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The topographical
complexities that
make alpine research
problematic find their
fullest expression in
Nepal where there
is greater than 8000
meters of vertical relief
in under 100 horizontal
kilometers. The location
of the Himalaya in the
mid latitudes helps
drive the monsoonal
circulation patterns that dictate water availability for
nearly a third of the world’s population. The American
Climber Science Program team has gathered data from
elephant-back near sea level in Chitwan National Park
to the summit of Mt. Everest. This cover has some of
the ground reference points that we collected in the
Everest region - they are highlighted all of the way
up and slightly over the summit of Everest from the
North side of the mountain. A similar data collection
mission on the South side was derailed by dangerous
mountain conditions this spring as global climate
change melts the Khumbu glacier into a memory.
Remnant ice on the mountains is unstable and will
continue deteriorating for the foreseeable future - thus
making this research more critical than ever.
For more information, contact Dr. John All, Associate
Professor, Director, American Climber Science Program
(ACSP), www.climberscience.com. Cover design by
Sylvie Arques, ACSP, Western Washington University.
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Remote Sensing Challenges in
Mountainous Regions

John All, Executive Director, American Climber Science Program;
Department of Geography and Geology, Western Kentucky University

C onnecting P
E nvironment
R egion of N e

Remote sensing technology is advancing at a dizzying pace as ever more accurate
sensors and analysis techniques emerge. However, while this cornucopia provides
In past issues of PE&RS, the American
us with seemingly unlimited tools, there is still the need for ground reference data
Climber
Science
Program
(www.
and other ancillary data so that the radiative transfer state variables translate into
climberscience.com)
has
been
sharing
varbiophysical variables of interest. The American Climber Science Program (ACSP) is on
the cutting edge of this process as we explore some of the harshest areas on Earth – ious aspects of its research experiences
from Central American mountain rain forest to the summit of Mt. Everest - and gather that employ remote sensing and geospatial
data that is integrated through remote sensing to create holistic understandings of technologies to study some of the harshest
these environmental systems. The ACSP is an integrated research program designed environments on Earth, but no descripto facilitate field data collection opportunities for scientists in regions that are difficult tion of mountain research is complete
to access. Scientists and climbers come
without a trip to Mt.
together for expeditions to collect in situ data for
Everest.
Members
scientific projects and to share their enthusiasm
of the ACSP team
for the mountains. Research expeditions are
were on the slopes of
also designed to provide opportunities for nonMt. Everest (Spring/
scientists to learn about scientific practices as
Summer 2014) colwell as to instruct future scientists on safety in
lecting data on glamountain regions.
cier
retreat
and
The ACSP’s central tenet is integrated rechanges in albedo
search and our expeditions are formed of sciin order to examine
entists and students from diverse disciplines.
the stability of these
Each participant leads their individual project
and also assists in data gathering for all of
massive
glaciers
the expedition studies. We gather a variety of
in a warming enviground data: from spectroradiometer readings
ronment just before
to glacier particulate composition and quantithis article was pubJohn All collecting ground reference data above the
ty to interviews of local yak herders on grazing
Khumbu Valley in Sagarmatha National Park, Nepal.
lished. Much of this
patterns. This information is then integrated and
type of work—that
regionalized using remote sensing data to help inform local resource management and
combines data collection at high elevaconservation efforts in coordination with various stakeholders. At the end of the day,
we seek out research projects with maximum societal benefit and scientific innovation. tions with remote sensing to address cutOver the next year, we will be periodically sharing ACSP work from Central America, ting-edge questions on glacier dynamics—
Africa, the Himalayas, and the Andes as PE&RS Highlight articles. More information
can be found about the ACSP at www.climberscience.com or www.mountainscience.
org and we invite collaborators in all disciplines.
Our first example will be from the ACSP Cordillera Blanca expeditions in Peru. In
association with the American Alpine Club, the Peruvian Ministry of the Environment,
Huascaran National Park, and several Peruvian Universities, the ACSP has conducted
research expeditions where, among other things, we have sampled anthropogenic
pollutants deposited on glaciers. These pollutants can lead to increased glacier melt
rates and the article which follows discusses the issues involved in using remote
sensing techniques to detect these pollutants.
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was discussed in Schmitt et al. (2014). But
the avalanche on Mt. Everest that killed 16
people also killed one of our team members

and sent much of our equipment deep into
a crevasse—along with three Sherpa bodies that will never be recovered. It was a
grim reminder that mountains are always
dangerous places. We shifted our research
to Mt. Himlung on the Tibet/Nepal border
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P ixels with P eople to E xamine
tal C hanges in the M t . E verest

epal

By John All, Narcisa Pricope, and Kamal Humagain

in order to continue gathering the data necessary for our glacial
pollution and stability research. However, while collecting snow
samples near the tent at approximately 20,000 feet, the author
(All) fell deep into a crevasse and only through extreme good fortune was able to climb out and survive. These twin tragedies highlight the risk involved in mountain research. But the Himalayas
provide water for two billion people and so the American Climber
Science Program will continue our work in the glaciers of the
world – albeit with even more heightened awareness of safety in
these regions.
For this particular Highlight Article, while our losses are still
poignant we will shift focus
to the dynamics of vegetation

The goal of our work in the Himalayas
is to document changes in high
mountain ecosystems as they
respond to the integrated effects
of effects of multiple stressors,
including human land use decisions
and climate variability and change.

surrounding Mt. Everest and
how

warfare,

tourism,

and

climate variability and change

We also worked with the CDB, the National Trust for Nature

are impacting these high alpine
ecosystems

(Figure

1).

Conservation (NTNC), the Ethnobotanical Society of Nepal

This

(ESON), and local CBOs (Community-Based Organizations)

is the research that our team

to gather vegetation data across several of the protected areas

continued after the accidents

in the mountainous regions of the country and to assist with

and is the research that has
the greatest impact on local
livelihoods for Sherpas and other
mountain peoples of the world.

stakeholder interviews and livelihood diversification activities
Figure 1: The American Climber
Science Program — Nepal
emblem.

The ACSP spent 2009/10 in Nepal with funding from a Fulbright
grant working with Nepalese collaborators and graduate students
in high alpine environments. We taught them how to integrate
remote sensing data with the field collection that had traditionally
been taught at the country’s major research university – Tribhuvan
University in Kathmandu. We took students into the field in
Sagarmatha National Park (the location of Mt. Everest) and the
adjacent Makalu Barun National Park for the bulk of our work
but also collected data in Langtang National Park, Annapurna
Conservation Area, Chitwan National Park, Manaslu Conservation
Area, and Shivapuri National Park (Figures 2 and 3).

We

established a new Geoinformatics Lab at the Central Department
of Botany (CDB) that was integrated with the National Herbarium.

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

(Figure 4). This program led to the creation of a new CBO called
Research Solutions Nepal that teaches geoinformatics to local
stakeholders for use in environmental research.
The goal of our work in the Himalayas is to document
changes in high mountain ecosystems as they respond to
the integrated effects of multiple stressors, including human
land use decisions and climate variability and change. Local,
subsistence-based resource users face a variety of challenges
as harsh environmental conditions and poverty weaken
community forest protections and imperil biodiversity. Nontimber forest products and ethnobotanical resource protection
and management in the face of climate change are very difficult
in this region due to the extreme poverty and a long term civil
war that affected large regions of the country.
Until recently, Nepal was ruled by a monarchy but, in 1996 a
Maoist Communist group began a civil war that lasted ten years
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and cost thousands of lives.
However, neither the Royalist
Government

based

in

the

towns and cities or the Maoist
rebels based in the countryside
were able to win a complete
victory. Following a massacre
within the royal family in 2001
and resulting political turmoil,
the monarchy was abolished
and the country declared a
federal republic; but elections
have never produced a clear
winner and there is currently
still no constitution approved
by all political factions. Maoist
occupation of the countryside
effectively made it impossible
for the central government
to

enforce

conservation

regulations in many parks
Figure 2: Nepal’s Protected Areas.

during the civil war (Baral and
Heinen, 2006). Deforestation,
which has long been a problem in Nepal, dramatically increased

Deforestation, which has long been

across the country during the prolonged civil war (Yonzon, 2004).
In this complex political, socio-economic and environmental

a problem in Nepal, dramatically

context, the fragile landscape of the Himalayas is under immense

increased across the country during

and land cover change through time within the Everest region of

the prolonged civil war.

and anthropogenic activities are affecting conservation efforts in

pressure. We set out to identify and analyze patterns of land use
the Central Himalayas and to determine how management systems
these protected areas and livelihoods at their fringes. Remotely
sensed data should be combined with ethnographic knowledge
because while quantitative change can be measured analyzing

Figure 3: Dr. All collecting ground data near Cho La above the
Khumbu Valley.
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Figure 4: The authors collecting data with Nepalese graduate students.
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satellite images, local people’s perceptions provide the supportive
information to explain these patterns. We used Multispectral
Scanner (MSS) and Thematic Mapper (TM) images from 1972 to
present to calculate vegetation indices and land cover trajectories
for different vegetation covers in stratified elevation zones (Figure
5). To address the increasing need for integration of spatial and
social data as a means of explaining and attributing landscape
changes to factors such as different management efficiencies and
enforcement strategies, growing tourism pressures and climate
variability, we conducted opportunistic key informant interviews
and livelihoods surveys. The spatially explicit and georeferenced
socio-economic data was collected by trained graduate students in
local languages who not only gained valuable experience but were
also able to show locals satellite images of their villages and fields
and the newest geolocation technology.
We focused much of our energy so far on Sagarmatha and
Makalu Barun National Parks not only because they are adjacent
and both lie at the foot of Mt. Everest, sharing similar bio-physical

Figure 5: Sagarmatha National Park Land Cover Classes (2006).

characteristics, but also because they are among the flagship parks
in Nepal and thus most under pressure from tourism and local
activities. However, while Sagarmatha NP was well protected
even during the civil war due to the fact that it is the access point
for Mt. Everest climbers, Makalu Barun was a major stronghold
for the rebels. These parks thus represented great opportunities
to begin to disentangle the impacts of environmental variability
from human management decisions on the landscape. This work
used the extensive Landsat imagery archive to examine land cover
both before and after the civil war to tease out the differing land

In this complex political, socioeconomic and environmental context,
the fragile landscape of the Himalayas
is under immense pressure.

cover trajectories. Additionally, land cover data derived from the
International Center for Mountain Research and Development
(ICIMOD) were used to validate the analysis. Over 850
ground reference data points were collected by ACSP
personnel and Nepalese students during field visits in
2009/10. Opportunistic and systematic field interviews
were conducted to elicit people’s perception on causes
and consequences of land cover changes within the two
national parks as well.

R esults S ummary

We analyzed different vegetation indices and land cover
change trajectories, but for brevity sake we will discuss
spatial patterns of normalized difference vegetation
index (NDVI) and land cover changes here. For instance,
the trend in average growing season NDVI values for
Sagarmatha NP showed an increase in mean vegetation
productivity for the period of 1972-2010. However,
local stakeholder interviews and ground control points
suggest a decrease in forested areas in both national
parks, but far more intense in Makalu Barun (Figure 6).

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

Figure 6: Forest Change in Makalu Barun National Park (1990-2010).
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from satellite observations and socio-economic surveys
can continually inform more effective management
and tourism practices. We hope that our collaborative
work in the region might ultimately help alleviate the
rate of deterioration of Himalayan ecosystems and
contribute to improved human livelihoods. The ACSP
will continue working in these harsh but beautiful
environments and we welcome collaborators from
varied disciplines as this work requires a healthy
dose of interdisciplinarity in addition to land change
scientists (www.climberscience.com).
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the high elevations, there is a large increase in area classified as
forest or woodland as trees move into former shrub/grasslands
and as grass moves into former glaciated lands.
While our findings are largely preliminary and our
interdisciplinary work in the region is ongoing, we can surmise
that social factors including political conflict, the difficulty to
enforce park management strategies, increasing tourist demand,
and consequent natural resources exploitation contribute to
explaining some of the changes and conversions in forested
area. It appears that proximal and distal human-induced
changes might be overwhelming any potentially beneficial
climate change impacts on growing conditions or the length of

A uthors
John All, Department of Geography and Geology, Western
Kentucky University; Executive Director, American Climber
Science Program
Narcisa Pricope, Department of Geography and Geology ,
University of North Carolina Wilmington
Kamal

Humagain,

Department

of

Natural

Resource

Management, Texas Tech University

the growing season and subsequent high elevation re-greening.
These findings are supported both by recent literature (IPCC,
2013) as well as by data gathered from our semi-structured
interviews with locals. Although a growing consideration for
land managers, the long-term development and implementation
of region-specific mitigation and adaptation practices may
currently lie out of their immediate control. However, better data
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Background image courtesy of International Space Station using a
Kodak DCS760 digital camera and a 800-mm lens on January 28, 2004.
Image provided by the Earth Observations Laboratory, Johnson Space
Center.
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