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Exploration, research and conservation in remote and mountain environments 

The American Climber Science Program (ACSP) is a nonprofit 
organization dedicated to the research and conservation of mountain 
environments. We connect an international group of scientists, 
students, alpinists, volunteers and stakeholders to promote the 
knowledge and sustainability of remote and mountain environments. 

Mountains and remote regions of the world provide critical services 
for much of humanity but currently they are undergoing 
unprecedented changes due to intensified human land uses and 
climate changes. Understanding how these important environments 
function and how they are changing is critical to planning and 
implementing sustainable practices for the future. 

  

www.climberscience.org 
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 Provide opportunities for education and training of US and 
Peruvian students to become the next generation of mountain 
researchers 

 Establish funded, long-term research projects in order to 
increase our knowledge of the effects of environmental 
change and anthropogenic impacts on mountain 
environments and inform effective management of these 
regions  

 Establish productive collaborations and partnerships with 
Peruvian researchers and local and national organizations in 
order to effectively exchange information and facilitate 
conservation actions  

 Create infrastructure for long-term monitoring, conservation 
and education and outreach 

Overarching objectives for operation in Perú 

www.climberscience.org 
Dr. John All: Executive Director- mtclim8@gmail.com 
Dr. Rebecca Cole: Research Director: cole.rebeccaj@gmail.com 
Dr. Carl Schmitt: Science Advisory Committee Chair- schmitt.carlg@gmail.com 
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 Long-term monitoring of pollution effects on glaciers, impacts on water 
quantity and quality, and identification of sources of pollution  

 Testing the effects of climate change (temperature and precipitation) on 
ecosystem structure (plant communities and their distribution) and 
ecosystem function (soil nitrogen and carbon cycling) 

 Long-term monitoring of water quality, quantity, identification of sources 
of pollution, and testing of mitigation options 

Research priorities: Perú 

 Impacts of black carbon and light absorbing particles on glaciers 

 Water quality during rapid glacier loss in the Cordillera Blanca 

 Impacts of grazing management on plant communities 

 Effects of land management on soil nitrogen in grasslands 

 Changes in fire regimes in the Cordillera Blanca 

 Differentiating climatic and anthropogenic alpine land cover change drivers 
in the Cordillera Blanca 

 Monitoring arthropod community diversity in Polylepis forest and grassland  

 
 
 
 
 
 
 
  

Current research projects: Perú 
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The global climate is changing due to human activities. If climate model 
projections are correct, the globally average surface temperature could 
increase by at least 2 degrees C.  The increase is predicted to be more 
substantial in high altitude tropical regions, with temperatures expected 
to rise by up to 5C.   
  
The water security in Peru is particularly vulnerable to the predicted 
temperature increase.  Much of Peru depends on glacier melt for 
sustained water supply in the dry season.  A 5C increase in temperature 
is expected to raise the equilibrium elevation for glaciers by between 500 
and 1000 meters.  In much of Peru, glaciers do not extend to altitudes 
below 5000 meters. With the anticipated temperature increases, this 
elevation could rise to 5500 or even 6000 meters above sea level with 
concurrent, significant glacier loss. 
  
In addition to increases in temperature, anthropogenic pollution also 
causes glaciers to melt.  Black carbon particles, a common component of 
air pollution, can land on the surface of glaciers. These particles absorb 
sunlight and accelerate the melting of glaciers. The burning of fossil fuels 
for transportation and industry as well as fires for agricultural burning, 
home heating and cooking and biomass burning are common sources of 
black carbon.   
  
ACSP research seeks to determine the added melting effect on glaciers 
caused by black carbon.  ACSP scientists, volunteers, and student collect 
snow samples which are processed to determine the quantity of black 
carbon in the snow.  The results can be used to determine the quantity of 
snow and ice that will be lost due to black carbon.  We are expanding our 
research using techniques to determine the sources of black carbon in the 
snow.  Identification of the dominant sources will facilitate the 
development targeted mitigation efforts which, if implemented, would 
lead to the fastest decrease in black carbon buildup on glaciers. 
 
 

 

 

 
 
 
 
 
 
 
  

Impacts of black carbon and light absorbing 
particles on glaciers 
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Research locations to date in Peru include the Cordillera Blanca, 
Huancayo, Cusco regions. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
  

Impacts of black carbon and light absorbing 
particles on glaciers 
 

Glacier change between Oct 2014 and Oct 2015 at Nevado Yanapaccha in 
the Cordillera Blanca. 

Publications: 
Measurements of light-absorbing particles on the glaciers in the Cordillera Blanca, 

Peru. (2015) Schmitt et al. The Cryosphere 9 (1), 331-340 
Linking remote sensing and in-situ measurements of black carbon on tropical 

glaciers. (2014) Schmitt et al. Photogrammetric engineering and remote sensing 
80 (5), 385-390 

Particles of black carbon and dust on glaciers collected from monthly 
sampling in the Shallup area, Cordillera Blanca. 
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Water is an increasingly valuable and scarce resource due to global 
population growth, local anthropogenic activity and climate change.  Many 
populations that rely on threatened water sources are at high risk of their 
supply being reduced both in quality and quantity.  In the Ancash region of 
Peru, a large percentage of the population relies on water coming directly 
from the Cordillera Blanca mountain range, which is home to the highest 
density of tropical glaciers globally.   

Due to climate change, these glaciers are currently receding and because of 
the local geology and land management approaches, drastic changes in 
water quality have been observed. ACSP researchers are assessing the 
sources of water pollution using field measurements and GIS data across 
major watersheds in the Cordillera Blanca. We are also measuring how 
heavy metals in the water alter macrobenthic communities and developing 
an index of these organisms as indicators of water chemistry and quality. 

 
 
 
 
 
 
  

Water quality during rapid glacier loss in the 
Cordillera Blanca 

Sampling water chemistry and benthic macroinvertebrates across major watersheds on the 
western slope of the Cordillera Blanca.  
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 Tropical high altitude ecosystems are particularly vulnerable to the combined 
effects of land degradation and climate change. Mountain ecosystems globally 
have been extensively altered through deforestation, burning, and grazing of 
livestock.  We are testing how native grasslands respond to reduced grazing 
pressure and how these responses vary across an altitudinal gradient.  
We have established a series of small grazing exclosures in the Cordillera Blanca 
in Huascaran National Park and are monitoring how plant communities and soil 
physical and chemical properties respond to the presence and absence of 
grazing pressure. We are combining these results with rapid assessments of 
grassland condition and remote sensing techniques to assess changes in 
vegetation cover over time. 

 

 
 
 
 
 
 
 
  

Impacts of grazing management on high-
elevation plant communities 

Large differences in vegetation and 
aboveground biomass are evident after 
one year of no grazing. 

Experimental exclosure to assess the 
impacts of cattle grazing on regeneration 
of Polylepis forests. 
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Tropical mountains are facing a host of environmental stressors, including warming 
temperatures and land-use change. The Cordillera Blanca is a prime example of a 
tropical mountain range facing complex challenges. These mountains provide drinking 
and irrigation water, hydropower, grazing lands, and other ecosystem services to 
hundreds of thousands of people, but are facing numerous threats from climate 
change, industrialization, and land-use modification. 

 One pervasive land-use change that has notably altered the ecology of mountain 
ecosystems is grazing by sheep and cattle. Overgrazing is compounded by the fact that 
Andean mountain ecosystems did not evolve in the presence of hard-hooved animals 
(sheep and cows), but rather low-impact camelid grazers with soft-padded feet (i.e. 
llamas and alpacas). Soil compaction, trampling, and herbivory by introduced livestock 
has led to erosion, reduced plant vigor, decreased litter layers, and community shifts 
toward undesirable plant species. These shifts have implications for the sustainability 
and yield of grazing activities as well as the ecology of rare, high-elevation 
ecosystems.  

 This project examines the belowground biogeochemical consequences of livestock 
grazing in a high-mountain tropical ecosystem. We used both natural grazing gradients 
as well as a grazing exclusion experiment in the Cordillera Blanca to examine the 
degree to which grazing alters soil N cycling and is linked to shifts in N concentrations 
in adjacent surface waters as well as denitrification dynamics in soil and leachate. 

 In 2015, we collected an extensive set of soil and foliar samples from inside and 
outside of cattle grazing exclosures and in areas of high and low grazing impact across 
an elevational gradient in the Ulta Valley in Huascaran National Park. Water samples 
were also collected from adjacent areas. Data on soil and foliar nitrogen and is 
currently being analyzed. This information, along with data on vegetation community 
dynamics, will provide useful information on the impacts of grazing in high mountain 
grasslands and help guide management of these delicate ecosystems. 

 

 
 
 
 
 
 
 
  

Effects of land management on soil nitrogen in 
high-elevation grassland  
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In Huascarán National Park (HNP) grazing and anthropogenic burning have been 
interacting for decades with natural ignitions and climate change to reconfigure the 
fire regime of the vegetative communities.  However, over the last few decades, 
human alterations in the region’s fire regime were perceived to have led to an 
overall increase in fire occurrence and fire extent. Resource managers are very 
concerned about the impacts of anthropogenic fires in the National Park because 
they disrupt ecological processes and tourism.  We used a time-series of two 
different products from the MODIS Terra and Aqua platforms (Active Fire and 
Burned Area), local air temperature and precipitation data and the Multivariate 
ENSO Index (MEI) and ONI data to assess fire trends from 2000 to 2014.   

The intra-annual distribution of fires in the HNP and the Buffer Zone (BZ) shows a 
consistent seasonal increase in the number of active fires and burned areas during 
the Peruvian winter and the early spring.  The spatial distribution of areas burned 
for the HNP and the BZ from 2002 to 2014 show the pattern of most recurrent 
burning inside the BZ which is in compliance with the HNP’s policy but in 
contradiction with local resource managers observations and active fire anomalies. 
However, when the Park as a whole is examined, it appears that there is a low fire 
return interval for any given location and that the total acreage being burned for a 
given year is relatively small.  Therefore, these small-scale fires create a larger 
appearance of fire impacts than actually occur within the HNP and its BZ.  In this 
instance, fire perception and fire reality are not aligning and the new challenge for 
resource managers is how to reconcile these two factors in order to more 
effectively manage the parklands. 

 

 
 
 
 
 
 
 
  

Changes in fire regimes in the Cordillera Blanca 

Burned areas (black) derived from the MODIS 
MCD45A1 product from 2002 to 2010. The 
Digital Elevation Model Clip represents the 
BZ. The HNP boundaries are represented in 
red.  

Publication: 
Trends in fire activity and responses to climate variability 
and ENSO fluctuations in Huascaran National Park, Peru. 
(2015) All et al. In review.  
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This project examines land cover/land use changes for the past forty years in 
Huascaran National Park and the adjacent communal areas.  There is a wealth of 
satellite imagery available for the Cordillera Blanca, but it needs to be verified on 
the ground.  We visit multiple valleys and peaks to collect information on the 
surface characteristics including slope, aspect, soils, disturbances, fire evidence, 
grazing impacts, insect damage, vegetation species, vegetation health, and other 
vegetation information.    

Ground control point (GCP) data is collected 
to calibrate the satellite imagery and 
evaluate human impacts on the 
landscape.  In the absence of measurable 
human disturbances, climate changes 
should be responsible for the remaining 
vegetation variability.  Areas of high 
human-induced impacts such as fire or 
grazing are compared to more remote areas 
with fewer disturbances to evaluate climate 
versus anthropogenic drivers for 
change.  Finally, slope and aspect data will 
be collected to facilitate verification of 
ASTER and SRTM global DEM 
products.  Once the relative importance of 
human disturbance on the landscape has 
been evaluated, the Park managers and 
other stakeholders can devise more 
effective resource management strategies 
to address long-term ecosystem stability in 
the face of global climate change. 

 

 
 
 
 
 
 
 
  

Differentiating climatic and anthropogenic alpine 
land cover change drivers in the Cordillera Blanca 

Changes in land cover 2002-2009 in 
Huascaran National Park, Peru.  
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Arthropods are among the most diverse and abundant group of animals found in 
tropical forests. Arthropods that live in litter and soil provide a number of ecosystem 
services such as maintenance of soil structure and nutrient cycling. Despite the key 
ecological roles of these organisms, very little is known about arthropods 
communities in high elevation tropical ecosystems. We are conducting a long-term 
study (2012-2017) of patterns of litter arthropod abundance and diversity in two 
important habitat types, puna grassland and remnant Polylepis forests, across 
altitudinal gradients in the tropical Andes. 

Land cover transformation and climate change are predicted to be major drivers of 
biodiversity loss in tropical ecosystems. Establishing baseline information on current 
distributions of biodiversity is critical for understanding the impacts of environmental 
change. This is the first study to examined patterns of litter arthropod abundance 
and diversity in two important habitat types, puna grassland and remnant Polylepis 
forests, across high-elevation gradients in the tropical Andes. Pitfall traps were 
placed in nine adjacent forest and grassland sites between 3800-4400 m in three 
major valleys on the western slope of the Cordillera Blanca in Huascarán National 
Park, Peru. We found that litter arthropod richness, diversity, and abundance were 
significantly greater in grasslands compared to forests; however, richness and 
diversity did not vary with increasing elevation. Litter arthropod abundance declined 
with increasing elevation in grassland but not forest suggesting that forests provide 
more stable habitats over elevation. Arthropod community composition between the 
habitats was quite distinct pointing up the key role of remnant Polylepis forests in 
conserving biodiversity in high-elevation ecosystems in the tropical Andes. 

 
 
 
 
 
  

Monitoring arthropod community structure in 
Polylepis forest and grassland 

Abundance of litter arthropods in Polylepis 
forest and Puna grassland at nine sites across 
elevational gradients.  
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