Cilacap
Regency. This critical condition is possible due to high land use change, especially in the
upstream area (Marhendi & Pramono, 2019). Therefore, information on land use change in the
upstream area can be used as an instrument in mitigating the hydrological dynamics that
occur in the Serayu watershed.

The Serayu watershed covers an area of approximately 358,514 ha, so the process of
monitoring land use change takes a long time. Land use change needs a lot of time and effort.
The development of geographic information systems currently makes it easier in determining
these spatial changes (Talukdar et al., 2020). One of them is the use of satellite imagery and
machine learning in determining and classifying land use. Therefore, this study tested two
supervised method algorithms in classifying land use, especially in the upstream area of the
Serayu watershed. The objective of this study is to obtain information on land use change in
the Putih Subwatershed which is part of the upper Serayu Watershed, and to analyze the

performance of the land use change determination using two different algorithms.

2. METHODS

Study area

This study was conducted in 2021 by analyzing spatial data from a decade previously divided
into three data periods: 2009, 2014, and 2019. Spatial data was taken from three villages,
namely Serang, Kejajar, and Jengkol, which are administratively located in Wonosobo
Regency. Serang, Kejajar and Jengkol villages (administratively located in Wonosobo
Regency) are hidrologically located in Putih Sub Watershed, while data processing was
carried out in February 2021 at the Unsoed Agricultural Technology Laboratory.
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Datasets

The tool used was spatial data processing software (QGIS 3.10.00 Coruna). Materials included
image data downloaded from the United States Geological Survey (USGS;
https:/ /earthexplorer.usgs.gov/). Google Image was used as a calibration alternative for

ground checks that were not possible due to Covid-19 conditions.

Data Analysis

This study was conducted with several stages of study which are basically divided into four
parts, which are: spatial data collection, processing of digital mapping, classification process,
and calibration (Figure 1). The processing of the digitized maps includes acquisition,
georeferencing, digitization, and atmospheric correction. For the classification process, two
supervised methods are used, namely Minimum Distance Classification (MDC) and Spectral
Angle Mapper (SAM). The principle of the supervised method is that the process of
determining the category of the preferred class is based on selecting a training region that
represents each category. Statistics resulting from the training data for each category are then
used as a basis for classification. The result of the supervised process is when the classes
selected by the analyst are spectrally well separated and the selected training regions are truly
representative of the entire dataset. Therefore, spectrally separating the land cover categories
is the most important part of supervised methods.

The principle of the MDC algorithm is to calculate the spectral similarity between the
unrecognized pixels and the class of the training area identifier, the more similar the closest
spectral distance is (Sun & Ongsomwang, 2020). The MDC algorithm does not considers class
variations, so the classification process can be faster than other algorithms (e.g. Maximum
likelihood). Meanwhile, the SAM algorithm is used when the reflectance data has been
calibrated and is relatively insensitive to exposure. Pixels that are farther than the specified
maximum angle limit in radians are not classified. The SAM algorithm assumes reflectance
data, but if light data is used, the error is generally insignificant as the original data is still

close to zero (Shafri et al., 2007).
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Figure 1. Flowchart of the method

3. RESULTS

The classification process is implemented by classifying based on the reference color
in the training area or ROI (region of interest) generating process. The ROI area is
created as a reference pixel for the classification class. The combination of bands on
the RGB map is used to facilitate class selection so that the boundaries are visible
(Khan & Das, 2021; Table 1).

Table 1. Band combinations of Landsat 7 and 8 images for several land covers

RGB
Land Cover Type Landsat7 Landsat8
Agriculture 541 652
Settlement 753 764
Vegetation/Forest 543 453
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The combination of bands that were used in this study is a combination of infrared,
one of them is on Landsat 7 with a combination of RGB 5-4-3 in the image that has
been selected and processed by atmospheric correction (Figure 2), the combination of
infrared bands shows the red color, which is vegetation, then for further grouping
based on the brightness of the color, for dark red is dense vegetation, while for light
red is agriculture, while the others are settlements. The RGB combination is used to
generate an ROI which is a guidelines for the pixels to be classified, after that proceed
to the formation of macroclusters and microclusters in the classification of the band

set, for classification according to the algorithm being used.

Figure 2. Combination of infrared bands (e.g. vegetation 5-4-3) on Landsat 7 Satellite
Image (b) from the selected image and atmospheric correction (a).
Land use change using the MDC method in all the sites indicates that agricultural land
is more dominant than plantation and forest areas (Figure 3). Jengkol village has the
highest agricultural land area (441.7-432.5 ha), followed by Kejajar village (265.5-276.8
ha) and Serang village (132.5-216.7 ha). The pattern of agricultural land change in the
three villages has been relatively constant over the past 10 years (Table 2). The increase
in settlement area in the three villages was followed by a decrease in forest and
plantation area, although the decrease in forest and plantation area was higher than
the increase in settlement area (Figure 4). This indicates that changes in forest and
plantation land occurred due to two factors at one point, that is the expansion of
settlement areas and agricultural areas. Population growth is assumed to be the cause
of increased household needs and agricultural activities (Li et al., 2021; Tendaupenyu

et al., 2017).
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Table 2. Land use change over 10 years from three villages in the Putih Subwatershed
using the MDC method.

Serang Kejajar Jengkol
Land Use Land area (ha) Land area (ha) Land area (ha)
2009 2014 2019 2009 2014 2019 2009 2014 2019
Settlement 273 529 733 510 1039 153.6 174 39.7 499
Agriculture 1325 216.6 216.7 2655 276.8 236.3 441.7 4422 4325

Vegetation/Forest 1404 30.6 102 171.7 107.6 983 947 719 715
Total land area 300.2 300.2 300.2 488.3 4883 488.3 553.8 553.8 553.8

2009 2014 2019
T T - g 1
AR SEENE AN
T o s Y 0 1
] &S
J _:'f- /'A _:'__'_
[T | LT

T % T
. " e ﬁ;".‘m:
P ; e
R ki
s
I 0 T =2

Figure 3. MDC method classification results of land use change in Serang, Kejajar,

and Jengkol villages over the last 10 years.
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Figure 4. Pattern of change in land use by MDC method for 10 years.
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The same pattern of change is also shown in the SAM method, but the trend of
increasing residential area does not occur significantly compared to the MDC method
(Figure 5). The difference in the results of the two methods, especially on the
residential area, could be due to the different approaches regarding the coverage of
the accessed color area and based on the angle point of the pixels (Attri et al., 2015;
Singh et al., 2022). The similarity of the area data is seen in the three land uses, where
the dominant area is agriculture, which is highest in Jengkol Village (443.2-450.0 ha)
followed by Kejajar Village (267.9-352.6 ha) and Serang Village (133.3-216.3 ha).
Regarding the pattern of change, the decline in forest and plantation area was more
dominantly caused by agricultural activities than by the expansion of settled areas
(Figure 6).

Table 3. Land use change over 10 years from three villages in the Putih Subwatershed

using the SAM method.

Serang Kejajar Jengkol
Land Use Land area (ha) Land area (ha) Land area (ha)
2009 2014 2019 2009 2014 2019 2009 2014 2019
Settlement 271 470 709 531 569 901 175 224 346
Agriculture 133.3 2163 214.8 2679 352.6 3162 443.2 4415 450.0

Vegetation/Forest 139.8 369 144 1672 788 820 932 898 69.2
Total land area 300.2 300.2 300.2 488.3 488.3 488.3 553.8 553.8 553.8

2009 2014 2019
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Figure 5. SAM method classification results on land use change in Serang, Kejajar,

and Jengkol villages over the last 10 years.
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Figure 6. The pattern of land use change using the MDC method for 10 years
When compared, the two methods have different performance. Using manual
classification of satellite image data as observation data, it can be seen that the land
use change classification method using the SAM method provides a lower Root Mean
Square Error (RMSE) value than the MDC method, which is 75.14 (SAM) and 105.13
(MDC). However, both methods have less precise estimation values when compared

to the observation data (Figure 7).
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Figure 7. Predicted value of the two approaches to the observed value of land use

change classification.
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4. DISCUSSION

A comparison of the use of the two algorithms, which are: 1: (i) The MDC method has the
advantages of making classification simpler, pixels are grouped at the closest color, and
avoiding misinterpretation because it uses the shortest distance in pixel grouping. While the
disadvantages of the method, that are: the classification of pixels depends on color so that bias
often occurs, if the standard deviation or threshold of pixel distance has been determined then
some pixels may not be classified, and if the distance is more than the average distance of each
category then the pixels cannot be classified; (ii) The SAM method has several advantages
compared to MDC, those are: classification is not influenced by color but by spectral color, not
influenced by solar lighting factors because the angle between vectors does not depend on the
length of the vector, an effortless and fast method for mapping the similarity of the image
spectrum with the reference spectrum, does not require the assumption of statistical
distribution of input data in performing classification. While the weakness of the SAM
methods are: only uses the direction of the spectrum and the pixels are grouped into the most

relevant class.

5. CONCLUSION

The use of algorithms with supervised classification methods have advantages and
disadvantages. The classification process of land use change using the supervised algorithm
can be performed faster than the manual method, however, the selection of the method must
consider the availability of data, data quality, and the size of the study area. Although they
have different levels of accuracy, both methods provide the same information related to land
use change in the Putih Subwatershed, which is a decrease in the forest and plantation area
caused by an increase in the area of settlements and agriculture. This is a concern for policy
makers and stakeholders in order to maintain the function of the upper watershed as a water
catchment area. Further observations need to be made concerning the optimal function of the

upper watershed area as an environmental and socioeconomic buffer area for the community.
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