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ABSTRACT 

One billion people currently live in basins that are likely to require action to address 
climate change-induced water stress. Rather than blaming dwindling resource availability as the 
key culprit for this global water crisis, the United Nations has dubbed the water crisis a “crisis in 
governance.” One of the key prescriptions promoted by multilateral funders and international 
water experts for addressing the looming crisis has been water policy reform that follows the 
principles of Integrated Water Resource Management (IWRM). While there has been significant 
research on the IWRM model, few people have conducted empirical studies that examine how 
IWRM water reform generates changes within the agricultural sector. It is particularly important 
to study the tight coupling of agricultural and water policy in light of a changing climate, which 
poses substantial challenges to water availability and agricultural production. 

In this thesis, I explore the salient case study of the Piura River Basin in northern Peru. I 
employ semi-structured interviews with key institutional actors in the agricultural and water 
sector, participant observation, and technical document review to examine how the IWRM-based 
2009 Water Resources Law is reshaping agricultural land use under climate change and 
globalization pressures. I argue that 2009 Water Resources Law formalized and limited public 
participation within the newly formed river basin council, while concurrently strengthening 
technocratic water allocation institutions that limit the agency of smallholder water users to make 
agricultural land use decisions. Additionally, I find that climate change adaptation discourse is 
being operationalized within river basin council to legitimize these reforms, but these reforms are 
explicitly enrolled in agricultural development policy aimed at converting traditional agricultural 
systems to export-oriented production. This study contributes to the fledgling scholarship on the 
implications of the 2009 Water Resource Law for Peruvian agricultural communities. More 
broadly, my findings offer insight into how IWRM reshapes the agricultural sector, how this is 
situated into the continually shifting role of the state, and how these policy reforms integrate and 
animate climate change adaptation.  
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THESIS FORMAT 
 

This thesis is composed around a draft research article titled “Understanding Water 

Policy as Agricultural Policy: How IWRM Reform is Reshaping Agricultural Landscapes in 

Piura, Peru under Climate Change,” which is based on fieldwork that I conducted during my 

two years as a master’s student in the School of Geography and Development (2014-2016). This 

thesis, unlike a more traditional manuscript, is not intended to be read from start to finish. 

Rather, all components, beyond the core journal article, are included as supporting materials that 

provide supplementary theoretical, empirical, or historical material that informed the findings 

presented in the research article.  

This thesis begins with an introduction that establishes the theoretical framework of the 

thesis. I next present relevant literature that has informed my research. A section detailing the 

study area, research design, and methods of research then follows. Subsequently, I present a 

historical section that provides an overview of Peruvian water policy, which lends essential 

historical context to my empirical findings. I also include an empirical section detailing my 

remote sensing analysis of agricultural land use change. Following the remote sensing analysis 

summary, I present the “meat” of the thesis in the form of a 10,000 word journal article.  I 

conclude the thesis by discussing the implications of my findings in the context of the literature 

that underpins my analysis as well as future directions for research.  
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1. INTRODUCTION 

Climate change is poised to dramatically affect agricultural systems (Challinor et al., 

2014). The most severe of these impacts will be experienced after 2030, but farmers globally are 

already grappling with multiple, compounding climate change impacts such as increased hydro-

climatic variability, emergent crop pest and disease regimes, and increasing temperatures (IPCC, 

2014).  These challenges are particularly salient in arid mountain regions of Peru, where 

increasing hydro-climatic variability, the rapid decline of glaciers that feed irrigation systems, 

and escalating rates of desertification deeply stress agricultural landscapes and the communities 

that rely on these landscapes for their livelihoods. 

Moreover, hydro-climatic changes such as shifting precipitation patterns and elevated 

temperatures alone do not drive farmer adaptation: adaptation is entangled with the diverse 

opportunities and constraints of global markets and state agricultural policies (Leichenko and 

O’Brien, 2008). As farmers adapt, they negotiate the tension existing among the market, 

biophysical realities, and state policies. These interlocking forces shape their decisions relating to 

cultivar choice, cultivation location and management techniques (Eakin et al., 2006).  

Increasingly, scholars are contesting the conceptualization of adaptation as an apolitical 

process that is driven solely by climatic drivers and agronomic necessities. Rather, adaptation 

can be productively envisioned as a “contested socio-political process that mediates how 

individuals and collective deal with multiple types of simultaneously occurring environmental 

and social changes” (Eriksen et al. 2015, pg. 524). This scholarly debate is encouraging, but an 

analysis of adaptation as a “socio-political process” necessitates a careful and grounded analysis 

of the institutions and institutional arrangements that are often instrumental in determining the 

adaptive capacity of, adaptation pathways available to, and adaptation outcomes for agricultural 

communities (Agrawal, 2009; Engle and Lemos, 2010; Eriksen et al., 2015). 

Institutions are instrumental in understanding agricultural adaptation because they are 

vested with the authority and legitimacy to shape adaptation through resource allocation and 

regulation (Agrawal, 2009; Eakin and Lemos, 2010; Eriksen et al., 2015). While much scholarly 

work has been focused on how institutions themselves adapt to environmental change (Adger, 

2000), the role of rural, local institutions in shaping adaptation has not been sufficiently studied 

(Agrawal, 2009).  

Particularly within arid river basins, water management institutions play a fundamental 
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role in shaping agricultural adaptation to climate change. Over one billion people currently live 

in basins that are projected to require action in addressing climate change induced water stress 

(Palmer et al., 2008). Rather than identifying dwindling water availability as the key culprit for 

the escalating water crisis, the United Nations has dubbed the water crisis as a “crisis in 

governance” (WWAP, 2015). This diagnosis has led to water governance reforms aimed at 

addressing the complex challenges of water management under a changing climate and rising 

multi-sectorial demand through institutional reform.  

 One of the key models for water policy reform promoted by multilateral funders and 

international water experts has been Integrated Water Resource Management (IWRM) (Conca, 

2006). IWRM, as a paradigm, facilitates cross-sectoral water management with an emphasis on 

public participation conducted primarily at the river basin scale. IWRM has been endorsed as a 

promising tool for integrating climate change adaptation into water management (CapNet: 

UNDP, 2009). This “mainstreaming” of climate change adaptation into IWRM has led to 

interventions such as the use of techno-scientific knowledge (i.e. downscaled climate models) in 

water resource planning, operations/systems investment to address climate change vulnerability, 

or installation of early detection systems (ibid).  The re-regulation of water resources via IWRM 

policy reform has serious implications for agricultural development and land use.  

 Peru is one of the most recent countries to adopt a water law that draws on IWRM 

principles. My research explores how the implementation of the 2009 Water Resources Law 

articulates with agricultural development policy and animates climate change adaptation 

protocols to reshape agricultural land use. Political ecology provides a theoretical entry point into 

this study, positioning agricultural landscapes at the confluence of political economy, the 

environment, and human agency with critical attention to questions of power and resource access 

(Robbins, 2004). This discussion is grounded by drawing on the case of the arid Piura River 

basin in northern Peru, which is a pilot basin for the 2009 Water Resources Law. In this study, 

through remote sensing, qualitative interviews with institutional actors, participant observation, 

and content analysis of legal documents, planning instruments and institutional meeting notes, I 

address three key questions:  

1) What has been the pattern and trend of agricultural land use change following 
neoliberal reforms (2000-2015)? 

2) How has the 2009 IWRM-based Water Resources Law reconfigured formal water 
management institutions and integrated climate change adaptation into those 
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institutions? 
3) How do these formal water management institutions articulate with state agricultural 

policy to reshape agricultural land use change?  
  

As evidenced by interviews with key institutional actors and technical document review 

and corroborated by trends in agricultural land use change, I argue that 2009 Water Resources 

Law, which employed an IWRM framework, formalized and limited public participation within 

the newly formed river basin council, while concurrently strengthening technocratic water 

allocation institutions that limit the agency of smallholder water users to make agricultural land 

use decisions. Additionally, I find that climate change adaptation discourse is being 

operationalized within river basin council and other state water management entities to legitimize 

these reforms, but these reforms are explicitly enrolled in agricultural development policy aimed 

at converting traditional agricultural systems to export-oriented production.  

 This research reveals a key contradiction in Peruvian water governance, despite growing 

water scarcity on the arid Pacific coast, the state water management agencies continue to 

promote water-intensive, export-oriented crops. This research contributes to scholarly debates on 

IWRM, critical adaptation studies, and institutional dynamics of land use change. I hope to 

highlight that while scholars may be disenchanted with the IWRM paradigm, it continues to be 

an important discursive tool for water policy reform in the Global South with real implications 

for marginalized water users. The outcomes of IWRM institutional reform necessitate sustained 

scholarly attention. Additionally, while IWRM reform does not equate market-based water sector 

reform, this study found that the IWRM model is being employed to further market-based 

reforms in related sectors such as agriculture.  

While the concept of adaptation is hotly debated among geographers (Bassett and Fogelman, 

2013), it is an increasingly powerful discourse as it becomes attached to international climate 

finance structures, and requires scholarship that interrogates how adaptation is becoming 

institutionalized and operationalized.  

Lastly, there have very little scholarship on the 2009 Water Resources Law in Peru, which 

has been only been implemented in select river basins. This study highlights some of the 

inconsistencies and challenges present in the implementation of the new law as well as its impact 

on smallholder farmers in arid, coastal Peru.  

In this thesis, I will present the relevant literature on climate change adaptation, water 
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governance, and the changing role of the state that has informed this study. I will then introduce 

my study site, research design, and methods. Following this section, I will present a historical 

overview of Peruvian water policy. I will then present the results of my remote sensing land use 

change analysis. Following this section, I will present a journal article related to IWRM water 

policy reform, climate change adaptation, and agricultural land use change in the Piura River 

basin, Peru. I will conclude with a summary of the international and regional significance of this 

research and discuss how the research is situated within several theoretical and scholarly debates.  
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2. LITERATURE REVIEW 

 I entered my master’s research project with a focus on studying how climate change 

adaptation was unfolding in smallholder agricultural systems in arid coastal Peru. However, once 

I arrived to do fieldwork, I found, like many before me, that adaptation is an imprecise and 

“clumsy” process (Dilling, 2015) that is entangled with and informed by non-climatic forces. As 

I conducted my work, my research pivoted to an examination of institutional reform within the 

state water management apparatus, because early interviews highlighted how important these 

actors are in shaping agricultural land use in the basin. This literature review follows the 

trajectory of my own intellectual interests related to this project. It begins with a historical 

overview of climate change adaptation and the growing critical literature on adaptation as a 

socio-political process. I then present relevant literature on water governance and the changing 

role of the state.  

 
2.1 Adapting to Climate Change: From Looming to a Lived Experience 
 
 The theoretical development of adaptation as a concept has been shaped through its 

shifting definition over the last thirty years. From its initial conceptualization within hazards 

literature to its enduring critique by political economists, and most recently, its growing 

utilization within development policy, adaptation has proved to be an enduring concept with 

increasing relevance. Adaptation was initially conceptualized within the hazards literature of the 

early 1980s, which viewed adaptation through the lens of societal vulnerability to “natural 

hazards” such as flooding, drought and other environmental disasters. Within this literature, 

adaptation was seen as adjustments to “business as usual” with a strong emphasis on technocratic 

and top-down interventions as “preventive adjustments” that increased the “absorptive capacity” 

of society to natural disasters (Burton et al., 1981). This theoretical perspective is reflected in the 

initial definition adopted by the Intergovernmental Panel on Climate Change (IPCC) in their 

second report, which defined adaptation as “adjustments” to the “anticipated or actual 

consequences of climate change” (IPCC 1996, pg. 831).  

 The IPCC’s early definition of adaptation as “adjustment” was rooted in early work 

conducted by cultural ecologists on adaptation (Head, 2009). Cultural ecologists, particularly in 

the 1970s, envisioned adaptation similarly evolutionary biologists where adaptation “refers to the 

process by which individuals adjusted to their surroundings” (ibid, pg. 2). This conceptualization 
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created a problematic nature/culture binary that ignored the co-constitutive nature of culture and 

society as well as the inherent dynamism of ecology (Watts, 1983; Head, 2009). A more positive 

note, cultural ecology approaches to adaptation studies were often based on sustained fieldwork 

that situated adaptation processes in a rich, highly local context.  

 This early treatment of adaptation, which still permeates many mainstream adaptation 

discourses, was subject to intense critique by political economists who asked crucial questions 

about the political and economic systems that shape adaptation, acting as constraints on people’s 

adaptive capacity (Marston, 1983; Tanner and Allouche, 2011). Political ecologists furthered this 

criticism, shaping their burgeoning field in the early 1990s around similar critiques of 

development and adaptation (Peet and Watts, 1993; Robbins, 2004). Many political economists 

and political ecologists disengaged with adaptation studies, due to the problematic and 

marginalizing conceptualization of adaptation that was prevalent in the 1980s and 1990s (Bassett 

and Fogelman, 2013). Despite the disengagement of many geographers from adaptation studies, 

some human-environment geographers, such as Diana Liverman (1994), bridged the study of 

political economy and hazards during the 1990s, studying natural hazards with an emphasis on 

the socio-economic factors that inform vulnerability. These studies, which integrated hazard 

studies with issues of political economy and equity, highlight the trajectory of adaptation studies 

toward a conceptualization that integrates social, economic and political factors as well as 

environmental processes. 

 Parallel to the disengagement of political economists with adaptation were the 

disappointing results of the global climate change mitigation efforts as typified by the Kyoto 

Protocol. These events, consequently, increased the political tractability of the “morally inferior” 

concept of adaptation among non-profit organizations, multi-lateral organizations and policy 

makers (Dilling, 2015). Climate finance structures and development donors soon began to 

support climate change adaptation projects, which led to an interest in “mainstreaming” climate 

change adaptation into broader development initiatives (Huq and Burton, 2003; Kok and de 

Coninck, 2007). Responding to these pressures, the IPCC increased its scholarly focus on 

adaptation, further refining its definition of adaptation in response to the critique of political 

economists. In the third IPCC report (2001), adaptation was redefined to include “adjustments in 

ecological, social, and economic systems” (879), reflecting what Pelling (2011) has dubbed a 

“reformist” vision of adaptation. This “reformist” view retains a conservative conceptualization 
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of adaptation as “adjustments” whilst working to incorporate at least a passing acknowledgement 

of the social, political, and economic forces that shape adaptive capacity (Yohe and Tol, 2002).  

 The increased operationalization of “adaptation” in development policy led to a 

resurgence of adaptation research within geography and the re-engagement of political ecologists 

with the conceptual debate surrounding adaptation (Bassett and Fogelman, 2013). Smit et al. 

(2000) proposed an “anatomy of adaptation” based on three central questions: 1) Adapt to what? 

2) Who or what adapts? and 3) How does adaptation occur? Current conceptual debates 

surrounding adaptation can loosely be organized into these questions.  

 

2.1.1 Adapt to What? 

 There is growing critical social science scholarship that contests the conceptualization of 

agricultural adaptation as an apolitical process that is only reflective of climatic drivers and 

agronomic necessities.  This conceptualization of “adaptation as climate response” ignores the 

complex interplay of social, economic, and political processes that shape climate change 

adaptation decisions (Dilling, 2015; Eakin et al., 2014; Eriksen et al., 2015). Rather, adaptation 

should be envisioned as a “contested socio-political process that mediates how individuals and 

collectives deal with multiple types of simultaneously occurring environmental and social 

changes” (Eriksen et al., 2015, pg. 524). This scholarly debate is encouraging, though it presents 

empirical challenges for studying such a broad, diffuse conceptualization of adaptation. 

 Despite these challenges, scholars increasingly integrate non-climatic factors into their 

adaptation studies. McDowell et al. (2014) found that, at the household level, producers were 

much more likely to react to non-climatic stressors than long-term climatic changes and 

highlighted the importance of incorporating these non-climatic stressors within adaptation 

studies. O’Brien and Leichenko (2008) famously theorized the compounding impact of climatic 

and non-climatic stressors on vulnerable communities within their “double exposures” 

framework. This framework conceptualizes the converging impact of globalization and 

environmental change processes on vulnerable populations. The double exposures framework 

highlights that there are multiple and often compounding feedbacks and linkages between 

neoliberal reforms and environmental change that doubly marginalize resource limited 

agriculturalists and increase their vulnerability.  
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2.1.2 Who or What Adapts? 

 Adaptation studies in multiple international contexts have focused on a diverse range of 

adaptive agents ranging from institutional to community-level and individual (Bassett and 

Fogelman, 2013). At the individual or household level, the adaptive capacity is often constrained 

by the resources, information, and support available (Eakin et al., 2006). Particularly within 

systems where formal institutions are vested with disproportionate power in allocating natural 

resources, it is important to consider issues of agency in determining the adaptive actors.  

 Institutions are instrumental to understanding adaptation (Agrawal, 2009) because these 

institutions and the organizations that implement them are vested with the authority and 

legitimacy to shape adaptation through resource allocation and regulation. Eriksen et al. (2015) 

argues that through an analysis of authority and how it is “contested, imposed, and accepted” by 

institutional actors provides insight into how adaptation actions can favor particular interests and 

further or contest unequal power relations (pg. 527). Formal institutions and organizations, which 

claim the legitimacy to make environmental governance decisions, shape adaptation through 

multiple, important levers. Agrawal (2009) presents an Institutions, Adaptation, and Livelihoods 

Framework to illustrate that civic, public, and private institutions shape adaptation to climate 

change in three crucial ways: 1) through influencing the vulnerability and exposure of 

households and collectives to climate change impacts, 2) serving as a mediating mechanism for 

external interventions such as aid dollars, technology transfer, or information dissemination, and 

3) by shaping the adaptation options available to households and collectives. These multiple 

levers for institutional intervention in adaptation reflect the importance of institutions in shaping 

vulnerability, adaptive capacity and adaptation outcomes.  

 On one hand, growing body of literature cites adaptation as an opportunity for increasing 

social equity (Adger et al., 2009). Conversely, there is also a growing acknowledgment that 

adaptation can also reify or exacerbate social inequity, further marginalizing vulnerable 

populations (Eakin and Lucers, 2006,). Additionally, scholars have found that interventions 

designed to decrease vulnerability through knowledge or technology transfer have exacerbated 

inequalities based on differentiated access of beneficiaries (Eriksen et al., 2011).  

 
 

 



	   17 

2.1.3 How Does Adaptation Occur?  

 Research into the process of adaptation is expanding as climate change impacts unfold 

and adaptation initiatives continue to be implemented globally. Pelling (2011) classifies 

adaptation in three categories: adjustment, reformist and transformative. Transformative 

adaptation, which focuses on systemic or structural changes, is the least studied of the three 

categories and an area of increasing scholarship (Wise et al., 2014; Kates et al., 2012). O’Brien 

(2011) has extended this categorization, suggesting that adaptation is not sufficient but rather we 

need the “deliberate transformation” of systems to address the magnitude of the global change 

challenge facing humanity.   

 Of particular interest to geographers are the issues of temporal and spatial scale as they 

relate to adaptation. In recent years, there has been a shift within climate change adaptation 

studies from viewing adaptation as a future priority to understanding adaptation as a current and 

ongoing process. Berrang-Ford et al. (2011) analyzed this conceptual phase-change through a 

systemic literature review and found that while adaptation studies have become increasingly 

common, this scholarship has not resulted in commensurate adaptation actions. This divide 

between the literature and on-the-ground implementation is attributed to the lack of measurable 

outcomes and indicators for determining if and how adaptation is occurring.  

Geographers, such as Michael Watts (2015), have gone further, suggesting that contemporary 

conceptualizations of adaptation (alongside security, risk management, and resiliency) are 

“contemporary hegemonic forms in which particular forms of life constitute the basis of 

neoliberal rule and governance” (pg. 65), charging adaptation of economizing the individual thus 

rendering individuals as homo economicus. This scathing critique suggests that second wave 

adaptive theory is guilty of not adequately appreciating the role of capital in operationalizing 

adaptation for its own means.  

 

2.2 Water Governance: IWRM, Climate Change Adaptation & Legal Pluralism  
 
  Water is a highly contested and inherently political resource. Thus the governance of 

water is inherently political. Here I draw on the water governance definition proposed by Lautze 

et al. (2011), “Water governance consists of the processes and institutions by which decisions 

that affect water are made” (emphasis in original, pg. 7). There is a rich, large and varied body of 

literature on water governance. Of particular salience to this study is the scholarship examining 
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integrated water resource management, climate change adaptation, and legal pluralism in the 

Andes.  

 
2.2.1 Integrated Water Resources Management  
 

Since the 1990s, IWRM has become the language of water policy reform internationally 

(Conca, 2006). IWRM, as a formalized framework, emerged from the Dublin Principles that 

were ratified during the 1992 International Conference on Water and the Environment. It was 

further cemented as a global framework when the European Union used IWRM as the 

cornerstone of its Water Framework Directive. While 1992 was a significant moment in the 

origin story of IWRM, its concepts are rooted in decades of scholarship, international meetings, 

and political transitions that signaled a broader transition away from command and control to 

complex, integrated ecosystem approaches to water resource management (Conca, 2006; Jeffrey 

and Gearney, 2006). IWRM has been accused of being “old water in a new bottle” (Biswas, 

2004; Conca, 2006), but it has proved to be enduring.  

IWRM, as a concept, underlines the importance of public participation, highlights complex 

human-nature linkages, and calls for cross-sectoral water management. It is most commonly 

defined as: 

 “A process which promotes the coordinated development and 
management of water, land and related resources, in order to maximize the 
resultant economic and social welfare in an equitable manner without 
compromising the sustainability of vital ecosystems.”  
     (GWP-TAC, 2000, pg. 22).   

 
The tenets of IWRM are objectively positive but also operationally vague. Its tenets have 

translated into a wide range of institutional configurations (Conca, 2006) such as in the Murray-

Darling River Commission in Australia and the Delaware River Basin Commission in the US.  

 While there is ample literature arguing that often IWRM policy reform has mixed 

outcomes or simply does not work (Jeffrey and Gearey, 2006), IWRM, as a powerful discursive 

tool for reform, had been increasingly exported to the Global South (Molle, 2009). River basin 

councils, as important multi-sector water planning and conflict resolution organizations have 

been implemented in places such as Mexico, South Africa (Wester et al., 2003), Zimbabwe 

(Makurira and Mugumo, 2005), Brazil (Engle and Lemos, 2010), and most recently, Peru (Oré 

and Rapp, 2009).  These river basin councils stem from the Integrated River Basin Management 
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concept, a close offshoot of IWRM, which emphasizes the importance of implementing the 

tenets of IWRM at the river basin scale (Scott and Banister, 2008).  

  By adopting the IWRM model, countries in the Global South imbue water policy reform 

with a sense of scientific legitimacy (Molle, 2009)	  and are able to attract bilateral and 

multilateral funding entities (Mollinga and Bolding, 2004). Despite the promotion of IWRM as 

the “best practice” water policy reform model by multilateral funders such as the World Bank 

(Giordano and Shah. 2014) and an international network of water experts (Conca, 2006), 

scholars have critiqued three key facets of IWRM: the model’s 1) apolitical framing, 2) 

participation mechanisms, and 3) re-scaling of water management to the river basin scale. 	  

 IWRM depoliticizes natural resource governance by emphasizing consensus and 

integration (Blomquist and Schlager, 2005; Medema et al., 2008). This apolitical framing renders 

IWRM palatable for many countries seeking to reform water policy, but also presents barriers to 

implementation (Molle, 2008; Biswas, 2004; Medema et al., 2008). The focus on collaboration, 

consensus, and integration often does not sufficiently appreciate unequal power among users and 

managers, long-standing conflicts, and differentiated resource access among water users and 

sectorial actors (Blomquist and Schlager, 2005; Warner et al., 2008; Saravanan et al., 2009). The 

apolitical, vague principles of IWRM enable the state, private sector, cooperation agencies, and 

development banks to hijack water policy reform, using IWRM as “coveted discursive currency” 

to legitimize and promote their respective macroeconomic agendas and interventions (Molle, 

2008, pg. 134; Giordano and Shah, 2014).  

The public participation, which is at the core an IWRM philosophy, can often be diluted and 

symbolic in practice (Conca, 2006; Wester et al., 2003). This emphasis on participation could be 

viewed as a referendum on technocratic approaches (Biswas, 2004), but in many places, IWRM 

has led to a re-entrenchment of the rational, expert knowledge base (Molle 2009). Furthermore, 

governments are often hesitant to vest these participatory decision-making platforms with real 

power (Blomquist and Schlager, 2005; Perreault, 2015). Additionally, these multi-stakeholder 

platforms can institutionalize inequalities through excluding informal or future users as well as 

ignoring unequal access, differentiated political power, and/or vastly dissimilar ontologies about 

land and water among recognized stakeholders (Warner, 2008; Boelens and Zwarteveen, 2005).  

The river basin is often lauded as the “natural” unit of management.  There has been 

tremendous scholarship highlighting that the river basin as a scale of management is a political 
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choice rather than a hydrologic necessity (Blomquist and Schlager, 2005; Molle, 2009; Warner et 

al., 2008). Integrate River Basin Management, which Scott and Banister (2008) referred to as 

“IWRM’s better half” is an offshoot of IWRM that emphasizes the importance of implementing 

IWRM principles via river basin-level organizations. However, IWRM and associated Integrated 

River Basin Management is ultimately steered by the state, which is likely to reproduce 

“paternalistic, technocratic, and bureaucratic top-down conventional approaches, modified by 

what degree of participation is allowed” (Molle, 2008, pg. 134). The transition away from highly 

centralized statist forms of water governance toward decentralized river basin councils has 

synced with broader trends in the decentralization of state power. However, the extent to which 

river basin organizations are vested with real power by the state is a key question.  

Despite these critiques, IWRM is expanding and increasingly being invoked as a key 

mechanism for climate change adaptation. Particularly in the Global South, IWRM water policy 

reform is being implemented in concert with bilateral and multilateral cooperation agencies and 

development banks. As there is more global emphasis on climate change adaptation financing 

mechanisms, these funders are eager to find ways to mainstream adaptation in their development 

investments. In the next section, I will highlight the importance of understanding IWRM 

institutions and institutional arrangements in the context of climate change adaptation.   

 
2.2.2 Water Management Institutions & Climate Change Adaptation 
 

Institutions are conceptualized here as the ‘rules of the game’ or the norms, values, and 

practices that govern formal and informal institutions (Ostrom, 1990). This study primarily 

focuses on formal institutions with written and codified rules or directives that have been 

reformed through IWRM policy changes (North, 1990). Organizations are the actors that 

operationalize these institutions and can be thought of as “groups of individuals bound together 

by some common purpose to achieve objectives” (ibid, p. 5). Institutions, in turn, give these 

organizations meaning and guide their purpose (Leach et al., 1999).  

 An analytic understanding of the power relations embedded into multi-layered 

institutional arrangements is instrumental to understanding environmental and social outcomes, 

specifically the unequal access to and control over water among users (Wester et al., 2003; Leach 

et al., 1999). The focus on institutions within this study reflects that key intervention of IWRM 

oriented water policy reform and enables an understanding of how these institutional changes 
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can redress, shift, or further entrench inequities among users.  

Water management organizations are increasingly being tasked with climate change 

adaptation as part of their operational mandate due to both national and sub-national adaptation 

planning processes and the priorities of development donors. This adaptation “mainstreaming” 

has become common in the Global South as development donors screen their investments for 

adaptation in order to avoid maladaptive development efforts, reduce vulnerability, increase 

efficiency in development planning, and leverage climate finance structures (Ayers and Dodman, 

2010; Kok and de Coninck, 2007; Huq and Burton, 2003). While climate change adaptation may 

be increasingly incorporated into water management institutions, implementing organizations are 

not always provided the financial support, technical tools and organizational capacity building to 

support these new mandates. 

The capacity of the IWRM model to cope with increasing climatic variability and uncertainty 

has been a significant area of debate. Proponents of IWRM assert that the decentralized nature of 

IWRM allows for adaptation to be tailored to local needs by addressing local vulnerabilities, 

meaningfully incorporating stakeholders, and linking with local decision-making (CapNet: 

UNDP, 2009). Engle and Lemos (2010) found a positive relationship between IWRM 

governance mechanisms and adaptive capacity in 18 Brazilian river basins though there were 

tradeoffs between some of the identified variables such as equality in decision-making and 

knowledge availability. Other scholars have found that IWRM institutional arrangements are not 

sufficiently flexible to support adaptation (Gain et al., 2013), highlighting that more polycentric 

institutional arrangements may be necessary for climate change adaptation even if they are not 

“efficient” in the short-term (Huntjens et al., 2012).  

Within scholarship, there has been a pivot toward Adaptive Management as an alternative 

management paradigm that better copes with the challenges of climate change and water 

insecurity (Pahl-Wostl et al., 2007; Scott et al., 2013).  Adaptive management, which is rooted in 

resilience theory (Holling, 1973; Gunderson and Holling, 2007) and social-ecological systems 

(Berkes and Folling, 1998), emphasizes the importance of social learning within management 

systems to cope with inherent uncertainty. The extent to which adaptive management can 

complement or conflict with IWRM, however, is still unclear (Medema et al., 2008; Engle et al., 

2016).  

Despite these scholarly debates, IWRM continues to be the key vehicle of water policy 
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reform and is increasingly enrolled in adaptation efforts within river basins. The 

institutionalization of adaptation into these water management organizations provides the 

legitimacy and authority necessary to shape the course of adaptation through resource allocation 

and regulation (Eriksen et al., 2015; Gerlak and Schmeier, 2014). An analysis of the authority 

and how it is “contested, imposed, and accepted” by institutional actors provides insight into how 

adaptation actions can favor particular interests and further or contest unequal power relations 

(Eriksen et al., 2015, pg. 527). Within IWRM institutions, climate change adaptation can take 

multiple forms such as the integration of techno-scientific knowledge (i.e. downscaled climate 

models) into planning processes, operations/systems investment to address climate change 

vulnerability, installation of early-warning systems, or capacity building among managers and 

users (CapNet: UNDP, 2009).  

IWRM policy reform provides an aperture for water managers to re-regulate water resources, 

and in doing so, to re-shape agricultural landscapes. However, the reform of state water policy 

can also represent a renewed effort to further expand the reach of vertical state water policy, 

which may conflict with long-standing socio-cultural forms of communal water management.  

 

2.2.3 Legal Pluralism in the Andes 

From the terraces of the southern Andes to the mounded earth canals of the northern 

Sechura Desert, Pre-Incan and Incan societies created highly organized, collective irrigation 

schemes that made agricultural production possible in the high Andes and arid coastal plains 

(Gelles, 2000; Oré, 1989). Many of these systems are still functioning today. It is important to 

note that these traditional cultural practices are more than just mechanisms to deliver irrigation 

water, but are also socio-cultural organizing principles that are central to social cohesion in 

traditional and contemporary Andean indigenous communities (Boelens and Zwarteveen, 2005).  

In the Andes and other culturally plural regions, the insertion of vertical water policy and its 

requisite formalization practices ignores, destroys, or discriminates long-standing socio-cultural 

practices of communal land and water management (Gelles 2000, de Vos et al. 2006). The 

uneasy, co-existence of traditional communal irrigation systems with state water management 

policy has been well documented across the Andes but this “legal pluralism” is a dynamic and 

contested process (Boelens & Zwarteveen 2005).  

 Scholars have drawn on legal pluralism to understand the interface of local, indigenous 
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water governance and state water resource policies. Within Peru, the 2009 Water Resources Law 

aims to incorporate indigenous communal water management systems by recognizing the water 

rights of comunidades campesinas and comunidades índigenas and issuing block water licenses 

to these communities (Art. 91 of supreme decree N. 001-2C-10-AG). Despite this communal 

recognition, the National Water Authority still requires that communities register individual 

water users (Art. 78 N. 001-2C-10-AG), conflicting with the communal socio-cultural values 

held by many comunidades campesinas and comunidades índigenas (Roa-García et al., 2013). 

Additionally, if a water user is not registered then their allotted water will be given to another 

formalized user, signifying the dispossession of unregistered water users in these communities 

(ibid). The new water law reveals that while local, communal water governance systems are 

theoretically recognized, that in practice the State is pushing forward state policy that seeks 

individualize and formalize water use.  

 Within the multi-stakeholder platform, created by the 2009 Water Resources Law and 

incorporated into River Basin Councils, comunidades campesinas and comunidades índigenas 

are offered one representative for the entire basin, raising concerns about how robust the 

participation of these communities can be within that framework (Art. 26 N. 29338-02-3C-04). 

As mentioned earlier, IWRM multi-stakeholder platforms often assume that participants enter 

stakeholder dialogues with equal degrees of power (Blomquist and Schlager, 2005; Perreault, 

2015). In the case of Peru, indigenous communities not only have significantly less political 

power and resources than other sectorial stakeholders, but they also have vastly different 

ontologies of water (Boelens & Zwarteveen, 2003).  

 

2.3 The Changing Role of the State 
 
Across Latin America and within Peru, sweeping, though variegated, neoliberal reforms have 

been unfolding since the 1990s. Neoliberalism, in the broadest sense, is a political philosophy 

that envisions the unfettered efficiency of free markets driving economic growth while decreased 

regulation reduces costly and inefficient government intervention (Friedman, 1963). Scholars, 

however, have highlighted that neoliberal deregulation should be more accurately characterized 

as reregulation (Jonas and Bridge, 2003; Snyder et al., 2001). While the state may retreat in 

certain regulatory spaces, the state retains a crucial role in creating the conditions in which the 

“free” market can flourish (Polanyi, 1946). Considering neoliberalism as a sweeping and singular 
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process of market-oriented regulatory transformation obscures the “variegated” and ongoing 

nature of institutional reconfiguration that has occurred in different nations that have engaged in 

post-1970s neoliberal reform (Peck and Theodore, 2007; Renner et al., 2010). Most important to 

this discussion is how market-based reforms articulate with IWRM policy reform and reshape 

the agricultural sector.  

 

2.3.1 Water Sector 

Within the water sector, IWRM reform has synced with broader trends in the decentralization 

of state power. In many countries, however, despite some level of decentralization, the central 

government has retained authority over basin participatory decision-making platforms and river 

basin organizations, such as in the case of Brazil and Mexico (Engle et al., 2016; Scott and 

Banister, 2008). Additionally, the decentralization of regulatory power has also not always 

translated into a commensurate redistribution of state funds nor has it meant a complete retreat of 

federal authority (Wester et al., 2003; Scott and Banister, 2008).  

A key scholarly question has been to what extent IWRM reform generates market-based 

reforms in the water sector. Under IWRM, water is considered an “economic good” as outlined 

in the fourth Dublin Principle. What this means in practice, however, is hotly debated. IWRM 

does not equate neoliberal water policy reform. Rather IWRM, due to its broad set of principles, 

has been a empty vessel for water policy reform that has implemented in countries with vastly 

different legal treatments of water such as Chile where water is a commodified and tradable good 

or in Peru where water is still considered a public good (Bauer, 2015; Lynch, 2012).   

Within market-based reform, there is a fundamental assumption that resources are best 

managed when they are owned.  In order to establish ownership, there needs to be private 

property rights, which are “definable, defendable, and divestible” (Liverman and Vilas, 2006, pg. 

331). Within the water sector, this has led to the privatization of water, which may or may not 

lead to the commercialization and commodification of water (Bakker, 2005).  

The process of privatizing and commodifying water has proved to be challenging and often 

contested due to the socio-cultural values associated with water as well as its physical properties 

(Bakker, 2007). Due to the incredible contestation following efforts to privatize water in Peru, 

policy makers chose to closely map their IWRM water policy reform after Mexico and Brazil, 

which both created technocratic, river basin councils and similar institutional architectures over 
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the neoliberal water code of Chile.  

The shift away from neoliberal water reform is visible across Latin America, where counter-

neoliberal or post-neoliberal interventions are increasingly common. Counter neo-liberal 

proposals question the outcomes of neoliberalism, such as inequities, but do not question its 

fundamental tenets. For example, in Bolivia, Law 2878 differentiates between community and 

commercial users so that community users do not pay water fees. Post-neoliberal proposals 

question the very basis of neoliberalism and present a radically different way of relating to the 

world. For example, in Peru, indigenous communities are given block water licenses to 

communally manage (Roa-García et al., 2013). These counter and post-neoliberal proposals are 

reflective of the vocal demands made by civil society. Reforms within the water sector, however, 

are not isolated, but rather articulate and shape related sectors such as agriculture.  

 

2.3.2 Agricultural Sector  

Neoliberal reforms can affect the agricultural sector in a number of ways: the privatization of 

communal land, agricultural production geared toward the globalized commodity market, and the 

withdrawal of state subsidies, credit, marketing support, and technical assistance (Liverman and 

Vilas, 2006). Orthodox neoliberalism would entail unqualified lifting of trade tariffs on 

agricultural products, complex privatization of agricultural land, and the retreat of the state from 

any form of agricultural support. Many scholars, however, have highlighted that results of 

neoliberal reform is highly “variegated” (Peck and Theodore, 2007; Renner et al., 2010; Bakker, 

2010). For example, Snyder et al. (2001) found that neoliberal reforms in Mexico that 

deregulated the coffee sector by dismantling the state-owned coffee enterprise led to new 

institutions for market governance. The evacuation of federal regulatory institutions led to the 

creation of a subnational regulatory framework that ostensibly re-regulated the coffee market. 

This state-level re-regulation leads to considerably different distributive and development 

outcomes.  

 Central to market-based reforms in the agricultural sector is the commodification of land. 

Land is one of three fictitious commodities that Polanyi (1944) cites as central to the 

development of a market economy. Polanyi defines a commodity as “objects produced for sale 

on the market” (pg. 75). Land, which Polanyi (1944) views as a proxy for nature, is clearly not 

produced by humans and is therefore a fictitious commodity. The fictitious commodities (land, 
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money and labor) are an essential organizing principle for the market economy and after they 

have been marketized, they operate like a typical (non-fictitious) commodity though they carry 

with them significant negative externalities.  

 Proponents of neoliberal reform assert that the formalization of land titles and water 

licenses provides poor families with ownership security, enabling credit access, investment, and 

development (Bromley 2009). However, these efforts can have contradictory results. The 

formalization of land titling and water rights render the possessions of poor families visible to 

the state and subject to their authority (Scott 1998). This formalization also works in concert with 

ongoing privatization efforts and renders titled land and licensed water rights legible to global 

agro-export capital and extractive industries, since land enters the marketplace and water licenses 

can be transferred once formalized (Guevara 2006). The formalization of land rights and water 

licenses can also lead to a corrosion of the social networks and arrangements that often provide 

security to poor communities (Bromley, 2009). This is particularly salient in the Andean region 

where communal irrigation practices are important processes for social cohesion (Gelles, 2000). 

 One obstacle to capitalist commodification globally, but particularly in Peru, is the extent 

of land that is collectively managed and owned. Within Peru, prior to 1994, 60% of all 

agricultural land was collective property (Mitchell 2014). In order to address this, the Fujimori 

administration first passed a Supreme Decree Law (Supreme Decree 658) in 1991 than the Land 

Law (Ley de tierras) in 1995, which provided property guarantees, allowed the state to sell 

public land, and removed limits on the amount of land that could be held by an individual 

(Crabtree, 2002).  In order to expand the land market, the state created the designation of unused 

lands (tierras eriazas).  These lands would revert to the state for “recuperation” via economic 

development. Through this mechanism, both comunidades nativas and comunidades campesinas 

lost large tracts of their former territory. This land was then titled to the state and offered for sale 

to private buyers. The labeling of land as “unused” and therefore “abandoned,” occluded the 

material reality of that land, which was often used for collective grazing, sporadic dryland 

farming and/or foraging grounds. These measures have been so successful, that currently more 

land is held in fewer hands than before the Agrarian Reform (Burneo, 2011).  

The arbitrary categorization of land as unused reflects the ways in which land, as a 

fictitious commodity, was produced by the state as part of its larger economic project, reflecting 

how “commodities are not things but, in fact, socio-natural relations” (Castree, 2003, pg. 282). 
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The legal transformation of communally owned, indigenous land into an underpriced commodity 

marketed to international capital is a clear example of David Harvey’s (2004) ”accumulation by 

dispossession.” This strategy was so successful that today more land in Peru is concentrated in 

fewer hands than before the Agrarian Reform (Escobedo, 2015).  
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3. STUDY AREA, RESEARCH DESIGN, AND METHODS 

3.1 Study Area  

	  3.1.1 Climate, Topography, & Environmental Change 

The Piura River basin is located in the Piura 

Department in northwestern Peru (See Figure 1) at 6°22’ S, 

81°19’ W. The Piura River basin covers 10,872 sq. 

kilometers, which encompasses 36.42% of the total area of 

Piura Department (see Figure 1). The headwaters of the 

Piura River are located above 3000 meters elevation in the 

páramos, which are neotropical alpine ecosystems that are 

endemic to the northern Andes.  From there, the Piura River 

courses downhill, crossing nearly one hundred miles of the 

low-gradient Sechura desert until finally emptying into the 

Pacific Ocean. Piura has the largest distance between coast 

and sierra in Peru and provides a dynamic arena to examine 

basin-wide agricultural land use change. 

There are three distinct altitudinal zones within the 

Piura River basin that have distinct precipitation regimes. 

The first zone resides at below 80 meters sea level and 

encompasses the majority of the basin. This lower region 

receives 10-80 mm of rain annually, which predominantly 

falls between January and April. While this section is hyper-arid or arid, it is also extremely 

vulnerable to El Niño events. El Niño-Southern Oscillation is due to a warm band of water in 

that ocean that forms near the equatorial Pacific, including the coast of South America. The 

impacts of ENSO are highly location specific, but in Piura El Niño events can deliver as much as 

20 times the average annual precipitation in intense bursts that have lead to extensive flooding 

(ANA, 2012).  

The middle section of the basin resides between 80-500 meters above sea events. In this 

zone, the annual precipitation ranges between 100-600 mm per year, falling between December 

 
Figure 1: Piura River basin 
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and May. This region has less variability in precipitation than the lower region. Both the lower 

and middle part of the river basin averages 24 degrees Celsius. Peak temperatures occur in 

February and March, reaching maximum temperatures of 38 degrees Celsius (ibid).  

The upper part of the basin resides above 500 meters and receives 700-1,000 mm of 

annual precipitation that predominantly occurs between January-May. This zone is relatively 

unaffected by El Niño. The annual average temperature in this region is 13 degrees Celsius with 

a minimum of 8 degrees Celsius in June to September and maximum temperatures of 27 degrees 

Celsius, occurring between January and May (ibid). 

As mentioned earlier, Piura is highly vulnerable to extensive flooding as a result of 

ENSO events. Between 1995-2005, Piura experienced 346 emergencies due to climatic events, 

which precipitated in the loss of 88,150 hectares of agricultural land affecting 54,859 households 

and leading to the death of 80 people (SINADECI, 2006). The El Nino event of 1997/98 brought 

5000% the normal rain to the 

coastal town of Paita in Piura 

(Ordinola et al., 2001). Piura has 

an early alert system for ENSO 

events to aid in disaster 

preparedness, but chronic, 

structural problems such as 

centralism and poverty present 

long-term challenges to reducing 

vulnerability (Trigoso, 2007).  

Climate change projections for the region indicate increasing water deficits, particularly 

in the lower part of the basin (ANA, 2012) (see Figure 3). While there is uncertainty in 

precipitation projections, rain events are expected to occur in more intense bursts in Piura, 

causing flooding, erosion, and sedimentation in irrigation infrastructure. Drought risk is expected 

to rise due to increased evapotranspiration related to elevated temperatures particularly in the 

lower portion of the basin, placing increased stress on plants unless additional irrigation water is 

allocated to offset increased plant demand (ibid). While the relationship between the intensity 

and frequency of El Niño events and global warming remains unclear in climate science, El Niño 

is discursively framed as a climate change impact by the regional government of Piura. ENSO is 

Figure 2: 1982-1983 El Niño Flooding in Piura (UDEP, 2013) 
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a significant portion of climate change adaptation planning in the basin (GRP, 2011). 

	  
Figure 3: Projected Water Balance under Climate Change from 2000-2010 (ANA, 2012) 

 

Other environmental challenges in the basin include deforestation of the bosque seco in 

the middle basin as well as the deforestation of high-elevation cloud forests and páramos. There 

has been an estimated 566,000 hectares that have been deforested in the Piura River basin (ANA, 

2012). Another key challenge facing Piura has been the salinization of soils in the lower basin, 

leading to the designation of Piura as one of two “desertification hotspots” in Peru (Willems, 

2014).  

 

3.1.2 Socioeconomic Context 

The Piura Department is the second most populous department in the country. An 

estimated 1,676,315 people live in Piura Region.  Poverty in recent years has steeply declined 

from 60.7% in 2004 to 42.4% in 2010 although poverty is far more prevalent in the eastern 

highland provinces (INEI, 2010). For example, the highland provinces of Ayabaca and 

Huancabamba have poverty rates over 75%, compared to the regional average of 40.5% (INEI, 

2007). 

In recent years, the rate of out-migration has slowed, but still out paces migration to the 
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region (See Table 1) (ANA 2015).  The sectors of forestry, hunting, livestock and agriculture 

employ 30% of the population (INEI, 2007). Highland communities are generally involved in 

subsistence agriculture (ANA, 2012). The other major industries in the basin are oil refining and 

export, fisheries on the coast and construction and manufacturing (ibid).  

There has been substantial growth within the agricultural sector in recent years. 

Unemployment in the agricultural sector has fallen by 11.1% in recent years while 

unemployment has grown in all other sectors in the region, excluding hydrocarbons (ANA, 

2012).  

 1995-2000 2000-2005 2005-2010 2010-2015 

Rate of Immigration 6.2% 5.7% 5.3% 5.0% 

Rate of Emigration  12.1% 11.0% 10.2% 9.6% 
Table 1: Immigration vs. Emigration Rates for the Piura Department (ANA, 2015) 

 

3.1.3 Agriculture & Irrigation 

Piura has been at the center of Peru’s agro-export project since the eighteenth century 

when cotton plantations were developed in both the coastal flats and highlands.  These early 

haciendas were known for producing high quality cotton that was exported internationally. These 

haciendas were dismantled in the 1960s Agrarian Reform and transformed into cooperatives 

owned by the workers. Piura was the region most affected by the Agrarian Reform, likely 

because the Reform’s architect, General Velasco, was a native of Castilla, a community directly 

outside the region’s capital city, Piura (Laborde, 1987). Through the 1980s, the cooperatives 

began to disintegrate and fragment due to poor institutional capacity, charges of corruption, 

limited technical capacity, and environmental stress (Oliden and Revesz, 2012). By the late 

1980s, most cooperatives had been disbanded and former members were given small parcels of 

land. The Agrarian Reform also empowered comunidades nativas and comunidades campesinas 

to delimit and assert collective ownership rights over large tracts of land. Despite this increased 

recognition, these communities were not direct beneficiaries of redistributed hacienda lands 

under the Agrarian Reform. Only 25% of campesinos benefited from the redistribution of land 

and many farmers in the lower basin received less than one hectare (Revesz, 1983).  

More recently, the agricultural frontier in the Department of Piura, which encompasses the 

Chira and Piura River basins, expanded by 95,000 hectares from 1986-2014. Currently, 94.3% of 
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all water in Piura is used for irrigation (INEI, 2012). The majority of the agricultural expansion 

has been driven by the installation of agro-export oriented crops, such as orchard crops like 

mango, avocado, lime, and grape (38,578 ha) and semi-permanent crops like banana, maracuyá, 

and sugarcane (47,968 ha). These regional trends represent an increasing orientation toward 

agro-export, however these changes in agricultural land use are differentiated across the basin.  

The Piura River basin encompasses three sections that are each administered by a different 

irrigation user board (junta de usuarios) (See Figure 3): Lower-Middle Piura (includes the 

Sechura sub-valley), San Lorenzo, and Upper Piura. These sections are collectively managed at 

the regional scale by ANA and the River Basin Council, but each section has a different 

agricultural trajectory, which are largely determined by the type of irrigation access and its 

reliability (See Table 2).  

While the Upper Basin User Board only 

has crop data since 2011, these records show 

that the farmers in the upper basin are 

growing banana and mango, two agro-export 

crops that are most commonly grown by 

smallholder farmers. The Upper Basin 

resides in the foothills of the Andes and has 

the most informality among its users due to 

limited presence of state water management 

entities, and strong traditional communal 

irrigation management practices. 

Farmers in San Lorenzo receive 

irrigation water from the San Lorenzo reservoir that was constructed in the 1950s with support 

from the World Bank. The water resources in the reservoir have been fully allocated, and 

therefore, there has not been a significant expansion in land. This area was one of the first areas 

in the country to cultivate mango and lime for export, and it continues to be an important fruit 

producing area (Revesz and Oliden, 2012).  

The middle section of the basin is the most dynamic area of agricultural expansion.  This 

section has preferential access to water since it is closest to the inter-basin transfer channel that 

transports water from Poechos Reservoir. Since 2000, there has been 300% expansion in the land 

Figure 4: Administrative Division of Water Management in the Piura 
River Basin 
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sown in this area of the basin. This expansion has been driven by international and Peruvian 

agro-business investment in large table grape vineyards within the last 6 years.  

The lower section of the Piura River basin, Sechura, is a patchwork of small rice fields set 

into a complex network of irrigation infrastructure. The land use here is intensive with two 

harvests a year. Rice has been the principal crop in lower Piura for over fifty years and is 

supported through an extensive credit, processing, and commercialization infrastructure in the 

basin. 

User Board  Type of Irrigation Access  # of Users # of Parcels 
Area Under 
Irrigation 

Max Annual Water 
Volume (Hm3) 

Upper Piura  

Unregulated surface water from 
approx. Jan.-July, supplementary 
groundwater during dry season for 
some users  13237 16821 29357 937.49 

San Lorenzo 

Regulated surface water from San 
Lorenzo Reservoir with year round 
access 12209 9064 38263.14 458.92 

Middle-
Lower Piura  
(includes 
Sechura) 

Regulated surface water from 
Poechos Reservoir with 
supplemental groundwater wells for 
agribusiness 31280 77485 50973.45 676.53 

Table 2: Characteristics of the three administrative basin sections  

 

Within the lower and middle part of the basin, a key constraint in irrigation water 

availability is the increasing sedimentation of Poechos Dam, the reservoir that stores and 

regulates water for dry season irrigation. The 

sedimentation of this dam is occurring at rates 

much higher than initially estimated when it 

was installed in 1978 with a capacity of 789 

MMC. As of 2009, the reservoir had lost 

nearly half its capacity with 441.2 MMC of 

storage remaining (ANA, 2012).  The two 

strongest El Niño events 1982/83 and 

1997/98, which delivered approximately 20 

times the normal rainfall to the basin, are 

estimated to be principally responsible for 

delivering 40% of the total sediment that has 

Figure 5: Location of Groundwater Wells in the Piura River 
Basin 
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settled behind the dam (Govers et. al., 2008).   

In addition to surface water resources, the Piura River basin has significant groundwater 

resources that are utilized for both potable as well as agricultural uses. In the upper part of the 

basin, there are alluvial aquifers that correspond to the major waterways in the region. These 

aquifers are widely exploited for dry season irrigation. In the lower and middle portions, the 

aquifer suffers from salinity challenges. Due to the inconsistent water quality of the lower 

aquifer, it is unevenly exploited though agro-export companies have drilled groundwater wells in 

the middle part of the basin  (See Figure 5) (ANA, 2012). 

 

3.1.4 Water Management Entities 

 The water resources of the Piura River Basin are managed through a constellation of 

water management institutions (See Figure 5). The National Water Authority (ANA) is the 

principal federal level entity overseeing the national water resource management system. Within 

each basin, ANA has decentralized offices, Administrative Water Authorities (AAA), which 

assign  and manage water rights. Local Authorities of Water (ALAs) are decentralized AAA 

offices that manage water rights at a valley specific scale. The River Basin Council, a new entity 

under the 2009 Water Resources Law, is situated within ANA and conducts water resource 

management planning. The River Basin Council is presided over by the regional government.  

The introduction of the River Basin Council reorients water resource management to the 

basin scale and includes mechanisms for integrating multi-sectorial water users into the planning 

process via a board of directors that includes diverse stakeholders -- non-agricultural users, 

agricultural users, academic institutions, regional government, and comunidades campesinas. 

The intent of the new law is to reinsert the state into water management, reorient water 

management from being solely agriculturally focused to a more integrated approach, and to 

enhance administrative transparency. The 2009 Water Resources Law both formalizes and limits 

the participation of users, and increases the power of technocrats through the River Basin 

Council (Oré & Rapp, 2009).  
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 Figure 6: Institutional Map of Water Management Entities in Piura, Peru 

 

In addition to the state water management entities, User Boards (Juntas de Usuarios) and 

Irrigation Commissions (Comisiones de Usuarios) are non-profit, private entities that are 

financed through water fees and are responsible for certain regulatory requirements, as delegated 

by the state. These management entities were created under the 1969 General Water Law as an 

attempt to increase popular participation in water governance, fund the maintenance of irrigation 

infrastructure through user fees, and decentralize, to a limited extent, the administration of the 

General Water Law (Oré, 2005).  These organizations are democratically elected and are 

powerful civil society actors. User Boards operate at the scale of a valley and consist of multiple 

Irrigation Commissions that are grouped by shared infrastructure. Water licenses are granted as a 

block to each User Board that use their constituent Irrigation Commissions to collect water fees, 

maintain irrigation infrastructure, and regulate water rights. Irrigation Commissions are 

responsible for cleaning and maintaining irrigation infrastructure.  

Groundwater resources are locally managed through groundwater committees and all 

groundwater rights are overseen directly by the National Water Authority, circumventing 

regional water management entities. Water licenses for groundwater are freely granted to groups, 

individuals or companies with financial resources to pay for the well, but the groundwater 

availability, rate of aquifer recharge, and the degree of exploitation are not synchronized.  
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3.2 Research Design 

Political ecology provides a theoretical entry point into the study of agricultural 

adaptation in Peru, positioning agricultural systems at the confluence of political economy, 

ecological systems, and human agency with critical attention to questions of power and resource 

access. In particular, through remote sensing and qualitative semi-structured interviews, I seek to 

understand:  

  
Q1) What has been the pattern and trend of agricultural land use change following 
neoliberal reforms (2000-2015)? 
Q2) How has the 2009 IWRM-based Water Resources Law reconfigured formal 
water management institutions and integrated climate change adaptation into 
those institutions? 
Q3) How do these formal water management institutions articulate with state 
agricultural policy to reshape agricultural land use change?  

 

This study utilizes a mixed-methods approach to “connect people with pixels” (Liverman 

et al., 1998) by linking a quantitative analysis of remotely sensed agricultural land use change 

with a qualitative analysis of institutions reshaping agricultural land use. The analysis of 

remotely sensed data enriches the qualitative data, which offers explanatory information about 

key institutional dynamics underlying observed land use changes. The mapping, in turn, enriches 

the qualitative data by demonstrating the physical nature of agricultural land use change under 

the key factors expressed in the interviews.  

 

3.3 Methods 

3.3.1 Quantitative Analysis of Agricultural Land Use 

Remote Sensing  

 A detailed description of the remote sensing methodology can be found in Chapter 5.  

Briefly, two time periods were chosen for analysis: 2001-2002 and 2014-2015. These years were 

chosen because they represent a snapshot before extensive agro-export development in Piura 

(2001-2002) and the most recent data sets available (2014-2015). Additionally, neither period 

coincided with a strong El Niño event, which causes widespread flooding in Piura.  
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Atmospherically corrected Landsat surface reflectance data were downloaded from the 

Earth Explorer Portal provided by the U.S. Geological Survey website (USGS). The 2001/2002 

dataset was acquired by Landsat 7 and the 2014/2015 dataset was acquired by Landsat 8.   

Scenes were selected for periods with maximum plant vigor during peak growing seasons 

(February-June, August-December) as well as shoulder seasons when fields are burned and 

cleared (July, January). The different phenological signals for the three target crop categories, 

short season crops (e.g. beans, rice, corn), semi-permanent (e.g. table grape and passionfruit) and 

orchard crops (e.g. lime and mango), enabled classification. Ultimately comparative images from 

October and April were analyzed due to good visibility and crop phenology for 2001/2002 and 

2014/2015.  

The northwestern and southwestern Landsat images, captured on the same day, were 

mosaicked using the MosaicPro tool in ERDAS Imagine. The northeastern and southeastern 

images were collected on a different day than the western images and were processed separately 

using the same methodology as the western images. The eastern and western images were 

mosaicked post-classification. All images were then clipped to the extent of the Piura River 

basin.  

 The Normalized Difference Vegetation Index (NDVI) was calculated for all scenes. This 

additional layer was added to the multi-band image stack in ERDAS IMAGINE. Training points 

were sampled and refined twice in an attempt to refine the classification. 200 training points per 

class (total 1200 points per image) were sampled for both the 2001-2002 and 2014-2015 data 

sets. The land use classification categories included: short season crops, semi-permanent crops, 

and orchard crops, urban, desert, water, páramo/cloud forest vegetation.  

Once training points were sampled, the NCLD sampling tool within ERDAS Imagine 

was used to sample the independent variables (NDVI and multispectral data) based on the 

training site data using a stratified sampling method. The program See5 was used to generate the 

CART classification. The CART classification model was then uploaded into ERDAS Imagine 

to create the CART classification. The accuracy of the CART classifications was calculated by 

See5 based on the 100 training points (total 600 points) that were not used in the creation of the 

classification model. Additionally, ground truthing campaigns were conducted in August 2015 

and January 2016, which was used to both improve training point selection as well as assess 

accuracy.   
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Crop Data  

The remote sensing analysis of land use change displays the spatial dynamics of crop mix 

changes within the Piura River Basin, however, this analysis does not capture which crops are 

driving the crop mix changes. In order to understand these crop specific changes, data from the 

Ministry of Agriculture from 2000-2015 was solicited through a formal information request. This 

district level data, which is collected by local Agrarian Agencies, is inconsistent and often 

divorced from on-the-ground realities as observed through extensive fieldwork in the region. In 

order to triangulate MINAGRI crop data, crop data were solicited from valley-specific User 

Boards, which calculate crop data-based on crop-specific water tariffs. These two sources of crop 

data were then visualized and basic statistics such as the percent growth and total area sown were 

calculated and visualized through graphs.  

 

3.3.2 Qualitative Analysis of Institutional Dynamics Reshaping Agricultural Land Use  

In order to address Q2 and Q3, I conducted semi-structured qualitative interviews with key 

institutional actors within the agricultural sector (n=40). Specifically, I interviewed 

representatives from the valley-specific Irrigation Boards (n=4), Irrigation Commissions (n=15), 

agricultural associations/cooperatives (n=7), comunidades campesinas (n=2), civil society 

groups (n=6), National Water Authority/River Basin Council (n=2), and the regional and 

national agricultural agencies (n=4). Interview themes were by the location within the basin 

(lower Piura, middle Piura, upper Piura or basin-wide). Additionally, questions were tailored to 

the different types of institutional actors interviewed. A complete list of questions can be found 

in Appendix A-C. With the permission of participants, I recorded interviews digitally for 

transcription. If participants declined to be recorded, I took handwritten notes for documentation. 

I then transcribed the interviews and employed qualitative content analysis (Julien 2008) to 

evaluate the interlocking institutional arrangements that are reshaping land use. Thematic coding 

of the interview transcripts was conducted using QSR International’s NVivo 10 software (QSR 

International 2014). A complete list of thematic codes used can be found in Appendix D. 

 Interview data was triangulated and contextualized through content analysis of legal 

documents of relevant water and agricultural policies, the official notes of water management 

organization meetings, and river basin planning documents. Lastly, I utilized participant 
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observation of River Basin Council meetings and executive board elections to better understand 

institutional dynamics. 
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4. “AGUA PARA TODOS”: 
THE HISTORICAL TRAJECTORY OF PERUVIAN WATER POLICY (1900-2009) 

 
Peru is the birthplace of the Amazon. It has 71% of all tropical glaciers in South America. It 

enjoys hundreds of miles of Pacific coastline. When all of its freshwater is added up, Peru 

contains 4.6% of the world’s runoff. And yet, Peru is internationally regarded as being highly 

water stressed (Gassert et al., 2013).  Though Peru’s coastal region only covers 11% of its total 

territory, over 60% of its population resides there (INEI, 2009). The coastal region and the nearly 

18 million people who live there are dependent on a combination of seasonal, alpine rivers that 

cross the arid plains on their way to the Pacific Ocean as well as limited and poorly understood 

underground aquifers. The asymmetry between the location of dense population centers and 

freshwater reserves reflects one of the central challenges in Peruvian water management.  

This paper traces the trajectory of Peruvian water policy since the beginning of the twentieth 

century and is organized by chronological periods that are differentiated by the ratification of 

water legislation or subtler regulatory reform. For each time period, my goal is to present the 

relevant political and economic context, the substantive changes in water policy legislation and 

regulation, the institutional dynamics of these changes and the impact of and popular response to 

these changes. By firmly situating Peruvian water policy in its corresponding political context, I 

hope to express the extent to which water policy has always been an integral part of the 

economic project of various Peruvian presidential administrations. Through this historical 

overview of Peruvian water policy, I will highlight a number of central themes: 

 
1) Peruvian water policy has largely been the product of negotiations and collusion 

between dominant agricultural interests and the government 
2) Water policy has been used as a vehicle to realize economic projects that are 

often not congruent with the environmental limitations of Peru.  
3) There are large challenges and significant ramifications in applying a 

homogenizing, national water policy across a country that is highly 
heterogeneous culturally, topographically and economically. 
 

Before I begin, I would like to add a few caveats. Within this chapter, I do not discuss marine 

water law, which is immensely important in Peru, but beyond the purview of this overview. 

Additionally, my historical overview is focused toward discussing water availability and only 

cursorily includes water quality. This decision was based on my own analytical interests as well 



	   41 

as the role of real or perceived water scarcity in catalyzing water policy reform. Additionally, I 

am guilty of the same flaw as Peruvian Water Law, which is that I disproportionately focus on 

downstream, coastal agricultural users. I do not discuss water issues within the Peruvian Amazon 

and only cursorily examine the legal pluralism in water management systems that exist in the 

Peruvian Andes. This bias reflects my own research interests and the bias of existing water 

policy scholarship. I only briefly discuss urban and potable water use, which is governed by a 

parallel but alternative set of institutional players. Lastly, while I superficially mention water 

resource management in the pre-colonial and colonial period, I begin my overview at the 

beginning of the twentieth century, because the 1902 Water Code represents the first formalized 

intervention of the Peruvian state in water resource management.  

 

4.1 Pre-Colonial & Colonial Water Management: Indios y Españoles  

Peru has always been subject to highly variable, cyclic precipitation. Cyclic El Niño 

(ENSO) events deliver deluges while periods of drought characterize the years in between ENSO 

events. Due to both inter- and intra-annual variability, Pre-Incan and Incan societies created high 

organized, collective irrigation schemes that made agricultural production possible in the high 

Andes and arid coastal plains (Gelles, 2000; Oré, 1989). In the scope of this paper, I will not 

delve into the highly organized, expansive irrigation systems that are still visible (and often 

functioning) from the terraces of southern Andes to the mounded earth canals of the northern 

Sechura Desert. However, it is important to note that these traditional cultural practices are more 

than just mechanisms by which to deliver irrigation water, but are also socio-cultural organizing 

principles that are central to social cohesion in traditional and contemporary Peru (Boelens and 

Zwarteveen, 2005).  

The Spanish colonized Peru for nearly three centuries. The Spanish monarchy and its 

functionaries generally relied on Incan governance structures to extract taxes (agricultural 

products and minerals) from indigenous communities (Verzijl, 2007). Through this system, 

traditional Incan collective irrigation schemes were maintained. In 1550, the Spanish throne 

appointed Water Judges to resolve water conflicts between users, but this conflict resolution 

mechanism remained weak. As Spanish settlement increased, hacienda owners began to organize 

with indigenous communities to rotate irrigation. Haciendas owners would have the right to 

irrigate during the day and indigenous users would irrigate by night. This relationship was by no 



	   42 

means symmetrical since indigenous users were also required to perform all maintenance on and 

cleaning of irrigation infrastructure (Keith, 1976).  

As the power of the Spanish monarchy in Peru waned, hacienda owners began to assert 

more control over the allocation and distribution of water resources, solidifying the prevalence of 

the hacienda system. When Peru won its independence in 1821, little changed in terms of water 

management with hacienda owners continuing to control irrigation infrastructure and water 

access. Indigenous forms of collective irrigation management continued, but were subjugated to 

the needs of the large haciendas to which indigenous people were often enslaved through the 

yanaconaje system (ibid). The Yanaconaje system was an Incan system of serfdom, where 

campesino (yanacona) workers would rent land from landowners (Incan aristocracy or Spanish 

hacienda owners) and then produce crops and sell them back to the landowner (Mar, 1976). 

 

4.2 1900-1930: The State Steps In 

The 1902 Water Code, ratified under President Eduardo López de Romaña (1899-1903), was 

the first formal participation of the state in the management of irrigation water and heavily 

privileged hacienda irrigators. The Water Code made significant changes to the colonial 

ordinances and was inspired by the 1879 Spanish Water Law. The new water code declared 

water to be a public good (bien de dominio público). The designation of water as a public good 

was only applied when water was not passing through private property, therefore upholding the 

control of hacienda owners over the resource, and essentially privatizing water. The 1902 Water 

Code did not establish a fixed limit on irrigation for each user, but rather continued the practice 

of “toma libre” where irrigators could essentially extract an unlimited amount of water. This 

privileged the large haciendas that were located near the headwaters and was not favorable for 

downstream or peripheral users. (Oré, 1989). The 1902 Water Code recognized indigenous 

irrigation authorities and formed unions (sindicatos) of users that shared a canal. These unions 

were categorized as hacienda or indigenous users and were assigned a technician, called an 

administrator, who was chosen by the state and was in charge of all irrigation infrastructure as 

well as administration and distribution of water.  

The 1902 Water Code, was part of a larger legislative project by the young Peruvian State to 

assert control over its territory. Criticism of this water code stemmed from it having been 

adopted from the Spanish Water Code when the Spanish context was quite different from the 



	   43 

Peruvian landscape. Additionally, the dearth of irrigation limits for hacienda owner and the lack 

of clear operational norms for unions generated confusion and conflict. Colonial-era rotating 

irrigation schedules continued as well as the exploitation of indigenous labor with unilateral 

preference given to hacienda water users (Oré, 1989). 

 Due to these challenges, the Water Code was not implemented until 1916 when Technical 

Commissions were created. These Commissions were housed within the Water Direction of the 

Development Ministry (Ministerio de Fomento) and were charged with trying to increase the 

efficiency and capacity of irrigation systems. In 1918, through Ley 2674, these commissions 

were imbued with additional functions, most importantly, budgetary autonomy. These 

Commissions began to charge irrigators in order to pay for irrigation infrastructure. This is the 

first instance of irrigators being charged a water fee in Peru.  

The administration of President Augusto Bernardino Leguía (1919-1930) pivoted to a 

strongly statist water regulation stance, relegating power to the state via its administrative bodies 

(Technical Commissions) and corroding and often bankrupting the long-residing forms of 

communal irrigation management. This led to significant social conflict across Peru where 

indigenous forms of self-governance were threatened (Oré, 2005). Leguía’s statist vision of 

water governance also challenged the near absolute power of the hacienda owners by increasing 

regulation and rigorously charging water fees. 

 Charles Sutton, an engineer born in Delaware, greatly influenced the vision of the 

Technical Commissions and their engineer-functionaries. Sutton spent significant time traveling 

the arid coast of Peru, performing an assessment of all Pacific coast river basins and proposing a 

number of mega-irrigation projects that would transport water from the Amazon basin to the 

arid, Pacific coast (Oré & Rap, 2009). Sutton believed that Peru’s development was contingent 

on agrarian development, but felt that haciendas were an obstacle to this development. Sutton 

asserted that growth could be best achieved through the development of “modernized” medium 

size agricultural enterprises (Oré, 1989). “Gringo” Sutton, as he was affectionately called, 

transformed how commission engineers envisioned their work. These engineers began to see 

their work as not just constructing and regulating irrigation, but also transforming the very nature 

of agrarian life (Oré, 2005). Sutton believed that government needed to take a far more active 

role in water resource governance, especially in constructing large-scale water infrastructure. 

Unfortunately for Sutton, his ideas became unpopular once Leguía fell from power and Sutton 
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was imprisoned for a number of years (Oré, 1989). His ideas, however, continued to resonate 

with subsequent generations of water managers and his statist vision of large-scale hydraulic 

development shaped future water policy reform. As a testament to Sutton’s enduring legacy, a 

city built to house agro-export plantation workers in a “new” valley watered by a mega-irrigation 

project, was named “Charles Sutton” in 2013 (Andina, 2013).  

 

4.3 1930-1968: Haciendas Good, Haciendas Bad, Haciendas Really Good  

 Following Leguía’s attempts to increase the role of the state in water governance, water 

policy reform stagnated for the next forty years. The 1902 Water Code remained in effect 

throughout this period though the various presidential administrations’ visions of agrarian 

development (and the role of haciendas in that development) is reflected in institutional changes 

and public spending decisions related to irrigation management.  

The administration of Sánchez Cerro (1930-1933) was immediately confronted with the 

dual crisis of a collapsing world economy and heavy flooding due to El Niño. Many sugar and 

cotton haciendas were vulnerable to price fluctuations and were nearly bankrupt as the Great 

Depression took hold of the global economy. The Cerro administration, which was decidedly 

more pro-hacienda then Leguía, immediately dedicated significant public funds to repairing 

irrigation infrastructure damaged by El Niño as well as constructing new irrigation infrastructure. 

In 1932, the Congress passed Law 7568, which directed 40% of the unemployment fund to be 

used to repair and reinforce irrigation infrastructure in the arid Pacific valleys (Oré, 1989). 

Additionally, the Technical Commissions attempted to buoy sugar and cotton production through 

lowered water fees and irrigation preference, since these agricultural products were an important 

part of the Peruvian economy.  

Cerro also employed some of the statist policies promoted by Leguía and recognized 

indigenous sovereignty over collective irrigation systems. During this period, both hacienda and 

medium size agriculture expanded due to heavy state investment in irrigation infrastructure. The 

broadening of the agricultural frontier was also fueled by the sale of untilled lands (tierras 

eriazas), which were then irrigated via new irrigation infrastructure development. These untilled 

lands were often located in the foraging or communal grazing lands of comunidades nativas and 

comunidades campesinas, who faced widespread dispossession through the sale of this land 



	   45 

(Oré, 1989). The widespread expansion of major infrastructure projects produced conflict 

between hacienda owners, water managers and indigenous communities (Oré 2005).  

In 1933, a leftist activist assassinated Cerro, and the Popular American Revolutionary 

Alliance (APRA) rose to power. APRA was (and still is) a center-left political party, which 

tended to side with agricultural workers and against hacienda owners on issues related to 

agricultural development and water. Additionally, World War II closed the global marketplace 

and agricultural prices collapsed once again.  

The first administration of Manuel Prado (1939-1945) undermined the dominance of the 

hacienda system through an increase in taxes on cotton production, a fixed rate of exchange for 

export products, and regulation that mandated that a percentage of cultivated area had to be sown 

with crops for subsistence (panllevar). Prado’s administration continued funding major irrigation 

projects, but with an orientation toward supporting small and medium sized agricultural 

producers (Mitchell, 2014). The work of empowering campesinos was continued by APRA 

president Rivera y Bustamente (1945-1948). In 1947, the law of the Yanaconaje was passed, 

outlawing the yanaconaje system and mandating all campesino had to be paid directly for their 

labor (Oré, 2005).  

In 1948, General Manuel A. Odría overthrew the APRA president Rivera y Bustamante. 

Odría’s military coup was supported and financed by agro-export proponents who saw their 

interests being undermined by the APRA party. Odría, who was a military dictator from 1948-

1950 and then president from 1950-1956, fiercely repressed APRA and his other political 

opponents. He also quickly dismantled the agrarian policies of the APRA government through 

removing production taxes, free exchange of exports, and also usurping the rights and 

recognition of the yanaconas. Odría introduced the National Plan for Irrigation Improvement, 

inviting unprecedented levels of investment into public infrastructure (Apaclla et al., 1993). 

During this time, large state-sponsored irrigation was constructed to aid the production of 

agricultural commodities via haciendas. The Odría administration also contracted North 

American hydrology firms to conduct studies on the potential for groundwater extraction and 

perforate wells in strategic locations across the arid, Pacific coast to stimulate agricultural 

production (Oré, 2005). These wells were then sold with adjacent land to the highest bidder, 

usually hacienda owners. This happened most commonly in the Southern coastal valleys. Oré 

(2005) argues that the privatization of groundwater under Odría “had a strong repressive social 
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and political impact that concentrated the power of hacienda owners over water, land and man” 

(pg. 147).  

The 1960s were characterized by political instability with two successive military coups and 

two truncated democratic presidents in only twelve years. No meaningful water policy or 

regulatory reform was achieved during this period though heavy state investment in 

infrastructure continued as a strategy for establishing political legitimacy. By 1965, the coast had 

17 irrigation systems functioning, six that were in construction, and 17 that were already 

proposed and planned (Soldi Le Bihan and Chávez, 1965).  

 

4.4 1968-1990: The “General’s” Water Law  

The Agrarian Reform of 1969 and the subsequent General Water Law signified a new way to 

envision the state’s role in administering land and water resources. In 1968, in the context of the 

highly adversarial and ineffectual populist Belaunde government (1963-1968), General Juan 

Velasco Alvarado (1968-1975) seized power and installed himself as president of the 

Revolutionary Government of the Armed Forces. Left-leaning General Velasco immediately 

nationalized entire industries and began expropriating haciendas, compensating the hacienda 

owners with untradeable government bonds (that were soon worthless). In the first ten years of 

Velasco’s regime, he expropriated 19,000 properties totaling over 9 million hectares. In place of 

these expropriated haciendas, he created “Agricultural Societies of Social Interest”, which were 

cooperatives run by the former hacienda workers whose agricultural products were 

commercialized through state-run companies.  Indigenous communities and smallholder farmers 

were left to their traditional production and were not beneficiaries of the Agrarian Reform (Oré, 

1989). The Agrarian Reform also collapsed differences in race and ethnicity by labeling all rural 

workers as ¨comunidades campesinas.¨  This homogenization of identity, empowered the 

campesino over the hacienda owner, but also affected traditional forms of indigenous water 

management, with a drastic pivot to centralized water management. 

 Velasco’s agrarian project was contingent on a reconfiguration of water rights and 

governance. In 1969, the Revolutionary Government ratified the General Water Law, stating:  

 
“Las aguas, sin excepción alguna, son de propiedad de Estado, y su dominio es 
inalienable e imprescriptible. No hay propiedad privada de las aguas ni derechos 
adquiridos sobre ellas. El uso justificada y racional del agua, sólo puede ser 



	   47 

otorgado en armonía con el interés social y el desarrollo del país.” 
        (Ley 17 752, 1969)1 
 

 The Ministry of Agriculture (MINAG) was given the exclusive authority over water, 

excluding issues relating to sanitation. MINAG created the General Direction of Water (DGA) 

and regional Technical Administration of Irrigation Districts (ATDR) with the function of 

granting water licenses, permissions and authorizations (Cárdenas et al. 2005). There was no 

tribunal or other entity that oversaw and/or authorized funding for the Ministry of Water, and 

therefore, there was little oversight. Additionally, irrigators (and aspirant irrigators) had no form 

of recourse and the decisions of the water regulatory agencies were often perceived as being 

arbitrary (Oré, 2005). The General Water Law did not specifically clarify ownership of 

groundwater wells, which implicitly maintained the private ownership of ground water wells 

(Oré, 2005).  

 The General Direction of Water and its regional offices were authorized to grant three 

types of water rights (Hendrik, 2010):  
 

1) Licenses (Licencia): Permanent right to use a fixed amount of water for a defined 
purpose though the government has the power to change, revoke, expire or 
terminate it. This form of water right has the greatest legal security in Peru.  

2) Permits (Permiso): Temporary allocation of ‘surplus’ water. This is determined 
annually by the water regulatory agency. Less legal security than water licenses.  

3) Authorizations (Autorización): The right to specify ad hoc use of water for a 
temporary activity (e.g. construction of a project). 
 

Permanent licenses were given on the basis of water availability and according to regulatory and 

planning criteria. There was a clear hierarchy for priority water use that, in turn, dictated the 

priority of water licenses: 1) domestic use, 2) livestock use, 3) agricultural sector, and 4) energy, 

mining or industrial use (Cárdenas et al., 2005). 

 In the chaos following the Agrarian Reform, hacienda owners were given licenses for the 

land that they retained, downstream cooperatives were given temporary water authorization (later 

converted to licenses) and indigenous communities in the highlands were left without official 

rights (de Vos, 2006). As the engineers in the regional ATDRs began granting new forms of 

water rights, irrigation moved squarely under the management of the state and its administrative 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 “Water, without expection, is the property of the State, and its dominion is unalienable and 
imprescriptible. There is not private ownership of water nor rights acquired over them. The justified and 
rational use of water, can only be given out in harmony with social interest and the development of the 
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bodies. The users lost their sense of collective responsibility regarding irrigation schemes that 

had historically organized much of rural life (Oré, 2005). Other criticism of the General Water 

Law was that it treated water as only a natural resource to be considered technically and 

administratively with no attention to the social organization or cultural values surrounding water 

(Oré, 2005). Additionally, preference was given to mechanized agriculture producing high value, 

export oriented crops; this was happening primarily on cooperatives that enjoyed the advanced 

irrigation infrastructure of the expropriated haciendas (Oré, 1989). The 1969 Law was also 

considered highly centralized, opaque to the users themselves and characterized by waste, 

favoritism, and corruption, leading to social tension and conflict (Trawick, 2003).  

 When Velasco was forced from office, his successor, a fellow general in the 

Revolutionary Government of the Armed Forces, Francisco Morales Bermúdez (1974-1980) 

issued Supreme Decree 005 79 AA, which created Irrigation Commissions (Comisiones de 

Regantes) and User Boards (Juntas de Usuarios). User Boards and Irrigation Commissions are 

non-profit, private entities that are financed through water fees and are responsible for certain 

regulatory requirements as delegated by the state. These management entities were created as an 

attempt to increase popular participation in water governance, fund the maintenance of irrigation 

infrastructure through user fees, as well as to decentralize, to a limited extent, the administration 

of the General Water Law (Oré, 2005). The ATDR determined the geographic extent of each 

Irrigator Commission and User Board. Irrigation commissions were grouped into irrigation 

sectors that all drew off the same principal canal. The User Boards consisted of all the Irrigator 

Commissions within a particular valley. Irrigation Commissions were responsible for cleaning 

and maintaining irrigation infrastructure as well as supporting the ATDR. The juntas participated 

in the drafting of crop and irrigation plans that the Ministry of Agriculture created annually. 

These crop and irrigation plans determined how much water each irrigator would receive based 

on the crops they would grow. It was meant to be a technocratic solution to water resource 

planning, but also became a way for the central government to dictate which crops could be 

grown based on the state’s economic growth model which relied on significant agro-export 

revenue.  

The election of leadership to the Junta and Commissions became a highly contentious 

and political process since it was the sole method of influencing how irrigation was allocated 

(Oré, 2005). The new irrigation user groups brought together diverse users, such as cooperatives, 
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communities, small producers, and ex-haciendas (called medium property holders), hence, 

collapsing the social and cultural differences between campesinos that had long structured rural 

life. Within the commission, all landholders, regardless of the size of their holding, were 

considered equally and their responsibility started and ended with the payment of their water fee 

(Oré, 2005). 

 Throughout the 1980s, the Peruvian state experienced hyperinflation, generalized 

instability and economic depression (Ioris, 2012). The cooperatives began to disintegrate and 

fragment due to poor institutional capacity, charges of corruption, limited technical capacity, and 

environmental stress. During this period, the administration of President Alan García (1985-

1990), recognizing the extent of the growing crisis, issued Supreme Decree 037-89AG, 

transferring the administration and regulation of irrigation to the User Board, effectively 

removing the role of the federal government in the administration of water resources. In 1990, 

García issued Supreme Degree 003-90-AG, empowering the User Board to collect fees for the 

operation and maintenance of irrigation infrastructure. The DGA and its ADTRs remained, but 

their mandate was drastically reduced (Oré, 2005).  By the late 1980s, most cooperatives had 

disbanded and former members were given small parcels of land and a water license. Ultimately, 

the first presidency of Alan García was unable to arrest Peru’s economic free fall or the rise of 

violent maoist guerrilla groups in the South. It was in this moment of extreme instability and 

insecurity that Alberto Fujimori was elected to power.  

 

4.5 1990-2006: The Water Sector’s Resistance to the “Neoliberal Moment”   

 The Fujimori administration (1990-2000) quickly began to implement neoliberal reforms. 

In 1991, Fujimori enacted Supreme Decree 653 or the Law of Agricultural Promotion and 

Investment, which sought to facilitate the sale of land and also recognized the need for an 

autonomous river basin agency. In 1995, the Fujimori regime, with support and sponsorship from 

the International Monetary Fund (IMF) and World Bank, put forward a proposal to privatize and 

commodify water following the example of the 1981 Chilean Water Code (World Bank, 1995). 

Similar efforts to export the “Chilean” model were present across Latin America, but within 

Perú, the proposal was met by broad, fierce, and sometimes violent resistance by Peruvian civil 

society. This draft law would have recognized all current water rights and distributed all 

remaining new or unallocated surface water rights via public auction.  Water rights would have 
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been separated from land and could have been freely traded, sold or purchased at negotiated 

prices as long as transfers did not reduce water availability for others and there was enough water 

to maintain minimum ecological flow and for the “accustomed quality of life in cities and town.” 

There would have been a tax on water rights and rights could have been mortgaged or leased. 

There would have been no priority among users and no need to specify a specific use for the 

water right. The law would have prohibited altering water quality to the detriment of flora and 

fauna, but did not include mechanisms for sanctions or fines for infractions (World Bank, 1995).  

This law was never passed. Holden & Thobani (1996), two World Bank officials, attribute 

this failure to congressional concern over the initial allocation process and “insufficient 

involvement of users in the design of the proposed law and from opposition from the few that 

benefit from maintaining the status quo” (pg. 10). While Trawick (2003), an anthropologist and 

former World Bank consultant finds a different explanation, “given the unpopularity of President 

Fujimori’s assault on the country’s Constitution, it is not surprising that one of his least popular 

initiatives, the effort to privatize water rights and allow the most vital of all natural resources to 

be bought and sold, disappeared from his legislative agenda” (pg. 977). Fujimori’s parallel 

efforts to privatize the urban water sector through the privatization of the state water utility 

SEDAPAL, was similarly thwarted. Ioris (2012), in his detailed analysis of neoliberalization in 

the water sector of Lima, attributes this failure to significant opposition by both water users and 

civil society that saw the privatization of the water sector as an affront to the rights and 

achievements of the working class. Similar laws were proposed to privatize forests and land, and 

these initiatives proceeded without discussion or opposition in the Congress due to weak political 

and social actors (Oré and Rap, 2009). Though Fujimori recognized the political volatility 

surrounding the full-scale privatization of water, his administration did work to downsize the 

water regulatory bureaucratic apparatus. 

 Following their failure to pass their own water law, the Fujimori administration began to 

dismantle and gut the water regulatory institutions created under the Agrarian Reform as part of 

fulfilling their overriding desire to reduce the state appartus. The DGA was downsized and 

assimilated into the National Institute of Natural Resources (INRENA). The ATDRs only 

retained their national level administrative work. The irrigation user groups remained vested with 

the bulk of technical and administrative tasks. The 1993 Decentralization Law (Ley 27783) 

further transferred water governance tasks from the Ministry of Agriculture to the regional 
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government. This decentralization produced conflicts between regions where mega-irrigation 

projects crossed regional borders and questions of infrastructure management, water use, and 

financing became transboundary issues (Mitchell, 2014). Concurrently, large-scale land 

purchases were being carried out across Peru, as the newly opened land markets created 

incentives for the entrance of international agro-export interests. Many of these new operations 

drilled groundwater wells, modernized irrigation infrastructure, and/or obtained permanent water 

permits (Oré, 2005). 

There was also a significant drought during much of the 1990s, which affected several of the 

most agriculturally productive parts of Peru, placing added strain on the Irrigation Commissions 

and User Boards tasked with allocating water in increasingly scarce times.  The Irrigation Boards 

also had significant economic and managerial issues. They had fewer resources and obsolete 

machinery with which to address the impacts of a serious, nationwide drought. In 1998, the 

World Bank funded the Sub-sector Irrigation Project (PSI), which helped to improve the 

managerial capacity of the Irrigation Boards (Oré and Rap, 2009). The User Boards also became 

increasingly politicized and spring boards for political office.  Elected officials within the User 

Board could be forced out of office or vetoed if they were not Fujimori supporters. This 

cronyism was codified by a number of Supreme Decrees, signifying the continued politicization 

of irrigation groups in Peru.  

As Fujimori´s legitimacy continued to erode after years of violent repression and Mafioso-

esque governance, it became clear that his administration did not have the political legitimacy to 

pass a new water law without sparking major social unrest (Ioris, 2012). The return to a 

democratic government with the election of President Alejandro Toledo (2001-2006) increased 

the legitimacy of market-based reforms. Toledo continued unrolling neoliberal reforms, but 

faced an adverse global economic situation. Toledo’s administration convened a Multi-Sectorial 

Technical Commission with different sectors involved in water management. This commission 

was tasked with creating a concrete plan, which they first published in 2003. This commission 

was important in that it promoted an integrated, multi-sectorial approach to water management. 

It held a number of national workshops in which commission members gathered the opinions of 

the User Boards as well as other public sector water users. In 2004, the Multi-Sectorial Technical 

Commission collaborated with the Congressional Agrarian Commission and formed the National 

Commission of Water (ConAgua), tasked with formulating a water law to present to the National 
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User Board (the national entity of the local User boards). ConAgua was presided over by a 

center-left congresswoman who was strongly affiliated with the campesino sector though there 

was significant pressure from the private sector and other political actors to retain elements of 

the Fujimori water law proposals.  

 Concurrently, the Intendancy of Water Resources (Intendencía de Recursos Hídricos), 

drafted a number of documents about water resource management and modernization. In 2003, 

they published the National Irrigation Policy and Strategy with support from FAO. The Multi-

Sectorial Technical Commission was then charged with the task of formulating a National 

Strategy for Water Resources that included a number of workshops and national level 

organizations. The significant collaboration between the executive branch, congress and National 

User Board enabled the creation of viable draft policies. However, when Alan García was elected 

in 2006, this momentum stagnated.  

 

4.6 2006-2009: Environmental Reregulation as Performed by García v. the User Boards 

In what is perhaps one of the most dramatic political transformations in Latin American 

history, Alan García, who was the center-left populist president who oversaw the final years of 

the Agrarian Reform, reemerged as neoliberal ideologue, returning to the Presidency in 2006. 

García, unlike Fujimori, understood the central role of political legitimacy in enacting economic 

reform and moved from a largely economic and technocratic approach to more subtle 

coordination between economic and political goals (Ioris, 2012).  

Alan García’s administration promoted aggressive exploitation of natural resources. In an 

infamous op-ed in El Comerico, the Peruvian equivalent of the Wall Street Journal, García 

employed the metaphor of the Dog in the Manger or Síndrome del Perro de Hortelano to call for 

a further exploitation of resources, stating: 

 
“Así pues, hay muchos recursos sin uso que no son transables, que no reciben 
inversión y que no generan trabajo. Y todo ello por el tabú de ideologías 
superadas, por ociosidad, por indolencia o por la ley del perro del hortelano que 
reza: "Si no lo hago yo que no lo haga nadie." (El Comerico, Oct. 28, 2007)2 
 

This op-ed reflected García’s economic philosophy as well as his desire to radically 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 So, there many unused resources that are not tradable, which do not receive investment or generate jobs. And all 
because of ideological taboo, due to idleness, indolence or because of the law of the dog in the manager that says, ‘If 
I don’t do it, nobody can.’	  
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transform Peru`s natural resources into engines of the economy. While pushing forward 

neoliberal reforms in many sectors, García’s administration utilized large public investment to 

support private-sector growth and as part of larger populist goals. Upon taking office, he 

introduced the project, “Agua para Todos”, infusing large levels of public money into private 

projects across the water sector, such as sewage plants, irrigation infrastructure, and 

desalinization plants. “Agua para Todos¨, which originated as part of his election rhetoric, 

became a major slogan in his government. This project, however, resulted in patchy 

achievements as water prices increased, vandalism revealed social resistance, and large-scale 

corruption eroded legitimacy (Ioris, 2012).  

García’s focus on promoting mining, agro-export and industry exerted significant pressure on 

water resources, where both water contamination and water extraction demands became 

lightning rods for social conflict. García’s administration viewed the User Boards as being 

private entities that were not representative of civil society, and worked to sideline them from 

water policy discussions, creating a far more adversarial environment than existed during 

Toledo’s presidency (Oré and Rapp, 2009).   

In the final years of García’s term, his government reengaged with water law reform. The 

National User Board had participated heavily in the ConAgua process from 2004-2006, which 

set the groundwork for reform. Abruptly, however, the executive branch announced that they had 

a new proposal called the Integrated System for Water Management (SIGA), which would be 

rapidly approved. SIGA was prepared by INRENA with only the participation of its 

functionaries and close advisors. The National User Board quickly began to call for a national 

agrarian strike because they feared SIGA (whose content was not public) would privatize water 

resources. The strike led to a number of violent confrontations where numerous people were 

killed, revealing the extent of agrarian discontent, particularly in the Southern Andean regions. 

Due to these events, a dialogue with the government emerged to address demands, although 

nothing concrete came from these conversations (Oré and Rapp, 2009).  

 In June of 2008, following the ratification of the Free Trade Agreement (FTA) with the 

United States, García took advantage of the fast-track authority granted him by Congress in order 

to pass the FTA and passed 99 unrelated, unilateral decree laws. Three of these decrees were 

relevant to water resources: Legislative Decree 997 that created the National Water Authority 

(ANA), Legislative Decree 1081 that created the new National System of Water Resources, and 
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Legislative Decree 1083 that promoted river basin water management. The User Boards 

immediately felt that these decrees subtly supported privatization through their use of private 

“operators.” These private companies assumed many of the operational tasks formerly relegated 

to the User Boards and, additionally, representatives from the User Boards were not integrated 

into the new National System of Water, which was the multi-scalar, institutional framework for 

Peruvian water governance. 

Following the ratification of these decrees, the User Boards sought legal recourse to annul 

these decrees while also mobilizing another national agrarian strike to call for a new water law. 

Following extensive mobilizations in the central and southern Andean region, numerous press 

conferences, and general strikes, the head of the Intendancy of Water Resources was fired and 

the Ministry of Agriculture announced that a new water law would be introduced imminently. 

The head of the Agriculture Ministry appointed a high-ranking member of the Intendency to be 

the new director; this individual had previously worked closely with the User Board. The new 

Law of Water Resources was released in March 2009 amidst an adversarial political context with 

heavy lobbying from the User Boards and political coalitions within the Congress and the 

executive branch (Oré and Rap, 2009). The new Water Law was viewed as a tremendous success 

for the National User Board. 

The new Water Resources Law (Ley 29338) draws heavily on concepts of integrated water 

resource management and was drafted by the Intendancy with integrated proposals from the User 

Boards, National Mining Society and congressional coalitions. The law maintains the spirit of 

García’s decrees, but recognizes the role of the User Boards and provides them a space on the 

directing board of the National Water System.  

The 2009 Water Resources Law, similarly to the 1969 General Water Law, considers water 

as follows: 

“El agua constituye patrimonio de la Nación. El dominio sobre ella es 
inalienable y imprescriptible. Es un bien de uso público y su administración solo 
puede ser otorgada y ejercida en armonía con el bien común, la protección 
ambiental y el interés de la Nación. No hay propiedad privada sobre el agua.”  

       (Law 29338, Article 2)3 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  Water is the heritage of the Nation. The dominion over is unalienable and imprescriptible. It is a public good and 
its administration can only be granted and exercised in harmony with the common good, environmental protection, 
and the interest of the Nation. There is no private ownership of water. 
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 ANA persists and is a federal entity that is under the Ministry of Agriculture. Situating 

ANA under the Ministry of Agriculture reflects the continued privileging of agricultural users 

within the water management framework. ANA has decentralized local offices, Administrative 

Water Authorities (AAA), which assign and manage water rights. The 2009 Water Resources 

Laws uses the same three types of water rights (licenses, permits and authorizations) as the 1969 

General Water Law. In order to grant new licenses, the applicant must conduct an environmental 

impact study. Water licenses are granted as a block to local User Boards who use their 

constituent Irrigation Commissions to collect water fees, maintain irrigation infrastructure and 

regulate water rights.  

The 2009 Water Resources Law introduces a new entity, the River Basin Council, that is 

situated within ANA and conducts water resource management planning involving the 

participation of the regional government, users, and local civil society. These River Basin 

Councils are presided over by the regional government. These Councils also promote private 

sector participation as operators or concessionaries in the construction or maintenance of 

hydraulic infrastructure. Most importantly, the River Basin Council is responsible for creating 

the annual Crop and Irrigation Plan, featuring a hydrologic model to calculate the annual water 

balance and dictates to the User Boards and Commissions how many hectares of each crop can 

be grown according to water availability. 

The introduction of the River Basin Council reorients water resource management to the 

basin scale and includes mechanisms for integrating multi-sectorial water users into the planning 

process via a board of directors that includes stakeholders, such as non-agricultural users, 

agricultural users, academic institutions, regional government, and comunidades campesinas. 

The intent of the new law is to reinsert the state into water management, reorient water 

management from being solely agriculturally focused to a more integrated approach, and to 

enhance administrative transparency. The 2009 Water Resources Law both formalizes and limits 

the participation of users, and increases the power of technocrats through the River Basin 

Council (Oré and Rapp, 2009).  

 

4.7 Looking Forward & Some Concluding Thoughts  

Seven years later, the 2009 Water Resources Law is still being phased in. A number of  

¨pilot¨ river basins were selected and those river basins have developed councils and conducted 
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river basin water resource planning processes. There is limited scholarship on how the 2009 

Water Resources Law is changing water resource development, but there are some clear 

challenges lying ahead for Peruvian water managers. Climate change is already affecting the 

Pacific arid plains, which are largely dependent on glacially fed rivers. These impacts are already 

being observed in the decline of glaciers and the livelihoods of the people who rely on glacially 

fed water resources (Mark et al., 2010). In addition to the escalating water scarcity in many arid, 

coastal river basins, there are also increasing multi-sectorial demands as mining, agro-export 

enterprises and urban expansion continue to increase demand for water resources. While the new 

2009 law hopes to integrate these diverse water users, the technical and administrative capacity 

of the new River Basin Councils to manage growing conflicts remains untested (Bury et al., 

2013).  

 In this overview of the trajectory of Peruvian water policy, I have sought to situate 

Peruvian water policy in a rich political context with the hope of expressing the extent to which 

water policy has always been an integral part of the economic project of various Peruvian 

presidential administrations. To conclude, I would like to revisit the three key themes I initially 

presented.  

 

1) Peruvian water policy has largely been the product of negotiations and collusion 
between dominant agricultural interests and the government 
 

Agriculture has always been a central economic sector within the Peruvian economy. From 

the early involvement of hacienda owners in controlling irrigation infrastructure and 

installing sympathetic presidents to Velasco´s cooperatives and his statist Water Policy to the 

multi-national, capitalist agro-export interests that are currently expanding the agricultural 

frontiers and the User Boards that shape contemporary water policy, the agricultural sector is 

the key actor in shaping Peru’s water policy.  

 

2) Water policy has been used as a vehicle to realize economic projects that are often 
not congruent with the environmental limitations of Peru.  

 

Peru has the smallest amount of arable land in South America. It faces significant issues of water 

scarcity on the Pacific Coast and yet intensive agriculture has always been at the core of 
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economic projects of various presidential administrations. Even in the face of escalating water 

scarcity due to climate change impacts, agricultural expansionism remains at the core of how the 

Peruvian state views its own economic development. On June 30th, 2015 the Peruvian Minster of 

Agriculture, Juan Manuel Benites, announced that 200,000 additional hectares would be 

dedicated to agro-exportation before 2019. This ambitious goal reflects the enduring power of 

agricultural interests, but also raises real questions about the capacity of technocratic solutions to 

continue enabling agriculture expansion based on escalating water scarcity.   

 

3)  There are large challenges and significant ramifications in applying a 
homogenizing, national water policy across a country that is highly 
heterogeneous culturally, topographically and economically. 

 

This third theme is crucially important in Peru and is inadequately highlighted in the course of 

this overview. The work of Rutgerd Boelens, Margaret Zwarteveen, Armando Guevara-Gil, 

Hugo de Vos, and others has highlighted how vertical Peruvian water policy ignores, 

discriminates and undermines local normative frameworks (de Vos et al., 2006). Local water 

rights and rules are often the product of intricate socio-cultural practices (Boelens and 

Zwarteveen, 2005). Scholars have drawn on legal pluralism to understand the interface of local, 

indigenous water governance and national water resource policies. Substantively, the new water 

resource law does not formally recognize indigenous water rights, and these communities must 

form legally recognized irrigation user groups (irrigator commission) in order to formally access 

water rights. This system fundamentally contradicts the cultural understandings of water held by 

many indigenous communities. Fierce disputes over water have arisen in Andean areas as mining 

and hydroelectric interests continue to challenge indigenous rights and sovereignty. These issues 

will only continue to intensify as resources become scarcer and extractive industries continue to 

seek new reserves. The capacity of the Peruvian state to resolve these fierce and often violent 

water conflicts will be a key issue in coming years.  

 

5. MODELING AGRICULTURAL LAND USE CHANGE IN PIURA, PERU:  
A CART CLASSIFICATION 

 
5.1 Introduction 
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The Peruvian government has an ambitious development goal of positioning Peru as the 

largest exporter of agricultural commodities on the Pacific coast of South America, setting a 

target for annual agricultural growth at 7% (MINAG, 2008). This goal is following more than 

twenty years of growth in the agro-export sector within Peru, which was valued at $1.3 billion in 

2009 as compared to $60 million in 1990 (USDA, 2010). This growth was spurred by the 

neoliberal reforms within the Peruvian agricultural sector in the 1990s by the Fujimori 

administration that opened Peru to foreign investment and revised land tenure in favor of private 

ownership. 

Agricultural frontiers or areas of rapid agricultural development have largely been 

located in the arid and semi-arid Pacific coast of Peru. These basins are under escalating water 

stress due to the mounting impact of climate change and growing demands. The Pacific coast 

covers 11% of Peru’s total territory and is home to 60% of it population (INEI 2009). Peru’s 

coastal river basins, largely fed by highland glaciers and wetlands, are vulnerable to the impacts 

of climate change. Climate change projections indicate that water scarcity in the region will 

increase due to higher temperatures and reductions in upstream water resources with important 

implications for resource intensive lowland agricultural production (SENAMHI 2005).  

The goal of this study is to examine the patterns and extent of agricultural development 

since the neoliberal reforms within the Peruvian agricultural sector through a CART 

classification of a time series dataset of Landsat imagery from 2001 to 2014.  An examination 

into the expansion of irrigated agriculture, as well as the transition from short-season to orchard 

and semi-permanent crops in Peru, provides insight into the nature of agricultural development 

within a region. This study also highlights implications for water and land management as well 

as climate change adaptation planning processes.  

 
 
 
 
 
 
 
5.2 Methods 

 
5.2.1 Site Selection 
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The Piura river basin in northern Peru is a meaningful site for this study given the 

trajectory of its agricultural development, the growing integration of its agricultural sector into 

global commodity markets and its vulnerability to escalating water scarcity due to climate 

change. Piura has been at the center of Peru’s agro-export project since the eighteenth century 

when cotton plantations were developed in both the coastal flats and highlands.  These early 

haciendas were known for producing high quality cotton that was exported internationally.  

These haciendas were dismantled in the 1960s Agrarian Reform and transformed into 

cooperatives owned by the workers. Cooperatives created through the Agrarian Reform began to 

disintegrate and fragment due to poor institutional capacity, charges of corruption, limited 

technical capacity, and environmental stress (Revesz and Oliden, 2012). By the late 1980s, most 

cooperatives had been disbanded and former members were given small parcels of land.  

Following a broader wave of neoliberal reforms across Latin America, the Fujimori 

administration enacted pro-market reforms in Peru through encouraging foreign investment and 

revising land tenure in favor of private ownership in the early 1990s. Piura, which had benefited 

from large scale, state-funded irrigation works, namely the Poechos Dam and San Lorenzo 

Reservoir, was an attractive location for agro-export expansion due to its regulated surface water 

and under-exploited groundwater resources. It also hosts one of the most active land markets in 

Peru, making it an ideal site for investment by Peruvian and multi-national agro-export firms 

(Burneo, 2011). 

Within Piura, the land area under cultivation has grown from 1.1 million hectares to 1.9 

million hectares from 1994 to 2012 (INEI 1994, 2012a). Currently, 94.3% of all water in Piura is 

used for irrigation (INEI 2012b), highlighting the importance of understanding agricultural 

change in the context of growing water demands.  

 
5.2.2 Time Period Selection  

  
Two time periods were chosen for analysis: 2001-2002 and 2014-2015. These years were 

selected because they represent a snapshot before extensive agro-export development in Piura 

(2001-2002) and the most recent data sets available (2014-2015). Additionally, these years did 

not coincide with a strong El Niño event, which causes widespread flooding in Piura.  

 
5.2.3 Data Selection & Processing 
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Atmospherically corrected Landsat surface reflectance data was downloaded from the 

Earth Explorer Portal provided by the US Geological Survey website (USGS). The 2001/2002 

dataset was acquired by Landsat 7 and the 2014/2015 dataset was acquired by Landsat 8.   

Scenes were selected for periods with maximum plant vigor during peak growing seasons 

(February-June, August-December) as well as shoulder seasons when fields are burned and 

cleared (July, January). Short season crops (e.g. beans, corn, and rice) follow the strict seasonal 

schedule due to irrigation scheduling. Semi-permanent crops (e.g. maracuyá, passion fruit, table 

grapes) have a different phenology, with only one season per year. Lastly, permanent (orchard) 

crops (e.g. lime and mango) are continually green and, therefore discernable from the other crop 

types.  

The study area is located over four 

Landsat image scenes (see Figure 7). MODIS 

data and Google Earth Engine were used to 

determine the best dates for scene selection 

based on data quality. The northwestern and 

southwestern Landsat images, captured on the 

same day, were mosaicked using the 

MosaicPro tool in ERDAS Imagine. The 

northeastern and southeastern images were 

collected on a different day than the western 

images and were processed separately using 

the same methodology as the western images. The eastern and western images were mosaicked 

post-classification. All images were then clipped to the extent of the Piura River basin. 

Additionally, scenes were selected during these months to avoid cloud cover, which is a limiting 

factor in semi-tropical Piura (See Figure 8-11).  

In addition to the satellite images included in classification, two ground-truthing trips 

were conducted in August 2015 and January 2016. Geo-referenced photos from across the basin 

were captured. These points, which totaled 150, were used both to improve training point 

selection as well as assess the overall accuracy of the model.  

 

October 10, 2001 July 21, 2001 January 13, 2002 

Mosaic'Landsat'Images''

Figure 7: Piura River Basin Extent overlaid by the Landsat 
Image Extents 
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Figure 8: Landsat 7 images used in analysis of western extent: False Color (RGB: bands 7,4,2) and NDVI (red (-1) to green (1)) 

	  

October 2, 2001 July 14, 2001 January 25, 2015 
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Figure 9: Landsat 7 images used in analysis of eastern extent: False Color (RGB: bands 7,4,2) and NDVI (red (-1) to green (1)) 

	  

October 5, 2014 July 17, 2014 January 25, 2015   

   

 
  

Figure 10: Landsat 8 images used in analysis of western extent: False Color (RGB: bands 7,5,3) and NDVI (red (-1) to green (1)) 

 
 
 
 
 
 
 
 
 
 

October 14, 2014 July 26, 2014 January 1, 2015 
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Figure 11: Landsat 7 images used in analysis of eastern extent: False Color (RGB: bands 7,4,2) and NDVI (red (-1) to green (1))	  

 

5.2.4 NDVI Calculation 

NDVI was calculated within ArcGIS through the Raster Calculator tool for both datasets 

using the following equation:  

(Near-Infrared - Red) / (Near Infrared + Red) 

Landsat 7: (Band 4 – Band 3) / (Band 4 + Band 3)  

Landsat 8: (Band 5 - Band 4) / (Band 5 + Band 4) 

Once NDVI was calculated, the eastern and western extents were merged using the 

MosaicPro tool in ERDAS Image and clipped to the Piura River basin extent. The NDVI was 

multiplied by 10,000 using the “Raster Calculator” in ArcMap to facilitate the See5 classification 

because decimals can be problematic. Additionally, all rasters produced in ArcMap are 

continuous. I used the “modelmaker” tool in ERDAS to convert the continuous rasters to 

thematic rasters by multiplying the raster by 1 and converting the raster format.  
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5.2.5 Training Points  

 Training points were sampled twice in an attempt to refine the classification. 200 training 

points per class (total 1200 points per image) were sampled for both the 2001-2002 and 2014-

2015 data sets. The classes used for classification were the following:  

Class Land Use Type  
1 Short Season Crops (e.g. rice, corn, beans) 
2 Semi-Permanent Crops (e.g.maracuya, grapes) 
3 Orchard Crops (e.g. mango, lime) 
4 Urban, Desert  
5 Water 
6 Páramo/cloud forest Vegetation 

 

Cloud masks, produced but the USGS, were used to ensure that training data was not 

selected in an area clouded in any of the three annual images (See Figure 12-13). Additionally, 

geo-referenced land use photos were used in order to help place training sample points for the 

2014-2015 images.  

 

 
Figure 12: Training points used to classify 2001dataset 
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Figure 13: Training points used to classify 2014 dataset  

Once training points were sampled, the NCLD sampling tool within ERDAS Imagine 

was used to sample the independent variables (NDVI and multispectral data) based on the 

training site using a stratified sampling method. The program See5 was used to generate the 

CART classification. The CART classification model was then uploaded into ERDAS Imagine 

to create the CART classification. The accuracy of the CART classifications was calculated by 

See5 based on the 100 training points (total 600 points) that were not used in the creation of the 

classification model. Qualitatively, accuracy was assessed by the author’s understanding of the 

land use within the basin as well as comparison with ground-truthing observations.  

5.3 Results 

The results generated by the CART classification for both the 2001-2002 and 2014-2015 

time periods in both the eastern and western extent were limited by the quality and number of 

images sampled annually. Only two images annually (October and July) had sufficient visibility 

for analysis. January images were initially used for classification but the cloud cover in the lower 

basin (See Figure 8-11) limited the spatial extent of training points that could be sampled and 

negatively affected the quality of classification.  

The January and October images represent two crucial windows within the year, one 

following the harvest and one at a time of maximum plant vigor. While these two images are 

captured during crucial time periods, the classification is limited by the prevalent cloud cover in 

the region.  
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Within the western extent, in both time periods, the majority of error stemmed from the 

misclassification of transitory (short-season) crops as semi-permanent and permanent (orchard) 

crops being misclassified as riparian vegetation (See Table 4 & 6). For the eastern extent, in both 

time periods, the main error stemmed from the misclassification of high-elevation vegetation 

associated with cloud forests and paramos as agricultural land (See Table 3 & 5). It will be 

difficult to differentiate between these land cover types without more unclouded scenes 

throughout the year. However, cloud cover in the highlands is extremely common.   

 
 

Figure 14: CART classification of Landsat 7 images from 2001 in the western and eastern extents of the Piura River basin with 
the corresponding land use categories  
 
 

 

 	  
Figure 15: CART classification of Landsat 8 images from 2014 in the western and eastern extents of the Piura River basin with 
the corresponding land use categories  
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Table 3: Error matrix for 100 training points based on See5 CART classification by land use type for the eastern extent of the 
basin for 2001 
 

 
Table 4: Error matrix for 100 training points based on See5 CART classification by land use type for the western extent of the 
basin for 2001  
 

 
Table 5: Error matrix for 100 training points based on See5 CART classification by land use type for the eastern extent of the 
basin for 2014  
 

 
Table 6: Error matrix for 100 training points based on See5 CART classification by land use type for the western extent of the 
basin for 2014  
 

5.4 Discussion 

 The CART classification of the Piura River basin does reveal the expansion of 

agricultural fields in the middle basin. Beyond this broad pattern, however, the analysis fails to 

meaningfully distinguish between changes in crop mix. In order to crop mix changes, subtle 

changes in phenology will need to be captured in the images selected for analysis. This is 

particularly challenging because field burning, an easily detectable and crucial indicator of short 

season crops can happened over the course of a month. The temporal range of this key indicator 

necessities a number of images be included from that time period. These images, however, are 
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not available from Landsat due to the revisit time of the satellite as well as poor image quality of 

the images available. One crucial step for improving the classification would be to include 

images from other sensors such as Sentinel, which would provide supplementary data to improve 

the CART classification.  

 Additionally, the quality of the classification could be improved if the analysis was 

downscaled from the basin scale to the agriculturally active areas of the basin. The highland 

vegetation was often misclassified with agricultural land cover types. My research questions are 

focused only on agricultural change processes, which are largely occurring in the lower-

elevation, lower-gradient areas and therefore the inclusion of the highlands is extraneous to the 

research questions being asked. Focusing on a sub-set of the basin would also reduce the number 

of images that need to be separately classified and mosaicked, reducing processing errors. 

Additionally, the ground observations collected through fieldwork are in lower-elevation, 

irrigated portions of the basin, meaning that accuracy cannot be calculated as robustly for higher 

elevations.   

 Lastly, another way to improve the accuracy of the classification is to continue improving 

the number and quality of training points selected. Also some features such as riparian vegetation 

can be classified post-hoc, because they can be predictably modeled as buffer areas to water 

features, reducing the misclassification of riparian vegetation as agricultural land uses and vice 

versa.  

 The potential next steps listed above will fall outside the purview of this thesis, but 

provide options for improving the accuracy of the land use change model. In order to be able to 

capture land use change patterns in the basin, I have pivoted toward using data from the Ministry 

of Agriculture and National Water Authority that details the number of each crop cultivated in 

both seasons within a year. These data, which are at the district or irrigation commission scale, 

are not as spatially specific, but allow for a robust analysis of changes in the crop mix through 

time.  
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6. UNDERSTANDING WATER POLICY AS AGRICULTURAL POLICY:  
HOW IWRM REFORM IS RESHAPING AGRICULTURAL LANDSCAPES IN PIURA, 

PERU UNDER CLIMATE CHANGE 
 

 “Water might be the gift of God, but it is man who distributes it.”  
  Water Manager, River Basin Council: Chira-Piura, 6/18/2015 

 

Globally, one in three people currently lives in a water-stressed region (IWMI, 2007). Under 

escalating climate change impacts and growing water demands, this number is expected to rise 

(Arnell, 2004). One billion people currently live in basins that are likely to require action to 

address climate change-induced water stress (Palmer et al., 2008). Rather than blaming 

dwindling resource availability as the key culprit for this global water crisis, the United Nations 

has dubbed the water crisis as a “crisis in governance” (WWAP, 2015). This diagnosis implies a 

very different set of solutions. 

One of the key prescriptions promoted by multilateral funders and international water experts 

has been water policy reforms that follow the principles of Integrated Water Resource 

Management (IWRM) (Conca, 2006). IWRM, as a paradigm, facilitates cross-sectorial water 

management with an emphasis on public participation conducted primarily at the river basin 

scale. Increasingly, this model has been exported to the Global South (Molle, 2009a).  By 

adopting the IWRM model, countries in the Global South imbue water policy reform with a 

sense of scientific legitimacy (ibid) and are able to attract bilateral and multilateral funding 

entities (Mollinga and Bolding, 2004). Despite ample literature arguing that IWRM policy 

reform often has mixed outcomes or simply does not work (Jeffrey and Gearey, 2006), IWRM, 

as a powerful discursive tool for reform, continues to reshape water management institutions 

across river basins in the Global South (Molle, 2008).  

IWRM policy reform has serious implications for agricultural development. While there has 

been significant research on the IWRM model, few people have conducted empirical studies that 

examine how IWRM water reform generates changes within the agricultural sector. The tight 

coupling of agricultural and water policy is particularly important to study in light of a changing 

climate, which poses substantial challenges to water availability and agricultural production. 

Recognizing these looming challenges, states are increasingly attempting to facilitate climate 

change adaptation, but these adaptation efforts are not disconnected from long-standing trends in 

policy reform, and therefore, studies of these adaptation efforts must be grounded in a close 
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examination of the reforms in which these efforts are embedded (Eakin and Lemos, 2006).  

The reconfiguration of new and existing water management institutions under IWRM reform 

can profoundly reshape the agricultural landscape as irrigators face shifting institutional 

arrangements for accessing water. As farmers adapt to these policy changes, they negotiate the 

tensions between state policy, global markets, and environmental change (Leichenko and 

O’Brien, 2008). Understanding how farmers are responding to these entangled forces, requires a 

grounded analysis of the institutions and institutional arrangements that are often instrumental in 

shaping the adaptive capacity and adaptation outcomes of individuals and collectives (Agrawal, 

2009; Eakin et al., 2014; Eriksen et al., 2015).  

This article brings together scholarship on IWRM-based water governance, the changing role 

of the state in water management and agricultural development, and the institutionalization of 

climate change adaptation. In doing so, I elucidate how IWRM policy reform is animated to 

further state agricultural development priorities at the expense of agricultural water users’ agency 

with implications regarding who is able to “adapt” to climate change. 

This discussion draws on the salient example of Peru, which passed a water law based on 

IWRM principles in 2009, has an economically important, expanding agricultural sector, and 

faces serious water resource challenges due to climate change. In particular, this study focuses on 

how IWRM reform is reshaping agriculture landscapes in the arid Piura River Basin in northern 

Peru, which as a pilot basin for the implementation of the 2009 Water Resources Law and is an 

important site for examining agricultural development.  

 This article has three goals: 1) to demonstrate how IWRM institutional reform articulates 

with state agricultural policy to reshape agricultural landscapes, 2) to elucidate how climate 

change adaptation is being institutionalized through IWRM reform, and 3) to explore how the 

coupling of agricultural, water and climate change adaptation policy is generating winners and 

losers in the agricultural landscape.  

 In this article, I will introduce the IWRM model along with its salient critiques. I will 

then disentangle the changing role of the state in the water and agricultural sectors, and then 

move on to elaborating how climate change adaptation is being institutionalized in water 

resource management.  In each section, I will ground broad global trends in Peru-specific 

examples, clarifying how the processes occurring in Piura, Peru are not unique but carry far-

reaching implications. I will then present my methods and study site, followed by a discussion of 
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how institutional reforms under the 2009 Water Resources Law are reshaping agricultural land 

use change and articulating with state agricultural policies to incentivize agricultural land use 

transitions toward agro-export crops. I conclude by discussing the key axes of exclusion that 

permeate these institutional arrangements and the implication of these exclusions regarding who 

is able to “adapt.”  

 

The Persistence and Expansion of Integrated Water Resource Management  

Since the 1990s, IWRM has become the language of water policy reform internationally 

(Conca, 2006). IWRM, as a formalized framework, emerged from the Dublin Principles that 

were ratified during the 1992 International Conference on Water and the Environment. It was 

further cemented as a global framework when the European Union used IWRM as the 

cornerstone of its Water Framework Directive. While 1992 was a significant moment in the 

origin story of IWRM, its concepts are rooted in decades of scholarship, international meetings, 

and political transitions that signaled a broader transition away from command and control to 

complex, integrated ecosystem approaches to water resource management (Conca, 2006; Jeffrey 

and Gearney, 2006).  

IWRM, as concept, underlines the importance of public participation, highlights complex 

human-nature linkages, and calls for cross-sectorial water management conducted at the river 

basin scale. It is most commonly defined as: 

 “A process which promotes the coordinated development and 
management of water, land and related resources, in order to maximize the 
resultant economic and social welfare in an equitable manner without 
compromising the sustainability of vital ecosystems.”  
    (GWP-TAC, 2000, pg. 22) 
 

The emphasis of IWRM on coordinating development between land and water management 

creates institutional linkages that have the potential to reshape the landscape through water 

allocation and regulation, particularly in water-scarce environments.  

The tenets of IWRM are objectively positive but also operationally vague, which has 

translated into a wide range of institutional configurations (Conca, 2006) such as in the Murray-

Darling River Commission in Australia and the Delaware River Basin Commission in the United 

States. River basin councils, as important multi-sector water planning and conflict resolution 

organizations stemming from the IWRM off-shoot Integrated River Basin Management, have 
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been implemented in places such as Mexico, South Africa, (Wester et al., 2003), Zimbabwe 

(Makurira and Mugumo, 2005), Brazil (Engle and Lemos, 2010), and most recently Peru (Oré 

and Rapp, 2009).   

Bilateral and multilateral funding agencies as well as an international network of water 

experts have advanced the proliferation of IWRM water policy reform. Funders such as the 

World Bank promote IWRM as their “best practice” model (Giordano and Shah, 2014). As an 

example, in Peru, the World Bank and Inter-American Development Bank loaned $9 million and 

$10 million respectively to implement the 2009 Water Resources Law in six select basins 

(Lynch, 2012). Beyond widespread funder support, IWRM has been disseminated through an 

international network of water experts who imbued IWRM with scientific legitimacy and 

authority (Conca, 2006).  

Despite the promotion of IWRM by funders and water experts, scholars have raised 

important questions about the apolitical framing of IWRM, the robustness of its participation 

mechanisms, and the re-scaling of water management to the river basin scale. IWRM emphasizes 

consensus and integration. This framing depoliticizes natural resource governance, and thus 

insufficiently appreciates unequal power relations, long-standing conflicts, and differentiated 

resource access among water users and sectorial actors (Saravanan et al., 2009; Blomquist and 

Schlager, 2005; Warner et al., 2008). The vague, apolitical principles of IWRM enable the state, 

private sector, cooperation agencies, and development banks to use IWRM as “coveted 

discursive currency” to legitimize and promote their respective macroeconomic agendas and 

interventions (Molle, 2008, pg. 134; Giordano and Shah, 2014).  

Public participation, which is at the core an IWRM, can often be diluted and symbolic in 

practice (Conca, 2006; Wester et al., 2003). Governments are often hesitant to vest these 

participatory decision-making platforms with real power (Blomquist and Schlager, 2005; Wester 

et al., 2003; Perreault, 2015). Additionally, these multi-stakeholder platforms can institutionalize 

inequalities through excluding informal or future users as well as ignoring unequal access, 

differentiated political power, and/or vastly dissimilar ontologies about land and water among 

recognized stakeholders (Boelens and Zwarteveen, 2005; Warner et al., 2008; Perreault, 2015). 

The river basin is often lauded as the “natural” unit of management.  There has been 

tremendous scholarship highlighting that the river basin as a scale of management is a political 

choice rather than a hydrologic necessity (Blomquist and Schlager, 2005; Warner et al., 2008; 
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Molle, 2009b). IWRM, despite its river basin focus, is ultimately steered by the state, which is 

likely to reproduce “paternalistic, technocratic, and bureaucratic top-down conventional 

approaches, modified by what degree of participation is allowed” (Molle, 2008, pg. 134). The 

transition away from highly centralized statist forms of water governance toward decentralized 

river basin councils has synced with broader trends in the decentralization of state power. 

However, the extent to which river basin organizations are vested with real power by the state is 

a key question. 

In Peru, the River Basin Councils, created under the 2009 Water Resources Law, are given 

authority over the coordination water users and basin water resource planning, but can only 

provide their “opinion” to the National Water Authority (ANA) who retains ultimate authority 

over the allotment and prioritization of water rights, authorizations, and permits for surface and 

groundwater (Title 2, Chapter 4, Article 31, pg. 78-79).  

 In the next section, I will discuss how the shifting role of state has led to significant 

reforms in the agricultural and water sector globally, and in Peru more specifically.  

 

The Changing Role of the (Peruvian) State in the Water and Agricultural Sector 

 In principal, neoliberal or market-based reforms seek to drive economic growth through 

the unfettered efficiency of free markets and decreased regulation, reducing inefficient 

government intervention (Friedman, 1963). Scholars, however, have highlighted that neoliberal 

deregulation should be more accurately characterized as reregulation (Jonas and Bridge, 2003; 

Snyder et al., 2001). While the state may retreat in certain spaces, the state retains a crucial role 

in creating the conditions in which the “free” market can flourish (Polanyi, 1946). Considering 

neoliberalism as a sweeping and singular process of market-oriented regulatory transformation 

obscures the “variegated” and ongoing nature of institutional reconfiguration that has occurred in 

different nations that have engaged in post-1970s neoliberal reform (Peck and Theodore, 2007; 

Renner et al., 2010).  

 

Agricultural Sector 

Neoliberal reforms can affect the agricultural sector in a number of ways: the privatization of 

communal land, agricultural production oriented toward globalized commodity markets, the 

lifting of trade tariffs on agricultural products, and the withdrawal of state subsidies, credit, 
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marketing support, and technical assistance (Liverman and Vilas, 2006). In Peru, the agricultural 

sector was subject to sweeping market-based reforms under the regime of Alberto Fujimori 

(1990-2000). Under the neoliberal reforms of the Fujimorato, price controls were abolished, the 

state agencies that commercialized agricultural products were dismantled, and the Agrarian Bank 

(Banco Agrario) was closed (Crabtree, 2002).  Tariffs (with some exceptions) were lowered in 

order to make domestic agricultural production more efficient and promote export-led agriculture 

(ibid).  

A key obstacle to neoliberal reform in the agricultural sector generally, but particularly in 

Peru, was the extent of land that was collectively managed and owned. Under market-based 

reform, there is a fundamental assumption that resources are best managed when they are 

privately owned.  In order to establish ownership, there need to be private property rights, which 

are “definable, defendable, and divestible” (Liverman and Vilas, 2006, pg. 331).  

As of 1994, 60% of Peru’s land was collectively owned, presenting real challenges to the 

economic reforms of Fujimori’s regime (Mitchell, 2014). In order to address this, Fujimori 

passed first a Supreme Decree Law  (Ley 658) in 1991 and then the Land Law (Ley de tierras) in 

1995, which provided property guarantees, removed limits on the amount of land that could be 

held by an individual, and allowed the state to sell public land (Crabtree, 2002).  In order to 

expand the land market, the state created the designation of unused lands (tierras eriazas).  

These lands would revert to the state for “recuperation” via economic development. Through this 

mechanism, both comunidades nativas and comunidades campesinas4 lost large tracts of their 

former territory. This land was then titled to the state and offered for sale to private buyers. The 

labeling of land as “unused” and therefore abandoned, occluded the material reality of that land, 

which was often used for collective grazing, sporadic dryland farming and/or foraging grounds. 

These measures have been so successful that, currently, more land is held in fewer hands than 

before the Agrarian Reform (Burneo, 2011).  

Proponents of market-based reforms assert that the formalization of land titles provides 

poor families with ownership security, enabling credit access, investment, and development 

(Bromley, 2009). Peruvian economist, Hernando de Soto, an avid advocate for land titling and 

the architect of the Peruvian property formalization process, estimates that Peru’s “dead capital” 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  Comunidades Campesinas are legally recognized in Article 89 of the Peruvian constitution. Comunidades 
campesinas tend to reside in the coastal and Andean region while comunidades nativas are located in the Amazonian 
region of the country. Both groups have communal territorial rights over their land.	  
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or untitled land amounts to $72.4 billion dollars USD (de Soto, 2000). Land titling, however, can 

have contradictory results. The formalization of land titling and water rights render the 

possessions of poor families legible to the state and subject to their authority (Scott, 1998).  

This formalization also works in concert with ongoing privatization efforts and renders titled 

land and licensed water rights legible to global agro-export capital and extractive industries 

since, once formalized, land enters the marketplace and water licenses can be transferred 

(Guevara and Armando, 2006). Additionally, land titles do not necessarily ensure increased 

access to credit for poor title-holders who still do not have adequate collateral for lenders 

(McKechnie, 2005). The formalization of land rights and water licenses can also lead to a 

corrosion of the social networks and arrangements that often provide security to poor 

communities (Bromley, 2009). This is particularly salient in Peru where communal land 

management and irrigation practices are important processes for social cohesion (Gelles, 2000). 

  Neoliberal or market-based reforms do not happen all at once, but are ongoing. In Peru, 

while the touchstone reforms that privatized land and opened the agricultural sector to 

international investment occurred in the 1990s, reforms in the agricultural sector are ongoing. 

The Peruvian government has set the ambitious development goal of positioning Peru as the 

largest exporter of agricultural commodities on the Pacific coast of South America (MINAGRI, 

2008). This goal is following more than twenty years of growth in the agro-export sector within 

Peru, which was valued at $1.3 billion in 2009 as compared to $60 million in 1990 (USDA, 

2010). While the private sector has driven this development, the state created and continues to 

create the conditions for this expansion via the sale of cheap “unused land,” public-private 

irrigation infrastructure development, and preferential groundwater and surface water license 

allotment.  

 

Water Sector 

Water is a highly contested and inherently political resource. Therefore, water policy reform, 

even IWRM-based policy reform, is inherently political (Jenson, 2013). A key scholarly 

questions has been to what extent IWRM reform generates market-based reforms in the water 

sector. The model states that water is an “economic good” and promotes the decentralization of 

decision-making to the river-basin scale (Ward, 2013), but IWRM does not equate neoliberal 

water policy reform. Rather IWRM, due to its broad set of principles, has been a empty vessel 
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for water policy reform that has implemented in countries with vastly different legal treatments 

of water such as Chile where water is a commodified and tradable good or in Peru where water is 

still considered a public good (Bauer, 2015; Lynch, 2012).   

 Within Peru, attempts to privatize water have been deeply contentious. In 1995, the 

Fujimori regime, with support and sponsorship from the International Monetary Fund (IMF) and 

World Bank, put forward a proposal to privatize and commodify water following the example of 

the 1981 Chilean Water Code (World Bank, 1995). Similar efforts to export the “Chilean” model 

were present across Latin America, but within Peru, the proposal was met by broad, fierce, and 

sometimes violent resistance by Peruvian civil society. This law was never passed.  

Following their failure to pass their own water law, the Fujimori administration began to 

dismantle and gut the water regulatory institutions created under the 1969 General Water Law 

that had been ratified during the Agrarian Reform. The national water regulatory agencies were 

defunded and their technical and administrative tasks were delegated to valley-specific, civil-

society irrigation groups called User Boards (Juntas de Usuarios) and their constituent Irrigation 

Commissions (Comisiones de Regantes).  It was not until June of 2008, following the ratification 

of the Free Trade Agreement (FTA) with the United States, that President Alan García (2006-

2011) took advantage of the fast-track authority granted him by Congress to pass the FTA to pass 

99 unrelated, unilateral decree laws, three of which related to water. The User Boards 

immediately felt that these decrees subtly supported privatization through their use of private 

“operators.” These private companies assumed many of the operational tasks formerly relegated 

to the User Boards. Additionally, representatives from the User Boards were not integrated into 

the new National System of Water, which was the multi-scalar, institutional framework for 

Peruvian water governance. In reaction, the User Boards mobilized national agrarian strikes, 

which applied sufficient political pressure to the 2009 Water Resource Law. This new law is 

decidedly un-neoliberal in that it reinserts the state into water management, recognizes 

indigenous and campesino water rights, and maintains water’s status as public good, but also 

considers water as an “economic good”. What this means in practice, however, is hotly debated.  

As the case of Peru highlights, the process of privatizing and commodifying water has 

proven to be challenging and contested due to the socio-cultural values associated with water as 

well as its physical messiness (Bakker, 2007). Across Latin America, scholars have begun to 

point to post-neoliberal or counter-neoliberal reforms as indicators of important shifts in power 
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and as recognition of the efforts of civil society to contest neoliberalism. Roa-García et al. (2013) 

assert that particular aspects of the 2009 Water Resource Law are post-neoliberal such as the 

recognition of traditional, indigenous, and campesino water users; this recognition itself 

questions the very basis of neoliberalism. While these proposals may be a departure from 

neoliberal orthodoxy, in Peru and the Andes more broadly, these proposals remain couched in a 

state that is dependent on the exploitation of natural resources, hence, resulting in contradictions 

(Bebbington and Humphreys-Bebbington, 2010). Even within the 2009 Water Resources Law, 

alongside the “post-liberal” provisions, are regulations that provide legal security for public, 

private or mixed investment (Urtega, 2010) and prioritize water licenses by 1) efficiency and 2) 

income-generation capacity (Article 55), disadvantaging subsistence irrigators (Roa-García et al. 

2013).  

A key component of IWRM is the creation of a multi-stakeholder participatory platform 

within the River Basin Council. Despite some level of decentralization, the central government 

has retained authority over river basin councils and their participatory decision-making platforms 

in the case of Mexico, Brazil, and Peru (Scott and Banister 2008; Engle et al. 2016; Roa-García 

et al. 2013). In the case of Peru, the 2009 Water Resources Law includes highly structured 

participatory platforms that both formalized and limit the role of stakeholders (Oré and Rapp, 

2009). Additionally, the decentralization of regulatory power under IWRM policy reform does 

not necessarily lead to a commensurate redistribution of state funds (Scott and Banister 2008).  

In Peru, the pilot River Basin Councils were initially supported by World Bank and Inter-

American Development Bank funds, but as of 2016, are intended to be financially autonomous 

and funded through the water tariffs paid by water users in the basin. Water tariffs in coastal 

Peru, however, have been a lightning rod for conflict with small-scale water users and the 

efficacy of this funding model remains to be seen.  

The 2009 Water Resources Law in Peru reflects the shifting role of the state in the regulation 

of the water sector. The central government via the National Water Authority (ANA) remains a 

crucial entity in water governance despite the rhetorical importance placed on the River Basin 

Councils. Lynch (2012) summarized the new Peruvian Water Resources Law as being a 

“decentralization of responsibility; centralization of power” (pg. 371). The “centralization of 

power” does not prescribe to neoliberal orthodoxy, but reflects how these reforms remains highly 

sensitive to the priorities of the central government. Additionally, the National Water Authority  
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(ANA) remains housed within the Ministry of Agriculture, reflecting the enduring privileging of 

agricultural users within the water regulatory framework and the necessity of understanding 

agricultural policy to unpack water policy and visa versa.   

 

IWRM & Climate Change Adaptation 

Water management organizations are increasingly being tasked with climate change 

adaptation as part of their operational mandate due to both national and sub-national adaptation 

planning processes, and the priorities of development donors. IWRM has been endorsed as a 

promising tool for mainstreaming climate change adaptation into water management. The third 

IPCC assessment suggested IWRM as a tool for coping with the complex impacts of climate 

change on water resources (IPCC, 2001). IWRM, as a “tool for adaptation to climate change,” is 

now the topic of capacity building workshops for water managers facilitated by international 

organizations such as the Global Water Partnership and the United Nations Development 

Program (Cap-Net: UNDP, 2009). This “mainstreaming” of climate change adaptation into 

IWRM can lead to interventions such as the use of techno-scientific knowledge (i.e. downscaled 

climate models) in water resource planning, operations/systems investment to address climate 

change vulnerability, or installation of early detection systems (ibid).  

The adaptive capacity of IWRM institutions, defined as “the ability to recover or adjust to 

change through learning and flexibility so as to maintain or improve into a desirable state,” has 

been an important area of debate (Engle and Lemos, 2010, pg. 4). In particular, scholars have 

questioned the capacity of IWRM institutions to cope with increasing climatic variability and 

uncertainty under climate change. Engle and Lemos (2010) found a positive relationship between 

IWRM governance mechanisms and adaptive capacity in 18 Brazilian river basins though there 

were tradeoffs between some of the identified variables such as equality in decision-making and 

knowledge availability. Other scholars have found that IWRM institutional arrangements are not 

sufficiently flexible to support adaptation (Gain et al. 2013), highlighting that more polycentric 

institutional arrangements may be necessary for climate change adaptation even if they are not 

“efficient” in the short-term (Huntjens et al. 2012). Proponents of IWRM assert that the 

decentralized nature of IWRM allows for adaptation to be tailored to local needs by addressing 

local vulnerabilities, meaningfully incorporating stakeholders, and linking with local decision-

making (CapNet: UNDP, 2009).  
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Despite these scholarly debates, IWRM continues to be the key vehicle of water policy 

reform and is increasingly integrating adaptation efforts into its operations. In Peru, the 2009 

Water Resources Law codified climate change adaptation into its overarching water management 

system by embedding the National Program for Climate Change Adaptation into the operations 

of the National Water Authority (Title V: Chapter 13, Law 29338). The institutionalization of 

adaptation into these water management entities provides the authority necessary to shape the 

course of adaptation through resource allocation and regulation (Eriksen et al., 2015).  

IWRM policy reform provides an aperture for water managers to reallocate water resources 

and, in doing so, to re-shape agricultural landscapes. Climate change adaptation is increasing 

being enrolled in these policy reforms to legitimize allocation decisions in increasingly scarce 

times. However, adaptation initiatives and water policy reform do not occur in a political 

vacuum. They are entangled in larger political projects that seek to reshape land and water use in 

order to support the growth of the agro-export sector, often at the cost of less powerful water 

users.   

 

Methods 

In order to explore how the IWRM based the 2009 Water Resources Law in reshaping 

agricultural landscapes in Piura, Peru, I conducted semi-structured qualitative interviews with 

key institutional actors within the agricultural sector (n=40). Specifically, I interviewed 

representatives from each of the valley-specific irrigation boards (n=4), irrigation commissions 

(n=15), agricultural associations/cooperatives (n=7), comunidades campesinas (n=2), civil 

society groups (n=6), National Water Authority/River Basin Council (n=2), and the regional and 

national agricultural agencies (n=4). I employed qualitative content analysis (Julien 2008) to 

evaluate the interlocking institutional arrangements that are reshaping land use. Thematic coding 

of the interview transcripts was conducted using QSR International’s NVivo 10 software (QSR 

International 2014). Interview data was contextualized through content analysis of legal 

documents of relevant water and agricultural policies, the official notes of water management 

organization meetings, and river basin planning documents. Lastly, I utilized participant 

observation of River Basin Council meetings and executive board elections to better understand 

institutional dynamics.  
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The Case Study of Piura, Peru  

 While many countries in Latin America and internationally face similar pressures, Peru is 

a salient case study for examining the confluence of IWRM water policy reform and agricultural 

policy in the context of climate change adaptation. Peru is one of the most recent countries to 

reform its water management system under an IWRM framework. The ratification of the 2009 

Water Resources Law was the first major water policy 

reform in Peru since the Agrarian Reform in 1969. 

Additionally, Peru, which hosted COP 20 and is highly 

vulnerable to climate change impacts on its water sector, 

has positioned itself as a leader in addressing climate 

change and integrating adaptation into its government 

bodies (Edwards and Roberts, 2015). Peru also has a 

highly diverse agricultural sector with a patchwork of 

agribusiness, subsistence farming, and small-scale cash 

cropping.  Peru’s agricultural sector has also undergone 

substantial growth. The net value of Peru’s agro-

exportation products increased by 14% per year from 

2002-2011, the greatest rate of growth in South America  

(Cheng and Pintado, 2015). 

Piura, Peru is located on the Pacific coast of northern 

Peru (See Figure 1).  It was chosen as one of six basins to 

pilot the implementation of the 2009 Water Resources Law 

due to its significant water infrastructure, large cultivable 

land area, and high number of water conflicts (IDB, 2009).  

The Piura river basin is managed conjunctively with the neighboring Chira River basin, which is 

linked through an inter-basin transfer that brings irrigation water stored in the Poechos reservoir 

to Piura River.  

Piura is also acutely vulnerable to climatic variability. The 1982/83 and 1996/97 El Niño 

events led to extensive flooding with millions of dollars in property damage. While the 

relationship between climatic variability and climate change is unclear in the literature, within 

Peru, these pressures are discursively and materially linked through planning processes and 

 
Figure 1: Location of the Piura River basin 
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financial resources. The Department of Piura has been at the forefront of fulfilling national 

adaptation planning mandates largely based on their desire to reduce vulnerability to climatic 

variability.  

Agriculture within Piura has been oriented toward the international market since the hacienda 

period of the late nineteenth and early 20th centuries, when it achieved fame for its “white gold” 

– cotton -  which was produced on large estates and exported globally (Revesz and Oliden, 

2012). The agricultural sector of Piura was transformed during the Agrarian Reform, when 

General Juan Velasco Alvarado who was born in Piura, converted haciendas into cooperatives 

run by former workers. Through the 1980s, the cooperatives began to disintegrate and fragment 

due to poor institutional capacity, charges of corruption, limited technical capacity, and 

environmental stress (ibid). The defunct cooperatives were parceled out among the workers.  

Following the neo-liberal reforms of the 1990s, Piura grew to have one of the most 

developed land markets in Peru (Burneo, 2011), making it an important site for agro-export 

expansion. At the level of the Department of Piura, which encompasses the Chira and Piura 

River basin, the agricultural frontier has expanded by 95,000 hectares between 1986-2014 

(MINAGRI, 2014). The majority of this expansion has been driven by the installation of agro-

export oriented orchard crops such as mango, avocado, lime, and grape (38,578 ha) and semi-

permanent crops such as banana, maracuyá, and sugar cane (47,968 ha). These regional trends 

represent an increasing orientation toward agro-export production, however these changes in 

agricultural land use are differentiated across the basin.  

The Piura River basin is administratively divided by the User Board that manages the water: 

Lower-Middle Piura (includes the Sechura sub-valley), San Lorenzo, and Upper Piura (See 

Figure 3). The River Basin Council collectively manages these sections, but each section has 

different agricultural trajectories, which 

are largely determined by the type of 

irrigation access and its reliability (See 

Table 1). 

The water resources of the Piura 

River Basin are managed through a 

constellation of water management 

institutions (See Figure 2). The National Figure 2: Institutional Map of Water Management Entities in Piura, Peru 
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Water Authority (ANA) is the principal federal level entity overseeing the national water 

resource management system. Within each basin, ANA has decentralized offices, Administrative 

Water Authorities (AAA), that distribute and manage water rights. The River Basin Council, a 

new entity under the 2009 Water Resources Law, is situated within ANA and conducts water 

resource management planning. These River Basin Councils are presided over by the regional 

government.  

In addition to the state water management entities, User Boards (Juntas de Usuarios) and 

Irrigation Commissions (Comisiones de Usuarios) are non-profit, private entities that are 

financed through water fees and are responsible for certain regulatory requirements, as delegated 

by the state. These management entities were created under the 1969 General Water Law as an 

attempt to increase popular participation in water governance, fund the maintenance of irrigation 

infrastructure through user fees, and decentralize, to a limited extent, the administration of the 

General Water Law (Oré, 2005).  These organizations are democratically elected and are 

powerful civil society actors. User Boards operate at the scale of a valley and consist of multiple 

Irrigation Commissions that are grouped by shared infrastructure. Irrigation Commissions are 

responsible for cleaning and maintaining irrigation infrastructure	  

While only the Upper Piura User Board has crop data since 2011, these records show that the 

farmers in the upper basin are growing banana and mango, two agro-export crops that are 

commonly grown by smallholder farmers (See Figure 4). The Upper Basin resides in the 

foothills of the Andes and has the most 

informality among its users due to the 

limited presence of state water management 

entities, and strong traditional communal 

irrigation management practices. 

Farmers in San Lorenzo receive 

irrigation water from the San Lorenzo 

reservoir that was constructed in the 1950s 

with support of the World Bank. The water 

resources in the reservoir have been fully 

allocated and therefore there has not been Figure 3: Administrative Division of Water Management in the Piura 
River Basin 
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a significant expansion in cultivated land (See Figure 4). This area was one of the first in the 

country to cultivate mango and lime for export, and it continues to be an important fruit 

producing area (Revesz and Oliden, 2012).  

The middle section of the basin is the most dynamic area of agricultural expansion. Since 

2000, there has been a 300% expansion in the land cultivated in this area of the river (See Figure 

4). This expansion has been driven by international and Peruvian agro-business investment in 

large-scale table grape vineyards within the last 6 years.  

The lower section of the Piura River basin, Sechura, is a patchwork of small rice fields set 

into a complex network of irrigation infrastructure. The land use here is intensive with two 

harvests a year. Rice has been the principal crop in lower Piura for over fifty years and is 

supported through an extensive credit, processing, and commercialization infrastructure in the 

basin. 

User Board  Type of Irrigation Access  # of Users # of Parcels 
Area Under 
Irrigation 

Max Annual Water 
Volume (Hm3) 

Upper Piura  

Unregulated surface water from 
approx. Jan.-July, supplementary 
groundwater during dry season for 
some users  13237 16821 29357 937.49 

San Lorenzo 

Regulated surface water from San 
Lorenzo Reservoir with year round 
access 12209 9064 38263.14 458.92 

Middle-
Lower Piura  
(includes 
Sechura) 

Regulated surface water from 
Poechos Reservoir with 
supplemental groundwater wells for 
agribusiness 31280 77485 50973.45 676.53 

Table 1: Characteristics of the three administrative basin sections  
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Figure 4: Area Cultivated by Crop over Time in Each River Basin Section 

 

The Birth of the River Basin Council 

The 2009 Water Resources Law, drawing on IWRM principles, both formalizes and limits 

the participation of users, and increases the power of technocrats through the creation of River 

Basin Councils (Oré and Rapp, 2009). The introduction of the River Basin Council reorients 

water resource management to the basin scale and integrates multi-sectorial water users into 

councils that include stakeholders for the National Water Authority, non-agricultural users, 

agricultural users, academic institutions, regional government, and comunidades campesinas 

(Title 2, Chapter 1, Article 26).  

River Basins Councils are vested with significant authority in water resource planning by the 

2009 Water Resources Law. This authority has also been fortified through loans from the Inter-
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American Development Bank (IDB) and the World Bank’s Water Resources Management 

Modernization Project (WRMMP) (IDB, 2009). The focus of the IDB/World Bank project was 

to build the capacity of governmental water management organizations (including River Basin 

Councils) to conduct IWRM, particularly through the use of hydrological modeling and decision-

making tools (IDB, 2009). While this project is primarily focused on enhancing the 

implementation of IWRM, following the 2009 Water Resources Law, it also expressly integrates 

climate change adaptation in its programmatic goals and thematically designates the WRMMP 

project as 90% water governance, 5% pollution management and environmental health, and 5% 

climate change (World Bank, 2015).  As exemplified by the IDB and World Bank project, the 

2009 Water Resource Law enabled Peru to attract international development funding and created 

an aperture for Peru to integrate climate change adaptation into its water management system.  

 

The River Basin Council & the PADH  

Among the River Basin Council’s technical planning responsibilities, the development of the 

Plan de Aprovechamiento de las Disponsibilidades Hídricas (PADH) has perhaps the most direct 

impact on water allocation and agricultural land use.  In order to create the PADH, the River 

Basin Council uses the Water Evaluation and Planning (WEAP) water resources model to 

calculate the annual water balance based on water supply, multi-sectorial demand, and climate 

variability and uncertainty. Once the water balance for the year has been calculated, the River 

Basin Council puts forward a basin-wide allocation of the maximum hectares for each crop that 

can be grown according to water availability that year. Within Piura, 177,415 ha of irrigated 

crops were zoned in the 2015-2016 growing season (CRHCP, 2014).   

 While the River Basin Council’s PADH approach relies on the scientific legitimacy of 

the internationally recognized WEAP tool, the crop allocation process extends beyond the 

scientific into the socio-political. Following the initial allocation, a series of working group 

meetings are held where the crop allocations are negotiated by elected representatives from the 

valley-specific User Boards as well as water managers from the Special Project Chira-Piura 

(PECP) that operates major irrigation infrastructure, Local Authorities of Water (ALA) that are 

the local representatives of ANA, and the River Basin Council. User Boards enter crop allocation 

negotiations with the stated “sowing intentions” of the farmers in their valley. These negotiations 

seek to reconcile these “sowing intentions” with the water availability as modeled by technocrats 
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within the technical secretary of the River Basin Council. 

 Within the scope of the crop allocation negotiation, the key point of contention is how 

rice acreage, particularly in the dry season, will be permitted in each Irrigation Commission. 

Rice has been the flagship crop for smallholder farmers in Piura since the 1980s, when 

international cotton prices plummeted. Rice is widely viewed as the most profitable short-season 

crop by producers:  

“[Rice] is the only crop that is profitable for farmers. In the case of corn, beans, 
and cotton they aren’t because of the diseases and expensive inputs…With rice, it 
is something that can sustain the family.”  
   (Interview by Author, Irrigation Commission, July 31st, 2015) 
 

Rice production across Piura, however, is done through flood irrigation, requiring 77.16 HM3 

of water per hectare annually, compared to other short-season crops such as corn that require 55 

HM3, or beans that require 8 HM3 of water (CRHCP, 2015). Reducing the area of rice that is 

cultivated during the dry seasons has been one of the key goals for the River Basin Council in 

order to increase water use efficiency. The PADH is a key institutional mechanism that the River 

Basin Council has used to constrain the amount of land sown with rice. In the 2015-2016 season, 

the PADH crop zoning for the middle and lower portion of the basin permitted only 20% of the  

land dedicated to rice production during the rainy season be re-sown with rice in the dry season 

(CRH:C-P 2015). A representative from the River Basin Council discusses this process:  

“In this plan (PADH) we negotiate the amount of crops year-to-year. What we 
look for is the area for each crop that can be produced in each valley. What we 
always say is, ‘muchachos, please, reduce the area of rice’ but there is a 
tremendous resistance. The people don’t want to. They don’t want to change 
crops. ”  
      (Interview by Author, 7/30/2015)  
 

 Ultimately, user boards and irrigation commissions are legally bound to enforce the crop 

allocation negotiated with the River Basin Council and authorized by ANA. If farmers do not 

pay water tariffs or sow the assigned crop for consecutive years, they will lose access to 

irrigation. Once the allocation is finalized across the basin among commissions, there is an 

internal allocation within irrigation commissions. Technical staff and elected officials then have 

to decide how to internally zone crops among their irrigators. The presidents and technical 

director of the irrigation commissions and user boards that were interviewed largely explained 

internal crop zoning as a purely technical process. Commissions cited three main variables for 
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determining zoning: irrigation efficiency, proximity to irrigation infrastructure, and level of soil 

salinization. Beyond this technical discourse, however, it is essential to remember that crop 

zoning has major impacts on the income of farmers. In particular, the revenue of farmers will be 

much lower in years when they are not permitted to sow a second rice crop. Additionally, the 

organizations making local allocation decisions are democratic organizations. While beyond the 

scope of this study, the internal power structures and political alliances that likely influence crop 

zoning are a rich area for further inquiry.  

 

Enhanced Enforcement and Institutional Legitimacy 

 Top-down crop zoning, as a formal institution, is not new to the arid Peruvian coast. The 

PADH, which was formerly known as the Crop and Irrigation Plan, was initiated during the 

Agrarian Reform when the central government heavily intervened in the agrarian sector. The 

Crop and Irrigation plan was generated first by the Ministry of Agriculture and then the User 

Boards following decentralization in 1993. This plan was renamed to reflect the multi-sectoral 

nature of water management following the 2009 water policy reform. 

 Despite this long history, the PADH has newfound relevancy and increased enforcement 

under the institutional reforms brought by the 2009 Water Resources Law. The River Basin 

Council’s technocratic approach to water resources management and climate change adaptation 

has imbued the formal institution of crop zoning with a sense of scientific legitimacy that has 

been crucial in enhancing implementation and enforcement. One User Board president explains: 

  

“[Since the 2009 Water Resources Law] it has gotten better, and now we want to 
do what they tell us to and sow what they tell us to sow. Why? Because before we 
thought about it less actively and in more passive ways…We didn't have 
information [the water balance] so how could we could plan? It was hard to 
regularize it because there were people that didn’t understand…the [River Basin 
Council] have given us information to help explain issues.”  
   (Interview by Author, User Board Representative, 7/24/2015)  
 

 In the wake of the 2009 Water Resources Law, the pressure on farmers to conform to crop 

zoning has been intense but some communities have contested their loss of agency.  When an 

irrigation commission in Middle Piura banned all dry season rice production, farmers blocked the 

highway until the order was rescinded (Interview by Author, Irrigation Commission 
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Representative, 7/31/2015). This type of social conflict over crop zoning is not widespread but 

many irrigation commission officials mentioned the possibility of social conflict if the PADH 

further restricts crop allotments. A representative of an agricultural cooperative explains:  

“When there is finally a dry, dry, dry year you will see a social conflict, because 
those small producers are not going to be able to install crops…When nature is 
helping, there is no problem, but when there is a year that is very dry then there 
are going to be enormous consequences. “ 
 (Interview by Author, Agricultural Cooperative Representative, 6/20/2015) 
 

 The looming specter of future water scarcity is grounded in two major forces that are 

increasingly constraining the PADH: climate change models and reservoir sedimentation due to 

extreme rainfall events.  

 

Zoning Under Escalating Scarcity: Climate Change Adaptation & the PADH 

 As water availability decreases and demand continues to rise, crop zoning is apportioning 

increasingly limited water resources with major implications for the livelihoods of farmers in 

Piura. The growing water scarcity is ascribed to climate change pressures through both general 

water deficits resulting from increased temperatures and changing precipitation patterns as well 

as decreased reservoir storage capacity due to sedimentation events related to El Niño as 

explained by the head of the River Basin Council’s technical secretariat:  

 
“In addition to climate change, we are concerned about the impending El Niño 
phenomenon. In a normal year, we estimate that 5,000-6,000 cubic meters of 
sediment enter the dam. In a year with El Niño, 70,000 cubic meter of sediment 
enters…With this reduction in storage capacity, we have to reduce the cultivated 
area or not sow rice.”  

(Interview by Author, 7/30/2015) 
 
These pressures are operationalized through the PADH, where irrigation water allocation for the 

dry season constricts the acreage that can be sown. In the 2015-2016 season, the PADH crop 

zoning for the middle and lower portion of the basin permitted only 55% of total cultivated land 

to be sown regardless of the crop being grown in the dry season (CRHCP, 2015). In the lower 

portion of the basin, the total area under cultivation has contracted by 11% since 1990 (See 

Figure 4).  

These reductions in crop allotments, particularly for rice, were not replicated with export-
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oriented crops such as mango and grape. The allotment for these crops in the PADH has in fact 

increased in recent years. This discontinuity suggests that climate change and reservoir 

sedimentation are being discursively operationalized to shift water allocation toward agro-export 

agricultural production and away from subsistence systems. The director of a non-profit research 

center reflected with frustration on this disconnect”  

 

“Climate change adaptation here is as if there was a program to go to the moon. 
There is nothing more than the discourse and the rhetoric, as well as the concern 
about El Niño impacts, which is not a product of climate change, but is a 
phenomenon that has existed forever. But now, rhetorically everything is about 
climate change and we have to protect the rivers. But if you look behind the 
rhetoric, there is almost nothing.” 
     (Interview by Author, 7/1/2015) 
 

  Climate change scenarios are incorporated in the WEAP tool used to develop the PADH. 

It is unclear to what extent these climate change models affect year-to-year water balance 

calculation but the River Basin Council’s basin diagnostic presents the longer-term trends of 

climate change impacts on the water balance for the basin. While there is uncertainty in 

precipitation projections, rain events are expected to occur in more intense bursts in Piura, 

causing flooding, erosion, and sedimentation in irrigation delivery infrastructure. Drought risk is 

expected to rise due to increased evapotranspiration related to elevated temperatures, particularly 

in the lower portion of the basin (CRHCP, 2015).  

 While the relationship between the intensity and frequency of El Niño events and climate 

change remains unclear in climate science, El Niño is discursively framed as a climate change 

impact by the regional government of Piura. Within the Piura Regional Strategy for Climate 

Change Adaptation, El Niño is woven through the document as evidence of how Piura has 

already dealt with climate change and as the key factor in identifying and addressing social 

vulnerability to climate change (GRP 2011). Climate variability, such as El Niño, and climate 

change were discussed interchangeably by many of the institutional interviewees. 

 Within the lower and middle part of the basin, a key constraint in irrigation water 

availability is the increasing sedimentation of Poechos Dam, the reservoir that stores and 

regulates water for dry season irrigation in the middle and lower portion of the Piura River basin. 

The sedimentation of this dam is occurring at rates much higher than initially estimated when it 

was installed in 1978 with a capacity of 789 MMC. As of 2009, the reservoir had lost nearly half 
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of its capacity with 441.2 MMC of storage remaining (ANA, 2012).  The two strongest El Niño 

events 1982/83 and 1997/98, which delivered approximately 20 times the normal rainfall to the 

basin, are estimated to be principally responsible for delivering 40% of the total sediment that 

has settled behind the dam (Govers et al., 2008).  Within the middle and lower basin, water 

management organization representatives were universally alarmed about the growing 

sedimentation of the reservoir,  

“The reservoir is sedimented and there isn't more water to give. Poechos has been 
sedimenting for 40 years and has lost 50% of its capacity. We have less water. We 
feel it in times of scarcity, not during the rainy season. It [Poechos] functions as a 
regulator… 55% of the capacity is lost, imagine that. Because of this, agro-
business is installing wells as a contingency for a dry year. The dry years can 
happen due to climate change.” 
   (Interview by Author, User Board Representative, 7/9/2016) 

 

 There are number of proposals that the operator of the Poechos Dam, the Special Project 

Chira-Piura (PECP), has developed to address the sedimentation of Poechos. The most widely 

mentioned proposal includes increasing the dyke for the dam, which is both costly and would 

require a binational agreement since expanding the reservoir’s footprint will flood Ecuadorian 

territory. The future of Poechos Dam’s storage capacity is unclear. The head of the River Basin 

Council’s technical secretariat explains,  

“Our model [WEAP] doesn’t confirm with the proposal of the Special Project: 
Chira-Piura and government which is to lift the dyke. With that solution the 
reservoir will continue experiencing sedimentation. We are trying to redirect the 
conversation to focus on more than just the project [Poechos Dam] and look for a 
more integrated proposal but that remains far off.”  
       (Interview by Author, 7/30/2015) 
 

 The institution of technocratic crop zoning reflects the material and discursive water 

scarcity in the basin, focusing largely on the climatic drivers of that scarcity and less on the 

increased demand in the basin by agro-export businesses and urban expansion. Crop zoning, 

through time, is restricting the agency of farmers and dictating the crops that smallholder farmers 

are able to grow, particularly within the dry season. Agro-export operations, however, have seen 

an increase in their acreage allotment, suggesting that water scarcity is being discursively 

operationalized to promote agribusiness by shifting water away from subsistence agriculture.  

 The PADH does not operate in a political vacuum. The National Water Authority that 

oversees the River Basin Council is housed within the Ministry of Agriculture (MINAGRI) (See 
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Figure 2) and works synergistically with a suite of MINAGRI programs that seek to direct 

smallholder farmers into globally-oriented agricultural systems. Examining how the MINAGRI 

land use programs explicitly articulate with the PADH provides crucial insight into the politics 

that have been infused in the newly implemented IWRM framework, and the climate change 

adaptation mechanisms that are embedded within its operations.  

 

Water Policy as Agricultural Policy 

 On June 30th, 2015 the Peruvian Minister of Agriculture, Juan Manuel Benites, 

announced that 200,000 additional hectares would be dedicated to agro-exportation before 2019 

(La Gestión, 2015). This ambitious goal reflects the Peruvian state’s vision of agricultural 

development. Much of this expansion will be driven by multinational agro-export capital; 

however, in recent years MINAGRI has devised programmatic interventions that explicitly 

synchronize with the PADH to re-orient smallholder agricultural production away from 

traditional short-season  

crops and toward agro-export production to further globalize the Peruvian agricultural sector.  

In October 2014, the Peruvian Congress ratified the Productive Agriculture Restructuring 

Law (Ley 29736; Ley de Reconversión Productiva Agropecuaria). This law seeks to facilitate the 

“voluntary transformation” of smallholder farming from traditional crops such as corn, coca, and 

rice to export-oriented crops such as banana and quinoa. In a capacity-building workshop to 

introduce the new law (which primarily included high level regional government officials and 

agro-export business representatives), the Vice-Minister of Agriculture & Irrigation 

Development and Infrastructure, Jorge Montenegro Chavesta, described the socio-political 

dynamics that underpin this new law: 

“Rice consumes a lot of water and when there is overproduction of this grain it 
has resulted in low prices, and from farmer’s point of view the state is responsible 
for the situation, but the real culprits are the farmers themselves…We don’t want 
a dryland farmer, we want a producer, an entrepreneur with a vision of 
development and to get this we need modern agriculture…What we are looking to 
do is convert rice to high profit crops such as citrus, grapes, asparagus, quinoa, 
avocado, and others.”  
        (2/16/2015) 
 

 In this same workshop, the Vice-Minister further stated that MINAGRI was able to 

employ two synergistic institutional mechanisms to generate this “entrepreneurial 
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transformation”: AGROIDEAS and the PADH. The Compensation for Competitiveness Program 

(AGROIDEAS) is the implementing entity for the 2014 Agricultural Restructuring Law and 

works with the regional Direction of Agriculture to administer a multi-faceted network of 

agricultural projects and projects focused on creating “agricultural entrepreneurs.”  

 A key strategy of AGROIDEAS is to support agro-export oriented agricultural 

cooperatives and associations as a means to increase farmer income and meet national agro-

export goals. AGROIDEAS offers financial support to agricultural associations and cooperatives, 

particularly those that are oriented toward external markets. This program works as a co-

financing partner, offering cost sharing for three key purposes: 1) the start-up of agricultural 

organizations, 2) business management improvement, and 3) production technology 

improvement. Within Piura, there has been a surge in agricultural associations in the upper basin 

primarily for organic/fair trade mango, cacao, and banana. These cooperatives were created 

initially with financial, technical, and marketing support from international NGOs. However, as 

Peru has ascended to the status of a “low middle income” country, these international funds have 

dwindled (AidData, 2016). AGROIDEAS is now filling the void left by international donors, by 

providing technical assistance and financial support. While all the agricultural associations 

interviewed (n=7) had utilized AGROIDEAS financial support to expand, increase quality and/or 

diversify, AGROIDEAS support does not come with the network of social support mechanisms 

that often accompanies internationally funded projects. Additionally, AGROIDEAS’ cost share 

model requires some degree of capitalization that many fledging agricultural associations lack.  

The programs administered by AGROIDEAS that promote the creation of agricultural 

associations or cooperatives indirectly influence agricultural land use through supporting 

agricultural collectives that in turn utilize their social networks to expand and aggregate greater 

volumes for export. Beyond these indirect interventions, since the ratification of the 2014 

Productive Agriculture Restructuring Law, AGROIDEAS, in conjunction with the regional 

Direction of Agriculture, has been directly funding the reconversion of land in Piura and across 

Peru.  

The Agricultural Reconversion Program is a cost share program that incentivizes the 

conversion of rice to more exportable crops such as banana or quinoa. In its first year, this 

program supported the conversion of 219 hectares from rice to organic banana in the Piura River 

basin. It is administered by the regional and local governments and provides 28,000 Peruvian 
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soles (approximately $8350 USD) per hectare to rice producers to convert to organic banana 

production. This program also facilitates access to credit for producers through the state 

agricultural bank, AGROBANCO, to cover the remaining cost ($8000 soles in the case of 

organic banana or approximately $2400 USD). This program also provides technical assistance 

and connects new producers with existing agricultural associations to assist with 

commercialization. While this program has been heralded as a success by MINAGRI, 

interviewees had mixed feelings.   

Within the lower basin, the Agricultural Reconversion Program worked with a number of 

irrigation commissions to convert rice production to quinoa. Quinoa was zoned into the PADH 

for the chosen commissions, technical assistance workshops were held for producers, and quinoa 

was planted. One irrigation commission representative reflects on the outcome of the program:  

 

“In Piura, they created a production association of quinoa because quinoa was at 
10-14 soles a kilo. There was a lot of optimism and a lot of farmers sowed quinoa. 
When they entered the stage of production, the detail came out that there wasn't a 
way to process it, and they had to sell it for 4 soles a kilo. Sadly, we don't have a 
state policy that is thoroughly planned, and they want to convert to other crops, 
but where will it go?....Now not a single farmer will install quinoa.”  
 (Interview by Author, Irrigation Commission Representative, 7/24/2015) 
 

Many of the irrigation commission representatives in the lower basin relayed this same 

narrative, suggesting that the reconversion program has, in some cases, failed to appreciate the 

challenges of production, processing, and commercialization, resulting in negative outcomes for 

farmers.  

MINAGRI discursively operationalizes increasing climate change and climate variability 

related water scarcity to legitimize the PADH and its reconversion program, but closer analysis 

reveals that both of these programs are oriented toward increasing agro-export. Agricultural 

reconversion is specifically branded as a measure to reduce water use and the PADH 

accommodates crop reconversion by zoning for desired agro-export crops at the expense of 

subsistence crops. The reduction of water through conversion from short-season crops to export-

oriented crops, however, is contradictory. By the River Basin Council’s own basin specific 

calculations, “frutales”, which include bananas, require 115.81 HM3 of water per hectare 

annually compared with rice cultivation which consumes 77.16 HM3. This shift from short-
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season crops to export-oriented fruit crops, may be rhetorically tied to reducing water use, but 

this reallocation is actually increasing water consumption within the basin. A representative from 

an irrigation commission located near the area of agro-export expansion expressed frustration 

and concern regarding the water use of expanding table grape orchards: 

“We have a clear problem. We are not unaware of all the [water] permits for 
grapes, I can tell you from experience that grapes don't consume 15,000 cubic 
meters, it consumes 17-18,000. They deceive us [agro-export businesses] because 
they pay us [irrigation commission] for 15,000 when they consume 19,000. At 
first they paid for 12,000…This is why we don´t have enough water, they are 
taking more water than everyone else…There has been development, but the 
water is fundamental. With the grapes these is more scarcity, we don´t know what 
we will do to mitigate this.”  
    (Interview by Author, 7/31/2015) 

 

Just as Vice-Minister Montenegro boldly stated, the institutions designed and implemented 

through MINAGRI are for “entrepreneurs” not for dryland farmers, inefficient irrigators, or 

subsistence producers. While the state network of agricultural credit institutions, risk 

management tools, technical assistance, and input provisioning was dismantled by the neoliberal 

reforms of the 1990s, the Agricultural Restructuring Law signifies a partial reinstatement of 

some of these programs, but only for producers who align with the Vice-Minister’s vision of the 

agricultural entrepreneurs.  

Additionally, the bundling of climate change adaptation, water management, and agricultural 

support mechanisms is drawing stark lines between the farmers who are or are not successful, 

adaptive, profitable, and/or deemed worthy of state support. In this next section, I will elucidate 

those clear axes of exclusion and its potential implications for smallholder farmers.  

 

Axes of Exclusion  

The 2009 Water Resources Law vested water management institutions with expanded 

authority over water allocation and regulation. The formal, interlocking institutions, PADH and 

Crop Reconversion program, are embedded with eligibility requirements that require 

beneficiaries to have formalized land titles and water licenses in order to access water from 

irrigation commissions or participate in governmental agricultural programs (See Figure 6). 

These eligibility requirements create stark winners and losers across the landscapes, these 

excluded users, who are often low income, small scale farmers can be loosely defined by the 
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following categories: communal water users and informal water users.  

Exclusion by Communality  

In the Andes and other culturally plural regions, the insertion of vertical water policy and its 

requisite formalization practices ignores, destroys, or discriminates against long-standing socio-

cultural practices of communal land and water management (Gelles, 2000, de Vos et al., 2006). 

The uneasy, co-existence of traditional communal irrigation systems with state water 

management policy has been well documented across the Andes (Boelens and Zwarteveen, 2005; 

Boelens, 2009), but this “legal pluralism” is a dynamic and contested process. State efforts to 

bring comunidades nativas and comunidades campesinas into compliance with vertical state 

water policy have intensified under the 2009 Water Resources Law.  

 The 2009 Water Resources Law recognizes the rights of comunidades nativas and 

comunidades campesinas and issues block water licenses to these communities (Art. 91 of 

supreme decree N. 001-2C-10-AG). Despite this communal recognition, ANA requires that 

communities register individual water users (Art. 78 N. 001-2C-10-AG), which conflicts with the 

communal socio-cultural values held by many comunidades campesinas and comunidades 

nativas (Boelens and Zwarteveen, 2005). Additionally, if a water user is not registered, then their 

allotted water will be given to another formalized user, signifying the dispossession of 

unregistered water users in these communities (Roa-García et al., 2013). Within Piura, a 

representative of the federation of comunidades campesinas highlights the lingering challenges 

for communities in registering their land in order to access water license: 

 “Cadastral plan, [land] titles, and water licenses are linked. There are 
communities that don’t have cadastral plans and because of that they have 
problems with their lands…There are some communities that give titles to 
community members but only a few. The rest maintain only one title and manage 
it as a community...It gives them legality. It costs money to get your [cadastral] 
plan, to do the fieldwork. You have to pay the technicians, you need to have 
transportation and that is the problem. Moreover, you have to pay in the public 
register. To register the land, it is expensive…If it was free, we wouldn't have a 
problem, but the state doesn't want that, because that land can go to the state and 
they can sell it to businesses.” 
     Interview by Author, 7/22/2015 
 

 Within the River Basin Council’s multi-stakeholder platform, comunidades nativas and 

comunidades campesinas are offered one position for the entire basin, raising questions about 

how meaningful their participation will be in influencing decision-making. Within Piura, there 
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are 122 comunidades campesinas with distinct histories, socio-cultural values regarding water, 

livelihood strategies, and environmental conditions. As noted earlier, IWRM often assumes that 

participants enter stakeholder dialogues with equal degrees of power. Similarly, neoliberalism 

often assumes that actors enter negotiations with equal resources (Boelens and Zwarteveen, 

2005; Perreault, 2015). However, this is rarely the case.  

 

Exclusion by Informality 

There is not reliable data regarding the number of smallholder farmers in Piura who do not 

have water licenses.  Commission representatives estimate as few as zero farmers in their sector 

to as many as 45% to be without water licenses (Interviews with Author, June-August 2015). 

Representatives from the upper part of the basin tended to estimate a higher number of users 

without licenses, which is likely because irrigators do not rely on large state infrastructure to 

regulate water, traditional modes of irrigation management are prevalent, and state water 

management institutions are relatively recent 

introductions in this part of the basin 

 This lack of regularization has been a 

source of conflict within the PADH process. 

In the January 2016 PADH working group 

meeting, regional water managers suggested 

immediate actions to penalize Upper Piura for 

their lack of regularization and “mal uso” of 

water such as reducing its allocation in the 

PADH. Despite the Upper Basin’s water 

managers referencing the difficult political 

situation facing state water managers, four of 

ten action items included in the meeting notes 

were directed at building the capacity of 

Upper Piura water managers and 

enhancing the enforcement of the PADH in Upper Piura. This meeting reflected the intense 

political pressure placed on communities to “regularize” their rights in the wake of the 2009 

Water Resources Law and emphasized how the PADH is being used as a tool for enforcement.  

Figure 5: Promotional Material from the National Water Authority 
(ANA) for the 2009 Water Resources Law 
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In an effort to formalize water use and users, during the time of fieldwork (May-August 

2015), ANA initiated a three month, time-limited campaign to issue water licenses to informal 

irrigators who had a land title and could provide sustained water use. This campaign, unlike past 

water licensing campaigns, required farmers to pay for water licenses. The fee-for-license 

structure reflects a larger state transition toward financial autonomy within decentralized state 

organizations. Representatives within the Irrigation Commission who sought to assist farmers in 

applying for licenses, noted that the fee is prohibitively high for many subsistence farmers. 

Additionally, the long-standing issues of insecure land tenure are not appreciated in this process. 

One irrigation commission explains the obstacles facing low-income farmers in accessing land 

titles:  

“The illegality and lack of formalization comes from their own [farmer’s] poverty. You 
have to go to the notary, the lawyer, the person in charge of the procedure and all of it 
costs. The father dies and he has a hectare or 1.5 hectare and they fragment it but can't get 
[land] titles because of the economic limitations. That is why people don't have their 
water licenses. ”  
   (Interview by Author, User Board Representative, 7/24/2016) 

 

The time-limited nature of water license campaigns only provides an avenue for farmers to 

formalize water rights if they have the resources to pay for their licenses during that particular 

time period and access to social networks such as an irrigation commission to help facilitate the 

process. The water licensing campaign ultimately serves resourced farmers while excluding 

farmers with fewer resources who are likely most vulnerable if shortages of water do occur.  

Lastly, dryland farmers and migrants who rent land are excluded from formalization all together.  

 Through placing water licenses and land titles as barriers to entry for farmers seeking to 

access state agricultural support programs, the Ministry of Agriculture is drawing explicit lines 

of exclusion that prevent farmers from accessing support programs. However, even when 

farmers have fully formalized their land and water access, only areas with appropriate soil and 

access to permanent water are able to cultivate agro-export crops that, with the exception of 

quinoa, rely on year-round irrigation access (See Figure 3).  

While agribusinesses are able to utilize technological and political interventions such as 

groundwater drilling and the exploitation of poorly regulated water authorizations (i.e. temporary 

water licenses given for “surplus” surface water), resource-limited farmers are not easily able to 

employ similar strategies to secure the water resources necessary to cultivate agro-export crops. 
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Even when smallholder farmers have the legal right to groundwater, they may not have access 

due to the high costs of groundwater pump installation and/or operation (Ribot and Peluso, 

2003). The 2009 Water Resources Law prioritizes efficiency. It operationalizes this by 

establishing water allocations based on the following criteria: 1) greatest efficiency, 2) the 

highest income generator, and 3) the lowest environmental impact. Smallholder farmers are 

adversely affected because they often do not have the capital necessary to update irrigation 

systems (Roa-Garcia et al., 2013).  

	  
           Figure 6: Axes of exclusion with number of stakeholders that referenced each factor 

	  

Conclusion 

 The 2009 Water Resources Law in Peru represented another crucial shift in the role of the 

Peruvian state in water resources management.  This reform represented a reinsertion of the state 

in water management with major implications for agricultural landscapes and the communities 

that rely on these landscapes for their livelihood. In particular, the new law both empowers the 

central government via ANA to (re)allocate water and also strengthens techno-scientific crop 

zoning via the River Basin Council. While this new law does not adhere to neoliberal orthodoxy, 

its provisions, particularly the PADH, articulate with state agricultural programs to further 

globalize Peru’s agricultural sector.  
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Furthermore, climate change adaptation is being discursively operationalized to legitimize 

restrictions in irrigator agency and resource allocation. Water allocation data, however, reveals 

that water allocation is not decreasing, but rather that water is being reallocated from short-

season, small-scale agricultural use toward high-value agro-export crops, raising important 

questions about the robustness of climate change adaptation measures and who these measures 

serve. Water reallocations under the new law particularly benefit “efficient”, large-scale agro-

export firms as well as small-scale farmers with resources and consistent water access who are 

able to access government support land reconversion programs. Many small-scale farmers, 

however, who access water through communal licenses and/or are informal water users are 

excluded from government agricultural support programs and increasingly at risk of losing 

access to irrigation water. While climate change adaptation may be used to justify this 

reallocation, the further growth of Peru’s agro-export sector also ostensibly signifies an export of 

Peru’s water through the embodied water of export crops. In an already water-stressed country, 

the long-term sustainability of the Peruvian agricultural development strategy is an increasingly 

important question.  

 The case study of Piura, Peru highlights that the impact of IWRM-based water policy 

reform cannot be fully understood without a close examination of the work that it performs in 

closely coupled sectors such as agriculture. This study contributes to the limited scholarship on 

the implementation of the 2009 Water Resources Law in Peru and its implications for local users 

and agricultural landscapes. More broadly, this study offers insight into how IWRM-based water 

policy reform articulates with the shifting role of the state in climate change adaptation efforts 

and natural resource management.  Lastly, this study provides a cautionary tale of how climate 

change adaptation, both discursively and materially, is being animated to further state economic 

development priorities.  

 IWRM and climate change adaptation initiatives are expanding globally, but they do not 

occur in a political vacuum. Rather, these initiatives are inherently political. While this study  

elucidates the implications of these initiatives for small-scale agricultural water users on the arid 

Peruvian coast, it also raises broader questions for how technocratic water management, climate 

change adaptation, and agricultural development are fused and create real winners and losers 

across the landscape.  
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7. CONCLUSIONS & FUTURE DIRECTIONS 
 

 During the drafting of this manuscript, I realized that there are two frames for the 

research that I have detailed above. The first frame is an institutional analysis of how water 

policy reform and agricultural policy articulate and its material implications for agricultural land 

use. The second is a more critical frame, which focuses on the power relations that undergird 

these reforms, the discourse of climate change adaptation, and its implications for equity. In 

many ways, the journal article presented in the previous section marries these two frames and 

this project offers contributions to both areas.   

 

7.1 Institutional Analysis of IWRM Reform and Agricultural Development Policy  

When I began my fieldwork, I was primarily focused on understanding agricultural land use 

change and climate change adaptation. However, in the course of my fieldwork, I consistently 

heard from stakeholders that changes in the water management system exerted greater pressures 

on land use change than climatic changes. In arid regions with highly regulated irrigation 

systems, these are institutions are important intermediaries for coping with changes in water 

availability and making water allocation decisions accordingly with consequences for the 

livelihoods of agricultural water users. The general shift toward “soft” demand side management 

has empowered technocratic water managers, and has increasingly resulted in top-down 

irrigation allocation systems such as the one present in Piura Peru.  

Within the literature on IWRM as a demand-side management framework, there has been 

significant scholarly attention aimed at this framework’s participatory mechanisms (Biswas, 

2004; Blomquist and Schlager, 2005; Conca, 2006; Wester et al., 2013), river basin scale 

(Blomquist and Schlager, 2005; Warner et al., 2008; Molle, 2009), and implementation (Conca 

2006, Medema et al., 2008; Molle, 2008, Giordano and Shah, 2014), but there has relatively little 

study on the impact of IWRM-based water policy reform on the agricultural sector. While 

IWRM seeks to integrate multiple water users (i.e. domestic users, industrial users, agricultural 

users, and the environment), this integration is still intertwined with political, social, and 

economic bias. This study demonstrates that IWRM water policy reform is deeply political and 

carries substantial implications beyond the water sector to related sectors such as agriculture.  

IWRM water policy reform has serious implications for the agricultural sector and in 
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many places, like Peru, this reform is explicitly enrolled in agricultural development policy.  

This articulation is under studied. The case of Piura, Peru reflects the close coupling of water 

policy and agricultural policy through both the continued oversight of the Ministry of 

Agriculture over the National Water Authority as well as the prioritization of water licenses 

allotments to “high efficiency users” and high value uses of water (Roa-García et al., 2013). 

Furthermore, I argue that the 2009 Water Resources Law in Peru, which employed an IWRM 

framework, formalized and limited public participation within the newly formed river basin 

council, while concurrently strengthening technocratic water allocation institutions that limit the 

agency of smallholder water users to make agricultural land use decisions.  

My research, which is at the interface of water governance, agricultural policy, and 

climate change adaptation reflects the increasingly articulation between environmental sectors. 

Environmental governance has been a rich area of scholarship in geography, but these sectorial 

articulations have been understudied. This study seeks to demonstrate how reforms within the 

water sectors have enduring and profound implications by promoting the globalization of the 

Peruvian agricultural sector with implications for smallholder farmers and the environment.  

While water scholars have focused on the adaptive capacity of various water governance 

structures to increasing climatic variability and uncertainty (Pahl-Wostl, 2007; Engle et al., 2016; 

Engle and Lemos, 2010; Huntjens et al., 2012; Scott et al., 2013), far fewer studies have 

examined how adaptation is discursively reshaping water allocation decisions within highly 

technocratic water governance structures. The next section focuses on this facet of the study.  

  

7.2 Political Ecology of Water Reform & Climate Change Adaptation 

 An analytic understanding of the power relations embedded into multi-layered 

institutional arrangements is instrumental to understanding environmental and social outcomes, 

specifically the unequal access to and control over water among users (Wester et al. 2003; Leech 

et al. 1999). The focus on institutions within this study enables an understanding of how these 

institutional changes under IWRM reform are redressing, shifting, or further entrenching 

inequities among agricultural water users. 

IWRM policy reform provides an aperture for water managers to re-regulate water resources 

and, in doing so, to re-shape agricultural landscapes. Climate change adaptation is increasingly 

being enrolled in these policy reforms to legitimize allocation decisions in increasingly scarce 
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times. While adaptation is legitimized through institutionalization (Eriksen et al., 2015), 

conversely, the use of climate change adaptation as a techno-scientific discourse can justify the 

institutional reforms being carried forward under IWRM reform. However, adaptation initiatives 

and water policy reform do not occur in a political vacuum. They are entangled in larger political 

projects that seek to reshape land and water use toward the Peruvians state’s vision of a highly 

globalized agricultural sector.  

There is a growing body of literature that highlights that climate change adaptation is not an 

apolitical, scientific project, but rather an entangled socio-political process that has emerged as a 

new mode of governance—one that holds the potential to profoundly affect people’s lives based 

on future uncertainties (Eriksen et al. 2015; Watts 2015). Smucker et al. (2015) highlights the 

embedded nature of adaptation, “Rather than a simple imperative of response to imminent 

climate change, adaptation can be seen as a wider set of choices that are, however, deeply 

embedded in existing development institutions and practices” (pg. 48). An unreflective approach 

to adaptation policy, can lead to the co-option of adaptation to support macroeconomic goals 

rather than redress inequities and build social equity (Eriksen et al., 2011). The case study of 

Piura, Peru reflects the ways in which macroeconomic priorities are shaping adaptation measures 

far more than climatic drivers.  

 The concept of adaptation may be hotly contested by geographers (Watts, 2015), but it is 

imperative that scholars remain engaged in the discussion as adaptation plans and projects 

expand under nascent finance structures dedicated exclusively to funding adaptation. This project 

sought to engage directly with how adaptation is being enacted with an eye towards the 

underlying drivers of adaptation policy and its implications. Specifically, I examine the 2009 

Water Resources Law in Peru as it reflects a broader global trend toward the codification of 

climate change adaptation into broader policy reforms. While scholars have highlight that 

adaptation efforts are not isolated from broader policy reform pressures (Eakin and Lemos, 

2006), more studies such as this one, which examine how this interplay occurs in practice, are 

increasingly important.   

The Paris Climate Agreement, which was finalized in December, 2015 and is likely to go 

into effect in 2017, does more than create benchmarks for emission reductions, it also 

acknowledges that we are experiencing the effects of climate change, and will continue to for 

generations. Amongst the emission reduction targets, the preamble of the Paris Agreement 
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promises $100 billion for climate change adaptation aid. The United States alone agreed to 

double its adaptation aid to $800 million over the next five years. These emerging financial 

commitments represent a key transition for adaptation – from the conceptual to a tangible 

portfolio of funded projects that span the globe and seek to transform landscapes and livelihoods 

in order to address the escalating impacts of climate change. My research represents an avenue 

by which to understand how adaptation is materially and discursively reshaping landscapes. 

Studies such as this are increasingly important because while many geographers have asserted 

that adaptation simply doesn’t work, it is becomingly increasing clear that adaptation, as concept, 

is performing work across the landscape.  

   

7.3 Future Directions 

This study, as many master’s projects, raises more questions than perhaps it answers. 

Within Peru, there is an ongoing need for further study into the implication of the 2009 Water 

Resources Law for people on the ground. Piura is one of six pilot basins, but as this law 

continues to be implemented its affect on diverse water users across the Amazon, Sierra, and 

coast are needed. Additionally, while my study touched on national or regional level political 

dynamics shaping water policy and agricultural development, this research would be enriched by 

a deeper examination of how local politics, particularly within democratic, civil society irrigation 

groups, shape and are shaped by internal water allocation decisions.  Lastly, in Peru while there 

has been a shift toward demand side water management, there remains an often contradictory 

and isolated emphasis on publically funded or private-publically funded large-scale water 

infrastructure. Within Piura, there is a mega-irrigation project that was initiated in 2013 and is 

poised to irrigate 19,000 additional hectares. A rich area for future study would be the uneasy 

coexistence of demand side and supply side management in Peru and elsewhere.  

Beyond Peru, this study demonstrated the enduring importance of IWRM for water 

policy reform and the growing emphasis on climate change adaptation within these reform 

efforts. While many scholars have discounted IWRM, it continues to shape the nature of water 

policy reforms. Continued research into how IWRM is shaping water policy reform and its 

influence on local water users is crucial.  

Lastly, climate change adaptation is not going away. My research contributes to a 

growing canon of critical adaptation studies with geography, providing incisive reflections on the 
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underlying work being performed through “adaptation,” but ultimately with an eye toward 

finding more equitable avenues for addressing the escalating impacts of climate change.  By 

viewing adaptation projects through the lens of critical development studies and environmental 

governance, geographers are well poised to study the equity implications of adaptation processes, 

contributing to a call for adaptation finance structures to fund equitable, transformative, and 

long-term change for communities rather than fail those who are most vulnerable.   
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APPENDIX A: 
INTERVIEW QUESTIONS FOR IRRIGATION USER BOARDS (JUNTAS DE USUARIOS) 
  
Encuesta No.  
 

 

Fecha (més, día, año) 
 

 

Junta o Comisión  
 

 

Districto 
 

 

Cargo de la entrevistado  
 

 

Disclosure reviewed (Y/N?) 
 

 

 

INFORMACION SOBRE LA JUNTA 

Cuantos comisiones de riego son parte de la junta de usuarios?  

Como funciona la junta? 

Cuantos productores están representando por la junta?  Y cuantos hectáreas? 

INFORMACION SOBRE LOS SOCIOS  

Que tipo de productores están cultivando en el área de la junta?  

En promedio, cuanto de tierra posee los productor de la junta? Rango?  

Que cultivan? 

Hay muchas empresas agrícolas en esta zona? Cual tipo?  Reciben agua de la Junta? 

De que tamaño son? Donde quedan (mapa)? Cuando empezó esta expansión? Que cultivan?  

En general, que porcentaje de los ingresos del hogar de los productores viene desde la venta de  sus 
productos agrícolas? 

Cuales son las diferencias importantes entre productores que determinen su éxito?  

Cual porcentaje de los productores en la junta son dueños de la tierra que cultivan? Alquilan tierra? 

En esta zona los productores o sus familiares se emigran para trabajar durante el año? A dónde? A cual 
tipo de trabajo? 

En promedio, que edad tiene sus productores?  

INFORMACION SOBRE LA SISTEMAS DE PRODUCCION  
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Por tipo de cultivo, este se cultivo en campaña chica, campaña grande o en ambas? 

Han habido algunos cambios en las fechas de siembra o cosecha los últimos años? 

En los últimos 20 años, han habido cultivos que se han reemplazados por otros? Cuales y cuando pasó 
esta transición?  

INFORMACION SOBRE EL CLIMA   

Cuales son los efectos de El Niño en esta zona? Cómo afecta a la producción de las parcelas de sus 
productores?  

Ustedes tienen estrategias para mitigar estos efectos? 

Cuáles son los efectos de cambio climático en esta zona? Cómo afecta a la producción de las parcelas? 
Ustedes tienen estrategias para mitigar estos efectos?  

Cómo afecta CC en la toma de decisiones de las productores de la asociación? 

Que es el rol de la junta en enfrentando estos cambios? 

De que manera ha afectado las sequias a la producción de sus parcelas? En que años ocurrieron?  

INFORMACION SOBRE EL ACCESO DE LA TIERRA y EL AGUA  

Qué es la tendencia que usted ve en la tendencia de tierra de los productores de la junta?   

Hay productores que no están representado por la junta? Cuantos? 

Por cuantos meses pueden utilizar agua superficial para regar?  

Hay problemas con el acceso de sus productores a riego? Cuales?  

Cuales han sido los cambios que usted ha visto en términos del acceso al agua para los productores? (Ley 
de 2009?) 

Cuales son las necesidades en términos de infraestructura para la junta? 

Como una junta, que piensa sobre el proyecto de Alto Piura? Como lo cambiaría la producción de los 
productores? Como lo cambiaría la zona?  

Cuales son las problemas principales para San Lorenzo o Poeoches? Como esta afectando la producción 
de los productores y el zona? 

INFORMACION SOBRE LA POLITICA  

Como una junta, han recibido apoyo de un programa agrícola del gobierno?  

Y en el caso de los productores de la junta han recibido apoyo de un programa agrícola del gobierno?  

Que cambios han visto en los programas agrícolas del gobierno? 
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INFORMACION SOBRE EL MERCADO 

Qué es el mercado principal para los productores en la junta? 

Como se encentran estos mercados en general? 

Cual es la diferencia en precio entre los productos que exportan y que venden al mercado nacional?  

En los últimos 10 años, cual ha sido la tendencia de los precios? Hay mucha variabilidad? Qué factores 
determinan el precio?  

INFORMACION SOBRE LA TOMA DE DECISIONES   

Cuales son los factores mas importantes que los productores toman en cuenta para determinar cual de 
todos los cultivos  y hortalizas va a sembrar en cada parcela?  

Cuales son los cambios en el cultivo de sus productores que cree que pudieran ocurrir ?  

Cuales son los problemas mas graves que enfrentan los productores de la asociación 

Cuales son los conflictos que existen entre la junta? 

¡Gracias por su tiempo! ¿Tiene alguna pregunta sobre el estudio, o hay otra información que quiere 
compartir con nosotros?  

Otras Personas?  
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APPENDIX B: 
INTERVIEW QUESTIONS FOR IRRIGATION COMMISSIONS  

(COMISIONES DE USARIOS) 
 

Encuesta No.  
 

 

Fecha (més, día, año) 
 

 

Comisión  
 

 

Districto 
 

 

Cargo de la entrevistado  
 

 

Disclosure reviewed (Y/N?) 
 

 

 

INFORMACION SOBRE LA COMISION 

Cuantos productores son parte de la comisión de usuarios? Y cuantos hectáreas? 

Como funciona la comisión? 

INFORMACION SOBRE LOS SOCIOS  

Que tipo de productores están cultivando en el área de la comisión?  

En promedio, cuanto de tierra posee los productor de la comisión? Rango?  

Que cultivan? 

Como afecta la salinización de suelos en la producción de los productores de la comisión? (Bajo) 

Hay muchas empresas agrícolas en esta zona? Cual tipo?  De que tamaño son? Donde quedan (mapa)? 
Cuando empezó esta expansión? Que cultivan? (Medio, Alto Piura) 

En general, que porcentaje de los ingresos del hogar de los productores viene desde la venta de  sus 
productos agrícolas? 

Cuales son las diferencias importantes entre productores que determinen su éxito?  

Cual porcentaje de los productores en la comisión son dueños de la tierra que cultivan? Alquilan tierra? 

En esta zona los productores o sus familiares se emigran para trabajar durante el año? A dónde? A cual 
tipo de trabajo? 

En promedio, que edad tiene sus productores?  

INFORMACION SOBRE LA SISTEMAS DE PRODUCCION  
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Por tipo de cultivo, este se cultivo en campaña chica, campaña grande o en ambas? 

Han habido algunos cambios en las fechas de siembra o cosecha los últimos años? 

En los últimos 20 años, han habido cultivos que se han reemplazados por otros? Cuales y cuando pasó 
esta transición?  

INFORMACION SOBRE EL CLIMA   

Cuales son los efectos de El Niño en esta zona? Cómo afecta a la producción de las parcelas de sus 
productores?  

Ustedes tienen estrategias para mitigar estos efectos?  

Cuáles son los efectos de cambio climático en esta zona? Cómo afecta a la producción de las parcelas? 
Ustedes tienen estrategias para mitigar estos efectos?  

Cómo afecta CC en la toma de decisiones de las productores de la asociación? 

Que es el rol de la comisión en enfrentando estos cambios?  

De que manera ha afectado las sequias a la producción de sus parcelas? En que años ocurrieron?  

INFORMACION SOBRE EL ACCESO DE LA TIERRA y EL AGUA  

Qué es la tendencia que usted ve en la tendencia de tierra de los productores de la comisión?   

Hay productores en este área que no están representado por la comisión? Cuantos? 

Por cuantos mese pueden utilizar agua superficial para regar? (alto) 

Hay problemas con el acceso de sus productores a riego? Cuales?  

Cuales han sido los cambios que usted ha visto en términos del acceso al agua para los productores? (Ley 
de 2009?) 

Cuales son las problemas principales para Poeoches? Como esta afectando la producción de los 
productores y el zona? (Medio, Bajo Piura)  

Como una junta, que piensa sobre el proyecto de Alto Piura? Como lo cambiaría la producción de los 
productores? Como lo cambiaría la zona? (Alto Piura)  

INFORMACION SOBRE LA POLITICA  

Hay programas agrícola del gobierno que trabaja en la zona en el tema de reconversión de la tierra?  

Y en el caso de los productores de la comisión ha recibido apoyo de un programa agrícola del gobierno?  

INFORMACION SOBRE EL MERCADO 

Qué es el mercado principal para los productores en el comisión? 
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Que es el rol de los molineros en la sistema de producción? Como se influyen en la producción de la 
zona?  

Cual es la diferencia en precio entre los productos que exportan y que venden al mercado nacional?  

En los últimos 10 años, cual ha sido la tendencia de los precios? Hay mucha variabilidad? Qué factores 
determinan el precio?  

INFORMACION SOBRE LA TOMA DE DECISIONES   

Cuales son los factores mas importantes que los productores toman en cuenta para determinar cual de 
todos los cultivos  y hortalizas va a sembrar en cada parcela?  

Cuales son los cambios en el cultivo de sus productores que cree que pudieran ocurrir ?  

Cuales son los problemas mas graves que enfrentan los productores de la asociación 

¡Gracias por su tiempo! ¿Tiene alguna pregunta sobre el estudio, o hay otra información que quiere 
compartir con nosotros?  

Otras Personas?  
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APPENDIX C: 
INTERVIEW QUESTIONS FOR AGRICULTURAL ASSOCIATIONS 

 
Encuesta No.  
 

 

Fecha (més, día, año) 
 

 

Asociación  
 

 

Districto 
 

 

Cargo de la entrevistado  
 

 

Disclosure reviewed (Y/N?) 
 

 

 

INFORMACION SOBRE LA ASOCIACION 

Cuantos miembros son parte de la asociación?  

Como empezó la asociación? Cuando? 

Como funciona la asociación? Cuentan con apoyo técnico?  

INFORMACION SOBRE LOS SOCIOS  

En promedio, cuanto de tierra posee cada productor? Rango?  

Dónde están ubicadas las tierras de sus productores? (mapa) 

En general, que porcentaje de los ingresos del hogar proviene de la venta de X? 

En promedio, cuanta es la ganancia proveniente de la venta de X? 

Además de X, los socios producen otros cultivos también? 

Cuales son las diferencias importantes entre productores que determinen su éxito?  

Los socios (o miembros) de la asociación son dueños de la tierra que cultivan? Alquilan tierra? 

¿En promedio, cuántas personas trabajan en la parcela de los socios de manera permanente? En general, 
es mano de obra familiar o externa? 

Los productores o sus familiares emigran para trabajar en otros lugares durante el año? A dónde? En qué 
trabajan? 

En promedio, que edad tienen sus productores?  

INFORMACION SOBRE LA SISTEMAS DE PRODUCCION  
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Por tipo de cultivo, este se cultivo en campaña chica, campaña grande o en ambas? 

Han habido algunos cambios en las fechas de siembra o cosecha los últimos años? 

En los últimos 20 años, han habido cultivos que se han reemplazados por otros? Cuales y cuando pasó 
esta transición?  

INFORMACION SOBRE EL CLIMA   

Cuales son los efectos de El Niño en esta zona? Cómo afecta a la producción de las parcelas de sus 
productores?  

Ustedes tienen estrategias para mitigar estos efectos?  

Cuáles son los efectos de cambio climático en esta zona? Cómo afecta a la producción de las parcelas? 
Ustedes tienen estrategias para mitigar estos efectos?  

Cómo afecta CC en la toma de decisiones de las productores de la asociación? 

De que manera ha afectado las sequias a la producción de sus parcelas? En que años ocurrieron?  

INFORMACION SOBRE EL ACCESO DE LA TIERRA y EL AGUA  

Cuál es la tendencia que usted percibe en la tendencia de tierra de los productores de la asociación?  

Cuantos de sus productores tienen pozos?  

Por cuantos meses pueden utilizar agua superficial para regar?  

Hay problemas con el acceso de sus productores al riego? Cuales?  

Cuales han sido los cambios que usted ha visto en términos del acceso al agua para los productores? (Ley 
de 2009?) 

Como una asociación, que piensa sobre el proyecto de Alto Piura? Como lo cambiaría la producción de 
los productores? Como lo cambiaría la zona?  

INFORMACION SOBRE LA POLITICA  

Como asociación, han recibido apoyo de un programa agrícola del gobierno?   

Y en el caso de los productores de la asociación han recibido apoyo de un programa agrícola del 
gobierno?  

Que cambios han visto en los programas agrícolas del gobierno? 

INFORMACION SOBRE EL MERCADO 

Cual es el mercado principal para la asociación? 

Como encontró este mercado? 
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Dónde vende el producto que no puede exportar? 

Cual es la diferencia en precio entre los productos que exportan y que venden al mercado nacional?  

En los últimos 10 años, cual ha sido la tendencia de los precios? Hay mucha variabilidad? Qué factores 
determinan el precio?  

INFORMACION SOBRE LA TOMA DE DECISIONES   

Cuales son los factores mas importantes que los productores toman en cuenta para determinar cual de 
todos los cultivos  y hortalizas va a sembrar en cada parcela?  

Cuales son los cambios en el cultivo de sus productores que cree que pudieran ocurrir ?  

Cuales son los problemas mas graves que enfrentan los productores de la asociación?  

Cuales son los conflictos que existen entre los productores?  

¡Gracias por su tiempo! ¿Tiene alguna pregunta sobre el estudio, o hay otra información que quiere 
compartir con nosotros?  

Otras personas? 
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APPENDIX D: 

THEMES USED IN ITERATIVE CODING 
 

• Agricultural Associations: Benefits 
• Agricultural Associations: Expansion 
• Agricultural Associations: Formation 
• Agricultural Associations: Resistance 
• Agro-Export Expansion: Water Access 
• Agro-Export Expansion: Land Access 
• Agro-Export Expansion: General 
• Climate Change Adaptation Measures 
• Climate Change Impacts 
• Commercialization 
• El Niño: Prevention 
• El Niño: Vulnerability 
• Governmental Agricultural Policy: Agro-Export Support 
• Governmental Agricultural Policy: Associativity 
• Governmental Agricultural Policy: Reconversion 
• Governmental Agricultural Policy: General 
• Institutional Roles: Central Government  
• Institutional Roles: Agricultural Associations 
• Institutional Roles: Comunidades Campesinas  
• Institutional Roles: Irrigation Commissions 
• Institutional Roles: User Boards 
• Institutional Roles: NGOs 
• Institutional Roles: Regional Government 
• Institutional Roles: River Basin Council  
• Land Tenure: Consolidation 
• Land Tenure: Fragmentation 
• Land Tenure: Titling 
• Land Tenure: General 
• Migration 
• Proyecto Especial de Irrigaciòn e Hidroeléctrico del Alto Piura (PEIHAP) 
• Poechos Dam 
• Salinization 
• Water Narratives: Groundwater 
• Water Narratives: Surface Water 
• Water Narratives: Water Licensing  
• Water Narratives: Water Scarcity  
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