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Fire history and climate-growth response of Abies spectabilis :

A case from Langtang National Park, Nepal Himalaya

S. Basnet"*, N. P. Gaire? and P. K. Chhetri?

This study presents the potential of a conifer species (Abies spectabilis D. Don)
to reconstruct fire history by using dendrochronological technique along with the
dendroclimatic response in Langtang National Park, Central Himalaya of Nepal. For
the fire history reconstruction, altogether eight cross-sections samples from fire-
affected eight trees and another 20 tree-cores from 10 trees with visible fire scars were
taken. In the case of dendroclimatic study, 24 healthy cores of A. spectabilis were
selected from the 40 cores extracted from 19 trees. The standard dendrochronological
methodology was used for sample preparation and analysis. A 199-year long ring-width
chronology of A. spectabilis spanning from 1818 to 2016 AD was developed. In spite
of visible fire burn in near bark-surface, no potential fire scars are seen in inner parts in
the cross-section samples. However, 12 cores showed that three fire burns occurred
simultaneously in the forest area in the years 1917-1918, 1969-1970 and 2009-2010,
respectively. Tree-ring-based fire event-record is found to be concurrent to the local
people's perceptions/experience about the past fire history in the area. Tree growth
climate relationship showed sensitive responses to both growing and non-growing
season’s temperature and precipitation variability. Summer temperature had positive
influence on growth of the species. Precipitation of monsoon and autumn were found
to have negative influence on radial growth whereas pre-monsoon precipitation had
positive association with tree radial-growth. This preliminary assessment shows that
there is a huge potential of tree-ring research for long-term fire history in the region
and helps us to better understand the role of fire in the ecology and management in
the Himalayan region. The study can also be replicated in other fire-affected areas of
the Himalayan region by using fire sensitive species in the sampling.
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rings

ire is an integral component of the earth
F system, and plays a key role in regulating

vegetation  structure and  ecosystem
function (Pausas and Keeley, 2009). It is also
recognized as an important ecosystem process
globally (Hurteau et al., 2014), and is both
human-induced and natural one (Fowler and
Konopik, 2007; Cohen et al., 2007). Fire regime
is relatively influenced by multiple factors, and
understanding them is one of the fundamental
objectives of fire ecology, and this knowledge
is critical for improving our ability to forestall
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future fire regime changes. A series of factors are
thought to influence fire activity such as climatic
variability like temperature and precipitation
(Bradstock, 2010). For example, when it is dry
in a year after relatively wet years, forest fire is
inclined to occur. Fire history is also related to
large-scale climatic events. For instance, fire
always occurs in the years of transition from El
Nifio to La Nifa (Xiaochun and Ying, 2009),
and phase combination of large-scale climatic
events is more likely than a single event to lead
to fire. In addition, landscape-scale patterns of
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vegetation (Heon et al., 2014), topography and
land use change (Rollins et al., 2002; Moreira
et al., 2011), human activities (Liu et al., 2012;
Pausas and Fernandez-Mufioz, 2012) are also
the crucial one. Besides, factors such as fuel
characteristics, fire management activities and
climate change are also considered to influence
fire activity in a region (Dimitrakopoulos et al.,
2011a). An attempt on tree-ring based fire study
have been done in Himalayan region of India
(Brown et al, 2011) and Bhutan (Gyeltshen and
Tenzin, 2018), but no studies have been carried
out in the Himalayan region.

In Nepal, human-induced forest fire is considered
as one of the main reasons for alterations in forest
ecosystems and loss of biodiversity in all the
major physiographic/climatic regions including
the Terai and Bhabar, the Siwaliks or the Inner
Terai, the Middle Mountains, and the High
Mountains regions (GoN/MFSC, 2010). Mostly
forest fires occur during the dry season from
February to June; and once the monsoon starts, fire
problem disappears (Sharma, 1996). However,
wide range of challenges related to institutional,
policy and legal frameworks have been identified
as lacking (GoN/MFSC, 2010). Not only that,
lack of sufficient fire statistics for Nepal has also
been recognized as one of the major problems for
studying fire ecology in Nepal.

Dendrochronology is an interdisciplinary science
with wider applications in multiple sectors
including forestry and climatology (Speer, 2010).
So, inspecting fire-scarred trees dated with
dendrochronological techniques will be reliable
method for providing quantitative information on
fire-regime evidence at multiple scales to study
fire events, their frequency, severity and patterns
even on remote geographical area. Though several
tree-ring related studies have been carried out in
Nepal (Cook et al., 2003; Chhetri and Thapa,
2010; Gaire et al., 2011, 2014, 2016) but study
regarding the fire disturbances in the perspective
of dendroecology is still lacking in the whole
country (Gaire et al., 2013; Thapa et al., 2017).
So this study will help to inform management,
and provide insight into the effects of fire on study
area. Similarly, it helps to fill the research gap
in dendroecology and fire impacts in mountain
forest dynamics. Further, it forms the baseline for
future studies along with the influence of climate
on its radial growth.

Materials and methods
Study area

The study site was carried out in Cholangpati,
Laurabinayak, Chandanbari and Deurali area
lying within the Langtang National Park (LNP,
Figure 1). Extending over an area of 1,710 km?,
it was established in 1976, and is the fourth
protected area in Nepal. It is the first Himalayan
national park, and is surrounded by a buffer zone
of 420 km?. The National Park covers an area of
1,710 km? encircling 26 Village Committees of
Nuwakot, Rasuwa and Sindhupalchok districts of
the central Himalayan region. The LNP is situated
between 28°1026" N and 85°33'11" E. The
northern and eastern borders of the LNP coincide
with the international border and are linked with
the Qomolangma National Nature Preserve in
Tibet while the western boundary follows the
Bhote Kosi and Trishuli rivers.

As LNP extends from 792 m to 7,245 m above
mean sea level (the peak of Mt. Langtang Lirung),
there is an extreme climatic contrast with tropical
climate in the south to arctic climate in the north.
The southern part is warmer with an average
temperature of 30°C in summer and 10°C in
winter while the northern part is very cold below
freezing point. The six different climatic zones
are noted in the region : tropical, subtropical,
temperate, subalpine, alpine and arctic. Winter is
very cold, and there is snowfall for six months
(December to May). June and September are the
monsoon months with three-fourth of the annual
rainfall. The post-monsoon period from October
to November and winter months from December
to February are usually dry. The average rainfall
is 1,900 mm per annum.

The area is composed of a mosaic of habitats,
including grass land, shrub land, and few tree
stands. Patches of Berberis mucrifolia and
Rhododendron lepidotum comprise the major
shrub species in the shrub land in the upper
subalpine region (3,600 — 4,000 m) of the valley
whereas few patches of Jumiperus indica are
also present on the valley floor at around 3700
m a. s. l. The well-known shrub species such as
R. setosum, R. anthopogon, Hippophae tibetana
and Juniperus spp. are wide spread from about
4,000 m up to 4,500 m amsl. On the other hand,
parts of the northern and northwestern facing
mountain slopes of the Valley are dominated by
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tree species like Betula utilis, A. spectabilis and
R. campanulatum. They form a forest belt in the
upper subalpine zone. B. utilis, R. campanulatum
or combinations of these tree species forms the
forest line at 4000 m a. s. 1.

Figurel : Location Map of the Study Area
(Langtang National Park), Himalayan region

Data and sample collection

Both primary and secondary data were used in the
present research. Primary data (tree cores samples
and cross-sections from the fire scarred trees)
were collected from the field survey. Similarly,
the secondary data were acquired through
different literatures, reports, journals, articles etc.
Likewise, the climatic data were obtained from
the nearby station of the study area. The primary
data were collected in the following ways :

Non-probability sampling method developed by
Beaty and Taylor (2008) was followed for the
selection of both the area and trees as the study
was, moreover, concentrated on fire history
reconstruction. First of all, the forest stands
susceptible to fire were identified and selected
on the basis of the detailed literature review and
the preliminary observation in the field. Both the
living and dead trees with distinct cat’s eye scars
from fire in their trunks were taken for sampling. A
systematic survey was conducted on foot, starting
from one edge of the sample site to the other
edge following the procedures of (Christopoulou
et al., 2013). The cross-sections of the charred
or blackened trunks or barks with the scars of
charcoal were collected from the felled trees. The
cores of the standing trees, at basal height (30cm
above the ground) indicating the longest and most
complete fire history based on externally visible
fire scars and wood preservation, were collected
with the help of the Pressler’s Increment Borer

(Speer, 2010 and Skinner et al., 2008). The
closely situated old trees in the site were cored to
cross-date, to build the master chronology as well
as to determine tree age structure of forest on the
basis of the technique developed by (Vasileva and
Panayotov, 2016).

Sample preparation and data analysis

The collected tree cores were preceded for
laboratory analysis at the Nepal Academy of
Science and Technology (NAST). The dried
samples were mounted on the wooden frame
followed by sanding and polishing manually until
the ring boundaries were clearly visible under
microscope. Each ring were counted and dated to
the calendar year (Stokes and Smiley, 1968) with
the known date of outer ring formation. With the
help of LINTAB Measurement System attached to
a PC having TASP-win Software, the ring-width
of each series were then measured. Crossdating
was done in TSAP by using alignment plotting
technique and crossdating statistics (Rinn, 2003).
Accuracy of measurement and crossdating was
further examined using quality control program
COFECHA (Holmes, 1983). Series with several
breakages or having individualistic growth
properties were discarded from further analysis.
Detrending of raw tree-ring series was carried
out in ARSTAN as well as dpIR (Bunn, 2008).
A 40 year cubic smoothing spline was fitted
for standardization and removal of age related
growth trend and finally a standard ring-width
chronology was developed. Autocorrelation
present in the standard chronology was removed
with the help of autoregressive (AR) modelling to
develop residual chronology.

Climatic data analysis

The observed climate data is necessary to
examine the response of tree growth (ring-width
chronology) with the climate, which is the basis
for growth response analysis. As Kyangjin is the
nearest station located from the site but it has
data of very short duration of time expanding
from AD 1987 to 2015 with many missing
values. Therefore, the data of Kyangjin climate
data was of no use for this study. Other nearest
meteorological station was Dhunche station. The
precipitation data of this station ranged from AD
1971 to 2015 whereas, the temperature data ranged
from AD 1996 to 2015. There were also missing



Banko Janakari, Vol 29 No. 2, 2019 Pp 3—-12

Basnet et al.

data in both temperature and precipitation. So,
due to relatively shorter period of time, online
climate datasets, i.e. climate research unit time
series data sets (CRU TS3. 24) from the nearest
grids region longitude = 85. 00 to 85. 50°, latitude
=28. 00 to 28. 50° were downloaded using KNMI
climate explorer (Trouet and Oldenborgh, 2013;
http : //climexp. knmi. nl/). The CRU TS 3. 24
has climate data from AD 1901 to 2016. As it is
always good to use instrumental data, the climate
data of Dhunche Station was collected. The
data of this Station has relatively longer period
as compared to that of Kyangjin Station, and so
it has been also used by different researchers
for their study in Langtang National Park. The
climatic data of this Station showed strong
association with the average climate data of the
grids (n =152, p <0. 01). The CRU grid climate
data was used for response analysis. The climate
record of this Station showed that June, July,
August and September were the hotter months
whereas November, December, January and
February being the cooler months during the
period of 1901-2016 AD (Figure 2). Similarly,
higher precipitations were experienced in April,
May, June, July and August whereas the months
of September, October, November and December
had lesser precipitation (Figure 2).
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Figure 2 Mean Monthly Rainfall and
Temperature (CRU TS 3. 24) of study region
of Himalayan region

Results and discussion
Fire Characteristics (Analysis
sections and Cores) in study area

of Cross-

Altogether, 8 cross-sections from three different
trees species (4 cross-sections from Abies
spectabilis, 2 from Juniper sp. and 2 from Pinus

wallichiana) were collected from the field. The
fire history of 4. spectabilis was reconstructed
based on the 4 cross-sections and 20 cores from
10 different visible trees with fire scars. The
fire history of the other two species was not
remodeled due to a fewer samples to accurately
date the fire occurrence. After sanding and
polishing, the cross-sections were analyzed,
but no visible fire scars were seen. However,
12 cores of A. spectabilis showed that three
fires have occurred and burned the forest area
simultaneously during the periods of 1917—-1918,
1969-1970 and  2009-2010  respectively.
Example of potential fire marks visible in the
tree cores of A. spectabilis are shown in Figure
3. Those fire occurrence events found from the
tree core analysis were then cross-matched with
the perception given by the local people and with
the calendar year together with those years where
massive fire had occurred at study area based
on literatures (Kharel, 1993; Khadka, 2009;
Mitchell, 2009; Malakar, 2012). These fire years
experienced during hot climate and less rainfall
compared to the other non-fire years. However
due to lack of references of fire history in the
region, it was difficult to identify all the fire scars
in all cores and date according to the calendar
year. Tree-ring based fire reconstruction is noble
study for Himalayan region, as there is no such
study from the region. However, previous studies
from India and Bhutan have shown the potential
and suitability of Pinus roxburghii (Brown et al.,
2011) and P. wallichiana in the forest fire history
reconstruction from the Himalayan region. As
these species are also widely distributed in the
Himalayan region, there is a possibility to extend
forest fire history reconstruction in the middle to
high mountain regions of Nepal.

Figure 3 : Pictures (a, b and c), showing the
potential fire scars in the tree core samples of
Abies spectabilis
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Tree ring-width chronology from Langtang

A 199-year long residual ring-width chronology
extending from 1818 to 2016 AD was prepared
which showed growth fluctuations over time
(Figure 4). There was a long positive growth
trend since 1850s to nearly 1950s after which
there is continuous decline in the growth of A.
spectabilis.

15 20
Sample Depth

10

5

Figure 4 : The residual ring-width chronology
of Abies spectabilis from the Langtang region
of Nepal Himalaya with red colored curve
representing 40 years spline-smoothing curve

The average annual radial growth of 4. spectabilis was
1. 26 mm/year. The value of mean sensitivity was 0.
32 with the standard deviation 0. 295. The correlation
within trees, between trees and for all series was 0.
505, 0. 254 and 0. 263, respectively. The SNR was
6. 1 and the EPS was also above the commonly used
threshold for common period (Table 1).

The chronology statistics observed in this study
are similar to those reported for the same species
from Langtang and other regions (Chhetri and
Thapa, 2010; Gaire et al, 2011, 2014, 2017,
Shrestha et al., 2017). The growth trends observed
in this study were found to be similar with those
of the previous studies (Chhetri and Thapa, 2010;
Dawadi et al., 2013; Gaire et al., 2011, 2014;
2017, Shrestha et al., 2017). Chhetri and Thapa
(2010) did not observe any persistent trend in the
growth of the species. Gaire ef al. (2011) also did
not find any persistent growth trend during the
past 220 years in the 4. spectabilis chronology
growing at treeline ecotone of the LNP. On the
contrary, Shrestha et al. (2017) found increasing
and decreasing growth trend in the A. spectabilis
chronology along the elevation gradient in the
Langtang region. Similarly, Dawadi ef al. (2013)
also observed fluctuation in the growth of B.
utilis over the past 400 years in the Langtang

region. Similarly, Thapa et al. (2017) also
reported increasing or decreasing growth trend
in different chronologies from Nepal Himalaya.
The differences between the growth trends in
the present study and the previous studies could
be due to the differences in the species, site
conditions as well as methods used to detrend the
raw tree-ring series, and the type of chronologies.

Table 1 : The chronology statistics of Abies
spectabilis ring-width chronology from LNP,
Nepal Himalaya

Statistics Res1:il:)11a()l g(;,hro-
Average annual radial 1.26
growth
Mean segment length 107
25"quantile 72
75"quantile 150
Time span 199 (1818-2016
AD)
Cores (trees) 24 (19)
Mean sensitivity 0. 320
Standard deviation 0.295
*Acl 0. 036
Common interval 52
r-bar (-) (all series) 0.263
r-bar (-) (within trees) 0.505
r-bar (-) (between trees) 0.254
Effective chronology signal 0. 338
Signal-to-Noise Ratio 6. 080
(SNR)
Expressed Population Sig- 0. 859
nal (EPS)

Climate growth relationship of A. spectabilis

After examining the chronology characteristics
of A. spectabilis, it was found that it has
dendroclimatic potential and suitable for
assessing the growth-climate response analysis
(Fritts, 1976 and Speer, 2010). The response
analysis carried out between the ring-width
chronology and climate revealed a significant
positive relationship with the temperatures
of January and June of the current growth
year (Figure 5). Precipitation of June, August,
September and October showed significant
negative relationship with the ring-width
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chronology whereas the precipitation of March
showed positive relationship (Figure 6).
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Figure 5 : Response between A. spectabilis
chronology and climate (temperature) of study
area at (p>0. 05)
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Figure 6 : Response between A. spectabilis
chronology and climate (precipitation) of the
study area (p>0. 05)

The seasonal correlation showed that there was
significant negative response between monsoon
and autumn season precipitation with tree ring
chronology (Figure 7). On the contrary, there was
a significant positive response between the tree
ring chronology and monsoon season temperature
(Figure 8).
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Figure 7 : Seasonal correlation result between
tree-ring data of A. spectabilis and climate
(precipitation) of the study area (p> 0. 05)
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Figure 8 : Seasonal correlation result between
tree-ring data of A. spectabilis and climate
(temperature) of the study area (p> 0. 05)

The overall growth climate relationship result
revealed that the growth of 4. spectabilis in
the study area was mainly limited due to low
temperature during the growing season and
moisture availability during the beginning of the
growing season, especially during March. June is
the peak growing season for tree growth in the
study area; therefore, higher temperature during
this month would be beneficial for the growth of
the trees there. As the study area received less
precipitation during the pre-monsoon season,
the moisture availability during this season,
which is also the growth start period, is very
important for tree growth. The rainfall during
the monsoon and autumn season is negatively
associated with the growth. This could be due to
indirect effect of temperature. Our study area lies
in humid region with summer monsoon rainfall
mainly contributing for annual rainfall and area
receiving sufficient water for tree growth (more
than 2000 mm annual rainfall). High rainfall in
monsoon means, higher cloud coverage in the
area, which blocks the incoming solar radiations
and ultimately lowering the temperature. High
rainfall with high cloud cover in the area can
lead to temperature decrease. This could shorten
the growth period or affects the lignifications of
the cells of A. spectabilis, ultimately negatively
affecting the growth of the species. The decrease
in temperature negatively affects the growth as
we found a positive relationship between the
growth and temperature during monsoon season.

The relationship between A. spectabilis growth
and the climate variables were relatively weaker
and more diverse in comparison to the findings
from the previous literatures. However, the
study done on this species at different parts of
the Himalayan region were receptive with the
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temperatures of different seasons like winter
(Suzuki, 1990; Cook et al., 2003; Briuning,
2004; Lv and Zhang, 2012; Chhetri and Cairns,
2016), spring (Sano et al., 2005; Gaire et al.,
2011; Kharal et al., 2016; Tiwari et al., 2016) and
summer (Cook et al., 2003; Lv and Zhang, 2012;
Gaire et al., 2017) but the literatures showed, a
strong negative relationship with temperature and
a positive relationship with precipitation during
the pre-monsoon months as the dominant climatic
signals for this species in the Nepal Himalaya.
The results of this study showed slightly different
responses to climate than those observed in
the same species from the region (Gaire, 2008;
Chhetri and Thapa, 2010; Gaire et al., 2011;
Shrestha et al., 2017). Some differences in the
response with previous studies could be due to
the variations in the methods used for chronology
development and differences in the climate data
used for response analysis. Similarly, some
differences in the response with the previous
studies could arise due to site condition too. The
bases of the trunks of almost all the sampled trees
in the present study were found to be affected
by the fire with the visible fire scars which may
affect the physiological activities of the trees and
thus, to some extent, influence the climate signal
of the growth.

Conclusion

This research was carried out in the Langtang
National Park in Nepal Himalaya to know the
potentiality of A. spectabilis to reconstruct the fire
history in the region. The fire history reconstructed
from the tree-ring study (1917-1918, 1969-1970
and 2009-2010) matched well with the local
peoples' reporting. As the Abies trees affected by
several fire events in the past are still standing
alive in the study area, it could be concluded that
A. spectabilis is resistant to minor fire events and
suitable for fire history study. By collecting the
samples from frequent fire-affected areas and
analysis of the samples with more sophisticated
instruments can give the fire frequency and
intensity result more precisely. Not only that, this
kind of study can be replicated in the other areas
by incorporating other fire sensitive species like
P. roxburghii, P. wallichiana, and Juniper species.
The climatic response of A. spectabilis growth
from the historic fire affected study area was
diverse and weaker in comparison to the findings
from the previous literatures indicating some

effects of fires on modulating climate-growth
response.
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