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ARTICLEINFO ABSTRACT

Keywords: Increased wildfire activity in the Himalayan Mountains due to climate change may place rural livelihoods at risk,
Forest fire vet potential climate change effects on forest fires in this region are poorly investigated. Here we use Bhutan's
Elue pine blue pine (Pinus wallichiana) ecosystems to study the sensitivity of fire behavior to climatic changes. Wildland
[r_’!"‘”-‘_ wallichiana fires are one of the higgest threats to forest resources in Bhutan; blue pine ecosystems, in particular, are of high
::E :'f;'?;r concern because of their importance for rural livelihoods and relatively high frequency of forest fires. Due to the
;‘-'lld1-'|;c“:ii:nula:it:n geographical and socioeconemic characteristics of Bhutan, the region is highly sensitive to climate change. We
FlamMap investizated fire hazards in the wildland-urban-interface (WUI) of two valleys in Bhutan (Thimphu and Jakar),

Rural livelihoods
Climate change
Adaptive management
Bhutan

Himalayas

where human settlements and infrastructure are surrounded by blue pine forests. We applied FlamMap, a
spatially-explicit wildfire simulation model, to simulate fire behavior under four climate scenarios. As indicators
of fire behavior, we used flame length, rate of spread, crown fire activity, burn probability, and fire size. With the
simulation outcomes we constructed a fire hazard map showing the hotspots of forest fire susceptibility.
FlamMap predicts a two-fold increase in fire hazards in the WUI for both study areas owing to climatic changes.
The capital city of Thimphu has, on average, greater fire hazards than Jakar, though fire hazards are spatially
variable within both study areas. Our study contributes to the understanding of and ability to predict forest fire
hazards in Himalavan blue pine ecosystems. The findings will help to more precisely allocate fire management
resources in the WUIL, plan suburban development to minimize fire risk to livelihoods, and adapt forest man-
agement in the face of climate change.
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Cultural sites
are often
surrounded

by fire-prone
forests




Introduction¢ Blue pine ecosystems

- Bhutan forest cover 70.8%, blue pine covers 3.7%

. Bluepine
. Broadleaf
. Chirpine
] Fir

I:' Mixed conifer

- Blue ping(Pinuswallichiang:

Native to Himalayas; elevation 2193200 m

Early successional species
- Secondary eveiaged stands
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- Most are < 60 years old due to ag abandonm

Young trees are highly fire prone

Occur in close proximity to settlements

Climate change and Blue Pine

- . KdziFyQa Of AYIFGS adaNery3Ite AyTi dz
- Altered monsoon dynamics, including failures and delays

- Possible increase in fire activi@yeltscher2018)
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Introduction¢ Research problem and objectives

Climate change is expected atter fire regimes
Blue pine iyery sensitive to wildfire - Few studies on forest fires in Bhutan

Rural livelihoods arbighly dependenton forest resources
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Objectives Hypotheses

I. ldentify effects of
climate change on
wildfire hazards in

I.  Climatic changes (hotter,
drier conditions) are likely to
increase wildfire hazards

the WUI ii. There is strong spatial

ii. Characterize and variability in wildfire hazards
map wildfire between and within study
hazards areas



Methods workflow

Data Data s?/r\r?lljcllgtriin | Fire hazard
collection processing index
model
- Vegetation/fuel profile -  Fuel structure - FlamMap - Fire hazard map
- Topography characterization - Climate scenarios

- Interpolation to
landscape level

- Climate



Study area and data collection
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[l Blue pine forests in Bhutan

[0l Study areas
Thimphu 58 plots
Jakard4 plots

Total plots sampled

Plot distribution inThimphu(left) andJakar(right). In orange, borders
of the study area.



