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1. Introduction 

1.1 The Project 
In 2007, the Global Climate Change Team in USAID’s Bureau for Economic Growth, 
Agriculture, and Trade developed guidance designed to help USAID missions and partners 
account for and address vulnerabilities to climate variability and change in their projects and 
programs. The document, Adapting to Climate Variability and Change – A Guidance Manual for 
Development Planning, is structured around a six-step vulnerability and adaptation (V&A) 
process to help planners and stakeholders assess vulnerability to climate variability and change, 
and identify, assess, select, implement, and evaluate adaptation options that mitigate climate 
impacts.  The V&A process is a flexible approach that was tested in a series of case studies.  It 
can be used to assess resilience of existing projects, programs, or plans to climate change or 
for developing adaptation strategies for new projects, programs, or plans. 
 
In July 2009, IRG, in partnership with USAID and The Mountain Institute (TMI), organized and 
convened an international workshop focused on climate impacts on glaciers, biodiversity, 
livelihoods, and water resources. As a follow-up to that workshop, IRG and TMI are 
collaborating on vulnerability and adaptation training, stakeholder meetings on climate change, 
and preparation of a case studies, and policy briefs. The work reported here describes efforts to 
develop the case study by providing an assessment of climate and non-climate stressors that 
affect the management of water resources in the altiplano and lowlands of the Rio Santa Basin.  
This report provides a summary of the activities carried out in Lima and Huaraz, Peru by Daene 
McKinney and Alton Byers between February 26 and March 7, 2010.   
 
2. Information on Activities  
 
Saturday, 27 February, 2010 –Huaraz, Peru 
 
Meeting at TMI office in Huaraz to discuss the week of work in the Rio Santa basin and 
reviewed recent reports and literature relevant to the tropical glacier dominated Rio Santa basin 
and the availability of water in the basin.  
 
Sunday, 28 February, 2010 – Huaraz, Peru 
 
Trip to Yungay and Llanganuco Lakes – We traveled to Llanganuco Lakes in the Cordillera 
Blanca to observe deforestation impacts on polylepsis sp. forests.  We visited the site of the 
May 31, 1970 Yungay earthquake that killed in excess of 18,000 residents when Huascaran ice 
fell and created an avalanche and a 60 m tall wave of mud and debris that traveled 16 km with a 
speed average of 60 km per hour. 
  
We observed the outlet to the Llanganuco Lakes and the canal system that delivers water to 
downstream communities.  We toured the polylepis sp. forest surrounding the lake.  Polylepis 
sp., a member of the rose family, and is found at high altitude in the Andes.  It is a threatened 
tree often harvested for firewood.  It previously covered almost the entire area above the normal 
treeline but it has been reduced to small remaining pockets.  
We traveled upstream from Llanganuco Lake to the Yurac Corral, gateway to the popular 
climbing objective Pisco Peak and trekking destination of Lago 69, an area of intense cattle 
grazing that has inhibited the regrowth of trees within historically deforested landscapes 
(remnant forests are located primarily on ancient boulder fields inaccessible to cattle)(see: 
Byers 2004 for a discussion). We observed an “exclosure” built by the Mato Grosso ( a religious 
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and humanitarian organization) in early 2000 to demonstrate the restoration capacity of 
Polylepis trees and native vegetation.  In spite of clear vegetational success as observed in 
2005, local cattle ranchers asked that the exclosure be dismantled by 2008 because it 
decreased the overall amount of grazing land available, which was honored by Mato Grosso 
and the HNP in 2008.  Campesino dissatisfaction with the exclosure was most likely an 
expression of the lack of stakeholder input in the design of the conservation effort. There 
appears to be a lot of potential for ecosystem restoration projects in this area, but the 
relationship with the cattle ranchers may inhibit this.  The ranchers were operating in the area 
prior to the creation of the National Park and their grazing rights were protected as part of the 
establishment of the park. We also hiked down the National Park trail from the Llanganuco Lake 
outlet through the polylepis forest to the road below Lake Llancanuco, about 2 – 3 km distance.  
Follow-up activities: (1) Interviews with ranchers operating in this area may be appropriate to 
determine what their views on deforestation and especially climate change might be, and (2) 
range improvement projects in Yurac Corral that provide also include Polylepis restoration 
components (e.g., see TMI project documents for similar projects in Aquia and Collon).  
 
 

 
Lake Llanganuco with tourist boats and polylepis forest (right). 
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Mature polylepis forest at Llanganuco Lake. 

 

 
Bromilleads growing in polylepis  

Polylepis bark on mature trunks 
 

 
Typical undamaged mature polylepis forest. 
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Damaged exclosure formerly protecting polylepis seedlings. Young polylepis in foreground 

damaged from cattle grazing. 
 
 
 

 
Pasture in former polylepis forested area. 
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Monday, 1 March, 2010 – Huaraz, Peru 
 
Yanamito, Cordillera Negra - The Cordillera Negra, or "black mountain range" because of its 
lack of glaciers, is by reputation and conventional wisdom known as a water stressed region 
compared to the glacier-rich and water abundant Cordillera Blanca to the east.  We traveled to 
Yanamito village near Recuay on the Cordillera Negra (west) side of the Rio Santa valley to 
discuss water issues with the community residents.  The village water supply is from a small 
stream (Rio de Yanamito) that has been developed by the residents for agricultural (irrigation 
and livestock) and domestic use.  The water in the stream seems relatively clean, not potable, 
but not contaminated by mining waste or containing excess sediment.  We were told that mining 
wastes contaminate some nearby streams. 
 

 
Community and Rio Yanamito (on left) and Rio Santa (at right). The southern part of the 

Cordillera Blanca is in the background, with Yanamaray (which has nearly totally lost its glacier 
cover based on comparison of photos taken in 1933) in the center skyline. 

 
TMI staff member Doris Chavez was born and grew up in the village and has two aunts that are 
leaders in the community, especially related to water matters.  There are twenty-five households 
(families) in the community.  The stream runs all year round.  However, when the aunts were 
young, the stream used to dry up in the summer, but this does not happen any more.  The 
stream floods sometimes in the wet season.  
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Rio Yanamito and the water committee. 

 
This village seems to have an abundance of water and well-developed water supply and 
sanitation systems.  Perhaps this community is simply lucky, but it does not appear to be much 
difference from other C. Negra communities. 
 
There are hydraulic controls on the stream to distribute water to the fields and livestock.  The 
community has a schedule for system operators and they follow a schedule of water deliveries 
controlled by opening and closing the gate at the major weirs in the system. 
 

  
Yanamito water system: Weir and diversion gate. 

  



8 

 
Yanamito water system: storage tanks. 

 

 
Main weir at Yanamito with diversion gates on each side. 

 
There is a recent piping system that brings water from a storage tanks on the hillside above the 
community to each house.  There is a large tank on the hillside that feeds several communities 
below Yanamito.  The government has made the materials for these systems available to the 
community who purchased them and constructed the systems.  It is not known who engineered 
the system, but clearly it is well-designed and functional system. There was no evidence of 
flowing grey- or black-water in the community, and there were new latrines distributed 
throughout the community that seemed is very good condition. 
 

   
Latrine at Yanamito home. 
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Domestic water supply in Yanamito home. 

 

 
Water storage tank above Yanamito village (about 3800 m). 

 

 
Yanamito meeting with village residents (water system committee and operators) 
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We interviewed the residents about their experience with climate conditions or changes.  Their 
impression is that there is less rainfall during this season (Dec – April) than in past years.  
Sometimes the Rio Yanamito dries up during this season, but it never dries up during the period 
from June to Oct.  Less rainfall during Dec – April was a consistent observation that we heard 
from local residents throughout the week in all parts of the Rio Santa valley.  When asked if they 
had changed any agricultural practices as a result of changing conditions and they said no, they 
are growing the same crops and that cereals respond well to the current dry-wet patterns.  The 
main crops are: cereals, potatoes, and abbas (for soup?).  They used to grow Quinoa, but 
conditions (not specified as climate or economic) do not allow this any longer.  The cropped 
area of the community is about 0.5 ha.  We asked which fields on the hillside they farmed and it 
seemed to be more than 0.5 ha.  The villages reported using more agricultural chemicals now 
than they did in the past when most fertilizer was from natural sources (a common comment in 
the Rio Santa valley).  There is a general sense in the community that climatic conditions have 
been changing, but they are not sure how.  They don’t seem to be making many changes to 
adapt to new conditions.  Their crop productivity has decreased in recent years, and farming is 
mostly subsistence now.  They have a surplus in one month per year that they take to markets 
and sell.  Previously, they used to have a surplus for the market several months per year.   
 

 
Yanamito with crop fields on left in background. 

 
They have noticed some changes in human and animal health.  Their animals seem to get sick 
more these days and they have to treat them more frequently to avoid contaminating their meat 
supply.  Higher average temperatures are also bringing more mosquitoes with disease to the 
area.  The children get sick a little more frequently these days (grippe (chest – respiratory) and 
flu).  Respiratory disease is not surprising since all cooking is by indoor wood combustion 
stoves with no ventilation. 
 

 
Indoor cook stove in Yanamito kitchen 
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There is a lot of mining in the area, but the residents have become very reluctant to sell their 
land to the mining companies because of their previous experiences with the mines causing 
extensive pollution.  The smaller mining companies are worse, in their opinion, than the bigger 
companies since they are less stringently regulated.   
 
The community is very interested in developing some form of eco-tourism around their area. 
 
The actual coverage and exact dates of the region's Polylepis deforestation are unknown, but 
Eucalyptus was apparently introduced at the beginning of the 20th century and has become 
firmly rooted in the physical, cultural, and economic landscape.  There are definitely 
opportunities to implement reforestation projects in this area, since the community seems to be 
aware of the benefits of doing this and seems to have a desire to see a return to natural forests.  
Examples can be seen in TMI's Polylepis restoration project in Aquia, based on a "conservation 
contract" that exchanged expertise in rangeland improvement (and subsequently, improvements 
in quality and quantity of milk) with local participation in seedling cultivation and planting.  More 
than 10,000 seedlings have been planted in watersheds above Aquia since 2005 that were 
reportedly doing well in 2010.  Recommendations: (1) Conduct a detailed survey of villages in 
the Cordillera Negra to better understand the facts and myths surrounding water supply. 
 
Meeting Ministry of Agriculture, Huaraz – We met Mr. Gaudencio Barrozo Villavicencio of the 
Board of irrigators in the Callejon de Huaylas (JNUDRP) under the Ministry of Agriculture at his 
office in Huaraz.  He informed us that from the viewpoint of the Ministry of Agriculture, climate 
change has arrived in the Rio Santa basin.  They have observed that Rio Santa flow has 
decreased in recent years (he was unclear about where he was getting this information from.).  
The local communities that have been affected would welcome any U.S. assistance in adapting 
to these changes.  The Ministry of Agriculture is focused on the areas that are most affected by 
water shortage and contamination.  Contamination is a very large problem in the Rio Santa 
basin.  Examples of the areas where the Ministry of Agriculture is concerned: 
 

1. Huandoy Chico - Village 15 km from the city of Yungay called Huandoy Chico that has a 
water shortage problem and has not been able to obtain water reliably for about 2 years.  
This village does not appear on any maps that we had available.  The Ministry of 
Agriculture believes the village has a water shortage because they depend on the glacier 
melt from the Huandoy Glacier and this glacier has receded significantly in the past 
years.  (Later in the week we visited water managers in the community and found that 
they had switched to canals bringing water form Llanganuco Lake in the late 1960’s.  It is 
possible that the community experienced water shortage as a result of glacial recession 
in the middle 1900’s and changed their water source at that time.).  The Ministry of 
Agriculture does not currently have an active project in this area, but they are thinking 
about building some new canals in the area.  Local irrigation systems become 
operational without much regulation from the Ministry and they think this may be an 
independent reaction to climate change. There is a need to follow up on this and 
determine which communities are reacting to the shortages caused by glaciers, and 
what they are doing. Likewise, there is a need for a more detailed understanding of the 
history of irrigation in the region, particularly from the 1930s to the present, including 
apparent relationships with climate change impacts throughout the period. 

 
2. Contamination – The Rio Santa is “pretty much lost due to contamination.”  The 

tributaries are relatively clean, but the main stem of the river below Catac is so 
contaminated that the government has prohibited all diversions from the river.  Mining 
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wastes are the main source of the contamination.  The diversions from the river have 
been reduced by 20% so far compared to the 1990’s and they are planning further 
reductions.  There is a remediation project under way for the mine waste, but they do not 
know how long it will last and what the outcome will be.  The irrigation projects near 
Chimbote and Trujillo divert and use the water anyway.  Trujillo has to treat the water 
before using it as a municipal supply. (Note: See water quality report in Chavimochic 
presentation.) 

 

 
Catac mine tailings in bed of Rio Santa with cows grazing on soccer field. 

 
Water quality monitoring in the basin has indicated that cyanide, nitrate, and manganese 
contamination may be problems for the municipal treatment plant in the coastal region.  
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Table.  Water Quality Analyses of Rio Santa (Source: Special Project Chavimochic). 

 
 

The Cordillera Negra has always had water shortages along the entire length of the range and it 
is likely that the government has been working on these for a long time, with notable increases 
in the construction of new irrigation canals during the past 10 years as observed by Byers and 
others.  We observed well designed and operating systems in the Cordillera Negra and perhaps 
these were installed because the government saw the long-term water stress experienced by 
this region.  The Cordillera Blanca is a much bigger concern because its problems are focused 
in the tributaries.  The Ministry of Agriculture recognizes the vulnerability of the Rio Santa 
communities to Cordillera Blanca water resources and there is a need to adapt to changing 
conditions.  So far, they have not developed any system to assess, prioritize, and address these 
prospective problems. 
 
Local residents in the basin do not all feel the impacts of climate change or recognize the 
source of the change, since they are always dealing with change in mountain communities.  
Ninety percent of the populations would agree “There should be more rain in February and 
March.”   
 
Farmers in the Cordillera Negra are planting more fruit and alfalfa because these are less water 
consumptive crops.  In the Cordillera Blanca, the farmers seem to have made no changes in 
their practices or cropping patterns.  A large number of Cordillera Blanca farmers have quit and 
migrated to other areas (about 50% go to Lima) and this could continue in the future.  A portion 
of this migration may be due to the reduction in water supply due to contamination, but there is 
always migration from mountain communities to cities. 
 
Meeting - EPS Water Supply Company, Huaraz – We met with Engineer Juan Tarazora 
Minaya at the EPS Water Company in Huaraz.  EPS supplies all the water for the Huaraz 
system.  The source of the water supply was changed in 1975 when the old source the River 
Auqui had to be closed do to excessive acidity (pH of 3.4).  Then the glacial Lake Palcacocha, 
at the head of the Cojup valley, was developed as the source.  The system processes 408 
L/sec through the treatment plants in Huaraz.  They have not seen any decrease in water 
availability from this source in recent decades.  July - August flows are low and critical, and this 
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may be a major problem in the future, but they have not noticed any changes yet.  The dry 
season (June – October) is critical for most users in the region (hydroelectricity, irrigation, and 
municipal), because there are lower temperatures, less glacial melt, and less precipitation in 
these months.  They do not have a planning process in place to deal changing climate problems 
at the moment.  They do not feel that Lake Palcacocha is a risk at the present time (a 
contradiction to what we learned from the head of the Glaciology Unit of the National Water 
Authority, who sees this as a major threat to Huaraz right now).  They agree that the lake is a 
threat, but it is controlled and the threat, in their opinion, is minimal at present.  This lake burst in 
1941 and created a major catastrophe for the city of Huaraz, killing 5,000 people. The National 
Water Authority and the Ministry of Agriculture measure the flows in the Cojup River.  Glacial 
lake outburst flooding risk is the responsibility of the Glaciology Unit.  An emergency situation 
was declared in April 2010 and an early warning system is being installed to alert residents of 
any breach of the glacial lake. 
 
Meeting - Huascaran National Park, Huaraz – We met with Ricardo, staff member of the 
Huascaran National Park office in Huaraz.  He informed us that the National Park considers it a 
priority to assess the levels of risk due to melting glaciers and the associated emerging glacial 
lakes.  As a result of increasing temperature, surface water is appearing as the glaciers melt 
and they need to understand how to manage and conserve the water that used to be frozen in 
the glaciers.  They have projections that show that water from melting glaciers will increase until 
2050 and then decrease after that.  The glacial lake outburst risk is increased since the lakes 
are growing and earthquakes pose a major threat.  It is not clear where the National Park has 
gotten these projections, but they may be from the Peru’s Second National Communication to 
the UNFCCC secretariat.  Need to follow up and get data to support this. 
 
The National Park does not have much data about: the glaciers; the climate in the park; glacial 
lake levels; or flows from the lakes.  What they do have, they have gotten intermittently from the 
Glaciology Unit of the National Water Authority.  They have established a new agreement with 
the Glaciology Unit to increase the sharing of data and they are anticipating that this will be 
successful.   
 
Glacial lake outburst flooding (GLOF) is the responsibility of the Glaciology Unit.  In Ricardo’s 
opinion, the Peruvian government has not shown interest in responding to this concern.  The 
Huaraz Emergency Agency has no information on GLOF risk and they are completely 
unprepared for an event. 
 
In Ricardo’s opinion, climate change is another topic that is not popular with the Government at 
the moment.  The President of Peru did not attend the Copenhagen UNFCC COP in order to 
send a message that climate change is not accepted in Peru.  In Ricardo’s opinion this is also a 
dangerous issue to raise with the government.   
 
Technical information on glaciers and the National Park are collected and analyzed, but it is not 
reported to the Government or at least they do not act on the information.  Local government 
does not raise the issues to the higher government levels in Lima, so the Lima government 
rejects the information if the National Park sends it.  In 2007, the National Park sent information 
to Lima and they never received a response.  The Glaciology Department in Lima did not want 
them to send information and told them to stop.  McGill and Ohio State Universities have 
conducted research on the glaciers that the government declared “classified” and refused to 
allow the study to continue. 
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The National Park has some (very, very limited) authority to manage grazing in the park.  
Grazing existed before the park, so the park’s authority is limited.  The government respects the 
right of the communities to use the lands as they want and has historically stayed out of their 
business.  The Campesinos do not understand that they are grazing in a protected area and 
they have no understanding of the impact of their grazing practices on the park.  The 
Campesinos need to be educated about this.  Maybe this is a follow-up activity.  It also seems 
that the mountain communities have lost their vision of their relationship with the land and the 
area. 
 
Tuesday, 2 March, 2010 – Huaraz, Peru 
 
Visit to Aquia region – We traveled through the headwaters of the Rio Santa at Lake 
Conococha (4,050 m) and across the Pampas de Lampas to Aquia in the southern Cordillera 
Blanca in the Rio Pativilca basin just over the pass from the headwaters of the Rio Santa to 
observe a TMI-supported pasture improvement and forest restoration project and discuss water 
issues with the community president.  Unfortunately, the local residents were not available in 
Aquia that day, as promised, to meet with us.  It was later suggested that local mining 
authorities had discouraged village delegates met during the V&A training several days 
previous, and enthusiastic about our visit, from meeting with us, for reasons that are not entirely 
clear.  The project is nevertheless worth visiting and studying within the near future as an 
example of an apparently functional "conservation contract."  More detailed study of the upper 
Ishinca valley project, where grass cover has increased more than 75 per cent since 2001 as a 
result of a similar TMI pasture improvement project, is also indicated (see TMI "Working Paper 
1" for a detailed discussion of the latter project). 
  

 
Lake Conococha at the headwaters of the Rio Santa 
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Pampa de Lampas and Cordillera Blanca from Lake Conococha 

 
Meeting - Huandoy Chico Community Water Manager, Yungay – We met with the president 
of the Huandoy Chico water system in Yungay.  He explained to us that the Huandoy Chico 
system was connected to a canal leading from the Llanganuco Lake system several decades 
ago and they get all their water from this system.  In the 1960’s they used to get their water from 
the Huandoy glacial streams, but this was stopped when the new canal was built.  As others in 
the basin have made clear, the dry season months of July and August are a problem.  This has 
been a problem since the time of his grandparents and is not any worse now.  He mentioned 
that there are nearby villages of Unyang and Yanchui that have water delivery problems and 
receive water by truck these days.  Most of the small communities rely on the canal system for 
water and they are cut off form time to time.  It seems that these communities may have been 
adapting to changing glacial conditions for several decades. 
 
 

 
Water system viaduct from Lake Llanganuco to Yungay 
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Detail of viaduct from Lake Llanganuco to Yungay 

 
The communities that we have visited in the Cordillera Blanca seem to be buffered from the 
direct impacts of climate change and glacier recession by the glacial lakes (Llanganuco and 
Palcacocha lakes).  They really don’t rely on the main stem of the Rio Santa for water at all.  So 
far the glacial retreat that has occurred (~25-27% glacial area loss since 1970) does not seem 
to have impacted the major towns along the Rio Santa.   
 
Wednesday, 3 March – Huaraz, Peru 
 
Visit to Lake Paron – We travelled to Lake Paron with Cesar A. Portocarrero (Coordinator of 
the Glaciology and Hydraulic Resources Unit, Ministry of Agriculture, National Water Authority).  
We discussed the current situation of Lake Palcococha with him (see above, this lake is the 
source of municipal water for the city of Huaraz.).  In 1974 the lake had a volume of 512,000 m3, 
which is the limit of the safe zone for the lake; today, it has a volume of 17 million m3 (70 million 
m3 was reported in the news outlet la Republica on 20 April 2010 when a state of emergency 
was declared to reduce the lake volume by 50%1), far exceeding the safe level.  According to 
Cesar, it is very dangerous now.  There is a significant risk of an event worse than the 1941 
event that killed 5,000 people and destroyed half of the city of Huaraz.  The regional 
government of Ancash is supposed to provide funds this year for a project to reduce the risk and 
the Glaciology Unit is supposed to initiate actions this year.  They have data about the glacial 
lakes in the Glaciology Unit office that shows that the lakes are receiving more water these days 
than in the past.  In 1941, when the Lake Palcococha event happened, the public and 
government did not want to admit the risk and they even jailed one local farmer who reported 
the lake level and warned that it was dangerous.  In the 1950’s three major GLOF events 
occurred and the government formed the Glaciology Unit office to try to deal with the risks.  
However, in 1996, the office budget was slashed and most staff left.  Recently, the office has 
been rejuvenated and seems to be operational again after a lull from 1996 to 2009.  The 
Glaciology Unit is very concerned about the risk of GLOF events from three lakes: Palcacocha; 
Tullpacocha; and Oxacocha (a newly formed lake). 
 

                                                
1

 http://www.larepublica.pe/regionales/20/04/2010/declaran-en-emergencia-la-laguna-palcacocha-en-huaraz 
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Lake Palcacocha in 2008 showing terminal moraine dam and 1941 GLOF breach location 

(Photo: Collette Simonds, www.flickr.com/photos/gohiking/2708420766/) 
 
There is a glacier lake survey underway now.  More data collection and mass balance 
calculations are needed.  LIDAR measurements of the ice thickness are needed in most of the 
glaciers.  The glacier tongue at Lake Paron may melt and fill the lake to twice its current size. At 
this time, the bedrock location under the tongue (600 – 700 m long) is unknown, so the mass of 
potentially melting ice is unknown.  The last glacial area estimates were in 1970 (aerial photos) 
and 2003 (satellite images), so there is a 30-year look at the difference and estimates of the 
rates of glacial recession for the major glaciers in the Cordillera Blanca.  During this 30-year 
period, about 27% of the glacial area was lost.  Many of the region’s small glaciers, e.g., Brogi, 
are gone now or are disappearing fast, e.g, Pastoruri.  
 

 
Pastoruri Glacier which has diminished greatly over the past decades 

 
During the 1970s – 1990s the glacial recession rate in the Cordillera Blanca was increasing, but 
during 2008-2009 the rate of recession seems to have declined and the reason for this is 
unknown, but there is speculation that it is due to a shift in the Pacific Decadal Oscillation 
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(PDO).  The PDO changed phase two years ago to a cold phase.  The rainfall during the current 
“wet” season is similar to that of 30-40 years ago.  The Glaciology Unit has measured snow 
accumulation and glacier tongue location for most of the glaciers from 1970 to the present.  
They have never observed any glacial advance, only recession, but the rate of recession has 
changed. 
 

 
Monthly Values of PDO index: 1900 - 2009 

http://jisao.washington.edu/pdo/img/pdo_latest.png 
 

 
Repeat photos of Yannapacha glacier near Yurac Corral in 1936 (left, Photo: E. Schneider) and 

2009 (right, Photo: A. Byers), showing glacier recession. 
 

Lake Paron, the largest lake in the Cordillera Blanca (4190 m), has had a history of conflict 
between the hydroelectric facility operators (currently Duke Energy) and the local community for 
the past several years.  On 29 July 2008, the farmers form the Huaylas province took over the 
Canyon del Pato facility from Duke Energy Company in protest for excessive releases from 
Lake Paron which had resulted in a 50% drop in the lake levels.  Originally, Duke Energy was 
licensed to release 1 m3/s from the lake for power generation purposes, but then they increased 
releases beyond that level potentially eroding downstream irrigation systems and negatively 
impact municipal water quality.  The maximum safe release is 4 m3/s (according to Cesar) and 
Duke Energy released water at up to 5.5 m3/s and as much as 10 m3/s.  The flow resulted in 
erosion of the basin and destruction of the irrigation system inlet.  The protest resulted in the 
creation of a multi-sector commission to supervise the National Water Authority's development 
of a water use plan for Huaylas province and find a resolution to the conflict. (For more 
information, see https://nacla.org/node/6149.) 
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Lake Paron 

 
Lake Paron overflow (top at 4200 m).  Note the bathtub ring where the water has been (above 

4190 m). 
 

 
Seepage from base of the Lake Paron moraine.  There are three seeps here, but before the 

emergency that lowered the level of Lake Paron there were many more seeps. 
 
The moraine dam at the outlet of Lake Paron has an ice core that is melting and weakening the 
dam and increasing the risk of failure.  The lake overflow is located at 4200m and it is 
recommended that a 10m minimum freeboard be maintained, so the maximum safe operational 
limit is 4190m.  Recently an emergency was declared because the water level was too high and 
raining of the lake commenced.  The maximum rate of drainage is 8 cm/day) and draining will 
continue until the level reaches 4190m.  The Glaciology Unit is in charge of the operations and 
they are training the local Campesinos (farmers) to operate the system.  Control will be turned 
over to the Campesinos in 60 days.  The lake control system was designed to release 3.8 m3/s 
and was built over a period between the 1960’s to the 1990s for a total cost of $3 million (USD).  
We toured the lake control facility, which included a climb down a 60m ladder (starting from 
4190m) and then climbing back up.   
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Lake Paron control system (upstream and downstream views of the outlet) 

 

 
Lake Paron control system (Tunnel, ladder, lower control room) 

 
Two million people in the Rio Santa basin depend on the water from the basin.  Before the 
1970s the precipitation in the basin tended to be increasing; after the 1970s the trend has been 
steady or to decrease. 
 
Meeting with Duke Energy staff at the Canyon del Pato Hydroelectric Facility – We met the 
Duke Energy operating staff at the Canyon del Pato hydroelectric facility.  They gave us a brief 
description of the facility and its operation.  They use the uncontrolled flow of the Rio Santa and 
releases from four glacial lakes to generate electricity.  Their design flow rate is 80 m3/s, but this 
is not always available. 
 

Lake Date of 
operation 

Location 
(canyon) 

Location 
(Coordinates) 

Maximum volume 
(million m3) 

Licensed release 
rate (m3/s) 

Cullicocha 1992 Above Huaraz 8°51'50"S, 
77°45'24"W 

8 4 

Aquascocha 2002 By Conucoche 10° 2'11"S 
77°13'22"W 

8.5 2 

Rajucocha 2005 Priac River up 
from Huaraz 

8°51'49"S  
77°44'9"W 

10 2.5 

Paron 1992 Paron 8°59'51"S 
77°41'4"W 

35 5.5* 

* Note that this release rate was what sparked the protest that resulted in Duke Energy losing control of 
Lake Paron, so there is little likelihood that releases will ever exceed 3.8 m3/s (maximum safe release 
from the control structure) in the future, and 1-3 m3/s is more likely. 
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Figure.  Schematic of Rio Santa flow through Canyon del Pato hydroelectric facility.  Design flow 

is 80 m3/s.  During dry season, June – October, there is a deficit of flow a portion of which can 
be made up through lake releases. 

 

 
Canyon del Pato hydroelectric facility 

 
The four lakes fill each year from glacial melt or precipitation.  As temperatures increase from 
global warming, and there is rainfall at higher elevations, the Duke Energy operators expect that 
the operation of the lakes will not change, since the lakes will still capture the same amount of 
water as long as the precipitation does not decrease.  They are very committed to the idea that 
precipitation will stay the same or increase slightly over the coming decades. 
 
Duke Energy is not responsible for the safety of the four glacial lakes, so they do not consider 
this in their planning.  Also, they have lost authority over the Lake Paron releases, but they 
expect to regain that authority very soon.  Lake Cullicocha has a rock dam at the outlet so they 
do not think that there is a risk of failure.  Lakes Aquascocha and Rajucota both have concrete 
and rock dams at the outlets and so they are not impacted by glacier lake growth since 
additional water will simply flow over the top of the dams if the water reaches that level.  (Unless 
I have not located them correctly, Rajucoche is just above Cullicocha and has glacial areas 
almost overhanging the lake.  From Google Earth, this does not look like a very safe situation.) 
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Lakes Cullicoche and Rajucoche. 

 
Water quality does not greatly affect the operation of the hydroelectric facility.  The heavy 
metals in the water contribute some to abrasion and the sediment corrodes the impellers of the 
turbines.  They do not see that there is much that can be done about the sediment load in the 
river.  The sediment flow follows the flow curve, so periods of high sediment occur during 
periods of high flow (see Chavimochic presentation for details). 
 
There are three flow measurement stations on the river (Carhuaz, La Balsa – inlet to the 
canyon, and Condorcerro – outlet of the canyon) and one at each of the four lakes.  There are 
meteorological stations at each of the lakes and two more near the main river on the coast.  It 
appears that Duke Energy may be responsible for all of the flow and meteorological stations, but 
that was not clear. 
 
 
Thursday, 4 March, 2010 – Chimbote, Peru 
 
Meeting at the Irrigation District Chavimochic, Trujillo – We met with Engineer Huber 
Vergara Diaz, General Manager, Chavimochic Special Project.  The Chavimochic irrigation 
district receives most of its flow from the Cordillera Blanca and they are very concerned about 
some observations that they have seen.  The future of the river occupies the attention of the 
water users these days.  They have been working with Duke Energy, The Mountain Institute, 
and the Glaciology Unit recently on projects,  
 
The Condorcerro flow station is the main station that indicates the flow arriving at the coast and 
available to the irrigation projects at Chavimochic and Chinecas.  The higher average flows are 
an indication of the increase in glacier melting.  There are also increased variations in the flows 
and they must compensate for the variations in their operations.  They believe that in the future 
(20 years at most) there might not be any glaciers below 5ooo m.  They are beginning a 
planning process to plan for these future flows.   
 
In a presentation on Climate Change in the Rio Santa, the dry season (June - December) flows 
in the Rio Santa (1987 – 2007) decrease from 60 cubic m per sec to 40 cubic m per second 
over the period. Unfortunately, the presentation doesn't say what station the flows are from.  
Flows for the wet season months of January (constant at 180 m3/s), February (216 up to 315 
m3/s) and March (350 down to 300 m3/s) have not changed their average values since 1956 
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and February shows an upward trend.  November to April average flow over 1956 - 2007 is 
almost constant at 212 m3/s.  This is consistent with observed average annual rainfall recorded 
at stations Chancos (1953 - 1998) and Querococha (1965 - 1998) where there has been little 
change in precipitation.  From the following figure, it is clear that the annual flow in the Rio 
Santa has decreased significantly in the past few decades. 
 
The contribution of glacial melt water to Rio Santa Flow:  See Chavimochic data on glacier 
contribution and also Chapter 6.2 in Vuille: Climate Change. 
 
In order to reduce the risk associated with the anticipated flow variations, they want to develop 
smaller storage projects in the mountain region that they neglected in the past since they are 
small.  They need to be able to regulate the flow more in periods when they did not have to 
regulate in the past.   
 

 
Annual Flow at Condorcerro station on the Rio Santa 

 
They are also interested in groundwater storage and recovery.  They are using some 
groundwater now, but not much and they need to develop more.  They plan to increase the use 
of groundwater in the future.  They have not thought about groundwater banking (aquifer 
storage and recovery).  There are months when there is river flow that is not needed for 
agriculture and it could be banked.  This idea is very interesting to them and follow-up is 
suggested. 
 
Desalination of seawater has not been considered as a realistic option due to expense.  Lima is 
beginning to think about using this option.   
 
In fifteen years of living in the area, the worst problems that he has seen are associated with El 
Nino.  1998 was a very severe El Nino event.  He thinks that there is a definite temperature 
increase in the region. 
 
Water quality is also a concern to them since they have had to install extraordinary treatment 
equipment in the Trujillo treatment plant because of the Rio Santa contamination.  They expect 
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that mining activities will not decrease in the future and that sediments and other contamination 
will increase and be more concentrated. 
 
There is little awareness in the general population that the water for the irrigation and 
municipalities comes form the mountains and needs to be protected. 
 
3. Recommendations 
 
3.1.  General observations: 
 
Based on the experience of this trip, it is clear that there are a number of divergent views on the 
actual or expected impacts of climate change on the Rio Santa basin, both in terms of recent 
changes and already implemented adaptation measures and future changes and the need for 
(further) adaptation.  There is a need to discover what the actual facts are re: climate change 
impacts in the Cordillera Blanca, Cordillera Negra, and Rio Santa downstream areas.  There is  
much uncertainty, confusion, and misunderstanding to sort out.  
 
3.2.  Follow-up activities: 
There are several follow-up activities that could be undertaken in the Rio Santa basin and would 
contribute to a better and clearer understanding of climate change and adaptation in the basin.  
These include:  
  
Lake Llanganuco area – Interviews with park officials and ranchers in the Lake Llanganuco 
area should be undertaken to determine what their views on deforestation and especially 
climate change are and what adaptation measures, if any, have been taken.  Also, records of 
temperature, precipitation, lake levels and lake outflow should be obtained and analyzed to 
determine the immediate area impacts of climate change to assess what direct impacts the 
ranchers and ecosystems may be responding to.  

Yanamito, Cordillera Negra – This community provides a good site for a detailed case study of 
small water system operation in the Rio Santa area (i.e., a best case scenario).  A survey of 
their water availability, water use, precipitation, temperature, and land use/land cover would be 
illustrative in determining if they have adapted to changes in climate in the recent decades. 
Likewise, a detailed case study of other villages should be undertaken to determine what a 
"worst case scenario" occurring, and where it/they are occurring. 

Ministry of Agriculture, Huaraz – Given the level of confusion exhibited by the ministry 
representatives regarding water scarcity in the region, further and more in-depth interviews with 
ministry officials should be undertaken.  Records that they may have on water diversions and 
use of the Rio Santa should be obtained and analyzed to determine if the diversions from the 
Rio Santa have actually decreased in the recent years as we were told.  After our experience 
with the situation in Huandoy Chico, it is important to determine which communities are 
experiencing shortages (i.e., a worst case scenario) and what they (residents and the Ministry) 
are doing about it.  The ministry seems to have invested considerable resources into the water 
supply and sanitation systems in the Cordillera Negra side of the valley, but it is not clear if the 
same is true on the Cordillera Blanca side.  This should be verified and the outlook for water 
supply in the future for both sides of the valley estimated.  If shortages are predicted, what 
adaptation measures can be undertaken. 

EPS Water Supply Company, Huaraz – The water company is under the impression that the 
water supply (quality and quantity) derived form Lake Palcacocha is sustainable.  Their previous 
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experience has been that they had to abandon the previous water source due to contamination 
(natural or mining derived is unclear). However, they believe the situation with Lake Palcacocha 
is secure.  We learned from the Head of the Glaciology Unit (Cesar Portocarrero) that this is not 
the case, and he believe the lake to be extremely dangerous and prone to a glacial lake 
outburst flood.  Follow up is needed to determine the vulnerability.  Records of temperature, 
precipitation, lake levels and lake outflow should be obtained and analyzed to determine the 
immediate area impacts of climate change to assess the level of risk of GLOF and impact on the 
watershed and communities downstream. 
 
Huascaran National Park, Huaraz – We were told that the National Park has projections 
showing that water from melting glaciers will increase until 2050 and then decrease after that.  
Data to support this should be obtained and analyzed to determine potential decreases to water 
supply over the coming decades. 
 
Lake Conococha and Pampa de Lampas region – Records of temperature, precipitation, lake 
levels and lake outflow should be obtained and analyzed to determine the extent of changes 
and if there is a link to climate change.  Interviews with local residents to determine if they have 
observed changes and what adaptation measures have been take as a result of this. 
 
Huandoy Chico Community – Other water users in this community should be interviewed to 
determine the extent of the water shortage in the region and what adaptation measures are 
being taken.   The climatic and hydrologic records for the Lake Llangonuco area can be used to 
correlate these changes with climate change and water availability.  It is also highly 
recommended that a series of villages that are exclusively glacier fed be located and studied 
(see Robert Rhoade's study of Cotacoxi glacier in Ecuador as an example). 
 
Glacier Lakes in the Cordillera Blanca - Cesar Portocarrero of the Glaciology Unit expressed 
his deep concern regaring the impact of climate change on the security of glacial lakes in the 
Cordillera.  Lakes which have been engineered formerly to be safe have now exceeded their 
intended safety limits and are subject to increasing threats.  These include Lake Paron above 
Caraz and Canyn del Pato; Lake Palcacocha above Huaraz; Lakes Pullpacocha and the newly 
formed Lake Oxacocha in adjacent watersheds.  Basic information on these lakes needs to be 
gathered and/or updated and a preliminary, scoping study done to see what the recent impact of 
climate change has been on the safety of and water supply from these lakes.  The glaciology 
unit is currently conducting a glacier survey and should be able to provide much of the 
information needed for this. 
 
Duke Energy Canyon del Pato Hydroelectric Facility – It is clear that the Duke Energy Co. 
staff do not consider climate change to be a concern for their future operations, based on the 
assumption that precipitation in the Rio Santa basin upstream from the hydroelectric facility will 
not decline in the coming decades.  There are clear indicators that this assumption may not be 
valid, in fact, streamflow records from the station immediately downstream of the hydroelectric 
facility show declining flow for the past several years.  There is little reason to think that this 
trend will reverse.  The streamflow data for additional stations in the Rio Santa should be 
obtained and analyzed and projections for precipitation in the region over the next several 
decades should be analyzed to determine the validity of this assumption.  Also, sediment is a 
major factor for the hydroelectric plant operators, since it quickly degrades turbine impellers.  
Sediment loads from the contributing sub-basins should be estimated along with the expected 
changes in loading due to climate change.  The impact of various watershed restoration 
activities on sediment load should be assessed.   
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Irrigation District Chavimochic, Trujillo – The management of the Chavimochic Project is 
very concerned about climate change impacts and possible adaptation measures that they 
could implement to ease their vulnerability to these changes.  Follow-up activities should be 
undertaken to explore possible adaptation measures that they (and the neighboring Chinecas 
Project in Chimbote) could undertake and what the expected benefits and costs of these 
measures would be. 
 


