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Abstract

Forest fire has been one of the compelling issues in the Hindu Kush Himalayan (HKH) region. To promote
regeneration, clearing fields for agriculture, hunting, and security reasons, local people deliberately set forests
on fire. In this paper, active fire incidents, temperature, precipitation, and the changes of Aerosol Optical
Depth (AOD) and Carbon monoxide (CO) value associated with forest fire were evaluated. The active
forest fire incidents obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite
are supplemented by the ERA5-land dataset to see the relation between precipitation and temperature with
forest fires. MODIS and Tropospheric Monitoring Instrument (TROPOMI) sensor datasets were used to see
the changes in AOD and CO in the region. MODIS sensor detected more than 30,462 active fires incidents
in March and April 2021 in the study areas. Shan State of Myanmar recorded the maximum number of
active fire incidents which is due to the practice of shifting cultivation and minimum in Bhutan due to the
awareness campaigns and technology improvement. The temperature recorded in the study sites shows an
increasing trend as compared to the reference period (2010-2020). Apart from Shan and Bago of Myanmar,
precipitation in the study sites is also less during the study period. AOD and CO values show prominent peaks
in a fire season which coincide with days of the maximum number of fire counts inferring the influence of
forest fire on air quality. Developing countries like Nepal, India, Myanmar, and Bhutan are willing to take part
in climate finance and are bound to accept expensive insurance premium due to forest fire incidents. Unless
forest fires are effectively managed and mitigated, achieving Nationally Determined Contributions (NDCs)
and global agendas, including United Nations Decade of Ecosystem Restoration is onerous.

Key words: Active forest fire, climate action, HKH, precipitation, temperature

INTRODUCTION

Forest fire is the term used for unwanted wildfires, Himalayas is human-induced (Giriraj et al. 2010)

which is one of the environmental issues of the and not stemming from natural phenomena as in

present world. Forest fire can shape the vegetation  Australia or California (Helvarg 2019; Tran et al.

distribution, structure, and composition in many
ecosystems. Although having this ability, these fires
are also hazardous for human lives, their properties,
and biodiversity. Globally, an area of more than
350 million hectares is estimated to be affected by
forest fire each year (Amiro et al. 2001; Merino
et al. 2004). Every year, montane forests are burnt;
most of the fire incidence in the forests of the

2020). Each year 85 per cent of the global surface
area burnt lies in the tropical savannahs (Willis
2017), which makes 19 per cent of the total land
cover (Global Forest Watch 2021). In April 2020,
the number of fire alerts across the globe was up by
13 per cent compared to April 2019, which was the
record year for forest fire (WWE 2020). The top
fifteen wildfires in the United States from 2000 to
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2017 caused almost 1 billion United States Dollar
(USD) worth of damage, which includes not only
the loss of houses and infrastructures but also the
procurement of equipment and logistics support
for fire control/ fire fighting NOAA 2021). The
expenses increased from 2017 onwards, and the
cost of 2017-2018 was more than 40 billion USD
(NOAA 2021).

In 2019, wildfires caused an estimated loss of
around 4.5 billion USD in California and Alaska
(NOAA 2021). In 2020, out of the six largest fires in
California and Oregon, five fires saw historic levels
of wildfire spread and damage. Wildfires across
the West led to weeks-long periods of unhealthy
air quality levels for millions of people (C2ES
2021). Certainly, all these fire events increased
the greenhouse gas (GHGs) emissions (Ribeiro-
Kumara et al. 2020). The projection reveals that
at least 50 per cent of GHGs emissions will be
increased by 2080 in Western North America,
Southeast Asia, Africa, and Australia (Touma et al.
2021) from wild fires alone.

Forest fire is one of main drivers of forest

degradation  contributing to  depletion  of

productivity of  forest ecosystem, forest
biodiversity, forest carbon stocks, nutrient cycling
and other ecosystem services (Amiro et al. 2000;
Amiro et al. 2001; Pérez-Cabello et al. 2012). Forest
fires are becoming a serious ecological concern in
the Hindu Kush Himalayan (HKH) region due
to changing climate and associated factors (Littell
et al. 2016; Sannigrahi er al. 2020; Vachula
et al. 2020; Zhang-Turpeinen er al. 2020), thus

contributing to forest degradation in the region.

Frequent occurrence of forest fire in the summer
season is a common phenomenon in the Western
Himalaya due to high fuel load on the forest floor
and low moisture content in the soil (Chandra and
Bhardwaj 2015). However, in the north-eastern
region of India, forest fires are mainly associated
with shifting cultivation (Puri er al. 2011). A total
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of 520,861 active forest fires were detected in India
during 2003—-2017, which are mainly concentrated
over the dense evergreen and deciduous forests
in the eastern Himalayan states (Sannigrahi et al.
2020). The Chir Pine forests distributed in the
hilly Himalayan states are also found to be highly
vulnerable to forest fires (Joseph et al. 2009).
This relationship underscores the necessity for
monitoring forest fires and accurate data on the

emission of trace gases.

Forests are basic component of the global carbon
cycle. However, forest fires pose serious threat to
the forest ecosystems that degrade net primary
productivity, gross primary productivity and
carbon sequestration services (Dixon et al. 1994).
Forest is one of the major carbon pools in the
terrestrial system. Upon burning, a vast amount
of carbon is released into the atmosphere (Gibbs
et al. 2007). Increasingly, forest fire is recognised
as a prime concern of greenhouse gas (GHG)
emissions and particulate matters in the HKH as
well as other regions (Martinho 2019). A recent
study of the amazon forest shows that there is
a significant emission of carbon dioxide mainly
due to intentional forest fires aimed at clearing
the land for beef and soy production (Carrington
2021). This forest area which used to be a net
carbon sink is, now experiencing acceleration in
carbon emissions. Undeniably, forest fires develop
a positive feedback loop as increase in forest fires
triggers the emission of GHGs that escalates
climate change. Contrastingly, in the absence of
fire, the carbon pool in forest landscape increases,

thereby contributing to climate change mitigation.

Trans-boundary fire and smoke pollution during
the dry season are creating adverse effects on the
wellbeing of humans and the ecosystems, which
needs to be addressed regionally (Cheong et al.
2019) . Even though forest fire has emerged as one
of the major environmental concerns in the HKH
region, research in this domain is scarce. This paper
aims to show the linkage between temperature,
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precipitation, AOD and CO with forest fire. A METHODOLOGY
total of 187 forest fire-related articles across the
. . Study Area

globe and more specifically on the HKH region

were reviewed. Those include scientific journals, For this study, general scenario of forest fires in
technical reports, web sites, blogs, and news the HKH region was explored. The study area
articles. Furthermore, active fire incidences and included Bhutan, India (Uttarakhand, Himachal
their linkage with temperature and precipitation ~Pradesh and Mizoram), Myanmar (Shan and Bago)

and impacts on the environment was explored. and Nepal (figure 1).
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Figure 1: Countries and Regions in HKH Selected for the Study
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Forest Fires

The secondary data obtained from the literature
review were used to analyse and evaluate the
primary data extracted from Moderate Resolution
Imaging Spectroradiometer (MODIS) instrument.
MODIS active fire products are widely used and
very much proven for its effectiveness on fire
detection. Snapshot of events were captured by
the satellites as it passes over the globe. Detection
algorithms identify the fire pixels, and each active
fire corresponds to the centre point of a 1x1 km
pixel and reflects one or more fire incidents that
took place within that 1 square kilometre area
(Giglio et al. 2003). For each potential fire pixel,
the algorithm uses its brightness temperature and
examines each pixel and finally assigns it to the
classes as missing data, cloud, water, non-fire, fire,
or unknown. This study accessed the MODIS
active fire data from the NASA web portal.
MODIS active fire has a confidence level ranging
from O per cent to 100 per cent. To avoid the false
active fire, more than 50 per cent confidence level
were chosen for this study.

Air Pollution Observed from Space

MODIS onboard Terra and Aqua satellites
measure radiance in 36 spectral channels with the
spatial resolution ranging between 250 m to 1 km
and a swath width of 2300 km. MODIS sensor in
Terra and Aqua crosses the equator at 10:30 and
13:30 local solar time (LST), respectively (Levy
et al. 2007). The Dark Target (DT) 10 km and 3
km aerosol products and Deep Blue (DB) 10 km
acrosol products have been validated and widely
used over the years (Remer et al. 2005, 2013; Levy
et al. 2007; Levy et al. 2013). The Multi-Angle
Implementation
(MAIAC) is a new algorithm that retrieves
acrosol optical depth (AOD) at the higher spatial
resolution of 1 km using MODIS measurements
(Lyapustin er al. 2011). The algorithm uses the
reflectance values in blue (470 nm), green (550
nm), and shortwave infrared (2130 nm) bands of
MODIS (Jethva er al. 2019). The previous studies

of Atmospheric Correction
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show the validation report of MAIAC AOD
with the Aerosol Robotic Network (AERONET)
observations from different parts of the world
(Martins et al. 2017; Jethva et al. 2019; Mhawish
et al. 2019).The higher correlation coefficient,
higher percentage of retrievals falling within the
expected error, and low root mean square error
demonstrates that the MAIAC AOD has higher
accuracy than the DB and DT AOD over South
Asia (Mhawish et al. 2019). We used the combined
Terra and Aqua MATAC product (MCD19A2v006)
available at the Google Earth Engine (GEE) data
platform for this study.

Tropospheric Monitoring Instrument (TROPOMI)
is a sensor onboard Sentinel-5 Precursor (S5P)
satellite launched by the European Space Agency,
which flies in a sun-synchronous orbit at 824 km
altitude and crosses the equator at 13:30 LST
(Landgraf et al. 2016). It provides daily global
coverage at a spatial resolution of 5.5 kmX7 km
over a swath width of 2600 km. The retrieval
algorithm derives the total column density of CO
from the measurement of Earth’s radiance spectra
in the 2.3 um spectral range of the shortwave
infrared (SWIR) region (Landgraf er al. 2016).
We used the offline (OFFL) version of CO data
available in the data catalogue of the GEE data
platform. GEE converts the original S5P Level 2
(L2) data into Level 3 (L3) by the ‘harpconvert’
tool using the ‘bin_spatial’ operation. The first
validation of TROPOMI CO data showed good
agreement with the Copernicus Atmosphere
Monitoring Service (CAMS) dataset over the South
Asian region (Borsdorff et al. 2018).

The Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite (CALIPSO)  satellite
carries the Cloud-Aerosol Lidar with Orthogonal

Observations

Polarization (CALIOP) instrument, which acquires
acrosol and cloud profile information. It flies in
a sun synchronous orbit, crosses the equator at
14:00 LST, and has an orbit repeat cycle of 16 days
(Winker et al. 2013). The standard browse image
version 4.11 is used in this study to identify the
aerosol sub-type.
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Precipitation and Temperature

The seasonal precipitation and temperature for the
selected regions for the reference period of 2010-
2020 and for the year 2021 is derived from the
ERAS5-Land dataset. Many studies have previously
used ERA datasets in the Himalaya region (Lutz
et al. 2014; Wijngaard et al. 2017; Li et al. 2018).
ERA5-Land is an improved version of the land
component of the ERA5 climate reanalysis
(Hersbach ez al. 2020) with a resolution of 9 km
(Mufioz-Sabater er al. 2021). Monthly datasets
were downloaded and extracted for all the regions.

RESULTS AND DISCUSSION
Active Forest Fires in the HKH Region

In a decade (January 2010 to May 2021), more
than six hundred thousand active fires with a
confidence level of 50 per cent or more were
recorded in the HKH region by MODIS sensors

as shown in figure 3. During the summer season,
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March experienced the highest number of active
fire records of 311,540 and April as the second
highest with 170,317. Whereas in the winter, more
than 11,000 active fires were recorded in the month
of December.

The MODIS sensot detected more than 30,462
forest fire incidences in the study sites during the
month of March and April 2021 as depicted in
figure 4. Although area wise data was not possible,
which needs ground mapping and validation, but
frequency of incidence is quite alarming as this
excludes fire in agriculture land. Year 2021 had
become one of the worst periods for forest fire.
Uncontrolled forest fire spanned from western
of Himachal
Uttarakhand to the entire range of hills in Nepal

Himalayan Indian states and
extending to Northeast India and up to Myanmar.
The fire incidents in Myanmar and Mizoram were
much more higher than other places because
of the slash and burn agriculture practice in the

dense forest to clear the floor (Springate-Baginski
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Figure 3: Spatial Distribution of Active Fire in the HKH Region from the Year 2010 to 2021
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Figure 4: Monthly Status of Active Fire in the
HKH Region for 2021

2018; Sati 2019). This indicates that most of the
forest fire incidents are anthropogenic. Forest
fires usually occur in the dry season, starting from
December till the end of May before the monsoon
sets in, with March and April as the peak. When
winters are dry with prolonged drought periods,
the fuel load in the forest increases causing more
intense fire that transmits faster. In addition to
this, forest fires spread in suitable conditions
such as warm, dry, and windy conditions. If these
conditions become extreme, it will trigger forest

fire, increasing the severity of emissions.

Forest fires of 2021 in Nepal can be considered as
the worst in a decade (Azarkan 2021) with more
than 95 per cent of fire incidents occurring in March
and April. Forest fires for the same year in some
parts of northern India and Nepal have been most
destructive in the past 15 years (Khadka 2021). In
Nepal, the National Disaster Risk Reduction and
Management Authority recorded 2,700 wildfires
since November 2020- the highest over a decade,
affecting around 200,000 ha of forest (GoN 2021).
This might be due to increase in temperature and
dry conditions, as temperature has increased by
0.2°C as compated to the reference petiod (average
of 2010-2020) (table 1).
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In Uttarakhand, around 989 forest fire incidents
were recorded from October 2020 to April 2021,
which burnt approximately 12,973.43 ha of forest
area (DownTo Earth 2021). In a slightly different
finding, our study showed that 1,236 forest fire
incidents occurred within two months, which might
be due to different data sources and sensors and
also the confidence level. In a period of two weeks
in April 2021, 476 forest fire cases were recorded
in Himachal Pradesh with the forest area loss of
4,555 ha, whereas in March 2021, over 8,400 ha of
forest area was ravaged by the fire (Sharma 2021).
In Mizoram, a total of 4071 forest fire incidents
were decteted during the month of March and
April 2021. In 2020, State of Mizoram reported
more than 1,300 forest fires, most of which started
from shifting cultivation practice (Agarwal 2021).
In 2021, the Forest Survey of India (IFSI) reported
that there were as many as 2,671 forest fire points
in Mizoram state between April 20 and 26, with
over 400 points on April 26 alone (Nandi 2021).
FSI sent 386,031 forest fire alerts in 2021 upto the
month of May which is more than double from the
previous year’s figure of 154,032. The increased
number of forest fire in 2021 has resulted in loss
of livelihoods of forest dwellers (Mishra 2021).
Analysis from FSI for 2019 showed that 36 per
cent of India’s forests are prone to fire, out of
which, one third is highly susceptible (FSI 2019).

Our study identified a total of 19,683 forest fire
incidents in Shan and Bago state of Myanmar.
Among the total identified fire episodes, Shan
witnessed 17,192 whereas Bago had 2,491 forest
fire incidents. Although the media coverage, and
published reports and scientific journal articles
on wildfires in Myanmar were nominal, the actual
number was high enough and remained unabated
in 2021. According to the Global Disaster Alert
and Coordination System, between 2 April to 21
April 2021, 11,000 ha were classified as forest fire
burnt areas in Myanmar. As per MODIS sensors,
Myanmar witnessed around 50,000 active fires
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from January to June 2021 whereas only 194
active fires was experienced in Bhutan in the same
period. During the study period, Bhutan only had
110 forest fire incidents. This might be due to
the introduction of modern facilities in the rural
communities such as education, television, clearer
radio services through which forest department

can timely provide awatreness programmes.

Temperature-Precipitation-Forest
Fire Nexus

The annual precipitation and precipitation for
the month of Feburary, March and April for all
regions for the reference period (2010-2020) and
2021 has been shown in Table 1. Rainfall in the
month of February, March, and April affect soil
moisture condition and subsequently the number
of forest fites because these are the driest months
and most susceptible timing for forest fire. So any
rainfall in these months causes the fire incidence
to decrease drastically. Even though the annual
precipitation has increased for most of the regions
in 2021 compared to the reference period, the
precipitation in the months from February through
April has decreased in all regions, except for Bago
and Shan of Myanmar. All regions showed increase
in annual temperature of about 0.3 °C. However,
the average temperature has increased by around
1°C for the FMA except for Myanmar. The
decrease in precipitation, increase in temperature
and increase in number of forest fires in year 2021
in comparison to the reference period is shown in
red colour in Table 1.
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In a similar scenario, most of the forest fires in
the HKH region occur during the month of
February through April. It constituted at least
90 per cent of all the forest fires in Nepal, Bago,
Shan, Uttarakhand, and Mizoram. In Bhutan, it
constituted 80 per cent whereas in Himachal it
constituted 68 per cent of the total annual forest
fire incidents. The highest increase in the number
of forest fire in Nepal was by more than 100 per
cent annually and around 250 per cent in February,
March, and April in 2021 compared to the
reference period. In Uttarakhand and Himanchal,
the number of forest fires increased by around 200
per cent during February through April. Similarly,
Uttarakhand recorded deficiency in rainfall at 18
per cent in 2019 and 20 per cent in 2020, even
though India had near-normal monsoon rainfall
(Guhathakurta et al. 2020). The increase in number
of forest fire incidents coincided with the decrease
in precipitation and increase in temperature for
all regions during February through April. The
decrease in rainfall in this area coupled with
increase in temperature during the three months
can be attributed to the increase in number of
forest fires in this period (Table 1). Figure 5 shows
the spatial variation in the change in precipitation
for all the regions during the three-month period.
The precipitation increased by 60 per cent in some
parts of Myanmar and decreased by 60 per cent in
Mizoram. The figure shows that the precipitation
has decreased in most part of the study areas.
This indicates that regions with higher decrease in
precipitation would have most likely faced more
forest fire incidents.
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Table 1: Precipitation, Temperature, and Number of Forest Fires for February, March, April during the

Reference Period (2010-2020) and 2021 for the Selected Regions.

Regions Period Annual Feb-Mar-Apr
No. of No.
Precipitation Temperature forest Precipitation Temperature of
(mm) (°C) fires (mm) (°C) forest
fires
Nepal 2021 2563.9 12.4 5570* 136.5 10.0 5281
Reference 2120.5 12.2 2156 200.6 9.3 1522
period
Shan, 2021 1541.7 21.3 21092  117.5 21.8 19682
Myanmar
Reference  1736.5 21.3 16421 86.6 221 15664
period
Bago, 2021 2137.9 26.0 3107* 107.7 27.3 2869
Myanmar
Reference  2245.7 26.0 3451 39.8 28.0 3032
period
Uttarakhand 2021 1961.5 11.1 1494* 155.3 8.3 1337
Reference 1734.8 11.0 1120 232.1 7.6 404
period
Mizoram 2021 1749.0 22.1 4563* 24.3 22.5 4528
Reference  1906.3 21.5 3036 142.5 21.5 3011
period
Himanchal 2021 1219.6 3.8 427* 251.0 -0.6 291
Reference  1353.5 3.9 378 332.4 -1.0 91
period
Bhutan 2021 3311.1 9.0 194* 433.6 5.6 155
Reference 3413.3 8.5 217 479.3 5.4 156
petiod

* indicates the data for forest fire only for the month of Jan-May
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Figure 5: Spatial Distribution of Relative Change in Annual Precipitation for the Year 2021 with
Respect to the Reference Period of 2010-2020.

Air Pollution Induced by Forest Fires

Forest fire releases a vast volume of smoke, dimensionless AOD value incorporates the Mie
aerosols, and trace gases which tend to influence — scattering of solar radiation by aerosols and gives
the atmospheric chemistry and impacting air information on the columnar load (Dahal et al.
quality and human health (Sastry 2002) . The 2022), whichis considered as a proxy of Particulate
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Matter 2.5 (PM, . To see the changes in AOD and
CO, we used multi-satellite observations. Figure
6 shows the columnar CO concentration during
the intense haze episode of 2021 in the HKH
region with the maximum number of fire counts.
Kathmandu region and its surroundings have a
higher concentration of CO, unlike the Indo-
Gangetic Plain in the vicinity, which is one of the
most polluted regions in the world. Moreover,
the north-western Indian region had a lower
concentration of CO during the study period,
which in the post-monsoon season is influenced
by agricultural biomass burning emissions (Liu
et al. 2018; Sarkar et al. 2018). Some hotspots of
CO over Myanmar were observed; however, the
Shan and Bago region selected for this study have a
significantly lower value.

Figure 7 shows the temporal variation of AOD
and CO during the forest fire season. Unlike Nepal
and Bhutan, India has no enhanced peak values for
AOD and CO during the study duration; however,
the site-specific values show a significant variation.
In 2021, AOD values over Nepal show prominent
peaks during the last week of March and the first
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week of April that coincide with the days with
maximum number of fire counts inferring the
influence of forest fire on air quality. However,
the AOD value over Shan fluctuated throughout
March and April during 2019 and 2020 along with
the haze episode period in 2021. The CO values
over Nepal, Bhutan, and Uttarakhand during
the forest fire episode in 2021 surged (as high as
0.06 mol/m2) beyond the pre-episode values.
The previous studies conducted in Uttarakhand
(Thakur et al. 2019; Shuchita and Senthil 2020)
reported increment in the surface level CO,
tropospheric Nitrongen Dioxide (NO,), and AOD
during widespread forest fire in 2016. Although
TROPOMI captures the peak values of CO in
Bago and Shan during the fire episode in 2021,
similar peaks in previous years (2019 and 2020)
showed no specific impact of forest fire in 2021.
Likewise, Figure 8 shows the aerosol subtype for
March 29, 2021, along a transect crossing the region
near Bhutan, based on CALIPSO observation. The
elevated smoke was present near the altitude of 5
km that further corroborates the biomass burning
emission.
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Figure 6: Spatial Variation of Columnar CO Concentration in the HKH Region
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Figure 8: CALIPSO Aerosol Subtype on the Himalayan Foothills

Forest Fire Risk Mitigation and
Climate Finance

Forest fire in a controlled manner is an important
forest management tool in minimising the spread
of wildfires. These take place by consuming
natural fuels from forest floor, controlling weeds,
and therefore providing prospects for reducing
emissions and increasing carbon sequestration.
Controlled fire has positive aspects as it helps in
destroying the diseases and provides nutrients
for the new growths. The Paris Agreement
has recognised the contribution of forests in
sequestering carbon under the Reducing Emissions
from Deforestation and Forest Degradation
(REDD+) framework which Bhutan, India and
Nepal have already endorsed (Rawat ez al. 2020).
This
instrument based on carbon sequestered by the

instrtument is linked with the financial

countries through afforestation, reforestation,
conservation, and managing forests. The agreement
offers an attractive incentive for the HKH region to
draw climate finance for investment for mitigating
CO, emission, sequestrating atmospheric carbon
into landscape through a biological process.

However, forest fire incidents as witnessed in

2021 can disqualify countries from the eligibility
of climate financing, since the sequestered carbon
is released back into the atmosphere, as opposed
to the conditions of the financing mechanism
Additionally, CH,, and NO sequestered by forest
over many decades can be released back into the
atmosphere within hours of forest fire event.

Methane is estimated to have a global warming
potential of 28 to 36 over 100 years, while nitrous
oxide is 298 over 116 years (US EPA 2020) .
Therefore, any carbon credit traded from the
forestry sector makes it a risky business proposition
with the threat from forest fire. This is translated
in the expensive insurance premium for forest
carbon projects due to this risk factor from fire.
Therefore, in this region, the buffer against forest
fire accounts for up to 15 to 20 per cent of carbon
credit revenue.

However, after forest fire, carefully designed
rehabilitation actions can be an opportunity to
restore the lost natural values. This will also help in
addressing the global agenda like the UN Decade
of Ecosystem Restoration. Around 2 billion ha
of land is available in the world for restoration
activities (IUCN 2014). But these open areas
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might have some unpalatable, unwanted, invasive
plant species. In this case, fire can be a medium
to eradicate those unwanted plant species and
apply a suitable ecological restoration model. This
not only helps in ecological restoration but also in
the sustainable livelihood of the forest dependent
communities if selection of plant species is done
keeping possible future climatic conditions in mind
and aimed at improving the ecosystem services
from forest.

Forest Fire and SDGs

Although, forest fires are not explicitly mentioned
in the Sustainable Development Goals (SDGs),
cight out of 17 goals are directly, or indirectly,
linked to forest fires (figure 9). Uncontrolled
forest fires are one of the main concerns for
desertification and land degradation, which heats
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the soil affecting the fertility and its stability.
Furthermore, the air that we breathe in also gets
polluted which also affect the water quality and
livelihood of the local communities and breaks
the chain of sustainable harvesting of fuelwood.
These fires are also threat to the life on land (SDG
15) which not only damages the biodiversity but
also have serious impact on the nearby settlements.
With expanding population, houses/communities
are getting closer to the forest, and pose risk to
spread of fire towards the settlement. In addition,
the deadwood used by the communities as main
source of cooking also gets ignited, thus triggering
the spread of fire. In Dang of Nepal, more than
460 households were in danger due to forest fire,
fortunately there weren’t any human losses but
villager lost their agriculture crops and hay that
were piled up to feed their livestock (THT 2021).

1. Desertification and land degradation

2. Heating effects on soils, mainly effects on fertility,
soil stability and water infiltration characteristics

3. Air quality, Combustion of vegetation and
conversion to another, vegetation type, Damage to
cultural artefacts

6. Post-water water quality, availability and treatability
7. Effects on sustainable firewood harvesting

13. Release of greenhouse gases and particulates,
Changes in albedo, Changes in soil moisture
retention capacity

14. Water quality, post fire runoff into water bodies

15. Combustion of vegetation and conversion to
another, vegetation type and land use, Heating
effects on soils, mainly effects on fertility, soil
stability, water infiltration characteristics and soil
moisture retention capacity

Figure 9: Forest Fire Impacts on SDGs

CONCLUSION

In the HKH region, most forest fires are human-
induced (intentional, negligence and accidental).
Except in the monsoon and winter seasons, the
forests are susceptible to fires. Farmers use fire

to clear undergrowth in the forest so that new
forage can grow for livestock to graze. They also
burn the agticultural field to remove crop stubble
as it is the least labour-intensive method. Most
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of the protected areas in the Terai undertake
controlled burning to manage grasslands once
a year, necessary for wildlife and for clearing the
undergrowth in forests. Managed forest fires are
beneficial and are part of the forest and grassland
management practices, but wildfires are not. It may
start as a small, controlled fire for agriculture land
management. However, with prolonged drought
conditions, increased temperature and increased
fuel load, the fire transmits to forests developing
into an uncontrolled wildfire that may last for days
to months. This has resulted in health implications
due to increased concentrations of AOD and CO
in the atmosphere.

The main drivers behind the increase in forest fire
are persistent hotter and drier weather, as well as
other human influences such as land conversion
for agriculture and inadequate forest management
(WWEFE 2020). Forest fires can release millions of
extra tonnes of carbon, decimate biodiversity,
destroy vital ecosystems, impact economies and
people, threaten property and livelihoods, and
cause severe long-term health problems for
millions of people in the HKH region and across
the globe.

The haze episode of 2021 has highlighted as
to how critical forest fire can be to the urban
population and has underscored the necessity to
promulgate local-level fire management plans.
The plan need integration in all forestry-related
programmes such as restoration, sub-national
REDD+ action plans, adaptation plans, or nature-
based solutions. A forest fire can only be managed
and avoided with local community support.
Although numerous initiatives on controlling
forest fires are identified, their execution is weak.
There is a huge untapped potential to mobilise
climate finance for fighting forest fires. The forest
fire events that have occurred in the region in
past, indicates the type of management needed.
Learning from these events is helpful to know what
kind of support is necessary for protecting our
forests and homes. Though forest fires may occur
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due to natural or anthropogenic causes, however,
once the impacts of the events are minimal, it is of
utmost importance for scientists, managers, policy
makers, foresters, forest user groups, and all other
associated stakeholders to grasp the opportunity to
rethink forest management and foster more resilient
landscapes. Regular patrolling of fire-prone areas
is a bit of a challenge in the HKH region due to
harsh terrain and insufficient allocation of human
resources. Thus, suitable vegetation/silvicultural
measures of employing rehabilitation of burnt
site with broad-leaved evergreen trees is a suitable
alternative, grazing and browsing by livestock and
using mechanical mowers can also contribute to
forest fire risk reduction. Despite of knowing
the effectiveness of these interventions, there is

limited field implementation.

RECOMMENDATIONS
Controlling Wildfires

To control wild forest fire, laws banning fire in
agricultural fields and forest are now in place in
most countries, and they get more emphasis every
fire season. But enforcing the law, policing and
punishmentis weak. There is lack of strong political
commitment to act against local communities that
ignite wildfires. The existing policies are rarely
implemented, indicating the failure of those
policies. Thus, a shift to incentive-based policies
needs to be in place. In India, the government
devised subsidies for farmers for using mechanical
machines that replaces stubble burning practice. In
2019, the Supreme Court ordered northern states
to give Indian Rupees (IRs) 2,400 per acre to every
farmer owning the land who didn’t burn stubble
(BBC 2020). The

instruments are also being tested for farmlands.

innovative incentive-based
But controlling forest fire is more challenging as
much of the forests lie on state owned land.

In the HKH terrain, reducing forest fire occurrence
and intensity is a difficult task. It can only work
if the local people come together in a collective
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way. Besides, forest fire education and awareness
initiatives are essential. For people using forests
for adventurous activities, there is a fire detection
system, watchtowers, and a communication
network, as well as strict approvals and warnings.
Forest fires can have both short- and long-
term consequences on invaluable resources. So,
landowners and associated communities can
work to mitigate their effects. Forest fires can be
controlled using a variety of ways, including using
fires to put out fires, creating fire lines, enhancing
communication. If the forest fire spreads to
settlements or urban areas, protecting life and
property, should be of primary concern. Planting
low-flammable tree species that can act as green
firebreaks by slowing or preventing the spread of
fire is one of the solutions. The appropriate species
can be strategically selected to achieve biodiversity

advantages.

Using mechanical flail mowers and grazing
livestock such as goats and pigs can substantially
reduce the fuel load in the forest floor and mitigate
risk of wildfire. But livestock grazing and browsing
is banned in most forests while mechanical mowers
have limited use in mountain landscapes. Flail
mowers also replace fire management practice in
grasslands in more accessible parts of protected
areas.

In the future, pre-fire and post-fire management
and plans should be implemented effectively to
minimise the impacts of forest fires. In addition
to these, countries also need to integrate and
prioritise forest fire mitigation in national and
provincial level adaptation plans. The governments
also need to focus on generating and leveraging the
funds for forest fire management and mitigation.
Unless the forest fires are well managed and
mitigated, achieving nationally  determined
contributions on the forestry sector and the global
agendas like SDGs, UNCCD, and UN Decade of
Ecosystem Restoration is arduous. Governments
allocate budgets for plantation, but rarely for fire

management in HKH.
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Community Forest Fire Management
Strategy

To deal with forest fires, communities must adopt a
Forest Fire Management Strategy at the local level.
Each community plan must include a strategy and
activities based on their resources and needs for
fire management, depending on the vulnerability,
topography, gradient, and proximity to settlements.
Pre-fire preparedness is the most successful
technique for dealing with forest fires, and requires
adequate annual financial allocation. Community
leaders and local fire-fighting crews carry out all
pre-fire and fire-fighting actions at the community
level. The effectiveness of this activity is mostly
determined by the mobilization of the local
populace, accessibility of the area and availability
of tools. Communities can develop rainwater
harvesting ponds in the forest which can serve as
a reservoir for extinguishing wildfires. As a result,
developing a forest fire management strategy at the
local level and integrating it with other strategies is
critical and can be integrated with local plans and/

or community-based forestry plans.

REFERENCES

Agarwal, T. 2021. Raging for Over 30 Hours, Mizoram
Forest Fire Spreads to Towns, Gutting Homes.
The Indian Express, 26 April. Available at: https://
indianexpress.com/article/north-cast-india/
mizoram/forest-fire-rages-in-mizorams-lunglei-
for-more-than-32-hours-7288547/.

Amiro, B.D., Todd, ]J.B., Wotton, B.M., Logan,
K.A., Flannigan, M.D., Stocks, B.J., Masn
J-A., Martell, D.L. and Hirsch, K.G. 2001.
Direct Carbon Emissions from Canadian Forest
Fires, 1959-1999, Canadian Journal of Forest
Research, 31(3): 512-525.

Amiro, B. D., Chen, J. M. and Liu, J. 2000. Net
Primary Productivity Following Forest Fire for
Canadian Ecoregions. Canadian Journal of Forest
Research, 30(6): 939-947.

Azarkan, M. 2021. Nepal Faces its Worst Fire Season
in Years. Atalayar, 12 April. Available at: https://
atalayar.com/en/content/nepal-faces-its-worst-
fire-season-years.



&2

BBC. 2020. Stubble Burning: Why it Continues to
Smother North India. BBC News. Available
at: https:/ /www.bbc.com/news/world-asia-
india-54930380 (Accessed: 18 July 2021).

Borsdorff, T., de Brugh, J.A., Hu, H., Aben, L.,
Hasekamp O. and Landgraf, J. 2018. Measuring
Carbon Monoxide with TROPOMI: First Results
and a Comparison with ECMWF-IFS Analysis
Data. Geophysical Research Letters, 45(6): 2826—
2832.

C2ES. 2021. Wildfires and Climate Change, Centre
for Climate and Energy Solutions. Available at:
https://www.c2es.org/content/wildfires-and-
climate-change/ (Accessed: 24 June 2021).

Carrington, D. 2021. Amazon Rainforest now Emitting
More CO2 than it Absorbs. The Guardian, 14
July. Available at: https://www.theguardian.com/
environment/2021/jul/14/amazon-rainforest-
now-emitting-more-co2-than-it-absorbs.

Chandra, K. K. and Bhardwaj, A. K. 2015. Incidence
of Forest Fire in India and its Effect on Terrestrial
Ecosystem Dynamics, Nutrient and Microbial
Status of Soil. International Journal of Agriculture
and Forestry, 5(2):69-78.

Cheong, K. H., Ngiam, N.J., Mrgan, G.G., Pek,
P.P., Tan, B.Y., Lai, J.W., Koh, J.M., Ong,
M.E. and Ho A.F. 2019. Acute Health Impacts
of the Southeast Asian Transboundary Haze
Problem - A Review. [nternational Jowrnal of
Environmental Research and Public Health,
16(18): 3286.

Dahal, S., Rupakheti, D., Sharma, R.K., Bhattarai,
B.K. and Adhikary, B. 2022. Aerosols over the
Foothills of the Eastern Himalayan Region during
Post-monsoon and Winter Seasons. Aerosol Air
Qual. Res., 22: 210152. https://doi.org/10.4209/
2aqr.210152

Dixon, R. K., Solomon A.M., Brown, S.,
Houghton, R.A., Trexier, M.C., Wisniewski,
J. 1994. Carbon Pools and Flux of Global Forest
Ecosystems. Science, 263(5144): 185-190.

DownToEarth. 2021. Still Burning: Forest Fires
Continue to Rage in Uttarakhand’, 14 April
Available at:  https://www.downtoearth.orgin/
video/climate-change/still-burning-forest-fires-
continue-to-rage-in-uttarakhand-76487.

FSI. 2019. India State of Forest Report 2019. Available
at: http://fsi.nic.in/isfr-volume-i.

Gibbs, H. K., Brown, S., Niles ,J.O. and Foley,
J.A. 2007. Monitoring and Estimating Tropical

Journal of Forest and Livelihood 21 (1) June 2022

Bbhattarai et al.

Forest Carbon Stocks: Making REDD a Reality.
Environmental Research Letters, 2(4): 45023.

Giglio, L., Descloitres, J., Justice, C.O. and
Kaufman, Y.J. 2003. An Enhanced Contextual
Fire Detection Algorithm for MODIS. Remote
Sensing of Environment, 87(2-3): 273-282.

Giriraj, A., Babar, S., Jentsch, A., Sudhakar, S. and
Murthy, M.S.R. 2010. Tracking Fires in India
using Advanced Along Track Scanning Radiometer
(A) ATSR Data. Remote Sensing, 2(2): 591-610.

Global Forest Watch. 2021. Global Forest Watch
Land Cover Dashboard. Available at: https://
www.globalforestwatch.org/dashboards/global/
(Accessed: 27 June 2021).

GoN. 2021. Nepal Disaster Risk Reductin Portal,
Kathmandu, Nepal. Available at: http://drrportal.
gov.np/ (Accessed: 27 June 2021).

Guhathakurta, P., Kumar, B.L., Menon, P.,
Prasad, A.K., Sable, S.T. and Advani,
S.C. 2020. Observed Rainfall Variability and
Changes over Uttarakband State. Pune. Available
at: https://imdpune.gov.in/hydrology/rainfall
variability page/uttarakhand_final.pdf.

Helvarg, D. 2019. How will California Prevent More
Mega-wildfire Disasters?, National Geoprapbhic.
Available  at:  https://www.nationalgeographic.
com/science/article/how-will-california-prevent-
more-mega-wildfire-disasters (Accessed: 22 July
2021).

Hersbach, H., Bell, B., Berrisford, P., Hirahara,
S., Horinyi, A., Muoz-Sabater, J. and
Simmons, A. 2020. The ERA5 Global Reanalysis.
Quarterly Journal of the Royal Meteorological
Society, 146(730): 1999—2049.

Jethva, H., Torres, O. and Yoshida, Y. 2019.
Accuracy Assessment of MODIS Land Aerosol
Optical Thickness Algorithms using AERONET
Measurements over North America. Atmospheric
Measurement Techniques, 12(8): 4291-4307.

Joseph, S., Anitha, K. and Murthy, M. S. R. 2009.
Forest Fire in India: A Review of the Knowledge
Base. Journal of forest research, 14(3): 127-134.

Khadka, N. S. 2021. Why India and Nepal’s Forest
Fires are Worrying Scientsts. BBC News, 12 April.
Available at: https://www.bbc.com/news/world-
asia-india-56671148.

Landgraf, J., Scheepmaker, R., Borsdorff, T., Hu,
H., Houweling, S., Butz, A., Aben, I. and
Hasekamp, O. 2016. Carbon Monoxide Total
Column Rettievals from TROPOMI Shortwave
Infrared Measurements. Atmospheric Measurement
Techniques, 9(10): 4955-4975.




2

Levy, R. C., Mattoo, S., Munchak, L.A., Remer,
L.A., Saer, A.M., Patadia, F. and Hsu, N.C.
2013. The Collection 6 MODIS Aerosol Products
over Land and Ocean. Atmospheric Measurement
Techniques, 6(11): 2989-3034.

Levy, R. C., Remer, L. A. and Dubovik, O. 2007.
Global Aerosol Optical Properties and Application
to Moderate Resolution Imaging Spectroradiometer
Aerosol Retrieval over Land. Journal of Geophysical
Research: Atmospheres, 112(D13).

Li, H., Haugen, J. E. and Xu, C.-Y. 2018.
Precipitation Pattern in the Western Himalayas
Revealed by Four Datasets. Hydrology and Earth
System Sciences, 22(10): 5097-5110.

Littell, J. S., Peterson, D.L., Riley, K.L., Liu,
Y. and Luce, C.H., 2016. A Review of the
Relationships between Drought and Forest Fire in
the United States. Global Change Biology, 22(7):
2353-2369.

Liu, T., Marlier, M.E., DeFries, R.S., Westervelt,
D.M., Xia, K.R., Fiore, A.M., Mickley, L.J.,
Cusworth, D.H. and Milly, G. 2018. Seasonal
Impact of Regional Outdoor Biomass Burning
on Air Pollution in Three Indian Cities: Delhi,
Bengaluru, and Pune’, Armospheric Environment,
172: 83-92.

Lutz, A. F., Immerzeel, W.W., Shrestha, A.B. and
Bierkens, M.F.P. 2014. Consistent Increase in
High Asia’s Runoff due to Increasing Glacier Melt
and Precipitation. Nature Climate Change, 4(7):
587-592.

Lyapustin, A., Wang, Y., Laszlo, I., Kahn, R.,
Korkin, S., Remer, L., Levy, R. and Reid, J.S.
2011. Multiangle Implementation of Atmospheric
Correction (MAIAC): 2. Aerosol algorithm. Journal
of Geophysical Research: Atmospheres, 116(D3).

Martinho, V. J. P. D. 2019. Estimating Relationships
between Forest Fires and Greenhouse Gas
Circular and Cumulative Effects
or Unidirectional ~Causality? Environmental
Monitoring and Assessment, 191(9): 1-12.

Martins, V. S., Lyapustin, A., deCarvalho,
L.A., Barbosa, C.C.F. and Novo, E.M.
2017. Validation of High-resolution MAIAC
Aerosol Product over South America. Journal
of Geophysical Research: Atmospheres, 122(14):
7537-7559.

Merino, A., Pérez-Batallén, P. and Mac\ias, F.
2004. Responses of Soil Organic Matter and
Greenhouse Gas Fluxes to Soil Management
and Land Use Changes in a Humid Temperate
Region of Southern Europe. Soil Biology and
Biochemistry, 36(6): 917-925.

Emissions:

Journal of Forest and Livelihood 21 (1) June 2022

Bhattarai et al.

Mhawish, A., Banerjee, T., Sorek-Hamer, M.,
Lyapustin, A., Broday, D.M. and Chatfield,
R., 2019. Compatison and Evaluation of MODIS
Multi-angle  Implementation of  Atmospheric
Correction (MAIAC) Aerosol Product over South
Asia. Remote Sensing of Environment, 224: 12-28.

Mishra, M. C. 2021. With more Forest Fires and an
Ongoing Pandemic, Forest Dwellers Feel the Heat
this Year. Mongabay, 28 May. Available at: https://
india.mongabay.com/2021/05/with-more-forest-
fires-and-an-ongoing-pandemic-forest-dwellers-
feel-the-heat-this-year/.

Muiioz-Sabater, J., Dutra, E., Agust-Panareda,
A., Albergel, C., Arduini, G., Balsamo, G.,
Boussetta, S., Choulga, M., Harrigan, S.,
Hersbach, H. and Martens, B. 2021. ERA5-
Land: A State-of-the-Art Global Reanalysis Dataset
for Land Applications. Earth System Science Data
Discussions, GmbH: 1-50.

Nandi, J. 2021. 48 Hours on, Forest Fires Rage
across Mizoram. The Hindustan Times, 27 April.
Available at:  https://wwwhindustantimes.com/

india-news/48-houts-on-forest-fires-rage-across-
mizoram-101619463394309.html.

NOAA. 2021. Billion-Dollar Weather and Climate

Disasters:  Events, National — Centres  for
Environmental Information. doi: 10.25921/stkw-
TwT3.

Pérez-Cabello, F., Cerd, A., De La Riva, ],
Echeverr, M.T., Garc a- Mart, A., Ibarra,
P., Lasanta, T., Montorio, R., Palacios,
V. 2012. Micro-scale Post-fire Surface Cover
Changes Monitored using High Spatial Resolution
Photography in a Semiarid Environment: A
Useful Tool in the Study of Post-fire Soil Erosion
Processes. Journal of Arid Environments, 76:
88-96.

Puri, K., Areendran, G., Raj, K., Mazumdar, S.
and Joshi, P.K. 2011. Forest Fire Risk Assessment
in Parts of Northeast India using Geospatial Tools.
Journal of Forestry Research, 22(4): 641-647.

Rawat, R.S., Karky, B.S.,Rawat, V.R.S., Bhattarai,
N. and Windhorst, K. 2020. REDD + Readiness
in the Hindu Kush Himalaya. In: R. S. Rawat et al.
(Eds). Dehradun: Biodiversity and Climate Change
Division Directorate of International Cooperation

Indian Council of Forestry Research and Education
P.O. New Forest, Dehradun- 248006, India.

Remer, L. A., Kaufman, Y.J., Tanr, D., Mattoo, S.,
Chu, D.A., Martins, J.V., Li, R.R., Ichoku,
C., Levy, R.C., Kleidman, R.G. and Eck, T.F.
2005. The MODIS Aerosol Algorithm, Products,



&3

and Validation. Journal of Atmospheric Sciences,
62(4): 947-973.

Remer, L. A., Mattoo, S., Levy, R.C. and Munchak,
L.A. 2013. MODIS 3 km Aerosol Product:
Algorithm and Global Perspective. Atmospheric
Measurement Techniques, 6(7): 1829—1844.

Ribeiro-Kumara, C., Kister, E., Aaltonen, H. and
Kister, K. 2020. How do Forest Fires Affect Soil
Greenhouse Gas Emissions in Upland Boreal
Forests? A Review. Environmental Research, 184:
109328.

Sannigrahi, S., Pilla, F., Basu, B., Basu, A.S.,
Sarkar, K., Chakraborti, S., Joshi, P.K.,
Zhang, Q., Wang, Y., Bhatt, S. and Bhatt,
A. 2020. Examining the Effects of Forest Fire
on Terrestrial Carbon Emission and Ecosystem
Production in India using Remote Sensing
Approaches. Science of the Total Environment,
725: 138331.

Sarkar, S., Singh, R. P. and Chauhan, A. 2018. Crop
Residue Burning in Northern India: Increasing
Threat to Greater India. Journal of Geophysical
Research: Atmospheres, 123(13): 6920—6934.

Sastry, N. 2002. Forest Fires, Air Pollution, and
Mortality in Southeast Asia. Demography, 39(1):
1-23.

Sati, V. P. 2019. Shifting Cultivation in Mizoram, India:
An Empirical Study of its Economic Implications.
Journal of Mountain Science, 16(9): 2136-2149.

Sharma, A. 2021. Smoke Engulfs Shimla as Raging
Fire Spreads to Surrounding Forest. Outlook,
The Fully Loaded Magazine. Available at: https://
www.outlookindia.com/website/story/india-news-
smoke-engulfs-shimla-as-raging-fire-spreads-to-
surrounding-forest/380435.

Shuchita, S. and Senthil, K. A. 2020. Implications
of Intense Biomass Burning over Uttarakhand in

April--May 2016. Natural Hazards, 101(2): 367—
383.

Springate-Baginski, O. 2018. Decriminalise Agro-

Forestryl A Primer on Shifting Cultivation
in  Myanmar.  Amsterdam:  Transnational
Institute. ~ https://www.  tni.  org/files/
publication-downloads/tni\ p\ shifting\

cultivation\ 220518\ online.
Awgust, 5, p. 2020.

Thakur, J., Thever, P., Gharai, B., Sai, S. and
Pamaraju, V. 2019. Enhancement of Carbon
Monoxide Concentration in Atmosphere due to
Latge Scale Forest Fire of Uttarakhand. Peer], 7:
e6507.

pdf.  Accessed

Journal of Forest and Livelihood 21 (1) June 2022

Bbhattarai et al.

THT. 2021. Nepal Chokes on Smoke, Ash as Wildfires
Rage. The Himalayan Times, 14 April. Available
at:  https://thehimalayantimes.com/nepal/nepal-
chokes-on-smoke-ash-as-wildfires-rage.

Touma, D., Stevenson, S., Lehner, F., Coat, S.
2021. Human-driven Greenhouse Gas and Aerosol
Emissions Cause Distinct Regional Impacts on
Extreme Fire Weather. Nature Communications,
12(1): 1-8.

Tran, B. N., Tanase, M.A., Bennett, L.T. and
Aponte, C. 2020. High-severity Wildfires in
Temperate Australian Forests have Increased in
Extent and Aggregation in Recent Decades. PloS
one, 15(11): ¢0242484.

EPA. 2020. Understanding Global Warming
Potentials,  United  States  Environmental
Protection Agency. Available at: https://www.
epa.gov/ghgemissions/understanding-global-
warming-potentials (Accessed: 18 July 2021).

Vachula, R. S., Sae-Lim, J. and Russell, J. M. 2020.
Sedimentary Charcoal Proxy Records of Fire in
Alaskan Rundra Ecosystems. Palaeogeography,
Palaeoclimatology, Palaeoecology, 541: 109564.

Wijngaard, R. R., Lutz, A.F., Nepal, S., Khanal,
S., Pradhananga, S., Shrestha, A.B. and
Immerzeel, W.W. 2017. Future Changes in
Hydro-climatic Extremes in the Upper Indus,
Ganges, and Brahmaputra River Basins. PloS one,
12(12): €0190224.

Willis, K. J. (Eds). 2017. State of the World’s Plants
Report-2017. Royal Botanic Gardens.

Winker, D. M., Tackett, J.L., Getzewich, B.]., Lui,
Z.,Vaughan, M.A. and Rogers, R.R. 2013. The
Global 3-D Distribution of Tropospheric Aerosols
as Characterized by CALIOP. Atmospheric
Chemistry and Physics, 13(6): 3345-3361.

WWE. 2020. Fires, Forest and the Future: A Crisis
Raging out of Control? World Wide Fund For

Nature Conservation.

us

Zhang-Turpeinen, H., Kivim, M., Altonen, H.,
Berninger, F., Kister, E., Kister, K., Menyailo,
O., Prokushkin, A. and Pumpanen, J. 2020.
Wildfire Effects on BVOC Emissions from Boreal
Forest Floor on Permafrost Soil in Siberia. Sczence
of the Total Environment, 711: 134851.




