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Abstract
Background and Objectives : Satun Province has rich and ecologically important mangrove forests
that play a vital role in both the ecosystem and the economy. However, a continuous decline in these
mangrove forests has been observed over recent years. Challenges within the study area include
limited human resources, which impede effective monitoring and management. Furthermore,
conventional remote sensing techniques necessitate specialized hardware, software, and data

processing capabilities, thereby imposing limitations on accessibility and efficiency for certain
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organizations. This study aims to propose a methodology for utilizing Google Earth Engine (GEE), a
powerful cloud-based platform for online satellite imagery analysis, to monitor changes in mangrove
forest areas in Satun Province, covering the districts of Thung Wa, La Ngu, Tha Phae, and Mueang
Satun. This study, covering the six-year period from 2018 to 2023, pursues several key objectives: to
mitigate conflicts arising from human encroachment on mangrove ecosystems, to minimize hardware
and software costs associated with traditional monitoring methods, and to address the critical issue
of mangrove forest decline attributed to persistent encroachment and land use change.
Methodology : This study employed Sentinel-2 Multi Spectral Instrument (MSI) Level-1C and Level-
2A imagery acquired during periods of minimal cloud cover over the study area within the specified
year. Cloud masking procedures were implemented to mitigate cloud contamination, and vegetation
indices, including the Normalized Difference Vegetation Index (NDVI), Soil Adjusted Vegetation Index
(SAVI), and Enhanced Vegetation Index (EVI), were computed to generate training data for
supervised land cover classification. Supervised classification was performed using the Random
Forest algorithm, a robust machine learning classifier, with 30 iterations, implemented within the Earth
Engine Code Editor on the Google Earth Engine (GEE) platform. Classification accuracy was
assessed through field surveys and comparison with reference data derived from Google Earth.
Furthermore, land use and land cover (LULC) change analysis was conducted for the period
spanning 2018 to 2023 using Geographic Information Systems (GIS). Change detection analysis was
performed by overlaying the annual classified datasets to identify areas of both persistence and
change. The resulting land cover was categorized into six key classes relevant to the study area:
natural water bodies (W1), mangrove forests (F3), aquaculture farms (A9), built-up areas (U2),
agricultural areas (A0), and miscellaneous areas (M4). LULC changes were then summarized in a
time series format to quantify and visualize the dynamics of land cover change.

Main Results : The integration of Google Earth Engine (GEE) with the Random Forest (RF) algorithm,
a powerful machine learning classifier, significantly enhances the efficiency of mangrove forest

change detection. Sentinel-2 satellite imagery, accessed through the Earth Engine Data Catalog, was
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processed using cloud computing resources, facilitating rapid and efficient analysis of extensive
datasets. The land use and land cover classification achieved an overall accuracy exceeding 80%
and a Kappa coefficient ranging from 0.6 to 0.8, based on 256 independent validation points
strategically distributed across the study area. This validation, grounded in binomial probability
theory, indicates an acceptable level of reliability for the classification results. The resulting data offer
significant potential for effective mangrove resource management. The land use and land cover
classification results showed the proportional distribution of land cover types in the study area. In
2018, mangrove forests constituted the largest proportion, covering 73.406% of the total area. This
was followed by agricultural areas, which occupied 12.360%, natural water bodies at 1.803%,
aquaculture areas at 7.278%, built-up areas at 0.873%, and finally, miscellaneous areas at 4.280%.
By 2020, a notable shift in land cover was observed, with mangrove forest cover experiencing a
decrease to 71.033%. This decrease was subsequently followed by a recovery, as mangrove forest
cover increased to 72.300% by 2023. Analyzing the changes between 2018 and 2020 reveals a net
loss of 2.373% in mangrove forest area. This loss was primarily attributed to the conversion of
mangrove forest land into agricultural land, indicating a shift in land use practices within the study
area. Conversely, the period from 2020 to 2023 witnessed a reversal of this trend, with mangrove
forest area exhibiting a net increase of 1.267%. This increase can be primarily explained by the
reconversion of agricultural land back into mangrove forests, suggesting a potential recovery or
restoration of mangrove ecosystems.

Conclusions : The Google Earth Engine (GEE) platform facilitates the rapid online processing of
satellite imagery, mitigating hardware limitations. However, the processing of very large datasets may
necessitate segmentation into smaller tiles. For applications in other geographic regions, the
definition of context-specific parameters and vegetation indices is crucial for achieving acceptable
accuracy in land use and land cover classification. The findings of this study demonstrate the efficacy
of GEE for monitoring changes in mangrove forest area over a six-year period. The observed

expansion of mangrove forests between 2020 and 2023 can be attributed to the implementation of
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stricter governmental measures to prevent encroachment. This study represents a significant
advancement in the application of satellite technology and geographic information systems (GIS) for
mangrove forest conservation, offering a more cost-effective and time-efficient alternative to
traditional field-based methods and enabling more efficient resource management. Furthermore, the
developed methodology holds potential for future applications, such as estimating the carbon

sequestration capacity of mangrove ecosystems.
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Figure 3 NDVI, SAVI and EVI in Stady areas (2023)
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Figure 4 Summation Vegetation Index in Study areas from 2018 to 2023
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Table 1 Land use and land cover classes and their definition

LULC Class Code
natural water bodies W1
mangrove forests F3
agricultural areas A0
aquaculture farms A9
built-up areas Uz
miscellaneous areas M4
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Figure 5 The distribution map of validation samples in the study area
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Figure 6 The number of classification processing iterations
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Table 2 Error matrix for 2018 between the RF classification from GEE and the reference data
2018 RF classification from GEE (point) Point
LULC W1 F3 A9 Uz A0 C M4 A3 Total
W1 0 0 5 0 0 0 1 0 6
F3 0 114 1 0 10 0 1 1 127
A9 0 1 16 0 0 0 1 0 18
u2 0 0 3 15 0 0 0 0 18
A0 0 7 1 0 39 0 2 0 49
C 0 0 0 0 0 0 0 0 0
M4 0 0 12 7 9 0 10 0 38
A3 0 0 0 0 0 0 0 0 0
Total 0 122 38 22 58 0 15 1 256
PA (%) 0 89.764 88.889 83.333 79.592 0 26.316 0
UA (%) 0 93.443 42.105 68.182 67.241 0 66.667 0
OA (%) 75.781
Kappa 65.155
Table 3 Error matrix for 2020 between the RF classification from GEE and the reference data
2020 RF classification from GEE (point) Point
LULC W1 F3 A9 u2 A0 C M4 A3 Total
W1 0 0 3 0 0 0 0 0 3
F3 0 115 1 0 4 0 3 1 124
A9 0 2 23 0 0 0 0 0 25
u2 0 0 2 20 2 0 0 0 24
AO 0 4 1 0 44 0 0 0 49
C 0 0 0 0 0 0 0 0 0
M4 0 0 7 2 9 0 13 0 31
A3 0 0 0 0 0 0 0 0 0
Total 0 121 37 22 59 0 16 1 256
PA (%) 0 92.742 92.000 83.333 89.796 0 41.935 0
UA (%) 0 95.041 62.162 90.909 74.576 0 81.250 0
OA (%) 83.984
Kappa 77.029
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Table 4 Error matrix for 2023 between the RF classification from GEE and the reference data

2023 RF classification from GEE (point) Point
LULC W1 F3 A9 Uz A0 C M4 A3 Total
W1 0 0 7 0 0 0 0 0 7

F3 0 102 0 0 4 0 0 0 106
A9 0 0 21 0 1 0 2 0 24
U2 0 1 0 22 2 0 2 0 27
A0 0 4 1 0 59 0 2 0 66
C 0 0 0 1 0 0 0 0 1
M4 0 0 5 3 8 0 9 0 25
A3 0 0 0 0 0 0 0 0 0
Total 0 107 34 26 74 0 15 0 256

PA (%) 0 96.226 87.500 81.481 89.394 0 36 0

UA (%) 0 95.327 61.765 84.615 79.730 9 60 0

OA (%) 83.203

Kappa 76.785
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Figure 7 Examples of time series classification results of LULC change from 2018 to 2023
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a) 2018 ¢ b) 2020 ¢ c) 2023

Figure 8 LULC Map

Table 5 Results of Land use and land cover classification

2018 2020 2023
LULC Class

Area (rai) % Area (rai) % Area (rai) %
W1 5,361.875 1.803 10,757.500 3.618 11,639.475 3.915
F3 218,246.250 73.406  211,191.875  71.033  214,958.831 72.300
A9 21,638.750 7.278 14,075.000 4.734 7,630.238 2.566
uz2 2,594.375 0.873 2,931.250 0.986 10,631.838 3.576
A0 36,748.125 12.360 38,015.625 12.786 39,028.725 13.127
M4 12,724,375 4.280 18,993.125 6.388 8,586.050 2.888
C 0 0 1,348.750 0.454 4,838.519 1.627

SUM 297,313.750 100 297,313.750 100 297,313.750 100
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2. uamsulaeuutlaanisllse Trmauuas @ naguauiuiieaudininags

2.1 wanisasrageuniilasuulainisldlsslanmaununaanudvinana uiveandy 3

1391987 AD B9 WA, 2561-2563 W.A. 2563-2566 LAY W.A. 2561-2566 Aaedsnisdauiudayanisldlsslamimam

wazAdLinAguAL HANNIANEIAT Table 6-8 waz Figure 9

Table 6 The land-use and land-cover change (LUCC) net change during the period of 2018-2020

2018 2020 Change detection
LULC
Area (rai) % Area (rai) % Area (rai) % Change
W1 5,361.875 1.803 10,757.500 3.618 5,395.625 1.815 +
F3 218,246.250  73.406  211,191.875  71.033 7,054.375 2.373 -
A9 21,638.750 7.278 14,075.000 4.734 7,563.750 2.544 -
u2 2,594.375 0.873 2,931.250 0.986 336.875 0.113 +
A0 36,748.125 12.360 38,015.625 12.786 1,267.500 0.426 +
M4 12,724.375 4.280 18,993.125 6.388 6,268.750 2.108 +
C 0 0 1,348.750 0.454 1,348.750 0.454 +

SUM 297,313.750 100 297,313.750 100

Table 7 The land-use and land-cover change (LUCC) net change during the period of 2020-2023

2020 2023 Change detection
LULC
Area (rai) % Area (rai) % Area (rai) % Change
W1 10,757.500 3.618 11,639.475 3.915 881.975 0.297 +
F3 211,191.875  71.033  214,958.831 72.300 3,766.956 1.267 +
A9 14,075.000 4.734 7,630.238 2.566 6,444.762 2.168 -
U2 2,931.250 0.986 10,631.838 3.576 7,700.588 2.590 +
A0 38,015.625 12.786 39,028.725 13.127 1,013.100 0.341 +
M4 18,993.125 6.388 8,586.050 2.888 10,407.075 3.500 -
C 1,348.750 0.454 4,838.519 1.627 3,489.769 1.173 +

SUM 297,313.750 100 297,313.750 100
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Table 8 The land-use and land-cover change (LUCC) net change during the period of 2018-2023
2018 2023 Change detection
LULC
Area (rai) % Area (rai) % Area (rai) % Change
W1 5,361.875 1.803 11,639.475 3.915 6,277.600 2112 +
F3 218,246.250 73.406 214,958.831 72.300 3,287.419 1.106 -
A9 21,638.750 7.278 7,630.238 2.566 14,008.512 4,712 -
Uz 2,594.375 0.873 10,631.838 3.576 8,037.463 2.703 +
A0 36,748.125 12.360 39,028.725 13.127 2,280.600 0.767 +
M4 12,724,375 4,280 8,586.050 2.888 4,138.325 1.392 -
C 0 0 4,838.519 1.627 4,838.519 1:627 +
SUM 297,313.750 100 297,313.750 100
(a) The land-use and land-cover change (LUCC) net change () The land-use and land-cover change (LUCC) net change
during the period of 2018-2020 during the period of 2020-2023
3
1.815 2108 : e
2 2
§ ! 0.426 0.484 g; ! 0.297 0.341 :
g o F3 A9 o E o [ A9
] Wi T A0 Ma c é wi F3 I vz A0t ¢
3 p 24
z : -2.168
3 -2.373 25as °
LuLC LuULC
(¢) The land-use and land-cover change (LUCC) net change
during the period of 2018-2023
. H..B-.
g ‘: w1 u2 AQ C
§ :2 1.108 41.392
LULC

Figure 9 The land-use and land-cover change (LUCC): (a) 2018-2020, (b) 2020-2023, and (c) 2018-2023
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(a) Time-series map of LULC g (b) Time-series map of LULC

transitions from 2018 to 2020 transitions from 2020 to 2023

ITOED T N Dl R - T

Figure 10 Time series map of LULC transitions from 2018-2023: (a) 2018-2020, (b) 2020-2023
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Figure 11 Overlay of Mangrove Areas in Satun Province (a) 2018-2020 (b) 2020-2023
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