
at SciVerse ScienceDirect

Journal of Historical Geography xxx (2012) 1e11
Contents lists available
Journal of Historical Geography

journal homepage: www.elsevier .com/locate/ jhg
Unintended effects of technology on climate change adaptation: an historical
analysis of water conflicts below Andean Glaciers

Mark Carey a,*, Adam French b and Elliott O’Brien c

aRobert D. Clark Honors College, University of Oregon, Eugene, OR 97403, USA
bDepartment of Environmental Studies, University of California, Santa Cruz, CA 95064, USA
cDepartment of Politics, Washington and Lee University, Lexington, VA 24450, USA

Abstract

Climate change adaptation measures can generate long-term unintended consequences, as this paper demonstrates through an empirical case study of
water conflicts at Lake Parón in Peru’s Cordillera Blanca mountain range. This decade-long struggle culminated in 2008 when a coalition of local groups
(stakeholders) from the Cruz de Mayo and Caraz communities in the Callejón de Huaylas seized control of the Lake Parón reservoir from a private
multinational corporation, Duke Energy. This clash over Parón’s water in the Llullán and Santa River watersheds emerged much earlier than climatic-
hydrologic models had predicted, and it occurred, this paper argues, largely because of previously successful climate adaptation measures. The
drainage tunnel and floodgates originally installed at Parón in the 1980s to prevent a climate-related outburst flood led to unintended or perverse
outcomes because these technological artifacts subsequently allowed a diversity of stakeholdersdincluding rural subsistence farmers, urban residents,
national park officials, tourism promoters, the state energy company Electroperú, and Duke Energydto manage water differently depending on their
priorities and the existing governance structures. Neoliberal reforms that altered state-society-environment relations in Peru played a key role in these
changing stakeholder power dynamics that were reflected in the management of water infrastructure at Parón. Examining this water conflict that
emerged from the unintended effects of climate adaptation demonstrates not only how technology and society are mutually constitutive, but also why
the politics of technologies must be considered more carefully in the analysis of social-ecological systems, hydro-social cycles, and climate change
adaptation.
� 2011 Elsevier Ltd. All rights reserved.
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Researchers and policy makers increasingly recognize the urgent
need to adapt to global climate change.1 Adaptation is particularly
important for societies that are predicted to experience significant
hydrologic variability under future climate change scenarios.2 The
Intergovernmental Panel on Climate Change (IPCC) recognizes the
vulnerability of these societies because there is ‘high confidence’
that negative impacts of future climate change on freshwater
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systems will outweigh positive benefits.3 Societies that depend on
snowmelt and glacier runoffdfrom the Andes and Himalayas to the
Rockies and Alpsdare some of the most vulnerable to these fluc-
tuations or reductions of freshwater supplies. In the tropical Andes
in particular, future glacier shrinkage will diminish water sources,
especially during the MayeSeptember dry season, which will affect
the export agriculture economy, indigenous people’s subsistence
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food production, urban drinking water, industries, and hydroelec-
tricity generation that accounts for up to 80% of Andean energy
supplies.4 Retreating glaciers have also caused disastrous glacial
lake outburst floods (GLOFs) in mountain ranges worldwide but
particularly in Peru; as climate continues to change, the threat of
these floods will persist.5

Social conflicts in response to real and perceived water short-
ages have already emerged in Peru’s most glaciated mountain
range, the Cordillera Blanca. At Lake Parón, which became a reser-
voir for the nationally important Cañón del Pato hydroelectric
station in the 1990s, there is still an ongoingwater battle that began
in 2001 and culminated in 2008 when local residents of Caraz and
Cruz de Mayo seized control of this Cordillera Blanca reservoir from
the US multinational corporation Duke Energy. Not just a story of
resource struggles in the aftermath of neoliberal policies and
privatization, this Parón conflict resulted in part from extremely
successful climate change adaptation measures that Peruvian
engineers implemented in the 1980s. Engineers partially drained
Lake Parón to reduce the risk of glacial lake outburst floods, and
a few years later the state hydroelectric company Electroperú
installed water-regulating floodgates on its drainage tunnel. But
these new technologies were never passive artifacts because, as we
demonstrate, technologies have politics and they exist in dynamic
social-ecological contexts. Technical objects are constructed within
specific configurations of social relations, political-economic forces,
cultural values, knowledge structures, and dynamic environments.
And these human and environmental conditions change over time.
Since completion of the flood-prevention engineering projects and
installation of new climate adaptation technologies in the 1980s
and early 1990s at Lake Parón, a multitude of local, national, and
international stakeholdersdincluding rural subsistence farmers,
urban residents, national park officials, tourism promoters, and the
multinational company Duke Energydhave struggled for control
over water supplies. The technologies installed to successfully
adapt to those climatic hazards have been at the center of the
ongoing water conflict. The struggle demonstrates how climate
adaptation measures can generate long-term unintended conse-
quences and how technologiesdeven well-intentioned technolo-
gies to protect populationsdare embedded in dynamic societal
contexts and ever-changing material environments that can lead to
unforeseen outcomes when management of technological artifacts
change over time.

To analyze these historical processes unfolding over many
decades at Lake Parón, which have implications for climate
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adaptation policies in Peru and worldwide, this essay links the
often disparate research on the history and geography of tech-
nology, environmental history, climate change, social-ecological
systems, and the political ecology of the hydro-social cycle. Our
principal goal is to bring the fruits of excellent scholarship in
technology studies and the hydro-social cycle to the scholarship on
climate change, which still largely lacks these theoretical advances
and the insights from rigorous empirical studies. Much like the
scholarship on renewable energy, much climate research tends to
see any technologies associated with climate adaptation as inher-
ently beneficial, with the exception of geoengineering that scholars
have criticized for its potentially perverse outcomes and the socio-
political forces driving its implementation.6 Most other research on
the role of technology in climate change adaptation is largely
devoid of politics or social implications. Geographers and many
other scientists and social scientists studying climate change
readily recognize the benefits from the intertwined analysis of
coupled natural and human systems that go beyond token
consideration of the ‘social’ dimensions.7 Yet historical geographers
and environmental historians have only barely participated in
climate change research and policy discussions.8 This essay
demonstrates both how and why there should be more historical
analysis of climate-related issues. It also shows the importance of
carefully examining the role of small- and large-scale technologies
in climate change adaptation, how the analysis of power should be
integrated into climate research more deeply, how insights from
Science and Technology Studies and the history and geography of
technology can inform this investigation of what we call climate
adaptation technologies, and why it is so important for scholars to
recognize the agency of non-human nature in their studies of the
history of technology, social-ecological systems, and the hydro-
social cycle.

Technology, power, and the hydro-social cycle

Technological systems inextricably link artifacts, people, and
material environments (or non-human nature). They are not only
constructed through social relations and political economies, but
also by ideologies and perceptions that imbue artifacts with
cultural values.9 What is more, these inter-connections change in
both time and space as social relations, perceptions, and envi-
ronmental conditions vary.10 At Lake Parón, forces such as climate
change, glacier retreat, neoliberal adjustments, shifting political
contexts, laws, and local perceptions all shaped the application
d R.J. Gómez López, Glacier recession and human vulnerability in the Yanamarey
, J. Bury, J. McKenzie, A. French and M. Baraer, Climate change and tropical Andean
rdillera Blanca, Peru, Annals of the Association of American Geographers 100 (2010)
ischarge: a case study in the Cordillera Blanca, Peru, Journal of Glaciology 49 (2003)
lacierized tropical catchment (Cordillera Blanca, Perú), Global and Planetary Change
supplies in the tropical Andes, Science 312 (2006) 1755e1756; B. Morales Arnao,
a 111 (1998) 7e20; C. Portocarrero, Retroceso de glaciares en el perú: Consecuencias
des Andines 24 (1995) 697e706; W. Vergara et al., Economic impacts of rapid glacier
. Vuille, B. Francou, P. Wagnon, I. Juen, G. Kaser, B.G. Mark and R.S. Bradley, Climate
(2008) 79e96.
York, 2010; M. Zapata Luyo, La dinámica glaciar en lagunas de la Cordillera Blanca,
ial hazards: perceiving and responding to threats in four world regions, in: B. Orlove,
, Berkeley, 2008, 68e80; S.D. Richardson and J.M. Reynolds, An overview of glacial

.R. Fleming, Fixing the Sky: The Checkered History of Weather and Climate Control, New
War and beyond, Endeavour 32 (2008) 20e26.
Progress in Human Geography 35 (2011) 542e549.
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and outcomes of technological intervention. This intertwined,
dialectic relationship that plays out among multiple human and
non-human actors is precisely why scholars have recently devoted
so much attention to technonatures, social-ecological systems,
coupled natural and human systems, hybrid landscapes, Actor
Network Theory, and the hydro-social cycle.11 Linking these
distinct approaches, as we do in this empirical study, however, is
only rarely achieved but offers crucial insights, as scholars
suggest.12

While understanding how technologies connect societies with
environmentsdhow technology and society are mutually con-
stitutivedis essential, we further argue that the politics of tech-
nologies must be considered more carefully. As Wiebe Bijker
explains, ‘technologies are not only shaped by political forces; they
also exert political force themselves.’13 Artifacts can acquire power
as a result of their design, their arrangementwithin specific societal
and political configurations of power, or their connection with
certain institutions that historically exerted power and authority.14

For Alex Loftus, these combined factors intersected in the ways in
which water infrastructure in Durban, South Africa, acquired
significant power over people’s lives, even regulating ‘the rhythms
of life itself.’15 But he also notes that this power embedded inwater
infrastructure is relationally produced and sometimes contested.
His insights offer an important parallel to this Lake Parón case on
the shifting management of water infrastructure and ensuing
conflicts. But we also demonstrate the important role of non-
human naturedclimate change, hydrologic conditions, and
natural hazardsdin the historical evolution of technologies, power,
and water management. In this way, this analysis of the social
power among competing Parón stakeholders and the physical
power associated with energy production at Cañón del Pato helps
link the history of technology with environmental history, as some
scholars have recently encouraged.16

Because technology and society (and the material environment)
are dynamic over time and mutually constitutive, some scholars
have examined so-called ‘perverse outcomes’ of technologies. This
scholarship reveals how technologies designed with good inten-
tions for the benefit of society turn out to have embedded within
them the components for their appropriation, misuse, and negative
impactsdoften against the wishes or beyond the foresight of
engineers who designed them.17 In the context of climate change
adaptation technologies, we refer to these perverse outcomes as
unintended adaptation outcomes: the new technologies imple-
mented for climate change adaptation that turn out to trigger
unforeseen consequences by altering power dynamics,
11 M. Kaika, City of Flows: Modernity, Nature, and the City, New York, 2004; T. Moss, W. M
Water Alternatives 2 (2009) 16e33; E. Swyngedouw, Technonatural revolutions: the scal
Institute of British Geographers 32 (2007) 9e28; C. Folke, Resilience: the emergence of a
(2006) 253e267; B.L. Turner et al., Illustrating the coupled human-environment system
Sciences 100 (2003) 8080e8085; O.R. Young, F. Berkhout, G.C. Gallopin, M.A. Janssen, E. Os
for scientific research, Global Environmental Change 16 (2006) 304e316; T. Mitchell, Rul
12 K. Furlong, Small technologies, big change: rethinking infrastructure through STS an
13 Bijker, Dikes and dams (note 10), 109.
14 L. Winner, Do artifacts have politics? in: D. MacKenzie, J. Wajcman (Eds), The Social
15 A. Loftus, Reification and the dictatorship of the water meter, Antipode 38 (2006) 10
16 E. Russell, et al., The nature of power: synthesizing the history of technology and en
17 B. Wynne, Unruly technology: practical rules, impractical discourses and public unde
reimagining science, technology and development, Environmental Values 11 (2002) 253e
18 N.W. Arnell, Adapting to climate change: an evolving research programme, Climatic
global environmental governancedis what we need right now for climate change, Globa
change: the challenge of building adaptive capacity in Latin America, Global Environm
vulnerability: reflections on the Working Group II report of the Intergovernmental Pane
19 R. White, The Organic Machine: The Remaking of the Columbia River, New York, 1995; C
global change, Water Resources Management 21 (2007) 49e62.
20 E. Swyngedouw, The political economy and political ecology of the hydro-social cycl
see J. Budds, Contested H2O: science, policy, and politics in water resources managemen

Please cite this article in press as: Carey M, et al., Unintended effects of tec
conflicts below Andean Glaciers, Journal of Historical Geography (2012),
restructuring social relations, and ushering in new ways of
managing natural resources, water, and energy. These unforeseen
results of adaptation actions may yield positive results, or they can
lead to maladaptation that heightens human vulnerability, gener-
ates social conflicts, exacerbates power struggles, or triggers
resource battles related or unrelated to continued climate change.
Historical studies of actual cases of climate adaptation proc-
essesdwhich scholars increasingly call fordcan offer key, some-
times overlooked perspectives about why and how unintended
outcomes play out over time.18

To capture the interconnected relationships among tech-
nology, society, and the material environment over the last
several decades at Lake Parón, this essay uses the concept of the
hydro-social cycle, which centers on the combined social-
ecological processes while also emphasizing the role of power.
Like other socio-ecological systems and coupled humane
environment systems, watersheds also reflect diverse and inte-
grated environmental, technological, economic, institutional,
political, and social forces that interact over time.19 The hydro-
social cycle connects these various social and environmental
forces. It also focuses on social power relations and the conflicts
embedded in socio-environmental change. As Erik Swyngedouw
explains, ‘it is these power geometries and the social actors
carrying them that ultimately decide who will have access to or
control over, and who will be excluded from access to or control
over, resources or other components of the environment.’20 The
concept of the hydro-social cycle we use here not only helps
interconnect the dialectical relationship among society, tech-
nology, and non-human nature; it also underscores the impor-
tance of power dynamics among a rich assemblage of diverse
social actors. Our environmental history approach that examines
the agency of naturedin this case the role of climate, glaciers, and
hydrologydalso enriches the analysis of the hydro-social cycle by
empirically demonstrating the importance of non-human actors
in social-ecological systems.

The hydro-social context

The Santa River watersheddincluding Lake Parón and its outlet,
the Llullán River that connects directly with the Santa River in the
town of Carazdshould be understood as a dynamic hydro-social
system (Fig. 1). A significant portion of Santa River water comes
from glaciers in the Cordillera Blanca mountain range, which runs
approximately 180 km north-south through the Department of
Ancash in north-central Peru. The Cordillera Blanca is the most
edd, S. Guy and S. Marvin, Organising water: the hidden role of intermediary work,
ar politics of Franco’s hydro-social dream for Spain, 1939e1975, Transactions of the
perspective for social-ecological systems analyses, Global Environmental Change 16
for vulnerability analysis: three case studies, Proceedings of the National Academy of
trom and S. van der Leeuw, The globalization of socio-ecological systems: an agenda
e of Experts: Egypt, Techno-Politics, and Modernity, Berkeley, 2002.
d geography, Progress in Human Geography 35 (2011) 460e482.

Shaping of Technology, Philadelphia, PA, 1999, 28e40.
23e1045.
vironmental history, Technology and Culture 52 (2011) 246e259.
rstanding, Social Studies of Science 18 (1988) 147e167; S. Jasanoff, New modernities:
276.
Change 100 (2010) 107e111; A.G. Patt, Effective regional energy governancednot
l Environmental Change 20 (2010) 33e35; H. Eakin and M.C. Lemos, Institutions and
ental Change 20 (2010) 1e3; D.M. Liverman, Assessing impacts, adaptation and
l on Climate Change, Global Environmental Change 18 (2008) 4e7.
. Pahl-Wostl, Transitions towards adaptive management of water facing climate and

e, Journal of Contemporary Water Research and Education 142 (August 2009) 57. Also
t in Chile, Geoforum 40 (2009) 418e430.
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Fig. 1. Map of the Santa River watershed. Lake Parón, Cruz de Mayo, and the Llullán River are located slightly east of Caraz in the Cordillera Blanca. Map by Jeffrey Bury.
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glaciated tropical mountain range in the world, with approximately
600 glaciers and many peaks above 6000 m. Just west of the
Cordillera Blanca is the valley known as the Callejón de Huaylas.
The Santa River runs through the bottom of this valley. At the far
northern end of the Callejón de Huaylas, the Santa River turns west
and drops through the Cañón del Pato gorge before flowing into the
arid lowlands and emptying into the Pacific Ocean just north of
Chimbote. The Santa is an important river in Peru because it
provides water to generate hydroelectricity at the Cañón del Pato
station, Peru’s seventh largest, and carries water from Cordillera
Blanca glaciers to the large-scale CHAVIMOCHIC and CHINECAS
coastal irrigation projects.
21 Juen, Kaser and Georges, Modelling observed and future runoff (note 4); Mark and Se
J. Gómez, Hydrochemical evaluation of changing glacier meltwater contribution to str
975e987.
22 P.D. Trask, El problema de los aluviones de la Cordillera Blanca, Boletín de la Socieda
23 A.E. Racoviteanu, Y. Arnaud, M.W. Williams and J. Ordoñez, Decadal changes in glacie
Glaciology 54 (2008) 499e510.

Please cite this article in press as: Carey M, et al., Unintended effects of tec
conflicts below Andean Glaciers, Journal of Historical Geography (2012),
Lake Parón is the largest of approximately 400 Cordillera Blanca
lakes and provides considerable water for the Santa River via the
Llullán River.21 Parón is at an elevation of nearly 4200 m. It sits
2000 vertical meters above Caraz and can be reached by a 25 km
dirt road from the city. The lake is approximately 3.5 km long and
a half kilometer wide. Before it was partially drained in 1985, Parón
contained roughly 80 million cubic meters of water.22 Glacier
coverage above Parón and throughout the Cordillera Blanca has
decreased by approximately 30% in the last four decades.23 Studies
suggest that these glaciers will continue to shrink in the future.
Although the loss of glacial ice may initially cause runoff to
increase, Cordillera Blanca glacier runoff is projected to decrease by
ltzer, Tropical glacier meltwater contribution (note 4); B.G. Mark, J.M. McKenzie and
eam discharge: Callejón de Huaylas, Peru, Hydrological Sciences Journal 50 (2005)

d Geográfica de Lima LXX (1953) 5e75.
r parameters in the Cordillera Blanca, Peru, derived from remote sensing, Journal of
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up to 23% by 2080 or by 21% by 2050e2059.24 The decrease in
runoff will have the biggest impact on regional water supplies
during the MayeSeptember dry season when little precipitation
falls.

The Callejón de Huaylas has a population of approximately
267,000 people, and Caraz (population 13,000) is one of the
region’s more important municipalities.25 Caraz is also the capital
of the Huaylas province, which is one province within the Ancash
Region (rough equivalent of a county within a US state), and thus
provincial and regional governments have jurisdiction over the
Caraz/Parón area. Additionally, many rural communities populating
the Cordillera Blanca foothills have their own governments, such as
the Cruz deMayo Campesino Community in the upper Parón/Llullán
watershed above Caraz. Further, Lake Parón and the upper Llullán
River lie within Huascarán National Park, giving the Ministry of
Environment jurisdiction over land and water use. It is a complex
configuration of stakeholders and political entities that have also
fluctuated significantly in recent decades in response to the various
democratic, authoritarian, and military governments, as well as
President Fujimori’s neoliberal adjustments in the 1990s and
President Toledo’s regional empowerment policies in the early
2000s.

During the decade of water conflicts at Parón since 2001, all
these groups and a variety of other public and private institutions
and stakeholders operating at many scales have been directly
involved with water governance at the lake. For example, the
central government, acting through the National Water Authority
(ANA) and its regional representative, the Huaraz Local Water
Authority (ALAdformerly the Technical Administrator of the
Huaraz Irrigation District) has historically granted water rights and
licenses. Meanwhile, the Ministry of Energy and Mines has over-
seen the Duke Energy concession, while the Glaciology and
Hydrologic Resources Unit (UGRH), a division of ANA within the
Ministry of Agriculture, has carried out flood prevention and glacier
studies throughout the Cordillera Blanca, including at Lake Parón.
And in recent years, local politicians and tourism promoters have
pushed to make Parón a leading sightseeing destination. The water
conflicts at Lake Parón have thus unfolded amidst a quagmire of
institutions, jurisdictional guidelines, and stakeholder prior-
itiesdand there has been a diversity of public, private, and
civil-society groups involved at many scales and with various
perceptions and power discrepancies.
From hazard to managed reservoir

Fears of a catastrophic Lake Parón outburst flood led to the partial
drainage of the lake in 1985. But the 1992 installation of new
technologies at the lakedfloodgates at the opening of the drainage
tunneldallowed the state to control the lake level and downstream
24 Juen, Kaser and Georges, Modelling observed and future runoff (note 4); W. Vergar
Mountain Hydrology: Development of a Methodology through a case study in Peru, Washin
25 Mark, Bury, McKenzie, French and Baraer, Climate change and tropical Andean glacier
Lima, 2007.
26 Carey, In the Shadow of Melting Glaciers (note 5).
27 Trask, El problema de los aluviones (note 22); J. Fernández Concha, El problema de la
87e95.
28 D. Michelena, Informe No. 173 del Ministerio de Fomento y Obras Públicas, Direcció
Hídricos (hereafter UGRH), File# I-MEM-005.
29 S. Antúnez de Mayolo, Relato de una idea a su realización, ó La Central Hidroeléctrica
30 La Misión Francesa ASMIC, Estudio de la cuenca Parón: Informe preliminar, 1967, Ele
República Francesa, Estudio de las cuencas Parón y Safuna en la Cordillera Blanca, 1967,
31 Coyne et Bellier, Lagunas Parón y Safuna: Relación de la misión en el Perú de los In
HIDRANDINA, Información de la Unidad de Glaciología y Seguridad de Lagunas y del Pro
Santa: Proyecto laguna Parón, 1990, UGRH, File # I-VARIOS-498.
32 Electroperú, Afianzamiento hídrico río Santa (note 31).
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water flow. This technology created a partially unintended climate
adaptation outcome: once in place, it could be manipulated by
various stakeholders. And like any hydro-social system, water
management was influenced by changing institutions, laws, and
politics that empowered certain stakeholders while restricting
others.

Lake Parón first came into the national spotlight in 1942, after
the nearby Cordillera Blanca glacial Lake Palcacocha caused an
outburst flood that killed 5000 people in Huaraz. Caraz residents
immediately wondered if Lake Parón, much larger than Palcacocha,
could also trigger a catastrophic flood. Scientists and engineers
conducted studies at Parón during the 1940s, and local concern
continued as two additional GLOFs in 1945 and 1950 killed
approximately 700 people and destroyed the nearly completed
Cañón del Pato hydroelectric station.26 But it was not until two 1951
GLOFs occurred at Lake Artesoncocha and drained directly into
Parón that engineers began to worry about its stability.27 Evenwith
Parón filled to the brim with Artesoncocha water in 1951, however,
some argued that Lake Parón should not be drained or contained
because it was a massive water source for drinking, irrigation, and
hydroelectricity, as well as a beautiful tourist attraction.28 This
quest to use Cordillera Blanca water for coastal irrigation and
hydroelectricity generation dates back to 1910s when Santiago
Antúnez de Mayolo established the Cañón del Pato Hydroelectric
Company, which only ever existed in name.29 Ever since, water
developers have advocated for coastal water use without much
attention to highland water users and sometimes even overlooked
Cordillera Blanca glacier disaster and GLOF risks. By 1967, Peruvian
and French engineers concluded that dynamic environmental
conditions in the Parón vicinitydincluding rock and ice falls, ice
variations inside the glacial tongue that dammed the lake, earth-
quakes, and GLOFs from the several smaller lakes above Parónd-
threatened to destabilize Parón and potentially trigger an outburst
flood.30 Continuous environmental change in the glacial landscape,
which was triggered in part by climate change, affected watershed
management, perceptions, and technical knowledge of the hydro-
social cycle. Although technical and financial obstacles compli-
cated and prolonged the resulting disaster prevention project,
engineers nonetheless succeeded in drilling a 1200 m tunnel into
Parón’s lakebed to lower the lake’s water level. The project, which
was started in 1968 and finished in 1985, ultimately lowered the
lake by approximately 45 m and removed 58 million cubic meters
of water, effectively reducing the threat of an outburst flood.31

Then, in 1990, in a context of growing regional energy demand,
the state company Electroperú estimated that Parón’s contribution
as a reservoir to regulate water flow at the Cañón de Pato hydro-
electric station would bring an additional $3 million per year in
revenue.32 Thus in 1992, Electroperú installed floodgates on the
Parón drainage tunnel and turned the lake into a reservoir. The
a, A. Deeb, I. Leino and M. Hansen, Assessment of the Impacts of Climate Change on
gton, D.C., 2010.
recession (note 4); INEI, The 2007 National Census: XI of Population and VI of Houses,

s lagunas de la Cordillera Blanca, Boletín de la Sociedad Geológica del Perú 32 (1957)

n de Aguas e Irrigación, 1953, in Biblioteca de la Unidad de Glaciología y Recursos

del Cañón del Pato, Lima, 1957.
ctroperú (File Service), Lima, Caja 058347, No. 1; Corporación Peruana del Santa and
Biblioteca de Electroperú, Lima, 1RN. 05.392.
genieros Grador y Pautre en Junio de 1968, 1968, Electroperú, File # 1RN 05.401;
yecto Parón, 1987, UGRH, File # I-MEM-020; Electroperú, Afianzamiento hídrico río
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valves not only allowed the company to control water outflow from
the lake to boost hydroelectricity generation but also had the
benefit of increasing the water available for large-scale coastal
irrigation projectsda long-anticipated objective for the Peruvian
government.33 Drilling of the Parón drainage tunnel had ostensibly
been a disaster prevention project. It was an extraordinarily
successful engineering project that utilized climate adaptation
technologies to help protect thousands of people and infrastructure
from environmental hazards. Electroperú clearly recognized the
tunnel’s value as an investment in hydropower and irrigation, and
the company managed the lake as a reservoir from 1992 to 1996, at
which point neoliberal reforms led to privatized ownership of the
lake, the water-control infrastructure, and the Cañón del Pato
hydroelectric station. Technologies originally installed for climate
adaptation at Lake Parón led to so-called perverse outcomes
because the artifacts helped with the implementation of new
economic development strategies, they facilitated state and later
private foreign control over energy production and the hydro-social
system, and they altered local, national, and international power
dynamics and social relations.

Privatizing the water

Neoliberal reforms that, in this particular case, privatized the
hydroelectric industry during the 1990s led to reduced state control
over Lake Parón technologies and a significant change in the
management of the Santa River hydro-social cycle. Neoliberalism
consists not only of political and economic policies in line with the
Washington Consensus, but is also an historical ideology that
promotedmarket-based solutions to economic, political, social, and
environmental issues. At one level, neoliberal reforms involved
deregulation, privatization, and the retraction of the state. On
another level, though, they involved what David Harvey refers to as
the ‘creative destruction’ not only of these state institutions, but
also of ‘divisions of labor, social relations, welfare provisions,
technological mixes, ways of life and thought, reproductive activi-
ties, attachments to the land and habits of the heart.’34 In Peru and
elsewhere in Latin America, the neoliberal principles that led to
privatization and transnationalization did stimulate economic
growth and offered new development opportunities, but also
negatively affected human livelihoods, natural resource manage-
ment and extraction, political relations, social conditions, property
rights, and environmental quality.35 Of course the neoliberalization
of nature has been implemented differently throughout Latin
America and in diverse cases and periods, making it difficult to
compare or evaluate the processes and outcomes in any simplistic
way.36 Nevertheless, this case of the privatization of the Cañón del
33 ONERN (Oficina Nacional de Evaluación de Recursos Naturales), Actualización del estu
cuenca del río Santa, Lima, 1987; República del Perú, Ministerio de Energía y Minas, Direc
Cuencas Costa Norte, Lima, 1982.
34 D. Harvey, A Brief History of Neoliberalism, New York, 2005, 3.
35 D.M. Liverman, S. Vilas, Neoliberalism and the environment in Latin America, Annual
neoliberalism, land tenure, livelihoods, and the New Peruvian mining industry in Cajam
Reform in Bolivia: Class Struggle, Indigenous Liberation, and the Politics of Evo Morales, Ch
36 N. Castree, Neoliberalising nature: the logics of deregulation and reregulation, Envir
37 M.T. Oré, From agrarian reform to privatisation of land and water: the case of the Pe
Justice and Equity in Peasant Irrigation, The Netherlands, 1998, 268e278.
38 C. Boloña, The viability of Alberto Fujimori’s economic strategy, in: E. Gonzales de Ol
Miami, 1996, 183e264; R.J. Santiváñez, Electricity Deregulation and Privatization in Peru:
39 Duke Energy, Cañón del Pato: Hechos, datos y cifras, Lima, 2002; Egenor Duke Energy
de Energía y Minas, Lima. Expediente #11014393.
40 Resolución Administrativa 026-94-RCH/DR.AG-DRH/AT; Egenor, Estudio de impacto
Library.
41 Datco S&H, Informe tecnico: Batimetria y topografia embalse Paron, 2005, Unpublis
42 Resolución Administrativa 025-96-RCH/DR AG-DRH/AT.
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Pato hydroelectric stationdand its implications for the Parón
reservoir and downstream water managementdhelps illuminate
how one critical aspect of neoliberalism shaped the history of
technology, the politics of artifacts, power dynamics in the hydro-
social cycle, and the long-term consequences of well-intentioned
climate change adaptation measures.

Shifts in water licensing and management occurred throughout
Peru under President Alberto Fujimori in the early 1990s, when
reforms reduced state control over water and placed it instead in
the hands of private foreign companies. Whereas the 1969 Water
Code made the state the ‘sole owner’ of surface and underground
water, in the early 1990s irrigation control and management began
slowly shifting to regional user groups and thus away from the
national government’s Technical Irrigation Administration.37

Management of Lake Parón also changed dramatically in 1996
with the privatization of the Cañón del Pato hydroelectric station
into a new entity called Egenor (Northern Peru Electric Generation
Company).38 By 1999, Duke Energy had solidified its control of
Egenor and was thereafter known interchangeably as Duke, Egenor,
or Duke Energy Egenor.39 Duke’s original Cañón del Pato concession
stipulated that the company had to increase electricity output, and
it planned to increase Cañón del Pato by at least 90 MW. Oneway to
expand energy generation was by managing existing reservoirs,
including Lake Parón, more intensively. The company secured the
same rights established in Electroperú’s 1994 water license for
Parón, which allowed a maximum discharge rate of 8 cubic meters
per second (m3/sec) with a total usage of 35 million m3 annually.
The minimum rate was established at 1 m3/sec to ensure sufficient
irrigation water for regional agriculture and Caraz water
demands.40 To achieve these discharge rates through the year, the
company could adjust the lake level from its lowest possible point
at the outlet tunnel (at an elevation of 4155 m) to its highest level
deemed safe to prevent an outburst flood at 4185 m, which left
15 m of freeboard.41 The resolution stipulated, however, that Ege-
nor had to conduct an environmental impact study and comply
with guidelines established by Huascarán National Park.42

Through the Parón licensing, the Peruvian state and the multi-
national private company Egenor legally established the priority to
use Parón’s water for Cañón del Pato hydroelectricity generation,
regardless of future water supplies, the amount of glacier runoff
feeding Parón, or shifting local needs. Duke was guaranteed water
even if climatic variability and hydrologic change altered the
amount available. The company’s exploitation of technology
initially installed for disaster prevention shows how unintended
outcomes stemmed from the installation of climate adaptation
technologies. But it was not only continued climate change that
generated such unintended outcomes. It was also unforeseen
dio integral de las alternativas técnicas en el uso racional de los recursos hídricos de la
ción General de Electricidad, Evaluación del potencial hidroeléctrico nacional, Vol. XII,

Review of Environment and Resources 31 (2006) 327e363; J. Bury, Mining mountains:
arca, Environment and Planning A 37 (2005) 221e239; J. Webber, From Rebellion to
icago, 2011.
onment and Planning A 40 (2008) 131e152.
ruvian coast, in: R. Boelens and G. Dávila (Eds), Searching for Equity: Conceptions of

arte (Ed.), The Peruvian Economy and Structural Adjustment: Past, Present, and Future,
A Proposal to Revitalize the Reform, Lima, 2001.
, Modificación concesión definitiva generación C.H. Cañón del Pato, 2001, Ministerio

ambiental e EIA Laguna Parón, 1998, Unpublished report, Huascarán National Park

hed report, Huascarán National Park Library.
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political-economic transformationsdFujimori’s political and
economic reforms, including the privatization of some Santa River
water management, a national licensing agreement established in
Lima without local input, and foreign control of Lake Parón’s
technologiesdthat led to these unintended adaptation outcomes
and widespread changes for the Santa River hydro-social cycle.

Emerging conflicts

The neoliberalization of nature had far reaching consequences
throughout Latin America, including for water management and
adaptation to climatic variation.43 These policies and outcomes
resembled other Latin American attempts to privatize water, such
as in Cochabamba, Bolivia, where political protests and social
unrest followed the new private, foreign management in
1999e2000.44 In Cochabamba, as in the case of Lake Parón and the
Cañón del Pato concession, residents opposed water privatization
because, for many, it represented fundamental flaws with the
neoliberal development strategy more broadly: the elimination of
the state’s role in mediating social relations, economic policy, and
natural resource management; the supposed lack of concern for
equity; and the preferential treatment of foreign companies over
national interests and local stakeholders.45 In Peru, similar frus-
tration emerged with neoliberal policies, and President Toledo’s
efforts to democratize and decentralize Peruvian politics in 2002
both responded to those critiques and then subsequently provided
openings for political mobilization.46 This was the case for many
local residents opposed to Duke Energy’s management of Lake
Parón. Moreover, the specific context of Peru’s coast-sierra divi-
sions, the historically weak state, and the fluctuating power of the
state that varied over time and space made the effects of privat-
ization part of a distinct historical process in Peru. The situationwas
also more complicated at Parón than some other typical neoliberal
cases because climate change threatened to create even more
hydrologic variability. Combined with memories of past Cordillera
Blanca disasters and a persistent risk of a Parón outburst flood,
climate change and natural hazards introduced significant uncer-
tainty. Real and perceived environmental changes thus shaped
these broader historical processes. Duke Energy became the focal
point for these and other local anxieties. A diversity of stakeholders
and distinct state agencies with divergent interests grew increas-
ingly frustrated with Duke’s management of the lake level and the
timing and quantity of water released downstream through the
Parón floodgates.

Local groups were among the first to express official grievances
against Duke Energy starting in 2001. Authorities from the Huaylas
Province complained formally on September 27, 2001, when Caraz
Mayor Pedro Castillo Flores wrote to the Ancash Regional Agrarian
Director about Egenor’s supposedly illegal management of Parón’s
water. The mayor charged Duke with damaging roads and bridges,
as well as interrupting local farmers’ irrigation practices, because
the company both took too much water out of Parón and did not
provide a consistent flow rate for local residents and irrigators.
Moreover, Castillo Flores argued that the company was violating its
own 1998 environmental impact study and the conditions
43 Budds, Contested H2O (note 20); Liverman and Vilas, Neoliberalism and the environm
Power, New York, 2004; T. Perrault and P. Martin, Geographies of neoliberalism in Latin
44 W. Assies, David versus Goliath in Cochabamba: water rights, neoliberalism, and th
45 A. Nickson and C. Vargas, The limitations of water regulation: the failure of the Coch
46 M. Arce, The repoliticization of collective action after neoliberalism in Peru, Latin Am
47 Oficio Numero 003-2002-CRCY/CZ; Rima Rima, 20 Oct. 2002.
48 E. Palma Huerta, Embalsando el peligro (SOS en los Andes) Shallap, El Eco 2:9 (2003
49 R. Pajuelo Prieto, Caraz dulzura, Caraz, 2003.
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established by Huascarán National Park. These criticisms became
public on July 17, 2002, when the Caraz newspaper Rima Rima
published themayor’s complaints. They resonated withmany other
regional stakeholders who worried that Duke’s management
strategy was infringing on their access to steady water supplies and
damaging infrastructure along the Llullán and Santa Rivers. Duke,
however, responded in a July 25, 2002, press release and open letter
published in Rima Rima, arguing that locals had resisted, and even
sabotaged, its efforts to help improve irrigation infrastructure.
Duke also charged Cruz deMayo farmers upstream from Carazwith
causing road damage because they used the dirt road like an irri-
gation canal to bring water to their fields. Finally, the company
maintained that it had inherited the same 8 m3/sec allowable flow
rate that Electroperú previously followed, and that the public
complaints were thus unfounded.

Local irrigators, rural farmers, and urban residents, however,
continued to criticize Duke. In late 2002, for example, the president
of the Llullán River Irrigators’ Committee formally complained that
Duke managed Lake Parón water in an ‘arbitrary and abusive’
manner that ‘infringed upon’ the national water law and contrib-
uted to water shortages and crop losses for local irrigators.47 The
issue for this group of water users revolved primarily around the
quantity and timing of water supplied to downstream users.
Reference to the water law also indicated an implicit disagreement
with private water management, suggesting instead a preference
for state authority to intervene in favor of local water users. Cruz de
Mayo residents also claimed that Duke was using the water
‘indiscriminately’ and taking ‘irresponsible actions’ by opening the
Parón floodgates without warning and causing surges in the Llullán
River flow that led to downstream erosion and soil loss. In short, the
Cruz de Mayo community criticized Duke for mismanaging the
‘valves that regulate the volume of water’ flowing from Lake Parón,
which they believed the company was operating solely for ‘lucra-
tive business.’48 Values were clearly part of these local complaints
because they privileged local highland water use, community
development needs, and Peruvian rights over private foreign
energy production and profits.

Residents throughout the district echoed these sentiments
because Parón has been one of the region’s defining features for
more than 150 years. The lake appears frequently and features
prominently in local songs, poems, literature, and other cultural
products from the region. Parón is integral to the region’s cultural
heritage, a defining part of both the landscape and the society. In
fact, Lake Parón, along with Mount Huandoy and Alpamayo, is the
centerpiece of the Coat of Arms that commemorates the founding
of Caraz in 1857.49 Perceptions of the lake’s significance combined
with notable differences in water flow rates and negative impacts
on riparian environmental conditions and nearby infra-
structuredall at the hands of a private companydfueled growing
local frustration with Duke’s management of the Parón floodgates.

In 2007 and 2008, regional complaints broadened. EPS Chavín,
the municipal water provider for the city of Caraz, criticized Duke
Energy’s practice of suddenly releasing large quantities of water
from Parón without forewarning because it led to high turbidity
levels and damaged water treatment facilities, which impaired the
ent (note 35); E. Swyngedouw, Social Power and the Urbanization of Water: Flows of
America, Environment and Planning A 37 (2005) 191e201.
e revival of social protest in Bolivia, Latin American Perspectives 30 (2003) 14e36.
abamba concession in Bolivia, Bulletin of Latin American Research 21 (2002) 99e120.
erican Politics and Society 50 (2008) 37e62.
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provision of safe drinking water.50 Grievances also came from an
ever-expanding number of stakeholders that even formed a coali-
tion to strengthen their fight against Duke. This Committee for the
Recovery of Lake Parón included community leaders, such as
Huaylas province mayoral candidate Fidel Broncano, and sought to
involve local civil society in the ‘improved’ management of Lake
Parón. In particular, the committee pointed out during 2007 that
Duke had failed to comply with promised activities stemming from
its 1998 environmental impact study.51 The committee found
support in the Caraz municipal government, which formed
a special commission to investigate Duke’s management practices
in 2007. This commission not only charged Duke with harming
Llullán watershed populations, but also convinced municipal
authorities to request formally that Duke’s license to manage Lake
Parón be revoked.52

Local groups and regional authorities were also shifting their
complaints against Duke in 2007 toward a broader position that
Duke Energy was going to deplete the entire natural resource of
Parón. A Huaraz newspaper, Diario Ya, captured this sentiment on
August 11, 2007, with the headline, ‘Lake Parón in Danger of Dis-
appearing.’ There were also increasing worries of climate-induced
glacier melting and diminishing water supplies, according to
some unpublished findings.53 Through these various grievances,
locals were discursively constructing the lake as a natural resource
in danger of extinction, which transcended the management
problems outlined in most detailed reports. Their framing of the
Parón conflict increasingly connected with conservationists inter-
ested in protecting Huascarán National Park ecology, with local
residents who could recognize the cultural value of Lake Parón in
the region’s heritage and history, and with tourism promoters who
saw the Cordillera Blanca lakes as central to the region’s econo-
mydand saw Parón specifically as a key attraction in one of the
region’s most rapidly growing industries.54 Most Caraz residents
and authorities believed that Parón needed to be filled to the brim,
not a half-drained ‘puddle.’ In 2009, the municipal government of
the Huaylas Province issued an order to protect the lake as the
principal tourist attraction in the entire province.55 Other local
residents explained in interviews how tourism at Parón had the
potential to lift the region and specifically the community of Cruz
de Mayo out of poverty.

The state responded to local complaints by intervening against
Duke in threeways. First, in April 2006, the Technical Administrator
of the Huaraz Irrigation District reduced Duke’s water license at
Parón from 8 m3/sec to a maximum discharge rate to 5.5 m3/sec,
while maintaining the 35 million m3 limit on total annual
discharge.56 Second, in July 2006, the Peruvian Organization for the
Supervision of Investment in Energy and Mining (Osinergmin)
intervened to demand company compliance with environmental
legislation.57 Osinergmin concluded that Duke had caused exces-
sive erosion along Llullán River banks, damaged residents’
50 Diario Ya, 3 Aug. 2007.
51 Resolución de Alcaldía 272-2007/MPH-CZ.
52 Dictamen N0001-2007-CE-MPH/CZ, 19 de marzo, 2007, in Expediente No. 093-2007
53 S.K. Wright, Melting Marvels: Tourist Responses to Climate Change and Glacial Melt in
54 J. Zalaveta, Caraz e Capital de Huaylas: Al pie de Huandoy, El Instituto Desarollo y De
55 Ordenanza Municipal 012-2009/MPH-Cz.
56 Resolución Administrativa 044-2006/AG.DR-Ancash/DRHz/AT.
57 Oficio Numero 3764-2006-OSINERG-GFE; Decreto Supremo 29-94-EM.
58 I.T. EGN-078-2007.
59 Expediente 093-2007-AACHS (note 52).
60 Expediente Judicial 43619-2007-0-1801-JR-CI-15.
61 Nickson and Vargas, The limitations of water regulation (note 45); Arce, The repolit
62 M. García Terán and E. Fernández de Pinedo, Toman la laguna de Parón en Perú para e
18, 2008); Identidad, Jan. 2009; interviews with residents, 2009.
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irrigation infrastructure, and had failed to evaluate the region’s
geodynamic risks and downstream impacts of Parón water
discharges.58 Third, the Autonomous Authority of the Santa River
Hydrographic Watershed (AACHS) issued a suspension of the
company’s right to control the Lake Parón discharge in 2007.59 The
AACHS consisted of Ministry of Agriculture officials and several
stakeholders representing regional irrigators, industry, mining,
energy, housing, and local governments. Despite the nominal
authority of AACHS, Duke nonetheless appealed the decision in
a civil court in Lima, which issued an interim decision to reinstate
the company’s license in October 2007.60 This legal victory for Duke
stung many regional stakeholders who believed Duke’s continued
management of Parón reflected the central government’s
privileging of neoliberal principles: private corporate interests and
hydroelectricity generation over local water uses.

The failure to reformDuke’s management of Parón through legal
channels set the stage for the mobilization of civil society against
the corporation. The conflict had arisen due to a variety of socio-
environmental factors: available technologies, environmental
conditions, human perceptions, governance structures regulating
water use, and divergent motives driving water management.
These shifting water use priorities, which were facilitated by the
climate adaptation technologies installed at the lake in the 1980s to
prevent outburst floods, ultimately generated long-term unin-
tended consequences in the wake of and in response to neoliber-
alism that altered both governance structures and state
institutions. They allowed new stakeholders to manage the
watershed in ways unforeseen in 1985.

Collective action and the Parón takeover

The climate adaptation technology so successful in preventing
a climate-related catastrophe at Lake Parón in the 1980s was by
2008 both symbolically and materially at the center of a trans-
national controversy about water rights and environmental
management. Just as locals had turned to collective action against
neoliberal privatization elsewhere in Peru and Latin America,
Callejón de Huaylas residents and authorities used collective action
to contest both the private management of natural resources and
the nation state’s failure to intervene on behalf of Peruvians.61

On July 28, 2008, a coalition of local residents ascended to Lake
Parón to seize the lake fromDuke and gain control of the floodgates
that determined Llullán River water flow. Interviews with partici-
pants conducted in 2009 indicate that the Committee for the
Recovery of Lake Parón, which coordinated the takeover, had
previously confirmed support from local authorities and notified
police. Caraz and Cruz de Mayo authorities subsequently explained
that their actions were peaceful, that they convinced Duke repre-
sentatives to leave the lake under escort but unharmed.62 Residents
then barricaded the Parón access road and participated in a public
-AACHS, Resolución No. 001.
the Peruvian Andes, MA Thesis in Geography, Ohio State University, 2009.
scentralización, July 25, 2007.

icization of collective action (note 46).
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demonstration in Caraz both to draw attention to their taking of the
lake and to generate a broader support base.63 Mark Hoffman, the
Associate General Manager of Duke Energy, however, claimed in
a March 19, 2009, letter to the Minister of Energy and Mines that
the group used physical force to expel Duke employees from the
site. Regardless, at the end of July 2008, local residentsdnot
Dukedcontrolled the lake’s floodgates. Yet local technical under-
standing of floodgate operation prevented them from fully
controlling water outflow; Duke engineers retained that knowl-
edge and thus perpetuated the company’s stake in the hydro-social
cycle even after it lost physical access to the lake. Tense negotia-
tions over lake management stretched on for 18 months until
January 2010. The coalition of local stakeholders maintained
control of Parón throughout that period.

While the Peruvian government did not directly intervene on
behalf of Duke Energy or local residents, national water laws and
the institutions managing hydrologic resources nonetheless
underwent significant changes during 2008 and 2009. These shifts
in the governance structure strengthened local stakeholders’ case
against Duke, though it should be noted that most Peruvian state
institutions never directly intervened on behalf of local stake-
holders or actively responded to their grievances through favorable
laws or other measures. There were, however, some partially
favorable outcomes of national-level policy changes. A new 2009
national water law and the new National Water Authority (ANA)
replaced the previous General Water Law of 1969. The earlier law
had established a hierarchy of water uses that prioritized human
consumption followed by agricultural needs. Interviews with local
residents and regional authorities in 2008 and 2009 reveal that
they believed Duke’s hydroelectric interest had been elevated to an
overly high position on that hierarchy comparedwith local needs.64

The new water law gave further traction to their case because it
defined water resources as both the inalienable property of the
national government and as a public good. The law also said that
water should be managed in an integrated manner by public,
private, and civil-society sectors. It outlined a National System of
Hydrologic Resource Management that would include ANA, six
distinct national ministries, local and regional governments,
agrarian and non-agrarian user groups, operators from the
hydraulic sector, campesino and native communities, and public
entities linked towater management.65 The new law and ANAwere
shifting themajor national administrative focus for water resources
from irrigation to multi-sectoral management of water resour-
cesdat least on paper. These frameworks for water governance did
not provide unconditional support for locals because, as many
expressed in interviews conducted during 2009, various stake-
holders, including Duke, could justify their position with the
argument that their own management priorities fulfilled the law’s
depiction of water ‘for all Peruvians.’

The new water law also led to further, previously unforeseen
changes in the use of the climate adaptation technology (the
drainage tunnel) installed at Parón in the 1980s. Specifically, the
2009 law facilitated a broadening of stakeholder involvement in
63 Identidad (note 62); Andina, 1 Aug. 2008.
64 Also see García Terán and Fernández de Pinedo, Toman la laguna de Parón (note 62
65 ANA, Ley de Recursos Hidricos #29338; M.T. Oré, L. Castillo, S. Van Orsel and J. Vos,
2009.
66 Informe 026-2009 ANA-DCPRH-UGRH.
67 e.g. Huaraz Noticias, 24 Jan. 2010.
68 Decreto Supremo 013-2010-PCM.
69 Decreto Supremo 002-2010-MINAG; El Comercio 26 Feb. 2010.
70 Andina 5 Feb. 2010.
71 Resolución Jefatural No 97-2010-ANA; Resolución Jefatural No 150-2010-ANA.
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water management decision-making and use rights, which ulti-
mately legitimized local residents’ participation in the manage-
ment of Parón. After occupation of the Duke Energy facility at Lake
Parón, locals lowered the lake’s discharge rate to the ‘ecological
level’ of 1 m3/sec. This would allow the lake level to rise while also
providing water for downstream agricultural uses and for the
potable water supply of Caraz. During the wet seasons of
2008e2009, 2009e2010, and 2010e2011, however, the inflow rate
was much greater than this fixed discharge rate, causing the lake
level to rise significantly. The higher lake level and reduced free-
board created concerns in Caraz about the increasing potential for
an outburst flood. The Glaciology office (UGRH), which had
continuously monitored the lake’s level throughout the conflict,
reported in May 2009 that the lake level had risen markedly to
4190.55 m, overreaching the long-established maximum safe level
of 4185 m.66 Nevertheless, community members refused to allow
additional discharge from Parón; they reiterated in interviews and
in local newspapers that the conflict first needed resolution.67 The
dry season of 2009 brought a reduction of the lake level, allaying
concerns of a disaster somewhat, but as the conflict dragged into
the wet season of 2009e2010, the lake level once again rose
markedly. Finally, on January 21, 2010, with just 4.81 m of free-
board, the national government declared a state of emergency to
ensure the rapid discharge of some of the lake’s volume.68 Envi-
ronmental changes, political decisions, and the new coalition of
local stakeholders were now determining how the Parón floodgates
and drainage tunnel were manageddrevealing yet another era of
unintended outcomes following the initial installation of climate
adaptation technologies to prevent an outburst flood in the 1980s.

Since 2010, however, the situation has remained in flux without
enduring decisions or decisive action by the state. In early February
2010, legal title over Lake Parón was officially transferred back to
the Peruvian state as part of Huascaran National Park, andmembers
of the local community were assured (on paper at least) that they
would play a central role in the multi-sectoral committee deter-
mining future management of the lake and the technology
controlling its discharge.69 Under these conditions, the valves
controlling the lake’s discharge were finally opened, permitting
a gradual reduction in the lake’s level with the goal of returning it to
the maximum level of security.70 But the 2010e2011 wet season
again raised the lake level significantly, resulting in more concerns
about a potential outburst flood in late 2010. In early 2011, engi-
neers conducted a second process of lowering the lake level under
the supervision of the ‘operating committee’ that had been estab-
lished in the wake of the 2010 state of emergency declaration.71

Although technical problems complicated this process because
the electrical system controlling the discharge valves malfunc-
tioned, the effort was nonetheless successful in maintaining the
lake at a volume below its maximum level of security through the
end of the 2010e11 wet season. Then, in May 2011, the national
government intervened suddenly (and unexpectedly for many) to
reverse previous Cruz de Mayo and Caraz achievements and
demands. A Constitutional Tribunal declared that Duke should
).
El agua, ante nuevos desafios: Actores e iniciativias en Ecuador, Perú, y Bolivia, Lima,
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Table 1
Factors contributing to unintended adaptation outcomes

General factors Results in Peru

New technologies Construction of Parón drainage tunnel, floodgates
Management priorities of technologies Shift from hazard prevention to hydroelectricity generation; shift from UGRH to Electroperú to Duke
International political-economic trends Neoliberalism
Governance structures Electricity privatization, including Cañón del Pato; new water laws; new institutions overseeing water
Political mobilization Collective action in Caraz, at Parón
Weak central state Laws and regulations not enforced; local distrust of state; failure to prevent collective action
Environmental change Climate change; shrinking glaciers; erosion, soil loss in Llullán watershed
Perceptions of climate change, hazards Predicted water shortages; flood risk
New economic opportunities Tourism at Parón; coastal large-scale irrigation
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regain possession of Parón with its previous water right of
5.5 m3/sec.72 But many groups protested the legitimacy of the
tribunal and its decision because it failed to resolve the central
issues that had galvanized local and regional groups for more than
a decade. Many local residents warned that they would resist,
violently if need be, any efforts to return control of the lake to Duke.
Then in late October 2011, the National Water Authority issued
a resolution deactivating the operating committee that had
managed the lake-lowering efforts during 2010 and 2011 without
consulting the committee’s participants or installing another
institution in its place.73 At the same time, the threat of future
water shortages and a potential outburst flood from the lake
continued. Peru’s El Comercio newspaper reported on 2 December
2011 that ANA has now resolved to conduct yet another study to
determine whether Duke Energy should have the right to control
Lake Parón, or whether water concerns for others will trump Duke’s
right. At the end of 2011, the conflict remains at a tense standstill
with no formal mechanism to manage the lake during the
upcoming 2011e12 rainy season.

Conclusions

Currently and throughout the past two decades, the Parón flood-
gates and outlet tunnel have been at the center of the water
controversy that has become a much broader issue of social and
environmental justice, and even a human rights matter because
Cruz de Mayo has been declared winner of Peru’s 2011 National
Human Rights Award. Parón’s technological artifacts are the key
mechanisms that created these ongoing struggles and continue to
influence water security and related social-environmental justice
issues throughout the watershed. The artifacts also help determine
human protection from outburst floods and glacier-related disas-
ters. What is more, this technological apparatus serves as the
physical and symbolic site where stakeholders interact and
implement their visions for the future, though of course manage-
ment and monitoring involve much more than the mechanistic
opening or closing of these floodgates because power and politics
dictate their use. In this way, the floodgates are not only at the
center of the recent socio-cultural and politicaleeconomic
controversies, but also offer a window into how historical social,
cultural, economic, political, technological, scientific, and environ-
mental forces play out over time to alter the hydro-social cycle and
change the original intent of climate adaptation measures, in this
case to prevent a Parón flood.

This Lake Parón case thus clearly demonstrates how climate
adaptation technologies can lead to unintended adaptation
outcomes. The climate adaptation technology originally installed at
72 Expediente No 00834-2010-PA/TC.
73 Resolución Jefatural No 737-2011-ANA.
74 J. Crabtree and J. Thomas, Fujimori’s Peru: The Political Economy, London, 1998; E. M
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Lake Parón was the drainage tunnel completed in the 1980s to
prevent a catastrophic outburst flood. Once constructed, the
drainage tunnel was manipulated through the installation of
floodgates, which allowed the state to use the lake as a reservoir for
enhanced hydroelectricity generation. The significant unintended
adaptation outcomes began occurring during the 1990s, when
privatization brought a new stakeholder, Duke Energy, to manage
Parón’s floodgates and drainage tunnel. Without the technology
originally built to avoid a climate-induced disaster, Duke would not
have been able to manage Lake Parón and the downstream water
flow so easily. Climate adaptation technologies can thus reshape
power dynamics and social relations as the artifacts themselves
emerge from and subsequently affect socio-cultural and political-
economic contexts. The reconfiguration of these various societal
conditionsdas well as continued climatic, glacial, and hydrologic
changes that fed real and perceived risks of floods and water
shortagesdultimately inspired further unintended consequences
based on the collision of a weak nation state, the intrusion of
a private foreign company, and diverse local objectives for water
management. Table 1 identifies these various factors that caused
long-term unintended adaptation outcomes, and it broadens the
specific examples to more broadly applicable cases. In the end,
engineers who constructed the Lake Parón drainage tunnel in 1985
could not have foreseen how political, economic, social, cultural,
and environmental forcesdoperating at local, national, and inter-
national scalesdwould influence the way Parónwas managed after
1985. Inclusion of all these human, technological, and environ-
mental factors during policy discussions about climate change
adaptation will ensure that more stakeholders have input and that
the potential for unintended outcomes are minimized in the future.

Water conflicts arose at Lake Parón during the past decade not
only because neoliberal reforms led to the privatization and
transnationalization of water management, but also because
climate adaptation technologies that were originally installed to
prevent outburst floods could subsequently facilitate new water
use agendas and the manipulation of flow rates under new gover-
nance structures. In short, neoliberal restructuring of the Peruvian
economy fundamentally altered state-society-environment rela-
tions and was crucial to establishing the context from which the
Lake Parón conflict emerged. Beginning in earnest in the 1990s
under Fujimori, quintessential neoliberal strategies such as the
privatization of state-owned industries and the commodification of
what had previously been common-property natural resources
placed the needs of local communities in opposition to global
economic market forces.74 As Peru’s export-driven economy has
boomed in recent years, conflicts between residents and state-
sanctioned resource exploitation have grown more severe. As
ayer, The Articulated Peasant: Household Economies in the Andes, Boulder, Col., 2001.
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former president Alan Garcia’s discourse underscores, any rural and
remote populations who blocked more intensive extraction and
exploitation of natural resourceseresources their livelihoods often
depended upondwere cast as impediments to national prosperity
and modernization.75 Recognition of the human rights violations,
of mounting social and economic inequalities, and, in some cases, of
the environmental degradation resulting from this state-supported
neoliberalization of Peru’s natural resource sectordand the
broader economy in generaldhas triggered mounting resistance
from an array of actors such as those in Caraz and Cruz de Mayo but
also throughout Peru and beyond.76 Formany, the recent election of
President Ollanta Humala demonstrates a widespread rejection of
the neoliberal model by the Peruvian populace. We suggest that the
ongoing conflict at Lake Parón reflects the dynamics of these
shifting state-society-environment relations, and that neo-
liberalization was one of the key elements in the conflict’s emer-
gence. It helped remake the power embedded in the reservoir’s
technological artifacts, and in the long-term generated perverse
outcomes of climate adaptation technologies.

Beyond Peru and outside the neoliberal context, this Parón case
also has important implications for issues of power and local
representation in climate change adaptation and water manage-
ment. The fact that water conflicts in the Parón watershed arose
primarily because of management strategies rather than
75 A. Garcia Perez, El síndrome del perro del hortelano, El Comercio (Lima), 28 Oct. 20
76 R.C. Smith, Las reformas liberales y la propiedad comunitaria, Peru Economico (Oct. 20
Andes, NACLA Report on the Americas 42 (2009) 12e20; A. Bebbington and J. Bury, Instit
Academy of Sciences 106 (2009) 17296e17301.
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a reduction in water suppliesdand that the struggle occurred
decades before climate-glacier-hydrology models had predicted
significant water shortagesddemonstrates the need to integrate
local perceptions, societal factors, political frameworks, and
economic priorities with the much more abundant research on the
physical environment under a changing climate. Without a broader
integration of dynamic (not static) hydro-social cycles that both
includes the agency of non-human nature and examines complex
social relations and power dynamics in the conceptualization of
climatic and hydrologic models, the tipping points such as at Parón
will remain invisible. And local people’s voices and perspectives
will remain obscured or ignored in climate change and water
management discussions until resistance, conflict, and collective
action become their only way to be heard.
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