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Abstract

Wildfires are considered one of the most common hazards in mountainous areas, posing a
serious threat to flora, fauna, and humans. This article focuses on building a forest fire risk
map based on GIS techniques in the southwest area of Ky Son district, Nghe An province.
The selected factors to create the forest fire risk map include 9 indices: NDDI drought
index, surface temperature, slope, elevation, distance to roads, distance to rivers and
streams, distance to upland fields, distance to residential areas, and aspect. The results of
determining the weights of these factors using the AHP hierarchical analysis technique
show that drought and surface temperature are the two factors that have the greatest
influence on the forest fire risk index. The limit values that lead to forest fire risks for the
drought criterion are 0.2 - 0.4 mm and for the surface temperature criterion are 25 - 30°C.
The area with high fire risk accounts for the largest proportion, 38%, covering an area of
24,519.78 ha, followed by the average fire risk with 21,012.48 ha, accounting for 33% of
the entire study area. The area with extremely high fire risk occupies the smallest area,
1,283.76 ha (2%). While controlling wildfires is challenging, forest fire risk maps can
detect areas with higher risk and mitigate them. Therefore, creating forest fire risk maps for
the identified areas is necessary.
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1. Introduction

Around the world, climate change and changes in land use have made forest fires
increasingly complicated, for example the Amazon rainforest - the green lung of the
earth is suffering heavy destruction by a series of fires in 2019; In late 2019 and early
2020, forest fires destroyed hundreds of thousands of square kilometers of forests and
vegetation in Australia; the fire in California, the western United States became the
largest forest fire in this country as of 2022 when the fire had swept over an area; In
addition, there are many large fires across all continents from Europe, America to Asia.
According to a report by the United Nations Environment Program UNEP and the non-
profit environmental media center GRID-Arendal, GRID-Arendal predicts that severe
forest fires globally will increase by 14% by 2030 and 30% by 2050, and the risk may
even increase to 50% by the end of the 21% century [1]. Not outside the general trend of
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the world, forest fires in Vietnam occur in many places with different scales. Especially
in recent years, when climate change is happening at a rapid pace, unusually prolonged
heat waves and droughts make forest fires always present. According to data from the
General Statistics Office, in the period from 2009 to 2018, there were 4571 forest fires
across the country, with a loss of up to 22,000 ha of forest area, peaking in 2010 when
forest fires burned about 6,723 ha of forest. Forest fires often occur in the provinces of
Nghe An, Ha Tinh, Ha Giang, Son La, Yen Bai where there are many natural forests
and forests planted with combustible trees such as eucalyptus forest, bamboo forest,
pine forest, casuarina forest [2]. The multi-criteria approach MCA (Multi-Criteria
Analysis) and hierarchical analysis techniqgue AHP (Analytical Hierarchy Process)
applied in forest fire research are interested in by many scientists in the world and in the
country. Erten et al. [3] used variables to build a formula for calculating forest fire risk,
including vegetation, slope direction, slope, distance to roads, and distance to residential
areas. Forest fire risk regions are generated by superimposing risk variables with spatial
analysis tools in ArcGIS. Ajin’s study [4] uses surveillance classification methods to
detect land use type and land use cover in combination with factors such as distance to
residential area, distance to roads, slope, and elevation. Factors related to climate
(average temperature, maximum temperature, precipitation, solar radiation, and wind
speed) and terrain (elevation, slope, aspect, topographic wetness index, and distance to
roads) were integrated into GIS along with satellite images for forest fire risk analysis in
Tam Dao National Park [5]. Bui Manh Hung and Nguyen Thanh Thuy Van used QGIS
and AHP to classify forest fire risk in Muong Cha district, Dien Bien province [6]. In
addition, there are a number of studies on the application of GIS, AHP, and advanced
machine learning algorithms in the evaluation of the forest fire risk index [7-9]. The
objective of this article is to apply GIS and MCA multi-criteria analysis methods to
evaluate forest fire risk index in Nghe An province. The result of the study is the forest
fire risk map, and this document is intended to provide reference information for
managers as well as people to have solutions to limit the risk of forest fires.

2. Materials and Methodology
2.1. Materials

The study was conducted in the southwestern communes of Ky Son district in
Nghe An province (Figure 1), including 7 communes: Na Ngoi, Muong Ai, Muong Tip,
Tay Son, Ta Ca, Huu Kiem, and Muong Xen town. Most of the study area has complex
mountainous terrain, steep slopes with the North Truong Son mountain range, especially
the 2,711 m high Phuxailaileng peak, which is the highest mountain in the province. The
climate of the area is located in the tropical monsoon region with two distinct seasons:
summer from May to October and winter from November to April of the following
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year [10]. In the summer, the area affected by the southwesterly wind effect forms hot
and dry weather, so the risk of forest fires is very high. Average annual temperature and
rainfall are about 23 - 24°C and 1,200 - 2,000 mm.
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Figure 1. Location of the study area.

There are many causes of forest fires, but common materials can be divided into
groups of main causes, which are topographical characteristics, climatic conditions,
production activities, human activities, and other objective causes such as war burning
materials, burning [6, 11]. Based on the above reasons, the study decided to choose
factors affecting the forest, including 9 indicators: drought index NDDI, land surface
temperature LST, distance to roads, distance to rivers trench, distance to the fields,
distance to the residential area, aspect, slope, and elevation. The level of forest fire risk
classification in each factor is divided into five levels from 1 to 5, corresponding to low
level, medium level, high level, critical level, and extremely dangerous level [12]. The
land use status quo map and the administrative map of Nghe An province at the scale of
1:100000 are the basis for building a map of the distance to roads, distance to fields,
distance to residential areas; distance to rivers; the factors related to the terrain are built
from the digital model of the height DEM Nghe An 25 m; Landsat 8 satellite image
used to calculate NDDI drought index and land surface temperature (LST). All data to
build the map of component factors affecting forest fires are transferred to the
coordinate system WGS 1984 - Zone 48.

2.2. Methodology
2.2.1. Analytical Hierarchy (AHP) and GIS to build forest fire risk maps

AHP Hierarchy Analysis is a decision support method to select a solution from
alternatives based on several evaluation criteria developed by Yoram Wind and Thomas
L. Saaty [13].
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AHP uses a scale of 1 - 9 to express the importance of expert opinion according to
Saaty (Table 1).
Table 1. Scale for comparing the importance of criteria

Intensity of importance Definition
1 Equally preferred more important or preferred
3 Weak importance, moderately important or preferred
5 Strong importance or strongly preferred
7 Very strongly important or preferred
9 Absolute importance
2,4,6,8 Intermediate values between adjacent judgments of the two

On the basis of a scale comparing the importance of the factors, a pairwise
comparison matrix is established between pairs of factors to determine their relative
importance based on the experience of experts and logic. The relationship between the
factors is quantified by the matrix table comparing pairs of n rows and n columns (n is
the number of factors) (Table 2).

Table 2. Pairwise Comparison Matrix

C Az A An
Az 1 ai ain
Ao do1 1 don
An an]_ an2 . l

2.2.2. Remote sensing techniques

NDDI index: Research using remote sensing technique to calculate NDDI drought
index and surface temperature by Google Earth Engine technology with Landsat 8
satellite image data. Multi-temporal information of Landsat 8 image is used to calculate
the vegetation index NDVI and water index NDWI [16], thereby determining the

normalized difference index of drought NDDI according to formula (1):
NDVI-NDWI

NDDI = (1)
NDVI+ NDWI

LST index: This study used multi-year data from Landsat 8 images to calculate the
LST value of the surface temperature of the study area for the period 2014 - 2021. The
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results showed that the temperature value ranged from 16.2 - 38.2°C, in which the
temperature value ranges from 20 - 30°C mainly concentrated in the center and occupied
the majority of the area, the area with high LST > 35°C distributed mainly in the north.
When the surface temperature of the study area reaches the threshold of 25 - 30°C, it is
the limiting value for the risk of forest fires.

The process diagram for creating and forest fire risk index map is summarized in
Figure 2, with 9 data layers analyzed and interpolated from 6 original data layers.
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Figure 2. Forest fire risk mapping process.
3. Result and discussion

3.1. Remote sensing techniques

The analysis results show that the NDDI drought index is divided into 5 levels,
level 1 with NDDI value < 0 is no drought, level 2 NDDI 0 - 0.2 is mild drought, 0.2 - 0.4 is
moderate drought, 0.4 - 0.6 is severe drought, and > 0.6 is very severe drought (Table 3).
This index has also been used to assess drought in agricultural crops [17].
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Table 3. Classification of drought conditions based on NDDI index [14, 15]

NDDI value Classify
<0 No drought
0-0.2 Mild drought
0.2-04 Average drought
04-0.6 Severe drought
>0.6 Very severe drought

Therefore, when the drought index reaches the threshold of 0.2 - 0.4 mm, there is a
risk of forest fires. In other words, the threshold value leads to the forest fire risk of the

drought criterion being 0.2 - 0.4 mm.

3.2. Hierarchical results of map layers from AHP technique

From the factors that have been identified: drought index (X3); surface temperature
(X2); distance to the fields (X3); aspect (X4); distance to rivers (Xs); distance to roads
(Xe); distance to residential area (X7); slope (Xsg); and elevation (Xg). Research has been
conducted to establish component maps (Figure 3), then build forest fire risk maps. The
hierarchical criteria for the component map layers are shown in Table 4 [3, 5-7].

Table 4. Hierarchical criteria for mapping forest fire risk components

Map | Classify
ap layer
i I I I IV v
(X1) Drought index <0 0-0.2 02-04 04-0.6 >0.6
(X,) Surface 0-20 20 - 25 25 - 30 30-35 > 35
temperature (°)
(X5) Distance to > 400 350-400 | 300-350 | 200-300 | <200
the fields (m)

North, East, West - South,
(X4) Aspect South East - North | East - South West - North West
(Xs) Distance to < 200 200-400 | 400-600 | 600-800 | >800
rivers (m)
(Xs) Distance to <500 500 - 1000 | 1000 - 1500 | 1500 - 2000 | > 2000
roads (m)
(X7) Distance to 0-1500 |1500-2000 | 2000 - 2500 | 2500-3000 | > 3000
residential area (m)
(Xe) Slope (°) <8 8-15 15- 25 25 - 45 > 45
(Xs) Elevation (m) <500 500-1000 | 1000-1300 | 1300-1600 | > 1600
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Figure 3. The current status map of information layers in forest fire risk assessment
(a - Drought; b - Surface temperature; c - Distance to the fields; d - Aspect; e - Distance to rivers;
f - Distance to roads; g - Distance to residential area; h - Slope; i - Elevation).
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3.2. The results of weight analysis by the AHP method

Based on the opinions of experts, forest rangers and people are quantified
according to Saaty, then put into a pairwise comparison matrix, calculate the sum of the
priority of each factor and check the consistency according to the AHP method (Table 5).

Table 5. Pairwise comparison matrix table and factor weights
Criteria (X1) | (X2) | (Xa) | (Xa) | (Xs) | (Xe) | (X7) | (Xe) | (Xo) | Weight
(X;) Droughtindex |1.00| 2 3 3 3 4 4 5 6 0.30
(X,) Surface

050100 15 | 15 | 15 2 2 2.5 3 0.15

temperature
(Xs) Distance to 033/067/200| 1 | 1 | 15|15 2 | 2 | 010
the fields (m)
(X2) Aspect 033067 |1200/2.00] 1 | 15| 15| 2 | 2 | 010
(Xs) Distance to 03310671200 /12.00]100| 15| 15| 2 | 2 | 010
rivers (m)
(Xe) Distance to 025|050 067|067 067100 1 | 1 | 15| 007
roads (m)

(X7) Distance to
residential area (m)

(Xs) Slope () 0.20 [ 0.40 | 0.50 | 0.50 | 0.50 | 1.00 [ 1.00 | 1.00 | 1 | 0.06
(Xo) Elevation (m) | 0.17 [ 0.33 [ 0.50 | 0.50 | 0.50 | 0.67 | 1.00 [ 1.00 | 1.00 | 0.05
With CI = 0.003; A = 9.026; Rl = 1.45; CR = 0.002 < 0.1 — Satisfy

0.25 1 0.50 | 0.67 | 0.67 | 0.67 | 1.00 | 1.00 | 1 1 0.07

The results of the AHP analysis show that the three most important factors
affecting forest fires are drought, followed by surface temperature. The distance to the
fields, the distance to the river, and aspect have the same effect on forest fires.
Consistency index CR = 0.001 is smaller than the consistency threshold of 0.1, so the
judgment of experts, forest rangers, and people ensures consistency.

3.3. Forest fire risk classification results

A forest fire risk prediction map (FFRPM) is conducted by aggregating and
superimposing component maps base on integrating weights of factors according to
multivariable linear equations in GIS.

FFRPM =0.30*(X, )+0.15%(X,)+0.10%(X;)+0.10*(X, ) +0.10*(X,) @)
+0.07*(X,)+0.07*(X, ) +0.06*( X )+0.05%(X,)
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The map of the forest fire risk hierarchy and the statistical results of the forest fire
area according to the classification of the southwestern communes of Nam Ky district
are shown in Figures 2 and 3.

Table 6. Summary of forest fire hazard classification in the study area

Forest fire risk classification Area (ha) Percentage (%0)
Low risk 6645.78 10
Moderate risk 21012.48 33
High risk 24519.78 38
Severe risk 10232.01 16
Extremely risk 1283.76 2
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Figure 4. Map of forest fire classification results in the western area of Ky Son district, Nghe An province.
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Figure 5. Forest fire risk area hierarchical by commune (ha).
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From the results of the establishment of the zoning map and the statistical table of
the area with forest fire risk of the study area, it is shown that the highest fire area in the
southwest of Ky Son district is Muong Tip commune, with an area of extreme fire risk.
The critical period is 309.96 ha (accounting for 0.49% of the entire area), the risk of fire
danger is 2377.71 ha (accounting for 3.74%); next is Na Ngoi commune with an area of
extremely dangerous fire risk of 297.09 ha (accounting for 0.47%), the risk of
dangerous fire is 2222.91 ha (accounting for 3.49%); The area of Muong Xen town of
Ky Son district is the place with the least fire risk. This reflects the reality in the study
area [18].

Through actual investigation, the area of Muong Tip commune has mainly
mountainous terrain, with many dangerous high mountain ranges, steep slopes,
population density reaching 22 people/km? shifting cultivation is quite common,
drought is concentrated in the Northwest, the average surface temperature ranges from
30°C to 35°C. The factors reflect the severity of the forest fire research, making this
area highly susceptible to forest fires. Muong Xen is the town of Ky Son district,
Nghe An. This is also the last town on National Highway 7A as well as on the banks of
the Ca River. The terrain is mainly forest and mountains, descending from the
Northwest to the Southeast, the area of the small town is separated from Ta Ca
commune, with a gentle slope, many river systems pass through, traffic and population
are concentrated; drought and surface temperatures are both moderate. This also shows
that this area has very little fire risk, consistent with the research results.

Similar to this study, the role of drought (index X;) and surface temperature (index X5)
are considered as determining factors to forest fire risk. Numerous studies have shown
that surface temperatures are affected by atmospheric temperature, driving trends in the
occurrence of wildfires globally, the frequency and activity of fires have increased, and
this increase is likely to associate with warming in spring and summer [19]. Therefore,
ecosystem management and social and technological solutions are needed to deal with
fire risks effectively and in the long term.

4. Conclusion

Forest fire depends on many factors, so the application of the AHP technique, and
MCA multi-criteria analysis method combined with GIS and remote sensing images to
build a forest fire risk forecast map is suitable to solve the problem. The study used 9
factors to evaluate the forest fire risk index in the southwest region of Ky Son district in
Nghe An province, including drought, surface temperature, distance to the fields, aspect,
distance to hydrology, distance to traffic, distance to population, slope, and elevation.
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The results show that drought and surface temperature are two factors that have a great
impact on the forest fire risk index. In particular, the highest forest fire risk in the whole
region is concentrated in Muong Tip - a commune near the border with more than
309 ha of extremely endangered; this is also an area with a variety of landscapes from
natural forests to shifting cultivation. Although the research method is not new, the
research results can be directly applied to local management units to provide solutions
to prevent forest fire risks and at the same time, be useful documents for researchers
with comparative and contrasting material for future research.
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NGUY CO CHAY RUNG PHIA TAY NAM HUYEN KY SON,
TINH NGHE AN - MOT MO HINH TIEP CAN PA TIEU CHI

Nguyén Thi Thu Nga? Téng Thi Hanh?
4Truong Pai hoc Ky thugdt Lé Quy Dén

Tom tit: Chay rimg diroc coi la mét trong nhitng méi nguy hiém phé bién nhdt ¢ cac khu
VueC rimg niii, de doa nghiém trong doi véi hé dong thuc vat va con nguwoi. Bai béo sir sir dung ki
thugt phan tich hé thong théng tin dia Iy GIS ¢ khu vyc phia Tay Nam cua huyén Ky Son thugc
tinh Nghé An, noi ¢é hang ngan hecta rimng tw nhién phong hg dau nguon duoc chon dé tién hanh
thuec nghiém. Cac nhan té duwoc lwa chon d@é thanh ldp ban do nguy co chdy rimg bao gom 9 chi
so: chi s6 khd han NDDI, nhiér dg bé mat, dg doc, dé cao, khodng cdch dén dwong giao thong,
khodng cdch dén sbng suéi, khodng cdch dén nwong rdy, khodng cdach dén khu ddn cuw va hwéng
phoi. Két qua xdc dinh trong so cia cac nhan té theo ki thugt phan tich thiz bgc AHP cho thdy
han han va nhiés dg bé mat 1a hai nhan té ¢ dnh hwéng lén nhdt dén chi sé chay rimg. Chi sé téi
han dédn d@én nguy co chdy rung cua chi s6 kho hgn 1a 0,2 - 0,4 mm va nhiér dé bé mdt la
25 - 30°C. Dién tich c¢é nguy co chdy cao chiém ti 1é 16n nhat 1a 38% véi dién tich 24519,78 ha,
tiép dén la nguy co chdy trung binh véi 21012,48 ha chiém 33% dién tich toan khu vic nghién
citu. Nguy co chay cuc Ky cao chiém dién tich nhé nhdt véi 1283,76 ha (2%). Mdc du viéc kiém
sodt cac dam chdy la rat khé khén, song ban do nguy co chdy rimg c6 thé phat hién céac khu virc
c6 rii ro 16n hon va giam thiéu chang. Vi vdy, viéc 1dp ban do viing c¢é nguy co chdy rimg 1a
can thiét nhu mét gidi phap bdo vé rimg truede nguy co chdy rimg.

Tu khoa: Chay rirng; AHP; han han; nhiét do.
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