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ABSTRACT

Tropical deforestation in developing countries Indonesia pollutants and GHG emissions
contribute significantly. Pollutant emissions caused by forest fires comprising CO, SOz and dust
(PM10). This paper will be analyzed estimates of pollutant emissions in both Kalimantan and
Sumatra using the estimation method based on amount of material burned. Estimates of the
emissions and dispersion of pollutants such as particulates, sulfur dioxide, carbon monoxide was
investigated. Distribution and concentration of pollutants used time series of monthly data and
spatial map based on satellite data. Extensive data obtained from the 2010-2014 forest fires data
from the ministry of the environment and forestry (KLHK) and forest fire data period 2015 from
LAPAN. Pollutant concentration data used AIRS on satellite data, OMI satellite and MERRA
during the period 2010-2011 and in 2014-2015, adjusted to the data in situ vast wildfires that have
for both regions. The results of estimation of pollutant emissions in Sumatra shows emissions
from forest fires for the period of 2010 greater than in 2011, reaching 9 tons of CO per year, while
emissions from fires and plantations during 2011 was higher than in 2010 with a very high value
of 150 Tons / year for pollutants CO. In Kalimantan, emissions from forest fires during 2010-2011
CO emissions highest in West Kalimantan 11.13 tons / year and South Kalimantan 12.14 tons of
CO per year. Emissions from fires and plantations in South Kalimantan reached 32.11 tons / year.
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INTRODUCTION destruction of tropical forests is a unique [4]

o i The United Nations Food and Agriculture
Forest fires in Sumatra and Kalimantan

) ) ) Organization (UNFAOQO) Forest Resources
is a national disaster that happens every year

) i _ Assessment 2010 report the rate of forest

and increase the volume of forest fires is ) )
loss in Indonesia became 0.31 Mega Hectare
per year from 2000 to 2005 and 0, 69 Mega

ha per year from 2005 to 2010 [1.5].

increasing from year to year [1]. Tropical
deforestation in developing countries,

including Indonesia contributed to green- ) o
o Indonesia's second Communication to the
house gas emissions and pollutants [2,3].

) o o UN Framework Convention on Climate
Particularly carbon dioxide, the main driver of ]
) ) Change in 2009 reported a loss rate of 1.1
global warming [1,3]. Primary forest also

o ) ) Mega Ha of forest per year from 2000 to 2005
caused the loss of biodiversity due to habitat

[2]. Most of the burning forests and cause
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smog so thick in Indonesia is a type of
peatland forests by land area is estimated at
20.6 million hectares, or about 10.8 percent
of Indonesia's land area. Estimated at more
than 0.40 Mega ha per year of forest loss
from 2009 to 2011 reported by the Indonesian
Ministry of Forestry [6]. The variation in the
estimate points to the need for thematic
consistency and data spatiotemporal
improvement in bringing transparency to
change the dynamic of this important area.
Most of the burning forests and cause smog
so thick is the type of peatland forests.
Peatland area in Indonesia is estimated at
20.6 million hectares, or about 10.8 percent
of Indonesia’'s land area. And of the total,
about 7.2 million hectares (35% are on the
island of Sumatra). Degradation of peatlands
causes a decrease in ground water levels
and leads to increased oxidation and
drainage of peat which can cause fires [7].
Over the function of forests and peat in the
plantation sector (palm) be the crucial issues
are the main cause for the fire peat in 2015.

During the period 2000-2010, the
annual world rate of forest conversion to
agricultural land was approximately 13 million
hectares. For the period 1990-2005,
Indonesia was responsible for approximately
23% (1.9 million Hal/year) of deforestation
worldwide (the highest deforestation rate in
the world), and slowed to 0.68 million ha/year
between 2005 and 2010 [8,9]

Papers related to forest fires in
Kalimantan and Sumatra, namely Sumaryati
et al, In Central Kalimantan the impact of
forest fire on declining air quality due to
increasing of PM10 concentration occurred in

July—November 2015 with an average

concentration rising of 129 pg/m3 [10]. Shuai
Yin et al, the estimated results show that from
2015 to 2016 the monthly anthropogenic CO
in Kalimantan and Sumatera increased 0.26
Mt. in September and 0.25 Mt in October [11].
Elania Aflahah et al, the 2015 forest fires in
Kalimantan followed a monsunal nature and
were influenced by El Nino events [12].

This paper will examine the estimated
emissions and determine the distribution of
pollutants that result from land and forest fires
in Kalimantan and Sumatra. Emission
estimation method used by the burned forest
area, equipped with a spatial map of the area
of forest fires in the two regions based on
satellite data from MERA and AIRS satellites.
Itis hoped that this paper will contribute to the
community, especially PEMDA/ the local

government.

METHODS

1. Pollutant Emission Estimation

In this paper secondary data on forest
fire area from the Ministry of the Environment
and the National Aeronautics and Space of
Indonesia (LAPAN) are used to determine the
estimated emissions produced, followed by
satellite data to analyze the distribution of the
highest pollutant emissions from forest fires
in the Sumatra and Kalimantan regions.

The method of calculating pollutant
emissions (consisting of SO2, PM10 and CO)
from forest fires uses the Seiler and Crutzen
(1980) equation, which is calculated based
on the amount of burning material from the
forest fire area data. The first step is to
calculate the amount of material burned as in
the formula 2.1-2.3. The method of
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calculating pollutant emissions consisting of
SOz, PM10, and CO from fires uses the Seiler
and Crutzen equation, which is calculated
based on the amount of burning material from
the area of forest and land fires [13]. The first
step is to count the burning material with the

following formulation:

Mc=AXPX O X B X PC  evreeereeeaannnn. 1-1
MN=AX PX O X BX PN cevvrereeeeie 1-2
Ms=AXPXAXBXPC  cevvcrereeernnn 1-3

With:

A = Extensives forest burner (Ha)

p = The biomass forest (ton dry matter/ha)

a = The biomass fraction above ground to
the total biomass

B =Biomass fraction is burned on the ground

pc = The carbon in dry matter (ton C/ton dm)

pn = Levels of nitrogen in dry matter (tonN/ton
dm)

ps = The level of sulphur at dry matter (ton
S/ton dm)

Next step calculated pollutant emissions
(SO2, NOx, and CO) with the following
equation and Crutzen, 1980) [13]

Eco =Mcx EFco x 18/12 ........uenn..... 1-4
Eno = MnX EFno X 30/12 ... 1-5
En2o = MnX EFnzo X 44/28 ................. 1-6
Eso2 = Msx EFso2 x 64/32 .................. 1-7
With:

Eco, Eno, Enzo, Eso2 = CO, NO, N20, and SO2
emission

Mc, Mn, Ms= material burned for C, N, dan S
EFco, EFno, EFn2o, EFso2 = emission factor
for CO, NO, N20, SO2

While the emission factors used are:

Table 1. The emission factors

Emission Emission Emission

Factor CO Factor PM10 Factor SOz

(Ton/ton) (Ton/ton) (Ton/ton)
0.0068 0.001 0.00043

Based on the factors the issue then we
will gain in value for the emission of each
pollutant parameter, with the formulation as

follows:

2. Timeseries data and spatial pollutant
maps based on Satellite data

To obtain spatial maps of pollutants,
satellite data is used, namely dust
concentration data (PM210) Dry Deposition
bin-1 downloaded from MERRA-2 satellite
version v5.12.4. Carbon monoxide (CO)
concentrations for both the total column and
volume mixing ratio were downloaded from the
AIRS version v006 satellite, and the OMI
satellite version v003. SO concentration data
(total column) used, downloaded from OMI
satellites. The selected temporal resolution is

daily and spatial resolution 0.25 ° x 0.25 °.

RESULTS AND DISCUSSION

This paper focus to analyze the
estimated emissions of CO, SOz and PM10
pollutants in the atmosphere of Sumatra and
Kalimantan during the period 2010-2011 and
2014-2015. In addition to calculating the
estimated pollutant emissions above, this
paper will also analyze MERRA satellite
model data to determine spatial maps, time
series and monthly concentrations of CO,
SOz, and PM10 pollutants in both regions
(Figure 3-Figure 5). The time-series data
(time series) and spatial maps of the three
pollutants are presented in Figure 6 - Figure
8 below. Secondary data used is the total
area of burnt land in Sumatra and
Kalimantan, then an estimate of emissions is

carried out using the formula equation 1-8.
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1. Estimation of CO, SO, and PM10 (dust)
Emissions in Kalimantan and Sumatra

The estimation results of SOz, CO and
PM10 pollutant emissions in Sumatra and
Kalimantan in 2010-2011 and 2014-2015 are
presented in Figure 1 - Figure 2 below. Based
PM10 dust
concentration is known to be the highest
monthly PM10average in 2010 and 2011,

which occurred in July. CO concentrations

on Figure 1 time-series,

while in 2015 had maximum pollutant
concentrations in October. Maximum SO
concentrations in March-April and November.
Time series data show that dust
concentration in 2011 had an average
concentration of 1.4x10-5 kgm-2 higher than in
2010 of 4x10¢ kgm. Table 2 and Table 3
Present pollutant emissions are originating
from fires and land fires during the 2010-2011

period in Kalimantan.

maximum in 2014 is in March and October,

Table 2. Pollutant emissions from forest and land fires in Kalimantan in 2010 (Tones/year)

Province CO-forest CO- land SO»- forest SO»- land PM10- land
Kalimantan Barat 11.13 1.64 0.70 0.70 1.64
Kalimantan Tengah 2.04 2.04 0.13 0.13 0.30
Kalimantan Selatan 1.06 1.06 0.07 0.07 0.16

Table 3. Pollutant emissions from forest and land fires in Kalimantan in 2011 (Tones / year)

Province co- CO-land PM10- PM10- SO,-forest  SOz- land
forest forest land
Central Kalimantan 1.80 0.26 0.11
South Kalimantan 12.14 32.11 1.79 4.72 0.77 2.03
West Kalimantan 1.23 0.18 0.08

Table 4 Pollutant emissions from forest and land fires in 2010 on Sumatra island

. CO- PM10 - PM10- SO2 - SO2-
Province forest CO-land forest land forest land
D.I. NAD (ACEH) 0.41 0.06 0.03
Nort Sumatera 6.53 8.89 0.96 1.31 0.41 0.56
West Sumatera 4.57 4.69 0.67 0.69 0.29 0.30
Riau 2.12 0.31 0.13
Jambi 0.20 0.03 0.01
Lampung 8.65 1.27 0.55
South Sumatera 0.33 0.05 0.02

(Data source: Ministry of Environment and Forestry)

Table 5 Pollutant emissions from forest and land fires in 2011 on Sumatra island

Province CO- CO-land PM10- PM10- SO»- SO2-
forest forest land forest forest
Nort Sumatera 0.41 0.06 0.03
Riau 6.08 17.22 0.89 2.53 0.38 1.09
Jambi 7.26 3.10 1.07 0.46 0.46 0.20
Bengkulu 0.04 0.01 0.00
South Sumatera 6.90 139.20 1.01 20.47 0.44 8.80
Lampung 2.53 0.37 0.16

(Data source: Ministry of Environment and Forestry).
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While we can see Table 4 and 5 above
present pollutant emissions originating from
forest and land fires during 2010-2011 in the
Sumatera area. The results of the calculation of
estimated pollutant emissions in Sumatra show
that the main contributor to emissions from land
and forest fires is from CO pollutants, with the

estimated value of emissions reaching nearly

10 tons of CO pollutants in 2010. Figure 1
below shows that CO emissions in 2011 in the
South Sumatra region emitted the highest CO
pollutants reaching 140 tons / year. This shows
that the South Sumatra region is a land area,
with a very severe fire emergency on Sumatra
Island. In the other words, South Sumatra is an

area prone to burning forests.
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Figure 1. Estimated air pollution emissions from (a) forest fires and (b) land fires during the

2010-2011 period in Sumatra

that

Kalimantan during 2011, the estimated value

Figure 2 below shows in

of pollutants from land fires (soil and plants)

was higher than from forest fires. Furthermore,

to calculate emissions of forest and land fire
pollutants for the period of 2015 were
calculated based on data sourced from
Satellite Utilization center (LAPAN).
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Figure 2. Estimated air pollution emissions from (a) forest fires and (b) land fires during the

2010-2011 period in Kalimantan

The next step is to calculate the 2014-2015 period. The results of the calculation
estimated pollutant emissions from forest fires of pollutant emissions are presented in Table 6
in the Kalimantan and Sumatra regions in the below.

Table 6 Pollutant emissions from peatlands and forest fires in Kalimantan & Sumatra in 2015

CO CO PM10 PM10 SO2 SO

Province Mineral Peatland Peatland mineral Peatland mineral
(Ton) (Ton) (Ton) (Ton) (Ton) (Ton)

South Sumatera 17797.1 11992.5 1763.6 2617.2 758.3 11254
Riau 8362.8 5437.3 799.6 1229.8 343.8 528.8
Jambi 7948.2 3301.8 485.6 1168.9 208.8 502.6
Lampung 5128.3 412.7 60.7 754.2 26.1 324.3
Bangka Belitung 3806.5 196.6 28.9 559.8 12.4 240.7
West Sumatera 1152.5 574.1 84.4 169.5 36.3 72.9
Nort Sumatera 1427 81.4 12.0 209.9 5.1 90.2
Bengkulu 4522 18.4 2.7 66.9 1.2 28.8
NAD (Aceh) 281.5 70.8 10.4 41.4 4.5 17.8
Riau Islands 165.98 24.4 105
Central Kalimantan 16074.1 10924.3 2363.8 1606.5 1016.5 690.8
West Kalimantan 6108.4 7575.2 898.3 1114 386.3 479.0
South Kalimantan 1523.1 10569.6 224.0 1554 96.3 668.4
East Kalimantan 2287.6 9483.7 336.4 1394.6 144.7 599.7
Nort Kalimantan 69.4 1235.7 10.2 181.7 4.4 78.1

Source data: (Satellite Utilization centre LAPAN)
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Based on Table 6, the results of
estimated pollutant emissions in 2014-2015
in Sumatra and Kalimantan are analyzed
based on 2 types of forest fires, namely peat
forest areas and mineral soils. Furthermore,
the two types of burnt land are calculated on
the area of the burnt area, based on satellite
data sourced from the Satellite Data Center
LAPAN.  Furthermore, the  emission
calculation is done using the method in
equation 1. After that, the emission
calculations for CO, PM10 and SO2 are
carried out. Estimation result show that in
2015 CO emissions in South Sumatra
showed the highest value of 17797.1 tons /
year from peatlands. Another contributor to
high pollutant emissions in South Sumatra is
PM10. According to Rizki et al, the
concentration of particulate matter (PM10) in
the South Sumatra / Jambi region has
increased to 400 pg / m3, thus worsening the
air quality in this city. PM10 is a
particulate/dust compound that is mostly
produced from forest and land fires [14].

Furthermore, high CO emissions were
emitted from peat fires in Central Kalimantan
with a total emission of 16074.1 tons/ year.
While the highest CO emissions were
contributed by mineral land fires in the
Central Kalimantan region, amounting to
10924.3 tons / year. As validation, the
distribution of CO pollutants was analyzed in
figure 6b which shows the CO concentration
maps in 2014-2015. In Sumatra, CO

concentrations due to forest fires in 2014

were highest in Riau with concentrations of
3.5x1018mol/cm2. From table 6: the 2015 the
distribution of CO showed concentrated
concentrations in the South Sumatra region
reaching a value of 6x 1018mol / cm2, while
in Riau there was no significant increase in
CO concentrations. The forest fires that
occurred in 2015 extend to the Kalimantan
region. Especially in the Palangkaraya area
with concentrations reaching 6x 1018 mol /
cm2. Indonesian fire activity and smoke
pollution in 2015 show Sumatera Fire activity
(hotspot) increased in late August and by

early September [15].

2. Timeseries pollutants PM10, CO and
SO, in Kalimantan and Sumatra use
satellite data

Furthermore, to observe when the air

pollutants experience maximum  peak
concentrations (mole fraction of columns)
analyzed satellite data sourced from AIRS
satellites. Time series data observations
were made during the period 2010-2011 and
2014-2015. Figure 3 (a) below presents the
PM10 pollutant time series in the Kalimantan
and Sumatra regions for the period 2010-
2011, while Figure 3 (b) presents the PM10
pollutant time series in the Kalimantan and
Sumatra regions during the 2014-2015
period. Time series data show that in 2010-
2011 the maximum concentration of PM10
occurred in July, whereas in 2014-2015, the
maximum concentration of PM10 in June and

July.
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In below, Figure 4-a shows the time

series of CO pollutant concentrations in the
Kalimantan and Sumatra regions during
2010-2011. Figure 4-b shows the time series

Time Series, Area-Averaged of Carbon Monoxide, Mole Fraction in Air
(Daytime/Ascending) monthly 1 deg. @1000hPa [AIRS AIRX3STM v00] ppmv over
2010-Jan - 2010-Dec, Region 94, 6S, 120€, 7N

of CO pollutant
Kalimantan and Sumatra regions during

2014-2015[13].

concentrations

in the
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Time Series, Area-Averaged of Carbon Monoxide Total Column (Daytime/Ascending)
monthly 1 deg. [AIRS AIRX3STM v008] mol/cm2 over 2014-Jan - 2014-Dec, Region
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Figure 4. Timeseries mol fraction CO total column from AIRS satellite (a) period 2010-2011 and
(b) period 2014-2015 in Kalimantan and Sumatra

Figure 4 shows that the total CO
(carbon monoxide) mole fraction of columns
from the AIRS satellite in 2010 and 2011
occurred in the same month, February,
whereas in 2014, the total CO mole fraction
occurred in March and October. The year
2015 showed the maximum CO mol fraction
only in October. If analyzed, there was a very
significant increase in CO concentrations

from 2010-2011 compared to 2014-2015. CO

Time Series, Area-Averaged of 502 Column Amount (Planetary Boundary Layer)
0MS02e v003 daily 0.25 deg. [OMI OMS02e v003] DU over 2010-01-01 - 2010-12-31,
Region 94E, 65, 120E, TN
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concentrations during 2014-2015 reached
8.12x 1016 part per million volume (ppmv).
Whereas during 2010-2011, CO concentra-
tions were only 0.125 part per million volume
(ppmv).

While the SO: pollutant time series in
Kalimantan and Sumatra during the period
2010-2011 and 2014-2015 are presented in
Figure 5 below.
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Figure 5 shows that the total SO2 mole
time series of the 2010 period occurred in
November 2011. The maximum SOz mole
time series was in February, whereas in
2014, the total CO mole fraction occurred in
March, and the maximum CO mole fraction
occurred in August in 2015.

3. Spatial maps of pollutants CO, SO, and
PM10 in Kalimantan and Sumatra use
satellite data

To analyze the distribution map of
three pollutants (CO, SO2 and PM10),

MERRA satellite data is used, which are

Average Dust for July 2010 [in kg m?s? (x10"2)}

presented in Figures 4-6. Figure 4 shows the
distribution of PM10 dust during 2010-2011
and 2014-2015. Based on satellite data in the
form of a spatial map of dust concentration
(PM10), it is known that the highest dust
concentration in Sumatra compared to
Kalimantan, as presented in Figure 4. The
results of satellite data show that the
distribution of PM10 pollutants is higher in the
The
distribution map of PM10 concentration
increased from 2010 to 2011 with a

concentration value 6x10'2 kgm-2s-1.

Aceh and Malacca Strait regions.

Average Dust for July 2011 [in kg m2s! (x10"2)]
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|2"

Average Dust for July 2014 [in kg m?s?! (x10”

Average Dust for June 2015 [in kg m?s?! (x10'ﬂ)]

Figure 6. Spatial maps of PM10 concentrations (a) in 2010-2011 and (b) in 2014-2015 in
Kalimantan and Sumatra.

Figures 6a and Fig.6b show dust
concentrations in the Kalimantan and Sumatra
regions for the 2010-2011 and 2014-2015
periods. The dust concentration data (PM10)
used, was downloaded from the MERRA-2
satellite version v5.12.4. Temporal resolutions
chosen are monthly and spatial resolution of 0.5
° x 0.625 °. The data code for downloading
MERRA-2 data with the above resolution is
M2TMNXADG. MERRA satellite monitoring
results show that the highest dust concentration
in the South Kalimantan region is 7.0 x 10-12
kgm-1s-1. For Sumatra, the dust concentration
in the 2010-2015 period showed lower
concentra-tions compared to Kalimantan.

Figure 7 is an analysis of carbon
monoxide (CO) concentrations for both the total
column and volume mixing ratio used from the

AIRS version v006 satellite. Temporal resolutions

Average CO for February 2010 (in molicm2[x10'%))

chosen are monthly and spatial resolution of 1
°x 1 °. The data code for downloading AIRS
data with the above resolution is AIRX3STM.
Figure 5 (a) shows the CO spatial concentration
map in 2011 showing high concentrations
reaching 1.98 Mol / cm2 in South Sumatra and
West Kalimantan and Central Kalimantan.
From the spatial map it can be ascertained that
forest fires during 2011 contributed to the CO
which was quite high in both regions. Figure 5b
in the region of South Sumatra (Riau and
Jambi) the level of CO concentration reaches
6x1018 Mol/cm2. This is confirmed by the
statement Shuai Yin et al, the estimated results
show that from 2015 to 2016 the monthly
anthropogenic CO increased 0.26 Mt. in
September and 0.25 Mt in October [11].

Average CO for February 2011 (in molicm2[x10'®)
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Average CO for March 2014 (in mollcm2(x10'®])

Average CO for October 2015 (in mol/cm2[x10])

Figure 7. Spatial map of CO concentrations in 2010 - 2011 (a) and CO concentrations in 2014-
2015 (b) in Kalimantan and Sumatra

From Figure 8 below presents SO2
concentration data (total columns)
downloaded from the OMI satellite version

v003. Temporal resolutions chosen are daily

Average S02 for November 2010 (in DU}

Average SO2 for February 2014 (in D.J.)

(b)

and spatial resolution of 0.25 ° x 0.25 °. From
Figure 8 it is known that the SO2
concentration in 2010 shows the value of
reaching 2.0 DU (Dobson Unit).

Average SO2 for January 2011 (in D.U.)

. o 3. 1
100°E 105"E e 53

Figure 8. Spatial map of SOz concentrations in 2010 - 2011 (a) and CO concentrations in 2014-
2015 (b) in Kalimantan and Sumatra

CONCLUSION

During the incidence of forest and land
fires in Kalimantan and Sumatra in 2010 -
2015, it was concluded that the area of forest

and land that experienced the largest fires

occurred in 2015. The area receiving the
most pollutant emissions from forest and land
fires in Sumatra is South Sumatra. Mean-
while, the Kalimantan region receives the
most significant emissions of forest and land

fires in Central Kalimantan/ Palangkaraya.



120 D. Gusnita, Impact of Forest Fires .........

REFERENCES

[1]

2]

[3]

[6]

[7]

R. Tsujino, T. Yumoto, S. Kitamura, I.
Djamaluddin, & D. Darnaedi, “ History
of forest loss and degradation in
Indonesia”. Land use policy, vol.57,pp.
335-347, 2016.

doi:10.1016/j.landusepol.2016.05.034.

L. B. Prasetyo, A. H. Dharmawan, F. T.
Nasdian, & S.Ramdhoni, "Historical
forest fire occurrence analysis in Jambi
Province during the period of 2000—
2015: its distribution & land cover
trajectories”. Procedia Environmental
Sciences, vol.33, pp. 450-459,2016.
doi:10.1016/j.proenv.2016.03.096.

B. A. Margono, P. V. Potapov, S.
Turubanova, F. Stolle, & M. C.
Hansen, "Primary forest cover loss in
Indonesia over 2000-2012". Nature
climate change, vol. 4, no.8, pp. 730-
735,2014.

doi:10.1038/nclimate2277.

K. V. Prasad, P. K. Gupta, C. Sharma,
A. K. Sarkar, Y. Kant, K. V. S.
Badarinath, & A. P. Mitra,. "NOXx
emissions from biomass burning of
shifting cultivation areas from tropical
deciduous forests of India estimates
from ground-based measurements". J.
Atmos. Environ. Vol. 34, no. 20, pp.
3271-3280, 2000.

doi:10.1016/S1352-2310(00)00084-4.

G. R. Van der Werf, J. Dempewolf, J.
Trigg, J. T. Randerson, P.S.
Kasibhatla, L.Giglio, & R.SDe Fries,.
"Climate regulation of fire emissions
and deforestation in equatorial Asia".
Proc. Natl. Acad. Sci. vol.105, no. 51,
20350-20355,2008
doi:10.1073/pnas.0803375105

C. P. Purba, The State of the Forest
Indonesia: Period of 2009-2013.
Forest Watch Indonesia,2014.
ISBN: 978-979-96730-2-2.

J. Jaenicke, H. Wosten, A. Budiman, F.
Siegert. "Planning hydrological
restoration of peatlands in Indonesia to
mitigate carbon dioxide emissions".

(8]

9]

(10]

[11]

[12]

[13]

Mitigation and Adaptation Strategies
for Global Change, vol. 5, no.3, pp.
223-239,2010
doi:10.1007/s11027-010-9214-5

H. Y. Nugroho, A.van der Veen, A. K.
Skidmore, Y. A. Hussin, (). Expansion
of traditional land-use and
deforestation: a case study of an adat
forest in the Kandilo Subwatershed,
East Kalimantan, Indonesia. Journal of
forestry research, vol.29, no.2, pp.
495-513,2018.
doi:10.1007/s11676-017-0449-9

D. L. Gaveau, S. Sloan, E. Molidena,
H. Yaen, D. Sheil, N. K. Abram, & E.
Meijaard, "Four decades of forest
persistence, clearance and logging on
Borneo". PloS one, vol.9, no.7, pp.
101-654,2014.
doi;10.1371/journal.pone.0101654

S. Sumaryati, N. Cholianawati, & A.
Indrawati, "The impact of forest fire on
air-quality and visibility in Palangka
Raya". Journal of Physics: Theories
and Applications, vol. 3,no0.1, pp. 16-
26, 2019.

doi:10.20961/jphystheor-appl.v3i1.38071

S. Yin, X. Wang, M. Guo, H. Santoso,
& H. Guan, "The abnormal change of
air quality and air pollutants induced by
the forest fire in Sumatra and Borneo
in 2015". Atmospheric Research, vol.
243, pp. 105-127, 2020.
doi:10.1016/j.atmosres.2020.105027

E. Aflahah, R. Hidayati, R. Hidayat, &
F. Alfahmi, "Pendugaan hotspot
sebagai indikator kebakaran hutan di
Kalimantan berdasarkan faktor iklim".
Journal of Natural Resources and
Environmental Management, vol. 9,
no. 2, pp. 405-418, 2019.
doi:10.29244/jpsl.9.2.405-418.

W. Seiler, & P. J. Crutzen,"Estimates
of gross and net fluxes of carbon
between the biosphere and the
atmosphere from biomass burning".
Climatic change, vol.2, no.3, pp. 207-
247,1980.

doi:10.1007/BF00137988


https://doi.org/10.1016/j.landusepol.2016.05.034
https://doi.org/10.1016/j.proenv.2016.03.096
https://doi.org/10.1038/nclimate2277
https://doi.org/10.1016/S1352-2310(00)00084-4
https://doi.org/10.1073/pnas.0803375105
https://fwi.or.id/youtube-gallery/potret-keadaan-hutan-indonesia-periode-2009-2013/
https://doi.org/10.1007/s11027-010-9214-5
https://doi.org/10.1007/s11676-017-0449-9
https://doi.org/10.1371/journal.pone.0101654
https://doi.org/10.20961/jphystheor-appl.v3i1.38071
https://doi.org/10.1016/j.atmosres.2020.105027
https://doi.org/10.29244/jpsl.9.2.405-418
https://doi.org/10.1007/BF00137988

[14]

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.6, No. 1, 2021, pp. 108-121 121

R. Takriyanti, W. J. Jehom, & A. Aziz,
"Kabut Asap Di Kota Jambi: Respons
Kaum Perempuan Terhadap
Degradasi Lingkungan". Jurnal
Antropologi: Isu-lsu Sosial Budaya,
vol.17,no0.1,pp. 71-85,2015.
doi:10.25077/jantro.v17.n1.p71-85.2015

[15]

R. D. Field, G. R. Van Der Werf, T.
Fanin, E. J. Fetzer, R. Fuller, H.
Jethva, & H. M. Worden, "Indonesian
fire activity and smoke pollution in
2015 show persistent nonlinear
sensitivity to El Nifio-induced drought".
Proceedings of the National Academy
of Sciences, vol.113,n0.33, pp. 9204-
9209, 2016.
doi:10.1073/pnas.1524888113


https://doi.org/10.25077/jantro.v17.n1.p71-85.2015
https://doi.org/10.1073/pnas.1524888113

