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Vulnerability of Indian Central
Himalayan forests to fire in a warming
climate and a participatory
preparedness approach based on
modern tools
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Wildfires have been considered as part of the natural
cycle, but the globe is witnessing them more often out-
side the natural cycle. In recent years, incidences of
wild fire/forest fire are increasing globally, and also
in India. The Himalayan region is not an exception,
where wide inter-annual fluctuations occur in fire
events, and a few of them lead to disasters resulting in
immediate and cascading social and economic impacts
and thus to vulnerability and exposure of Himalayan
forests to current climate variability. Mountainous
topography and insufficient state resources are a
bottleneck to respond to fire disasters. This study analy-
ses the role of climate as a precursor to large-scale
forest fires, and the perception of village forest coun-
cils on the impact of forest fire and climate change. A
framework has been proposed for integration of
ground-based observation network and prevailing
modern technologies as a mechanism to develop a fire
potential index to reduce disturbances and for
resource optimization in case of disastrous fires.

Keywords: Climate change, community forest, fire
potential index, forest fire, Himalaya.

FOR the countries of the world, impacts of climate change
are consistent with a significant lack of preparedness for
current climate variability'!. A changing climate leads to
changes in the attributes of extreme events (frequency,
intensity, spatial extent, duration and timing); hence un-
precedented extreme weather and climate events are
becoming frequent’”. Impacts from recent climate-related
extremes (heat waves, droughts, floods, cyclones, wild-
fires, etc.) reveal significant vulnerability to current
climate variability (very high confidence)* and exposure
to ecosystems®, including many human systems. Global
records from 1880 indicate a steady increase in warm
years and increasing frequency’, particularly after 1980
(Figure 1 @). This is also evident by the occurrence of ten
warm years during the past decade (2001-10) and the
warmest year (among all the previous years) till date®, i.e.
2015. The same holds true for the Asian continent, where
deficit in annual precipitation during the southwest mon-
soon season in India was also observed for the same year
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Figure 1. a, Frequency of warm years in different decades. b, Incidences of forest fire during some years before

and after the creation of Uttarakhand state.

(2015)". In 2015, rainfall during monsoon period (1 June
to 30 September) was 86% of a large average of 50 years
(1951-2000). In tune with the continental pattern, only
half of the landscape in India received normal rainfall,
while the other parts had deficient rainfall (23%-47% in
different parts of the country)’.

High temperature and less rainfall affect various
ecosystem processes; thus over the past half a century
climate change has affected many aspects of forest eco-
systems, including tree growth and dieback, insect out-
breaks, species distribution and seasonality of ecosystem
processes®. About 39% of area in the monsoonal states of
the northwestern Himalayan region (Himachal Pradesh
and Uttarakhand) is under forest cover (India State of
Forest Report 2015). These states received less rainfall in
the warmest year of 2015 (deficient of 23% and 28%
from the normal rainfall respectively)’. These attributes
(continuous warm and dry periods) coinciding with leaf-
fall period (ranging between February and May) in major
tree species of the Himalayan forests’, and followed by
dry weather of the summer season, play a pivotal role in
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developing a high wildfire/forest fire potential in this part
of the Himalaya'"''. These extreme climatic events may
influence the extent of wildfire, its severity and fre-
quency'"'?, and may be converted into disastrous events
(Figure 1b) on combining with other factors, e.g. man-
agement practices and governance issues. This is also
apparent by the number of forest fire incidences occur-
ring outside the administrative boundaries of the Forest
Department of Uttarakhand in recent years'®. Technologi-
cal advancement has enabled to detect forest fires over a
large landscape'?; however, its efficacy remains in ques-
tion in detecting small fires of short duration, particularly
from dense forests''. The present study explores (i) the
role of climatic variables as a precursor to forest fire, and
(i1) suggests an ‘early warning system’ for preparedness
or real-time reporting by integrating modern techniques
(using commonly available tools) and people’s knowl-
edge on the ground (perceptions and observations on
changes in local environment).

As the altitude and geology vary considerably, so do
the vegetation types in Uttarakhand. Altitude ranges from

2101



RESEARCH COMMUNICATIONS

nearly ~300 to above 6000 m amsl in the state. Large pat-
tern of altitudinal occurrence of forests in Uttarakhand is
as follows — on the lower slopes of the Siwalik ranges
and foothills, forests dominated by Shorea robusta (sal)
occur which are replaced by forests of Pinus roxburghi
(chir-pine) above 1000 m. Chir-pine forests are prepon-
derant in most of the Lesser Himalayan belt up to
1800 m, which is also the principal habitat zone of human
settelment. Above the pine forests various species of oak
(Quercus) dominate the higher elevations up to 3000 m
(Q. leucotrichophora, Q. floribunda and Q. semecarpifo-
lia). High-altitude forests include Abies pindrow, Betula
utilis, Aesculus indiac, Juglans regia, etc.).

Daily reports of fire incidence were obtained from the
State Forest Department'’ and analysed for distribution
over a temporal scale (total of weekly incidences). The
Forest Department recruits fire watchers and makes
arrangements on the ground to report and control forest
fires; however, the terrain and limited resources make it
impossible to reach everywhere in the mountainous to-
pography of the state (Figure 2).

In 2015, nearly 20% of the fire incidences occurred in
the areas outside the Reserve Forests (i.e. Civil Soyam/
Community Forest or Van Panchayat), which increased
considerably in 2016 (35% of total fire incidences by
June)"®. Van Panchayat is managed by local villagers
through a management council for each village forest
(Chairman and Council Members). Fifteen Van Pancha-
yat areas were identified and visited during the fire sea-
son of 2016 in the districts of Pauri (usually having the
highest forest fire incidences among all the districts;
source: forest statistics) and Rudraprayag to understand
the perception of people who are directly linked with the
management of these community forests, and are the
prime stakeholder for the needs. Method for perception
study includes informal discussions and structured ques-
tionnaires regarding observations on climate change and
associated impacts that can be easily understood by the

Figure 2.

High-intensity forest fire in a pine forest.
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common man. These include general observations/
experiences on (i) awareness about the issue of climate
change, (ii) important observations on changes in local
weather (mainly temperature and precipitation), and
occurrence of disasters, if any, and (iii) likely local indi-
cators (responses of trees and crops, etc.) of climate
change. Meteorological observations at a mid-Himalayan
location, viz. Almora district were obtained from auto-
matic weather station installed at the GB Pant National
Institute of Himalayan Environment and Sustainable
Development, Kosi-Katarmal. For developing integrated
framework, analysis was done on the existing mechanism
for strengths and weaknesses of the system on real-time
monitoring and preparedness as an advance warning
system.

The landscape of the Indian Central Himalaya (presently
Uttarakhand and previously Kumaun and Garhwal divi-
sions of the state of Uttar Pradesh) has an history of oc-
currence of forest fires'*. Prolonged drought has been
associated with forest fires of the last century (1921,
1930, 1942, 1970 and 1995)". However, 2015 was glob-
ally the warmest and driest during post-monsoon period;
it carried the dryness till the fall of summer of the next
year, i.e. 2016 (Figure 3), which increased potential cir-
cumstances for forest fire occurrence, and eventually
converted into fire disaster of 2016. With a continuous
increase in air temperature from late January 2016 and
no/minimal rainfall since October 2015, incidences of fire
in the State started from February and March of 2016
(Figure 3); however, it was minimal (five in February,
and 19 in March)"®. With rising temperature without pre-
cipitation, fire incidences increased sharply in the follow-
ing months of the summer season (April— 1057 in
number and May — 979), where fresh leaf litter was ac-
cumulating on the forest floor, and was drying quickly in
this environment, thus adding to increase in the fire po-
tential for surface fire in these forests (Figure 2). Hence
in 2016, 4433 ha of forests was affected by fire, of which
64% was in government forests. On an average more than
2 ha of forest area was affected during each fire inci-
dence. This excludes 103 ha of plantation areas affected
by fire in the state in the same year. A total loss of Rs 4.6
million was estimated due to forest fires during 2016 (ref.
13).

Dry weather spell also led to delayed ripening of fruits
in the forests (e.g. Myrica esculenta which contributes
significantly to local economy, and Berberis asiatica; as
observed by the villagers). Forest fire incidences caused
mortality of tree seedlings and saplings in the forests,
which will affect regeneration in the long run. The unripe
fruits on trees along with the dried ones indicate that the
increasing temperature has affected the growth vigour,
eventually leading to either mortality or late ripening.
Before the fire season, edible forest fruits became dry ei-
ther or did not ripen which resulted in delayed marketing
and thus affected the livelihood (e.g. M. esculenta), but
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Figure 3. Weekly climate in the preceding year (2015), and early season at mid-Himalayan location
(Kosi-Katarmal), and total fire incidences of 2016 in Uttarakhand. Gaps in January and February 2016 are due to

missing data for those weeks.

Table 1.

Observations/experiences of villagers and impacts felt during and after major forest fires

Observation/experience

Visible impact felt/experienced

Smoke and particles in air

Falling of stones after forest burning on the road and
habitation below

Dead vegetation due to burning of forest floor

Falling of burning cones of pine or burnt logs

Decline in visibility

Breathing problem

Threat for human life on the road and livestock in the
villages located below

Damage to property — car, bus, etc.

No revival of saplings and seedlings due to mortality
Fodder not available due to complete damage of plants,
even in the next year

Spread of forest fire in down slope

after a fire event, there is wide-scale loss of such liveli-
hood options and forest vegetation.

General observations of Van Panchayat managers were
as follows: (i) awareness about the issue of climate
change (100% respondents); (ii) changes in the local
weather of a particular area (100%), and (iii) increase in
forest fire in recent years (100%), which is also apparent
from the records of the Forest Department (Figure 15).
Majority of them (66.6%) were either not able to associ-
ate other natural disasters with climate change or did not
have any opinion regarding the issue. Most of them
(86.7%) were of the opinion that generally air tempera-
ture has increased in the last three decades; however the
remaining (13.3%) were not sure about it. Similarly, most
of the respondents (87%) observed a reduced length of
winter season; however, 13% mentioned that it has in-
creased. Among the snowfall receiving locations in this
study people did not notice any changes in the amount of
snowfall received (66.7%), however 13% of respondents
were not observant on this (Don’t Know category). Pre-
vailing general agreement among the respondents was on
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the pattern and quantum of precipitation (duration of
rainy season and amount of rainfall), and increased inten-
sity of rainfall (100% respondents for all three parame-
ters). High-intensity rainfall for short duration is frequent
in recent years, and a few of them are converted to cloud
burst leading to a disaster. Immediate experiences/
observations during and post-fire disaster are impacts on
health, danger to life, loss of property, and negative
changes in the surrounding environment and forest eco-
system (Table 1).

Perceived changes of Van Panchayat managers regard-
ing local weather and climate are in agreement with the
experiences of a large section of society across the state
and observed evidences from the state'®. Thus an aware
person/villager in a remote locality may act as a vigilant
eye on the ground, and can provide crucial inputs to a
dedicated centrally located ‘Fire Information and Control
System’ of the state. Uttarakhand has more than 12,000
community forests spread all across the 13 districts in va-
ried topography. Thus, it can be converted into a huge
ground-based network of people (village councils) with

2103



RESEARCH COMMUNICATIONS

Table 2.

Inputs from the ground network to develop ‘forest fire potential index’

Input

Likely impact on forest fire
(1) (high), (-) low

Ground-based condition of forest floor

Thick layer of dried leaves +
Dryness of litter +
Heavy leaf fall +
Weather (last seven days) at a locality of Van Panchayat/range/compartment
Rain showers -
Sunny days +
Human activities (chances of accidental fires)
Movement of grazers +
Movement of tourists +
Weather Satellites Thermal/Fire
Satellites
g
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Figure 4.

the aid of their mobile phones. These mobile phones
(simple ones) should have geo-referencing at the time of
registration, so that locations are easily understood and
plotted on geo-spatial domain using GIS, i.e. ‘registered
mobile phones’. For smartphones, a simple application
(App) may be developed for receiving fire-related infor-
mation and other observations from different localities
submitted by various people (Table 2). Such Apps have
an advantage of receiving information in different forms,
i.e. text and photographs that can be tagged in real time
for geo-referencing. Thus flow of information from dif-
ferent ground locations will be helpful in developing a
‘fire potential index’. This can be drawn on inputs re-
ceived from various localities — (i) prevailing ground
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Framework for integration of ground observations and modern technologies to reduce forest fire risk.

conditions, i.e. local weather (rainfall — occurrence of
rain showers, and temperature — warm conditions in the
past few days or weeks), (ii) leaf fall intensity in nearby
forest tree species, and status of leaf litter (dry, semi-dry
or wet), particularly in the areas of preponderance of
chir-pine trees which have highly inflammable leaf litter
that coincides with dry summer’, (iii) real-time weather
report from meteorological satellites (probability of rain-
fall in near the future), and (iv) spotting of active fire
(MODIS/SNPP-VIIRS). Such an index or alert with
geo-spatial coordinates (in terms of compartment/beat/
range or names of Van Panchayat) can be broadcast
(short message service and App developed for this pur-
pose).
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The ground-based vigilant citizens/councillors/forest
field staff can also act as additional ‘field watchers’ in
providing first-hand information on the occurred and in-
tensity of forest fires in their surrounding localities.
Integration of fire potential index with inflowing infor-
mation from different localities will play a vital role to
allocate resources for firefighting, which may be opti-
mized through a decision support system on GIS (Figure
4). Such preparedness is a pre-requisite to combat threats
of climate change (extreme event in this case) when cou-
pled with responses of the natural system (unsynchro-
nized leaf fall in trees) and anthropogenic activities (poor
governance, accidental fire, limited resources, etc.).

More than half of the forest cover of India is subjected
to fires each year, and beside the consequences on struc-
ture and functioning of the ecosystem, may cause a huge
economic loss (over Rs 440 crores)'?. Causes of forest
fire are attributed to various natural and anthropogenic
(deliberate and accidental) factors'’. Man and forest are
interspersed in the Himalayan landscape, and till date
historical linkages with surrounding forest exist. Forests
of the Indian Central Himalayan region (Uttarakhand) are
well documented to provide vital support for sustenance
of village functioning'®'®. This region has a history (since
colonial period) to oppose the State Forest Management,
if restrictions are imposed. In such cases resentment was
shown by burning those forests which were controlled by
the Forest Department'®. Declaring ‘forest crime’ with
imprisonment and a heavy fine had made the State Forest
Management unpopular. Forest fires of 1921, 1930 and
1942 are being associated with people’s movement for
rights in the forest and for independence'”. However, the
same land has also witnessed the famous forest conserva-
tion movement, ‘Chipko’ by villagers to protect their
forests. Thus, this Himalayan landscape has the potential
for weaving social values into forest management and its
protection. Existing management structure of community
forests (~12,000 forest councils in Uttarakhand) may be
activated through incentive-based mechanism, and may
be combined during the active fire season with locally
deployed resources of the Forest Department. Use of
modern techniques (ground to sky) are key features in
combating forest fires and also to scale down the social,
economical, and ecological consequences and adverse
effects. Community forest councils and aware villag-
ers/citizens are important in the preparedness (fire poten-
tial index) and management of forest fire (during the
event) to conserve valuable forest wealth of the Hima-
laya. The proposed integrated approach will reduce the
vulnerability of Himalayan forests to impacts of climate
change in the mountains and elsewhere.
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