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Abstract

Fire disturbances pose a significant threat to highly vulnerable freshwater swamp forest ecosystems,
necessitating effective monitoring and impact assessment for efficient restoration. This study applies monthly time-series
data from the Sentinel-2 satellite to analyze post-fire recovery and drought dynamics of the freshwater swamp forest in
Nong Leng Sai Non-Hunting Area, Phayao Province, Thailand. The analysis, conducted on the Google Earth Engine platform
from January 2018 to December 2024, utilized three indices: the Normalized Difference Vegetation Index (NDVI), the
Normalized Difference Moisture Index (NDMI), and the Normalized Difference Drought Index (NDDI). The results indicated
a slow recovery after the first fire event (December 11-12, 2019), with seasonal fluctuations observed across all indices.
However, a second fire event (April 18-27, 2023) caused an abrupt change and disrupted the recovery trend,
underscoring the swamp forest's vulnerability to repeated disturbances. This research demonstrates the effectiveness of
multitemporal Sentinel-2 imagery in monitoring ecosystem changes, providing a crucial descriptive baseline to inform

restoration strategies and guide future quantitative research.

Keywords: Satellite indices, Post-fire recovery, Freshwater swamp forest, Google earth engine
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mﬁ;ﬂﬁﬁiﬁfﬂfwﬁfuﬁuﬁﬂﬁW‘gfﬁmﬂ%Nmmlﬁﬂmﬂ‘gmm LL@zLﬂuﬁ’ﬂ@ﬂmmmzuuﬁwﬂ ANBULANIZADY
Uang au %guﬁuﬁuw‘%ﬁf?mqwm yinlA ignannguuss aauanlfann dngnanléian uazdulifenn doalfifia
ANHAEMNEADIZUURIIABENITHIS ﬁuyjmﬂ uazUAnsRNEaUNTZaNINUINEIn (Page et dl., 2002; Ballhom et dl.,
2009) ArinpREMEUAZNNT R AINARA WA sd et naRnsaniaUAsuaEdiudiniy
MALBTTANNs et 19fse@nBATW (Hosdlo et al., 2011; Davies et dl., 2013)

mafapuniailAsidastesmgmemdsniswn nilae Hmaliladnissusazesing wu natitayasn
pfienTunssannsuinaaAinlin (Lentile et al, 2006: van Leeuwen, 2008) Aaifiesimufiig 2 winnduigns
Multispectral Instrurmnent (MSI) ﬁmqmuﬁﬂmL%qﬁuﬁmemﬂm%Nqo WS UM ANEN NS en Tl ua AR TS
WASTRAT (Drusch et dl., 2012; Immitzer et al., 2016 Clerici et al., 2017) Teaiannzagineds nslnmenaiteniumaiia
SnanaangnanaL (Band Ratio) vapnNNsaEdafinnafien (Satellite Index) @il nsl¥Reiiensdamns W iTiuULWeS
uHa (aek (Normalized Burn Ratio: NBR) Lﬁm:qmummLL@:mm‘guLL‘J\im‘ijfﬂﬁ (Key & Benson, 2006; Jin & Sader, 2005;
Gitas et al., 2012)

mafnuassiFidentd 3 dianafaniivinemasaai el Fyumesfinsaungunistazfiuniafiuiousy
ANNIEANHLRILEINEnaIn1 s sl TagBrainnns ¥ saiiaannuansnsfewssouunesunalad (Normdized
Difference Vegetation Index: NDVI) tafinansniai/asulasmsnianmaasisnssodnenss augluiunistidaiaom
LANANANTULLUNDSUNATAF (Normdlized Difference Moisture Index: NDMI) til@tlszifiuassiunanadu dofiuilade
ﬁﬂﬁmﬁﬂd%ﬁﬂﬂﬂ’m:ﬂqqﬂLﬂ%ﬂﬂ“ﬂﬂﬂﬁmmzL‘flwgffaLLﬁﬁﬁﬂﬁin‘uﬂ‘iZUfmﬂﬁﬁuﬁq meﬁwﬁqm A5t FaflAnnuAn N
wisudauuunesunalad (Normalized Difference Drought Index: NDDI) %ﬂLﬂum‘sz‘%’aLmq:ﬁﬁmdﬂmﬂﬂmﬁﬁﬁmﬂﬁ%ﬁw
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mafusazestatanw wiss ity aBeRntanainaasnnsduazanauiuds daduiadudAnfiamuanaruse
uAzANAIET TR TN

NDVI iiiusaiiiifesdidmanumnuiiuasqunnansfionasns Sefidadoust -1 8 +1 (Tucker, 1979; Datt et dl.,
1999; Pettorell et al., 2005; Huete et al., 2002) TnsiAnfigs (iHrTnd +1) manefefansandianysoimnuin oo
A (114 0 WiaRaaL) e EauB o BififewssosefenssodlasuauEenig (Lentie et dl., 2006; Avetisyan

et al., 2022)

v
- '

NDMI iusiaiii iE5masnninns@nluiawssns Sansiaus -1 fla +1 Wi TneAnfigeaztisdfeBanmmansn

'
Py

Tuflafiqe dn NDMI flanasisasiianfisnozuioudavidansiifegninaissint (Goo, 1996; Hardisky et dl., 1983; Wilson
& Sader, 2002)

NDDI il Annaniann NDVI waz NDMI iatlazifiuaninzmnauiouds il Wafledingnmzusiouds d
NDMI azamasrien NDVI uazassatwidn NDDI iisiay Tasisn NDDI ﬁLﬁNQQ%ﬂ@:ﬂQ%ﬁﬁﬂﬂ%zﬂmNLLﬁdLLﬁd‘ﬁ?uLLﬁﬂﬁu (Gu
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Districts of Phayao Province

Nong Leng Sai

Non-Hunting Area

--— -

Legend :_ __ 1 Unburned Area
[] Nong Leng Sai Non-Hunting Area || Burned Area (December 2019)
|:| Freshwater Swamp Forest I:I Burned Area (April 2023)

Figure 1 The study area in the Nong Leng Sai Non-Hunting Area, with an inset map showing its location in
Phayao Province. The magnified view details the specific polygons for the areas burned in the two fire events and the

unburned control area. Background imagery source: Google Earth, January 2025.
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Methodology
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n1TRAFYYINTUNIMLATANMERINIUTTErAuTiaynTNaaT Slanafineindasdasliayavianany
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(3—Month moving window) %ﬁ?%ﬁiﬁumiﬁﬂuqmuudei\‘mm\‘i (Centered Moving Average) m&lﬂuﬂﬂ’i‘ﬁ 4 (Hyndman
et dl., 2021) sin U

MA, = (A—y + A + Ar)/3 (Equation 4)
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sofibudounaunin way 4,,, #o Ardeiilbufeudall AEadaeWanunsadainaunalinnisideuulaman
(Underlying trend) YEeusRTAER AFRIauETN wariiannansznuaniasusunautansng WRUNAQNYTE
AINARIALARBUTNNTT AT EuT e N T E NN 0T RN A AN TN 893 LURIALA AN A TH U S T

oA A 2
AYINHINOYINTINHINYY

Sentinel-2 \ Processing and ’ Post-Fire Recovery and

Freshwater Swamp Forest Index Calculation Drought Dynamics

Data Preparation \ Preliminary Processing /Analysis and Visualization

- Sentinel-2 satellite data - Filter for < 20% cloud cover - Generate monthly time-series plots
(2018-2024) =P — Calculate satellite indices: > - Compare plots of repeatedly

- Burned area boundaries — NDVI burned vs. unburned areas
(Dec. 2019 & Apr. 2023) — NDMI - Analyze recovery and drought

- Unburned area boundary — NDDI . dynamics ‘

kStudv area boundary j Monthly Data Aggregation

- Calculate monthly average (per index):
- Repeatedly Burned area

- Unburned area

K/\/\oving average (3-month) )

Figure 2 The conceptual framework and methodology workflow.
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Results
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Post-Fire Satellite Imagery 1 Post-Fire Satellite Imagery 2

(December 2019) (April 2023)

Post-Fire 2

True-Color ‘ True-Color
Composite ‘_ - Composite | 8

[ | =

Composite -L Composite h_

Wil e

Source: MGRONLINE (2023) = _Sourcé; Phaydo Provificial Office (2023a);

Figure 3 Post-fire satellite imagery and field photographs from the first and second fire events.
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Figure 4 Satellite-derived indices before and after the fire event on December 11-12, 2019.
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Figure 5 Satellite-derived indices before and after the fire event on April 18-27, 2023.
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Table 1 Processed monthly values of the satellite-derived indices.

Date Repeatedly Burned Area Unburned Area
NDVI NDMI NDDI NDVI NDMI NDDI
Feb-2018 0.520 0.196 0.456 0.513 0.194 0.453
Mar-2018 0.518 0.215 0.415 0.508 0.214 0.410
Dec-2018 0.799 0.243 0.537 0.766 0.171 0.641
Jan-2019 0.701 0.220 0.525 0.638 0.167 0.597
Feb-2019 0.774 0.270 0.485 0.769 0.243 0.522
Mar-2019 0.691 0.267 0.440 0.697 0.259 0.455
Apr-2019 0.738 0.262 0.478 0.726 0.235 0.512
May-2019 0.696 0.217 0.533 0.613 0.158 0.627
Jul-2019 0.796 0.280 0.481 0.795 0.245 0.531
Sep-2019 0.793 0.245 0.532 0.781 0.198 0.599
Oct-2019 0.789 0.227 0.557 0.764 0.170 0.643
Nov-2019 0.765 0.235 0.533 0.718 0.180 0.606
Dec-2019 0.551 0.100 1.059 0.609 0.163 0.616
Jan-2020 0.495 0.000 1.499 0.665 0.202 0.539
Feb-2020 0.612 0.172 0.573 0.687 0.285 0.412
Mar-2020 0.512 0.216 0.386 0.562 0.273 0.332
Apr-2020 0.646 0.262 0.424 0.691 0.309 0.389
May-2020 0.803 0.249 0.528 0.811 0.265 0.513
Oct-2020 0.814 0.238 0.552 0.771 0.158 0.671
Nov-2020 0.798 0.223 0.568 0.765 0.164 0.659
Dec-2020 0.740 0.205 0.571 0.725 0.165 0.641
Jan-2021 0.782 0.240 0.533 0.753 0.197 0.590
Feb-2021 0.735 0.280 0.447 0.718 0.259 0.470
Mar-2021 0.690 0.281 0.411 0.667 0.262 0.425
Apr-2021 0.777 0.296 0.447 0.659 0.218 0.506
May-2021 0.860 0.291 0.494 0.828 0.230 0.571
Aug-2021 0.829 0.215 0.592 0.743 0.124 0.720
Nov-2021 0.780 0.169 0.659 0.741 0.128 0.722
Dec-2021 0.750 0.172 0.644 0.701 0.118 0.732
Jan-2022 0.699 0.220 0.522 0.652 0.148 0.640
Feb-2022 0.535 0.206 0.448 0.486 0.156 0.524
Mar-2022 0.525 0.210 0.430 0.482 0.173 0.476
Apr-2022 0.502 0.206 0.417 0.458 0.167 0.463
Oct-2022 0.498 0.164 0.514 0.395 0.105 0.625
Nov-2022 0.496 0.162 0.517 0.398 0.099 0.643
Dec-2022 0.517 0.184 0.480 0.434 0.111 0.611
Jan-2023 0.484 0.183 0.467 0.400 0.119 0.557
Feb-2023 0.497 0.198 0.437 0.460 0.170 0.466
Mar-2023 0.455 0.188 0.410 0.419 0.167 0.428
Apr-2023 0.297 0.022 0.330 0.432 0.141 0.514
May-2023 0.175 -0.126 0.323 0.463 0.095 0.686
Nov-2023 0.148 0.019 6.632 0.331 0.067 0.732
Dec-2023 0.151 0.022 0.953 0.331 0.067 0.718
Jan-2024 0.145 0.008 1.269 0.360 0.085 0.650
Feb-2024 0.135 0.015 4.723 0.412 0.132 0.524
Mar-2024 0.149 0.013 1.387 0.451 0.146 0.518
Apr-2024 0.144 0.022 -1.580 0.407 0.116 0.561
May-2024 0.180 0.010 1.230 0.425 0.113 0.593
Oct-2024 0.303 0.101 0.636 0.311 0.057 0.781
Nov-2024 0.286 0.066 0.695 0.297 0.027 0.931
Dec-2024 0.247 0.068 0.635 0.377 0.089 0.656
Max 0.860 0.296 0.309 0.828 6.632 0.931
Min 0.135 -0.126 0.027 0.297 -1.580 0.332

Average 0.555 0.170 0.167 0.580 0.750 0.576
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Abstract

Understanding the driving factors of land use and land cover (LULC) change, predicting LULC change,
and assessing the effects of LULC change on future ecosystem service values are crucial for land managers and
land use planners to mitigate their impacts. This research aims to identify driving factors on LULC change and
apply them to predict LULC changes using the CLUE-S model for evaluating ecosystem service value and change
in the Lam Takhong watershed. As a result, the most significant driving factors on LULC change were elevation,
annual rainfall, and irrigation area. The predicted LULC data between 2024 and 2039 indicated an increase in
urban and built-up areas, sugarcane, perennial trees and orchards, other agricultural areas, water bodies, and
unused land. Conversely, there were decreases in paddy fields, corn, cassava, forest land, rangeland, and marsh
and swamp. The total ecosystem service value is expected to decrease continuously between 2023 and 2039.
By considering ecosystem service value by its function, gas regulation, climate regulation, soil formation,
biodiversity protection, food production, and raw material functions are expected to decrease marginally from 2023
to 2039. Still, waste treatment, water supply, recreation and culture functions will be slightly increasing in
the future. In conclusion, LULC change affects the value of ecosystem services in each category and function within
the Lam Takhong watershed, particularly through the conversion of paddy fields and forest land into other LULC
types in the future. Therefore, the Government should establish specific policies or interventions to prevent land

use and land cover change in the Lam Takhong watershed.

Keywords: Binary logistic regression analysis, CLUE-S model, Ecosystem service value,

Lam Takhong watershed, Simple benefit transfer method
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Introduction

Land use and land cover (LULC) changes have been among the most critical observable changes around
the World. They are increasingly becoming a global concern due to their impact on the local, regional and global
environments (Veldkamp and Lambin, 2001; Tolessa et al., 2017; Karki et al., 2018). The LULC change reflects
between human activities and the transformation of the Earth’s surface. Especially, increasing anthropogenic activities,
such as population growth, urbanization, and deforestation, are significant elements of environmental change (Meyer
and Turner, 1996; Roy and Roy, 2010). Understanding historical, current and future LULC status and change
information is critical for city planners, land managers, and resource managers in any rapidly changing environment
(Munthali et al., 2020). Thus, the CLUS-S model, combined with a Markov Chain model, is selected in this study
to predict LULC change. The CLUS-S model with the Markov Chain model has been applied in land use studies
at national and international levels, such as Ongsomwang and lamchuen, 2015; Ongsomwang and Boonchoo, 2016;
Zhou et al., 2016; Zare et al., 2017; Liu et al., 2017; Srichaichana et al., 2019; Sun et al., 2019; Kulsoontornrat and
Ongsomwang, 2021; Puangkaew and Ongsomwang, 2021; and Phinyoyang and Ongsomwang, 2021.

Meanwhile, the evaluation of ecosystem services in specific areas has been conducted at national and
international levels after the global initiative in 1999 by the Millennium Ecosystem Assessment (MEA), such as Leh
et al. (2013); Kindu et al., 2016; Mamat et al., 2018; Ongsomwang et al., 2019; Srichaichana et. al., 2019;
Kulsoontornrat and Ongsomwang, 2021; Phinyoyang and Ongsomwang, 2021; Shuangao et al., 2021; Karki et al.,
2022; and Mamat et al., 2024. Every ecosystem has a different capacity to provide ecosystem services, depending
on its structure and condition (Nelson et al., 2009). The change in LULC would affect human well-being (Millennium
Ecosystem Assessment, 2005).

The Lam Takhong watershed is a vital water resource for Nakhon Ratchasima Province and the Northeastern
region of Thailand. Over the past few decades, rapid changes in land use and land cover, driven by human activities
such as urban expansion, road construction, and deforestation, have significantly altered the landscape.
These changes have impacted on the value of ecosystem services within the watershed.

Therefore, knowing the driving factors of LULC change and predicting LULC change in the future is very
important. Moreover, the effects of LULC change on ecosystem service values are essential information for land
managers and land use planners to mitigate such impacts. Research objectives are (1) to identify the driving factors
of LULC change using binary logistic regression analysis, (2) to predict LULC changes from 2024 to 2039 using

the CLUE-S model, and (3) to evaluate the ecosystem service value and changes.

Materials and Methods

Study area

The study area is the Lam Takhong watershed covering an area of approximately 3,353 sqg. km (Figure 1).
For topographic characteristics, the terrain of the study area can be divided into various zones based on its landform.
In the northeast areaq, it is characterized by flat areas and gently undulating terrain; most land use types in this

zone are paddy fields and field crops. While the eastern part of the study area is characterized by undulating and
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rolling terrain, this zone is mainly covered by field crops and forest land. At the same time, the hilly zone in the south
and the mountainous areas in the southeast are covered by forest land. The main river in the Lamtakhong watershed
is the Lamtakhong River, which measures approximately 220 km in length and flows from west to east within
the watershed (Ruamkaew, 2011).

According to the 2023 land use data from the LDD, the main land use types in the watershed were as
follows: agricultural land, approximately 54.83%; forest land, approximately 18.29%; urban and built-up areq,
approximately 17.89%; water body, approximately 2.35%; and miscellaneous land, approximately 5.67%.

Apan et al. (2000) mentioned that the Lam Takhong watershed was one of the sensitive areas affected by
LULC change, improper land use practices, lack of appropriate land use planning and the measure for sustainable
development adversely affects many natural processes that lead to terrestrial biodiversity change, habitat destruction,
soil erosion, land degradation, and water pollution. It is identified as a significant case of environmental degradation.

Additionally, LULC in the Lam Takhong watershed has undergone rapid changes over the past two decades
due to human activities such as building, road construction, deforestation, and numerous other anthropogenic
activities. As a result, there has been an increased demand for land and modified in the status of LULC over time

(Ruamkaew, 2011).

£|Lam Takhong watershed
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Figure 1 Study area: Lam Takhong watershed

Methods

The research methodology consists of four components, including (1) data collection and preparation,
(2) Identification of driving factors on LULC change, (3) LULC prediction using the CLUE-S model and (4) evaluation
of ecosystem service value and change. A brief description of each component is provided below.

1. Data collection and preparation

The relevant input data for the study were collected and prepared in advance, summarized in Table 1.

Herein, land use datasets of LDD in 2015, 2019 and 2023 were reclassified into twelve LULC classes, including



24 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.1 January - April 2026

(1) urban and built-up areq, (2) paddy field, (3) corn, (4) sugarcane, (5) cassava, (8) perennial trees and orchards,
(7) other agriculture, (8) forest land, (9) water body, (10) rangeland, (11) marsh and swamp, and (12) unused land
for LULC prediction under the CLUE-S model by modification standard land use classification system of land
Development Department (LDD). Later, the reclassified twelve LULC classes were reclassified into eight ecosystem
service LULC types, including (1) urban and built-up areaq, (2) paddy field and (3) field crop, (4) forest land, (5) water
body, (6) rangeland, (7) marsh and swamp, and (8) unused land according to a coefficient of ecosystem service
value, as suggested by Mamat, Halik, and Rouzi (2018). See details of the reclassification criteria for LULC and
ecosystem LULC type based on LDD’s standard land use classification system in Table 2. To verify errors in the LULC
data, the reclassified LULC types in 2023 were assessed for thematic accuracy using 757 stratified random points
based on reference data from high-resolution Google Earth images.

Meanwhile, driving factors influencing LULC change, as reviewed by Phinyoyang (2021) and Allan et al.
(2022), were collected and normalized to identify significant factors using binary logistic regression analysis in

the next component.

Table 1 Lists data collection and preparation for data analysis in the study

Data Collection Data Preparation Source
Basic data
Land use in 2015, 2019, and Reclassify using the Reclassify function of ESRI ArcGIS LDD
2023
Sub-district boundary - LDD
Watershed boundary - ONWR

Driving factor on LULC change

Elevation Extract from SRTM DEM USGS

Slope Extract from SRTM DEM using the Slope function of ESRI ArcGIS USGS

Average annual rainfall Interpolate average annual rainfall data (1975-2019) and 1975-2023) using the IDW function of ESRI TMD
ArcGIS.

Population density Population density at sub-district level in 2019 and 2023 DOPA

Income per capita Income per capita at sub-district level in 2019 and 2023 CDD

Irrigation area Reclassify using the Reclassify function of ESRI ArcGIS RID

Road network Calculate distance to the road network in 2019 and 2023 using Euclidean Distance function of ESRI NOSTRA
ArcGIS

Railway Calculate the distance to the railway using Euclidean Distance function of ESRI ArcGIS NOSTRA

Urban area Calculate distance to existing urban areas in 2019 and 2023 using Euclidean Distance function of ESRI LDD
ArcGIS

Steam and Waterbody Calculate the distance to stream and waterbody in 2019 and 2023 using the Euclidean Distance LDD &
function of ESRI ArcGIS. NOSTRA

Note: LDD: Land Development Department; ONWR: Office of the National Water Resources; USGS: US Geological Surveys; TMD:
Thai Meteorological Department; DOPA: Department of Provincial Administration; CDD: Community Development Department; RID:

Royal Irrigation Department.
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Table 2 Reclassification criteria for LULC and ES LULC type based on LDD’s standard land use classification

system

LULC type

Remark #1: LDD Land use level and code

ESV LULC type

Remark #2: Reclassified LULC type

1.

2
3
4
5
6.
7.
8
9

Urban and built-up areas

. Paddy field
. Comn
. Sugarcane

. Cassava

Perennial trees and orchards

. Other agriculture
. Forest land

. Water body

10. Rangeland

11. Marsh and swamp

12. Unused land

Level 1: U

Level 2: A1

Level 3: A202

Level 3: A203

Level 3: A204

Level 2: A3 and A4

Level 1: A, excluding A1, A202, A203, A204, A3 and A4
Level 1: F

Level 1: W

Level 2: M1

Level 2: M2

Level 1: M, excluding M1 and M2

® N o g K~ N

. Urban and built-up areas (UB)

Paddy field (PD)

Field crop (FC)

Forest land (FL)

Water body (WB)
Rangeland (RL)

Marsh and swamp (MS)
Unused land (UN)

Urban and built-up area

Paddy field

Corn, sugarcane, cassava, and other agriculture
Forest land, perennial trees and orchards

Water body

Rangeland

Marsh and swamp

Unused land

2. ldentification of driving factors on LULC change

Since the measured units of driving factors are different, the selected driving factors on LULC change

were first normalized using the benefit criterion (Malczewski, 1999) as:

X — min(x)

max(x) — min(x)

After that, the normalized driving factors of LULC change are used to examine multicollinearity using tolerance

(TOL) or variance inflation factor (VIF) values to prevent correlation among the driving factors. The general rule of

thumb is that the TOL values should be more than 0.10, or the VIF values should not exceed 10. The TOL and VIF

value is calculated (Rogerson, 2006; O’brien, 2007) as:

TOL=1-r

1

VIF =
1-r2

Where, r* is associated with the regression of the independent variable on all other independent variables.

Finally, driving factors without multicollinearity problems were applied to identify significant driving factors

on LULC change by binary logistics regression analysis. In this study, multiple linear regression of binary logistic

regression analysis was conducted with Python programming. The significant identified driving factors were further

applied for LULC prediction with the local parameters under the CLUE-S model.
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3. LULC prediction using the CLUE-S model

Two significant steps under this component were undertaken for LULC prediction using the CLUE-S model:
(1) validation of the CLUE-S model parameter for LULC prediction and (2) LULC prediction from 2024 to 2039
(Figure 2).

Validation of the CLUE-S model parameter for LULC prediction

The basic parameters of the CLUE-S model, which include (1) identified driving factors for LULC allocation,
(2) elasticity value, (3) LULC conversion matrix, and (4) land requirement of each LULC type in 2023, which were
extracted using the Markov Chain model, are applied to predict LULC in 2023 using the CLUE-S model (Verburg,
2010). After that, the predicted LULC in 2023 was compared with the reclassified LULC data in 2023 of LDD
using wall-to-wall thematic accuracy assessment, with overall accuracy and Kappa hat coefficient values.
The thresholding values of overall accuracy and Kappa hat coefficient values for validation CLUE-S model
parameter for LULC prediction are equal to or more than 80%. The identified significant driving factors, elasticity
value, and LULC conversion matrix, which are defined as local parameters for LULC prediction under the CLUE-S
model, will be updated to predict LULC data between 2024 and 2039 under the CLUE-S model in the next step.

LULC prediction between 2024 and 2039

The updated driving factors, elasticity values, LULC conversion matrix, and new land requirements of
each LULC type between 2024 and 2039, which were extracted using the Markov Chain model based on LULC
data from 2015 and 2023, were applied to predict LULC data from 2024 to 2039 under the CLUE-S model.
In this study, long-term time series of predicted LULC data are selected to identify the trends in ecosystem service

values and changes in the watershed resulting from LULC changes.
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Validation of the CLUE-S model parameter for LULC prediction
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No
Yes

LULC prediction between 2024 and 2039

0 wee ] rocess ] oupue

Figure 2 Schematic workflow of optimum local parameter for LULC prediction and LULC prediction

of two periods using the CLUE-S model
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4. Evaluation of ecosystem service value and change
The reclassified LULC in 2023 and predicted LULC data between 2024 and 2039 were first applied to
evaluate ecosystem service values (ESV) using a simple benefit transfer method (Costanza et al., 1997) according

to the coefficient value for different LULC types (Table 3) as:

ESV = S(A x VC) (4)

Where ESV is estimated ecosystem service value; A is an area of land use category k; VC, is the value

coefficient for land use category k (Su et al., 2012).

After that, the time-series ecosystem service value changes due to LULC change were assessed using

the ecological service change index (ESCI) (Mansoor et al., 2013) as:

ESFutureXi - ESBoseyeorXJ
ESCl, = (5)
ES

BaseyeorXJ

Where, ESCI, is the ecosystem services change index of service X, ESgx and ESBoseyeorXJ are the

current and predicted ecosystem service state values of service X at times j and i, respectively.

Table 3 Coefficient value of different LULC types for ESV evaluation

Coefficient value for different ES LULC types (million Baht/sq km/year)

Ecosystem services Ecosystem services Urban and built-up Paddy Field crop Forest Water Rangelan Marsh and Unused
Total
category function area (UB) field (PD) (FC) land (FL) body (WB) d (RL) swamp (MS) land (UL)
1.1 Gas regulation 0.00 0.26 0.26 1.03 0.00 0.36 0.92 0.01 2.83
1.2 Climate
1. Regulating 0.00 0.46 0.46 0.97 0.24 0.37 8.75 0.03 11.27
regulation
services
1.3 Waste
0.00 0.84 0.84 0.41 9.32 0.31 9.31 0.06 21.08
treatment
2. Supporting 2.1 Soil formation 0.00 0.75 0.75 0.95 0.01 0.53 0.88 0.04 3.90
services 2.2 Biodiversity
0.00 0.36 0.36 1.07 1.27 0.45 1.28 0.09 4.89
protection
3. Provisioning 3.1 Water supply 0.00 0.31 0.31 0.97 10.44 0.36 7.93 0.02 20.34
services 3.2 Food
0.00 0.51 0.51 0.08 0.05 0.10 0.15 0.00 1.41
production
3.3 Raw
0.00 0.05 0.05 0.71 0.01 0.09 0.04 0.01 0.95
materials
4. Cultural 4.1 Recreation
0.04 0.01 0.01 0.49 222 0.21 2.84 0.06 5.87
services and culture
Total 0.04 3.54 3.54 6.68 23.55 2.77 32.10 0.33 72.54

Source: Modified from Mamat et al., 2018.
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Results

1. LULC data in 2015, 2019 and 2023

The results of the reclassified LULC in 2015, 2019, and 2023, based on the land use data from LDD, are
presented in Figure 3 and Table 4. As a result, urban and built-up areas, sugarcane, perennial trees and orchards,
water bodies, and unused land tend to increase in the future. In contrast, paddy fields, cassava, forest land, and
rangeland tend to decrease in the future. Meanwhile, corn, other agriculture, and marsh and swamps are
fluctuating.

According to the thematic accuracy assessment of the reclassified LULC data in 2023, the overall accuracy
and Kappa hat coefficient values were 89.04% and 87.56%, respectively. As a result, the reclassified LULC map
from 2023, with twelve classes, can be accepted as suggested by Anderson et al. (1976). A Kappa hat coefficient
value of over 80% represents strong accuracy between the reclassified and reference data (Fitzpatrick-Lins, 1981;

Rosenfield and Fitzpatrick-Lins, 1986).

LULC Type in 2019 LULC Type In 2023

LULC Type In 2015

M Urtan and buik-up ores. M Urtan and bulh-up ores M Urtan and bulk-up ores

Posty fuld Posty fuld Pty fuld

T sugarcone T swarcone

(@) (b) (c)
Figure 3 Spatial distribution of LULC data in: (a) 2015, (b) 2019 and (c) 2023

Table 4 Area and percentages of LULC data in 2015, 2019 and 2023

2015 2019 2023
LULC type
Sq. km Percentage Sqg. km Percentage Sqg. km Percentage

Urban and built-up area 505.15 15.07 571.75 17.05 599.64 17.89
Paddy field 477.81 14.25 399.65 11.92 388.42 11.59
Corn 267.56 7.98 295.23 8.81 267.1 7.97
Sugarcane 217.03 6.47 276.47 8.25 281.82 8.41
Cassava 649.37 19.37 590.88 17.62 574.98 17.15
Perennial trees and orchards 162.58 4.85 184.51 5.50 190.18 5.67
Other agriculture 133.20 3.97 17.76 3.51 135.31 4.04
Forest land 646.86 19.29 614.48 18.33 613.12 18.29
Water body 67.66 2.02 72.78 2.17 78.62 2.35
Rangeland 199.51 5.95 198.63 5.92 191.05 5.70
Marsh and swamp 14.32 0.43 11.08 0.33 12.71 0.38
Unused land 11.60 0.35 19.42 0.58 19.69 0.59

Total 3,352.64 100 3,352.64 100 3,352.64 100

2. Driving factors on LULC change
The spatial driving factors on LULC change after normalization are displayed in Figure 4. These factors
are selectively used to validate the CLUE-S model parameter for LULC prediction and LULC prediction between

2024 and 2039.
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Annual rainfall (1975-2019)
Value

-

Annual rainfall (1975-2023)
Value

.n-qh:1
.mw:B

(d) (e)

Population density In 2019

Value

Average income per caplta in 2019 Average income per caplita in 2023

{ d
Value { Vaiue
.wm o .»wm
~ 7y

0 (k) o

Extsting urban areas In 2019

Value

.mv«n
.m:u

Extsting urban areas In 2023

Value

.n.vm

.umn

Stream and water body In 2019

Value

.w.u

Stream and water body In 2023
Value

.mqn:v
.m:n

Figure 4 Driving factors on LULC change: (a) elevation, (b) slope, (c) annual rainfall between 1975-2019, (d) annual
rainfall between 1975-2023, (e) population density at the sub-district level in 2019, (f) population density at

the sub-district level in 2023, (g) average income per capita at the sub-district level in 2019, (h) average income
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per capita at the sub-district level in 2023, (i) irrigation areq, (j) distance to the road network in 2019, (k) distance
to the road network in 2023, (I) distance to the railway, (m) distance to the existing urban areas in 2019, (n) distance
to the existing urban areas in 2023, (o) distance to stream and water body in 2019, and (p) distance to stream and

water body in 2023

3. Multicollinearity test

The results of the multicollinearity test among independent variables, using VIF and TOL, are summarized
in Table 5. The results demonstrated that all TOL values of the driving factors were greater than 0.10, and all VIF
values of the driving factors were less than 10. These values indicate that the driving factors are not correlated,
making them suitable for binary logistic regression analysis for specific LULC type allocation (Rogerson, 2006;

O’brien, 2007; Shrestha and Shrestha, 2017; Liang et al., 2020).

Table 5 Multicollinearity diagnostic test of driving factors on LULC change

Unstandardized Coefficients Standardized

Driving factor t-test Sig. TOL VIF
Beta Std. error Coefficient
Elevation (X;) 6.496 0.061 0.300 106.985 0.000 0.231 4.326
Slope (X,) 11.427 0.097 0.195 117.596 0.000 0.659 1.518
Annual rainfall (X5) 0.221 0.025 0.018 8.867 0.000 0.430 2.323
Average income per capita at the sub-district level (X,) 0.000 0.000 -0.001 -0.460 0.645 1.000 1.000
Population density at the sub-district level (Xs) 0.000 0.000 0.000 0.057 0.955 1.000 1.000
Irrigation area (Xg) -1.334 0.016 -0.123 -85.862 0.000 0.883 1.132
Distance to the road network (X;) -0.681 0.095 -0.021 -7.200 0.000 0.218 4.590
Distance to the railway (Xs) -0.470 0.026 -0.036 -18.338 0.000 0.475 2.106
Distance to the existing urban areas (Xg) 5.952 0.079 0.210 75.089 0.000 0.231 4.329
Distance to stream and water body (X;o) -4.773 0.061 -0.163 -77.892 0.000 0.414 2.414

4. Significant driving factors on LULC change

The results of significant driving factors on LULC change, as determined by binary logistic regression
analysis, are reported in Table 6. This analysis comprises multiple linear regression equations for each LULC type
allocation under the CLUE-S model, along with their area under the curve (AUC) values. As a result, the most
significant driving factors for LULC allocation are elevation, annual rainfall, and irrigation area. Meanwhile,
the common driving factors influencing the LULC allocation of economic crops (paddy fields, corn, sugarcane, and
cassava) include elevation, slope, annual rainfall, and irrigation area. These findings indicate the influence of driving
factors on LULC allocation under the CLUE-S model. Regarding common driving factors for economic crops (paddy
fields, corn, sugarcane, and cassava), the results suggest that areas of economic crops are more prevalent
in irrigated and rain-fed areas. The elevation and slope play a role related to crop type, i.e., paddy fields are

frequently situated in floodplains with lower elevations.
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Additionally, the common driving factors for crops in this study are similar with the previous works of
Pinyoyang (2021), who applied CLUE-S model to predict LULC at the Second Part of Lam Nam Chi watershed,
Chaiyaphum, He found that the most important driving force for field crops (sugarcane, cassava, and other field
crops) are elevation, slope, and annual rainfall.

Moreover, the AUC values for allocating 12 LULC types range from 0.65 to 0.98, indicating a poor to
excellent fit between the predicted and actual LULC transitions (Pontius and Schneider, 2001; Hosmer et al., 2013;
Liang et al., 2020). As a result, the allocation of corn, perennial trees and orchards, and rangeland was a poor
fit in accordance with their applied significant driving factors. The primary cause of this phenomenon may be

the randomly fragmented areas of these LULC types, as previously mentioned by Srichaichana et al. (2019).

Table 6 Identified the driving factors for each LULC type allocation in equation form with AUC using binary logistic

regression analysis

Driving factors

LULC type AUC
Constant X X, Xz Xa Xs Xe X7 Xg Xg X0

Urban and built-up areas (UB) 1.865 -1.737 n.s. n.s. n.s. 1.441 -2.029 -11.043 -0.891 -245.424 2.211 0.98
Paddy field (PD) -0.185 -14.685 -41.237 -3.517 n.s. n.s. 3.051 8.409 2.497 n.s. -13.091 0.92
Corn (CO) -2.046 0.841 -13.105 0.619 n.s. n.s. -2.750 -9.618 n.s. 3.188 -0.684 0.69
Sugarcane (SU) -2.755 -5.722 -33.576 0.993 n.s. n.s. -0.750 n.s. 4723 1.933 -2.293 0.80
Cassava (CA) -0.860 -0.709 -14.748 -3.675 n.s. n.s. -2.390 -0.960 1.977 3.054 n.s. 0.80
Perennial trees and orchards (PO) -3.048 4.926 -12.026 -0.300 0.324 n.s. -0.440 -4.785 n.s. n.s. -1.097 0.65
Other agriculture (0A) -3.146 n.s. -18.131 2.221 n.s. n.s. 0.648 -16.770  -0.958 3.038 0.926 0.73
Forest land (FO) -5.323 7.105 34.689 1.480 n.s. n.s. n.s. 8.735 -1.115 4.498 n.s. 0.97
Water body (WB) 0.164 -5.716 -19.122 1.105 n.s. n.s. -3.797 14.025 -3.290 n.s. -191.884 0.98
Rangeland (RL) -2.535 3.620 -5.299 0.934 n.s. n.s. -1.776 n.s. -1.501 -3.642 -3.132  0.68
Marsh and swamp (MS) -2.192 -46.695 n.s. 6.288 n.s. n.s. -2.471 9.782 -2.761 n.s. -15.009 0.91
Unused land (UN) -4.083 -6.230 n.s. 1.926 n.s. n.s. -0.265 -10.708 -2.038 n.s. n.s. 0.89

Note 1: X1 is elevation, X2 is slope, X3 is annual rainfall (1975-2019), X4 is average income per capita at the sub-district level in 2019, X5 is population
density at the sub-district level in 2019, X6 is irrigation area, X7 is distance to the road network in 2019, X8 is distance to the railway, X9 is distance to the
existing urban areas in 2019, and X10 is distance to stream and water body in 2019.

Note 2: All explanatory variables are significant at p < 0.05 error level; n. s. is insignificant at the 0.05 level; AUC is the area under the curve.

5. Validation of CLUE-S model parameters for LULC prediction

The local parameters for predicting LULC in 2023, including elasticity value, LULC conversion matrix, and
land requirement in 2023, which were extracted based on LULC in 2015 and 2019 with the Markov chain model,
are summarized in Tables A1 to A3 in the Appendix. The spatial distribution of the reclassified LULC data in 2023,
derived from LDD data, and the predicted LULC data in 2023, generated by the CLUE-S model, are displayed in
Figure 5. The result of the accuracy assessment for local parameters of the CLUE-S model validation is reported
in Table A4 in the Appendix.

As a result in Table A4, the overall accuracy and Kappa hat coefficient values of the predicted LULC
in 2023, when compared with the reclassified LULC in 2023 of LDD, were 89.86% and 88.35%, respectively.
Both values are higher than the thresholding value, with equal to or more than 80%. Therefore, the predefined

local parameters of the CLUE-S model can be accepted for LULC prediction between 2024 and 2039.
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Additionally, the overall accuracy value of more than 85% of the predicted LULC map can provide an
acceptable result (Anderson et al., 1976). Additionally, a Kappa hat coefficient value of more than 80% indicates
strong agreement or accuracy between the predicted map and the reference map (Fitzpatrick-Lins, 1981;

Rosenfield and Fitzpatrick-Lins, 1986).

-

Reclassified LULC In 2023 from LDD predicted LULC In 2023 by the CLUE-S model

Il Urbon and built-up area [ other agriculture Bl urban ond built-up area | Other agriculture

| Paddy field [ Forest land [ | Paddy field [ Forest land

Corn I Water body Corn I Water body
Sugarcane B Rangelond Sugarcane B Rangelond
Cassava Marsh and swamp Cassava Marsh and swamp

Bl Perennial trees and orchards I Unused land Bl Perennial trees and orchards [l Unused land

(a) (b)

Figure 5 Comparison of spatial LULC distribution in 2023:
(a) classified LULC from LDD and (b) predicted LULC by the CLUE-S model.

6. LULC prediction between 2024 and 2039

The local parameters of the CLUE-S model, including elasticity value, LULC conversion matrix, and land
requirement, were updated with new input data (LULC in 2015 and 2023) using a Markov Chain model, as
reported in Tables 7, 8, and 9, respectively. Meanwhile, the results of the updated significant driving factors on
LULC change, as determined by binary logistic regression analysis, are reported in Table 10.

The spatial distribution of the predicted LULC data for the period from 2024 to 2039, using the CLUE-S
model with updated parameters and driving factors, is presented in Figure 6. Meanwhile, the area of predictive

LULC types between 2024 and 2039 is summarized in Table 11.
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Table 7 Elasticity of LULC change for LULC prediction between 2024 and 2039

LULC type

Resistance value

Urban and built-up area (UB)
Paddy field (PD)

Corn (CO)

Sugarcane (SU)

Cassava (CA)

Perennial trees and orchards (PO)
Other agriculture (OA)

Forest land (FO)

Water body (WB)

Rangeland (RL)

Marsh and swamp (MS)

Unused land (UN)

0.986
0.7791
0.4946
0.6059
0.6352

0.661
0.5893
0.9401
0.9658
0.6978
0.5935
0.5604

Table 8 Conversion matrix of possible LULC change for LULC prediction between 2024 and 2039

Possible change in 2039

LULC type in 2023

UB PD co SuU CA PO OA FO WB RL MS UN
Urban and built-up area (UB) 1 0 0 0 0 0 0 0 0 0 0 0
Paddy field (PD) 1 1 1 1 1 1 1 0 1 0 1 1
Corn (CO) 1 0 1 1 1 1 1 0 1 0 0 1
Sugarcane (SU) 1 0 1 1 1 1 1 0 1 0 0 1
Cassava (CA) 1 0 1 1 1 1 1 0 1 0 0 1
Perennial trees and orchards (PO) 1 0 1 1 1 1 1 0 1 0 0 1
Other agriculture (OA) 1 1 1 1 1 1 1 0 1 0 0 1
Forest land (FO) 1 0 1 1 1 1 1 1 1 1 0 1
Water body (WB) 0 0 0 0 0 0 0 0 1 0 1 1
Rangeland (RL) 1 0 1 1 1 1 1 0 1 1 0 1
Marsh and swamp (MS) 0 0 0 0 0 0 1 0 1 0 1 1
Unused land (UN) 1 1 1 1 1 1 1 1 1 0 0 1

Note: O is not allowed to change, 1 is allowed to change.
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Table 9 Annual land requirement of each LULC type for LULC prediction between 2024 and 2039

LULC type (sq km)

Year (8):] PD co suU CA PO OA FO WB RL Ms UN Total

2023 599.64 388.42 267.11 281.82 574.98 190.18 135.31 613.12 78.62 191.05 12.71 19.69 3,352.64
2024 611.10 379.73 266.53 284.89 570.66 192.22 135.45 609.17 79.85 190.32 12.55 20.16 3,352.64
2025 622.56 371.04 265.96 287.97 566.35 194.27 135.60 605.21 81.08 189.60 12.39 20.62 3,352.64
2026 634.01 362.35 265.39 291.04 562.04 196.31 135.75 601.26 82.30 188.87 12.22 21.09 3,352.64
2027 645.47 353.65 264.82 294.11 557.72 198.36 135.89 597.31 83.53 188.15 12.06 2155 3,352.64
2028 656.93 344.96 264.25 297.18 553.41 200.40 136.04 593.36 84.76 187.42 11.90 22.02 3,352.64
2029 668.39 336.27 263.68 300.26 549.10 202.45 136.18 589.41 85.99 186.70 1.74 22.49 3,352.64
2030 679.84 327.58 263.11 303.33 544.79 204.49 136.33 585.45 87.21 185.97 11.58 22,95 3,352.64
2031 691.30 318.88 262.54 306.40 540.47 206.54 136.48 581.50 88.44 185.25 11.42 23.42 3,352.64
2032 702.76 310.19 261.97 309.48 536.16 208.58 136.62 577.55 89.67 184.52 11.25 23.88 3,352.64
2033 714.22 301.50 261.40 312.55 531.85 210.63 136.77 573.60 90.90 183.80 11.09 24.35 3,352.64
2034 725.67 292.81 260.83 315.62 527.53 212.67 136.91 569.65 92.12 183.07 10.93 24.82 3,352.64
2035 73713 284.11 260.26 318.69 523.22 214.72 137.06 565.70 93.35 182.35 10.77 25.28 3,552.64
2036 748.59 275.42 259.69 321.77 518.91 216.76 137.20 561.74 94.58 181.62 10.61 25.75 3,352.64
2037 760.05 266.73 259.12 324.84 514.60 218.81 137.35 557.79 95.81 180.90 10.44 26.21 3,352.64
2038 771.50 258.04 258.55 327.91 510.28 220.85 137.50 553.84 97.03 180.17 10.28 26.68 3,552.64
2039 782.96 249.34 257.98 330.99 505.97 222.90 137.64 549.89 98.26 179.45 10.12 27.15 3,352.64

Annual rate 11.46 -8.69 -0.57 3.07 -4.31 2.04 0.15 -3.95 1.23 -0.73 -0.16 0.47

Table 10 Updated driving factors for each LULC type allocation for LULC prediction between 2024 and 2039

Driving factors

LULC type — AUC
Constant X4 Xy X3 Xa Xs Xe X7 Xs Xo X0

Urban and built-up areas (UB) 1.865 -1.737 n.s ns n.s 1.441 -2.029 -11.043 -0.891 -245.424 2211 0.979
Paddy field (PD) -0.185 -14.685 -41.237 -3.517 n.s n.s 3.051 8.409 2.497 ns -13.091 0.923
Corn (CO) -2.046 0.841 -13.105 0.619 ns ns -2.750 -9.618 ns 3.188 -0.684 0.683
Sugarcane (SU) -2.755 -5.722  -33.576 0.993 ns ns -0.750 ns 4.723 1.933 -2.293 0.796
Cassava (CA) -0.860 -0.709 -14.748 -3.675 n.s n.s -2.390 -0.960 1.977 3.054 ns 0.797
Perennial trees and orchards (PO) -3.048 4.926 -12.026 -0.300 0.324 n.s -0.440 -4.785 n.s ns -1.097 0.666
Other agriculture (OA) -3.146 ns -18.131 2.221 ns ns 0.648 -16.770  -0.958 3.038 0.926 0.724
Forest land (FO) -5.323 7.105 34.689 1.480 n.s n.s n.s 8.735 -1.115 4.498 ns 0.968
Water body (WB) 0.164 -5.716 -19.122 1.105 n.s n.s -3.797 14.025 -3.290 ns -191.884 0.975
Rangeland (RL) -2.535 3.620 -5.299 0.934 ns ns -1.776 ns -1.501 -3.642 -3.132 0.670
Marsh and swamp (MS) -2.192 -46.695 n.s 6.288 n.s ns -2.47 9.782 -2.761 ns -15.009 0.903
Unused land (UN) -4.083 -6.230 n.s 1.926 n.s n.s -0.265 -10.708 -2.038 ns ns 0.715

Note 1: X1 is elevation, X2 is slope, X3 is annual rainfall (1975-2023), X4 is average income per capita at the sub-district level in 2023, X5 is population
density at the sub-district level in 2023, X6 is irrigation area, X7 is distance to the road network in 2023, X8 is distance to the railway, X9 is distance to the
existing urban areas in 2023, and X10 is distance to stream and water body in 2023.

Note 2: All explanatory variables are significant at p < 0.05 error level; n. s. is insignificant at the 0.05 level; AUC is the area under the curve.
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Table 11 Predicted LULC type areas between 2024 and 2039

Area of predicted LULC type in sq km.

LULC types

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Urban and built-up area
s 611.20 62251 633.97 645.47 656.88 668.42 679.82 691.31 702.73 714.17 725.63 737.08 74857 760.03 7747 782.96
Paddy field (PD) 379.51 370.88 36233 35353 34492 336.27 327.54 318.84 310.17 301.47 292.77 284.09 275.38 266.70 258.00 249.31
Corn (CO) 266.66 26582 265.37 264.80 264.19 263.44 26302 26256 261.94 261.37 260.79 260.22 259.65 259.09 258.51 257.94
Sugarcane (SU) 285.16 288.14 291.01 294.10 297.16 300.27 303.31 306.40 300.43 312,51 315.59 318.66 321.73 324.81 327.89 330.95
Cassava (CA) 570.77 566.37 561.99 557.77 553.38 549.14 544.75 540.48 536.12 531.81 527.50 523.19 518.85 514.56 510.25 505.93
Perennial trees and

191.84 194.11 196.28 198.32 200.36 202.46 204.47 206.52 208.56 210.60 212.65 214.67 216.72 218.78 220.82 222.86
orchards (PO)
Other agriculture (0A) 135.30 135.47 135.73 135.92 136.02 136.24 136.30 136.49 136.62 136.80 136.93 13713 137.29 13752 137.46 137.59
Forest land (FO) 609.67  605.80 601.21 597.31 593.35 589.44 585.43 581.50 577.52 573.57 569.62 565.67 561.72 557.76 553.80 549.84
Water body (WB) 79.75 81.06 82.30 83.59 84.75 86.06 87.21 88.46 89.65 90.86 92.09 93.31 94.54 95.80 97.04 98.24
Rangeland (RL) 190.44 189.49 188.81 188.19 187.39 186.75 185.95 185.25 184.48 183.76 183.03 182.30 181.58 180.85 180.14 179.41
Marsh and swamp (MS) 12.67 12.67 12.59 12.38 12.26 12.02 11.92 11.73 11.59 11.42 11.26 11.09 10.92 10.76 10.59 10.39
Unused land (UN) 19.67 2033 21.06 21.28 21.98 22.14 22.92 23.10 23.84 24.32 24.78 2523 25.71 26.20 26.68 27.22

3,352. 3,352, 3,352. 3,352. 3,352 3,352 3,352 3,352. 3,352. 3,352. 3,352, 3,352, 3,352, 3,352. 3,352. 3,352.

ol 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

LULC change detection between 2023 and 2039, as determined by a post-comparison detection algorithm,
which provides from-to-change information (Jensen, 2015), is reported in Table 12. As a result, urban and built-up
areas, as well as water bodies, in 2023 did not change into any LULC type in 2039. In contrast, paddy fields, corn,
sugarcane, cassava, perennial trees and orchards, other agriculture, forest land, rangeland, marsh and swamp and
unused land in 2023 are changed into other LULC types in 2039. This result indicates the persistence of LULC change
by each LULC type (Takada et al.,, 2010. The extracted LULC change patterns between 2023 and 2039 play

a crucial role in evaluating the value of ecosystem services and changes in the watershed.

Table 12 Change detection matrix of LULC change between 2023 and 2039

LULC type in 2039 (sq km)

LULC change 2023-2039 UB PD co suU CA PO 0A FO WB RL MS UN Total

Urban and built-up areas (UB) 599.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 599.64

Paddy field (PD) 54.13 249.31 4.84 33.50 1.19 24.03 158 0.00 11.74 0.00 0.00 8.12 388.42

5 Corn (CO) 14.90 0.00 250.69 0.24 0.00 0.00 0.00 0.00 1.28 0.00 0.00 0.00 267.11
~

& Sugarcane (SU) 4.28 0.00 0.00 277.33 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 281.82

é Cassava (CA) 57.05 0.00 0.00 5.36 504.55 0.69 3.95 0.00 3.38 0.00 0.00 0.00 574.98

% Perennial trees and orchards (PO) 7.37 0.00 0.00 0.00 0.00 182.80 0.00 0.00 0.02 0.00 0.00 0.00 190.18

g’_ Other agriculture (OA) 6.03 0.00 0.00 0.00 0.00 0.00 129.27 0.00 0.01 0.00 0.00 0.00 135.31

§ Forest land (FO) 25.40 0.00 2.41 14.53 0.19 15.35 213 549.84 1.00 1.65 0.00 0.62 613.12

2 Water body (WB) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.62 0.00 0.00 0.00 78.62

Rangeland (RL) 12.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 177.76 0.00 0.00 191.05

Marsh and swamp (MS) 0.03 0.00 0.00 0.00 0.00 0.00 0.67 0.00 1.38 0.00 10.39 0.24 12.71

Unused land (UN) 1.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.24 19.69

Total 782.96 249.31 257.94 330.95 505.93 222.86 137.59 549.84 98.24 179.41 10.39 27.22 3,352.64

Moreover, the changes in ES LULC type (decrease or increase) between 2023 and 2039 are reported in
Table 13. As a result, it can be observed that top three increasing areas of ES LULC type are urban and built-up
areas (UB), water body (WB) and Unused land (UN) while top three decreasing areas of ES LULC type are paddy
field (PD), forest land (FL) and field crop (FC).
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Table 13 Changed areas (decrease or increase) of ES LULC type between 2023 and 2039

Area of actual and predicted ES LULC types in sq km.

Year
UB PD FC FL WB RL MS UN Total
2023 599.64 388.42 1259.21 803.3 78.62 191.05 12.71 19.69 3352.64
2024 611.2 379.51 1257.89 801.51 79.75 190.44 12.67 19.67 3352.64
2025 622.51 370.88 1255.8 799.91 81.06 189.49 12.67 20.33 3352.64
2026 633.97 362.33 1254.1 797.49 82.3 188.81 12.59 21.06 3352.64
2027 645.47 353.53 1252.59 795.63 83.59 188.19 12.38 21.28 3352.64
2028 656.88 344.92 1250.75 793.71 84.75 187.39 12.26 21.98 3352.64
2029 668.42 336.27 1249.09 791.9 86.06 186.75 12.02 22.14 3352.64
2030 679.82 327.54 1247.38 789.9 87.21 185.95 11.92 22.92 3352.64
2031 691.31 318.84 1245.93 788.02 88.46 185.25 1.73 23.1 3352.64
2032 702.73 310.17 1244.11 786.08 89.65 184.48 11.59 23.84 3352.64
2033 71417 301.47 1242.49 784.17 90.86 183.76 11.42 24.32 3352.64
2034 725.63 292.77 1240.81 782.27 92.09 183.03 11.26 24.78 3352.64
2035 737.08 284.09 1239.2 780.34 93.31 182.3 11.09 25.23 3352.64
2036 748.57 275.38 1237.52 778.44 94.54 181.58 10.92 25.71 3352.64
2037 760.03 266.7 1235.78 776.54 95.8 180.85 10.76 26.2 3352.64
2038 771.47 258 1234.11 774.62 97.04 180.14 10.59 26.68 3352.64
2039 782.96 249.31 1232.41 772.7 98.24 179.41 10.39 27.22 3352.64
Changes area (2023-2039) 183.32 -139.1 -26.8 -30.6 19.62 -11.64 -2.32 7.53 0

7. Evaluation of ecosystem service value between 2023 and 2039

The ecosystem service values between 2023 and 2039 are reported in Table 14. As a result, the ESV
for the Lam Takhong watershed has been continuously decreasing from 2023 to 2039. In addition, considering
ecosystem service value by category, the regulating, supporting, and provisioning services are continuously
decreasing between 2023 and 2039. However, cultural service is continuously increasing in the same period.
The increase in cultural services is attributed to the growth of urban and built-up areas, water bodies, and unused
land during this period. See also Table 13. The most important ecosystem service category in the watershed is
the requlating service, including gas regulation, climate regulation, and waste treatment functions. This category
contributes approximately 41% of the total ecosystem service value.

In the meantime, by considering ecosystem service value based on its function (gas regulation, climate
regulation, waste treatment, soil formation, biodiversity protection, water supply, food production, raw materials,
recreation, and culture), as shown in Table 15. As a result, gas regulation, climate requlation, soil formation,
biodiversity protection, food production, and raw material functions decreased marginally from 2023 to 2039,
but waste treatment, water supply, and recreation and culture functions increased slightly during the same period.
The most important ecosystem service function in the watershed is waste treatment, since it contributes about
20-21% of the total ecosystem service value.

These findings indicate the impact of LULC change on ecosystem service value in each category and
function in the watershed. For example, the areas of the water body, which play an important role with a high
coefficient value in waste treatment, water supply, and recreation and cultural functions, will increase from 78.62

sq. km in 2023 to 98.24 sqg. km in 2039. The increase in water bodies between 2023 and 2039 results in an
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increase in ecosystem service value for waste treatment, water supply, and recreation and cultural functions during

the same period.

On the contrary, the areas of forest land that serve an important role in ecosystem services, with high

coefficient values in gas regulation, climate regulation, soil formation, biodiversity protection, and raw material

production, are expected to decrease from 613.12 sqg. km in 2023 to 549.84 sqg. km in 2039. Thus, the decrease

in forest land between 2023 and 2039 results in a decrease in ecosystem service values for gas regulation,

climate regulation, soil formation, biodiversity protection, and raw material functions during the same period.

Table 14 Ecosystem service value by its category and total between 2023 and 2039

Ecosystem service value by category (million Baht)

Year Total
Regulating services Supporting services Provisioning services Cultural services
2023 5,515.08 3,600.33 3,709.78 589.78 13,414.96
2024 5,502.88 3,584.57 3,707.46 590.80 13,385.71
2025 5,492.08 3,568.18 3,706.57 592.09 13,358.91
2026 5,478.22 3,550.76 3,703.48 592.71 13,325.18
2027 5,463.75 3,534.30 3,700.95 593.39 13,292.38
2028 5,449.24 3,517.48 3,697.45 594.00 13,258.17
2029 5,434.43 3,501.00 3,694.90 594.63 13,224.96
2030 5,420.06 3,484.10 3,691.37 595.25 13,190.78
2031 5,405.70 3,467.67 3,688.62 595.87 13,157.85
2032 5,391.02 3,450.79 3,685.22 596.49 13,123.52
2033 5,376.32 3,434.14 3,682.03 597.08 13,089.57
2034 5,361.93 3,417.46 3,679.06 597.73 13,056.19
2035 5,347.34 3,400.82 3,675.97 598.34 13,022.46
2036 5,332.74 3,384.12 3,672.93 598.97 12,988.76
2037 5,318.56 3,367.43 3,670.24 599.70 12,955.93
2038 5,304.06 3,350.76 3,667.30 600.35 12,922.46
2039 5,288.56 3,333.93 3,663.67 600.82 12,886.98
Table 15 Ecosystem service value by its function and its total between 2023 and 2039
Ecosystem service function values between 2023 and 2039 (million Baht)
Year Gas Climate Waste Soil Biodiversity Water Food Raw Recreation
regulation regulation treatment formation protection supply production materials and culture Total
2023 1,179.31 1,631.03 2,704.74 2,072.23 1,528.10 2,150.45 1,014.34 544.99 589.78 13,414.96
2024 1,173.32 1,623.47 2,706.09 2,062.17 1,522.40 2,155.72 1,009.67 542.07 590.80 13,385.71
2025 1,166.86 1.615.86 2,709.36 2,051.69 1,516.49 2,162.72 1,005.02 538.83 592.09 13,358.91
2026 1,159.78 1,607.10 2,711.34 2,040.88 1,509.88 2,167.86 1,000.50 535.12 592.71 13,325.18
2027 1,153.25 1,597.81 2,712.69 2,030.48 1,503.82 2,173.12 995.94 531.89 593.39 13,292.38
2028 1,146.65 1,589.10 2,713.49 2,019.92 1,497.56 2,177.57 991.28 528.60 594.00 13,258.17
2029 1,140.09 1,579.55 2,714.79 2,009.52 1,491.48 2,182.80 986.74 525.36 594.63 13,224.96
2030 1,133.45 1,570.96 2,715.65 1,998.92 1,485.18 2,187.26 982.08 522.03 595.25 13,190.78
2031 1,126.93 1,561.85 2,716.92 1,988.59 1,479.08 2,192.25 977.59 518.78 595.87 13,157.85
2032 1,120.29 1,552.95 2,7117.78 1,977.98 1,472.81 2,196.84 972.91 515.47 596.49 13,123.52
2033 1,113.71 1,543.90 2,718.71 1,967.52 1,466.62 2,201.50 968.33 512.20 597.08 13,089.57
2034 1,107.13 1,534.92 2,719.88 1,957.02 1,460.44 2,206.42 963.72 508.92 597.73 13,056.19
2035 1,100.55 1,525.88 2,720.91 1,946.56 1,454.26 2,211.18 959.14 505.65 598.34 13,022.46
2036 1,093.96 1,516.81 2,721.97 1,936.05 1,448.07 2,216.03 954.53 502.37 598.97 12,988.76
2037 1,087.36 1,507.81 2,723.39 1,925.52 1,441.91 2,221.25 949.91 499.08 599.70 12,955.93
2038 1,080.76 1,498.75 2,724.55 1,915.02 1,435.74 2,226.20 945.30 495.80 600.35 12,922.46
2039 1,074.12 1,489.39 2,725.05 1,904.47 1,429.46 2,230.48 940.67 492.52 600.82 12,886.98
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Furthermore, the impact of ES LULC changes on ecosystem service value in each category and function,

according to the changes in area size of each ES LULC type between 2023 and 2039, as reported in Table 13,

and their corresponding coefficient values, as reported in Table 3, are presented in Table 16 and Figure 7.

Table 16 Change of ecosystem service value by category and function of ES LULC type

Ecosystem service category Ecosystem service function

Ecosystem service value of ES LULC type (Million Baht)

UB PD FC FO WB RL MsS UN
1. Regulating service 1.1 Gas regulation 0.00 -36.17 -6.97 -31.52 0.00 -4.19 -2.13 0.08
1.2 Climate regulation 0.00 -63.99 -12.33 -29.68 4.71 -4.31 -20.30 0.23
1.3 Waste treatment 0.00 -116.85 -22.51 -12.55 182.86 -3.61 -21.60 0.45
Sub-total 0.00 -217.01 -41.81 -73.75 187.57 -12.11 -44.03 0.75
2. Supporting service 2.1 Soil formation 0.00 -104.33 -20.10 -20.07 0.20 -6.17 -2.04 0.30
2.2 Biodiversity protection 0.00 -50.08 -9.65 -32.74 24.92 -5.24 -2.97 0.68
Sub-total 0.00 -154.41 -29.75 -61.81 25.11 -11.41 -5.01 0.98
2. Provisioning service 3.1 Water supply 0.00 -43.12 -8.31 -29.68 204.83 -4.19 -18.40 0.15
3.2 Food production 0.00 -70.95 -13.67 -2.45 0.98 -1.16 -0.35 0.00
3.3 Raw materials 0.00 -6.96 -1.34 -21.73 0.20 -1.05 -0.09 0.08
Sub-total 0.00 -121.03 -23.32 -53.86 206.01 -6.40 -18.84 0.23
4.1 Recreation and culture 7.33 -1.39 -0.27 -14.99 43.56 -2.44 -6.59 0.45
4. Cultural service
Sub-total 7.33 -1.39 -0.27 -14.99 43.56 -2.44 -6.59 0.45
Total 7.33 -493.84 -95.14 -204.41 462.25 -32.36 -74.47 2.41
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Figure 7 Change of ecosystem service value by each function of ES LULC type.
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As a result, the decrease in paddy fields (PD) due to conversion to other ES LULC types between 2023
and 2039, approximately 139 sq. km, reduces ecosystem values for the regulation, supporting, provisioning, and
cultural service categories by about 271, 154, 121, and 1 million Baht, respectively. In the meantime, the decrease
in paddy fields (PD) during the same period reduces ecosystem values for all ecosystem service functions.
See details in Table 16 and Figure 7.

Similar to paddy fields, the decrease in forest land (FL) due to conversion to other ES LULC types between
2023 and 2039, approximately 31 sg. km, reduces ecosystem values for the regulation, supporting, provisioning,
and cultural service categories by about 74, 62, 54, and 15 million Baht, respectively. Meanwhile, the decrease
in forest land (FL) during the same period reduces ecosystem values for all ecosystem service functions. See details
in Table 16 and Figure 7.

In contrast, the increase in water bodies (WB) by conversion from other ES LULC types between 2023
and 2039, approximately 20 sqg. km, enhances ecosystem values for the regulation, supporting, provisioning, and
cultural service categories, at approximately 188, 25, 206, and 44 million Baht, respectively. In the meantime,
the increasing water body (WB) in the same period increases ecosystem values for all ecosystem service functions.
See details in Table 16 and Figure 7. Meanwhile, the increasing urban and built-up area (UB) by conversion from
other ES LULC types between 2023 and 2039, approximately 183 sqg. km, increases ecosystem values for
the cultural service category and its function by about 7 million Baht. See details in Table 16 and Figure 7.

These findings confirm the impact of LULC change on ecosystem services in each category and function
in the Lam Takhong watershed, especially the conversion of paddy fields and forest land into other LULC types in
the future. The results suggest that implementing a proper land use plan and measures to prevent illegal forest

encroachment for urban construction is necessary to minimize the decline of ecosystem services in the watershed.

8. Change of ecosystem service value between 2023 and 2039

The results of the change in ecosystem service value between 2023 (base year) and 2039, as calculated
using ESCI, are reported in Table 17. As a result, the total ecosystem service value in the watershed is expected
to decrease continuously from 2023 to 2039. In addition, the change in total ESV based on ESCI over 16 periods
is slightly decreasing, with a marginally different value between consecutive periods.

The primary causes of declining ecosystem value are the loss of paddy fields (PD) and forest land (FL)
in the watershed. The loss of paddy fields and forest land has a high impact on regulating, supporting,

and provisioning services, amounting to 681.86 million Baht.
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Table 17 Ecosystem services values change between 2023 and 2039.

Ecosystem services values change

Year Total ESV (million Baht)
Year of change By index By percentages

2023 13,414.96 Y2023

2024 13,385.71 Y2023-Y2024 -0.00218 -0.22
2025 13,358.91 Y2023-Y2025 -0.00418 -0.42
2026 13,325.18 Y¥2023-Y2026 -0.00669 -0.67
2027 13,292.38 Y2023-Y2027 -0.00914 -0.91
2028 13,258.17 Y2023-Y2028 -0.01169 -1.17
2029 13,224.96 Y2023-Y2029 -0.01416 -1.42
2030 13,190.78 Y¥2023-Y2030 -0.01671 -1.67
2031 13,157.85 Y2023-Y2031 -0.01917 -1.92
2032 13,123.52 Y2023-Y2032 -0.02172 -2.17
2033 13,089.57 Y2023-Y2033 -0.02426 -2.43
2034 13,056.19 Y¥2023-Y2034 -0.02674 -2.67
2035 13,022.46 Y2023-Y2035 -0.02926 -2.93
2036 12,988.76 Y¥2023-Y2036 -0.03177 -3.18
2037 12,955.93 Y¥2023-Y2037 -0.03422 -3.42
2038 12,922.46 Y¥2023-Y2038 -0.03671 -3.67
2039 12,886.98 Y¥2023-Y2039 -0.03936 -3.94

Conclusion and Discussion

The study on the impacts of land use and land cover change on ecosystem service values in the Lam
Takhong Watershed, Thailand, was successfully conducted through the integration of geospatial models and
methods. Based on binary logistics regression analysis, the most significant driving factors on land use and land
cover change were elevation, annual rainfall, and irrigation area. Meanwhile, the significant driving factors on rice,
corn, sugarcane, and cassava were elevation, slope, annual rainfall, and irrigation. The validation of the local
parameters for land use and land cover prediction using the CLUE-S model yielded an acceptable outcome, as
the accuracy of the predicted land use and land cover in 2023 exceeded the threshold value, with overall accuracy
and Kappa coefficient values of more than 80%. The predicted land use and land cover data between 2024 and
2039 indicated an increase in urban and built-up areas, sugarcane, perennial trees and orchards, other agricultural
areas, water bodies, and unused land. Conversely, there were decreases in paddy fields, corn, cassava, forest
land, rangeland, and marsh and swamp. The land use and land cover prediction results obtained from the CLUE-
S model were strongly aligned (i.e., either a decrease or an increase) with the annual rate of land requirement
projections derived from the Markov chain model.

For the evaluation of ecosystem service value, the total ecosystem service value continuously decreased
between 2023 and 2039. By considering ecosystem services by category, the regulating, supporting, and
provisioning services are expected to decrease continuously between 2023 and 2039. However, cultural services
are expected to continue increasing during the same period. The most important ecosystem service category in
the watershed is the requlating service, which plays a crucial role in ecosystem function through gas regulation,
climate regulation, and waste treatment. Meanwhile, considering ecosystem service by function, gas regulation,
climate regulation, soil formation, biodiversity protection, food production, and raw material functions are expected

to decrease marginally from 2023 to 2039. However, waste treatment, water supply, and recreation and culture
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functions are expected to increase slightly in the future. The most crucial ecosystem service function in the
watershed is waste treatment.

In conclusion, land use and land cover changes impact ecosystem service value in each category and
function in the Lam Takhong watershed, especially the conversion of paddy fields and forest land into other LULC
types in the future. We recommend that the Government establish specific policies or interventions to prevent land
use and land cover change in the Lam Takhong watershed. The Land Development Department should implement
land-use planning to ensure proper land utilization and management. Meanwhile, the Royal Forest Department
and the Department of National Parks, Wildlife and Plant Conservation should be preventing illegal forest
encroachment in the watershed. Additionally, the disturbed national reserve forest areas should be reforested to

increase forest land by the Royal Forest Department.
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Abstract

A study of the sediment size distribution dynamics at Bangsaen Beach during 2005-2006 compared
to 2014 revealed significant seasonal variations in coastal sediment size. In 2005-20086, Fine sand was significantly
more abundant than other sediment sizes, while Very Coarse sand was abundant, interspersed with Coarse sand,
and Fine and Medium sand were less abundant in 2014. Offshore Fine sand was significantly more abundant than
other sediment sizes and more abundant than the shoreline in all seasons. The changes in sediment size and
distribution over the nine-year period may be due to seasonal influences of wave size and current direction.
The linear regression between values of sediment sorting and median size of sediment had a higher coefficient
of determination during the study period, suggesting that the breakwater on the southern side of the beach affected
the direction and speed of long-shore currents and seasonal currents and directly affected the movement of different
sizes of sediments back and forth between the rainy and winter seasons, resulting in a sorting of different sizes
of sediment. In particular, the central coast near Bangsaen Circle found sediments of moderately sorted sediments.
Although this study indicates changes in sediment grain-size distribution at Bangsaen Beach over one time period,
however, long-term and sustainable studies of sediment distribution, slope changes, and beach morphology are still
needed to ensure that Bangsaen Beach remains equilibrium naturally and remains an important tourist attraction

in the eastern region.

Keywords: Bangsaen beach, Sediment distribution, Sediment grain-sizes

Introduction

nafimiEu-1inas uazaninasintudnanepenuudwa BAanTadeessaain e ementy
andninarasannsguaziuanidaliluggauszndnafounguaianfafionnanan Lazannsgs
pefnuaanideamileluggrinssndnadaung aannendafeunsaing soringgniasaesiidaaAsngan
waguluggiontuszndnafeusiinanafeunsnen ndndulisaainnadii —asnd 1 mamens (Soisupom
et dl., 1976) Ingasnsapaniseinisiadenlfernnaresuudaameadinmans uazuanIn1smaian
°z|’f]<1ﬂ‘a‘:LLNﬁIﬁTuﬂ'WTWﬁIm@uumﬁmmﬂﬂw (Chaiongkarn & Sojisuporn, 2012)

mMaAeuLasrHaIAF B B AILHNg NATLAN IS ENTWANNA ATTHWLEUTIEBITEALN
nazuaintndmneils Anunirnsmznen uaznIsnaTaefaBIRznauRABALMITNEIN (Nicdoroda et dl., 1995; Stive
& de Vriend, 1994; Pedrozo-Acufia et dl., 2006) AMHAHAUBILAINIUIADUNTARLNDULALAITHANA AYDY
mainReufinsanznauainmeleuasmientsausmneutuuumeil (Garison, 1993; Ingmanson &
Wallace, 1995; Plummer et al., 2001) dual#iAan19iaanulasnainn1edugiuinaiaoss1eniaia
maasuudasldaadaanaiuazauaiud m‘me?‘u'ﬂuLLﬂmmwmm{f’uﬂmm@mwGfuudwmgﬂ‘iwLL@:
uIANAAEag TULgINNamaRS SanuuandnsiuetniReussianefifioymasznanaAndu
wAT N AneN LAY ME BN AN R ENN IR (Larson & Kraus, 1995; Pontee et al., 2004; Karunarathna

et al., 2012)
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PemnaLsuassagyneildnms fusanuassn eaneun Auflneilednfiaviiafatumaunan
winuazduiialiRafunmeunT memalFsunznewawmanieuineyn1aneuds it wazfumiien
(Clay) ANUNHIUIUENIUAZIAR BURIZBIRLNEUATHUHITIBRY (Long-shore transport) SANTT99INNT57EE 19
wiindn i limgneumeisiniduennianas viannoifudenua:lnsaisRadiinesnunznonenn
AefiFAnfigndonauiianndn usnainidelnzneuduradeinauanisaiidaninbeimea (Department of
Mineral Resources, 2012; Sojisuporn et al., 1976) danalinussmemefianuaeidwmansuammneiieazidon
Uszanad w.a. 2547 fnnaad @ eniuaanLaza 9t eninn e aae AL AT A9 INA LN LA W
PPN B NN TNLIAR BHIB9NEMA T R9NDEE19DIFIHA T TIAMNIUAZANIEYBINTZUAN 15
Lﬁﬂllﬁl]\‘i (Long-shore current) LL@xﬂ‘ixLLNﬁﬁmﬁmmﬂ’m (Seasonal currents) Lﬁmﬂﬂ‘imﬁlﬂmmmﬁ!ﬂN'GNZQTW?Jm‘i\‘l
RENMSIARERENEATNEN N19ANATNEY LAZN1INIZANUIRNIANZNBHIHIAUANFAIH UAZE19Y IR IAiR
maAsnuLaIAHAATH (Poate et al., 2013) memimﬁﬂmmmwaffmmaﬁmﬁmﬁwm (Morphodynamics) 28
A IEFNNSANEINNINIZANERZNaUTIEMALNIUEHANANATWIBLT WA, 2548-2549 WaRnEEma
v luanmingfeetusssnmfindnianead @ antunin WAZHNI9ATITRDURAARIHAMUNINYBIN AL
B nAs tuaaud w.a. 2557 atelsfinnideniuaauiiienadenasrezanasen AL AR IR S B
ﬁg\‘i‘ifl"ldﬂﬂf—_lﬂﬁwLL@::Lﬂﬁiﬂﬁﬁ@’ﬂﬂﬂﬁﬁx”b’ﬁ%u?uﬁ@ﬂﬁlu T&mLawwﬂfymﬂﬁﬁ”mfmwwﬁ'hﬁLﬁ'm%mﬁ’u
maAsuasanmgfainid Seudimissiasiuiifosiesiinnsulaigmnsiaenzemaoua
TrennsiaBananeeIn (Beach Nourishment) wdnfisna LLG]'Lﬁﬂ?ﬁL‘ﬁ‘l&ﬂﬂiLLﬁT’fJﬂmﬂﬂmﬂﬂ%ﬁﬂﬁﬁ’m’ﬁ?ﬂ‘ixﬁ3?_I’VJ
BE IR UM UL A9AITENT AN RARHATIT DL INIINE BB BST e ABE WAL DS
Wa3NuanINETINTRLeE eI ALLENE S ua Ve figafi s AnyresniansTusend (K5 uAnNfiex
pia (1l

Objectives
Lﬁ@ﬁﬂmmﬁﬂﬁzmmmmmzﬂ@ul,%qﬁuﬁu%mfwﬁwmmmqLLﬂumuqqm@Tmﬂuﬂ W.A. 2548-2549

Wae W.f. 2557

Methodology

fvmasaiifiusandnenzneuiuiitemautaua T we. 2548-2549 sawaw 5 aanil Tiud aandl
A, B, C, D uaz E uazll w.a. 2557 suau 3 aanid [hud aondl N, M uay L Tuusiazaanfiivunqeaifiugaasing
menentuIsIRINL Lmeﬂﬁqmﬁ@mquﬁuﬁLmﬁﬂﬁﬁyu—ﬂjﬁm (Inter Tidal Zone) Tazutiselaendin 3 Auft Taud
(1) iAsindugs (High Tide) AnvupqafiUAaDEenznaufiuumeils sxaz 0 wae Aufksfnufimuie (A uat
NO) meilanaunans (O, CO, DO waz MO) uazenuilediniali (EO uaz LO) (2) imazmdnsinanugs-thassi
(Middle Tide) 558 20-40 1195 91NUNITILR AWATNEHeFufismmile (A20, A4 uaz N20, N40) Tnéils
AEWNANY (B20, C20, D20, B40, C40, D40 uaz M20, M40) wazindilesnuiials (E20, E40 uay L20, L4O) uax
(3) WALNAIAN (Low Tide) 37817 75-95 1NAT UATIZT 60 1HAT A1NUMITeis Mudivineilednufismile (A75,
A95 waz N6O) 119iemaunans (B75, C75, D75, BI5, C95, D95 uaz MB0) waziiufivinailednuiels (E75, E95
wae L60) (Figure 1)
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Location of Sediment Sampling Stations
at BangSean Beach in 2005-2006 & 2014

1330N

Sampling stations at Northern part of Bangsaen beach
AO

High tide NO
1 A20, A40
Middle tide N20, N4O
. A75, A9S

Low tide NGO

Sampling stations at Middle part of Bangsaen beach
High tide 80, ::4% Do

B20, C20, D20, B40, C40, D40
M20, M40

B75, C75, D75, B95, C95, D95

1329N

—— = = = Middle tide
JPO0E, 10058 & 4
|55 “"T"‘"“"-;f(fk { ﬁ’¢ Low tide
Bangpakong Esttiary :
Ay Sampling stations at Southern part of Bangsaen beach
EO

1| High tide

130
=

Lo
E20, E40
L20, L40
E75, E95

L60

z BangSadigBeach - N 3
£ (A A 8@ 025 05 km 1
%.0 3 00.5 € 10091 £

Figure 1 Sampling station and position of sediment sampling at Bangsaen Beach during 2005-2006
(H) and 2014 (+)

Middle tide

125N

1| Low tide

Fimnafusiangenznananynyafiudsegnmimun iiudesiulugassaninaufsieensi
(Lower Low Water) insiggn1a tusavill w.a. 2548-2549 Tauviaan 12 A%9 Tungsen (MaTiWE-Enew 2549)
AN (NINYIAN-ARIAN 2548 WATWOEAIAN-TGUILN 2549) URTOANUIT (WPANNHU-FUINAN 2548 UAY
NNTIAN 2549) uazfUfaet9nNggMATNIBLT WA, 2557 ATHILHENIIATINRARIHA TN INYBIN AL
YDINAFLALANGY 1) 2 iFen Taaan 6 A31 TuggBau Eunan) qaui (NqEAAN NINgIAN WazTuENe)
UAZOAYH (HNTIANLAZNEARNIEW)

Hvienanafinlaswnndunuguinanalszanm 5 wufimns p1adszans 30 wufimes Wudaeting
ALNEUANAINRMINTERNDL 10 leufimms arngauiusnedrelalugananafintlanin uazifusiaetemzneu
08¢ 3 41 nsAtATNERauAnznew (Grain-size andlysis) (Pitty, 1971; Briggs, 1977) vinlmedesinminidanaes
pznaudomisensn udniwznaudanfidaiminudalloulumnay (oven) figomgf 105-105°C iiuiaan
24 $Tus shmznenfininnseuudaantd i llagaaadudiunen 24 #alus shezneusenannlagaaanaduen
Fariminutshmiaensy uazinmznenukdidainminudalUseuriunzunsssan (Dry seve) Wnaan 15 wiil
FagipEnd Sieve Shaker MIANAT Retsch 44 AS200 Uazimieaii avunasdanLlsznaudiag 6 41 ustazdus
ANIAFNTDY (mesh sizes) 1 HaFLHAST (millimeter, mm) Lﬁ@?"’ﬁuﬂﬂwm%}wmumn (Very Coarse Sand) ANIAFNTBN
500 TlAsims (micrometer, pm) UeanMseveny (Coarse Sand) ZWIAZNTBY 250 Pm UBNNTILAIANAT (Medium

Sond) 2HIAFATEY 125 pm UEANIILALLEYA (Fine Sand) WATIUIAFNTEN 63 im UENNIIEaLBeANIn (Very Fine

A '

Sand) AaupznanfiHIURzINsauet IuMTnzspssUR AR nawuuazAumilen (Sit & Clay) AuaIey

FMINAZNEUTANDY UNATUNTITDULARLEUAIATEIEY M91AUAT METLER TOLEDO 5% AG285 Useina

U

MIAEDILARA TRANATNININAZNOULAIAATNURAZULNTITEUUARZIUIN ATUIAIS DLRAZNBNTAATNUW

ALLNTITRULFAFZINIA (The Individual Percentage Retained on any sieve, IPR)
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nsRmTIziauIanznes (Udden, 1914; Wentworth, 1922) Taevialufinnsudanamud R aueesauin
mrneufifgastuunnansiuann [Hur v51 (Sand) Hauinszndng 2 mm fs 63 um s1uungasfiunsneneny
{1 (Very coarse sand) AUIATERTN 2-1 mm NS89 (Coarse sand) 211 1 mm-500 MM 918 ARIANRIN
(Medium sand) 211@ 500-250 um v98azidem (Fine sand) 23419 250-125 um WaznIgazdaanin (Very fine
sand) 2WA 125-63 pm, Nsreiutle (Silt) Huunpgendng 63-4 um sunndesdumsneudlsienuann (Very coarse
silt) BUIMTEIIN 63-31 um NF18uTNNLY (Coarse silt) AUIA 31-16 um NFILUTNTRIANATS (Medium silt) 2179
16-8 um waznaeulaaziBen (Fine sit) 2177 8-4 pm uazRniten (Clay) H2uaRnnan 4 um ANEFD uay
WavnlinansimsnsdifiuannauansneenaasneasuUaratiidntalinedn Krumbein (1934) 3aiame o

1Ay

A NTA TN AR NEUSNNATIRILABN3TIN (Logarithmic scale) WEBATR (@) Larasa Equation 1

@ = -log, D (Equation 1)

D Aamanynanulsine A aRINAS

' v

AN9ANITIANH Equation 1 LUARARNNANRRas TR naufiidasiulunnseiu [Hun nisie (Sand)
HAn @ 551919 -1-4 sunngdesfiunsnevenunnn (Very coarse sand, ~1<@<0) n318Me1U (Coarse sand, O<@<1)
VI9I8AUIANEAT (Medium sand, 1<@<2) n91eazi@an (Fine sand, 2<@<3) uaznggazidaanin (Very fine sand,
3<@<4), nsrauils (Silt) A1 @ 5211919 4-8 srunndauidunsisuifanaiunnn (Very coarse sit, 4<@<5)
nanautlsieny (Coarse silt, 5<@<6) TeurNaRIANaN (Medium sit, 6<@<7) asutivazidan (Fine sit, 7<@<8)
uazhuiea (Clay) #A7 @ §INN97 8 AMNKTGL (Krumbein, 1934; Folk & Ward, 1957; Blott & Pye, 2001)

WIHANITAMHINAIN Equation 1 HIAMMITNAMANEIAEEBIRENEY (Al ANaNauIaRznew (Mean, My)
WAAIFY Equation 2 HANITATHITAANNANTWIARZNEY (Mean, My) WAANTHIARALIBINIINTZANLVINNAZE
mznew gnaangidwmsneneunn (-1-0 @) naneneny (0-1 @) N9NBWIanas (1-2 @) naeazdsn (2-3 0)
WRININERAUBEANTN (34 @) (Folk & Ward, 1957) MMSUARNAINANTNTZANRNBWBINTA S8 uNWTSWaR (Color
code map) N BRNEIN19NTZANEIUIARZNENLE I BMENEMIALNSLaW S Kriging Interpolation Foflnatniees
naUsH AT A NTIANANN AN S g aaBaRuTt (Spatial Interpolation) Tren1aUszanmAnanTzEznaEe

AANN9TENINTARIBL99NANITINULERNFY Equation 3 (Somboon, 2018; Wimdla et al., 2025)

Qg+ Do+ @
Mean (M,) = %084 (Equation 2)

]
a1

D.. Do, Dy, AomnARznEUAAILDS EUMAazaNIBT9EW7 16, 50, LAz 84 AINATAL

Zy = Zin—1 ZW, (Equation 3)

1%

= ANUszN1UNFBINTS (Desired estimated value)

AR (Value at the point)

o3

% o o g

MHATIR AN LT TENI99aTIfiBIn1TUsT NN L9 ATINITUATUAD

o

Zy
Z;
W;

° dl ! dl fA J
n= mmmgmwmmmm:sﬁﬁsﬁum‘mﬁzmmm
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WAZATMINA AN SNSRI NEU (Hud MadpamInnznen (Sorting, G) ARsauEWIARZNEw (Kurtosis, Kg) WAz
TLAUANNANNIATITRANT (Skewness, Sk) AiAUBSEUnAaranvasUARzE9ELARIAS Equation 4, 5 and
6 (Folk & Ward, 1957; Pitty, 1971; Blott & Pye, 2001; Switzer, 2013)

Dos~Die Dos- D5
+

Sorting (O)) = (Equation 4)
4 6.6
Dos - D
Kurtosis (Kg) = ————— (Equation 5)
2.44 (@5 - Ds)

D1 + Do, - 2050 N Ds + Dos - 2050
2 (@gs-Dig) 2 (@gs - Ds)

Skewness (Sk|) = (Equation 6)

B.. D B, By, D, Dy Do, RovsiARznELT AMDSEUINARz AT TR 5, 16, 25, 50,

75, 84 WAL 95 MTNATAL

ANTANNIUNITARIUIARZABY (Sorting, O) AN Equation 4 uaasn1sinaa lflansdndaunznaumeny
vaenznouaniden uaninuguaniasenliifiuianinendsueesnisazan (Frank & Friedman, 1973)
AINNITIUUNUTNAZNaNTaY Folk & Ward (1957) Usznausiag (1) aznauanauiafuin (Very well sorted,

=1 3 P ! o/ P /—'!I ¥ /—'!I ‘dl ¥

<0.35 @) prnawifauiamsafaunawinduuacinisilfstulasiianenauidaeign aznaugnindauineuay
AaNAe M ANIENENTUAT I ATNNSB AR LI AR NEUT INA AT (2) Aznaudnauinf (Well sorted,
0.35-0.5 @) mm@mhu?m;jﬁ%mmLL@:;jU‘iNTﬂﬁLﬁmﬁ’u FINIUIARLNDULALUNITDAITH AN UAHDUDITVUIA
aznaudiniuendinznewiuinaanunastila sznauuiadnndLazauamgndrduus Hinfiazusn
@ﬂﬂmﬂﬁmmdwmﬁgﬂmﬁmﬁmfnﬂquwﬁqmuﬁq (3) PENaUARIUIALINNATY (Moderately well sorted
a8 Moderately sorted, 0.5-1 @) A¥NEUIUIANTIRUIHIUNINNTNVUIABUDE NN Lﬁmmﬂm:ﬂ@ugﬂﬁmwﬁu
NNMEWANIUUINNAN WIDALNAUNTUIARAINNATE ALNDUIUIANTNAUINIUNINNTITUIADU N1TNTLINY

Py o o s a & Aa o ' o A A A v A o
unnzneuiinaniuAsui e ane finanluanneindswmgs sonaldnznaufivdsfiaunalndidseiv
NINTU (4) ALNEUARLUIAHA (Poorly sorted, 1-2 @) WUIHIARLNBUAIRALHA My [Uandeauimann sty
& A o ! rAa 1 v A o o 1 4 ' @ =
Hufgaiu azneudannfidouin e Infidssduinanazneustn9siniBandinznenauInan uaned
mﬁmﬂmmﬂ@ufuﬂmfszﬁﬁwﬁ’wmqa uaz (5)znauiinnsAnauIaldfastauln (Very Poorly sorted, 2-4 @)
NURALNOUTINIANAINAELAZE N IUIARL NEUN A 1ATe T AeY

ANSATHINAARINIUIAREABY (Kurtosis, Kg) A3 Equation 5 tHuda3Tadnandiuaenisidesansy
aznanbamnasadulAsaraneameneuaznisGesdiuludaunans gndangsudn (1) Very Platykurtic (<0.67 @)
Anaouaganznanlndifesii aznensnadnUBaosnndegUziuiunznawsmanenundn (2) Platykurtic
(0.67-0.9 @) aznaniinanzawia WesanaznewwAldngnitani Mdseglzniunznewauiaingndd
(3) Mesokurtic (0.9-1.11 @) N1FIRENAFLBUIARLNAUNAUTETNIUNZBUNR (4) Leptokurtic (1.11-1.5 @) 921919
NNSRZANAZNDN AZNBUIUIALANNITLAZAzNBNIUIATNGNI1gNEIDDN FenalinznaufimAsiauin

o !

Tn&iAeeiunnTn (5) Very Leptokurtic (1.5-3 @) dndauaynianznansiialaefianilefininndtzuindn
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BEN9TALIU UAT (6) Extremely Leptokurtic (>3 @) NM9N9218IHIARNBUNAGIFATNFININUAZIAB NI
FomnetenznaniianndningsssusznewmnarinvEesna&nyan
o o = @ . G| [ %
NN1FATHITEAUAIIHENHIN TN BAINLT (Skewness, Sk) #1MH Equation 6 1TWN1TTAAINENNINTUD
N13NTZANLLNIARLNDUNEB AN HANAAYININTTARTARznen Wi RmesiddyTuanmuindand
Amuall Wevanfiaslasianiananzesnznendes gnanngsid (1) Very fine skewed (0.3-1.0 @) ns
Wi esnnuanetiein1snsranemznanasidaasnnnitneneurenued s FERIeN n19nTzatssanznas]
TunmzneauaziBenedwitadfdydagAiauitideuan teddndaunaidussneusuimdniiviuonlund
WAINIUAT (2) Fine skewed (0.1-0.3 @) 11903 T 18LanITiaN19NT918909ALNaNALIBIANIIHINT Y
P Py o 1 A o A & ' LA a o
Wefiautiuaznaweny nsnszatsmnaasneuliannalnsfidagourasenniafi@nndt sndudefieuiu
annIAREUNgT Ueusniouwnainlnnepzneseuiadn (3) Symmetrical (0.1 fls -0.1 @) n13nszanpmznaw
AW o i uanalugUuUDsng 7 W sTABNATNENANNIAS (symmetrical ripples) 113BN13N5EANLIMA
mznaulunInsasilannmaznew (4) Coarse skewed (-0.1 s 0.3 @) NM3N3zaIWIARZNBIMANLTT U HDIG
U 1 1@ o/ [l cﬂl P9 o/ /:il a ' /—'!I = 2 CQI = o
ninagelifudndnuilefisuiuenniaiiazdonandt arneufiasaniinznaureiuiunuindadieuiy
ALNBUALIBEA LIUBNTNRATNUIARBNTINANIUGITIRznaurEIugnindeuinguaranAznaw ez (5) Very
coarse skewed (-0.3 §iv -1.0 @) nwnailizanan uaasivnisnszansamenznaniiie [Ugeyniafivetundn

pznauENuINNidndgeuiaisuiunznauasdAndn

Results
a s & A ' y : A & o | =
maAmssnanzneBsnTiaNsr ez e nnefesusaranniifudede anggniatuseud
W.A. 2548-2549 UAzIBUY W.A. 2557 MR 111 FI9819 WUAZNBUIIENIALNUARATNGANTA T auT)
VAR AIANTIEnUNINAALTN 6% N918IUIANE1N 19% NIEALBEA 74% UWRLNTIERTBEANIN 1%
2AINUA LazWLNITARTIARZNaN (Sk)>0.3 (Very Fine Skewness) LNUANITANANEWIALILAREN19NTZI18

AENAURZLDYANINNIRENDRALTLNE T AL

1
A =Y

NANISATUIDIAINANIUIARENEY (Mean, My) RussindslugamaeanBen (2-3 @) WlofRianson
fﬁiﬁﬂﬁﬁ'ﬂm%ﬂyjﬂmﬂmwmmmﬂ@uwuﬁhm‘f?v'ﬂﬂhl,ﬁmLuummﬁﬁuTumUﬂ WA, 2548-2549 Al (7930w
2.31+0.05 faHu 2.2140.59 UATAVHIY 2.39+0.57) Uz IHaaull w.a. 2557 wudnaasAndeaumnmngin
(9958¥ 2.0520.82 gk 2.08+0.92 UaggnH1 1.98:0.77) uazdanumdannulssaueasdiaya (Variance)
Twaouf w.at. 2548-2549 (qp5e% 0.57 qaru 0.80 uazaawiia 0.87) WaAsuiieuduluseut wea. 2557 7

v
o A

wuAMNLUsUIINesiayafAfeil (ga5eu 1.02 oy 1.84 uavggnuia 1.09) WA A TiAN Tsa Ut W,

k1)

1 = ¥

2548-2549 pznandanlngfiflaunaindifesinuazinisnszansaunseuaeietisaieioyagnin
NN UNIINTIUALRAY FeiianuulsUsaeesdieyatiasndtiuend w.a. 2557 fuansitnznoud
BWIALANANTHNINNd AT ENITNsTatEIInTeUANRRLNINNd R adayag NI ANgH Ui say
! cil =3 ° Y v a 1
ALANE 'NVI’]TWH@HNNWJ’]NLLﬂiﬂ‘muijﬂﬂQ"l
NM9N9TNLALNBUEIAUALI IDBIENIALINUEY (Figure 2) UATATMANEIILYBIRZNDULAAINITAR
27 (0) WazAIHIA (Ko (Table 1 and 2) uamsnadaNIsnIzateTwIRRnaNTEmIALLEWiuEIaaT 9 T

TneTusaul w.a. 2548-2549 (Figure 2a-c) Ainfirnaisiunngg nunseazdenninnitnzneawauinauly
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VBN oUANT AN EA e [ A AlEURF a9 aan A ANULS N tsanas a N Aidmsie [Uyne A eld
#8 FUA AT aNUNTIERUNIN IMUB NN ouies TuansTignsfsaaunansuazaneile i alEnunseneny
LB NIUNINTBUA LS IN LA NEUARAWIANINGY AN 18 HRABNN AT INAIIF LN LARTANUAZNBUFILG

| = @ & = o d'd = °  a & |
au1a ey TUaudeanadnnie iR fuiifn 53 eed i UINIARENEUNELSZHTI0 ALNBUINIALENNTILAS
Tgjndnfuwalilnfiazusnesnszndemagnindeudinauan1aendseudaunans (Poorly sorted, Mesokurtic)
dy d'? 2.a EE o a ' = o A a P A y a &
Wuinin&sngadiamunaganideaninndineneususdusasdsnuiUiniaminnd el 8nnany
NIeazdnfUB NIRRT NS FEmTe U uAeTE UNAININEINIANAWNTNLUTHIUNINTGANI9F1Y
Frilauazlanioianas UyeAetd Tuq@%@umm@uﬁmmmmuﬂmq AZNEUIUIANTIARUSNIDININNGN
AUIADRDL NN mﬂ@uﬂmmLﬁﬂﬂﬁhmemmTﬂQJﬂfhgﬂﬁﬁ@@ﬂsfuﬂmwLLfmﬁﬂuﬁﬁwﬁwmqﬁmwdm
ANTANAZNAN ALNBUTANADAINIUIA N LA AHNINTULA A N9 UUIARLNAUANFHTADNI N EN LT HE
(Moderately well sorted, Leptokurtic) LazAzNARAATHIALUINNANN AZNBNIHIARTINARUIHNIMNINNTNIaRIAEY
AYIHINLALAAAFIUNINNTIVUIAD UL 19EALIW ﬁ\i%mﬁmmm:ﬂ@u?uﬂmwmeﬁm‘ﬁﬁwﬁamugq
(Moderately well sorted, Very Leptokurtic) Tuq@mﬁﬁuﬁ?ﬂﬁﬁam@uﬂm\iwumﬂ@uﬁmmmmuﬂmq fNTND
PRNANTIIARLFHIUNINNTNIRIAD WD NN mxﬂﬂummmﬁﬂﬂdﬂLLﬂmmmTijﬂdﬁgﬂﬁmﬂﬂsfuﬂmwLLQﬁﬁﬂm
Aa o ' A A = oa ¥ A o =1 ~ =
‘vmw@\‘muqﬁm:mwmﬁmﬂmﬂ@u AL NANTIAADAS A N AN UNINT LAY NT19NT2a 82 AR NBT

1 k4 ] g
NANAUARIESEND (Moderately well sorted, Leptokurtic) Tagianeindae@auunauam ﬁuﬁmaﬁlﬂunﬂq@
~ . 4 - 2 Y m a vy A @y o ~
WUV AZBEANINNI IR NARIIABU A NULB NIRRT WA NS muile [Ud i ald Undnenssazidan
MnARUERanasanAfirmitalvneiials uaffsidimmilagn A75 uaz A95 wunsteazBaUENID.
HINURAILNTIHIUIAUUN AU HIDNIN mﬂau"ammLﬁﬂﬂdf]memmTwmﬂdﬂgﬂﬂq@ﬂﬂTuﬂﬂﬁwLLfméﬂuﬁﬁ
wasugeluszndensazanaznan danalinzneuiindsfiawaindidssiusnnduuariinisnszensauin
ALNAUTINANIWADHE NaNILEND (Moderately sorted, Leptokurtic)
4 ' 0

uazlusoud] w.a. 2557 (Figure 2df) Wwiirnalslwmnggabinwunsemenuanntu3anamin
U3 IEuimmsiauaziUB unoanas Wnnefiald Uudosngnenanufifusunasiaandnluduiimvilenays
UBNIDUANHINT WU NTATS uinuvssaziBaanaznsssuIanae auosion seRsdufimuiiansnan
1% = & ] T =3 @ & a o A'l [~ o v o/
Fnsuna i numnauasusizia ey lUandsnindnnie uureadu Luﬂd@ﬂﬂwzﬂ’ﬂu‘ﬂuﬂﬂL@ﬂgﬂWﬂWﬂTﬁm
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aunAnzneulndfesin tsddnanewmmantsunamnngnianw F saguUzdniunznanawinrgindn

1 1 v [ 0 ¥
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20 LHAS Tunﬂq@wummmlﬁﬂm (54-82%) UBHIDAANTUAIINFTFTe (UFAFATE wardUBnnoimnnndn
ALNBUINIATUBL WHNINBAZHINNIIBIEA WAL AFAFIUNINNIIVIATUDL NEALER LNTNIT R aNAZ NN
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Frufirmiladign N40 uaz N6O nunsgazidentBanawnnuUndoamaneananans senansnadnnituas g
ninfumnlilnfiezuanaansznininisgninfeniinelnganiazndseuuiunans (Poorly sorted, Mesokurtic)
a A s o S a® var o = S A aa
Tungrud pdugeiindsaugouarnszumingya indks U3 nauanuiniisgnsmeumilarasnenaiiian
aouiaNNsgRazuaniealfrinene alunamilaauiismeannsguiguigaiunszumignauiinnme
seunmiiagmedimlfzesmnemauiuau fienedenarininznansmainnduazanatnaningmitesntu
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winapun s lUneiialdidwaninzneuemnadnfdeguzduiuasnaawiaingindnivsaduiials
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Logarithmic Mean (Mz)

Figure 2 Sediment grain-size distribution dynamics at Bangsaen Beach in 2005-2006 (a—) and 2014 (d-f)

(station names are shown in red letters and sediment sampling positions are shown as solid black dots)



56

The Journal of Spatial Innovation Development (JSID) Vol. 7 No.1 January - April 2026

Table 1 Sorting (Ol) and kurtosis (KG) of sediment size distributions according to distance from shore at each

sampling location and season in 2005-2006 (ND means no data)

Summer 2006 Station A Station B Station C Station D Station E
Om G, Kg 0.7,0.8 1.2,0.8 1.2, 1.1 0.9,1.2 1.3, 0.8
20m G, Kg 0.6, 1.0 0.6, 1.2 0.5,15 0.7, 1.7 0.5,1.4
40m G, Kg 0.7, 11 0.7, 1.5 0.7, 1.8 0.7, 1.8 0.6, 1.5
75 m G, Kg 0.7, 1.0 0.9,1.2 0.7, 11 0.6, 1.1 0.7, 1.5
95 m G, Kg ND ND 0.8, 1.1 0.8, 1.1 0.7, 15

Rainy 2005, 2006 Station A Station B Station C Station D Station E
Om G, Kg 0.9,1.0 1.1, 1.0 1.0, 1.1 1.0, 1.0 0.9, 1.2
20m O, Kg 0.7, 0.9 0.8, 1.3 0.8, 14 0.9, 13 0.6, 14
40 m G, Kg 0.7,11 0.7, 1.4 0.7, 1.0 0.8, 1.5 0.6, 1.2
75 m G, Kg 0.8, 1.0 0.8, 1.2 0.8, 1.0 0.7,1.2 0.6, 1.1
95 m G, Kg 0.71.0 0.8, 1.1 0.9,1.2 0.8, 1.2 0.6, 0.9

Winter 2005 Station A Station B Station C Station D Station E
Om G, Kg 0.7,0.9 0.8, 1.1 0.6, 1.7 1.0, 1.2 1.1, 0.9
20m G, Kg 0.6, 0.9 0.8, 1.1 0.7, 1.4 0.8, 1.7 0.6, 1.6
40 m G, Kg 0.8, 1.2 0.7, 1.5 0.7, 1.7 0.7, 1.8 0.6, 1.5
75 m G, Kg 0.7, 11 0.9, 11 0.7, 0.9 0.8, 1.5 0.6, 1.1
95 m G, Kg 0.6, 1.0 0.8, 1.0 0.8, 1.0 0.7, 0.9 0.7, 1.0

Table 2 Sorting (Ol) and kurtosis (KG) of sediment size distributions according to distance from shore at

sampling location and season in 2014 (ND means no data)

each

Summer 2014 Station N Station M Station L
Om G, Kg 1.2,0.8 1.2, 0.7 1.3, 0.7
20m G, Kg 0.8, 1.0 0.6, 1.7 0.5, 11
40m G, Kg 0.6, 1.7 0.6, 0.9 0.5, 11
60 m G, Kg 1.1, 1.0 0.6, 0.8 0.6, 1.3

Rainy 2014 Station N Station M Station L
Om G, Kg 1.1,0.9 1.3, 0.6 1.3, 0.9
20m G, Kg 0.7, 1.0 0.6, 1.6 0.6, 1.3
40 m G, Kg 1.0, 1.6 0.6, 1.1 0.8,15
60 m G, Kg 0.7, 1.0 0.8, 1.1 0.6, 1.0

Winter 2014 Station N Station M Station L
Om G, Kg 1.3,0.8 1.4, 0.6 1.4, 0.6
20m G, Kg 0.9,1.2 0.5, 11 1.0, 0.8
40m G, Kg 0.9,18 0.6, 1.3 0.4, 0.9
60 m G, Kg 0.8, 14 0.7,19 0.6, 1.2
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p=3

AndnszAanEnnasnanla (Coefficient of determination, r) FiflAHARNRHELLLIBIAWIZIN9FauLls

A% (dependent variable) ABA1TARIUIARENEN (Sorting, O,) AUFMUUSHU (independent variable) tuArnans

PUIARZNEH (Mean, M,) THsaUT W.A1. 2548-2549 FnnsfnaMIARZNaU (Sorting, O)) 0.5-1.25 USTEa9mnew

AN15ARPUIALINNA9-(HA WAZAINAINPUIARZADN (Mean, M,) 1.35-3.02 VeZnenauflauingaansng

PIANAW-NIeazBEnNn wudrlansdninsiuieslungg (qgeu  0.49 qgu r* 0.49 uazggUuY

2 0.09) uaztusavd] w.A. 2557 ANn1sAnIWIARYNEW 0.45-1.45 1NEEaaRe neuARYAlER-(F uazANnans
o o

AUIARENDY 0.36-2.86 UNEALNDURIUIAEIINTI8NYT1U-NT18azLBE0 WUINHAMNAHANUTTUNINNTT

(q938% r? 0.90 Ak r2 0.75 UAzgg1ua r? 0.89)
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Abstract

This research aimed to (1) design and develop an online learning analytics system, (2) evaluate the
efficiency and satisfaction of the online learning analytics system, and (3) assess the innovation quality of the
online learning analytics system. The researcher applied the System Development Life Cycle (SDLC) approach to
develop the online learning analytics system. The sample group consisted of 34 faculty members and administrators
from the University of Phayao who utilized the UP e-Learning system, selected through purposive sampling to
collect system requirements data. The research instruments included (1) the online learning analytics system,
(2) an evaluation form for system efficiency assessment, (3) an evaluation form for system usage satisfaction
assessment, and (4) an evaluation form for innovation quality assessment of the online learning analytics system.
Statistical analyses employed percentage, mean, and standard deviation.

The research findings revealed: (1) The results of designing and developing the online learning analytics
system showed that users had the highest requirement for login frequency data with an 10C value of 1.0, and
content view data also had the highest requirement with an 10C value of 1.0. (2) The results of evaluating efficiency
and satisfaction of the online learning analytics system showed that system efficiency was at the highest level
(x=4.63, S$.D.=0.27), administrator satisfaction was at the highest level (x=4.53, $.D.=0.19), and faculty
satisfaction was at the highest level (x=4.65, $.D.=0.47). (3) The results of innovation quality assessment of
the online learning analytics system at the University of Phayao indicated high quality, appropriateness, and

practical applicability (I0C=0.97).
Keywords:  Online learning, Online learning analytics system
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Results

1. HAANEINISBENHULLAZNANHISEULUILATIZANISIZUUNDDU AN NRIANLIRENSLET (AN

1Y o o

TnUseaeRdan 1) QWHT%QULLU‘U WATNITWHUIGDNFUIS (Software Development Life Cycle : SDLC) 9l

9
v

nazuaunIRasia (1
1.1 nan1sAnsIaANABInszaifusruuAiaseinsiauaania
Tudumeuniafudeyauazeanuunesuy §AdeAiraisianadiasnisresliindeeinniadige

ANADINITra iUz uUAATziniaiauesulaifasuuuaaunin Fafuenensd iluszuy

o

UP e-Learig Waz{LEM19a0TWWIANTIHNNSELWS 5089AWa MW 34 AN aRnsnaqUdayaaanun (sl

Table 1 shows general information of the respondents.

Position Frequency (N) Percentage (%)

Instructors 31 91.17

Executives 3 8.82
Total 34 100

911 Table 1 wudn feauuuuaauns wanensddmau 31au Andudesar 9117 wazndufudnis

31349 3 Au Anlluetas 8.82

Table 2 Index of Item-0Objective Congruence (I0C) for Needed Statistical Data in Online Learning Management

Online Learning Statistical Data Item 10C I0C Consistency
(Instructors)  (Executives) Judgment

1. Number of available courses 0.74 1.00 Consistent

2. Number of logins 1.00 1.00 Consistent

3. Number of content views 1.00 1.00 Consistent

4. Number of video lesson views 1.00 0.67 Consistent

5. Time of online access 1.00 1.00 Consistent

6. Usage frequency per test item 0.32 0.67 Inconsistent(Instructors)

Consistent (Executives)

7. Number of downloads for course materials 0.90 0.67 Consistent
8. Number of successful assignment submissions 1.00 0.67 Consistent
9. Number of students completing the course 0.65 1.00 Consistent

10. System access by device type 0.87 1.00 Consistent
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%
A15amangns uazdieyanisdintiusruuriugUnsaiing q fAawfiesnns snfiga (10C=1.0)
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1.2.1.1 ASDBNUULLNRNIAINAR NTELIRNTTNIIN

4
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spnuuulasssdnenszuannsineueesszuulne Hunaneniseanuuuiiiug Hduegudnans (User-Centered

Design) B9senaufiag 2 aUnAn An WNWEIANAR (Mind Mop) UazLHHASNS (Ma28991% (Flow Chart) AILARS

i Figure 2
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Assignment Activities Access Graph
Numberof views Video Resources Access Graph
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/ f . - Time Access Graph
/ Content view Plugins : -
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- Assignment Status Graph
who access to course
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\.Time to study online data

' X ~ Total Students Risk
4 =
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Teacher input Indicators data UP e-Learning Database

Figure 2 shows a conceptual diagram of the online learning analysis system's workflow and teacher rights

1.2.2 @BAKULY Flow Chart nszuauni1sineuiudanaasesrsy ouanssfuiuney
191 9UBITEUUAILAB1915 81852 UL N19ATI9RBL AND NSIRanIIEATIN1sdnfsliayani1siiasisd

LAY NNFAEI9TIENT FILERI LI Figure 3
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Grant rights to completed courses
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Yes i
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< b M 3
advocate for an iogin UP e-Learning  ¢—
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The
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results should be Verification ——————
reported without System
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course ownershipor ——
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Yes lYes
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l No No Cancel report
viewing. Return to
. the homepage.
Evaluate the Choose an online

learning

performance
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outcomes.

lyes Yes

Yes  The course entry list
has been successfully
updated.

Display the online
learning analysis
report.

Figure 3 shows the Flow Chart of the work process under the teacher's rights

1.3 ATWAIHITTUUAATIERNTS S uReauan (udiunasa1est
Tudupauniaimunszuy §a5alHAANnNT/1999UALUSHRUAMNIANNT AN 1B9FIUASH Y58
Plugin Moodle a1nn15UsifinuarAmdanlaelfinosissifin 5 #u sauuwnanieaed Jadhav & Sonar (2011)
Usznaunag mwmmaa?umﬁﬁLmﬁzﬁ%mﬂ@ (Data Analytics Capability) Aansiindul@fiuszuy (System
Compatibility)
Aane N T Usability) AnUaansizresliaya (Data Security) WAsLUTZANTAINNI9YIMU (Performance)
Tredl Plugin Moodle Aflinnusinisuss@uuasdmaan s1wan 9 Plugin 6ief
1. Plugin - Analytics graphs ﬁﬂLqugiﬁm‘m
2.Plugin - Access Graph ﬁmmuqﬁmm%ﬁuﬁﬂm
3.Plugin — Assignment submissions ﬁﬂLLNugﬁm’i@i\im‘ﬁﬁﬁu
4.Plugin - Hits Distribution ABunnnfin1aAasditasaanslinssunBEen snedUam

5.Plugin - Activity completion fian1amsaeaausngdeyaeuidninianssy
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6.Plugin - Quiz analytic ABNNFAATITINITEBLYDILBEY
7. Plugin - Number of active students AaunngRaanwiBenfifin1sGemnlusau2a alus

8.Plugin — Course participation ABN1MIITFBUNITHAINIINVBIR B Tugneden

U

9.Plugin - Completion Progress AIAN1TRARTHAITNAIINTHIIDINZE

U

1.4 N5AAGY (Deployment)

o o
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fimRa Plugin Moodle (Plugin Moodle Integration Architecture) 91aznausing 5 Junaunan fauamali Figure 4
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Start a new process

Figure 4 shows the Moodle Plugin Integration Architecture installation process.
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@:gmﬂﬂ?%\im (Plugin Activated)
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Figure 5 Screen in the Completion Progress Plugin section - Tracking student progress
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Figure 6 shows the operation of the Access Graph system and

the Assignment submissions Report system in the UP e-Learning system
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OLD WORK PROCESSES

The report on the statistical results of the UP e-Learning system usage for the
academic semester.

g2 — LY — &

The administration has compiled statistics THE EXECUTIVE HAS SIGNED TO
regarding the management of online instruction PRESENT THE EXECUTIVE:RERORT IN ACKNOWLEDGE THE REPORT ON
within the Up e-Learning system for the academic THE FORM OF A MEMO. THE STATISTICS OF ONLINE
T 2 i
NGy : [S)jg‘r;':‘::;n Lo Manuseript TEACHING MANAGEMENT WITHIN
* NUMBER OF COURSES Data THE UP E-LEARNING SYSTEM FOR
* NUMBER OF STUDENTS THE ACADEMIC SEMESTER.

* NUMBER OF TEACHERS
* EXAMINATION STATISTICS

Figure 7 shows the original workflow for submitting a report to management.
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Figure 8 New workflow concept map for submitting UP e-Learning service reports to executives
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TunsfnensruninssinsGeneeulaiamsuguamns §idalidnfiunisinsziszundon Context

Diagram (WHWANWLBUN) Fauamd il Figure 9 WieafUnennganedssuy T@ﬁmmﬁ\immﬁuﬂ’uﬁﬂm%@gmmdw

v
o o

sruuiugom wiasiouansdeyafising

garuuuazioyaiiannansruunt winieu

Figure 9 shows the Context Diagram (Level 0) of the system in the management section.
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nsaanuuulassadrsgiudisya(Database Design) davintulusunss Power Bl Tngsqusandoya
fifiendnsiufianssunisiBaunisaswenula diindeyaluguuuesWg Excel, CSV uay Google Analytics

AINIWTITENANNENTUE ST wesdaya fasgns Aauanslu Figure 10
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Figure 10 shows the database design and relationships between different types of data in Microsoft Power Bl

2.3 ﬂﬁ‘sﬁﬁtﬁﬂ%’ﬂga?‘u‘[ﬂﬂmiu Power Bi (Power Bi Data Integration Architecture)
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Power Bi Data Integration Architecture

OvO
{e)
Step 1 Step 2 Step 3 Step 4 Step 5 @
Get Data 52 Data Transformation Data Moy Web Dashboard End-users
( Connect to Excel and ™ (Table View and Query it e ake i) 5 Pomer B dobiboords
Google Analytics ) Setting) l in the Browser
| e ° | Vol user
Power Query Edit o i ‘ ’
Google ' A
ol ,m,'»»‘ ' ) Publish to(43) (1) _l
1 I Power Bi Workspace 1;
j

DataSets Design

i
Structure Data,
DataSets,Clean Data &

- J—
st >
e T >
Refresh Dataflow .

Figure 11 Managing data in Microsoft Power Bl (Power Bi Data Integration Architecture)
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in the management section
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2. naUsziindszAnBnnstuunazanitanalezasszuudiasizdnisidauaaula (ax

Tnquazatiad 2)

2.1 wamsuszifindssAngnnaasssuniiaszinisieuaaulad saneisenwzien

{AGHTABY iBenmaiussUnaaung aanendansien 91uam 3 i Afdarauntsolls
fieendn 5 U suiiwfsnifindss@ndnmessszuy (Table 3) TnaudenisUszfinaanidiu 5d1 8ussanld
HARTIEUAL (Rating Scole) iBagann 5 33U niassidisyaiiudnuarnamAndosazuaz e
MR IFTNSURAINATNAN G973 uaziiAaamane aesdiasastalUi (Prakobpon, 2020)
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Table 3 Expert Evaluation of System Performance.
EVALUATION CRITERIA FOR SYSTEM PERFORMANCE X S.D. EFFICIENCY LEVEL
1 Data security 5.00 0.00 Very High
2 Data Correctness 4.89 0.19 Very High
3 Function Requirement 4.50 0.58 Very High
4 Usability Test 4.44 0.29 High
5 Performance Test 4.33 0.29 High
Total 4.63 0.27 Very High

@)

910 Table 3 wudn sxsuUsEAVENMasssruLeg Iusziunniige (x = 4.63, SD. = 0.27) Wausmdw

Y

Uszidnusiazdiiunudn snensfiddnedegege Ae Auniasneianlasaieeesdioys (Securty) Hazeu
UszRnBAnandige (x = 5.00, S.D. = 0.00) 38NN AB ATWNNTINMIFAINATNT (Correctness) B Tnazeiy
HINTIgR (x = 4.89, SD. = 0.19) uarseNINRANRALTiDLgA Ap AUseRnBnm (Performance Test) B TszsiL

141N (X = 4.33, S.D. = 0.29)
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U

Table 6 Executives' Satisfaction with the Online Learning Analytics System

No. Aspect / Dimension X S.D. Satisfaction Level
1 Data Storage and Security 4.84 0.41 Very High
2 Data Analysis 4.67 0.00 Very High
3 Data Source 4.67 0.00 Very High
4 Data Presentation and Design 4.56 0.30 Very High
5 Utilization of Analysis Results 4.47 0.27 Very High
6  Characteristics of Data for Analysis in UP e- 4.20 0.21 High
Learning

Overall 4.56 0.19 Very High
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910 Table 6 Wudn ArnRanelaaasfiEnsfifidesszun AnszinisBeauesulad Tunmwean vis 6 Fw
wugn eglusziy mnfige (x = 456, S.D =0.19) Wausnifiwlsafuudazdinumudn s1ensiifiAedagegn Ae
Aunsfiusnenieyauararulasadanis e fsvduaauonelasnniiga (x = 4.84, S.D =0.41) 3898941
Ae Faunstmsnziiiayauasdmunasiinneesdeya agluszdufionalannniign (x = 4.67, S.D =0.00) uaz

ldld ! dl v A v o/ -4 ldl ° a I3 = . v
TensfifAeieinggn fie fudnuoesdeyaiiiiresinmsGaweenlaibezun UP e-Leaming agtu
FZAUNN (x = 4.20, S.D =0.20)

2.2.2 wuudszifiuannitenaterasanansd nansimssifeys S

Table 7 Instructors Satisfaction with the Online Learning Analytics System

No. Items X S.D. Satisfaction Level
1 Design and Data Presentation 4.85 0.39 Very High
2 Utilization of Analysis Results 4.73 0.39 Very High
3 Data Analysis 4.68 0.47 Very High
4 Nature of Data for Analysis in the UP e-Learning System 4.61 0.50 Very High
5 Data Storage and Security 4.60 0.50 Very High
6 Data Sources 4.42 0.54 High
Overall 4.65 0.47 Very High

571 Table 7 WudrAHRINe e pAgsINaIa1a1as AfAasuUdiATIeinigi3euneanlql
6 A% ﬂgffuizﬁumﬂﬁqm (x = 4.65, S.D =0.47) uar319N1TNTANRRYGIFA AB AIUN1TODNUULUAE
maauedays szduawanalanniig (x = 4.85, S.D =0.39) speasnAe AunslEnanisinesidoya

seuRrsRawelarnTiga(x = 4.73, SD =0.39)

Table 8 Detailed Analysis of Instructors Satisfaction with the Online Learning Analytics System

1. Nature of Data for Analysis X S.D. Satisfaction Level
1.1 Frequency of downloading course materials 4.87 0.36 Very High
1.2 Login frequency 484  0.39 Very High
1.3 Frequency of test attempts and score access 4.77 0.43 Very High
1.4 Time patterns of online access 4.65 0.48 Very High
1.5 Number of successful assignment submissions 465 0.48 Very High
1.6 System access logs from various devices 4.61 0.49 Very High
1.7 Frequency of course content views 458 049 Very High
1.8 Frequency of lecture video views 458  0.49 Very High
1.9 Number of students who completed the course 439  0.49 High
1.10  Number of courses offered 4.16 0.86 High

Overall for Section 1 4.61 0.50 Very High
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2. Data Sources

2.1 Learning activities logged in the UP e-Learning database 435 0.48 High
2.2 UP e-Learning System usage data from Google Analytics 4.29 0.66 High
Overall for Section 2 4.32 0.57 High

3. Data Storage and Security

3.1 Role-based access control preventing unauthorized access 4.90 0.33 Very High
3.2 Data is securely stored within the UP e-Learning database 429 0.66 High
Overall for Section 3 4.60 0.49 Very High

4. Data Analysis

4.1 Use of graphs for data comparison and trend analysis 468 047 Very High

4.2 Data grouping by time periods (e.g., month, year) 468 047 Very High

4.3 Calculation of descriptive statistics (e.g., sum, mean, 468 047 Very High
percentage)

4.4 Effectiveness of the online learning data analysis 4.68  0.47 Very High

Overall for Section 4 4.68  0.47 Very High

5. Design and Data Presentation

5.1 Single-screen data summary and status display (Dashboard) 4.90 0.33 Very High
5.2 Aesthetics of data display (e.q., use of color, data visualization ~ 4.90 0.33 Very High
graphics)
5.3 Clarity and readability of tables and text 4.90 0.33 Very High
5.4 Usability on smartphones and tablets 4.84 0.39 Very High
5.5  Graphs are aesthetically pleasing, easy to interpret, and 4.82 0.40 Very High
appropriate for the data type.
5.6  System responsiveness in displaying analysis results. 4.74 0.45 Very High
Overall for Section 5  4.85 0.37 Very High

6. Utilization of Analysis Results

6.1  Enables instructors to improve student learning outcomes and 4.94 0.29 Very High

the quality of online course materials.

6.2  Enadbles instructors to forecast trends for planning online 4.87 0.36 Very High
instruction.
6.3  Enables administrators to use analysis data to improve and 4.81 0.41 Very High

support the university's online learning services.
6.4  Enadbles instructors to observe and understand student online 4.74 0.45 Very High

learning behaviors.
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6.5 Enadbles management to use analysis data for decision- 4.29 0.46 High
making and forecasting trends to improve online learning

policies.

Overall for Section 6 4.73 0.39 Very High

911 Table 8 Wu3n 81aal(instructors) ipanianalasiensinszideyang usviusnniign (< = 4.68,
SD. = 047) lnganwzluginnasnisinsuBeudieudeyaiaguualiin msdangudayanugossan uaz
NIATINEGRA o Bedoulfazwsuadewinty 4.68 Azuwns dmsunstinanisinsideya anaad i

o v o

mmm‘hﬁiymmmd@@ﬂuquﬂ%afuﬂqﬁL?ﬁﬂmimmfwﬁmﬂmﬁﬂﬁxﬂﬂum‘iﬂﬂumﬂﬁqm (x = 4.87, SD. = 0.36)
sevasnAndayadaueislinaiinden (< = 484, SD. = 0.39)

Tugnnmseenuuuuaznssiaretioys s1arsdianuienelalaesaneglussiunniige (< = 485,
sD. = 0.37) TneWianmdAryiugUuuumsaqUdeyausazdmbiog umiiaaiden (Dashboard) Aaaaass i
MIUFAINATENEDHA WAZNIURAINARNTN FaAmufisnadne zmn Faeu Sedaulinzuiaewindy 4.90
AU (SD. = 0.33) Amsunistinanistinsneitieyanudngaenmusnsi isuuqsmadugrinisBeusues
{3enuazaninmansienisrausenlaiogussiufonalannniign (<= 494, SD. = 0.29) huanuediguanis
amamintayanAnneiluistunisdnaulawazaamsaiun Hindeusulsadausnisdanisdennts

apnannlmIlATuszAumn (< = 4.29, SD. = 0.46)
3. mMsUsziRuammwIianssNEassTLLAAzinIs 3 aNaaula (muingUszasddaf 3)
fATTR By iTamqdiuan 3 vinu e1nnneuenam AN danzienia aasiRideamyfiunisg
Fannsdenniasanaaulaiissiugandnuniifilsraunisoilitiosndn 5 T vinniedsuds Ussfinnsuanii
tsznaudios 3 dmlFud 1) dunszuauniaiann 2) dudamn 3) fmmslion dufussfugoniminngas
29952 ULAATIEA NS B enpanlas] FoeRimAtdNUs /YIS AHEDAREaS (Index of Item — Objective Congruence:
10C) AansgndERaifiavn (Content validity) Tneansainifiusnedie (Table 9) Hgmanaduaniisid (Rovineli and

Hambleton, 1977)
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LA 1. #mAnanifidn 10C faus 0.50-1.00 FHRounn wsnzan(Appropriate) M

2. #mAnandiian 10C sinngn 0.50 daesuuqe Saldlla

Table 9 Index of Item-Objective Congruence (I0C) for the Instrument

Item Description Experts IOC Value Interpretation

1 2 3
Development Process Aspect : Refers to the research methodology for designing,
developing, and studying the process to improve the efficiency and effectiveness of the

original workflow.

1. Clarity of the research problem and its alignment with the 1 1 1 1.0 Appropriate
research objectives and expected benefits.

2. Appropriateness of the concepts, theories, and literature 1 1 1 1.0 Appropriate
synthesis for the system development process.

3. The conceptual framework is appropriate, aligns with the 1 1 1.0 Appropriate
target audience's needs, and allows for the measurement of

those needs.

4. Appropriateness of the research methodology and target 1 1 1 1.0 Appropriate

group selection.

5. Appropriateness of the research instrument. 1 1 1 1.0 Appropriate
6. Appropriateness of the data analysis method. 1 1 1 1.0 Appropriate
7. Clarity and appropriateness of the workflow synthesis and 1 1 1 1.0 Appropriate

new process creation for the system design.

Content Aspect : Refers to the system's components and the clarity, comprehensibility,

and responsiveness of the presented learning analytics data to user needs.

1. The data types used for analysis are appropriate and align 1 1 1 1.0 Appropriate
with the synthesis of relevant research and user requirement

specifications.

2. The data presentation, including trend graphs and 1 1 1 1.0 Appropriate
comparative tables, is appropriate, clear, and easily

comprehensible with explicit descriptions.

3. Users can appropriately interact with the data visualizations 1 1 1 1.0 Appropriate
(Interactive Dashboard) through clicking, selecting, or filtering

to explore further details.

4. The presented analysis is beneficial, provides high-quality 1 1 1 1.0 Appropriate
information, and fosters an understanding of online teaching

and learning behaviors at the University of Phayao.
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Item Description

Experts

1

2

3

I0C Value

Interpretation

Usability: Users can learn and operate the system easily, efficiently, and without

complexity. The system is secure, accessible, and provides overall user satisfaction.

1. The design of the online learning analytics system for the 1 1 1 1.0 Appropriate
University of Phayao is suitable for practical implementation.
2. The development of the online learning analytics system for 1 1 1 1.0 Appropriate
the University of Phayao is suitable for practical
implementation.
3. The usability study of the online learning analytics system 1 1 1 1.0 Appropriate
for the University of Phayao is suitable for practical
implementation.
4. The analytical data is suitable for enhancing the quality of 0 1 1 0.67 Appropriate
online instructional media.
5. The system's analytical results can be suitably applied to 1 1 1 1.0 Appropriate
improve online teaching and learning management plans.
6. The development tools used for the system are appropriate, 1 1 1 1.0 Appropriate
cost-effective, economical, and practical.
7. The analytical data is suitable for informing administrative 0 1 1 0.67 Appropriate
management, planning, and policy—making for online education
at the university.
8. The system is user-friendly, efficient, and uncomplicated, 1 1 1 1.0 Appropriate
appropriately meeting user requirements.
971 Table 9 wanAa@ MDA 10C Tssf
A1 10C = 1.0+1.0+41.0+1.0+1.0+1.0+1.0+1.0+1.0+1.0+1.0+1.0+1.0+1.0+0.67+1.0+1.0+0.67+1.0
19
IoC= 1834 = 097
19

aqUdn AnARTineee Buarngy fifldonmnmnesinnssnesssruLAnTsinisBuuennlmd

NTANgNREnzen JA1 10C = 0.97 ﬂgffummbﬁ fAnnINWNIzaN (Appropriate) waz [Hulgiesa

q
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Table 10 Expert Evaluation of the Innovation Level of the Online Learning Analytics System at the University of

Phayao

Indicator of Innovation Level Experts

Expert 1 Expert2 Expert3

Level 1 The online learning analytics system is a product of

incremental improvement, involving partial process

enhancements that lead to effective performance.

Level 2 The online learning analytics system is a product of / / /
substantial improvement, involving the development of
new processes that lead to effective performance.

Level 3 The online learning analytics system constitutes a

breakthrough innovation or a novel body of knowledge

that has not previously existed.

910 Table 10 WudIAIHARTWBEIBetY ARATZALAMNININWIANTTHYBNTZULRATIZHNTS

= L4 a o = @) o/ o/ = o I3 = ¢ @
L‘iil‘l«éﬂﬂ%f@% HUATIVEIRENWSLEN N@ﬂéﬂ"lWﬂ'}"lNLﬂuu’Jmﬂ‘i‘iN LA 2 AB ‘izUU')Lﬂ‘i’T%‘Viﬂq‘iL‘iﬂuﬂﬂu\fﬂu S1A]

dld o/ o o/ 1 v A dld
NZN’TLW]Nﬂ’?‘jﬂﬁUU‘g\‘iﬂ’W‘JV]’N’W%TWEJWGJ-J'LL"I ﬂi:mum‘ssfw (new processes) LL@ZT@NNﬂ’ﬁT‘N’WHWW

Conclusion and Discussion

o

A539813D9 "NITWMUITZUURLASIZRNI538UaaR (a1 Nu1Ane1dansien” [Faaun1Tnns

o '8

qUszaedTidamnald 3 davnng Sanansaduaunsnaiusa e

1. NSDDNULURATAMRITLUURATIERNSISERaRIAN NN IRensLen

maRnETRLNIEILARTIinIs Beunenla] savendemsend i Eianniaiasnssuumadumen
w99 SDLC induuunlumaimon uasiinsinssuuisidaumasenansduasiiams swinnnsvaaey 3 sxiu
#id 1) Unit Testing 2) Integration Testing 3) System Testing Lﬁ'amﬁgmﬁmwmmm:wmwéﬂwmﬁwu fAaulvin
maudluusuLqstiaunwsasilifetuie Waruufinauasysoluasnssmunnudasnsun e wdeedadi
Téiun Moodle Plugin Analytics wa Microsoft Power Bl TinnsWmnnszuudinsnsinisBeuseulad anidnends
weign vinszuuasnanlFmamndasniafidimnld anadnguaraed 1

a1nmasseanufinsnsioyantsBaueenladeenguulmananudt eneraduazudnisiaes
Hasnnageqabulieaadsi (1) Saaundstuniadin@es (ogin) (2) Smasnagidam (content view) uaz (3) Faviamn
Adndeueaulal Anudisnnsansasn Ao SmauesinadnrAnlounEeuuazd auniasennatioudnse
dndoyaiifinnudinsnietiosiiqn Ae dauliereuusiazan SsranadosiinAdens Toeho Yu & I-Hyun
Jo (2014) fazydndmauszeziaanidenias mafidadasetaianeee Soudnasanadnganisiden

aoulaievFanadeiliod Ay



88 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.T January - April 2026
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Abstract

This study aimed to 1) study guidelines for preparing information for religious tourism of new activity
context of Sisaket province 2) develop preparing information applications for religious tourisms of new activity
context of Sisaket province 3) evaluate the performance of applications 4) study satisfaction by applications.
The research sample group 1) 10 experts for evaluating efficiency 2) 400 users evaluated their satisfaction.
The tools for this research are 1) interview form 2) application for religious tourisms of new activity context of
Sisaket province 3) efficiency questionnaire 4) satisfaction questionnaire. Statistics used include mean and standard
deviation.

The research results found that 1) guidelines for preparing information include: Identify religious tourist
attractions, specify activities, describe arts, culture and local wisdom. Record tourist attraction information in the
database. Disseminate information on the internet network system allowing for distribution across multiple
platforms. 2) the developed application, it was found that the database management system developed with PHP
programming language and MySQL was able to record and update travel activity information as designed web
applications developed with Flutter framework using Dart language, developed on android studio and
the developed of navigation processing systems using Google Maps API technology, applications can perform as
designed. 3) the performance evaluation results of the application found that have the good level, overall mean
was 4.17, standard deviation 0.35. 4) the satisfaction study results found that have the very good level

of satisfaction The overall mean was 4.63, standard deviation 0.56

Keywords: Application, Religious tourism, Religious place, The new activity context
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Objectives
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Concept and Literature review
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Figure 1 Main interface of the tourism information management system
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Table 1 Evaluation results of the performance of the database system and religious tourisms of new activity context of

Sisaket province

NO. Evaluation Aspect Mean Standard Deviation (S.D.) Interpretation
1 Function Requirement 3.93 0.34 High
2 Function 418 0.29 High
3 Usability 4.40 0.46 High
4 Performance 4.08 0.40 High
5 Security 4.39 0.28 High
Overall Mean 417 0.35 High
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Table 2 Overall satisfaction study results of the religious tourisms of new activity context of Sisaket province

NO. Assessment Aspect Mean Standard Deviation (S.D.)  Interpretation
1 Application Functionality 4.58 0.56 Highest
2 Presentation Format 4.7 0.53 Highest
3 Benefits Received 4.59 0.58 Highest
Overall Mean 4.63 0.56 Highest
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Conclusion and Discussion
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Abstract

This study aimed to develop the budget proposal process for procurement not exceeding 500,000 Baht
using the UP-DMS system, compare the processing time before and after system implementation, and evaluate
the satisfaction of personnel involved in using the UP-DMS system at the school of Allied Health Sciences,
University of Phayao. The ADDIE model was applied as a framework for developing and improving the budget
proposal process, along with assessing user satisfaction. The study involved 18 participants aged 20-50 years, all
of whom were personnel engaged in the budget proposal process within the faculty. Data were collected using
a five—point Likert scale questionnaire and analyzed using descriptive statistics, including percentage, mean,
and standard deviation. The results revealed that the processing time for budget proposals was reduced from
14 days to 7 days, representing a 50% reduction. Moreover, overall user satisfaction was at a high level
(3.96 + 0.71), with the highest rating given to data security (4.17 + 0.62), followed by the ability to track
documents (4.11 £ 0.58) and cost reduction in operations, such as reducing paper usage (4.11 + 0.90).
The UP-DMS system contributes to enhancing the budget proposal process by making it more structured, reducing

paperwork burdens, and improving document tracking efficiency.

Keywords: Procurement, Inventory management, Electronic document management system
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Conceptual Framework of the Study
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2. szsiumrntonelauac lHvmiidseszuy UP-DMS

Figure 1 Conceptual Framework of the Study

Methodology
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Figure 2 Procedure for Creating a Document Workflow for Quotation Submission via the UP-DMS System
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Figure 3 Procedure for Submitting a Quotation via the UP-DMS System
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40-50 T 9711491 5 AN (27.78%) UATEBE 20-30 T 911491 2 AU (11.11%) LaTAIMTUAILMKGITYN YARINT
drinafidaaunaniign 9 a (50.00%) 89asHNARSIAANENFERS 5 A (27.78%) wazinnnenmintn 4
AU (22.22%) Table 1

Table 1 number and percentage of general information of the sample group.

(n=18)
General information Number (people) Percentage
Gender
Male 8 44.44
Female 10 55.56
Total 18 100.00
Age
20-30 Years 2 11.11
30-40 Years 11 61.11
40-50 Years 5 27.78
Total 18 100.00
Job Title
Scientist 5 27.78
Physiotherapist 4 22.22
Faculty Office Staff 9 50.00
Total 18 100.00

FINN1TAATIEA B LU B UL LIRINITANRRITUA BULATNFINTT IHITUTTUL UP-DMS Wugn
STUZNANIAEHeTasUaEN0s AaudidntinAfSuRrreueanienisfiansnlnefiame anasmininnis e
14 5% manBAY 7 54 vdeAnfiunsanasiasay 50 deastiutidiudinisT¥syuy UP-DMS Rdaugan s
N3LANNNSTANSBNENFULTT AT o nEann S

naLszEnAN e las o AR IANDIBI UL N5 ATe/a a2 RulATwanun TaaTd
53UL UP-DMS nadifinmnuasanizananmand snivendemeien Tnsninean wudy yaansfifidnaisndas
AUNTZUINNITENBBIUYS TR NN TnEB/and19ne T A aMTAaRS suan 18 AW Aaatnfanale
BB HAELANBYBIUU TN NN T AT/ A% 19 2ENGIAWNEuawum Taet¥szun UP-DMS nsgifnunaes
ADLEENTANERS JNAvEndenzien aglustAuanRawelanin (3.96 + 0.71) fefansannanisUssiniuus
avviadiaAnnnn 3 Susiuusn wudn Wadlasaudmanasadalunsdafiuiieyauazniesdiaya agluszi
ANRINelaNIn (4.17 + 0.62) 7898987 Fip ﬁf]uﬁaﬂmﬁunﬂumiﬁwm Y AANITIENTEANY ARTEHZIIAT M
mavines agluszuareanelann (4.1 £ 0.90) uag AuaunanfamsduaaunsAilslidg gndes

wazflusyAvinm agtusziumnnfionalennn (4.1 + 0.58) nauvuarnanelevesiHeuessuszanm

BedlayauaRIAH M99 2
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Table 2 The mean scores and standard deviation of the sample’s satisfaction.

(n=18)
Satisfaction Rating
Question
X S.D. Interpretation

1. Easy, convenient, and fast to use 3.94 0.73 very
2. Provides secure data storage and protection 4.17 0.62 very
3. Allows customization of settings to meet user requirements 4.06 0.64 very
4. Reduces redundancy and errors in work processes 3.83 0.71 very
5. Endbles accurate, efficient, and easy tracking of workflow steps 4.1 0.58 very

6. Helps reduce operational costs, such as minimizing paper usage
4.1 0.90 very

and saving work time

7. Displays messages and function buttons clearly 3.72 0.75 very
8. Supports operation across various devices and platforms 3.78 0.81 very
Average Total Score 3.96 0.71 very
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Abstract

The Internet of Things technology has become essential in agriculture and livestock farming, offering
automated environmental control solutions. Crickets, as an emerging economic livestock, have gained popularity among
farmers due to their high nutritional value as an alternative protein source and their potential for high income generation.
Applying loT to cricket farming is a promising approach to enhancing efficiency and quality. This study aims to:
1) design and develop an loT-based monitoring and control system for cricket farming, 2) evaluate the system's
performance, and 3) assess the survival rate of crickets. The system monitors temperature, humidity, and PM2.5 dust
levels, sending alerts for abnormal values to ensure optimal environmental conditions. The research involved five
participants, including loT experts and cricket farmers from Nakhon Ratchasima Province. Tools used included a system
performance evaluation form, with data analyzed using mean and standard deviation. The findings revealed that the
system accurately monitored and controlled the cricket farming environment and sent alerts via LINE Notify, resulting
in improved farming efficiency, reduced risks, and lower farm maintenance costs. The performance evaluation showed
high overall efficiency, with a mean score of 4.76 + 0.42, while the cricket survival rate was significantly high at

94.56%.

Keywords: Internet of things, Control system, Notification system, Cricket
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Methodology

Uszrnsuasnaniesing

AMTUUSENTAD INEATNTNNZLAENA A AT T AUATINTRN ST 127 A% (Information ond Statistical
Data Group, Center for Information Technology and Communication, Department of Livestock Development, 2022) LLay
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Table 1 Instruments used in the study

Type of instrument Instruments/technologies used in the study

1) Personal Computer (PC)
- CPU: Ryzen 5 2600 3.4 GHz
- RAM: 16 GB DDR4
- SSD: 512 GB, Read 3500 MB/s
- Graphics Card: RTX 4060 DDR6 8 GB
Hardware - Peripherals: Mouse, Keyboard
2) NodeMCU Board with Wi-Fi connectivity
3) 4-Channel Relay Module (for controlling DC and AC loads)
4) AM2302 Temperature and Humidity Sensor
5) Soil Moisture Sensor

6) Ventilation Fan
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Type of instrument Instruments/technologies used in the study

7) PM2.5 Air Quality Sensor
8) Heating Lamp for incubation/cultivation cabinet
1) Visual Studio Code
2) Arduino IDE
Software 3) Line Notify

4) Figma
5) Google Sheets
1) C/C++

Programming Languages 2) HTML
3) JavaScript

¥
AUADUNTITATHIITN

MIRAUNITTLUUA LR DULAZATUANNISINIT AN B afagBuma S iaassnas AoiAdnlfulaitnis

AT (Figure 1)

1. Identification of Problems in the Existing System

2. System Analysis

3. System Design

4. Development of an loT-Based Notification and Control System for Cricket Farming

B. System Testing

6. Evaluation of the System Performance

7. Assessment of Cricket Survival Rate

Figure 1 Research Methodology

ang1 (Figure 1) iniuaaunssiuemendan Tasudseendu 7 dusen THun Anendymssuuemaiis
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Figure 2 Research Methodology
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2.1 System Flowchart 92UUNISHAINIAULLAIGN
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High temperature

Turn on the sprinkler

Stop

Figure 3 System Flowchart of a Traditional Cricket Farming System
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3.1 System Flowchart 52ULNI$HEIEA 10T
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Figure 4 System Flowchart of a Traditional Cricket Farming System
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3.2 Use—Case Diagram 5¥UtN1uing
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Figure 5 Use-Case Diagram of the New System

3.3 Data Flow Diagram
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Figure 7 System Architecture
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Figure 9 Cricket Rearing Enclosure Model
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Figure 10 Sensor Equipment Box

a

9115V (Figure 10) uamsnissingunsslimugas ESP8266 (Inga Wi-Fi)as LCD dmnsuuamsgmgs

U

uazAHENEed (Relayiamualaaslulunassgingn

v v

3. NMSHUIBILULSABIE AT IER

Figure 11 Cricket Rearing Enclosure Model
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Figure 12 DHT11 Sensor (Temperature and Humidity Sensor)
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Figure 13 Laser Dust Sensor PMS3003
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Figure 14 Heating lamp
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7. wa il tunnsResiania

Figure 16 Egg Tray Used for Cricket Rearing
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Table 2 Overall Performance Evaluation of the Notification and Control System for Cricket Culture with the Internet of

Things by Internet of Things Experts

Topic X S.D. Performance Level
1. System Usability 4.67 0.58 Highest
2. System Data Presentation 4.67 0.58 Highest
3. Materials and Installation Equipment 4.00 0.00 High
4. System Security and Data Access 4.67 0.58 Highest
Overall Average 4.50 0.25 Highest
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Table 3 Overall Performance Evaluation of the Notification and Control System for Cricket Culture with the Internet of

Things by Cricket Farmers

Topic X S.D. Performance Level
1. System Usability 4.50 0.71 Highest
2. Benefit for Farmers 5.00 0.00 Highest

Overall Average 4.75 0.35 Highest
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Abstract

The greenhouse gas emissions from the production of fresh durian (Monthong variety) in Northern Thailand
were studied to analyze the greenhouse gas inventory and quantify emissions associated with fresh durian production.
The study on the input-output inventory of durian production revealed that the input inventory consists of: 1) Raw
materials/chemicals, including 25 seedlings per rai, 4,371.34 kilograms of organic fertilizer per rai, 3,908.74 kilograms
of chemical fertilizer per rai, 19.17 liters of herbicide per rai, 48.37 liters of pesticide per rai, and 469.55 kilograms of
soil amendments per rai. 2) Energy, where farmers utilized 405.35 liters of diesel per rai, 1,491.89 liters of gasoline per
rai, and an average of 234.99 kilowatts of electricity per rai. The output inventory was primarily Monthong durian, with
an average yield of 19,980.74 kilograms per rai. The greenhouse gas emissions from the production process were found
to amount to 0.6584 kgCO,eq per kilogram of durian.

Research Recommendations include: 1. Department of Land Development: It is recommended to promote and
support soil condition analysis among farmers to enable appropriate use of chemical fertilizers. 2. Department of
Agricultural Extension: It is advisable to provide knowledge related to the impacts of global warming and to promote
environmentally friendly agricultural practices. 3. Agriculturist: The use of renewable energy sources, such as solar

energy, should be encouraged to replace fossil fuels.

Keywords: Greenhouse gas, Carbon footprint, Monthong durian
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TAg EP (Environmental Impact Potential) = the potential of environmental impact,
in this case referring to global warming expressed in terms of the mass of carbon dioxide equivalent (kg.CO2eq)
Qi (Quantity) = the quantity of substance i (input-output substances) that contributes to greenhouse gas
emissions
EFi (Emission Factor) = the emission factor of substance i, representing the coefficient of greenhouse gas

emissions associated with that substance
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Table 1 Greenhouse Gas Emissions per Kilogram of Durian in Kilograms of Carbon Dioxide Equivalent

Greenhouse Gas Emissions
Item Percentage
(kgCO,eq/kg durian)

1. Use of production inputs 0.6565 99.71
- Organic fertilizer 0.0598 9.08
— Chemical fertilizer 0.2640 40.10
- Herbicides 0.0143 217
- Pesticides 0.0122 1.85
- Soil amendments 0.0222 3.37
— Diesel fuel 0.2314 35.15
- Gasoline 0.0456 6.93
- Electricity 0.0070 1.06

2. Transportation of production inputs 0.0019 0.29

3. Total greenhouse gas emissions 0.6584 100.00

finn : Calculated by the author

Conclusion and Discussion
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Abstract

This research aimed to (1) develop a repair notification system for building equipment, and (3) assess the
satisfaction of instructors and staff regarding the use of the system at the Faculty of Allied Health Sciences,
University of Phayao. The system utilized Google Forms for managing repair notifications of building equipment.
The sample group consisted of 57 instructors and staff members from the Faculty of Allied Health Sciences,
University of Phayao. The research instrument was a satisfaction questionnaire regarding the developed repair
notification system. The system integrated QR Code technology and Google Sheet derived from Google Forms,
combined with the Line Notify system. The results showed that instructors and staff were highly satisfied with the
repair notification system, with an overall average satisfaction score of 4.35 + 0.46. The satisfaction scores for
each item were also at a high level. In conclusion, the application of QR Code technology and Google Sheet from
Google Forms integrated with the Line Notify system for managing building equipment repair notifications at the
Faculty of Allied Health Sciences, University of Phayao, proved to be efficient and prompt. The system helped
reduce the steps and time required for reporting repairs, was modern and up-to-date, and significantly reduced

the workload of responsible staff members.
Keywords: Google forms, QR code, Google sheet, Line notify, Maintenance reporting system
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Figure 1 Present the development process of the building equipment repair reporting system for the Faculty of
Allied Health Sciences, University of Phayao, using Google Forms, based on the System Development Life Cycle
(SDLC) theory.
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Figure 2 Present the process of reporting building equipment repairs at the Faculty of Allied Health Sciences,
University of Phayao, using Google Forms. The system was developed as planned by leveraging Google Forms
technology to create core functions such as recording equipment damage, managing maintenance tasks through
Google Forms, Google Sheets, and LINE Notify for repair approval. Emphasis was placed on system stability and

user convenience in the reporting process, as shown in Figures 3-5.
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Figure 3 Present the repair request information and repair status of building equipment through the Google Forms

system.
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Figure 4 Presents the equipment repair requests and their status for building facilities, managed through the

Google Sheets system.
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Figure 5 Present the equipment repair notifications for building facilities sent via LINE Notify.
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W0 Tnednanuddman 6 Aaw Tiud 1) madnBemszinsing azaon yafiyninan 2) dueeunnsiouszun
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penafUsy@nBn uay 6) sruudasliinisudedensansa uaraiuaunisineuedefiUsy @B fauansly
Table 1

Table 1 Results of the content validity assessment of the satisfaction questionnaire on the equipment repair

reporting system of the Faculty of Allied Health Sciences, University of Phayao, using Google Forms

Score obtained
Content for review XR  10C  Interpretation
Person 1 Person 2 Person 3

1.The system is easy to access and +1 +1 +1 3 1
convenient to use anytime, anywhere. Can be used
2. The repair reporting system operates in -~ +1 +1 +1 3 1 Can be used

a sequential and uncomplicated manner.

3.The form content is concise, clear, and 0 +1 +1 3 0.67  Can be used
easy to understand.

4. Upon completing a repair request, the +1 +1 +1 3 1 Can be used
system displays the information, allowing

users to track the repair process and

status.

5. The system includes a user manual to +1 +1 +1 3 1 Can be used
ensure efficient operation.

6. The system facilitates rapid reporting +1 +1 +1 3 1 Can be used
and supports effective workflow

management.

statistical data analysis
Asziiioyalaeldainidaonssniun (Descriptive stotistics) puanIdNYRLa [Uapspanaing [Hun
FumuyAaINT sziuAzEAERane laluusazdaAnnn assuuuEBLaINANRINalY dayagminawesian

NNTLAAIAITNT (frequency) 3888 (percentage) ANLRAS (mean) d@ul,ﬁml,'l_luuﬂm‘iﬁﬂu (standard deviation)

(Subbamre, R, 2016) Tﬂﬂsf‘?ﬁ Lﬂ%mﬂﬂmﬁm@m‘ﬁﬂ‘umﬁu Microsoft Excel

Results

naasasnei i lumaAdetuszneusanyrainanelunneaarmans Fud s enanad yaains
e uazdmiindiau q Tnevianisuanuuuseuasdus 57 sty ualisuAnasuie 57 aifu A
Fmannaneundl 100% Ansnizrinilaesnguiansnsutssanidune uazaninzynanng Wafiansndnimne
wudnngusangnsdautraiifiumemds S 37 A (64.91%) uaTINATIESWIN 20 AY (35.09%) LAz
FONHEYARINT WUANYARINTBNT TSI MAMNNTIGA 31 AN (54.39%) YARINTAILETILAYM 16 A% (28.07%)

B3 7 A (12.28%) WaHFWTITEN o 3 AW (5.26%) Aauamali Taole 2


https://www.google.com/search?sca_esv=ec820d6b74279399&rlz=1C1UEAD_thTH1089TH1089&q=%E0%B8%AA%E0%B8%96%E0%B8%B4%E0%B8%95%E0%B8%B4%E0%B9%80%E0%B8%8A%E0%B8%B4%E0%B8%87%E0%B8%9E%E0%B8%A3%E0%B8%A3%E0%B8%93%E0%B8%99%E0%B8%B2&spell=1&sa=X&ved=2ahUKEwjfmbuqzPeNAxXg3TgGHZj9IogQkeECKAB6BAgNEAE
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Table 2 General information of the sample group

General information Number (people) Percentage
Gender
Male 20 35.09
Female 37 64.91
Total 57 100.00

Personnel Status

Administrators 7 12.28
Lecturer 31 54.39
Support Staff 16 28.07
Other Personnel 3 5.26
Total 57 100.00

natszfiuanuitone lasassuumsudstanAsioeiUsnaueA AT ENIRTANERS NNTANENAENELEN
Fasgifianedn aosavnrrmans smAngndenzien Tnaniwaas wudl yasnsfireuuuusstnmasRonels
FBIEULNNTUIITENATATILTENBUDIANTATANIGFNENT UNTANIRENIT Adeifianesy 914 57 A
fraiaelasadunanmaudsdonnnmianeusiaannanermans amnAngndunzien faugifanadu
ADEATANERS JAnendensien oy lisziunufonalasnn (4.35:0.46) ilefianannmantatszdulusias
Hia.wudinadinBemszuiag azmn ynfiynnan egtussiunafanalannn (4.49+0.36) dumeuntaliism
sruunaudsteriduddunasidudon aguaziunnufonelannn (4.5210.43) e luuuunefunazi
Faran inladng agluszivaafenalann (4.55:0.43) idevinnnsudedeniaafusruuiiniauanng a1s1sn
easeLisearanenatenlFey bussiunnafanelasn (4.28:0.55) s gflausennstiemaie it
smlFetnefiuszd@ndnm ogtusziuanuioneleannn (4.30+0.45) uazsyuudaalinisudegensanisa uay

aTusMIINWednsfilszAvEnm agtusziuaeionelannn (4.35+0.51) Gelipyausmenns Toble 3

Table 3 Satisfaction scores of the sample group

Mean + Standard Deviation (SD)
Content for review Interpretation

X S.D.

1. The system is easy to access and convenient to 4.49 0.36 very
use anytime, anywhere.

2. The repair reporting system operates in a 4.32 0.43 very
sequential and uncomplicated manner.

3. The form content is concise, clear, and easy to 4.33 0.43 very

understand.
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Mean = Standard Deviation (SD)

Content for review — Interpretation
X S.D.

4. Upon completing a repair request, the system 4.28 0.55 very
displays the information, allowing users to track the

repair process and status.

5. The system includes a user manual to ensure 4.30 0.45 very
efficient operation.

6. The system facilitates rapid reporting and 4.35 0.51 very

supports effective workflow management.

Overall Average Score 4.35 0.46 very

Conclusion and Discussion
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Limitations and suggestions for the study
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Abstract

This study is a qualitative and survey research methodology. The objectives are to study and analyze the
environment of 9 natural tourist attractions and propose guidelines for promoting natural tourism in Raman District,
Yala Province. The data collection process is from key-informants such as government agencies, private
entrepreneurs, tourists, and local people, along with strategic analysis using SWOT Analysis and TOWS Matrix
techniques. The survey and data analysis found that natural tourist attractions in Raman District have strengths in
terms of the number of tourist attractions, the diversity of topography and tourism activities, as well as beautiful
elements within the tourist attractions, including tourism promotion via online media. However, there are still
several weaknesses, such as lack of good waste management, lack of facilities in some tourist attractions, and
insufficient personnel providing services in tourist attractions. For opportunities the tourism development, it was
found that tourist attractions are still highly natural conditions, so more government tourism promotion has begun,
especially in terms of facilities. However, the tourism sector faces obstacles such as tourists feeling unsafe due to
the long-standing unrest in the area, and the limited development budget, which makes it difficult to develop
basic facilities. From the results of the study, the main recommendations are to publicize tourist attractions more
widely in many channels, improve necessary basic facilities in each tourist attraction to be in a complete and
ready-to-use condition, and develop local personnel. and variety tourism activities, including creating new tourism
activity content that can attract tourists throughout the year, with the government sector supporting the budget in

line with the potential of the tourist attractions.

Keywords:  Nature-based tourism, SWOT & TOWS analysis, Raman district, Tourism promotion
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Map of tourist attractions in Raman District, Yala Province

755000 760000 765000 770000 775000 780000 785000 790000
l 1 1 1 1 1 1 1

710000 715000 720000 725000 730000

705000

P

)

700000

Pabop ge€en field

Pataerayal
Waterfall

@

Kayohmatee
Waterfal

1 T T T
710000 715000 720000 725000 730000

1
705000

700000

T T T T T T T T
755000 760000 765000 770000 775000 780000 785000 790000
0 25 5 10 15 0;.-..
Legend kilometer
Tourist A

Q Attractions
e River L\Jﬁ/\ ) }J/
——— Local Road
s Maiin Road
: - Study Area "“‘I
|:] District Boundary Yala

Figure 1 Map of Tourist attractions in Raman District
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Tawanrassamee Waterfall Kayohmatee Waterfall

Bukehbudopataerayah Waterfall Doithanthong Viewpoint

Hadsainamjued Lankwai Swamp Tungkeawparbon

(Freshwater sand beach) (Parbon green field)

Figure 2 Physical conditions of natural tourist attractions in study area
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Analyzing Data
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Table 1 Summary of environmental analysis (SWOT) of tourist attractions in Raman District, Yala Province

Tourist Strengths Weaknesses Opportunities Threats
Attraction
1) Tawan Beautiful scenery, Ineffective waste Developed into a Image of unrest,
rassamee Peaceful, Various photo  management, conservation tourism  Lack of tourism
Waterfall spots and the waterfall  dilapidated facilities destination management.
has water all year and lack of public

relations.

2) Bue High waterfall, Lack of security Developed into an Tourists are not
yong Cool atmosphere and personnel, ecological learning confident in their
Waterfall Nearby communities Damaged and and relaxation safety.

use the area dilapidated facilities center

3) Kayoh It's a large pond, Lack of development of  Developed into a Budget constraints

Matee peaceful and shady, information signs, place for learing for facility
Waterfall suitable for swimming facilities, public about nature in the development

and fresh local fruits. relations and staff. community
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Tourist Strengths Weaknesses Opportunities Threats
Attraction
4) Bukeh Clear and clean Traffic congestion Promoting to natural  Lack of
budopatae  waterfall and a during festivals, lack of  study area transportation
raya beautiful viewpoint. facilities, lack of system and lack of
Waterfall organized parking and staffs
unorganized waste and
management shops.
5) Chat good accessibility, The limited capacity for It is supported by Lack of attractive
mongkol Pleasant shade and tourists. the government but ~ development and
Waterfall Ideal for family travel It still lacks waste has a limited Lack of personnel
management systems  budget. to maintain the
and basic facilities. place.
6) Doi A beautiful viewpoint Lack of public relations,  The trend of nature It is generally not
thanthong  offering a 120-degree  tourist information tourism and well known to
viewpoint panoramic view. signs, and more public ~ emphasizes the tourists.
Facilities include a restrooms. quality of tourists.

resort, a cafe, a
restaurant, and a

camping area.
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Tourist Strengths Weaknesses Opportunities Threats
Attraction
7) Fresh A variety of water Tourism areas and Abundant natural Facility restoration
water sand  activities, Community some facilities were resources, able to has a limited
beach lifestyles on both sides  destroyed by flooding.  promote tourism budget.
of the river spot and sports
g —_ tourism.
'3/ | ——
8) Lankwai  Beautiful sunset No facilities Developed into an The abundance of
Swamp viewpoint, fishing and ecotourism site nature is
camping activities destination, a place  decreasing.
for relaxation and The landscape has
exercise for local changed.
people.
9) Parbon Beautiful mountain The area was Using a variety of Lack of budget for
green field  views with large open damaged by flooding public relations development and

space, promote

camping activities

and lacked facilities

such as parking and

restrooms.

media on social
media that can
easily reach a wide
range of target
groups to promote

tourism.

public relations
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Table 2 TOWS Matrix analysis data to present concepts for tourism development and promotion

TOWS Matrix

(External/Internal Factors)

Internal Factors

Strength

Internal Factors

Weakness

- Unspoiled nature
- Variety of activities
— Number of tourist attractions

- Popularity with local peoples

— Essential basic facilities for
tourist attractions

- Waste management in tourist
attractions

- Unknown tourist attractions

- Lack of tourism staff

External Factors

Opportunity

Strength — Opportunity (SO)

Weakness — Opportunity (WO)

- The popularity of nature-based
tourism and new tourism activities
- Connecting tourist destination
routes

- Promoting tourist destinations on
social media

- Developing community-based
tourism (CBT) and new tourism
activities, such as food tourism

- Build facilities to accommodate
future tourists

- Training personnel to support

community tourism

The concept for tourism
development in the study area is
to utilize the potential of existing
tourist attractions to support new
tourism activities along with the

development of ecotourism.

The concept of tourism
development in the study area
will focus on improving and
correcting weaknesses by taking
advantage of development
opportunities or supporting
problem areas such as improving
infrastructure to support new

tourism activities.
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External Factors Strength - Threat (ST) Weakness — Threat (WT)
Threat

- Long-standing unrest in the area The concept of tourism The concept of tourism

- Limited government funding for development in the study area development in the study area

development focuses on using the strengths of ~ emphasizes reducing weaknesses

- The tourism image remains tourist attractions to reduce or and avoiding obstacles by trying

unrecognized avoid obstacles by using the to avoid risks from obstacles that
strengths to solve specific are the impact of external factors
problems that are obstacles to and trying to find ways to solve
tourism development such as weaknesses that are physical

developing nature-based tourism  problems of tourist attractions
activities that do not rely on such as prioritizing development.

infrastructure development.
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Preparation Stage Create & develop tourism knowledge for

personnel, officer, entrepreneurs and

communities.
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Infrastructure De

velopment Stage
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Risk & Safety Management Stage
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r

Community E

Sustainab

ngagement &

ility Stage

Create tourism routes and activities with
the Tourism Product Development guidelines,

such as nature trails and community-Base tourism.

Develop and improve facilities, waste

management system for tourist attractions

Plan and Safety management, personnel and
life-saving equipment, Signs installation,
warning systems, power systems, and first-

aid kits.

Tourism management by local (CBT)
local food and herbal products,
Budget allocation and participatory policy

planning

Figure 3 Strategic Framework for Tourism Development
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Abstract

Tham Luang-Khun Nam Nang Non National Park (under gazetting) (proposed), covering approximately 12,000
rai, represents a fragile ecosystem facing high risks of soil erosion and forest degradation. This research aims to develop a
systematic spatial model for prioritizing ecosystem restoration areas by integrating geospatial techniques on the Google
Earth Engine (GEE) platform with machine learning. The primary data included Sentinel-2 satellite imagery from 2024 and
a Digital Elevation Model (DEM) to assess three spatial risk factors: Slope, Normalized Difference Vegetation Index (NDVI),
and Land Use. Scoring criteria and importance weights were determined through expert consensus. Land use classification
utilizing the Random Forest algorithm, validated through a 70:30 split-validation method, achieved an Overall Accuracy of
88.24% and a Kappa Coefficient of 0.82. Through Multi-Criteria Evaluation (MCE), assigning the highest weight to slope
(50.00%), results indicate that areas requiring high to highest restoration priority (Levels 3 and 4) comprise a total of
5,340.94 rai (44.48%) of the park. The majority of these areas fall under the high priority category (Level 3), covering
5,322.64 rai. Notably, the highest urgency areas (Level 4), covering 18.30 rai, are characterized by extremely steep
slopes and sparse vegetation. The resulting prioritization map serves as a critical strategic decision-support tool for

optimizing resource allocation in ecosystem restoration projects.

Keywords: Geoinformatics, Machine learning, Spatial risk assessment, Ecosystem restoration, Slope, Tham Luang

Introduction
g a [ PN v N v Ao o 1% ! '
madenlnaneasszuuimh fidvinganiselfudundeniisdysziulan donansznussns
waINMATENSEINT Tdnauecdt uaznsAsuuasan ngRe1ne (United Nations, n.d.) Tuudunessdsznalng
fninEamannnn Tasewisuenguigmieniamile ddandyiuamadiinigeinnisianaisesinuas
NNTAARIZBIANENYT012091T GVIUUAIEIRNMAW-YHHIUIINEYN (1AFENNTT) T9nTalesse Hanuolzesdl
NUFIUUU VTN (Karst Topography) Alameiu LﬁumﬁﬂuﬁuﬁﬁﬁmwLﬂ‘mzmwwﬁmﬂﬁwmqq W lugileymn

naennsneea N [HuarnsiamateTeIAiup N gulss (NTgNETWUTnR dndin uasiugile, 2565)

2 |

nsaurEiuy L naluiufiawa ingjuarianedudongul wmnendeasnisaainenssilugnasti

a a

NANe1N97 (HHUSEANENIN (Chuvieco & Huete, 2020) winlulafinAansauwie (Geoinformatics) Lasianizas198s

UG

n9imIsiieyaszezing (Remote Sensing) uazszuuansaumeAgRAmans (GIS) Wnanuiunzediefiddnanngsln

nsUszIuuarRnmunsnensssanefeg1adusruy (Gorelick et al., 2017) nsUargndlfnafianisyszifiv

=

WUUMANEMANLNG (Multi-Criteria Evaluation: MCE) #gtigfdauldidaudeansnsaysnnnisiiadenisnianinuas

U

Fanmiinainnataiiesiuayuniasnaulafidudenls (Malczewski, 2006) wonanni nsunfvzasunannosx
A15UTEHIRHALNARIA 181 Google Earth Engine (GEE) WaT8aNa311un191384352891A58Y (Machine Leaming) 8814

Random Forest [#1UfdRin153tasnsidayaideiuiianinlng vinldainisadiuunisziannistéussloniiianla

ag9TInEuas AT IHINNENgY (Belgiu & Drigut, 2016)
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o 1 o A o o a

Tuguzdaniinlasenisugninitugy nsdaviusulfinsendudeiiioy s Beainiiiusiudifadnandy

o o o A mea Az da 1 R Vg
ANA1ATY a9 AT M et19lUss@nEnan n1539elFssvmuInTaun1TUT TR MIBIA U ARy
pNAAyEeILiiidiasnisnisiuyesassdautiane Ll finmans-guanen (wBaRns) Taenisyson
nsiladumNIREIRdATY 3 Uszn1s [Hun Arnannds (Slope) AafiAantuAnAtsfizTngsad (NDVI) waznng s lumd
#iAn (Land Use) AMBN52L9%N13 MCE Ununanweds GEE nadnsiilfexifuedacdansinanmansamiuguinisiu

nafuARWIRNg e (Critical Hotspots) uazdnasavinenaianiaiuy (fedwnsqauasfussAvanngegn

Objectives

WBNAUINTDLUUIAARAZWLILINAB9IN19AUTA (Spatial Model) #1915UN199ARIALAIINATATY WA WY
sruvilian Tneysannismalulaginisdnsaeszezlng (Remote Sensing) uazn1siEuniaasinsas (Machine Learning)

UUUNAANASN Google Earth Engine (GEE) 9aNAUWIARANITUSLIRUULLURRNENANLNA (MCE) Tuﬁuﬁqwmuummﬁ

AIMAW-YUHIUNUBU (1AFHNT)

Methodology

a

MsAdANANNITUNMUNARWESH Google Earth Engine iuszuunaaddmiunisinansiiioyagfaaaume
! a a o/ dy

wntvgy Tnaflaneazdandiol:
Tools and Data

Table 1 Tools and Software

Category Item Details Application

Used for spatial data management, DEM processing
GIS Software QGIS Version 3.28 (Slope Analysis), reclassification, and Multi-Criteria
Evaluation (Weighted Overlay).

Used for processing Sentinel-2 satellite imagery,
Remote Sensing Google Earth Engine Cloud-based
calculating NDVI, and performing machine learning
Software (GEE) platform
classification.

Hardware High-performance PC~ RAM =16 GB Required for efficient processing of large datasets.
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Table 2 Data Used in the Research

Spatial Data
Data Type Data Source Application
Resolution Year
Used for NDVI
10 meters (Bands
Satellite Imagery Sentinel-2A (Level-2A) 2024 calculation and land use
2,3,4,8)
classification.
Most Used for calculating
Digital Elevation Model
NASA/NASADEM HGT 30 meters recent slope and defining the
(DEM)
version study area boundary.
Dept. of National Parks, Used to define the
Boundary Data Wildlife and Plant Vector Data 2024 analysis extent
Conservation (Masking).
Used to train the
Training Data Created by experts 360 points 2024 Random Forest

classification model.

Study Area
N9 HAARNT IR NEMHUANT RN IMA9-TUHIHIIHER (R38HN19) Fandmdessne dssmaling

v

fiuTimnsUaznieeanyszanm 12,000 (3 (19.2 srssilamns) (Figure 1)

Source: Sentinel-2 imagery processed in GEE (2024)

Figure 1 The study area in the Tham Luang-Khun Nam Nang Non National Park Area, with an inset map showing its
location in Chiang Rai Province. The magnified view details the specific polygons for the study area. Background imagery

source: Google Earth, March 2025.
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Data Analysis Framework
msm%ﬂNﬁfaad@‘?]@%’mmzmssfﬁﬂzuuu (Factor Preparation and Scoring)
navuaLMeATELsznaUAas 5 Sunaundn (Figure 2) Tnsfidupannawdandoyaiiadassl:
nsfvinailadeiiasiedi (Factor Selection)
Tunadazifinannuidesniadeninaeessruuilinaussnsdaaisund Ay Ruinuyiu filaduiBenu
paeUsEnNsTinIsnsarinaResenli wu avmand, NDVI, nrstiussTaminmg, ansidestitn uazszazvingann
WA (Vrieling et ol., 2011) mgslafinns nsAdeilsaisiuniaa¥iounudaesiisiusz@ninaniuy "Parsimonious
Model" Tneipiden 3 tadunan [Hud:
e AR (Slope): iniladanisnianindidAgiigalunisrugudnsinisiatnassiRafuuay
m‘a‘ﬁ’wmmmﬁﬂuﬁuﬁqmﬁ (Sudana et al., 2020)
o FrflarrnunndreRznssos (NDVD): iludaddianisdanmiiasiionnansmuiuisuas gaainesg
fowasos imsiiiunifasmiindnlngnss (Rouse et al., 1974)
o nst¥useTemififis (Land Use): avipnfanansznuannnissunasaesssysd iliaumamandisel
\AnnnsidenTnas (Belgiu & Drigut, 2016)
wawaiiAndenianiz 3 deduil iesenidusaduinioundn (Key Drivers) aasnisisnansvasfinlufui
Qungetu LmzLﬁﬂmﬂiymmﬂu%ﬂ%ﬂmm%ﬂw (Multicollinearity) 1234 ﬂ@fé'v’ﬂmmLﬁlmfwmﬁﬂﬁmwﬁuﬁ’uﬁqaﬁum
NDVI ua Land Use aguda nalishulafitiasusiazdaaliinnausznanasinfuazmnzanduniadniuladosiu
wiidniladauandonan q W srazinsannunaain visaoudes i afnaseszuuilg udnisinund
191z99ARLAEN 3 119981an (Slope, NDVI, Land Use) dipsann:
Aaifiudiaunsman (Primary Drivers): $11A9etuilfiguangs (Mountainous terrain) B lifindn 'AataanAd
intladtAngpiigasanisisnataasiin (Reference...) Turnuefi NDVI uaz Land Use sizfianannusiliwgansiiaqiili
ATBUARHHANTENUANN M MAZNNTTUNINEB NN S aNLRY

o g o

ANAIHEIEDN (Reducing Collinearity): NNFIANIIATaANTHAUSAUGS (111 NDVI 11U Fire Risk In&NAUEAW)

U
'

219y s TRAmIn T MCE asiunly (Bios) iaiu nsliluinafifiiladesiaausifiuiladedngs (Parsimonious
Model) Famsnzandmiunistszynd Eniuanusimiauaznisdnauladedu
mifa?"nuuﬂﬂﬁT’EﬂizTﬂﬁﬁﬁﬁuLLazmimsq@w@umqugﬂéim (Classification and Validation)

nasuunnnsiUszlanifiautisane3fiu Random Forest (RF) Tnedayaqnsinagnsniaaus (Ground Control

4 o

Points) 41491 360 9A TIATUIDIUIANGHFABLE19AINGATYBY Cochran (1977) NTeiuANNE il 95% e T8

o 1

AINGNHBIIBILILINADIREeUNNET NM9ATeRTEAT Split-validation Taswisieyaqasaatnipanin 2 dow THun
(1) fayad miuaaNLULI1a8Y (Training Set) 91431 70% (Usewnnd 252 9A) Uae (2) dayadmsunaANaUANgNADy

U

(Testing Set) 41431 30% (U5za1ed 108 90) Tnelari9 confusionMatrix() T GEE Ansanudn Overall Accuracy uae Kappa
Coefficient a1ndayaganarauyinil eanilgin1sEeuiifiu (Overiting) [FxnarnnisAunauIAngudang

mananadif Iaeldignares Cochran (1977) dmsuuszennsd insnusadiuine:
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Z%pq
EZ

n=

=)

Toes

o N = PWIANFNAIDENY

o /= @1 Z-score N152AUANNEBNW 95% (Winfiu 1.96)

'
p=¢

o P = dndouAnnnulsUsangegn (fvmadl 0.5 e lh K N fiuniige)
e (=1-p (Wiiu 0.5)

o E- dranunsiandaniisansuld (fvuadl 5% wsa 0.05)

o v 1 1 @ 41 2 1% o o 43’ /:il =1 Y a =f o
naflidl N = 384 90 peinalafinny e iaanrdesiunIsnNIyaesnuasiuiiwasn19dinde(Fa3e aanmmium
PUIANGHAIBET 360 9 ;j”\am@gﬁmzﬁuﬁmu%’ﬂﬁmmﬁéﬁ INUUIIAUIUNNTFUAID UL DULEU (Stratified

Random Sampling) Iaedinsdeannnnsulafiaaunmanemanaifienmanuazi@engeun Google Earth Wintiuladniioya

faadnemsutiowia 3 Ussimnis s leniian Whawysol, Undeslnas, Aufilas)
¥
LRTANTS AT UHRAZ AN (Scoring and Weighting)

fades 3 gnudasiiuazuunaaudes (Risk Score) Slaust 1 (\1gR) T 5 (F9gm) AHNTRIATFINTINAUAE

q

| v
o o/ a v

smAdefifianding (Tadle 3) Am3unsAmarAdmEn (Weighting) Tudunan MCE 1438 aunnfianndBuannay (Expert
Consensus) lagsausanANAnfinang@eargydiuaun 5 vinw (IndnnnisunHuaziBeasayiugRansaume)

Hunsdnneoliansan lnalig@eomadasiuanudidnyeesiiadenuudunesiuiguifisu aniiiend 5

v
o A

NIARRLEIATIA (Arithmetic Mean) e 9 [ ANsinfiliunauazanauades (Table 4) faii:
o AZUUUAITNRIATH (SSlope): LNEUTIN1FULIFUE19BIAINUNININTING LB Food and Agriculture

Organization (FAO, 2006) A9 UBNAWTITIRAMaIAgUgendn 30-35% duufiuil "geiuunn’ (Very Steep) Bl Ananin

'
=

Tunnsgnezdneimanegeiign

9

a 1 4 i

o AZUHRAARAITHLANATSNINS I (SNDVI): LT NI TULNTHE BRI TNNANNITULAATHNH Y

v '
=1 a0

fi NDVI (Rouse et ., 1974) TagiaTudn NDVI fisiandn 0.2 uansdsfiuiidnaladads Tu*’nm:ﬁmqa (14 $>0.8$)
uama TR a ANy T0]
o Azunumsliselewifitiu (Landuse Classfication): ntiAzULL (1, 3, 5) gARMMABABMANNSYINY

Ruarfinen Tnefudinasyaol (ntact Forest) Siamuidessingn (Azusss 1) uaziuiilas/l45 (Bare Land) firnandengeqn
(AZUN 5) FDARRBNTUNNTIUNNARY RF

MSIATIAULURRTENRNLATT (MCE)

11’1‘%%“}]@34‘]@ﬂtLLuu?Iﬂ\‘lﬁgﬂﬂ’mﬁ@@/ﬂNﬂ%@uﬁuL%\‘iﬁ/uﬁm_luﬁ'}\‘i‘lilﬁ‘ﬂﬁﬂ (Weighted Overlay) WaRuossaiiaaw
L‘Nmusfumiﬁuyj (Restoration Priority Index: R) st AR (Weighting) 1435 Expert Consensus Tagis9ua9naany
Aninanngilienmnediuan 5 vinn UszneudiaelirAmnistn @ 3 v uasfiBeamainunRanaaume 2 vi Wiunns
dnnuolanz@n (n-depth Interview) TneligidnmadndndunuddnyaestiadensBumaasiniig iy s1niu

i BanmAnmdsiaandn (Arthmetic Mean) Wali Faniminiidunarsuaranaanandesdonyana (Table 4)
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Table 3 Risk Scoring and Classification Criteria (Xi)

Factor (Xi) Criteria/Value Range Risk Level Score (Si)
Slope (°) >35 Very High 5
25-35 High 4
15-24.9 Moderate 3
5-14.9 Low 2
<b Very Low 1
NDVI <0.2 Very High 5
0.2-0.4 High 4
0.4-0.6 Moderate 3
0.6-0.8 Low 2
>0.8 Very Low 1
Land Use Bare Land / Abandoned Farmland Very High 5
Degraded / Sparse Forest Moderate 3
Intact Forest Very Low 1
Table 4 Factor Weights for MCE Analysis
Risk Factor Weight (Wi) Rationale for Weight Assignment
A primary physical factor controlling soil erosion and of
Slope (Ssiope) 50.00%
highest importance for restoring mountainous areas.
A direct indicator of vegetation density and health, which
NDVI (Syow) 31.25%
serves to protect the topsoil.
Land Use (Landuse Reflects the impact of human disturbances, a primary
18.75%

Classification) cause of degradation.

Total 100.00%
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Start
Define Objectives & Study Area
(Tham Luang NP)

. Data Collection &
Preparation

Input Data 1:
Sentinel-2 (2024)

Input Data 2: Input Data 3:
NASA/NASADEM 360 Training Points

r

‘ 2. Factor Analysis & Scoring J

A 4
Calculate NDVI Calculate Slope

Classify Land Use
31.25% 50.00% 18.75% (RF)
Classify & Score Classify & Score Create Score Map
54,32, 1(Snpvy) 5,4,3,2,1(Sgjope) 5,3,1 (S anduse)

Accuracy Assessment
Overrall Accuracy
Kappa Coefficent

4. Final Qutput Generation J

Y

Generate Priority Map
Classify R-values into 4
levels

5. Conclusion &

Recommendations
Urgent Areas (Level 3+4) = ? rai

Figure 2 The analytical framework flowchart, illustrating the main data processing workflow. The process begins
with the collection of satellite (Sentinel-2) and Digital Elevation Model (DEM) data, followed by
the analysis of three spatial factors (Slope, NDVI, and Land Use). Finally, these factors are integrated

using Multi-Criteria Evaluation (MCE) to produce the ecosystem restoration prioritization map.
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Results

'
cda a o a vy

Nﬂﬂ"liﬂo”lLLHﬂﬂ"l’i?‘Eﬂ‘iZTﬁmu‘ﬁﬂu NI HENANAENITUTRNU T RNEN WIS ULLS 1889 Random Forest

!
caa =

(RF) Tunnssununmstidszlemifinuiead wiudayanzunuwaansiies (Landuse Clossification) Tneldtinyaqasinagiig
Tm9u 360 9a uiuiiugadayadmiuaeuuuuanans (Traning Set) 91W3M 70% (238 97) uasgpiioyadmiunaaay
(Testing Set) 911474 30% (119 9@)
2 v 2 ! o P=} a ! o A
nan1sasaatauaHgniinsiuiayaganasaunudn wwusiaesiidssAnianegluinodis Taesidd
Auuiugnlag9an (Overall Accuracy) Winfiu 88.24% wazAnduUsEansuAUUN (Kappa Coefficient) winfil 0.82 LaA4
Wifnduuustassiiaaudndedelunisdiuunissianaanides s1eazidaaninugniisssiuunaiulsznm

(Confusion Matrix) (Table 5)

Table 5 Confusion Matrix (Testing Set: 119 points)

Actual Class \ Predicted Low Risk (1) Medium Risk (3) High Risk () Total (Actual)
Low Risk (1) 33 3 4 40
Medium Risk (3) 4 36 1 41
High Risk (5) 1 1 36 38
Total (Predicted) 38 40 41 119

Note: Please insert the summarized matrix based on your GEE result image: Accuracy 88.24%, Kappa 0.82

(Table 5) NUFMLLAIABIFINITNTUUNNWTAAMHIRENGS (High Risk) (Fignéiasduan 36 9a 970 38 9, uas
. L ' vy 4 d s s
FUUNAUTAHIRLIUINNATS (Medium Risk) THgnéas 36 9a 910 41 9m Twguefifiuiinaadesni (Low Risk) &
pnaaaeapiniiaslnngneunnin iiuaandesgs 4 90 eeifinainauadienaeiuessAinsasiouLas
Tuunaiindt adnalafinnn Arpauusingraanit 88.24% dadniesnedmiuniainlUAmeneiluassiugfviesd

4 - ! v v

NANISIARIAUAIMHAIAYANWAN LY HesinTudiayanzunueasiladasisas (Slope, NDVI, Land Use) 31
FINAHHINNTZUNNT MCE UAZINTZAUANNAAYAMINITIn WA HaN153As1ziWLGN AsiifidpsnisnisiugTu
T2 Q9" (Level 3) uay "gaga” (Level 4) Fiilafisanu 5,340.94 {5 Aniiiu 44.48% 289N uiigneaus vianum
Tﬁﬂﬂ@jmﬁuﬁﬁﬁmwL‘iqmuq\‘iqm (Level 4: Highest Priority) fiiafl 18.30 (5 (0.15%) Farlugaings (Critical Hotspots)
=t Y IT = aa o o = =< o @ v o o I
finszanasineg wuduniidanuaadugeiuninuazannuaauianssslnaga S99 niudiesifsunsdnnisguaiiiv
Rwiadpeiunisioanaeiu amsuiinsiaausninlunisfuyszi "ge (Level 3: High Priority) iungadisd
fiflawnlneiiign Asaunguilel 5,322.64 (5 (44.33%) AasiuvsnenanluuswUfifnsugnintuyszesusn
Turaueiiniiszs "Umnnans (Level 2) filleil 4,945.97 (5 (41.19%) uaziisnii "an" (Level 1) Saliunanysol Auled

1,474.27 3 (12.28%) (Table 6)
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Table 6 Restoration Prioritization Results for Tham Luang-Khun Nam Nang Non National Park (under gazetting)

Priority Level

Range of R value Area (Rai)

Proportion (%)

Key Recommended Actions

@ Level 4

Immediate Action: Reforestation and

40<R<h0 18.30 0.15% urgent soil and water conservation
(Highest Priority)
measures.
@ Level 3 Phase 1-2 Action: Reforestation
3.0<R<40 5,322.64 44.33%
(High Priority) focusing on pioneer species.
@ Level 2
Long-term Action: Promote natural
(Moderate 20<R<30 4,945.97 41.19%
regeneration and maintenance.
Priority)
% Level 1 No Action Required: Area is intact
1.0<R <20 1,474.27 12.28%
(Low Priority) forest; focus on protection.
Unclassified* (Cloud/Shadow) 245.90 2.05% -
Total 12,007.08 100.00%

Note: Unclassified areas represent pixels masked out due to clouds or shadows during the analysis period (Jan-Dec

2024).
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Figure 3 Risk Score Map from Slope (Sgjqpe)
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Figure 4 Risk Score Map from NDVI (Sypvi)
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Figure 5 Risk Score Map from Land Use (Landuse Classification)
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Figure 6 Ecosystem Restoration Priority Map
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Discussion and Conclusion
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Abstract

This research aims to investigate the lexical selection and grammatical structures of Chinese natural
disaster notifications in Beijing (2025) based on the HSK 3.0 framework, and to propose a strategic model for
developing disaster notification standards in Thailand. The primary data consisted of 138 textual disaster alerts
synthesized from the Beijing Meteorological Website.

The findings reveal that the majority of vocabulary utilized in these alerts (71.24%) corresponds to
elementary levels (HSK 1-3), facilitating general accessibility. However, specialized disaster-related terminology
frequently falls within intermediate to advanced tiers (HSK 4 and above), posing significant comprehension
barriers for foreign residents and individuals with elementary linquistic proficiency who struggle to interpret
technical meteorological terms. Regarding grammatical composition, the study identifies the consistent use of
fixed, formulaic structures (HSK 1-4), such as causative phrases (%...%ﬁﬂﬁ), predictive forecasts (?’ﬁﬁ‘ﬁ
), and polite imperatives (5. R

The synthesis derived from this study provides a conceptual framework for Thailand's disaster
communication protocols by emphasizing "Linguistic Level Management." Recommended strategies include the
use of concise templates, the establishment of foundational vocabulary registers tailored for the general public,

and the integration of universal symbols and color-coded warning levels to enhance clarity and public safety.

Keywords: Disaster notifications, Beijing, HSK 3.0, Syntax, Information accessibility
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Table 1 Distribution of Various Types of Natural Disasters

Type GRH) count E &)
Strong Wind (K JX) 62
Thunderstorm (5 H) 26
Heavy Rain (# ) 25

Dense Fog (K%) 6
High Temperature (/) 5
Cold Wave (5€3#) 4
Road Icing (18 4 45 UK) 4
Dust/Sand (¥b2R) 2

2

Hail (UKFE)
Sustained Low Temp (FFEE{RIR) 1
Heavy Snow (%) 1
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naantl sasadnAe NgHUnATIasIN 10m 26 AEY AR G109 25 A%s NENdR S1m 6 A,
aMFEENAR S 1uan 5 A, ARWATEAEuLAT UL duan 4 A5, WILNIEURTGNTL 19U
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Table 2 Classification of Disasters by Color-Coded Warning Levels

Level/Color (&3 /Fifh) Number of Disasters (B{&)
Blue (#f4) 84
Yellow (B th) 43
Orange (B %) 9
Red (4) 2
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Figure 1: Sample of a Natural Disaster Notification in Beijing

Source: website beijing meteorological service
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Table 3 Vocabulary Distribution by HSK Levels

Percentage Percentage
Words
HSK Level (of total, (of recognized Additional Info
Found
including UNK) words)
1 2557 39.28% 42.00% Beginner Level
2 1133 17.40% 18.61% Intermediate Level
3 948 14.56% 15.57% Intermediate Level
4 447 6.87% 7.34% Upper Intermediate Level
5 530 8.14% 8.71% Advanced Level
6 310 4.76% 5.09% Advanced Level
7-9 163 2.50% 2.68% Highest Level
UNK 422 6.48% FALSE Out-of-system words
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Table 4 Frequency of Disaster-Related Vocabulary Across HSK Proficiency Levels
HSK Level Top 10 Words (Word (Frequency))
1 K @213), H 187, 3 (139), 1 0138), A 137, W (110), K 87), H (75), b (54), 7K 48)
2 9 (213), T (143), LA L (04, 113 @1, % 64), KHBI> (57), 5EMH (52), AT BE (36), FB> (35),
32
3 B (192), £ 136), THIT (132), HLIX (120), 5t (70), 2247 (63), 52 (48), FF (25), B (21, X (16)
4 Kiusz) J&3 (70), % 65), Z2K (60), /ﬂé 22), Nl e), B (14), % 13), UK (13), 53 HL (©9)
5 (143), LLIIX. (108), T (95), FF e), ¥ (22), KE 22, 2401 ¢8), T (1e), ¥4 (e), “F & (12)
6 Izﬁfi (134), Y (54, HL 27), Y& (22, iEZ 22), 51 ¢re), It (10), 5t ), ZNT 6), X (@)

7-9 £ 29), J (26), B 24), KT (1), BAt (12, ZE (1), 5K (8), 3 (6), BT B (5), 450K ()
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Table 5 High-Frequency Chinese Grammatical Structures in Disaster Alerts

Grammatical Features Corresponding HSK Level Frequency

(Initial Appearance)

Time range / period (Z/M.. 2. /83881 &) 1 145
Imperative / polite request AR EERPBE) 3 137
Prediction / forecast (F1T/4& /0] §€/£) 3 133
Approximate quantity (AL LT 2 109
Cause phrase (3. 8500/ F) 4 48
Existence / occurrence (H I}/ %& & /2 BX) 5 48
Compressed / multi-clause (F£/BBY/ A%/ BAER) 4 31
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Conclusion and Discussion
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Journal Article Reference Format

I 1. Book Reference Format

' Author. (Year). Title of the book (Edition). Place of publication: Publisher. "

| .

| Author(s). (Year). Title of the chapter. In Editor(s) (Ed(s).), Title of the book (Edition), pp. page I

I range). Place of publication: Publisher. !

L e ot o e e e ]
Examples:

Jaidee, S. (2019). Land use change from satellite imagery (2™ ed.). Bangkok, Thailand: Thai Academic
Publishing. (in Thai)

Poonpol, W. (2017). Climate change and agriculture. In' S. Jaidee (Ed.), Collected academic
articles on environmental studies (3™ ed.), 45-60. Chiang Mai: Chiang Mai University

Press. (in Thai)

2. Thesis/Dissertation Reference Format 1
I Author. (Year). Title of thesis. (Master’s thesis or Doctoral dissertation, Name of University,

City, Country.

1

; Author. (Year). Title of thesis. (Master’s thesis or Doctoral dissertation, Name of University, 1

I City, Country. Retrieved [Month Day, Year], Form (URL). !

.
Examples:

Sombun, A. (2018). Andlysis of land use using satellite imagery. (Master’s thesis), Chiang Mai
University, Chiang Mai. (in Thai)
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| 3. Journal Reference Format

Author(s). (Year). Title of the article. Title of the Journal, Volume(lssue), page. 1

Examples:
Anzooman, M., McKenna, P. B., Ufer, N., Baumgartl, T., Mcintyre, N., & Shaygan, M. (2024).
Assessing the post-fire recovery of mined-under temperate highland peat swamps on

sandstone. Land, 13(12), 2253.

I 4. Conference Proceedings Reference Format
I Author(s). (Year). Title of the article. In Title of conference proceedings (pp.). Place of |

|
publication: Publisher.

Examples:
Insuk, P. (2019). Application of modeling to assess land use change. In Proceedings of the 157
National Environmental Conference (pp. 88-95). Bangkok: Thailand Environment

Institute. (in Thai)

Examples:
Smith, J. (2023, 15 August). New environmental policies announced. The Daily News, p. A3. From

https://www.dailynews.com/environment. (in Thai)
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6. Article on Website Reference Format I

1 Author. (Year). Title. from (URL).

Examples:

Smith, J. (2023). New environmental policies announced. From https://www.dailynews.com/environment.

(in Thai)

%ﬂg@cfumsﬁmia:

W ae A o o A A
PSRN BNITH U RNTTHIZINWA (RUSID)
ATHEVIA 4 RS AT LAY N TREENT HATVIENALNLIN
19 113 2 fiuausing e uneies Srdanzian 56000

4. 054-466666 sia 2314
E-mail: rusid@up.ac.th


https://www.dailynews.com/environment
mailto:rusid@up.ac.th

asahsdBiMsidiomsuiuudNNSsUIBoliun (JSID)

Us:010 7 alun 1 UNSIAL - IVL1EU 2569 (Vol.7, No.1, January - April, 2026)

wainnsiuiniavdsin nduazanuuiudeamsiranluniamiazesing: vingiuandayasunsuatuasfuiamaiiauimusiug 2

The Impacts of Land Use and Land Cover Change on Ecosystem Service Values at Lam Takhong Watershed, Thailand

NaTANITNIZANLAUNIANZNAUMEVNIALNLAUTENINGE] W.A. 2548 Uaz W.A. 2557

NEWAILNTZULAATIZYINNgBEuaan Al UMNINENSanzIen

NeWRILILaLnalATuINaN s e nERdeAaun luLsunfanssunina vy 1asTminrsasine
NeWRILITUAUELR YIRS s NS TR TRIRA19TA lHFZUL UP-DMS ASAVLIAANARS UNNINENSEINTLEN
v - dy Ay o v a ¢ @ A=I

FTULUAUARULAZ AILANNITIINZIAENA VR adaEBUIedIdnunassnEs

< S| a ~ o & o =~
ﬂ']iﬁﬂMﬂ']?ﬂaﬂﬂﬂ’]‘mi‘ﬂuﬂi:’?ﬂ‘luﬂ'ﬁwﬁmnl?ﬂuNﬁﬂﬂWuﬁ;WJJﬂuVlﬂ\ﬂuWuVm']ﬂLWuﬂ

nefRNzILINMTLAITaNATiuTIls s NaLANANTANZANIITAARS UNTAINENSENELEN AaE Google Forms

KUINNSNTAGLATUNNTNAUNETIEITNANA WA UNEN LNasTU S9rInezan
Tnanislannatianisisziiuaninuanaay (SWOT and TOWS Matrix Analysis)

v
o &

pilasaumadassazinanisiiudszuuiinmienagns: n1edna1AuANUEAYNLUNING AlUENENULINTIAIIYAN-YULILIUDY (ATEUNTT)

<

mslanelutlseniAmausienifnieessumfvaadesinie dssimdaransuiglszanaudu 1 A.A.2025 AUNSELNIATIU HSK 3.0

D

The Journal of Spatial Innovation Development

NOVUSSNEMSNSANSIBIMSILOMSWHUILNUINNSSUIBOWUN
aru:inAluladansauinAla:msdoans uM3nenaawsien
19 AY 2 Fualuim ounoliov YorINW:IEN 56000
InsAwr : 054-466666 MO 2314 Email: rusid@up.ac.th



