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Land use and land cover
(LULC) changes that
occurred during 1992-
2011 in Sagarmatha
National Park, a United
Nations Educational,
Scientific, and Cultural
Organization World
Heritage Site in the
Himalayas of eastern
Nepal, were evaluated using multitemporal satellite imagery in
combination with land use data and sociological information
gathered from semistructured interviews and workshops. We
asked study participants about LULC changes, the causes of
each change, and the likely duration of its effects, and used this
information to produce high-resolution maps of local
perceptions of LULC change. Satellite image analysis revealed
that above 6000 m there has been a decrease in the area
covered by snow and ice and a consequent expansion of glacial
lakes and areas covered by rock and soil. Between 3000 and
6000 m, forest and farmland are decreasing, and areas under
grazing, settlement, and shrubland are increasing. Such LULC
changes within the protected area clearly indicate the prevailing

Introduction

Land use and land cover (LULC) change is one of the most
important forms of environmental change occurring in
many of the world’s mountain regions (Korner and
Ohsawa 2005). Land use refers to human activity on a piece
of land, and land cover refers to its surface features (eg
Lambin and Meyfroidt 2010). Recent small-scale analyses
have highlighted LULC change in the Himalayas (eg
overexploitation, fragmentation, and degradation;
Chaudhary et al 2007). LULC change is of increasing
concern with regard to national and global policies
promoting sustainable mountain development (eg Kohler
et al 2012). Policy-makers seek information on the root
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danger of land degradation. Results from the interviews and
workshops suggest that people tended to detect LULC change
that was acute and direct, but were less aware of slower
changes that could be identified by satellite imagery analysis.
Most study participants said that land use changes were a
result of rapid economic development and the consequent
pressure on natural resources, especially in the tourism
industry and especially below 6000 m elevation, as well as
limitations to protected area management and a period of civil
war. Human influence coupled with climate change may explain
the changes at higher elevations, whereas anthropogenic
activities are solely responsible in lower areas. Although global
factors cannot be mitigated locally, many of the local drivers of
LULC change could be addressed with improved management
practices that aid local conservation and development in this
high mountain ecosystem. A broader interdisciplinary approach
to LULC change should include a mix of satellite image analysis
and local observations.

Keywords: Sagarmatha National Park; UNESCO World Heritage
Site; land use; land cover; satellite imagery; perceptions.
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causes of LULC change in order to develop clearer polices
and management guidelines that focus on causes, not
symptoms. However, processes that drive LULC change in
mountain regions are complex, occurring at various
temporal and spatial scales, with interlinked
environmental, social, and economic impacts, and they
require multiple methods of analysis to understand the
drivers and their impact on the environment, landscapes,
and rural societies (eg Lambin and Meyfroidt 2010).

As in other parts of the Himalayan region, traditional
resource use in Sagarmatha National Park and Buffer Zone
(SNPBZ) has changed rapidly since the mid-1970s in
response to a range of interacting institutional, economic,
political, cultural, climatic, and demographic processes (eg
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Stevens 2013). Recent research using remote sensing data
has focused on land cover change in SNPBZ (eg
Bajracharya et al 2010), recognizing the complexity of
many key assumptions about deforestation (eg Ives 2004).
The area’s glaciers have also received extensive spatial
analysis (eg Thakuri et al 2013). However, there has been
very little spatially explicit research on the ways that
changing land-use strategies contribute to LULC change
and vice versa (eg Lambin and Meyfroidt 2010). In this
respect, social sciences are especially well placed to collect
the fine-grained qualitative and quantitative information
that is needed for a local-level analysis of LULC change (eg
Vedwan and Rhoades 2001; Couzin 2007; Jurt et al 2015).
Although remote sensing has been increasingly
recognized as an essential tool for studying LULC change,
spatial analysis alone may miss the underlying driving
processes, unless combined with field studies at very fine
scales (eg Lambin and Meyfroidt 2010). In particular, a
narrative perspective grounded in the experiences and
concerns of residents is important in understanding
linkages between standard categories of driving forces and
outcomes observed in patterns of LULC change and in
targeting management efforts (eg Kennedy et al 2009;
Lambin and Meyfroidt 2011). This study examined LULC
change trajectories and change rates in SNPBZ from
1992-2011, and examined how local people perceived
LULC change, particularly its drivers and temporal
effects, using ethnographic and geospatial methods. As a
result, this paper presents locally and finely
contextualized knowledge developed by small mountain
communities, which is important for interpreting LULC
change trajectories and for developing local management
approaches to decision-making as envisaged by the
changing concept of United Nations Educational,
Scientific, and Cultural Organization (UNESCO) World
Heritage Site designation (Conradin and Wiesmann 2014).
The conclusions drawn here will be helpful for planners
engaged in protected area policy and resource
management, not only in SNPBZ but also in similar areas.

Study area

Sagarmatha National Park (Figure 1) is in the Solu
Khumbu (also known as the Khumbu) district of
northeastern Nepal. Sagarmatha National Park covers
1141 km® and was designated a UNESCO World Heritage
Site in 1979. In 2002, the 275-km?® Pharak region to the
south was declared as the park’s buffer zone. Most of
SNPBZ lies at elevations of 4000-5000 m (31%) or 5000-
6000 m (52%). In general, the steep slopes of the region
below 6000 m are left as forest and grassland, whereas
areas with relatively gentle slopes are extensively
cultivated. The human population has increased,
especially since the mid-1970s; it rose from 3465 in 1991
to 5750 in 2011, with an annual population growth rate of
2.87% (Supplemental material, Tables S1, S2: http://dx.doi.
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org/10.1659/MRD-JOURNAL-D-15-00005.S1). SNPBZ is
administered by 3 village development committees—
Namche, Khumjung, and Chaurikharka (Figure 1)—which
function as administrative institutions for interacting
with national institutions in Nepal, thus creating an
element of local control and responsibility in
development. Tourism has become increasingly
important for local development; the number of lodges
grew from 56 in 1989 to over 300 in 2012 (Gehrig 2013).
Figure 2 outlines this and other major developments in
SNPBZ since about 1950, along with changing land use
strategies. (See Garrard et al 2012a, 2012b, for a more
comprehensive site description.)

Methods

LULC change classification, analysis, and accuracy
assessment

For the assessment and description of LULC change
patterns, we used existing LULC maps based on Landsat
Thematic Mapper, Enhanced Thematic Mapper Plus,
Advanced Spaceborne Thermal Emission Reflection
Radiometer images, and topographical maps. These maps
were generated by the International Centre for Integrated
Mountain Development (ICIMOD) and the Department of
National Parks and Wildlife Conservation (DNPWC) as
part of the Land Resources Mapping Project (LRMP) using
2 different classification schemes (summarized in the
Supplemental material, Table S3: http://dx.doi.org/10.1659/
MRD-JOURNAL-D-15-00005.51). ICIMOD used object-
based image analysis, whereas the DNPWC used pixel-
based classification obtained via a nationwide mapping
project (LRMP 1986). None of the DNPWC maps had been
field verified. The ICIMOD maps had not been extensively
field verified either, and areas where classification had
failed had been filled with adjacent land cover categories,
leading to reduced accuracy.

Therefore, step 1 was to improve and field verify all
LULC classifications, using a series of very-high-resolution
satellite data and 225 ground control points representing
all the LULC classes present in SNPBZ. The ground
control points, collected in September and October 2010,
were used to ground reference all LULC classification
maps. (For an overview of the LULC change classifications
used and the satellite data, see the Supplemental material,
Tables S3, S4: http:/ldx.doi.org/10.1659/MRD-JOURNAL-
D-15-00005.S1).

Step 2 was to improve LULC change classification
analysis. A variety of satellite data from different years and
seasons were used (Supplemental material, Table S4: http://dx.
doi.org/10.1659/MRD-JOURNAL-D-15-00005.S1). Scene
selection for SNPBZ is difficult owing to cloud cover, so
data sets were selected at irregular intervals during late
autumn and winter. An Advanced Spaceborne Thermal
Emission and Reflection Radiometer data set consisting of
3 bands (green, red, and near-infrared) with a geometric
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FIGURE1 SNPBZ. (Map by Elias Hodel and Rodney Garrard; land use data from DNPWC. Kathmandu)
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resolution of 15 m, 4 “X” IKONOS data sets consisting of 4  geometric resolution of 5 m were used for the visual
bands (blue, green, red, near-infrared) with a geometric verification and improvement of the classification maps.
resolution of 4 m, and a RapidEye data set consisting of 5 LULC change classification analysis resulted in
bands (blue, green, red, red edge, and near-infrared) with a  quantification of absolute changes in the spatial
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FIGURE 2
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Developments in the Khumbu since the 1950s (adapted from Nisser and Gerwin 2008).
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distribution of each LULC type for 1992 to 2011 in order
to address overall LULC change, as well as for 2 time steps
within this period (1992-2000 and 2000-2006) to detect
changing trends. In addition, a cross-tabulation matrix
was generated from the ICIMOD data sets (Pontius and

Cheuck 2008). This allowed the calculation of relative
percentage changes for each LULC class and time step, in
this case for 1992-2000 and 2000-2006. A schematic
diagram of the geographic information system (GIS)
process employed for analysis is presented in the
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Supplemental material, Figure S1; (http:/ldx.doi.org/10.1659/
MRD-JOURNAL-D-15-00005.S1). A further field mission
was carried out in September 2011 for validation of the
LULC trends.

Step 3 was the assessment of classification accuracy. A
uniform grid of 500 X 500 m was generated over the area,
and 20% of these points were selected randomly and used
for accuracy assessment. The LULC at each point was
interpreted with the help of IKONOS-2 4-m Multispectral
and RapidEye images and field photographs. Additional
data from ground control points were also used for
validation. These were then compared with the LULC maps
to calculate the error matrix. Interpretation accuracy for
the ICIMOD data sets varied from 95.1 to 96.8%; the LULC
classes adopted by the Nepal Government Department of
Survey provided interpretation accuracies of 94.7 to 97.9%
(Supplemental material, Tables S5-S10: http://dx.doi.org/10.
1659/MRD-JOURNAL-D-15-00005.S1). Key factors
influencing the interpretability of the data were the season
when the image was obtained, the complexity of the
terrain, the slope, and its aspect. Discrepancies between the
different data sets and classification systems highlight the
challenges inherent in analyzing LULC change in mountain
regions (Gautam and Watanabe 2004), which is why field
verification, particularly visual analysis, as well as local
knowledge, considerably improved the results obtained.

Interviews and workshops

Field interviews were conducted in the 6 villages inhabited
year-round to elicit local people’s perceptions of the
causes and consequences of LULC change within SNPBZ.
A total of 56 local people were interviewed during 2009-
2011 using photo-elicitation during semistructured
interviews (see Garrard et al 2012a for a summary of the
qualitative research method).

Workshops were held in the same villages. The aim was
to generate representative data according to gender, age,
and economic status (Garrard et al 2012a). Purposive
sampling resulted in a total of 69 workshop participants
across all villages (female = 38; male = 31). Participants
were told that the objective of the workshop was to
explore LULC change. They were asked to list the LULC
changes they had observed over the last few decades, and
could list as many changes as they wanted. The responses
were then ranked according to the total number of
participants who mentioned each change, and summed
for all villages. The assumption was made that a
participant’s first response would be the change he or she
considered most significant.

Participants were also asked to list the drivers of the
changes they had mentioned; their spatial origin; whether
the changes were local, national, or global; and whether
the temporal changes were short-term, midterm, or long-
term. The scores for each driver were also summed. We
incorporated some of this information into a GIS
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database to produce 6 high-resolution (1:5000-1:25,000)
land-use field maps. Key informants were selected through
a snowball sample to interpret remotely sensed data. They
provided critical in-depth LULC change information,
particularly about the impact of drivers and their spatial
and temporal effects.

Results and discussion

LULC change 1992-2011

Results are presented for LULC change for the period
1992-2011 and for 2 time steps within that period, 1992-
2000 and 2000-2006. The foremost change over the longer
period was a decrease in snow and ice cover by 160.21 km”
or 43%. At the same time, glacial lakes and areas covered
by rock and soil expanded (Table 1). These results are
consistent with previous land cover analysis in SNPBZ (eg
Bajracharya et al 2010; Yong et al 2010), and in the
Himalaya in general (Bolch et al 2012). As there are few
human activities above 6000 m (except climbing),
increasing temperature is likely to be the most important
driver of these changes. Snow and ice decayed more
rapidly in 2000-2011 than in 1992-2000.

To explore LULC change in relation to land-use
strategies, Table 2 focuses on productive land classes
(excluding rock, lakes, and glaciers). The total area of
these classes showed a slow but continuous decline in
1992-2011, from 421 to 376 km? (an 11% decrease).
Shrubland and particularly forests decreased over this
period (26.27 km?), whereas grazing and agriculture
remained relatively constant. Settlement areas had the
smallest change in total area, from 0.29 km” in 1992 to
1.02 km? in 2011, but this was an increase of over 250%.
This increase had a high impact on resource use near
settlements, in conjunction with the effects of tourism.

LULC change 1992-2000

In the first time period (1992-2000), the decrease in
forests (by 6.23 km® or 0.83%) and shrublands is already
clearly visible (Table 2), and grazing area and agricultural
land increased. Workshop participants indicated that
these changes were directly related to increased use of
cattle (Sherpa and Kayastha 2009), especially male
crossbred cattle (eg zopkio), which are the livestock of
choice as pack animals for tourism. Certain shrubs—for
example juniper (Juniperus recurva and J. wallichiana) and
rhododendron (Rhododendron campanulatum and R.
arboreum)—were also used for heating. Workshop
participants also confirmed that the decrease of forests
was mainly due to the use of timber for heating and
construction for local needs and tourism.

Most workshop participants (84%) stated that the
increase in agricultural area represented a change to cash
crop farming (primarily of potatoes) in and around the
main villages (at 3400-3800 m elevation) and on land
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TABLE 1 Land use and land cover change, 1992-2011.%

Change
LuULC
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Productive land classes

9.92 0.70 10.27

Agriculture

0.73 8.88 0.63 8.50 0.60

110.27 7.81 104.04 7.36 97.07 6.87 84.00 5.94 —26.27
71.20 5.04 78.90 5.58 67.76 4.79 69.24 4.90 —1.96
0.29 0.02 0.25 0.02 0.76 0.05 1.02 0.07 0.73
230.29 16.32 217.75 15.48 216.17 15.37 213.40 15.09 -16.89
Other land classes
5.77 0.41 8.56 0.61 8.42 0.60 9.29 0.66 4.15
Bare rock/soil 614.45 43.54 683.85 48.39 792.27 56.34 817.90 57.85 203.45
Permanent ice 370.81 26.16 309.49 21.83 222.61 5.3 210.60 14.89 -160.21
All land classes
Total 1413.00 100.00 1413.11  100.00 1413.94 100.00 1413.95 100.00

2 Percentages refer to percentage of total land area.

adjacent to permanent water sources. In contrast, distant
high-elevation (4000-4200 m) agricultural sites were
abandoned as people turned increasingly to tourism as a
livelihood. For example, in the Thame Valley, 0.41 km?
(0.11%) of agricultural land was abandoned between 1992
and 2000 (Figure 3). For the same area, we were able to
spatially map the extent of abandoned agricultural land
over time by having participants draw direction lines (black
arrow) and area polygons on the satellite images presented
in the workshops, which were color coded and digitized in
ArcGIS. Figure 3 shows the general direction of
abandonment from more remote and higher areas to places
closer to settlements, a trend that continued after 2000.

Thame Valley, triggered by natural hazards such as the
devastating 1985 glacial lake outburst flood.

TABLE 2 Change in productive land categories, 1992-2011.%

Land use

The most conspicuous change in land cover classes for
the SNPBZ as a whole between 1992 and 2000 (Table 3) is
that 11% of the snowlice area changed into soil and bare
rock. The same percentage of rock and bare soil turned into
shrub- and grasslands. Both changes may point to a habitat
succession, with shrubs and grass shifting to higher
elevations, fueled by the increasing temperatures in the
southern Himalaya since the 1970s (eg Diodato et al 2011).
Workshop participants confirmed these trends and said that
glacial moraines were widening because of the breakdown of
association between rock, soil, and ice. Glaciers are
collapsing and depositing debris consisting of bare soil and
rock. The reduction in snow and ice cover exposes rocks and
soilin the higher elevations, with the possibility of increasing
the size of glacial lakes (Bolch et al 2012).

A substantial part of the forested area changed into
shrub- and grassland, but not all forest types experienced

| ket | % | ket ] % | ket | % | ket ] %

Agriculture 9.92 2.35 10.27 2.50

8.8

2.34 8.50 2.26

110.27 26.14 104.04 25.30 97.07 24.84 84.00 22.33

71.2 16.87 78.9 19.19 67.06 17.20 69.24 18.41

0.29 0.07 0.25 0.06 0.76 0.19 1.02 0.27

230.29 54.57 217.75 52.95 216.17 55.45 213.40 56.73

Total 421.97 100.00 411.214 100.00 389.86 100.00 376.16 100.00

2 percentages refer to percentage of productive land area.
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FIGURE 3 Changes in land use strategies in Thame Valley. (Map by Elias Hodel and Rodney Garrard; household data
from Sherpa and Kayastha 2009)
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similar rates of change (16.7% for needle forests; 18.19%  lack of field verification and extrapolation of this land cover

for mixed forests, and 20.05% for broadleaved forests). class in shadow areas. When discussing this LULC change,
These findings are consistent with those of Bajracharyaetal  77% of workshop participants said the main drivers were
(2010), except that the latter analysis showed a greater increased demand for timber for new lodges and fuelwood in
decrease in broadleaf forest (>25%), probably owing to a more accessible areas and intensified agriculture of riparian
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TABLE 3 Change matrix for land cover classes, 1992-2000. Numbers indicate percentage of total land cover.?®

Land cover soil glacier lake grass settlements forest forest forest
289 028 1121 0.08 004 008 0.10
10.89 055  0.28 0.00 000  0.00 0.00
552 481 1.25 0.04 000  0.00 0.00
1823 014  0.04 0.20 143  1.34 0.58
299 001 000  3.23 051 0.6 0.57
334 000 000 16.74 0.00 10.11 4.71
879 003 000 1819 0.14 4.07 5.77
3146 000  0.00  20.05 0.38 6.63  13.12

3 Grayed cells show the percentage of a given land cover that did not change; bold figures show significant changes.

zones close to settlements. Areas covered by shrublands (eg
juniper and rhododendron) were converted to rock and soil
at a disturbing rate (18.23%). When discussing this change,
77% of workshop participants blamed increased grazing and
increased demand for fuelwood in higher-elevation areas
where no wood is available.

LULC change 2000-2011

In the second time period (2000-2011), land cover change
accelerated, especially relating to snow and ice, which lost
about 100 km?, compared to 61 km? in the decade before.
The area of bare rock and soil increased by 134 km?,
compared to 70 km” in the previous decade (Table 1). The
decrease in agriculture and grazing from 2000-2006 in
particular is a direct result of a drop in tourism during the
Maoist conflict in the late 1990s and early 2000s (Figure 2),
according to workshop findings. The fluctuation in
numbers of tourists visiting SNPBZ makes a huge difference
to local livelihoods, and the local people were very
concerned about this variation. Overall, 79% of workshop
respondents highlighted the lack of park management
during the conflict, which led to a greater exploitation of
forest resources, especially near the main villages and
trekking trails. Forest area continued to decrease in 2006-
2011. Building and construction appear to have continued
unabated in spite of the Maoist insurgence, showing a 4-fold
growth in area cover during 2000-2011.

Although the loss of agricultural area in the whole of
the study area stopped after 2006, abandonment
continued in parts of the region, such as the Thame
Valley. This valley has been only marginally exposed to
tourism, a fact clearly reflected in local livelihoods, which
differ markedly from those of the tourism centers around
Namche. In Thame, 0.46 km? (0.13%) of agricultural land
was abandoned in 2000-2011 (Figure 3). Although the
percentage change of abandoned agricultural land is
small, the change is significant given the total available
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agricultural land, and focuses LULC change processes at
the appropriate spatial scale. For example, 81% of
workshop participants saw land abandonment as a
significant land use change, and referred to similar trends
in the 2 other valleys of SNPBZ (Figure 1). The
abandonment of agricultural land in the Thame Valley has
also coincided with general depopulation in the area since
2001 (Supplemental material, Table S3; http://dx.doi.org/10.
1659/MRD-JOURNAL-D-15-00005.S1). Abandonment of
agricultural land is a trend found in many mountain
regions worldwide (Khanal and Watanabe 2006), mainly
because of male outmigration. However, the Khumbu is a
special case, as tourism provides a viable and lucrative
local alternative to farming. Workshop participants
outlined that tourism was about to eclipse farming, and
that the region had in fact developed into a monoculture
tourism economy. In 2009, over 80% of household income
in Namche came from tourism and 20% from remittances
(Sherpa and Kayastha 2009; Figure 3), and it was the
landowners from Namche who were largely responsible
for land abandonment in the Thame Valley.

During 2000-2006 (Table 4), the change of snow and
glacier into bare rock and soil (15.43%) was greater than in
the 1990s. These land cover classes are generally
interrelated; the melting of snow and ice exposes more
rocks and soil and creates more glacial lakes. Thakuri et al
(2013) reported a mean annual warming of 0.3°C in SNPBZ
from 1992 to 2012; however, it may be premature to
determine a climate trend. Such results are also consistent
with Yong et al (2010), who observed glaciers retreating and
glacier lakes expanding across SNPBZ from 1992-2006.

In the productive land classes, the conversion of all types
of forest into shrub, and of grassland to bare rock and soil,
continued at even greater levels in the latter time period
(Table 4). Deforestation has occurred at these rates in spite of
the high levels of protection imposed by park managers and
by local communities. The reasons advanced by the
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TABLE 4 Change matrix for land cover classes, 2000-2006. Numbers indicate percentage of total land cover.

2000-2006

e [ E]

Land cover soil glacier lake grass settlements forest forest forest
185 042  11.93 0.10 013  0.05 0.08
15.43 016 091 0.00 0.00  0.00 0.00
11.94 1147 2,62 0.00 0.00  0.00 0.00
2095 027  0.04 0.19 073 035 1.06
3.04 027 018  14.59 129  0.88 1.44
051 000 000 20.89 0.26 2.03 3.50
086 000 000 23.83 0.21 6.32 14.32
117 0.00 0.00 21.24 0.30 7.41 7.66

2 Grayed cells show the percentage of a given land cover that did not change; bold figures show significant changes.

workshop participants correspond to those for the earlier
time period. The invasion of shrub- and grassland on
recently denuded areas (rock and soil) at higher elevations
was confirmed in the workshops. This may suggest anupward
movement of vegetation due to increasing temperatures, an
observation consistent with results obtained in other
mountain regions (Korner and Ohsawa 2005).

LULC change and its drivers as seen by local residents

Local perceptions of LULC change are summarized in
Table 5. Participants identified the major LULC changes
as increasing commercialization of agriculture, forest
degradation (especially due to grazing), abandonment of
agricultural land, deforestation and overharvesting of
forest products, and the appearance of shrub- and
grassland on soil that had previously been covered by
snow and ice. Slightly fewer than half of participants
perceived loss of snow and glacier area as an LULC
change, a marked contrast to the results of satellite image

analysis. The same proportion of participants mentioned
increasing settlement size, which satellite image analysis
identified as a minor LULC change category. Increasing
crop failure was perceived by only 21% of the
respondents as a major LULC change.

Participants were also asked about their perceptions of
the forces driving LULC change (Table 6). Each driver was
further discussed in terms of whether it was
anthropogenic or natural, whether it was local and could
be controlled through local management or originated
outside of SNPBZ, and whether it had a short- or longer-
term effects on ecosystems and livelihoods. Participants
identified 3 main drivers: park management, tourism
development, and, to a lesser degree, climate and weather.

Lack of park management was seen as a major driver
of LULC changes. Many respondents said that there was a
failure to enforce park rules during the height of the
Maoist conflict, resulting in overexploitation of forests for
fuelwood and timber by local residents and the armed

TABLE 5 Workshop participants’ perceptions of major LULC change. Participants were allowed to choose as many responses as they wanted.

Chosen by participants
Total
score
147

Perceived LULC change

Increasing cash cropping
Forest degradation 57
Land abandonment 56
Deforestation/overharvesting 51
Appearance of shrub at higher elevations 39
Less snow in mountains/glacial retreat 33
Increase in settlement size and population 30

Increasing crop failure 15
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Number of
participants
58

% of
participants

84

82 136
81 137
7.8 120
56 74
46 81
46 75
21 42
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TABLE6 Workshop participants’ perceptions of key forces driving LULC change and the spatial and temporal scale of their effects. Participants were allowed to

choose as many responses as they wanted.?

Origin

(anthropogenic
versus natural)

Origin
(local, national
or global)

Effect

(short-term, midterm

or long-term)

Anthropogenic
Anthropogenic
Anthropogenic

Anthropogenic

Local/national
Local
Local

Global

Short-term
Short-midterm
Short-midterm

Short-term

m score

Anthropogenic Local/national Short-midterm

Natural National/global Long-term
Anthropogenic Local Short-term
Anthropogenic Local Short-term
Anthropogenic National Short-midterm

) «Lack of park management” refers to the era of the civil war; “ineffective park management” is a more general comment; “increased grazing” refers primarily

to zopkio; “increased timber use” refers primarily to lodge building.

forces stationed in the region. Closer inspection of the
remotely sensed datasets indeed revealed spatially
concentrated forest loss during the conflict years. Many
participants also saw park management as more generally
ineffective (not just during the Maoist conflict). They said
that it is difficult to create a lasting partnership between
park management and the local community as park
wardens change frequently.

Rapid tourism development relates to the growth of
settlements. According to participants, the number of
hotels and lodges is not sufficient during the peak tourist
season. This has resulted in a lodge construction boom,
with property and lands adjacent to the main trekking
trails soaring in economic value.

Grazing pressure and increased timber use were seen
by participants as linked to the tourism boom and to
issues in park management. Participants said that grazing
pressure has increased, especially for zopkio, which are
pack animals heavily used in tourism. They also
mentioned increased harvesting of timber for lodge
construction and for heating these facilities. Although
park management does allow the harvesting of firewood
on a rotational basis and provides a few trees to build new
houses and renovate old ones, local people, however,
stated that park management allows uncontrolled
harvesting of forest products, and exerts little or no
control over livestock grazing and herd size.

Climate variability—the way climate fluctuates
yearly—rather than climate change, a long-term
continuous change to weather conditions, is the only
nonanthropogenic driver identified by participants and
was mentioned by fewer than half of them. This is in line
with their relatively infrequent mention of snow and
glacier retreat and crop failures as LULC changes.
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In sum, participants’ perceptions of LULC change
tended to concentrate on shifts in agriculture and forest
use rather than on the gradual but continuous change in
snow and ice apparent in the satellite imagery. This latter
change is perhaps more susceptible to a “shifting baseline
syndrome” (eg Pauly 1995), in which observers may not
notice gradual changes. On the other hand, many of the
LULC changes observed by local community members are
occurring at fine spatial scales that satellite imagery is not
able to access. This underscores the importance of
triangulation and reconciliation of findings obtained
from different research approaches (Jurt et al 2015).

The drivers of LULC change identified by study
participants are overwhelmingly local, or more precisely,
local responses to national and global developments such
as the growth of tourism, and directly related to local
livelihoods (Figure 2). These drivers could be controlled
through improved park management, especially if
addressed in collaboration with the local population.
Other drivers originate from outside SNPBZ. These
include lack of park management during the civil war,
which underscores the vulnerability of protected areas
and the spatial dynamics of forest resource dependence
during conflicts and political instability. The effects of
such external factors on LULC change are not well
understood, but they often have a strong impact on both
protected-area management and local livelihoods (eg
Verburg et al 2006; Galvin and Haller 2008).

Conclusion
LULC change analysis can greatly benefit from a mix of

satellite image analysis and input from local residents.
Satellite images show that the decrease in area covered by
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snow and ice is by far the most extensive land cover
change in SNPBZ. Climate change is the likely driver of
this change, and mitigating against the effects of climate
change is largely beyond the scope of local development
and conservation efforts. In contrast, study participants
assigned the most weight to changes directly linked to
their livelihoods. In their eyes, key changes include
intensification of farming around growing settlements,
associated with increasing pressure on natural resources
such as forests and grazing lands, and abandonment of
more remote farmland. They see these changes as driven
by the tourism boom and by inefficient park management.
Climate variability (climate change was not explicitly
stated by study participants) was much less often
mentioned than one would expect based on the satellite
imagery. However, as climate change continues, glacial
retreat may affect land use strategies and local livelihoods
to a greater extent; for example, the loss of snow and ice
might impact tourism. Local people also have a different
set of concerns than most of the current NGO-led
research programs, which focus on glacier retreat (eg
Sherpa 2014; Garrard and Carey 2016).

When analyzing remotely sensed data, collecting field
data for reference and validation is both vital and
challenging, especially in mountain regions, because of
the rough terrain, remoteness, access problems, and
frequent cloud cover. Consistency of definitions of LULC
classes is another challenge, especially when working with
data sets collected by different institutions over time. In
this study, combining satellite image analysis with local
ethnographic and geospatial research enabled us to
elucidate different aspects of LULC change and identify
fine-grained LULC change trajectories. The participatory
mapping exercise yielded further insights into the
abandonment of high-elevation agricultural areas in favor
of increased off-farm work in the tourism industry. This
change could affect local food security and increase the
risk of erosion and landslides.

Local residents’ perception that increasing tourism,
ineffective park management, and consequent pressure
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ICIMOD and DNPWC as part of the LRMP.
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classification accuracy, Nepal Government Department of
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was 97.9%.

TABLE S6 Results of assessment of land use
classification accuracy, Nepal Government Department of
Survey (LRMP 1986), 2006. Overall classification accuracy
was 96.8%.

TABLE S7 Results of assessment of land use
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was 94.79%.
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