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Abstract- Forest fire is a natural hazard which plays an
important role in causing air pollution. The fire affected tree
liberates gas (smoke) which increases the air pollutants. The
forest fire liberates the pollutants such as Carbon Monoxide
(CO), Sulphur dioxide (SOz), Nitrogen oxide (NO) and soon.
The contribution of forest fire pollutant emissions to the

ecosystem can be calculated as Particulate Matter (PM).

Air pollution levels in forest regions will spread to

kilometers away from the fire source. This paper aims for

analysis of air quality indices from Good to Very poor

quality air in fire affected place. J48 classification

algorithm is used for air analysis.
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1. INTRODUCTION

Forest fire emits significant amount of gas/smoke that
increases Particular Matter (PM) in the atmosphere.
Every year due to forest fire 2% of forest is under
degradation, the smoke/gas liberated will spread to more
than ten kilometers from fire source. The major
pollutants liberated are nitrogen oxides, sulphur oxides,
carbon monoxides, ozone and these organic pollutants
easily dissolve in the atmosphere [2].The statistical
information of Indian forest fire with chemical is given in
Tablel.
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Table-1. Observation of fire occurrences in different
states using Advanced Along Track Scanning Radiometer
(AATSR) night-time data between 2000 and 2010 for the
months of January to June [6] in Ha.

S| State | Total | Tot | Car | Nitro | Oz | Sulph | Total
1 Numb | al bon | gen one | ur Parti
. erof | Ar | poll | Pollut | (O3 | Pollut | culat
N Fores | ea uta | ants ) ants e
0 tfires | Bu | nts( | (NO2) | ug/ | (SO2) Matt
rnt | CO) | ug/m3 | m3 | ug/m3 | er
(K | mg/ (PM)
Mz | m?3 g/
) m3
1| Madhya 910 550 | 10- 301- 225 251- 4.5
Pradesh 12 400 - 350
250
2 | Chhattis 759 430 | 8-9 201- 200 200- 5
garh 300 - 250
224
3 | Maharas 739 419 | 8-9 201- 200 200- 6
htra 300 - 250
224
4 | Karnata 57 300 | 1-3 | 1-39 0- 1-40 5.5
ka 35
5| Kerala 41 298 | 1-3 | 1-39 0- 1-40 5
35
6 | Andhra 283 368 | 4-5 | 40- 125 | 50-100 | 5
Pradesh 200 -
180
In Table 1 the forest fire emissions were calculated to find
the increase in average Particulate Matter (PM)
concentration in atmosphere. The increase in PM

concentration will cause respiratory problems for wild

animals and nearby village people.
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2. RELATED WORK

Forest fire emissions are important for local air pollution
levels .Forest fires contributes 0.2% of Nitrogen dioxide
(NO2), 0.5% of Carbon dioxide (C0O2),1.2% of CO. Each time
the chemicals which are introduced by fire will increase
the Particulate Matter more than 2.5[1].
Forest fires will affect the chemical  properties of the
atmosphere, by the release of significant amounts of
particulate matter, which interact with solar radiation.
Biomass burning is responsible for as much as 45% of the
emissions of carbon compounds with larger scale. The
release of Nitrogen compounds also plays a role for air
pollution [2].

Data mining is domain which helps in Prediction and cause
effects of patterns. Artificial neural networks with back
propagation learning rule and k- nearest neighbor
classifiers were used, in order to predict future peaks of
carbon monoxide [3]. Athanasiadis, Karatzas and Mitch’s
made effort to analyze Ozone in fire area [4].

K-Nearest Neighbor is used for the classification of air
quality. An adaptive  method of nearest neighbor
classification (DANN) was analyzed by Hastie and
Tibshirani for air pollution data analysis [6]. The
probabilistic approach can give increase in Sulphur
dioxide (SO2) concentration in the atmosphere [7].
Decision trees helps in the prediction of cause effects in
health dataset, meteorological data set and pollution data
set. They provide the target classes by divide and conquer
method [8].Here an effort is made to identify different
pollutants responsible for air pollution with J48 Machine
learning algorithm.

3. EXPERIMENT WITH RESULTS

Classification is a process of constructing a model of
available target classes from asset of records. The
algorithm generates rule for the prediction of target
classes. J48 is the Java implementation of Classification
4.5(C4.5) algorithm.

The summarized data during forest fire is monitored and
collected in the data base. The time of fire is monitored
along with vegetation type and duration of fire. The
duration helps in identification of different pollutants
concentration in air. During the analysis, quantified gases
are CO mg/m3, NOzug/m3, Ozug/m3, SO2ug/m3and
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Particulate Matter concentration. The values of pollutants
are represented in Table 2.

Table-2: The general air quality index takes the higher
value of the pollutants indexes

Carbo | Nitrogen | Ozone | Sulphur Total | Targe
n Pollutant | (03) Pollutant | Partic t
polluta | s(NOz2) pg/ms3 | s(SO2) ulate class
nts pg/ms3 pg/ms3 Matte For
r(PM) Air
(CO) pg/m3 | qualit
3
mg/m y
Index
0-2 0-49 0-35 0-45 <=2.5 Good
3-6 50-125 36-80 46-100 3-5 Mediu
m
6-9 126-250 81-150 101-150 6-9 Poor
>=10 >250 >150 >150 >=10 Very
Poor

Table 2. Shows Air quality index categorization .Air quality
is categorized into Good when pollutants concentration
gives PM<2.5, Medium when PM is between 3 to 5,Poor
When PM between 6 to 9.Very poor air quality when
PM>=10.
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Table-3: Sample data of Forest fire Smoke Concentration

Te
Dura | Typ | m
tion | e p 03 | NO
of of (c ug | 2 SO,
fire | vege |els | CO |/ ug | ug | PM Targe
(Hou | tatio |iu |mg/ |m | /m | /m | pug t
rs) n s) | m3 3 3 3 /m3 | class
Herb
4 |s 36 5| 48 37 67 2.5 | good
Sher mediu
2 | bs 34 7 | 59 38 69 6 | m
5 | Pine 37 4| 68 50 | 128 7 | poor
Herb mediu
6|s 35 6| 80| 108 | 130 5|m
12
6 | Pine 30 8 6 | 143 | 150 6 | poor
herb 13
71s 30 7 9 | 200 | 168 7 | poor
Sher 17 very
5 | bs 28 6 8 | 220 | 199 9.5 | poor
25 very
8 | Pine 29 7 0] 201 | 200 10 | poor
herb
51|s 32 4| 43 35 65 3 | good
10 mediu
8 | pine 36 6 9 | 152 | 200 5| m
Herb
4 1s 36 5] 48 37 67 2.5 | good

Table- 3, Shows the sample data set of Carbon, Nitrogen,
Sulphur Particulate Matter concentrations with target air
quality indices.
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Fig -2: Cross validation of ]48 Algorithm.

Figure 2 shows total instances are 418.In that 393
correctly classified instances and 25 incorrectly classified
instances. The mean absolute error 0.06.Kappa statistics is
measured for agreement between predicted and observed
categories of air pollutant data set is agreeable that is 0.91.
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Fig-3: Cross validation with Confusion matrix of data set.

Figure 3 shows the obtained true and false classification
of data with Confusion matrix. From the matrix 115
records are classified to good quality air , 72 records are
classified as medium , 111 records are poor and
95 records as very poor quality of air.

Table-4: Confusion Matrix Air Quality index classification
during forest fire.

Classification | Good(a) | Medium(b) | Poor(c) | Very
poor(d)
Good(a) 115 2 1 0
Medium(b) 2 72 4 1
Poor(c) 0 0 111 12
Very poor(d) 1 1 1 95

Table 4 Shows confusion matrix for air quality
classification. The data set has 418 instances. The main
diagonal values shows 115+ 72+111+95=393 are correct
classified data. Hence the success rate for classification of
data is 393/418=0.94that is 94%.
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Table -5: Accuracy rate for the J48 algorithm

Detailed TP Rate | FP Rate | Precision Recall
accuracy
Good(a) 0.97 0.01 0.975 0.975
Medium(b) 0912 0.09 091 0.93
Poor(c) 0.906 0.02 0.902 0.92
Very 0.96 0.4 0.96 0.92
poor(d)
Weighted 0.94 0.02 0.94 0.94
average
index

Table5. Gives the result data for classification of Air
quality at place of forest fire. Precision and Recall are the
measures of performance analysis. Higher Precision
means less number of misclassification of data. Precision
0(Zero) means the data set is completely misclassified.
Here the weighted average Precision measure is 0.94
which is close to 1.Recall shows complete classification of
data. Higher the recall value show less number of missing
data during classification. The weighted recall value is
0.94.
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Fig- 4: Pruned Tree from ]48 algorithm

Figure4 Shows the visualization tree which helps in
understanding classification of data. Tree is created based
on Gain
information

K, .
GAIN,,;;, = Entropy(p) - (ZF' Entropy(l)j

i=1

J48 pruned tree based on information gain. It has 5 leaves
and size of tree is 9.1t gives first split at SO, which has
<=67pg/m3 are classified as good air quality index.S0,>67
and Temp > 29 and PM<-5 and fire duration <=2 hours is
classified as Medium air quality index .Remaining with
Poor and Very poor air quality index.

The tree has pruned the nodes (attributes) Ozone (03) and
Type of Vegetation. Because the Information gain from the
nodes is zero. The SO; has highest information gain value
hence, it is considered with first split node followed the
Temperature, Particulate Matter (PM) and duration of fire.

The pruned tree analysis helped in prediction of air
quality is poor. The rule generated for poor quality air
during forest fire is, “If SO2>=67ug/m3and temperature
>29degree centigrade and PM>5pg/m3and fire duration is
>2 hours” then it will be poor quality of air.

4. CONCLUSION

The forest fire which is hazard causing tremendous loss to
the ecosystem. The work has provided an analysis of
forest fire causing the air pollution using J48 Classification
algorithm. The algorithm has proved that increase in
Sulphur components more than 67ug/m3 in the air and
temperature more than 299elcius causes more pollution
than other pollutants.
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