Taylor & Francis
s s | INternational Journal of Sustainable Development &
World Ecology

ISSN: 1350-4509 (Print) 1745-2627 (Online) Journal homepage: http://www.tandfonline.com/loi/tsdw20

Historical evidence of climatic variability and
changes, and its effect on high-altitude regions:
insights from Rara and Langtang, Nepal

Pramod Lamsal, Lalit Kumar & Kishor Atreya

To cite this article: Pramod Lamsal, Lalit Kumar & Kishor Atreya (2016): Historical evidence
of climatic variability and changes, and its effect on high-altitude regions: insights from Rara
and Langtang, Nepal, International Journal of Sustainable Development & World Ecology, DOI:
10.1080/13504509.2016.1198939

To link to this article: http://dx.doi.org/10.1080/13504509.2016.1198939

@ Published online: 24 Jun 2016.

\]
C»/ Submit your article to this journal

||I| Article views: 72

A
& View related articles &'

P

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tsdw20

(Download by: [University of New England] Date: 06 March 2017, At: 21:20 )



http://www.tandfonline.com/action/journalInformation?journalCode=tsdw20
http://www.tandfonline.com/loi/tsdw20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/13504509.2016.1198939
http://dx.doi.org/10.1080/13504509.2016.1198939
http://www.tandfonline.com/action/authorSubmission?journalCode=tsdw20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tsdw20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/13504509.2016.1198939
http://www.tandfonline.com/doi/mlt/10.1080/13504509.2016.1198939
http://crossmark.crossref.org/dialog/?doi=10.1080/13504509.2016.1198939&domain=pdf&date_stamp=2016-06-24
http://crossmark.crossref.org/dialog/?doi=10.1080/13504509.2016.1198939&domain=pdf&date_stamp=2016-06-24

INTERNATIONAL JOURNAL OF SUSTAINABLE DEVELOPMENT & WORLD ECOLOGY, 2016
http://dx.doi.org/10.1080/13504509.2016.1198939

Taylor & Francis
Taylor &Francis Group

Historical evidence of climatic variability and changes, and its effect on high-

altitude regions: insights from Rara and Langtang, Nepal

Pramod Lamsal?, Lalit Kumar® and Kishor Atreya®

aSchool of Environmental and Rural Science, University of New England, Armidale, Australia; PAsia Network for Sustainable Agriculture

and Bioresources (ANSAB), Kathmandu, Nepal

ABSTRACT

Climatic variability and its effects have been experienced in the high-altitude regions of Nepal
for some considerable time. Most of the studies on local people’s perception available so far
in Nepal on climate include with respect to weather changes, and almost none have been
verified with satellite imagery. This study thus attempts to combine meteorological and
satellite imagery for comparing local people’s perception so that a more robust validation
can be established. Both qualitative (transect walk, key informant interview, focus group
discussion and institutional visit) and quantitative (meteorological and satellite image) data
and techniques were employed. Local people from Rara and Langtang in Nepal shared their
observations and perceptions on the changing climate for the last three decades and the
effects on them and their local microclimate. Apart from temperature, rainfall and snowfall
anomalies, locals observed changes in the water sources and increasing drought along with
alteration in the phenology of tree and agricultural crops as well as vegetation range
migration. Satellite image analysis also confirms a change in snow cover as notified by the
local people. This study shows that local people’s knowledge could be considered as a
complement to the observed scientific evidences of climate change science and their percep-
tions can be used reliably where scientific data are lacking. Finally, perceived climatic risks,
current gaps and future opportunities are discussed and some recommendations are
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suggested.

1. Introduction

The evidence of climatic variability and its effects in
Nepal has been reported by many studies and some
have expressed serious concern on its negative effects
on ecosystem and biodiversity. Chaudhary and Aryal
(2009) documented perceptions of local people on cli-
matic variability and its effects on ecosystems and its
biota in eastern Nepal while Chapagain et al. (2009) also
portrayed similar interesting stories from a wide arrays
of people living in lowland, hill and high-altitude regions
of Nepal. They both mentioned different perceived
experiences of local people, especially on changes in
weather and climatic pattern over the last few decades
and how different plant and animal species respond to
the new temperature and rainfall regime. Bhusal (2009)
reported corresponding effects on ecosystem function
and biological systems such as prolonged drought, shift-
ing of plants, changes in flowering and fruiting time of
forest and horticultural crops, arrival of new invasive
species and altered crop ripening and harvesting time.
Local people of the Kanchenjunga region of eastern
Nepal documented similar diverse observation on
changes in their local ecosystems and biodiversity
(Chaudhary et al. 2011).

Himalayan regions are among the most vulnerable
regions in the world (Shrestha et al. 2012), and the
real concern is that large portions of landmass of
Nepal fall into this region. A recent study (Salick
et al. 2014) of alpine regions on the 1500 km stretches
of Eastern Himalaya that contains portions of China'’s
Tibetan plateau, Bhutan and Nepal revealed an
increase in average annual temperature by 1.5°C and
total annual rainfall by an average of 360 mm over the
last 60 years (1950-2010), both indicating and validat-
ing the effect of global climate change in this region.
In Nepal, past studies have shown that climate
change is real in most of the high-altitude regions,
and local people have perceived those changes. Some
of these include increases in annual temperature
(Macchi et al. 2011; Manandhar et al. 2011; Gentle &
Maraseni 2012; Aryal et al. 2014a; KC and Parajuli
2015), annual rainfall (Macchi et al. 2011; KC and
Parajuli 2015), erratic rain fall (Gentle & Maraseni
2012; McDowel et al. 2013; Konchar et al. 2015),
delay in monsoon (Macchi et al. 2011), decreased
winter rainfall (Aryal et al. 2014b) and rapid snowmelt
(Manandhar et al. 2011; McDowel et al. 2013; Aryal et
al. 2014a, 2014b; KC and Parajuli 2015; Konchar et al.
2015). Such observations of increased temperature,
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erratic and less rainfall and delayed monsoon were
also revealed for the hills of Nepal (Piya et al. 2012)
and Terai lowland (Devkota et al. 2011; Ireland 2012).
These evidences clearly show that the high-altitude
and other low-lying regions of Nepal have experi-
enced climatic variability. Similar changes of climatic
pattern on temperature, rainfall and snowfall have
also been perceived by the people living in other
neighboring high-altitude regions of South Asia,
such as eastern Himalaya (Sharma et al. 2009);
Bhutan (RSPN 2012); Bangladesh (Huda 2013);
Himachal state of India (Basannagari and Kala 2013;
Kaul & Thornton 2014); Uttaranchal state of India
(Kumar et al. 2008); northeast Sikkim Himalaya
(Mishra et al. 2014); northern highland of Pakistan
(Joshi et al. 2013; Gioli et al. 2014; Maryam et al.
2014); also in northwest Yunnan region (Haynes &
Yang 2013) and Tibet region (Li et al. 2013) of China.

Bickerstaff (2004) defined perception as subjective
evaluation that evolves from experiences and person-
ality disposition that affects one’s individual behavior
and attitude while Wakefield et al. (2001) narrated
that individual's everyday experience and exposure
to media and other outside sources helps in forming
and reinforcing perception. Consideration of percep-
tion is an important prerequisite for developing any
kind of climate strategies for the field-level programs
such as adaptation and mitigation. This is because if a
person perceives the ongoing variability in climate
and also recognizes its likely effects, then implemen-
tation of climate effect offset strategies will become
easier. As Vedwan and Rhoades (2001) stated, study of
people’s perceptions on climate and the environment
is @ must in order to understand how they might
respond to climate change. Similarly, Leiserowitz
(2007) documented a global perception on climate
change and stated that public risk perception of cli-
mate change influences the way they respond against
it and is an important indicator to change the beha-
vior that collectively could have enormous effect on
our climate. In many instances, people’s perceptions
have been found consistent with climatic data gener-
ated by meteorological stations (Gbetibouo 2009;
Wiid & Ziervogel 2012; Haynes & Yang 2013; Teye
et al. 2015). Therefore, such observations and per-
ceived thought of local people on climate change
recorded at a local level could offer valuable place
specific and culturally contextualized information,
which in most cases we are unable to derive from
global and regional assessment models (Konchar et al.
2015) and is especially important for a data-deficient
developing country such as Nepal.

The recent technological development of both
meteorological records and geospatial techniques
such as remote sensing is helpful in studying and
validating climate change phenomena. Meteorological
station records temporal data on different climatic

parameters of the locality and could be readily used
for understanding climatic phenomena and validation
of human natural observations. Satellite remote sen-
sing techniques have now become a requisite for eco-
logical applications and measuring environmental
changes (Kerr & Ostrovsky 2003). It is now a pioneer
in climate change studies, mainly due to its unparal-
leled global and fine-scale spatial coverage, character-
ized by independent source of observation (Yang et al.
2013). The snow cover changes could be some of the
potential effects of warming temperature in the high-
altitude regions, and satellite remote sensing is an
appropriate tool for analyzing such trends.

We do not have to wait for scientific outcomes in
hand for implementing remedial measures. This espe-
cially holds true for a country like Nepal, where scien-
tific research lags far behind compared to other
developed countries and also has acute data defi-
ciency. Available literature on people’s observations
and perceptions in Nepal is in most cases in agree-
ment with meteorological observations, meaning that
it could be used as baseline information to reach
conclusions and then design or formulate suitable
strategies for adaptation and mitigation of extreme
climatic effects on the ecosystems. For example, some
recent government efforts on adaptation directed
toward responding to climate change under climate
change policy (2011) include the formulation and
piloting of Nepal national adaptation program of
action and local adaptation plan of action, both of
which could benefit greatly if they consider integrat-
ing local’s climatic observations and perceptions. In
the context of Nepal, most of the studies available so
far on climate perception include perception with
respect to weather changes, and almost none have
been verified with satellite imagery. This study, on the
other hand, attempts to combine both meteorological
and satellite imagery for comparison with perception
data so that a more robust validation can be estab-
lished. The objectives of this study are thus (i) to
document and discuss the effects of climate variability
and change on the high-altitude ecosystems of Nepal
through a perception-based analysis, and (ii) to vali-
date whether anomalies in climatic variables, mainly
temperature, rainfall and snow cover, conform to the
local perception.

2, Methodology
2.1. Study area

Two geographic locations, Rara and Langtang regions
of western and central Nepal, respectively, represent-
ing high-altitude ecosystems, were selected for this
study (Figure 1). The main purpose of selecting two
study sites was to look at the nature and extent of
climatic effect on local landscape including ecosystem
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Figure 1. Study area showing high-altitude Rara and Langtang regions.

and biodiversity as well as document how people
living in similar altitudinal range but spatially different
locations observe and perceive the same environmen-
tal phenomena. As Crona et al. (2013) stated, most of
the perception-based climate change studies are spe-
cific place based, and therefore comparative studies
across sites could explain how people with different
socioecological context understand and interpret cli-
mate change and its risks.

Rara is located between 29°26' to 29°34'N and 82°
00’ to 82°10'E within the administrative unit of Mugu
and Jumla districts. The area is also under jurisdiction
of Rara National Park, which was established in 1976.
Rara region comprises 11 forest types consisting
upper subtropical to alpine zones. The climate
belongs to dry winter and wet monsoonal summer.
The winter is quite severe, starting from October, with
snow falling during December to April, temperature
falling below 0°C. There are 67 settlements in the
buffer zone, located inside and at the periphery of
the park boundary, with estimated 2548 households.
The major ethnic groups include Chhetri and Thakuri.
Agriculture is the major occupation of most of the
inhabitants, while tourism activity is very low as com-
pared to other high-altitude regions (MFSC 2014).

Similarly, Langtang is located between 28°00" to
28°20'N and 85°15' to 86°00'E within the administra-
tive unit of Rasuwa, Nuwakot and Sindhupalchok dis-
tricts, under jurisdiction of Langtang National Park,
established in 1976. Langtang region comprises 18
forest types consisting of montane tropical to alpine
zones. The seasonal rainfall pattern is dominated by
the southerly monsoon that occurs between June and

September. Similarly, temperature in the region
reaches its maximum during July—August and falls to
a minimum during December-January, with minimum
average temperatures below 0° from November to
April. There are more than 110 small and large settle-
ments in the buffer zone, located inside and at the
periphery of the park boundary, with an estimated
16,000 households, mainly belonging to local Sherpa
and Tamang of Buddhist community. The major occu-
pation of the local people is tourism activity as this
region attracts good number of national and interna-
tional visitors each year due to its beautiful Himalayan
landscape and the location of the Gosainkunda Lake,
a place of significant religious value (MFSC 2012).

2.2. Study approach

Both qualitative and quantitative data were used in
this study. Qualitative data included observation and
perception of local people on changing climatic vari-
ables and its effects, while quantitative data included
satellite imagery and ground-based meteorological
information of temperature and rainfall.

2.2.1. Field observation

This includes various participatory rural appraisal and
rapid rural appraisal techniques such as transect walk,
key informant interviews (Klls), focus group discus-
sions (FGDs) and institutional visits carried out in
November 2015, in both Rara and Langtang regions.
We carried out two FGDs in Rara [each in Pina and
Karkibada Village Development Committees (VDCs)]
and one in Langtang (Syapru VDC). Similarly, four
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Table 1. Sampled VDCs and settlements for Kil and FGD in the study sites.

Study sites Districts VDCs Settlements Elevation range (m)
Rara Mugu Karkibada, Rara, Pina Talcha Airport, Talcha Gimu khola, Jhyari, Rara, Murma 2900-3200
Langtang Rasuwa Syapru Chandanbari, Cholangpati, Lauribina, Thulo Syapru 3000-3600

and five Klls per settlement were conducted in Rara
and Langtang, respectively. Field observations on the
effects of climate change on both study area were
carried out simultaneously during transect walks and
while doing Klls and FGDs. The respondents for the
Klls were selected purposively after consultation with
the department staff and executive members of the
buffer zone of both national parks. In order to get
historical information, two criteria were set: a respon-
dent should be at least 35 years old and he/she
should have been residing in the area for at least
30 years. The sampled VDCs and settlements for this
study, all of which lie within buffer zone, are given in
Table 1.

Each FGD consisted of 8-10 participants. The main
purpose of the FGD was to get additional information
that was not captured during Kll and to verify prior
information from the people. A semistructured ques-
tionnaire was designed, pretested in the field and
finalized. The questionnaire mainly seeks information
on key indicators of climatic variability and change
that people have readily observed in their daily life,
such as summer and winter temperature, rainfall sea-
son, duration and intensity, snowfall season and
intensity, drought, tree and crop phenology, and inva-
sive species. Furthermore, our study also focused on
understanding how people of the two geographical
locations observed and perceived the changes in
snow cover and upward shifting of vegetation tree
line over the last 30 years. Different trend criteria were
set to extract information on climatic parameters
(Table 2). During FGDs, discussions were undertaken
to extract additional information on similar climatic
indicators and audio recorded in order to use for data
analysis. We portrayed qualitative information
obtained through Klls and FGDs in the form of narra-
tive experiences and observations, bearing witness to
the changing climate and increasing climatic variabil-
ity in both the study sites.

Table 2. Criteria for extracting information on climate change

2.2.2. Meteorological data analysis

Ground station-based two major climatic variables,
temperature and rainfall of both the study sites for
25 years, were collected from the Department of
Hydrology and Meteorology, Nepal, and analyzed.
The trends were used to validate the climatic opinion
made by respondents. For temperature and rainfall
historical data, we used data recorded at meteorolo-
gical station located near the study sites (Rara: index
no. 0307, elevation 3048 m; Dhunche: index no. 1055,
elevation 1982 m; Kyanzin: elevation 3920 m). These
meteorological data were analyzed and graphically
presented using Microsoft Excel package.

2.2.3. Satellite image analysis

Freely available Landsat images of four different time
periods covering 38 years for both study sites
(Table 3) were downloaded from the United States
Geological Survey Earth Explorer web portal. ERDAS
Imagine 2015 software was used to preprocess and
then classify the acquired images. The MSS image
was resampled to 30 m pixel size to make it compar-
able with the other higher-resolution images.
Geometric correction was carried out for all the
images. Dark object subtraction and top of atmo-
sphere were done as part of image preprocessing.
Classification in our case mainly focused on snow
and no snow detection as our objective was to
extract the extent of snow cover change in the
study region. Unsupervised classification was
employed for the classification of four different
time period images, which uses automated compu-
ter-based ISO data algorithm to locate snow features
from a heterogeneous sample and classify them to
the closest snow cluster. Unsupervised change detec-
tion technique is the most basic form of direct multi-
data classification based on a single analysis of
combined data sets of two or more dates (Singh
1989). We used a cluster of 50 spectral classes and

observation of local people.

Trend criteria

Climatic parameters

Increasing, decreasing or no change in the last 30, 20 and 10 years

Number of days it rains during mid-June to mid-September (90 days in
total) prior to 20 years and since 7 years back

Depth of snow on villages if snow falls for 24 h for 20 years ago and
since the last 7 years

Start month and end month of snowfall for 20 years ago and since the
last 7 years

Rainfall pattern, snowfall pattern, summer temperature (hotness), winter
temperature (coldness), traditional water source and drought

Rainfall days

Snowfall thickness

Snowfall season

Start week/month and end week/month of flowering or harvesting time R. arboreum and other agricultural crops

of vegetation for 20 years ago and since the last 7 years
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Table 3. Snow cover change in Rara and Langtang regions
over the period of 38 years.

Year/month Snow cover area (ha) Change in snow cover area (ha)

Rara

1977 March 2083 1977 to 1994 = —331
1994 March 1752 1994 to 2003 = —395
2003 March 1357 2003 to 2014 = + 24
2014 March 1381

Langtang

1977 March 53,830 1977 to 1988 = + 24,131
1988 April 77,961 1988 to 2002 = —3925
2002 March 74,036 2002 to 2014 = —9622
2014 March 64,414

20 iterations, as Mukherjee and Mukherjee (2009)
reported that for unsupervised classification error
propagation could be well reduced by increasing
the number of such spectral classes. As this study
lacks in situ ground truth measurements, freely avail-
able high-resolution Google Map was used for ver-
ification of snow data wherever possible, as
suggested by Jensen (2005). Finally, change detec-
tion maps were prepared using ArcGIS software (ver-
sion 10.2, ESRI Inc., Redlands, CA, USA). As per WMO
(2011), 30 years of satellite time-series data could
provide a base to detect reliable trends of climatic
variables, and many of the essential climate variables
of the earth’s atmospheric and terrestrial domain
could substantially benefit from satellite observation.

3. Results

3.1. Local’s observation and perception of
changing climate

3.1.1. Rainy days and rainfall pattern

In Rara, respondents mentioned that 20 years ago
there used to be an average 63 rainfall days during
mid-June to mid-September, while it is only around
13 days over the same period during the last seven
years. The average net change in rainfall day was
found to be 49 days. The majority, that is, 70% of
the respondents in Rara, indicated that the number
of rainy days during the rainy season (mid-June to
mid-September) has decreased continuously in the
last 30 years. One respondent narrated on the past
rainfall that ‘during rainy season many insects used to
emerge on the farm land and village roads, however
the extent of such insects has decreased drastically in
recent times due to less rainfall’. Another voiced,
‘Three water mills used to operate whole year in
Nijar River, an outlet of Rara Lake, but now they hardly
run four months during the rainy season’. Similarly, in
the Langtang region, there used to be around 65
rainfall days during the same monsoon season,
which has now reduced to around 22 days. The aver-
age net change in rainfall day was 43 days, which is
lower compared to Rara. Around 75% of the respon-
dents observed continuous decline of rainy days com-
pared to the past 20 years.

All respondents at both sites fully agreed with the
statement that rainfall pattern has been unpredictable
in recent years compared to the past. For example, a
respondent in Langtang lamented, ‘We had never
seen such an unpredictable nature of rainfall timing
and intensity in the past. The past rainfall used to be
very normal, timely and useful for agricultural crops
but now-a-days, it is unusual and more intense that
rather damages agricultural crops and terraces'.
Similarly, a majority of the respondents at both sites,
apart from confirming a shift in the months of rainy
season these years, agreed that rainfall pattern and
intensity has been abnormal and very difficult for
them to predict, affecting their traditional annual
crop calendar.

3.1.2. Snowfall thickness, pattern and season
Snowfall was found to be higher in Rara compared to
Langtang. There used to be an average of 5 feet of
snow in Rara 20 years ago if snowfall continued for
24 h (almost 55% agreed) compared to the recent
years of 2 feet snow (almost 75% perceived), with
the net change of 3 feet. People perceived snowfall
benefits agriculture. A local told, ‘The year that brings
more snow in mid January to mid March is a lucky
year for us as more snow means more moisture in the
soil, which will in turn help in more production of
barley (Hordeum vulgare) and wheat (Triticum aesti-
vum), the main staple food for us’. However, he
further recalls that there has been no snowfall in his
village since 2005. Another respondent said, ‘Some 15
to 20 years ago, snowfall was in sufficient quantity so
that agricultural pests were in control (because of
chilling effect insects die), giving rise to agricultural
production, but in recent years there is more occur-
rence of pest attacks because of less snowfall’. Some
villagers cited decreased movement of snow leopard
(Uncia uncia) as an indicator of less snowfall. In
Langtang, it used to be 4 feet of snow in the past if
snowfall continued for 24 h (45% agreed), which in
recent years has decreased to around 1.5 feet, with
net changes of 2.5 feet. This was clearly reflected
during the FGD, ‘We all were born and brought up
in the lap of Langtang Mountain, that always used to
be covered by thick snow all the year round up to its
base. Now you see it as a mass of bare black rock with
thin snow cover most of the time’. Snowfall pattern
has also changed in the Langtang region in recent
times as some respondents recounted, ‘Earlier in the
winter season, snowfall started from the hilltop
Gosainkunda (4400 m) and slowly came down up to
Syaprubesi (2000 m), but now the snow hardly even
touch Cholangpati (3300 m)".

Similarly, in Rara, a mixed observation was noted
on changes in the snowfall season. Earlier, mid-
November to mid-April had the most snowfall, which
nowadays extends from mid-September to mid-May,
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but with reduced snow quantity. A comparable find-
ing to Rara was observed in the Langtang region.
Earlier, mid-November to mid-April had most of the
snowfall; however, nowadays it starts from mid-
October up to mid-May. Some respondents did not
observe any changes in snowfall season.

3.1.3. Summer temperature

In Rara, 70% of the respondents indicated that sum-
mer temperature (hotness) has been increasing con-
tinuously for the last 30 years in the region. ‘We never
observed apple growing 20 years ago but now it is in
everybody’s homestead due to increase in tempera-
ture’, said one respondent. Another echoed, ‘I knew
local birds such as Chancher, Phangras, Danphe
(Lophophorus impejanus) and Kalo Kalij (Catreus wall-
ichii) used to migrate down to the lower elevation
such as Lamachaur (300 m) from Rara (3000 m) during
snowfall season of mid December to mid February,
however since the last 7-8 years, they are not migrat-
ing as we have now more warming weather com-
pared to the past. In Langtang, 75% of the
respondents observed the continuous increment in
temperature in the last 30 years. Retreating glaciers
in the Langtang region were presented as evidence of
recent warming of the Himalaya. A local trekking
guide said, ‘l work as a trekking guide and travelled
to many mountain ranges in the Langtang. | have
seen glaciers of Ganesh and Lantang Mountain
retreating very fast since the last 10-12 years'.
‘Banmara (Ageratum adenophora), an invasive shrub
grown normally on low land, having with hot climatic
conditions, such as Bharku, Kalikasthan and Trishuli
are now invading Langtang region since 7-8 years
back’, agreed by respondents in FGD.

3.1.4. Winter temperature

Fifty percent of the respondents in Rara believed that
winter temperature has decreased compared to the
last 30 years. On the contrary, one-fourth were of the
view that winter temperature has instead increased in
these years while 15% said that it has indeed started
increasing only from the last 20 years. Ten percent did
not think there is an alteration in the trend of winter
temperature. In Langtang, only 30% of the respon-
dents agreed on the statement of decreasing winter
temperature compared to that of Rara. ‘Earlier, in the
winter season, river water got converted and
remained as ice, blocking us for swimming, but
these days no such incident is seen though it is
cold’, informed the locals. Forty percent believed
that winter temperature is continuously increasing
while 25% expressed not observing any such changes.
People narrated that the more the snowfall, the less
the coldness and vice versa, ‘In the past, there used to
be sufficient snow during the winter season, making it
less cold, however due to less snow in recent times,

winter is getting cold’. This indicates no clear pattern
of coldness as we see in rainfall.

3.1.5. Traditional water sources

Seventy percent of the respondents in Rara noted
traditional water sources, main sources of drinking
water available from ground recharge, in the villages
have decreased continuously due to anomalies in
rainfall pattern and intensity. As they said, ‘We had
one big natural water sources just ten minutes away
from the village but it dried some years ago. Now we
have managed piped water from another water
source which is around 5 km away'. Interestingly, in
Langtang, a similar proportion of respondents felt the
declining state of such water sources. One local
shared, ‘The disappearance of nearby water sources
has forced us to use snow over the roof for water
harvesting for drinking and other household chores’.

3.1.6. Drought

Drought is also considered as an indicator of rainfall
amount. The majority (70%) of the respondents in
Rara noted increased drought in the last 30 years
while 15% of them have seen drought as a major
stress only for the last 10 years. An elder local shop-
keeper narrated, ‘Drought has been so extreme and
common these days, the effect of which has been on
the potato (Solanum tuberosum) production, the main
staple of this cold region due to less rainfall’. Similarly,
a majority (65%) of respondents in Langtang also
agreed that drought has been continuously increasing
since the last 30 years. A respondent voiced that ‘in
the last 7-8 years, we received very less rainfall, and
as a result, crops like potato and maize (Zea mays) dry
in the field. Apart from decreased production of major
staple crops such as potato, wheat, beans (P vulgaris),
maize, finger millet (Eleusine coracana) and barley, we
have also noticed the increase of insect pest in farm
land because of this drought'.

3.1.7. Species migration and phenological changes
Respondents in both the study sites informed of the
migration of plants and animals from their original
habitat. In Rara, 20% of the respondents noted
range shift by plant species in their locality. For
instance, one respondent from Rara said, ‘Abies spect-
abilis, Juniperus indica and Betula utilis has migrated
upwards in many hilltops in Rara region but | am not
sure when it started’. Villagers also cited some new
plant and bird species that were not around in the
past. ‘We are seeing two plants, locally called Tilkhulo
and Badigola as well as a bird locally called Nyauli only
from the last 8-10 years back’, a local teacher
revealed. A change in the phenology of a migratory
bird was explained as, ‘common coot (Fulica atra) a
migratory bird, used to visit the lake in mid-August to
mid-September but since the last 7-8 years they are
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Figure 2. Diverse local perception on climatic parameters in Rara (n = 20) and Langtang (n = 20) regions. Notes: CI30Y:
continuous increasing since the last 30 years; CD30Y: continuous decreasing since the last 30 years; NC: no change seen since
the last 30 years; SI20Y: started increasing since only 20 years back; SI10Y: started increasing since only 10 years back;
SD20Y: started decreasing since only 20 years back; SD10Y: started decreasing only since 10 years back.

coming mid September to mid November, nearly with
a one month delay’. Another such change was nar-
rated by a woman who runs a local lodge near Talcha
airport,

25 years back in Gamgadi (a Bensi, a village located in
lower elevation landscape), some agricultural crops
such as Kaun, Mas (black gram), finger millet, and
Bhatmas (soybean) and local rice varieties such as
Papare Dhan and Khetali Dhan used to ripen in mid
October to mid November, which at that time was
not possible in Tobla settlement of Pina VDC (a Lekh,
a village located in higher elevation landscape)
located 300 m above from Gamgadi. Surprisingly all
of those crops can grow in Pina VDC these days. | am
not sure if it is due to increased temperature that we
are feeling from the last 10 years or other unknown
factors.

Similar stories surfaced in the Langtang region
where around 70% of the respondents noted they
saw upward march of plant species. ‘Upward shifting
of A. spectabilis and Berberies sp., is taking place slowly
in the pasture land of Polangpati, Dikling and
Sungati’, said a local hotel owner. More respondents
validated this notion by saying ‘upward march of A.
spectabilis is a common phenomenon we have seen in
the Lauribina, Langtang, Timure, Yarsa and Nagthali
area in the last 25 years’. Others also confirmed, ‘We
are very sure that A. spectabilis and some
Rhododendron sp., found in the upper belt and locally
called Chimal, are shifting upward from their normal
habitat range in the Lauribina area’. Another respon-
dent narrated, ‘I have only seen Alnus nepalensis tree
in Dhunche, a Bensi earlier but since 10-12 years, this
species started growing in our Lekh. Similarly, decline
and other morphological changes in apple have also
been observed. The places such as Bravel,
Chandanbari and Thulosyapru used to produce tasty
apple. However, in the last 10 years, the apple

production in these areas has sharply declined along
with the changes in taste and size, because of
unwanted warming weather’ (Figure 2).

3.1.8. Phenological changes of Rhododendron
arboreum and other agricultural crops

Mixed observations were reported by the local peo-
ple regarding the phenological changes in R. arbor-
eum, locally called Rato Gurans, which is a very
common plant species in both areas that people
could remember its changes over time. In Rara, half
of the respondents recalled a shift of flowering time
of the Gurans by 2 weeks in recent times compared
to 20 years back, but a few respondents (10%) also
mentioned a delay of flowering by 3 weeks. Nearly
65% of the respondents in Langtang were able to
notice the phenological changes in R. arboreum. All
the shifting had occurred between 4 months from
mid-January to mid-May. A majority (30%) viewed
that the flowering had advanced by 3 weeks in
recent times compared to 20 years ago while only
10% said it had been delayed by 6 weeks, double
compared to Rara.

Apart from R. arboreum, some respondents in Rara
mentioned a change in harvest time of local staple
crops. For instance, harvesting of finger millet has
been advanced by 2 months from mid-October/
November to  mid-August/September;  barley
advanced by 1 month, from mid-August/September
to mid-July/August; potato advanced by 2 months,
from the start of November to the start of
September; and buck wheat (Fagopyrum esculentum)
by 1 month, from mid-September to mid-August.
However, the respondents of the Langtang region
could not recall such changes in harvesting time of
agricultural crops as the region has less agricultural
practice compared to Rara and most of the people
practice pastoral grazing system.
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4. Climatic variability trends

The historical trends of climatic variables, that is, max-
imum, minimum and average temperature as well as
annual rainfall pattern of both study sites, are shown
in Figure 3.

The annual average and minimum temperature at
Rara has been increasing at a rate of 0.023 and
0.0897°C, respectively, while the annual maximum
temperature has been decreasing at a rate of
0.0437°C per year. The annual average, minimum
and maximum temperature at Dhunche has been
decreasing at a rate of 0.0125, 0.0021 and 0.003°C
per year, respectively. The annual average, minimum
and maximum temperature at Kyanzin has been
increasing at a rate of 0.0657, 0.1057 and 0.0259°C
per year, respectively. The average annual rainfall in
Rara has been decreasing at a rate of 0.704 mm per
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year. The average annual rainfall in Dhunche and
Kyanzin has been increasing at a rate of 3.955 and
6.2548 mm per year.

4.1. Satellite image analysis for snow cover
change

Satellite image analysis showed an overall decreasing
trend of snow cover in both study sites over the
period of 38 years (Table 3 and Figure 4). In the Rara
region, snow cover area decreased by 16% in 1994
from the base period of 1977, by 23% in 2003 from
1994 while slightly increased by 2% in 2014 from
2003. Similarly in the Langtang region, snow cover
area had increased by 45% in 1988 from the base
period of 1977, then decreased by 5% in 2002 from
1988 and again decreased by 13% in 2014 from 2002.
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The variation observed in the snow cover area
between the two study sites is due to the differences
in the spatial extent and altitudinal location.

5. Discussion

An analysis of 25 years of climatological data shows
variable trends for annual average rainfall for both
study sites (Figure 3(d)). In Rara, it has been decreas-
ing. Local people in the Rara region also noted
decreasing rainfall trend in the last 30 years. In con-
trast, the rainfall amount in the Langtang region
shows an increasing trend. Ichiyanagi et al. (2007)
found an inverse relationship between annual rainfall
and elevation only in western Nepal, where rainfall
amount decreased with increasing elevation above
2000 m. Therefore, the decreasing and increasing rain-
fall trend of the Rara and Langtang regions is some-
how explained by this finding. Similar to Langtang,
the increasing trend of rainfall was also documented
for the Manaslu region (KC and Parajuli 2015), lower
Mustang (Manandhar et al. 2011) and South Asia
(Shiekh et al. 2015). Sigdel and Ma (2015) have pre-
dicted a likely increase in rainfall up to 14% in the arid
region of Nepal by 2050. However, the rainfall trend
was against local people’s perception that they had
felt decreasing trend of rainfall.

Similarly, all the respondents in both the sites con-
firmed shifting in the months of rainy season in the
last few years, and all also agreed that rainfall has
become erratic (Figure 3(d)) and very difficult for
them to predict its timing now, which normally used
to be mid-June to mid-September. This observation is
in line with other studies undertaken in similar altitu-
dinal regions within the country: Kanchanjunga
(Chaudhary et al. 2011), Khumbu (McDowell et al.
2013) and Namche region (Smadja et al. 2015) of
eastern Nepal; and Mustang region (Manandhar
et al. 2011) and Manang region (Konchar et al. 2015)
of central Nepal.

Local people perceived a decrease in the thickness
and intensity of snowfall in both sites and increased
melting process compared in recent years. This is
obvious as some studies (Chaulagain 2009; Shrestha
& Aryal 2011) already reported low snowfall and rapid
meltdown processes all over Nepal. Konchar et al.
(2015) reported less amount and irregular timing of
snowfall in the Manang region of central Nepal.
Because of this, local people mentioned that perma-
nent snow line and snow cover thickness was reduced
on the nearby mountain peaks such as Chanyanath,
Rinimokshya and Chuchemara in Rara, and Langtang
and Ganesh in Langtang. This is also verified from the
satellite image analysis (Table 3 and Figure 4), which
shows a decreasing trend of snow cover in both sites
over the period of more than three decades.
Chaudhary et al. (2011) reported that the mountain

range in the Kanchenjunga of eastern Nepal bears less
permanent snow line compared to the past. Similar
remarks were revealed by the people in the Manaslu
region (KC and Parajuli 2015) of central Nepal,
Namche region (Smadja et al. 2015) and Khumbu
region (McDowell et al. 2013) of eastern Nepal.
Furthermore, Shrestha and Joshi (2009) and Gurung
et al. (2011) also found decreasing trend of snow
cover in the Himalayan region over the last few
decades.

The maximum temperature pattern in both the
study sites shows mix trends. The annual maximum
temperature in Rara (Figure 3(a)) has been decreasing.
However, this finding contradicts with the local peo-
ple’s perception and the trends found in Jumla
(Gentle & Maraseni 2012). The annual maximum tem-
perature at Dhunche (Figure 3(b)) has also been
decreasing and was opposite to what the locals
revealed. However, at a higher altitude of Kyanzin,
the graph shows increasing trend (Figure 3(c)), con-
forming our findings of the observation by the major-
ity of local people as well as those reported in other
studies (Manandhar et al. 2011; KC and Parajuli 2015;
Konchar et al. 2015).

The minimum temperature pattern in both the
study sites (Figure 3) also shows mixed trends. The
annual minimum temperature in Rara (Figure 3(a)) has
been increasing. This increase of minimum tempera-
ture has also been reported in the Jumla region of
western Nepal (Gentle & Maraseni 2012), in very close
proximity to Rara. Weather data analysis supports
local perception. However, minimum temperature at
Dhunche (Figure 3(b)) shows decreasing trend and is
comparable to the findings of KC and Parajuli (2015).
Local people also mentioned that coldness in the
region has increased. In contrast, the minimum aver-
age temperature at Kyanzin (Figure 3(c)) has been
increasing, which is also felt by the local respondents
and inline with Smadja et al. (2015). Micro-topo-
graphic element, consisting of differential elevation,
aspect and slope controls solar radiation into an area
and could be one of the reasons for such locational
variation in temperature trend found in the study
sites.

The overall average annual temperature shows dif-
fering trends (Figure 3) in both the study areas.
Annual temperature has been increasing at a rate of
0.023°C in Rara as was perceived by the locals. On the
other hand, it has been decreasing at a rate of 0.0125°
C per year in Dhunche and against the information
provided by the local people while increasing at
Kyanzin of Langtang with a rate of 0.0657°C per
year, equal to the current national increment average
of 0.06°C per year, and also conforming to the finding
of KC and Parajuli (2015) in the Manaslu region in
Gorkha as well as observation of the locals.
Karmacharya et al. (2007) and Cruz et al. (2007)
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predicted the likely increase of warming in Nepal for
all the seasons by mid-twenty-first century, with
northern highland regions warmer than the lower
regions, corroborating with the current increasing
trend seen in Rara and Kyanzin of Langtang.
Reduction of snow and glaciers in high-altitude
regions has also been attributed to high rate of warm-
ing in such areas (Meehl 1994; Yamada et al. 1992 as
cited in Shrestha et al. 1999). This could be a possible
reason that the locals in both our study sites felt a
warming trend in recent years as they witness less
snow and glaciers (Table 3 and Figure 4).

At both study sites, a majority of the respondents
noted decreasing number of traditional water sources
(both drinking and irrigation) in their villages.
Temperature and rainfall patterns could be decisive
factors for the change. Drying up of natural water
sources due to increased temperature and decreased
rainfall has been observed by the people of eastern
Nepal (Chaudhary & Bawa 2011). A majority of the
respondents agreed that they had witnessed increas-
ing drought frequency in their region since the last
few decades. The infestation of new agricultural crop
pest in the Langtang region was also reported: this
could be the effect of less rainfall and increased fre-
quency of drought. Chaudhary et al. (2011) in
Kanchenjunga and Manandhar et al. (2011) in the
Mustang region also mentioned a similar frequency
of drought and pest infestation. Both the decreased
water source and increased drought in Rara and
Kyanzin of Langtang are explained by Figure 3.
Temperature has been increasing and rainfall decreas-
ing in Rara while temperature has been increasing at
a higher rate with rainfall increasing but at a slower
rate in Kyanzin.

Shifting from the original habitat range of some
biota was observed by the locals in both the study
sites. For instance, A. spectabilis, B. utilis, J. indica in
Rara while A. spectabilis, A. nepalensis, J. indica,
Rhododendron sp. and Berberis concinna in the
Langtang region were reported to march further
toward higher altitudes from its usual range. We also
noticed an upward range shift by J. indica above

Lauribinayak area during the field visit (Figure 5).
The shifting of range by A. spectabilis and B. utilis
has also been reported (Aryal et al. 2014a) in the
upper Mustang region of central Nepal, while A. nepa-
lensis (Chaudahry et al. 2011) in the Kanchenjunga
Himalaya region of eastern Nepal.

Variable perceptions of the locals on phenological
changes in R. arboreum and other agricultural crops are
understandable. Differential topographic elements
such as elevation, aspect and slopes at both sites
cause microclimatic variation that controls the amount
of solar radiation, moisture content and wind velocity,
which affects overall plant physiological and morpho-
logical growth (Moeslund et al. 2013). Even across the
same landscape, Liancourt et al. (2013) reported that
climatic change is not always able to produce consis-
tent consequences for the same species because of the
biotic and abiotic sources of variation in plant growth
and development. Thus, local people saw different
phenological development of the R. arboreum and
agricultural crops within a region characterized by
such topography.

Variation in meteorological data and perception of
the locals may differ, especially in the high-altitude
region, where one settlement differs with other set-
tlements in proximity due to steep terrain. As local
climate is determined by elevation, exposure and
aspect, the variation in perception of locals on the
change as well as impact could be expected (Byg &
Salick 2009). For instance, Kansakar et al. (2004)
reported that the summer monsoon pattern of
Nepal decreases in length and time from east to
west, and the existing topographic barrier and moun-
tainous relief plays a significant role in yielding loca-
lized rainfall pattern. Crona et al. (2013) found similar
contrasting observations and perception in Fiji and
Ecuador within the same locality and suggested that
such variations are common in countries where there
is no mechanism to serve homogenized information
and knowledge on climate change. Most of the
respondents easily memorize changes in temperature,
rainfall and snowfall as they directly affect their agri-
cultural activities and hence relatively accessible and

Figure 5. Tree line shift by J. indica above Lauribinayak area, Langtang (photo taken: November 2015).
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easily observed phenomena. However, some of them
do not notice upward shifting of vegetation line
because those boundaries are normally in the hill
top pasture, far away from their settlements and do
not have a direct link with their agricultural occupa-
tion. As Weber (2010) suggested, climate change is
sometimes difficult to detect accurately solely based
on personal experience, and sometimes the laypeople
wrongly characterize some events to climate change
and are unable to reveal real changes in climate. This
study discovered homogenous observations and per-
ceptions within and between settlements in both
sites, as opposed to the findings of Teye et al.
(2015), Weber (2010) and Kofinas (2002), even though
they varied in spatial, altitudinal, cultural and occupa-
tion variables.

Every respondent at both the study sites knew the
term climate change, not by its scientific definition,
rather by changes they had seen and experienced in
the variability of their microclimate, such as warming
and coldness, sudden and erratic rainfall pattern,
changes in rainfall season, snowfall amount and tim-
ing, and drought frequency. This was noted during
individual Klls and further confirmed in FGDs. This is a
very important prerequisite for the government and
other concerned organizations before formulating
and implementing any climate-related adaptation
and mitigation program at the field level. Until and
unless people are at least aware about climatic
change and its possible effects, that is, perceived
climate change risk on their ecosystem and society,
the strategy and program on adaptation and mitiga-
tion will not bear a fruitful outcome. Vedwan and
Rhoades (2001) argue that the risk perception ulti-
mately decides how an individual responds to the
climate variability and changes. Some of the climatic
risks that laypeople in our study areas have foreseen
include untimely and shortage of rainfall for agricul-
tural crops, drying up of natural water sources and
consequent drought in the farmland, which overall
leads to food shortage and insecurity in the long
run. Similarly, invasion by Banmara to the farmland
and forest floor, especially in the Langtang region, is
another concern. People have realized its destructive
capacity to the soil and planted crops in their farm-
land through overconsuming essential minerals and
suppressive capacity to biodiversity, mainly the indi-
genous medicinal and other natural regenerated tree
saplings in the surrounding forest. Even though peo-
ple in Rara and Langtang knew about climate change,
they were totally unaware of its causes, supporting
the argument of Ahsan and Brandt (2015), Bangura
et al. (2013), and Adelekan and Gbadegesin (2005),
who put forth that people in most developing coun-
tries lack knowledge on the rationale behind climatic
variability phenomena as compared to developed
countries. Interestingly, people in both regions were

found to be quite curious to get well acquainted on
the underlying causes of such changes and the way to
tackle it. Overall, this suggests that locals in our study
sites were well informed about climate variability and
changes they have encountered since the last 2-3
decades.

6. Study limitations, research gaps and future
opportunity

Despite a one-time visit and consultation with local
people, this paper finds interesting relationships
between local perception, climatological data and
image analysis. A future study with the incorporation
of household-level sample in addition to Klls and
FGDs could generate further interesting outcome. A
20-30-year recall period among rural people in this
type of perception-based study is really challenging
and could lead to misinformation. However, we vali-
dated such misinformation through FGDs in both the
study sites. Few meteorological stations and a lack of
long-term weather data of the selected regions were
the other constraints. Otherwise, comparison of cli-
matic trends could have been greatly improved.
Similarly, the use of unsupervised classification and
the rugged terrain of the study sites could have either
under- or overestimated the final results to a small
extent, though due attention has been paid in pre-
processing and avoiding using images with high
cloud and shadow. However, one needs to be cau-
tious doing the interpretation of snow cover result.
Gagne et al. (2014) argued that specific place-based
research is fundamental to debate an ongoing environ-
mental phenomenon such as global climate change.
The major advantage of involving and listening to the
observations and perceptions of the local people, as per
Byg and Salick (2009), is the generation of information
on local climate, which in most cases is not addressed
by the current global climate change model. Therefore,
climatic observation and perception, like we found in
this study, could complement such global scientific
models, on the one hand, while supporting the formu-
lation of immediate adaptation plans and strategies in
developing countries to offset adverse effects.

7. Conclusion and recommendations

Local people are the first ones to feel and observe the
changes in their local microclimate. Environmental
effects of global warming are already being felt in
various high-altitude regions of Nepal and are further
endorsed by this study, where people’s observations
of climatic variability and changes in snow cover as
well as ecosystem function such as phenology are
mostly analogous with locally observed meteorologi-
cal data, image analysis, as well as with other studies
conducted in a similar environment. People at both
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the study sites expressed a similar nature of climatic
observation and perception, and its effects on flora,
fauna and agricultural production. Hence, this led us to
believe that there is an ongoing climatic variability and
changes in both the Rara and Langtang regions and
therefore warrants immediate action to offset the resul-
tant effects. We should accept people’s perceptions and
rely on their information in the absence of scientific data
from this region of Nepal. This study was able to con-
tribute to the growing local and regional evidence of
variability and changes to climate systems of high-alti-
tude regions of Nepal and documents how the people
residing in such mountain localities observe and per-
ceive the risks associated with such changes in their
local environment. As discussed earlier, the realization
of such risks by the climatic sufferers is essential to
formulate national-level policies and response strate-
gies, and this study has succeeded in demonstrating
such risk perceptions in Rara and Langtang, which
could be an opportunity for policy and strategy makers
to capitalize.
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