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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
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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)
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nsaurEiuy L naluiufiawa ingjuarianedudongul wmnendeasnisaainenssilugnasti
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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 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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Restoration Priority
B Level 4: Highest
Level 3: High
Level 2: Moderate
B Level 1: Low

4

. ol v . - - -
Tauaunun ©2025 1A L— 1 Taf MU TIEUTARAWNARIATAILHUN

Figure 3 Risk Score Map from Slope (Sgjqpe)
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Restoration Priority
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Level 3: High
Level 2: Moderate
B Level 1: Low
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Figure 4 Risk Score Map from NDVI (Sypvi)
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Restoration Priority
B Level 4: Highest
Level 3: High
Level 2: Moderate
B Level 1: Low
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Figure 5 Risk Score Map from Land Use (Landuse Classification)




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

@

| Restoration Priority
B Level 4: Highest

_ Level 3: High

| Level 2: Moderate

B Level 1: Low

\_\ . \.. — — ’ , > - v. ;
I2UAUNU ©2025 1AM b— 1 annua  SIEUIAHANRIAUILHUN

-

Figure 6 Ecosystem Restoration Priority Map
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