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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.
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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.



o

31581531 INISENBNTTAMRIRIANTTHBINWA (JSID) TH 7 20Ul 1 HN5IAN — WNEIYW 2569 | 5
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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.




o

31581531 INISLNBNTITAMRIRIANTTHBINWA (JSID) TH 7 20Ul 1 HN5IAN — WNENeW 2569 | 9

NaNTIRSNUAEILAT IR A ieN

meAairdaiianafnouuazndsmn il inidisesnss uanstifudentsnaeunlasiidaiemg
Tnamnznasmanisolluiensuanan 2562 uazienen 2566 Aesangnelu Figure 4 and 5

NDVI et Tndl Auiluanarin NDVI g9 Setivddenmnummnisinnasfionssoitanysol uianandsind e
NDVI anasatnann Tnannzhumeuasiufifignisn il axiiendennuideneansfsnsamsnepies

NDMI el lndl Aufluamsraansdlufiansanifironiinegs udnendsind dn NDMI anasatniila
i LstennsgoyRennnsdnluansganinnne i (FEuanudemns

NDDI Bumnamasiiiudinn fin NDDI iiingeaunsinannn anends Wi dededteaniazanauioudeniuuasin

Weifteuiudasioniing Saldfeaninznisaunauniduiasianssnuannisgadefswsao

faduneddnde mansollWhidludenwmenen 2566 (Figure 5) fanANTTNUAAWA N g uaz ATy
UusIHINNAIRNTelluAeNE AN 2562 Tﬂﬁ@ﬂﬂﬂﬂ‘iﬁquqm"ﬂﬂuL°£IWﬁuﬁgﬂmﬁtﬁﬁﬁ%@d%ﬂﬁﬂa@L'ZﬂLGlﬂ‘g
YoUERALTGN N MFiLazn13d199901AFUINATNE1999 Phayao Provindial Office (2023a) wud twiinassfinasd
Fuidenieszanns 120 T4 wonueiinfauanifuilifemeszinns 20 T4 aziienlidindonuauazaommgused
upNFNarivg

d3udasl NDDI Hu wudnfidnfigouasinatnsnnluutgasaan Tneiemnzamanemdamnnisolinlng
(Figure 4 and 5) BsaaiAnannasiladuisznauiii daduusnfennmaiiBvnsanasnanudindmiunsisnau
DR ANB wanan9udtyoyraesunau (Noise) andumesifiaweiuanminiofi Asuul aednadunas
uanani Tunadinrans A1 NDDI o174 liadealuudinnlinfanssndern NDVI uaz NDMI Eintndgudann
uanani dmiunmmaamanisalininiindefiaasdoduiisunauiud danuguasnnuasiosfinisssandngs
agunTuaensnei (Phayao Provincial Office, 2023a; Phayao Provincial Office, 2023b) #1 NDDI ﬁﬂﬁﬁﬂ{]dwﬁwu

a1

AnUnf anafiamannannsEinluBinasmamaiien1siuln n1sAifufiugagnun i (§d1 NDVI anman) nau
A 1 a

fanmeduimvBadlantuag s unau (3An NDMI gannn) &enalfidn NDDI fiduaadlfiflAnfinausdnanin Seazvian

FemnzfRmUnRoesiud o4 ganatsiEiduasneg



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

Pre-Fire 1 Post-Fire 1
Pre-Fire 1 Post-Fire 1
Unburned area
NDVI ’
. ¥alye Burned area
- High : 0.9 g High:0.9
(Fire 1) :
w0 .0 . 'y
Pre-Fire i Post-Fire 1
‘ a
]
= I NDMI
g ! | Value .
. = ! i —_ High : 0.5 i =
z M ow:-03 = !
Pre-Fire 1 "_:
;ﬁ E:
1 |
- 200 300 m
F oo —

Figure 4 Satellite-derived indices before and after the fire event on December 11-12, 2019.
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Pre-Fire 2 Post-Fire 2
Pre-Fire 2 Post-Fire 2
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NDVI
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" - r High:0.9
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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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