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Application of Vegetation Index (NDVI) and Normalized Difference Moisture
Index (NDMI) to Study the Impacts of Wildfires in Forest Areas Using Sentinel-2

Satellite Imagery: A Case Study of National Reserves Forest, Phrae Province
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The objectives of this study were: (1) to analyze changes in the Normalized Difference
Vegetation Index (NDVI) and the Normalized Difference Moisture Index (NDMI) before and after forest
fire events; and (2) to classify areas affected by forest fires using Sentinel-2 satellite imagery. The study
was conducted in Phrae National Reserved Forest, Thailand, over a five-year period from 2019 to 2024.
The results revealed that average NDVI values prior to forest fire occurrences ranged from
approximately 0.50 to 0.52, whereas post-fire NDVI values declined to between 0.27 and 0.30. The
difference in NDVI (ANDVI) ranged from 0.14 to 0.25, indicating a statistically significant decrease in
vegetation greenness. Correspondingly, the mean NDMI values before the forest fires ranged from 0.17
to 0.51, while post-fire NDMI values declined to between 0.03 and -0.03, reflecting a substantial loss of
vegetation moisture. This reduction is attributed to combustion processes and the evaporation of

canopy water resulting from the forest fires. Analysis of NDMI change (ANDMI) further demonstrated
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variation between 0.18 and 0.48, highlighting severe vegetation moisture loss in areas directly impacted
by fire. Accuracy assessment of the burned-area classification derived from Sentinel-2 imagery yielded

an overall accuracy of 92.99% and a Kappa coefficient of 0.83, suggesting a high level of classification

reliability.
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Table 1 Sentinel-2 imagery and specific bands employed at study areas

Time period Month/Year Situations Bands
November - 2019 Pre burn Bands B02, B03, B04, BOS,
Period |
April - 2020 Post burn B11, and B12 for all
November - 2020 Pre burn Sentinel-2 scenes and tiles
Period |l
March - 2021 Post burn
November - 2021 Pre burn
Period Il
March - 2022 Post burn
November - 2022 Pre burn
Period IV
March - 2023 Post burn
November - 2023 Pre burn
Period V
March - 2024 Post burn
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Table 2 Spectral index equations for Sentinel-2 image analysis

Spectral index Equations Number
NDVI (NIR - RED) / (NIR + RED) (1)
(B08 - BO4) / (BO8 + BO4) (2)
dNDVI NDVI refire = NDVI postfre (3)
NDMI (NIR - SWIRT) / (NIR + SWIR1) (4)
(B04 - B11) / (BO4 + B11) (5)
dNDMI NDM! prefire = NDMI postfire (6)
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Table 2 (Continued)

Spectral index Equations Number
n (2% (p) ()] / €? @)
Overall accuracy (Total number of correctly (8)

classified points / Total
points) x 100

Kappa coefficient N Xio1Xii — Zir=1(xi X Xj) 9)
N2 3L (% X x;)

Table 3 Normalized Difference Vegetation Index classification with delta (NDVI) ranges

for severity classes

dNDVI value range Level
-0.31 - +0.10 Very low
+0.10 - +0.20 Low
+0.20 - +0.30 Moderate
+0.30 - +0.40 High
+0.40 - +0.68 Very high

Table 4 Normalized Difference Moisture Index classification with delta (dNDMI) ranges

for severity classes

dNDMI value range Level
-1.00 - -0.60 Very low canopy cover
-0.60 - -0.20 Low canopy cover
-0.20 - +0.20 Mid-high canopy cover
+0.20 - +0.60 High canopy cover
+0.60 - +1.00 Very high canopy cover
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Table 5 Normalized Difference Vegetation Index (NDVI) and Normalized Difference Moisture Index

(NDMI) before and after wildfire

Time period Month-Year Situations NDVI NDMI

Min  Max Mean Min  Max Mean

Period | November 2019 Pre burn -0.31  0.78 051 -057 055 0.17
April 2020 Post burn -1.00  1.00 027 -1.00 057 -0.02

Period |l November 2020 Pre burn -0.32  0.79 052 -043 0.54 0.18
March 2021 Post burn -0.22  0.69 028 -062 046 -0.03

Period Il November 2021 Pre burn -0.31  0.77 0.51 -030 0.77 0.51
March 2022 Post burn -0.25  1.00 036 -059 046 0.03

Period IV November 2022 Pre burn -0.34¢  0.75 051 -042 0.60 0.19
March 2023 Post burn -0.19  0.65 027 -0.75 043 -0.01

Period V November 2023 Pre burn -0.31  0.76 050 -052 0.54 0.17
March 2024 Post burn -1.00  0.71 030 -1.00 050 -0.01
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Table 6 Differenced Normalized Difference Vegetation Index (dANDVI) and Differenced Normalized

Difference Moisture Index (ANDMI)

Time period dNDVI dNDMI
Min Max Mean Std dev. Min Max Mean Std dev.
Period | -0.97 1.11 0.23 0.11 -0.73 1.11 0.19 0.09
Period |l -0.66 0.76 0.24 0.11 -0.65 0.88 0.22 0.10
Period Il -0.70 0.85 0.14 0.10 -0.49 1.01 0.47 0.11
Period IV -0.62 0.67 0.23 0.10 -0.63 0.97 0.20 0.09
Period V -0.66 0.98 0.20 0.20 -0.66 1.02 0.18 0.11

Table 7 Accuracy assessment results of reference points for burned area in Phrae National

Forest Reserve

Satellite image classification Field verification results Total User’s accuracy

Burned area  Unburned area (%)

Classified as burned area 102.00 16.00 118.00 95.88

Classified as unburned area 11.00 256.00 267.00 86.44

113.00 272.00 385.00

Producer’s accuracy (%) 94.12 90.27

Overall accuracy (%) 92.99

Kappa coefficient 0.83
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NDVI - pre burn

2019 2020 2021 2022

NDVI - post burn

2020 2021 2022 2023 2024
Figure 1 NDVI maps before and after wildfires in Phrae National Reserved Forests

between 2019-2024

NDMI - pre burn

LLLLL

High
2019 2020 2021 2022 2023 .

Low

NDMI - post burn

LLLL

2020 2021 2022 2023 2024

Figure 2 NDMI maps before and after wildfires in Phrae National Reserved Forests

between 2019-2024
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