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ABSTRACT
Cities in the global South are confronting unprecedented challenges to urban
sustainability and equitable development, particularly in the realm of water provision.
Nearly 1.5 billion people worldwide suffer from a lack of safe access to drinking water
and sanitation –an increasing proportion of whom reside in cities. Meanwhile, in the gaps
of the grid, a diversity of water harvesting and reuse techniques, infrastructures, and
institutional arrangements has emerged to provision poor households. Despite the
burgeoning presence of this informal water sector, little is known about its institutional
character, environmental impact, or relationship with state provision and private supply.
Drawing on qualitative and quantitative data collected during nearly 13 months of
fieldwork in Tijuana, Mexico, this dissertation queries how informal water use is
managed, whether informal water use constitutes an alternative economy and sustainable
environmental practice, and to what degree informal water use redefines urban space and
alternative development possibilities. Findings reveal that: 1) despite historical efforts in
Mexico to federalize and centralize the control of water resources, state action opens
‘gaps’ in the hydrosocial cycle, and informal institutions manage these ‘extralegal’
spaces; 2) informal water use is widespread across socioeconomic levels in Tijuana,
largely managed by household-based institutions, and conserves a surprising degree of
municipal water;

and 3) the spatiality of contemporary water infrastructures and

economies is highly diverse–ranging from bottled water markets to non-capitalist, selfprovisioning greywater reuse-and is in fact constitutive of ‘splintered urbanism’ and
alternative modes of development.
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INTRODUCTION
In Esmeralda, city of water, a network of canals and a network of streets
span and intersect each other. To go from one place to another you have
always the choice between land and boat: and since the shortest distance
between two points in Esmeralda is not a straight line but a zigzag that
ramifies in torturous optional routes, the ways that open to each passerby
are never two, but many, and they increase further for those who alternate
a stretch by boat with one on dry land.
And that is not all: the network of routes is not arranged on one level, but
follows instead an up-and-down course of steps, landings, cambered
bridges, hanging streets. Combining segments of the various routes,
elevated or on ground level, each inhabitant can enjoy every day the
pleasure of a new itinerary to reach the same places.
A map of Esmeralda should include, marked in different colored inks, all
these routes, solid and liquid, evident and hidden. It is more difficult to fix
on the map the routes of the swallows, who cut the air over the roofs,
dropping long invisible parabolas with their wings, darting to gulp a
mosquito, spiraling upward, grazing a pinnacle, dominating from every
point of their airy paths all the points of the city
Italo Calvino, Invisible Cities, pp. 88-89
La Calle Salvatierra runs off Mexico’s Highway 1, tracing the crooked spine of
the Tijuana River basin, before it swerves abruptly at the city landfill and drops into
Cañon de Los Laureles. In seconds, Oscar 1 and I leave behind the bustle and chaos of
downtown Tijuana for the dusty enclave of San Bernardo: an informal settlement, known
as a colonia popular, enveloping the sides of the denuded canyon (Figure 1). 2 We drive
carefully on the unpaved, crumbling roads, weaving past shacks made of garage doors

1

Trusted informant, Tijuana water guru, and friend.
“Colonia” simply means “neighborhood” in Spanish. Colonias populares are neighborhoods that were
settled using informal techniques, such as by invading private or public tracts of land (thus becoming
asentamientos irregulares, or “irregular settlements”).

2
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and concrete block. Small outdoor patios are filled with kitchen gardens and potted
plants, fed by recycled greywater from washing machines. Most homes connect to piped
water, but none have sewerage. Plastic pipes empty untreated wastewater directly into the
street, carving a narrow gully through the chalky limestone. Oscar and I meet one of the
colonia leaders at her home, which has become a storehouse for the handmade, pervious
tiles that will soon carpet the muddy streets of San Bernardo (Figure 2). In an attempt to
curtail excess runoff, reduce erosion, and provide much-needed infrastructure, San
Bernardinos are paving their own roads, recycling their own water, crafting their own city
within a city.
San Bernardo, like Calvino’s fictional Esmeralda or Friedrich Engels’ nineteenthcentury Manchester, is one of Tijuana’s many invisible cities: the peripheral spaces
exploited by capital and neglected by the state. Over a century ago, Engels walked the
streets of Manchester, surveying the forgotten slums of the industrial north.
What is true of London, is true of Manchester, Birmingham, Leeds, is true
of all great towns. Everywhere barbarous indifference, hard egotism on
one hand, and nameless misery on the other, everywhere social warfare,
every man’s house in a state of siege, everywhere reciprocal plundering
under the protection of the law, and all so shameless, so openly avowed
that one shrinks before the consequences of our social state as they
manifest themselves here undisguised, and can only wonder that the whole
crazy fabric still hangs together (1996, 60).
Unlike the blunt misery of Engel’s Manchester, however, San Bernardo–with its colorful
buckets and octagon tiles–is also a place of possibility. Its pervious streetscape is a
tangible outcome of work and water: a self-organized assemblage of concrete and clay,
an emergent lattice of liquid and labor flows, an unfolding site of immanent difference.
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“Even the most striated city gives rise to smooth spaces,” write Gilles Deleuze and Félix
Guattari (1987, 551). While sorrow lives here, so does hope.
The “crazy fabric” of San Bernardo, evidenced by the chaotic mishmash of formal
and informal water networks, is not isolated to Tijuana. Throughout Mexico and
elsewhere in the global South, provision of municipal water supply is a formidable
development challenge. Nearly 1.5 billion people worldwide lack safe access to drinking
water and sanitation (UN-HABITAT 2003; UNWWAP 2006), and an increasing
proportion resides in cities (UNWWAP 2003, 2006). Over 900 million urban dwellers
live without adequate water provision (UNCHS 2006), many in rapidly growing slums
encircling the urban core (Davis 2006; UN-HABITAT 2003; UNWWAP 2006) and still
others in established neighborhoods with decrepit and aging infrastructure (Bakker et al.
2008). The scale and velocity of contemporary urbanization, moreover, has constrained
formal institutional capacity to provide safe drinking water and sewerage to the world’s
921 million residents of urban slums (UN-HABITAT 2003; UNWWAP 2006). Coupled
with urbanization, shifts to public-private water management have failed to reduce the
service gap, compelling scholars to theorize water as an uncooperative commodity in an
uneven economy, within an increasingly fragmented urban landscape (Bakker 2005;
Gandy 2004, 2005a, 2006, 2008; Swyngedouw 2004; UN-HABITAT 2009).
Meanwhile, in the gaps of the grid, informal water infrastructure and management
institutions have emerged in cities around the globe (Gleick et al. 2002). Urban dwellers
in Jakarta, for example, rely on a mixture of public, private, and communal water
sources, regardless of income level or physical proximity to the municipal grid (Bakker
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2007). In Lagos and Guyaquil, neighborhoods supply water through network connections
(some legal, others not), as well as roaming tanker trucks, bottled water, and informal
sharing agreements (Gandy 2005b, 2006; Swyngedouw 2004). Mumbai and Mexico City
residents rely on a flexible mix of tankers, rainwater collection, and clandestine network
connections to bridge massive sociospatial inequalities of water access (Gandy 2008;
Pezzoli 1998; Tortajada 2006). Everyday in Tijuana, residents develop water supply
technologies and management strategies: such as harvesting rooftop rainwater to
supplement drinking supply, or reusing greywater (a type of domestic wastewater without
toilet or sink effluent) to irrigate citrus trees and kitchen gardens (Gaxiola Aldama 2004).
“Faced with official neglect,” observes Mike Davis (1996, 35), “the rank-and-file
Tijuanenses have built the city, as they have built their homes and lives: from the ground
up, in small, hopeful increments. In the absence of public investment, neighborhoods
improvise their own infrastructures.”
Yet the institutional and socioeconomic character of these informal systems, as
well as the broader role of informal “technonatures” in the urban fabric, is poorly
understood. What are the institutional conditions that produce and sustain informal water
use? How much water circulates through the informal economy, and what specific
economic practices, technologies, and spaces does it produce? Does informal water use
represent an alternative to capitalist urban development, or is it simply an extension of
formal sector “governance failure” (Bakker et al. 2008)? How do rain and greywater,
mundane and accessible natural resources, transform household economies and the
spatial politics of provision in Mexico’s fastest-growing city?
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This dissertation asks how informal water institutions and infrastructure operate,
how they direct resource flows, and how they transform urban space and the conditions
for alternative forms of development. More specifically, the study examines the political
conditions that give rise to informal water use; the economic and environmental
metabolism of household water; and the role of residential water harvesting in building
and maintaining development alternatives. In so doing, the dissertation clarifies the
ecological dimensions of diverse economies (Gibson-Graham 1996, 2006, 2008) and
examines the social relations that produce an everyday political ecology of the city
(Heynen, Kaika, and Swyngedouw 2006). My research questions are threefold:

1. What are the political and jurisdictional conditions that produce informal water use?
2. How much water circulates through the informal economy, and what specific
economic practices, technologies, and spaces does informal water use produce?
3. In what ways does informal water use establish conditions for alternative modes of
development?

The dissertation examines these questions using a case study of informal water
provision in Tijuana: a semi-arid metropolis of 1.2 million situated on the northwestern
frontier of Mexico, just south of the international border with the United States. Like
many cities in the South, Tijuana’s history reflects deep patterns of uneven development,
but its large population, rapid rate of growth (5.33 percent annually), and limited water
supply (imported from the Colorado River) make the search for sustainable water
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alternatives even more urgent (Liverman et al. 1999; Michel 2000a; Mumme and Aguilar
Barajas 2003). Drawing on qualitative and quantitative data from nearly 13 months of
fieldwork, my research queries how informal water use is managed, whether informal
water use constitutes an alternative economy and sustainable environmental practice, and
to what degree informal water use redefines urban space and alternative development
possibilities. This approach opens new theoretical terrain in geography by uniting
theoretical critiques from feminist political economy with environmental and social
justice concerns from urban political ecology, centered on the informal dimensions of
water supply.

Research Problem and Context
Desert cities in the global South, particularly along the U.S.-Mexico border, face
critical shortages in water supply due to persistent droughts, rapid urbanization, and the
broader politics of municipal provision (GNEB 2000; Ingram, Laney, and Gillian 1995;
Liverman et al. 1999). This dissertation is significant in that it traces the informal
production and circulation of “new” water supply.
Tijuana is an ideal case study for numerous reasons. First, its physical geography
is marked by severely limited water availability. The city is located within the Tijuana
River basin: a relatively small, semi-arid watershed of approximately 4424 km2 that
bisects the western end of the U.S.-Mexico border (CONAGUA 2006). On average, the
Tijuana River watershed receives only 196 mm of annual precipitation (primarily during
the winter months, December-March), placing it among the driest basins in Mexico
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(CONAGUA 2006). Moreover, local aquifers are subject to saltwater intrusion from
over-extraction. Consequently, Tijuana imports its municipal water supply from the
Colorado River, as part of Mexico’s yearly allocation of 1,850.2 hm3 (1.5 million acrefeet/year, or 1.8 million m3) ensured by the 1944 International Waters Treaty
(CONAGUA 2006).
Second, the regional scarcity of water resources has forced state officials to
explore supply alternatives, such as desalinization and municipal reuse of highly treated
effluent (CESPT 2003; USEPA 2003c). Tijuana is one of the few Mexican cities to
formally treat and redistribute wastewater (through a system known as la línea morada or
the “purple pipe”) for nonpotable uses, such as the irrigation of public parks (Brown
2003; Brown et al. 2003; Michel 2000a, 2000b; Mumme and Aguilar Barajas 2003).
Formal water reuse typically involves large-scale engineering efforts and state regulatory
oversight. While much ink has been spilled on the contentious politics of formal reuse in
the region (e.g. Brown 1998; Brown et al. 2003; Campbell 2003; GNEB 2000b; Michel
2000b), informal reuse is far less understood, particularly as it intersects with statemanaged and market-based water provision.
Finally, and perhaps most importantly, Tijuana is characterized by a dense
juxtaposition of formal and informal urban spaces –marking a type of “splintered
urbanism” that challenges longstanding geographic theories of urban growth and
development (McFarlane and Rutherford 2008; Robinson 2006). Like many cities in the
South, Tijuana is a crazy quilt of technological networks and off-grid neighborhoods,
modern amenities and traditional practices, affluent enclaves and unplanned settlements.
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While dramatic disparities in wealth have indeed shaped the urban landscape, Tijuana’s
unique social history has also given rise to a “do-it-yourself city”: a brand of bootstrap
urbanism that sustains community-managed infrastructure and institutions (Davis 1996).
Thus, Tijuana’s patchwork of formal (grid) and informal (off-grid) water use prompts key
empirical and theoretical questions for the morphology and development of cities, for
water management in arid regions, and for the status of local livelihoods in the face of
uneven economic and environmental change.

Literature Review
Geographies of Water Governance
Geography has a long-standing tradition of placing formal water supply at the
center of inquiry. Water resources geography has made significant contributions to
understanding risk and vulnerability, institutions, transboundary conflicts, and policyoriented aspects of water problems (e.g. Brown 2003; Gleditsch et al. 2006; Norman and
Bakker 2009; Wescoat 1992; White 1945, 1957; Yoffe, Wolf, and Giordano 2003). For
example, while many social scientists draw on Elinor Ostrom (1990, 1993) to situate
institutions as rules and decisions that shape collective action, geographers have further
revealed the ways that law and legal instruments, government bureaucracies, nongovernmental efforts, and policy trends have materially shaped water flows and conflicts
(Bauer 1998, 2004; Norman and Bakker 2009; Wilder and Romero Lankao 2006).
Critical insights from political ecology, moreover, have applied concerns of political
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economy to problems of water governance, examining the dialectical ways in which
capital both produces and is metabolized by urban water networks, often with sociallyunjust results (Budds 2004; Gandy 2002, 2004, 2005; Kaika 2005; Loftus and Lumsden
2008; Loftus and McDonald 2001; Swyngedouw 1999, 2004; Walker and Williams
1981).
To a lesser degree, informal practices of securing water supply are also present in
geographic and water resources literature, though most studies are relegated to rural
settings in the South or treated as technical problems in the affluent North. In the South,
geographic research has long chronicled domestic and agricultural water harvesting by
rural peasants (e.g. White, Bradley, and White 1972), emphasizing the resiliency of usos
y costumbres–or traditional, customary institutions–as modern forms of water governance
(Meehan 2005; Perreault 2008). Using different techniques, engineers have also
examined informal water flows in the countryside: with the twin goals of modeling water
inputs and outputs within small-scale, rain-fed agricultural systems (Ngigi 2003) and
subsequently aggregating harvesting impacts to the watershed level (Ngigi, Savenije, and
Gichuki 2007).
In the North, informal water use is cast as urban, modern, and “green.” Water
harvesting is promoted as a “best management practice” for achieving sustainability in
cities, with the objective of either abating excessive stormwater flows (e.g. City of
Portland 2000) or increasing regional water efficiency by diminishing the amount of
drinking water spent on non-potable uses (e.g. City of Albuquerque; Phillips 2003; Texas
Water Development Board 2005). While a proliferation of “how-to” guides have
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established basic design principles for the construction and maintenance of harvesting
systems (e.g. Lancaster 2006, 2008; Ludwig 2006), the institutional and political nature
of informal water use has been left untouched.
In a nutshell, studies on informal water use have been largely rural or technical,
but rarely urban, economic, or political. This dissertation draws together these disparate
literatures to advance a political analysis of informal water use in the city.
The Political Ecologies of Urbanization
This dissertation also builds on urban geographic literature that examines the
political nature of infrastructure and the powerful role of “nature” in the city (e.g. Gandy
2002, 2004; Kaika 2006; Kooy and Bakker 2008a, 2008b; McFarlane and Rutherford
2008; Robbins, Polderman, and Birkenholz 2001). While Tijuana colonias have been
described as byproducts of poor urban planning and weak models of state governance
(Brown 1998; Michel 2000a, 2000b), it can simultaneously be understood that informal
settlements and their environmental activities help to create urban space and governance.
Urban theorists have demonstrated the relational ways in which infrastructure networks–
particularly water and sewerage–are in fact constitutive of the city: networks alter social
relations, impose forms of political discipline, and direct value across the urban landscape
(Harvey 1989; Gandy 2002, 2004; Kaika and Swyngedouw 2000; Kooy and Bakker
2008a, 2008b; Loftus and Lumsden 2008; McFarlane and Rutherford 2008). Nature and
infrastructure are not simply products of political economy, but also participants in the
constitution of capitalism (Gandy 2005; Haraway 2008).
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At the same time, political ecologists have shown that non-humans and
technological systems do not impose or receive exclusively state and capitalized logics.
Fishing and fishing technologies create space for certain forms of communal economic
practice (St. Martin 2001, 2005, 2006); lawns and lawn care technology discipline
particular subjects and neighborhoods (Robbins 2007); tubewells help shape the contours
a water commons within export-driven irrigation landscapes (Birkenholtz 2009a; 2009b);
companion species co-produce domestic subjects that work both for and against capitalist
imperatives (Haraway 2008). Nor are these environmental communities and subjects
isolated from state practice, but work in concert with (Agrawal 2005), and sometimes in
contradiction against (Zimmerer 1991), state mandates. This study thus starts from the
observation that “there is nothing intrinsically unnatural about the city” (Harvey 1996),
but advances urban political ecology to consider the ways in which a naturalized object–
in this case, water–catalyzes a variety of urban spaces, economies, and subjects.
The Diverse Economy
In recent years, many studies have documented broad shifts in the economic
geography of water. The transition from state to public-private management reflects a
worldwide trend in neoliberal models of water resource management: raising uncertainty
about equity, distributive effects, and environmental sustainability in developing
countries (Bakker 2003, 2007; Bauer 1997, 2004; Budds 2004; Perreault 2005). Scholars
have emphasized the regulatory snares, institutional problems, and citizen responses to
public-private water management in urban areas (Bakker 2003; Swyngedouw 2005).
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Recent work highlights the uneven involvement of private sector firms in developing
cities (Bakker 2003) and the chronic lack of sewerage under private governance and state
control (Loftus and McDonald 2001; Gandy 1999, 2002). Political ecologists call for
critical research on urbanization and the lack of water infrastructure to poor areas,
including informal settlements (Heynen, Kaika, and Swyngedouw 2006; Swyngedouw
2004). These engagements have largely brought to light the socioeconomic formation of
the grid: the formal water infrastructure (pipes) and institutional arrangements (practices)
mediated by the state and/or private sector.
Yet not all water arrives in city pipes, as Tijuana makes evident. A spin through
San Bernardo reveals a diverse topography of informal water use: black plastic cisterns
filled by rainfall, kitchen gardens fed by small washing machines, berms and basins that
collect storm runoff, illicit connections supported by informal sharing agreements.
Despite their prevalence, the economic character of these “off-grid” systems remains
theoretically and empirically neglected. Are these institutions captured under the
ontological umbrella of capitalism? Or, perhaps, are there other governing dynamics at
work?
Economic practices that fall “outside” the realm of formal market relations are
often cast as apolitical, technical problems or treated as temporary, “local” phenomena
that are invariably swept into a voracious capitalist market (Gibson-Graham 1996, 2006).
Clearly, the presence of informal water use is linked to global and specifically neoliberal
transformations of the water sector (Bakker 2005; Swyngedouw 2005). However, this
“capitalocentric” reading of the economy posits the production of economic value as a
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strictly capitalist activity, to the detriment of multiple economic practices, subjects, and
spaces (Gibson-Graham 1996, 2006; Pavlovskaya 2004; St. Martin 2001; Williams and
Round 2007). Drawing on poststructuralist, feminist, and anti-essentialist influences, J.K.
Gibson-Graham posit: (1) a theory that invokes diverse representations of the economy;
and (2) a non-capitalocentric practice for building community economies. This
dissertation mobilizes this theoretical approach to conceptualize, measure, and animate
the economic and water flows of the household –a key site in the production of urban
space and noncapitalist futures.
Toward an Ontology of the Site
Finally, in the wake of efforts to “rematerialize” human geography (e.g. Braun
2006; Robbins and Marks 2009), this dissertation represents an empirical contribution to
theoretical interpretations of the site. The site ontology–as an analytical framework and
locus of liberatory politics–emerges generally from feminist and postructuralist efforts to
recognize “difference” and treat it seriously (e.g. Gibson-Graham 2006; Haraway 2008)
and specifically from critiques of scale in human geography (e.g. Marston 2000; Jones,
Woodward, and Marston 2007; Marston, Woodward, and Jones 2005).
Water harvesting households in Tijuana, then, may be understood as “immanent
(self-organizing) event-spaces (singularities) that are differentiated and differentiating,
but whose emergent properties also include congealments and blockages” (Woodward,
Jones and Marston forthcoming). In other words, households are constitutive of the city.
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This approach stands in stark contrast to standard geographic narratives of political
economy, whereby:
economic macro-isms are articulated alongside their attendant ‘global
spaces’, while (minor? reproductive?) social practices are cordoned off in
their respective localities (or even homes), thereby eviscerating agency at
the one end of the hierarchy in favour of such terms as ‘global capitalism’,
‘international political economy’, ‘larger scale forces’, and ‘national social
formations’, while reserving for lower rungs examples meant to illustrate
the ‘unique manifestations’ of these processes in terms of local outcomes
and actions” (Marston, Jones, and Woodward 2005, 421).
Households, under this reading and in contrast to Kaika (2004, 2005), are not “small”
scales or passive receptacles for macroeconomic shocks (Marston 2000; Marston and
Smith 2001), but are assemblages of dense materialities, situated economic and political
practices, bodies and objects, and multiple subjectivities that actively produce economies
–sometimes oppressively capitalist, sometimes not. This dissertation thus rejects the
transcendental and often totalizing discourse of capitalism (Gibson-Graham 2006, 2008),
favoring instead an immanent and materialist theory [and practice] of economy, nature,
and society. Theoretical underpinnings and projections are further detailed in Appendix
A.

Explanation of the Dissertation Format
This dissertation consists of four appended articles. The first paper, entitled
“Social Natures” (Appendix A), reviews geographic scholarship on nature-society
relations to further develop the site ontology for human-environment research. The article
was a collaborative piece with Jennifer Rice: each author contributed 50% of the
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intellectual and writing effort. The essay is forthcoming in A Companion to Social
Geography.
The second paper, “Territorializing Water in Mexico” (Appendix B), will form
part of a special issue on “The Hydrosocial Cycle” for Geoforum. The article maps the
political and jurisdictional territories of Tijuana’s water in two ways. First, the paper
briefly chronicles the development of state authority over water in Mexico, starting in the
late nineteenth century and continuing to the present. The article then explores the limits
to territorialization, using the analytic of the “hydrosocial cycle” to locate formal
institutional lacuna in Mexico’s waterscape. Drawing on two case studies of informal
water use–a rural rainwater harvesting project in central Mexico and urban greywater
reuse in Tijuana–the article discusses the political implications of these “gaps” in state
territory.
The third article, “Greywater and the Grid: The Diverse Economies of Informal
Water Use” (Appendix C), draws on ethnographic and survey data to explain the diverse
economic practices, infrastructures, and urban spaces produced by informal water use. I
argue that while the multiple economies of informal water use–and in particular,
domestic greywater reuse–produce a “splintered” spatial tapestry of the city, the urban
fragmentation of Tijuana also serves as grounds for sustainable environmental practice
and alternative economic development. The article will be submitted to the Annals of the
Association of American Geographers.
The fourth and final article, “Accumulation by Repossession: Development
through Illegal Water Provision” (Appendix D), considers “development” as it occurs
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through self-organized, bootstrap assemblages. Drawing on two case studies of illegal
water provision in Tijuana, the article examines the degree to which institutional
practices (e.g. norms, rules, and decisions) structure unauthorized provision, and uses
these case studies to imagine alternative modes of community development and water
management. The article has been invited for submission to Environment and Planning
D, for a special issue on “Political Ecologies of Water and Development.”
The following chapter provides an overview of the research methods and data
collected for the four articles described above. A brief summary of major findings is also
provided.
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PRESENT STUDY
The methods, results, and conclusions of this study are presented in the papers
appended to this dissertation. The following sections are a summary of the research
framework and key findings.

Methods and Data Analysis
Given the emergent and flexible properties of the informal water sector, this study
takes an extensive and intensive approach to understanding water use practices,
economies, and spaces. Field research was conducted in Tijuana for nearly 13 months
between 2006 and 2009, including an 11-month stint during 2008. Approval from the
University of Arizona’s Institutional Review Board (“Human Subjects”) to conduct this
research is included in Appendix F.
The research approach was grounded by four methods of data collection: 1)
interviews with key decision-makers and observation of formal sector meetings; 2)
participant observation of a neighborhood stormwater harvesting project; 3) a household
water use survey; and 4) oral histories of household water reuse technologies. Each
technique is described in turn (see also Table 1).
Interviews and Observation
The dissertation aims to trace connections between formal (i.e., state agencies)
and informal institutions (i.e., households) by analyzing the political and jurisdictional
territories of water in Mexico. To do so, I conducted approximately 37 semi-structured
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interviews with formal and informal sector decision-makers (Table 2). Sampling was
purposive to include a wide range of stakeholder groups: including federal and city water
managers,

utility

engineers,

colonia

residents,

environmentalists,

development

practitioners, and urban planners. Interview scripts contained both structured and openended questions to encourage a broad range of responses. Interviews were either digitally
recorded and later transcribed into text, or hand-recorded as field notes.
Interview data were supplemented with direct observation of formal sector
meetings of key water management decision-makers (n=13). Meetings were purposively
selected to elicit a range of government jurisdictions, organized from the federal to
watershed level (Table 3). During these meetings, decision-makers discussed regional
water challenges, organizational and policy obstacles, wastewater problems, and urban
sustainability issues. Field notes were recorded during meetings.
Finally, I collected key documents (e.g. the Mexican Constitution, laws, local
regulations, white papers, published policy recommendations) and secondary water
histories to compliment information gleaned from interviews and observation. Formal
and informal water use data were examined and organized according to categories of
jurisdiction, management, and control.
Participant Observation
To understand how Tijuana residents developed water harvesting as an alternative
economic and institutional practice, for 11 months I participated in a stormwater
harvesting project with an established community group in San Bernardo.
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Participant observation allowed me to witness the everyday engineering of
institutions and infrastructure. Although the method often entails ethical dilemmas
regarding researcher-participant power relations (Angrosino and Mays de Pérez 2003), I
emphasized the iterative cycle of action-reflection as the group and I move through stages
of research (Cameron and Gibson 2005; Gibson-Graham 2006; Kindon 2005). Living
nearby, I contributed my technical skills in water harvesting (e.g., site assessment,
greywater system design, cistern implementation, and construction of earthworks such as
berms, check dams, and stormwater collection basins) as we made progress towards
project goals. Observations, conversations, sketches, and comments were recorded in
field notebooks. Data were analyzed to understand the diverse motivations, adaptive
strategies, institutions, and infrastructure systems in community water harvesting.
Household Survey
In order to understand the economic and material flows of household water
provision across Tijuana, a residential water use survey was administered (n=400). The
overall aim was to elicit basic quantitative information on household water supply/reuse
techniques and quantities, institutional design principles, and economic benefits of
informal water management.
An adaptive clustering strategy (a variant of stratified sampling) was used to
achieve sampling equality between harvesting and non-harvesting households, an
approach based on a similar survey done in Nogales, Sonora (Austin et. al 2007). In an
ArcGIS database, I clustered Tijuana’s census tracts by specific criteria: access to public
wastewater service, which also stands as a proxy for socioeconomic levels (see Figure 1).
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All tracts were located within Tijuana and the boundaries of the Tijuana River
Watershed. Using Jenks’ natural breaks to divide the tracts into 5 classes, I randomly
sampled 4 tracts from each cluster, bringing the overall total to 20 tracts. Field-based
methods were utilized to randomly sample 20 households per tract.
Together with the Tijuana River Estuary National Research Reserve and Tijuana
Calidad de Vida (a local environmental group), our team of 8 assistants, 3 survey
managers, and myself were able to obtain 400 completed surveys in just 5 days. Using a
structured questionnaire, residents were queried on household income, expenditures, and
demographics, access to infrastructure (e.g. paved roads, electricity, sewerage), water
sources, reuse and harvesting methods, and specific water applications. Back in Tucson,
with the aid of research assistants, data were cleaned, organized, and analyzed using
descriptive statistics, chi-square tests, and other statistical measures. A full list of survey
questions is provided in Appendix E.
Oral Histories of Washing Machines
To better understand the economic and circulatory dimensions of water in the
household, I teamed with a research assistant to conduct 6 oral histories with greywater
recyclers: a series of purposively sampled, semi-structured, multi-day, in-depth
interviews on the life histories of greywater reuse systems. With the goal of eliciting
intimate details of reuse practices (e.g., key rules, habits, knowledge, technologies) and
gaining insight into the economic, political, and personal processes that motivate
greywater reuse, these “oral histories of washing machines” also revealed the household
water economy as complex economic and socionatural assemblages.
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In a typical encounter, we began with a set of 25 semi-structured questions,
measured reuse capacity (of buckets, cisterns, washing machines, and other
technologies), and documented observations and reuse techniques. Then, as we followed
household water managers through wash and rinse cycles, conversations unfolded to
include the life histories of water users (such as how they came to conserve and recycle
water) and their personal motivations, economic anxieties, bureaucratic frustrations, and
political views on water. Interviews lasted at least 3 hours, and more often 7 to 9. Field
notes and transcriptions were analyzed for content and classified according to theories
and criteria of diverse economies (Gibson-Graham 1996, 2006).

Research Summary and Key Findings
Though specific findings are presented in each of the four appended articles, some
general themes can be distilled from the research as a whole.

1. State action (via formal institutions) opens regulatory gaps in the Tijuana
water cycle, and informal institutions fill that gap. For example, in spite of
Mexico’s historical efforts to federalize and centralize the control of water
resources, rainwater harvesting occupies an extralegal category under Mexican
law. The Mexican constitution explicitly identifies certain thresholds when
water becomes state property; yet rooftop capture of rainwater is excluded from
this categorical definition of “water.” In this regulatory gap, a myriad of
informal institutions step in to management water supply. While this finding
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points to the jurisdictional limits of the formal water sector, it simultaneously
illustrates the presence and depth of informal sector as an alternative
development possibility –one that does not occur in an institutional “vacuum.”

2. Informal water use is relatively widespread, largely household-based, and
conserves a surprising degree of water supply. Across the city, just over 27
percent of surveyed households engage in water harvesting and reuse. These
systems are supported by non-state institutional arrangements that vary
between households (but not significantly) and exert considerable influences
on the spatial patterns of household water discharge. For example, the
majority of uses for greywater involve sustainable environmental applications:
79 percent of recycling households use greywater for irrigating plants and 45
percent for eliminating dust in front yards, in effect “recycling” water on-site
(rather than contributing to runoff or waste flows). Moreover, successful
harvesting and reuse requires simple technology, affordable infrastructure, and
accessible technical knowledge. Households recycle, on average, 244.94
Liters/per capita/per week (L/p/w) of greywater, or 15.8 percent of total
household water expenditure and 22.3 percent of water consumption.
Citywide, if 27 percent of Tijuana’s 1.2 million people recycle the reported
quantity of greywater found in this study, that would amount to over 15 billion
liters per year, some 72,238 acre-feet or 2.23 percent of Mexico’s total
allocation of Colorado River water – of which Tijuana doesn’t even use in its
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entirety. Thus, informal institutions create positive externalities for
environmental conservation (e.g., lessening urban runoff and soil erosion) and
growth planning (e.g., conserving water supply). These off-grid practices can
be considered subsidies from the poor, who provide services in lieu of and
despite the state.

3. The economy and networks of municipal water provision are highly
diverse–ranging from bottled water markets to non-capitalist, selfprovisioning

greywater

reuse–and

is

constitutive

of

“splintered

urbanism” and alternative modes of development. While the bulk of water
is provided through regulated state markets, a surprising degree of water
circulates through the “greywater economy” (conservatively estimated at 22.3
percent of Tijuana household water consumption). Noncapitalist water
economies, in short, are perhaps “bigger” than many experts anticipate.
Furthermore, in contrast to narratives that situate capitalism as a teleological
end-game (see critiques by Gibson-Graham 1996, 2006), the spatiality of
contemporary

water

infrastructures

and

economies

are

extremely

heterogeneous: one family might engage in capitalist (bottled water),
alternative capitalist (city water), and non-capitalist (rainwater) market forms.
This finding, in particular, supports the idea that development patterns of
“splintered urbanism” are in fact constitutive of alternative development
possibilities. Overall, these results point toward social change and
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development through ephemeral, affinity-based assemblages (see critique by
Day, 2006).

Each key finding is discussed in further detail in the appended articles.
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TABLE 1. Research objectives and methods.
Method

Data Analysis

Sample Size and Strategy

Objective 1: To elucidate the political and sociospatial relations between the formal
sector (i.e. state) and informal institutions (i.e. households)
Sample: 37 (see Table 2)
Semi-structured
interviews

Observation

Content and discourse analysis
of transcribed interviews and
field notes

Content and discourse analysis
of field notes and policy
documents

Strategy: Snowball and
convenience sampling of
decision-makers, primarily in
the formal sector
Sample: Meetings of
decision-makers in the formal
sector (see Table 3)
Strategy: Purposive sampling
of meetings

Objective 2: To understand the diverse adaptive strategies, techniques, institutions, and
infrastructure systems of informal water use
Participant
observation

Content and discourse analysis
of field notes

Sample: One community
stormwater harvesting
project; 6 greywater recyclers
Strategy: Purposive sampling

Objective 3: To quantify and aggregate the economic practices and water flows of
informal water use
Sample: 400 households
Household survey

Descriptive statistics; chisquare tests; binary logistic
regression

Strategy: Adaptive clustering
technique and random
sampling

Objective 4: To understand the personal motivations, household decision-making
strategies, political frustrations and desires, and specific institutional practices (e.g.
rules, technologies, knowledge systems) of greywater reuse
Oral histories of
greywater recyclers

Content and narrative analysis
of transcribed interviews and
field notes

Sample: 6
Strategy: Purposive sampling
of known greywater recyclers
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TABLE 2. List of interview conducted, 2006-2008.
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Sex
M
M
M
M
M
F
M
M
F
F
M
F
M
F
F
F
M
F
F
M
M
F
M
F

25
26
27
28
29
30
31
32
33
34
35
36
37

M
F
M
M
M
M
F
F
F
F
F
M
F

Affiliation
Nonprofit worker
Government official/Engineer
Engineer
Nonprofit worker
Scientific expert
Former government worker
Nonprofit worker
Nonprofit worker
Community activist
Nonprofit worker
Academic/policy expert
Nonprofit worker
Nonprofit worker
Academic/policy expert
Former elected official
Government worker
Scientific expert
Nonprofit worker
Community members (2)
Nonprofit worker
Community member
Development practitioner
Nonprofit worker
Nonprofit worker/former
elected official
Engineer/policy expert
Policy expert
Academic/policy expert
Government official/engineer
Scientific expert
Government official
Nonprofit worker
Community member
Community member
Community member
Community member
Development practitioner
Community practitioner

Location
San Diego
San Diego
San Diego
Tijuana
San Diego
San Diego
San Diego
San Diego
Tijuana
Tijuana
San Diego
San Diego
San Diego
San Diego
San Diego
San Diego
San Diego
Tecate
Tijuana
Tijuana
Tijuana
Tijuana
San Diego
San Diego

Year
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2007
2007
2007
2007
2007
2007

Recorded?
Y
Y
N
Y
Y
Y
N
N
N
N
N
N
N
N
N
N
N
N
Y
Y
Y
Y
Y
Y

Mexico City
Mexico City
Tijuana
Tijuana
San Diego
San Diego
San Diego
Tijuana
Tijuana
Tijuana
Tijuana
Tijuana
Tijuana

2007
2007
2007
2007
2007
2007
2007
2008
2008
2008
2008
2008
2008

Y
Y
N
Y
N
N
N
N
N
N
N
N
N
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TABLE 3. List of observed meetings, 2006-2008.
ID
1
2
3
4
5
6
7
8
9
10
11
12
13

Organization/Theme
Good Neighbor Environmental
Board: Water on the Border
San Diego Water Reuse Study
Public Hearing
EPA Border 2012 Tijuana River
Watershed Task Force
TRNERR Management Authority
Foro de Consulta Ciudadana
TRNERR Researchers’ Forum
EPA Border 2012 Tijuana River
Watershed Task Force
IBWC Colorado River Citizens’
Forum
Rainwater Harvesting Workshop
EPA Border 2012 Tijuana River
Watershed Task Force
TRNERR Management Authority
EPA Border 2012 California- Baja
California Working Group
EPA Border 2012 Tijuana River
Watershed Task Force

Level
Federal/ Binational

Location
San Diego

Year
2006

City

San Diego

2006

Watershed

IB

2006

Watershed
City
Watershed
Watershed

IB
Tijuana
IB
IB

2007
2008
2008
2008

Binational

Yuma

2008

Federal
Watershed

Mexico City 2008
IB
2008

Watershed
State/ Binational

IB
IB

2008
2008

Watershed

Tijuana

2008

Notes: “IB” is shorthand for Imperial Beach, California. “TRNERR” stands for Tijuana
National Estuarine Research Reserve. All “watershed” meetings incorporated
representatives from both Mexico and the United States, mainly from the Tijuana-San
Diego region.
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FIGURE 1. San Bernardo, a neighborhood in Tijuana.

Source: Author.
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FIGURE 2. Pervious pavers made by San Bernardo residents.

Source: Author.
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Introduction
In downtown Columbus, Ohio, along the banks of the Scioto River, a sign
broadcasts one of the city’s most stubborn environmental headaches: “WARNING:
Combined Sewer Overflow. During periods of rainfall water flowing from this pipe may
contain materials which may be harmful to your health.” On a rainy day, the sign may not
be noticeable under the haze of grey skies, but the stench of raw sewage, discharged from
the pipe below, is unmistakable. In fact, more than thirty outfalls dump a potent mix of
untreated sewage and stormwater into local waterways when Columbus’s sewer system
becomes overwhelmed with excess wastewater from heavy rains. While fish feed on the
bounty of algae and invertebrates that thrive in the nutrient-rich waters, a small
population of Columbus residents who cast their fishing poles to catch their day’s food
supply is exposed to harmful substances, such as viruses or prescriptions drugs, that can
make their way into the tissues of caught fish. The U.S. Environmental Protection
Agency continues to permit combined sewage overflows in more than 770 cities with
aging infrastructure (U.S. EPA 2009), despite the well-known dangers of human
exposure to raw sewage. In Columbus, debates over the legality of sewer overflows have
also permeated urban growth politics, where local environmental groups have accused the
city of expanding its sewer system to new, wealthier suburban areas, in lieu of repairing
and replacing infrastructure in the urban core (Rice 2005).
Meanwhile, three thousand miles to the southwest, wastewater also takes center
stage in the development politics of Tijuana, Mexico. A rapidly expanding desert city of
nearly 2 million people and over 200 informal settlements, Tijuana suffers from limited
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water supply, uncontrolled urban runoff, and great wealth disparity. Public services in
informal settlements are few or none, even as slum residents supply critical labor for the
city’s industry and manufacturing sectors. These neighborhoods—poor enclaves of
employment-seeking migrants from southern Mexico and Central America—pepper
Tijuana’s steep canyons with rickety shacks and unpaved, crumbling roads. Every winter,
Pacific storms dump rain in the highly urbanized watershed, triggering “renegade flows”
that pick up raw sewage, sediment, and solid waste as they race through slums.
Stormwater runoff from across the city feeds into the Tijuana River, crosses the
international border, and chokes aquatic habitats in the Tijuana Estuary. Oceans currents
carry stormwater plumes north and southward, prompting binational beach closures,
threatening public health, and eliciting protests from downstream San Diego. While many
blame Tijuana’s slums for the renegade flows, others point to the deep contradictions of
uneven development, where local topography, aridland hydrology, state neglect,
urbanization patterns, and international trade incentives (e.g., the North American Free
Trade Agreement) coalesce into a sewage-spewing machine of capitalist growth and
social underdevelopment.
Sewage, as these cases suggest, is simultaneously a natural and social object. In
both Columbus and Tijuana, the problems of wastewater bring together a broad array of
social and environmental objects: storm drains, overflowing creeks, city workers, septic
tanks, leaky pipes, laborers, crop fields, industrial dump sites, slums, and thousands of
toilets (Meehan 2007). Pipes and pumps, struggles over urban development, and
economic disparities are animated through relations with waterways, human excrement,
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algae blooms, runoff, and overflows in both Columbus and Tijuana. While obvious and
important contextual differences distinguish each city and its urban growth regime, key
similarities rooted in the contradictions of development suggest that the production of
“sewage” is not an entirely natural or politically neutral process. Indeed, wastewater
problems in Columbus and Tijuana are quintessential examples of social natures:
patchwork assemblages of people, ecologies, politics, and objects, enmeshed in a
dynamic web of materialities and representations that become the moving targets of
scientific explanation (Braun and Castree 2001).
Wastewater and its discontents, like many imbroglios of nature and society,
clearly raise important questions for geographic research on sustainable environments,
politics, and justice. How best to understand and explain the emergence of wastewater
problems, in a way that does not simplify the issue to a technological question of too
many or too few toilets, reveals the complexity of the puzzle at hand. Do we pinpoint
blame at the point source, such as sewer outfalls or poor sanitation, or in the legacies of
uneven urban development? Geographers and social scientists have shown how
fundamental crises in capitalist economic valuation and exchange produce modernist
categories of “waste”, such as sewage and garbage (Engler 2004; Frow 2003; Laporte
2000). These politicized categories and practices of waste-making have been used as
government tools to define, control, and often exclude state subjects (Gandy 1999;
Melosi 2008), even as citizens use their marginalized subject positions to struggle for
rights, livelihoods, and justice (Moore 2008). These scholars clearly demonstrate the twin
roles of modernist ideologies and capitalist systems in transforming urban technonatures
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and producing inequalities; in effect, a mode of capitalism qua sewer development (e.g.,
Wainwright 2008).
This essay maps these modes of explaining social natures in geography, takes
stock of advances and lingering challenges, and signals some paths forward. Following
this introduction, we briefly chronicle the use of “nature” in social explanation –starting
with the idea of nature as “produced” and its subsequent role after the “material turn.”
Next, we review recent efforts to unsettle explanations of the “social,” particularly within
environmental subjectivities and the state-nature nexus. Building on these insights, in the
fourth section, we put forward a site ontology of social natures, examining what becomes
visible through a different way of thinking and doing (via research methods) social
natures. Our discussion of the site ontology, as a way of approaching social natures,
attempts to render visible the complex and emergent associations of humans and nonhuman that make up the world. While much scholarship in human-environment research
works to show the relations of nature and society, a site ontology emphasizes the situated
context within which people and objects co-constitute social life, without articulating
these relations through moments of “social” or “natural” influence. Furthermore, this
approach demands a critical examination of moments of difference that exists within and
between social sites, as possibilities for where alternative outcomes may be forged.
Where possible, we ground these theoretical explorations in the problems of sewage,
drawing on our own research from Columbus and Tijuana. While our appraisal of social
natures is brief and inevitably limited, we hope to illustrate not only the advances in
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geographic thought on this topic, but also the political and practical stakes in providing
situated, immanent accounts of socionatural life in the world.

Producing Nature
Far from being straightforward sewage, Tijuana’s “renegade” runoff presents a
puzzle to social research. On one hand, excess urban runoff reveals the ironies and
tragedies of underdevelopment in Tijuana. On the other hand, Tijuana neighborhood
groups and their international collaborators use the seasonal stormwater flows as a
political wedge and development opportunity (Meehan 2008). In this case, how best do
we explain the presence and role of sewage in Tijuana?
The heart of this puzzle, concerning the ontological status and political stakes of
“nature”, has a long history and unsettled status in geographic thought. In the nineteenth
and early twentieth centuries, geography was dominated by environmental determinism, a
school of thought that “maintained that geographic influences determined human
capabilities and cultures, with its practitioners attempting to codify that thesis into
scientific practice” (Robbins 2004, 19). The pendulum eventually swung the opposite
direction. Cultural ecology, as one response [among many] to determinist thought,
“sought to explain the physical patterns on the land (forest cover, soil erosion, stream
flows) in terms of human culture rather than the other way around” (Robbins 2004, 2829). While these two approaches contributed a wealth of foundational knowledge about
human-environment interactions, the tasks of explaining and accounting for nature
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remain contested and unresolved. What is this thing called “nature”? In what ways does
nature matter to social explanation?
The idea that nature is produced through a constellation of socionatural relations,
driven by wider societal processes, threads through social geography in at least two ways:
first, as the [primarily capitalist] production of nature; and second, as a socially
constructed category. Both approaches share key similarities and subtle differences.
Building on Marx’s theory of dialectics, the production of nature thesis focuses on social
relations to explain the emergence of uneven socionatural geographies (Smith 1984;
Harvey 1996). Social relations between humans and nonhumans, shaped by capitalist
logics and wealth accumulation, produce uneven power geometries and mainly negative
socionatural outcomes: such as tropical deforestation in the Brazilian Amazon, soil loss
and land degradation on the Ivorian savanna, or water scarcity in urban South Africa, to
name a few. Even seemingly abstract natures, like global warming, are “socially
produced in the fullest sense” (Smith 1996, 50).
While many scholars draw on Karl Marx to theorize environmental ills, a key
distinction between the productionists and other eco-Marxists is the contrasting use of
“internal” and “external” social relations (Castree 2002). For eco-Marxists, “society” and
“nature” remain ontologically and analytically distinct. Nature, in this view, is an
“external” lifeworld that bears the brunt of capitalism’s periodic and inherent crises of
over- or under-accumulation (O’Connor 1997). The productionists, in contrast, adopt a
more dialectical, contingent, and embodied approach to social natures. Drawing heavily
on the theoretical labor of Georg Lukács and Bertell Ollman, the productionists use an
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“internal relational approach” that posits nature as discursively and materially embedded
within social forces (i.e. capitalism), prone to internal contradictions and transformations
rather than external forces (Castree 2002; Harvey 1996). Nature, like all social objects
and subjects, does not exist outside of or prior to the capitalist processes, flows, and
relations that sustain or undermine it (Harvey 1996).
Moreover, the productionists see nature as a dynamic partner in the highly
politicized circulation of capital. Swyngedouw (1999, 448), for example, sets up a
“dialectical unity” between river flows and Spanish society that “insists on the
nonneutrality of relations in terms of both their operation and their outcome, thereby
politicizing both processes and fluxes.” He reconstructs the historic, metabolic processes
of capitalist nature –namely the growth in water demand from urbanization and exportoriented agriculture–in order to understand the material geographies of inclusion and
exclusion across the Spanish waterscape (1999, 448). Not even seemingly neutral
technologies, such as sewer infrastructure, can escape the grip of state and capitalist
politics. For instance, the efforts in nineteenth-century Paris to provide public sewerage
were responses to public health threats as much as state tactics to legitimize and deny
citizen rights to the city (Gandy 1999). At root, the productionist approach is a political
as well as intellectual project: drawing attention to the ontological inseparability of
humans and nonhumans while underscoring the powerful force of capitalist social
relations in the fate of social natures.
Social geographers also analyze “nature” as a constructed category of meanings –
a type of production that cuts across multiple axes of difference, such as class, gender,
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sexuality, and race. For Hacking, an analytical philosopher, the deconstruction of
“nature” entails placing “new” ideas in a contextual milieu. Unmasking the “dichotomy
between appearance and reality” to reveal power geometries is a key goal because –
contra many critics–“politics, ideology, and power matter more than metaphysics to most
advocates of construction analyses” (Hacking 1999, 49-58). In this respect, social
constructionists mirror the productionists in the thought that the world is not predetermined or stable, that historical explanation is crucial, and that unveiling power
dynamics is a fundamental project.
Moreover, some geographers hold that social construction involves a
coproduction beyond strictly human kinship. “Scientific knowledge,” argues Demeritt
(1998, 181), “depends on a variety of nonhuman actors, [though] the difficulty comes in
acknowledging the active role played by the objects of scientific knowledge in shaping or
constraining this knowledge without falling back into some kind of epistemological
realism.” In other words, an “artifactual constructivist” approach sidesteps the
epistemological snags of realist thought: it deconstructs the nature/society binary and
rescripts the “social” to include nonhumans, machines, and other objects. Demeritt’s take
differs slightly from Hacking and the productionists, in that it departs from primarily
anthropocentric notions of agency, materiality, and the subject.
Tracing the construction of nature is also a powerful device for mobilizing
questions of social justice. Through deconstruction of the “forest," Braun (2002) reveals
how authoritative knowledge of the temperate rainforest is assembled and concealed (e.g.
through scientific expertise), who frames the terms of debate (e.g. colonial forestry

59

scientists), and who wins and loses the struggle to claim forest resources (e.g. white
environmentalists over the Nuu-chah-nulth tribe). Braun unearths the “buried
epistemologies” in our ideas the forest, such as the not-so-post colonial articulations of
modern-day forest management, in order to raise the political stakes of current forest
practices. Injustices of the colonial past, in this case, continue right up through our
present understandings of nature.
Curiously, while productionists and constructionists are deeply concerned with
nature, the old question of “how nature matters” remains unsettled. “Materiality” is often
synonymous with “nature” in productionist and constructionist accounts, but the nittygritty intricacies of nonhuman beings and phenomena are left mostly unexplored. Of
course, as Castree remarks, “some agents have far more capacity to direct the course of
socionatural relations than do others” (2002, 141). Sewage problems, for many, are
explained as material outcomes of capitalist development and social constructions of
waste –tangled in the web of production but not driving it. The ontological question of
whether “nature kicks back” (Whatmore 2002) is taken up next.
The Material Turn
The material, as Robbins and Marks explain (2009), never really left human
geography. But in recent years, geographic thought has increasingly adopted a “morethan-human” mode of explanation, drawing attention to the ontological, ethical, and
epistemological implications of nonhuman subjects in social life. These efforts manifest
in myriad ways. There have been calls to foreground and incorporate nature’s agency via
ecological and physical science (e.g. Walker 2005; Zimmerer and Bassett 2003). Scholars
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in agrarian political economy explore the limits to capitalism through specific ecosystem
dynamics (e.g. Gidwani 2008) or with inherently “uncooperative” commodities, like
water (e.g. Bakker 2004). Political ecologists and posthumanists explore flows of power
through human and nonhuman networks (e.g. Robbins 2007; Whatmore 2002), rethinking
the materiality of nature through forms of decentered agency (e.g. Bakker and Bridge
2006). The corporeality and performativity of nonhumans, from corncrakes to cetaceans,
are argued to provide a vital force in shaping the geographies of exchange, scientific
knowledge, and social power in affective and effective ways (e.g. Cloke and Perkins
2005; Lorimer 2007, 2008). The material turn clearly reaches across many geographic
fields.
In spite of theoretical differences, consensus emerges on two fronts. First, the
subject of these stories is always a more-than-human assemblage, where “nature” is a
messy question that is inseparable from social production and representation. The
subjectivities of people and their nonhuman kin are coproduced through situated
encounters and reproduced or transformed by daily, embodied, and often mundane
practices –watering a lawn, visiting the zoo –and not by transcendental, structuralist
ideologies (Cloke and Perkins 2005; Robbins 2007; Whatmore 2002). Every species,
then, is a multispecies crowd (Haraway 2007). The family pooch, for example, is a
partner in creating “dog people,” who in turn influence the landscape of urban parks,
sustain an industry of pet products and dog shows, shape the pathways of genomics and
science, and transform our notions of self, family, and community (Haraway 2007).
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Social agency, then, is not restricted to either humans or nonhumans, but is a
heterogeneous achievement of both. This approach, in contrast to previous accounts,
clearly recognizes “the creative presence of non-humans in the fabric of social life and
[registers] their part in our accounts of the world” (Whatmore 2002, 36). An “actor,” be it
renegade runoff or Fido the dog, is not necessarily the source of action, but “the moving
target of a vast array of entities swarming toward it” (Latour 2005, 46). Bakker (2004),
for example, points to the uneven spatiality and dense physicality of water as a key
culprit in resource privatization failures. In this account, water is clearly a subject in
political economic processes: it serves multiple functions simultaneously, it can be
monopolized via spatial location, and its complicated flow regime requires large-scale
capital investment to generate profit. In a different example, Lorimer (2008) narrates how
scientists, aided by a range of instruments and raingear, “become-animal” in the process
of listening, stalking, tracking, measuring, and cataloguing information about the
corncrake (Crex crex), a threatened bird species that seasonally lives on the Hebrides
islands. Scientific knowledge of biodiversity, in this case, is partially produced by the
affective energetics of counting corncrakes, enrolling the desires, affects, emotions, and
relational ethics of understanding little brown birds. This redistribution of social agency
unearths the potential alliances of progressive human/nonhuman resistance in
marginalized networks (Robbins 2004) and recognizes the “heterogeneous actants in
multiple commodity-networks –[because] agency and power can never be strictly human”
(Castree 2002, 140).
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Consensus also emerges on a second front: this project is fundamentally antiessentialist. While nonhumans matter to social explanation, they do not posses an
essential, pre-determined meaning or existence. Mitchell (2002), for example, argues that
human and nonhuman agency is, in fact, a partial and incomplete effect of historical
interactions. For him, “capitalism has no singular logic, no essence” (303). This thing
called the capitalist economy is (in Egypt at least) built by a milieu of humans and
nonhumans, mosquitoes and colonial scientists, political struggles and peasant studies,
and various daily practices that animate and regulate market behavior. The ordinary
mosquito, a disease vector that helped shape human settlement in the Nile Delta, is used
not only to animate the “resistance of nature or materialist conditions” (51), but to
problematize the idea of a singular subject in the production of nature. For Mitchell,
“nature was not the cause of the changes taking place. It was the outcome” (35).
These materialist approaches clearly recognize nature as a heterogeneous
achievement of people and plants, politics and critters, objects and discourses (Whatmore
2002). The social in social natures, however, remains less evident. Latour (2005), for
example, observes that social scientists have long characterized and abused the “social”
as an assumed domain in advance, a coherent category with exclusive explanatory force.
“While it’s perfectly reasonable to designate by ‘social’ the ubiquitous phenomenon of
face-to-face relations,” he explains (2005, 65), “it cannot provide any ground for defining
a ‘social’ force that is nothing more than a tautology, a sleight of hand, a magical
invocation.” The question of the social we turn to next.
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Unsettling the Social
Back in Columbus, city workers, civil engineers, and environmental activists are
all working to “solve” the sewer overflow problem. Larger pipes, development
restrictions, and water monitoring bring people, cement, microorganisms and flows into
conversation with one another. But what influence, if any, does sewage have on political
practice and social life? Two theoretical investigations about how we can understand the
“nature” of social life are discussed in this section, including the environmental
subjectivity and the state-nature nexus.
A More-than-Human Subjectivity
In one of the earliest inclusions of nature in subject formation, Shildrick (1997)
developed the notion of leaky bodies in her examination of the subjection of women in
biomedical practices. Shildrick argues that new reproductive technologies (NRTs), such
as surrogacy and artificial insemination, are actually challenging, perhaps even
redefining, the boundaries of female bodies and natural motherhood. Anxiety surrounding
these technologies, and the dominant conceptions of motherhood that they contradict, can
be used in creating counter-narratives to the traditional female subject. Though
Shildrick’s focus was on the role of ethics in biomendical research, her work also shows
that that the idea of a “natural” woman is, in fact, a highly problematic and unstable
category. Shildrick (1997, 181) claims that “what makes NRTs effectively post-modern
in their own right is just that refusal to accept the notion of an unchanging natural body,
and their capacity to problematise the grounds of (self) identity.” Critiques about the
naturalness of bodily practice, such as the one from Shildrick, show how subjectivity is
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rooted within modernist ideologies of nature, masculinity, and motherhood, rather than
innate social forms.
Unpacking the motivations for why individuals come to care for the environment
is another thread of subject formation. Agrawal (2005), for example, examines the
making

of

environmental

subjects

through

his

Foucault-inflected

notion

of

“environmentality.” 3 Using a study of village forest councils in North India, Agrawal
shows that colonial state practices of data collection helped make forests legible and
governable to post-independence bureaucracies, which also set the stage for the
engagement of local communities in environmental management. The decentralization of
forest administration from federal to local levels resulted in villagers becoming
champions of environmental conservation, where only years before their actions and
perceptions of environmental conservation were anything but compliant with state
policies.
Environmentality has become foundational for unraveling how communities
understand themselves and social practice in relation to a wide range of environmental
contexts. Robbins (2007), for example, chronicles the production of “turfgrass subjects”
in suburban, lawn-rich America. Drawing on Althusser’s concept of subject
interpellation, Robbins shows how a complex web of economic pressures, post-war
suburbanization, chemical marketing, and suburban aesthetics have actually worked to
make a kind of lawn subject —that is, a set of people who come to care for their lawns in

3

“Environmentality,” first used by Timothy Luke, is based on Foucault’s notion of “governmentality,”
developed in a series of lectures about the nature of state power in France and the United States (Whitehead
2007).
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accordance with the demanding expectations of desirable landscapes, well-behaved
neighbors, and the grass itself. Taking environmentality one step further, Robbins argues
that the actual materiality of the lawn is central to this process: he depicts a multidirectional relationship between the human and the turfgrass in subject formation. The
grass, Robbins (2007, 134) claims, really matters by claiming that “The enforcement of
this specific kind of political economic subject—a concerned, active, communitarian, as
well as anxious, landscape producer and consumer—would be impossible without the
lawn itself to enforce the daily practice, feeling, and experience of obligation and
participation. The lawn interpellates the ‘subject.’”
Lawn maintenance, therefore, is much more than the choice of millions of
chemical-happy Americans. Seen here, it is the effect of diffuse social and economic
contexts that create intense feelings of pressure and obligation to maintain one’s yard free
of weeds and pests, combined with the material demands of a thing that beckons its
companion species (humans) as weeds grow and blades wilt. These studies have firmly
linked environmental protection and the production of social natures within embodied
state power and intimate processes of identity-formation.
But what has the inclusion of subject formation provided to studies of social
natures? Theories of subject formation have become central for unraveling how
individuals and societies understand their relationship to nature and the physical world.
Perhaps the most important contribution is the idea that self, community, and society are
actively coproduced in our relationship to the material objects and discursive ideas of the
natural world. Furthermore, a diffuse and embodied understanding of power allows for a
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more nuanced understanding of subjection through a complex mixture of personal
consent and state-led coercion. Social geographers have claimed that this might be used
to articulate a “politics of possibility” (Gibson-Graham 1996) where understanding and
acknowledging that individuals participate in alternative practices allows for the
potentiality of different subject formations. In destabilizing the social world to include
elements of the nonhuman, we see that the power to make us who we are lies both within
the dominating and hegemonic processes of social control, as well as our everyday
encounters with material objects and natures.
At the same time, however, subjectivity studies often retain a nature/society
dichotomy —that is, an internal self in opposition to an external nature (Nightingale
2006). While the addition of subjectivity in social natures allows for the inclusion of
environmental elements in subject formation, the focus remains of how material
objects—forests, lawns, animals—make us who we are. What remains unanswered is
how and why the nonhuman must be separated from the individual to then be reconnected
through the processes of subject formation. Are there alternative explanations that do not
pre-suppose the content of the “social” and the “natural” that can be used in our
explanations?
The Nature of the State
Many state theorists argue that Marx first theorized the relationship between
nature and modern society, where the separation of humans from nature can only
understood in relation to the historical alienation of human labor via capitalist social
relations (Foster 2000). Indeed, as capitalist production continually exploits the natural
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environment in the process of production, the state must “mediate between capital and
nature” to ward off an impending ecocrisis (Benton 1996, 104 and 191). Political ecology
research, offers many rich case studies on the relationships between state-led policies,
capitalist development, and environmental change, demonstrating the ways local
populations are often marginalized by state policies and practices in struggle surrounding
natural resources and the physical environment (e.g. Zimmerer and Bassett 2003). These
studies have carefully articulated how state policies and practices do work on the physical
environment and the populations that rely on those resources for their livelihoods, but in
the process, the state comes to be seen as a coherent entity separate from the
environments over which it governs. Political ecology research frequently argues that the
state “does this” or “does that,” relegating its actual existence to a mysterious “‘black
box’ in their accounts” (Robbins 2003, 641). In other words, the dialectic between nature
and society is well developed in political ecology, but a similar analysis of the
relationship between the state and nature is much less clear.
In an effort to better develop the state-nature nexus, Scott (1998) shows how
natural and social systems deemed too messy or incoherent for the state to control are
often subjected to projects of territorial simplification and legibility. Scott chronicles a
brief history of technoscientific forestry, when European states replaced existing forests –
which contained multiple species at various stages of growth and decline –with simplified
forest monocultures in an attempt to increase timber yields. What advocates of scientific
forestry did not anticipate, however, was that by simplifying the forest ecosystem, it
became much more susceptible to disease outbreaks, fire devastation, or other disasters
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that are often buffered through more complex ecological systems (Scott 1998). While
relations between the state and nature are predicated on the state’s ability to make its
territory (including the natural resources within) legible and recognizable to its
bureaucracies, this move often results in unintended and disastrous effects.
Whitehead et al. (2007) also document the various ways that nature is ordered and
framed by modern state institutions. Nature (in all its discursive, symbolic, and material
diversity) is shown to be a central aspect of state formation through the centralization of
knowledge about the environment via territorializing state practices. National parks, for
example, are central in the making of nationalist sentiments, as they are crafted into
territories of natural and national significance by state institutions. Specifically, they
describe state-natures as “the various ecological emblems that are routinely used to
represent national political communities… particular places/landscapes of ecological
significance …ecological phrases, narratives, and myths …territorial maps and landuse
surveys; and even micro-biological organisms and molecules whose transformation is
regulated by various national laws and restrictions” (Whitehead et al. 2007, 2). States
continually work to frame and reframe environmental problems in ways that are
complementary with territorial state practices, even as the material natures they wish to
territorialize cross the borders and boundaries of individuals states. Stripple (2008), for
example, shows how states work to “border” climate change in debates about national
carbon sinks and how mitigation obligations should be shared among nations. In this
way, the materiality of nature is seen to constitute state practice just as much as state
institutions work to transform the physical environment over which they govern.
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This reading of the state-nature nexus, via engagements of nature within critical
political theory, is one where neither “the state” nor “nature” are ontological givens in
society, but instead, are mutually constructed and contested through everyday political
practices and discourses, by both human and nonhuman objects (Mitchell 2002). To this
point, Mitchell (1999) argues that the State is not an independent and coherent institution
of social relations, but it is the effect of everyday practices of planning, information
exchange, and expertise that constitute modern practices of government. Despite the
reality that state practices and institutions are often inconsistent, uneven, and even
contradictory, it is the distinct feature of the “modern political order” (Mitchell 1999, 77)
that the State appear separate from society in order to maintain social and political order.
This is indeed the case in the state-nature relationship, where “nature” and “the state”
appear to be external to one another, but are, in fact, continually being produced and
reproduced in their constant and continual engagement with one another.

Site Ontology of Social Natures
Consider (again) sewage. Columbus and Tijuana share key similarities and
differences that make straightforward explanation of their social natures difficult. Are
flows of sewage in Columbus the inevitable byproduct of urban development and state
practice, or have they become a key part of the urban ecology? Do wastewater flows in
Tijuana signal the socioeconomic gaps produced by capitalist-driven development, or are
renegade flows simply following the logics of gravity and hydrology? Can explanation
include all these elements? To address this challenge, in this section we put forward a site
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ontology of social natures: an approach that treats social natures as “dynamically
composed aggregate[s] whose ‘map’ is drawn according to its own internal ‘logics’,
rather than any generalizing laws” (Woodward, Jones, and Marston forthcoming). Rather
than assume a priori that sewage problems are products of a single “social” or “natural”
force, such as nitrate ecologies or the steamroller of capitalist development, we advocate
an approach that considers these cases as sites: distinct socio-spatial planes where
relations between actors and objects, nonhumans and humans, are continually made and
remade in situated, everyday encounters.
In this approach, the social world is seen as a context-specific, anti-essentialist
milieu of people and things, bound up in the relations of material places rather than
transcendent [and implicitly hierarchical] scales and processes. Schatzki (2003, 176)
explains: “Site ontologies contend that social life…is inherently tied to the type of
context in which it occurs,” where “social phenomena can only be analyzed by examining
the sites where human coexistence transpires.” Life, according to this view, is immanent
and emergent in a “mesh of practices and arrangements” (Schatzki 2003, 191). Drawing
on Schatzki’s work, we too suggest that social life is the product of human and
nonhuman engagements, broadening the field to include material and discursive natures
and nonhuman objects. Our approach retains the intimacy of nature-society relations
established by previous scholars, while offering an ontology that rejects persistent and
underlying dichotomies of nature/society that underlies many of these approaches. So
too, it allows researchers to examine complex and far-reaching socio-ecological events,
without assuming that they play out consistently or evenly from place to place.
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What, in this approach, becomes visible that was invisible before? First, we see
that practices and repetition are key to the sustainability or transformation of social
natures. Researchers look for the ways that people and things “hang together” by means
of socio-spatial practices: a set of “doings and sayings” that constitute wider social
relations and event spaces (Marston, Jones, and Woodward 2005; Schatzki 2002). These
relations, however, are not haphazard or completely agent-driven, but tend toward
organized and stable social relations. At the same time, these social natures are not
“structured” in the classic sense, but are immanent and sustained (via repetition) by
practices and arrangements that hold the potentiality to create new arrangements of
socionatural life (Schatzki 2003). Drawing on the work of Deleuze and Guatarri (1987),
there is a “double movement to the site: one trajectory toward continuous variation and
differentiation, the other toward repetition and moments of relative stability” (Marston,
Woodward, and Jones 2007, 52). In the case of sewage, for example, both sites tend
toward specifically capitalist forms of urban development, where the persistent engine of
economic growth transforms hydrologic environments into industrial dumps as it spews
aside its most abject byproduct. There are, however, moments of difference in both cases
that allow for the proliferation of new socio-natural conditions. In Tijuana, for example,
stormwater flows are used by afflicted community groups as an opportunity to draw
attention to the contradictions of capitalist growth and advocate for alternative forms of
development, such as pervious street paving funded by international agencies. In
Columbus, moreover, the persistent stench of untreated sewage seeping up through man-
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hole covers on residential streets can spring downtown residents into action to change the
development practices of local government.
A site ontology of sewage in Columbus and Tijuana, moreover, reveals how
specific practices create and sustain certain assemblage geographies of wastewater, urban
development, and social injustice. Braun (2006, 644) has used the notion of assemblages
“to stress the making of socionatures whose intricate geographies form tangled webs of
different length, density, and duration.” Braun focuses on the diverse, uneven, and
heterogeneous objects and practices that make up these socio-natural networks.
Assemblages are “imbroglios that mix together politics, machines, organisms, law,
standards and grades, tastes and aesthetics, even in the production of sovereign territory
and the politics of scale” (2006, 647). Robbins and Marks (2009) offer four typologies of
assemblage thought, inspired by Latour, Haraway, Marx, and Mitchell, that all share
normative goals for advancing a “more-than-human” social geography, without having to
bestow a pre-packaged “agency” on the nonhuman that it often does not have, or a
constructed naturalness to social practice that does not necessarily exist.
DeLanda (2006, 5), furthermore, places relations at the core of an assemblage,
“whose properties emerge from the interactions between parts.” Like, a site ontology,
DeLanda’s assemblage is neither the sum of individual actions, nor the product of purely
structural forces. Instead, DeLanda (building on Deleuze) offers an ontology that
examines assemblages in their situated wholeness, through relations of objects that tend
toward relative degrees of stability or instability. People, lobsters, elm trees, microscopes,
rivers, etc. are always involved in active relation with one another –though some at more
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transformative moments than others. There is no independent arena of “social” and
“natural” things, only relational moments between objects and people, humans and
nonhumans. Others have shown that socio-natural assemblages can be understood as the
product of a type of “dwelling”—or the “the intimate ongoing togetherness of beings and
things which make up landscapes and places, and which bind together nature and culture
over time” (Cloke and Jones 2001, 651). By emphasizing the relational moments of
human and non-human intimacy, dwelling works to illuminate the role of nature in
producing and transforming social landscapes and the agency of the non-human as an
integral part of the spatial and temporal complexities of place-making.
In that case of Columbus, for example, conflicts between environmental groups
and resource management agencies, rushing river flows and gushing rainstorms, and
broken pipes and aging infrastructure produce a distinctly “urban” nature in the heart of
the city. In Tijuana, a mix of socioeconomic disparity, state neglect, and hydrologic
dynamics produces surface runoff, even as slum citizens organize and harvest renegade
flows for material resource gains (e.g. water for backyard irrigation) and rights (e.g.
access to infrastructure). In both cases, an explanation of that which is “natural” and that
which is “social” in negotiations of sewage and development becomes increasingly
difficult to discern. Instead, these proliferations of social natures require that we examine
the intimate places within which people and objects produce and reproduce social order:
on the banks of the river bed, in the dirt trenches of informal settlements, in the
conference rooms of state agencies, and in community centers where fed-up residents
demand new services and clean water sources.
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This approach, while fresh and exciting, also poses big dilemmas for research: if
we consider social natures as sites or assemblages, how do we engage, study, and make
sense of them? Where are site ontologies in everyday life? How do we analyze an
assemblage? What methods are needed to investigate a site ontology of social natures?
The Wrong Tools for the Right Questions?
Research on social natures will inevitably run the gamut of methodological tools
and techniques, but we offer three observations. First, rather than focus exclusively on
social relations –as the productionists and constructionists inevitably do –a site ontology
places situated encounters at the heart of analysis. Here, the primary methodological goal
is to gain understanding of how “objects and practices…continuously draw each other
into relation” as they constitute the emergent and site specific configurations of social life
(Marston, Jones, and Woodward 2005, 425). For social natures, this involves a sustained
look at how human-nonhuman relations, objects, and everyday practices converge in a
site to produce necessary political outcomes. This approach does not contend that
processes and practices are unique in every site, but instead demands attention to the
connectedness and extensiveness of people and objects, both within and between multiple
sites. Researchers should be less concerned with the repeatability or validity of their data
(as it “accurately” reflects the world), and more interested in understanding the events
and relations that make up socionatural assemblages.
Second, alongside Braun (2006), we cite the need for nuanced, reflexive,
ethnographic methods to examine sites and assemblages. Rather than abstracting social
and political forces, an ethnography of situated encounters requires active observation of
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and participation in the production and connection of social sites. So too, it involves
observation of the relationship between formal systems of knowledge and the everyday
realities though which they play out (DeVault 2009). Braun (2006, 652) suggests that to
achieve this, “ethnography itself has to be reworked, no longer focused on discrete
places, but instead moving ‘back and forth’ between…communities and landscapes and
all the places ‘implicated in the chains.’”
Third and finally, methodological creativity in social natures is often wanting.
Given that heterogeneous social natures “are simultaneously salient and incapable of
being squashed into isomorphic slots” (Haraway 1988, 586), it seems reasonable to
engage multiple methods of understanding to engage situated encounters: quantitative
and qualitative, social and physical. Many researchers in cultural and political ecology
have pioneered the use of mixed-methods to unpack environmental narratives (e.g.
Bassett and Bi Zuéli 2000; Zimmerer 2000). A quick glance at social geography journals
also reveals a bevy of innovative, cutting-edge ways to think and do social assemblages.
Is it possible, we wonder, to import this imagination into methodological frameworks for
understanding social natures?
In the case of wastewater, a more creative approach might use the “wrong” tools
to speak to the “right” questions: such as employing focus group interviews with
Columbus fishermen to chart the temporal fluxes of sewer overflows and river
management, hydrologic modeling of Tijuana runoff to understand the spatiality of urban
development in the global south, or discourse analysis of engineering texts to locate the
power relations embedded in the hydrologic cycle. While utilizing biophysical methods
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are probably unfeasible for most social geographers, crosscutting collaborations with
physical geographers and ecological scientists –a trend endorsed by many funding
institutions (e.g. the NSF’s Dynamics of Coupled Natural and Human Systems) –might
provide richer ontological and methodological accounts of the production of social
natures.

Material Worlds, Emerging Politics and Concluding Thoughts
As environmental activists work to bring Columbus in compliance with the Clean
Water Act, leaky pipes and sewer overflows evoke visceral responses from the
community. State workers are set into motion as they assess infrastructure capacity and
monitor water quality, producing and reproducing formal systems of expertise about
ecological worlds in everyday state practice. In Tijuana, stormwater runoff from poor
settlements flows downstream into protected areas and San Diego, transforming local
estuarine ecologies and triggering questions of “what kind” of development, and for
whom. While our stories of sewage offer striking similarities and differences, their
complexity accentuates the analytical challenges facing researchers in making sense of
entangled socionatural relations. In both cases, nature and society never truly exist in
isolation from one another, nor is their construction and final punchline known in
advance. Furthermore, we animate the complexity of these socionatural assemblages,
while spotlighting on their deeply political, insistent and sometimes surprising
materialities.
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Drawing on the insights provided by scholars through decades of critical theory
on the relations between nature and society, we provide an examination of social nature
that recognizes the intimacy of human and non-human worlds, while rejecting the
dichotomy of nature and culture that often underlies explanation in human-environment
research. The site ontology approach discussed here, as a way of thinking though social
nature, moves us away from questions about the ways that humans produce the physical
environment, or they ways in which nature affects social and cultural practice, to
questions about how social and physical landscapes are always in dynamic coconstitution. Also, it demands attention to the actual spaces where social natures are
created and contested. From crumbling slum settlements to urban watersheds, none of
these socioecological conundrums can be understood outside of context-specific
situations.
Furthermore, while recognizing that similar forces and relations play out in
multiple places, the site ontology remains continually focused on how these processes are
negotiated in the micro spaces of social life, which serve as the potential avenue for new
socio-ecological formations (Woodward, Jones, and Marston forthcoming).

In

Columbus, for example, exposure to contaminants is minimized due to numerous
treatment plants, but Tijuana has extended the sewerage grid to only 70 percent of its
citizens. Environmental groups in Columbus have successfully challenged the city using
scientifically-based monitoring techniques and legal action under the U.S. Clean Water
Act (Rice 2007), while in Tijuana, neighborhood residents tackle stormwater with a
cement mixer, building pervious pavers to absorb runoff on-site and provide concrete
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streets (Meehan 2008). In each of these two cities, the uniqueness of the social sites
provides distinct and varying possibilities for alternative political practice. Sustained
attention to both the similarities and differences of social natures within and between
social sites, we argue, provides the best avenue for thinking and researching social
natures in geographic research.
Geographers and social scientists now grapple with some of the most pressing
issues the world has ever faced: human-induced climatic changes, serious shortages of
food and freshwater, and newly mutating and fast spreading diseases that travel between
human and animal hosts. Why, in the context of all this complexity, is it so important to
rethink social natures? The proof is in the sewage. The world’s social and environmental
injustices clearly point to a tangled socionatural web of life and the profoundly important
and urgent political implications of understanding social natures. To remedy some of the
stubborn pitfalls and stalemates of nature-society theory, we provide a framework,
anchored by use of a site ontology, that attempts to uncover the socio-spatial assemblages
of humans and nonhumans that connect to other emergent sites and make and remake
social life. So too, we recognize the need for rich ethnographic accounts and diverse
methodological techniques. This approach, we hope, may offer a deeper porthole into the
complex, contradictory, and hybrid world around us.
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Introduction
The state remains crucial in the provision of municipal water –despite a global
shift toward decentralized resource management, increased private sector presence in
urban water supply, and the demise of the ‘state hydraulic paradigm’ of water
development (Bakker 2003; Scott and Banister 2008; Varady, Meehan, and McGovern
2009; Wilder and Romero Lankao 2006). In Mexico, state presence in water resources
grew considerably over most of the twentieth century, as the federal government and
legislative bodies crafted key water laws, created new bureaucracies, and initiated
development projects targeted at bringing surface water within the nation-state’s
territorial fold (Aboites 1998). Recent efforts to decentralize Mexico’s water sector–
including the creation of more ‘participatory’ mechanisms such as river basin councils–
have not necessarily resulted in social or environmental gains; in many ways, the reforms
have paradoxically entrenched the centrality of the state (Wilder and Romero Lankao
2006; Wilder 2009), or created conditions for a kind of Wild-West scenario, wherein
officials have sought refuge in some of the last vestiges of true centralized control, such
as reservoirs and other grand state-hydraulic projects (Banister 2010).
At the same time, water also circulates through diverse informal mechanisms of
capture and reuse, managed by collective norms, rules, and organizations in the
interstices of federal and local structures of governance. Water is bought, bottled, and
bartered on informal markets in Guayaquil (Swyngedouw 2004); captured from the sky in
cisterns from Durango to Mumbai (Johnson 2009); guided by curb cuts into bio-swales in
Tucson; or harvested from dense fog in the highlands of Chile. Even in Mexico–a nation
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marked by a long history of federalized and centralized hydrological control–rainwater is
harvested and purified for domestic consumption by rural communities (Oldham 2008),
while greywater is recycled from washing machines and reused to satisfy non-potable
demands in dense, rapidly growing cities (Meehan Appendix C). These diverse and
divergent flows, through what should be a singular institutional landscape, raise questions
not only about the spatial reach of state authority, but also the production of national
territory. What factors, for example, explain the production of Mexico’s otherwise tightly
consolidated water sector, and under what conditions was a federal territoriality achieved
in the water sector? What is the contemporary geography of state authority over water,
and what accounts for the gaps? If fissures in that authority indeed exist, how are we to
understand the political implications of informality in a ‘system’ of water governance
renowned for its high level of centralized control?
This article draws on research conducted in Mexico, and from two cases of
informal water use more specifically, to demonstrate how state power is produced
through the territorialization of water –the process of creating jurisdictional authority,
capacity, and space to control water flows, land, and ultimately bodies. 4 On the surface,
Mexico’s water territories appear as seamless state spaces, the result of decades-long
efforts to federalize and centralize decision-making in the water sector. At the same time,
the article uses the concept of the hydrosocial cycle (Budds 2008; Linton 2008) to
illustrate how territorialization–even if captured within a centralizing federal apparatus–is
4

The research for this article was conducted during nearly 13 months of fieldwork in Mexico, primarily in
the city of Tijuana, between 2006 and 2009. Data were collected using semi-structured interviews,
participant observation of informal water use, oral histories of domestic water reuse, and from primary and
secondary policy documents.
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iterative, partial, and always incomplete (Wainwright and Robertson 2003; Wainwright
2008). The notion of a hydrosocial cycle—in contrast to the hydrologic (or water)
cycle—represents a critical attempt to recover both social and physical dimensions of
water’s circulation (Budds 2008; Linton 2008). 5 By tracing the myriad institutional
pathways that water takes as it moves through the Mexican waterscape, this article
illustrates the ways in which state authorities attempt to territorialize certain aspects of
‘nature’ through law and policy, all the while attempting to ‘catch up’ with the difficultto-predict tendencies of water’s social reproduction (Banister 2010).
The Mexican water sector is an ideal vessel to explore the production of state
power and territoriality. While the infamous image of the country as a ‘pyramid’ of social
power, structured and anchored by the state, has percolated into social lore and scholarly
work (Paz 1972), more recent efforts have created chinks in Leviathan’s armor (e.g.,
Banister 2007, 2010; Bobrow-Strain 2005; 2007; Lomnitz 2001; Nuiijten 2003). The
‘state’ is increasingly understood as the effect of emergent daily practices, “aimed at
stabilizing meaning around diverse sets of hegemonic, economic, political and cultural
projects, often in the context of rancorous dissent among institutionally situated citizensubjects” (Banister 2007, 465). Claudio Lomnitz (2001), for example, locates the
production of state authority in diverse and unexpectedly ‘cultural’ spaces: the bar, the
well, the altar, the lavadero. “The flexibility that Mexicans may lack at the level of
5

While both Jessica Budds (2008) and Jamie Linton (2008) credit the genesis of the hydrosocial cycle to
the work of Erik Swyngedouw (2004), the binary of “nature” and “society” in hydrologic dynamics has
been long-questioned in water resources geography. To whit, Gilbert White suggested decades ago that “it
may appear that to take this broader view of river basin development is to expand water resources planning
to encompass all aspects of natural resources as related to economic growth, including the cultural
conditions of the society, and it will be necessary to ask whether or not there is any viable line which may
be drawn between one and the other” (1957, 174, italics added).
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formal political discourse and discussion,” he argues (2001, 154), “they have in political
practice, and these accommodations are enacted in ritual and its imagery.” Jeff Banister
(2010) extends this approach into the hydraulic territories of Mexico’s water, exploring
state formation through attempts to produce a federalized waterscape in southern Sonora,
where officialdom achieved a temporary, but highly unstable hegemony.
Following these blazed trails, the article begin with a brief overview of
postcolonial perspectives on the relationship between the state, nature, and territory,
particularly in light of these critical approaches to Mexican state formation. Drawing on
key water histories, the second section chronicles the development of state authority over
water in Mexico, starting in the late nineteenth century and continuing to the present. The
article then explores the limits to territorialization, using the analytic of the hydrosocial
cycle to locate formal institutional lacuna in Mexico’s waterscapes. In the final section, I
use two case studies of informal water use–a rural rainwater harvesting project in central
Mexico and urban greywater reuse in Tijuana–to discuss the political implications of
these ‘gaps’ in state territory for informal water institutions. The article marshals these
findings into an approach that is more attuned to the dynamism of ‘nature’ in the political
ecologies of the state (Robbins 2003).

The State’s Nature
Territory is the building block of nation-states. As such, it is also a focal point for
geographic and political inquiry. In contrast to a fixed and fully realized ‘territory,’
postcolonial scholars use the optic of territorialization to examine the materialization of
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state power through the production of nature and space (Braun 2000; Wainwright and
Robertson 2003; Wainwright 2008). On a fundamental level, territorialization involves
the parsing of space into neat, governable units, a process by which “territories [are
divided] into complex and overlapping political and economic zones, rearran[ing] people
and resources within these units, and creat[ing] regulations delineating how and by whom
these areas can be used” (Vandergeest and Peluso 1995, 387). Territorialization, in this
sense, is the “production of the space of the nation-state” (Wainwright 2008, 21).
Through the spatial organization of the ‘state’s nature’–water, forests, public
parks, people’s bodies–territorialization works as a force of abstraction, delineation, and
differentiation (Braun 2000; Mitchell 2002; Neumann 1996; Wainwright and Robertson
2003; Wainwright 2008). The work of creating boundaries is thus grounded in diverse
sites of governance: villagers designating certain forestry practices as ‘legitimate’ (Peluso
1992); in bureaucratic procedures aimed at measuring and quantifying reductions of
greenhouse gases (Rice forthcoming); in the deliberate demarcation of agrarian
communities amid internal power struggles and military conflict (Nuijten and Lorenzo
Rodríguez 2009); and in geopolitical divisions that are upheld or resisted through
marriage or divorce (Smith 2009). These socio-spatial practices are iterative, ongoing,
and always partial (Wainwright 2008), at best achieving the effect of ‘modern political
order’ (Mitchell 1999).
Water control is a preeminent example of this process. The hydrologic (or water)
cycle emerged as the epistemological keystone of water science in the early twentieth
century, just as the U.S. federal government embarked on “what was perhaps the most
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ambitious program of fluvial manipulation ever undertaken” (Linton 2008, 637). 6 Water
was transformed into natural ‘facts’ to be measured and mapped, controlled and claimed,
largely by state hydraulic agencies such as the U.S. Army Corps of Engineers and Bureau
of Reclamation (Linton 2008). Over a span of a century, these agencies used science to
make water ‘legible’ to state administration and planning (e.g., Scott 1998): maps were
drawn, data were collected, deficiencies were calculated, wetlands were drained, rivers
were dammed and reservoirs built to ‘conserve’ water for navigation and beneficial uses
–largely at the behest of capital and the state (Worster 1985).
At the same time, the empirics of state involvement in U.S. water resources reveal
a patchwork of legal traditions. Water law in the United States is a mix of common and
civil law traditions: such as the Anglo case law tradition of stare decisis and the codified
Roman [or civil] law tradition found in Quebec and Louisiana (Merryman 1985). This
tradition coevolved alongside a wily system of customary rule and practice, particularly
in states like Texas, New Mexico, and Arizona with a much longer Hispanic tradition of
water governance (Meyer 1984). This diverse topography of water law and institutional
management suggests that state authority and territory–even within well-developed
nations–are produced unevenly and internally (Wainwright and Robertson 2003). The
next section explores the emergence of the ‘state’s nature’ in the Mexican waterscape,
chronicling the key institutional moments that enabled the state to stake territorial claims
over water (Table 1).

6

The hydrologic cycle, in spite of its fidelity to fluvial dynamics specific to temperate regions (a legacy of
its colonialist origins), quickly spread to other countries through scientific associations and state
modernization projects (Linton 2008).
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The Territorialization of Mexico’s Water
Perhaps no element of Mexican statecraft has been more important to
territorializing water than its legal structure, rooted in the Roman or civil law tradition of
Western Europe, and an ongoing legacy of its colonial occupation by Spain. In contrast to
common law systems (found in England, Canada, the United States, and other former
Anglophone colonies), civil law systems (found in Latin America, Western Europe, some
parts of Africa and Asia) are characterized by a more centralized and restrictive concept
of sovereignty, in which authority is vested solely in the nation-state and expressed
through a hierarchical structure of legal statutes, regulations, and customs (Farías 1993;
Merryman 1985). In theory, only legislative organs posses the power to create law–in
contrast to common law, where judicial bodies are an additional source of legal
precedence–producing a state monopoly on lawmaking (Merryman 1985). In practice, the
Mexican presidency has exerted enormous influence over policy, lawmaking, and the
ability to create or dissolve legal spaces (Camp 2007).
While the ability to legislate water practices has existed in Mexico since the 1824
constitution (following independence in 1821), the process of approaching water as an
instrument of political control began in earnest during the Porfiriato (1876-1911), a
nearly uninterrupted stretch of autocratic rule by President Porfirio Díaz (see Table 1 for
a timeline). During this period, the government made nascent attempts to territorialize the
nation’s water through new laws and regulations. The Law of 1888 (which transformed
Article 72 of the 1857 constitution) was the first to establish federal jurisdiction over
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fluvial avenues of communication and commerce, such as navigable rivers, oceans,
coastal zones, lakes, and at least some transboundary water bodies (Aboites 1998). While
the Law of 1888 failed to fully define the state’s role in governing these hydrologic
entities, it represented the first institutional exercise in delineating, federalizing, and
policing water resources –an attempt that arguably had more to do with legitimizing state
authority than improving navigation (Aboites 1998, 84).
These federalization efforts were further entrenched by post-Revolutionary
reforms, particularly the 1917 constitution. Crafted during a time of intense civil unrest,
the 1917 constitution established the predominance of “public interests over private,
specifically in land and water resources (Aboites 1998). Article 27 established water as a
public good and shaped the limits of private property. It delineates “[o]wnership of the
lands and waters within the boundaries of the national territory is vested originally in the
Nation, which has had, and has, the right to transmit title thereof to private persons,
thereby constituting private property. Private property shall not be expropriated except
for reasons of public use and subject to payment of indemnity” (in Farías 1993).
The federal government became the ‘trustee of the people’ and the ultimate
authority of the Mexico’s water resources, passing the responsibility for issuing use
permits and managing day-to-day operations of water utilities to state governments, while
maintaining centralized control over the collection of fees and investment in
infrastructure.
By the mid-twentieth century, a series of key water agencies were created to
actualize and enforce state power. The National Irrigation Commission (CNI) was formed
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in 1926, and in 1946 subsumed by the cabinet-level Ministry of Water Resources (SRH),
a “gargantuan bureau with cabinet-level status, created in the 1940s when party and state
became fused in large technocratic agencies” (Scott and Banister 2008, 62). The agencies
served as a gristmill of water science, planning, and development, producing knowledge
of water territories and, inevitably, “conflating water, land, and people [as] targets of
intervention” (Banister 2010). Speaking at the 1926 Convention of Engineers in Mexico
City, one of the first directors of the CNI remarked on the need for extending irrigation
technologies, and thus state presence, to the water-deficient north:
It is for this reason that I speak extensively… of the necessity of irrigation
in a country with rainfall so scarce in some regions and so irregular in
others, and of a hydrography so poor in most parts, as is in our [country].
The states in the northern border region and in the center form an
extensive arid zone, and because of this, yield scarce agricultural
production and are drylands (Sánchez Mejorada in Aboites 1998, 107;
translation by author).
Within these bureaucratic entities, Mexican engineers pursued the aggressive extension
of irrigation networks to facilitate the ‘efficient’ management of water, thus increasing
federal presence in the countryside and “consolidat[ing] the vision of national territory”
(Aboites 1998, 107).
For Mexico in general, and the northern frontier states in particular, the external
boundaries of hydro-territory became increasingly critical during the twentieth century.
The U.S.-Mexico border was drawn in 1848, yet transboundary water use in the arid
region remained a lightning rod for conflict. In response, the two governments signed the
1944 Treaty for Utilization of Waters of the Colorado and Tijuana Rivers and of the Rio
Grande, which allocated waters of the three principal transboundary rivers (the Colorado,
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Tijuana, and Rio Grande/Bravo) and extended the functions of the International
Boundary and Water Commission (IBWC) to include infrastructure development and
decision-making abilities (Brown et al. 2003; Mumme and Barajas 2003). The treaty
guaranteed Mexico an annual apportion of 1.5 million acre-feet (or 1.8 million m3) –an
amount based on an earlier year of considerable surplus on the Colorado. For decades
afterward, the U.S. government supplied Tijuana’s allocation directly from the Los
Angeles Aqueduct (Roman Calleros and Ramírez Hernández 2003), but by 1982 the
Colorado River-Tijuana Aqueduct (ARCT) was finished and operating at capacity of 4
m3/sec. In effect, the 1944 treaty ensured the Mexican state would have a piece of the
Colorado, yet paradoxically fixed the limits of Tijuana’s water supply and urban growth
possibilities to come.
By the late 1980s, a discourse of ‘democratization’ pervaded Mexican water
management, accompanied by neoliberal economic restructuring and shifts in party-based
political power. 7 This discourse played out in both transboundary and national
governance arenas. In 1983, Mexico and the United States signed the La Paz Agreement,
formally known as the Agreement for the Protection and Improvement of the
Environment of the Border Area. The accord laid the groundwork for transboundary
cooperation on environmental issues, particularly water, by specifying the terms of
engagement between national bureaucracies and forging binational workgroups–such as

7

The late 1980s marked the beginning of major economic and political shifts in Mexico. In 1986, Mexico
signed onto the General Agreement on Tariffs and Trade (GATT), which led to the 1994 adoption of the
North American Free Trade Agreement (NAFTA) –a neoliberal reform that removed protectionist
measures to encourage industrial production and multilateral trade. Moreover, in 2000 Vicente Fox was
elected to the presidency, ending 71 years of prior rule by the PRI.
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the Border XXI program (now Border 2010)–to address common transboundary
problems of water, air, and waste (Brown et al. 2003).
With the passage of the Ley de Aguas (National Water Law) in 1992, Mexico
adopted sweeping policy reforms to national water policy, including decentralizing of
water system management from federal to state and municipal levels, creating
opportunities for private sector involvement in water management, and endorsing
principles of environmental sustainability and public involvement in its ‘new culture of
water’ (Wilder and Romero Lankao 2006; Scott and Banister 2008). In spite of these
ostensibly ‘democratic’ policy reforms, centralized state authority has remained largely
intact. For example, the federal government decentralized the regulation of urban water
supply to the states, but without providing the legal authority or funding mechanisms
necessary to build or maintain infrastructure (Brown et al. 2003). River basin councils
were created with the goal of increasing public participation in decision-making, but
CONAGUA continues to retain control over resource allocation and key functions (Scott
and Banister 2008). The 2004 modifications to the National Water Law established a
more substantive decentralization of CONAGUA and even indicated the environment
should be considered a legitimate water user, yet implementation has stalled (Wilder
2009).
Despite the dramatic consolidation of state power over water in Mexico, the
political and fluvial dynamics of water suggest that water–as a resource and site of social
relations–remain difficult for absolute state control (Banister 2010). As Margaret Wilder
(2009, 80) observes,
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[Water] is not easily contained and addressed within a single policy
context; rather, water is an integral feature of multiple social and
economic sectors, including urban, agriculture, industry, development,
tourism, neighbourhoods, social equity, health, and energy, leading to a
complex network of overlapping policies that have to be coherently comanaged so as to achieve water policy goals. In Mexico the water policy
transition is an aspect of a broader democratic transition, but at the same
time democracy is working itself out through emerging water governance
institutions and arrangements.
As the following sections demonstrate, the jurisdictional capture of water within the state
apparatus is powerful but only partial, leading to the emergence of alternative forms of
governance–informal institutional arrangements–that shape dynamic and unruly flows.

Limits to Territory: The Mexican Hydrosocial Cycle
Mexico’s water circulates through a complex physical and institutional geography
(Figure 1). For example, municipal water supply for the city of Tijuana–located in
northwestern Mexico just south of the international border with the United States–
originates in the Colorado River, a formerly ruddy ribbon draining nearly 242,900 square
miles (629,100 km2) of the western United States and northwestern Mexico. Rain and
snowmelt fill the Colorado as it snakes through the arid Southwest, until it crosses the
international border at the edge of the Sonoran Desert about 156 miles (250 km) east of
Tijuana. Here, water is trapped behind the Morelos Dam before entering a latticework of
irrigation canals. Canal la Reforma, the concrete-lined main stem of the network, carries
water through the agricultural valley, toward the city of Mexicali. Five pump stations lift
water 1300 meters above sea level, over the Sierra Juárez mountain range, and deposit
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water in El Carrizo reservoir, at the doorstep of Tecate and Tijuana (Figure 2). Water is
treated and released into the municipal grid, flowing into homes, businesses, and bodies.
Most is metabolized and flushed back into the sewer network; some effluent is retreated
and redistributed through la línea morada (the purple pipe) for non-potable irrigation;
some greywater is recycled and reused for domestic cleaning, kitchen gardens, and patio
plants. For those living off the grid, pipas (tanker trucks) roam poor neighborhoods
selling water; other households pump water from underground aquifers. Stormwater
runoff and sewage meet in the salty water of the Pacific, and the cycle begins anew.
This fluvial circulation also binds together a range of institutional spaces. Surface
flow in the Tijuana water cycle is managed by a dizzying array of international, federal,
state and local authorities. Between the upper Colorado basin and a Tijuana faucet, legal
authority over the resource shifts from U.S. state agencies, to the IBWC, to its
counterpart agency in Mexico (the Comisión Internacional de Límites del Agua, or
CILA), and finally to CONAGUA –the ultimate authority of surface flow in Mexico.
Water is treated and distributed by the Comisión Estatal de Servicios Públicos de Tijuana
(CESPT), the state agency responsible for potable water and sewage services for Tijuana
and Rosarito. The operation of CESPT, however, requires coordination with two
additional agencies: the State Water Commission (CEA; responsible for planning
activities) and the State Commission of Water Services (COSAE; the institutional
intermediary for the purchase of water from CONAGUA by the State Commission for
Public Services) (Brown et al. 2003). The ‘wiggle room’ for increasing or transforming
supply under the purview of formal institutions is understandably limited.
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Yet the Mexican hydrosocial cycle (Figure 1) also illustrates the limits of state
authority over water. For example, under the Mexican legal framework, rainfall occupies
an autonomous category. Article 27 of the Mexican constitution catalogs a long list of
water considered to fall within the bounds of national territory. But though Article 27
explicitly identifies the moments in which H20 actually becomes ‘water’ (and thus federal
property), it also signals its limits:
Any other waters not included in the foregoing enumeration shall be
considered an integral part of the property through which they flow or in
which they are deposited, but if they are located in two or more properties,
their utilization shall be deemed a matter of public use, and shall be
subject to laws enacted by the States (Article 27 in Farías 1993; italics
added).
In other words, rainwater is considered integral to the property it falls upon, unless the
water crosses property boundaries; collects into permanent, intermittent, or torrential
flows (and thus becomes a ‘stream’); or infiltrates aquifers and transforms into subsurface
groundwater flows. Under this framework, water that rains down on a privately owned
farm field or is harvested off a rooftop is an ‘extralegal’ resource –which users may
freely harvest.
Not surprisingly, regulatory standards and state management agencies specifically
for rainwater harvesting are nonexistent in Mexico. While water harvesting is an ancient
and widespread practice, contemporary regulations are only indirectly related or applied
(Oldham 2008). Perhaps the most important and applicable regulation for rainwater
harvesting is the Secretary of Health’s treatment standards (NOM-127-SSA1-1994 and
NOM-014) for drinking water (Anaya Garduño and Martínez 2007). These norms
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establish permissible thresholds of physical, chemical, and biological elements of water
for human consumption (primarily drinking). Moreover, because NOM-127 applies to all
categories of water, it applies to rainwater harvested for human consumption, even if the
water is not technically state property. For example, if a household captures rooftop rain
for drinking purposes, they must meet federal treatment guidelines, even if the
management authority (e.g. the family) is considered extralegal. Public awareness and
compliance with NOM-127 is uncommon, and any existing state regulations are unevenly
applied or enforced. 8
This ‘deterritorializaiton’ of rainwater stands in sharp contrast with Mexico’s
northern neighbor, the United States. Until the 2009 passage of two new state laws,
rainwater harvesting in Colorado was considered illegal, because domestic catchment
allegedly interfered with downstream water rights already allocated through the prior
appropriation doctrine (Johnson 2009). “I was so willing to go to jail for catching water
on my roof and watering my garden,” reports one long-time harvester, who had been
illegally watering his vegetables and fruit trees from tanks attached to his gutters
(Johnson 2009). Meanwhile, in Utah and Washington State, collecting rooftop rainwater
remains illegal, unless the harvester also owns water rights on the ground (Johnson
2009). In New Mexico and Arizona, municipalities encourage rainwater harvesting as
sustainable alternatives to ground and surface water depletion. The geography of state
authority over water in the United States, while more decentralized than Mexico,

8

Interview, May 9, 2008.
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ironically allows for greater individual control, higher levels of formalization, and fewer
legal gaps in water use.
Of course, as Figure 1 also illustrates, the illegality of some types of informal
water use does not necessarily preclude such activities. Unlike rainwater harvesting, the
household reuse of greywater–domestic wastewater without toilet effluent–is technically
considered federal property and regulated by wastewater guidelines and reclamation
standards.
Water, as this section makes evident, follows multiple institutional pathways as its
flows through the Mexican waterscape. Despite its well-deserved reputation for a high
level of centralized control over water, ‘gaps’ exist in de jure and de facto rule in Mexico.
The next section discusses the institutional and political implications of these apertures.

Informality in the Mexican Waterscape
The archaic State does not overcode without also freeing a large quantity of decoded
flows that escape from it.
Gilles Deleuze and Félix Guattari, A Thousand Plateaus, pg. 495

The territorialization of water, as Gilles Deleuze and Félix Guattari suggest
above, is never a sutured space: even in the highly federalized and centralized Mexican
waterscape, ‘decoded flows of water ‘escape’ and travel pathways beyond state control.
This sections marshals two case studies of informal water use–a rural rainwater
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harvesting project in central Mexico and urban greywater reuse in Tijuana–to explore the
institutional practices and political implications of these ‘gaps’ in state territory.
Rainwater harvesting in central Mexico
Thirty miles outside of Mexico City, near two prominent agricultural universities,
large rainwater barrels stand guard outside the entrance to the International Center for
Demonstration and Training in Rainwater Harvesting (Centro Internacional de
Demonstración y Capacitación en Aprovechamiento del Agua de Lluvia, CIDECALLI).
Formed in 2004 by a team of academics and engineers, CIDECALLI aims to promote,
design, and optimize rainwater harvesting for a variety of uses, including human
consumption, as a sustainable alternative to overdrawn groundwater resources and
declining surface supply (Anaya Garduño and Martínez 2007; Oldham 2008). The center
has developed five distinct modules for rainwater harvesting, including an innovative
system called Lluviatl, which captures, stores, purifies, and bottles water for communitywide consumption or commercial sale (Figures 2 and 3). The center also conducts
training seminars, including a biannual weeklong postgraduate certification program in
the design of rainwater harvesting and purification systems for human consumption
(Anaya Garduño and Martínez 2007; Oldham 2008). During these seminars,
CIDECALLI educates trainees on topics ranging from negative effects of waterborne
illnesses to the legal frameworks for purified and potable water.
To date, one CIDECALLI’s most successful efforts is a community-level
harvesting project in the rural village of San Felipe del Progreso, located in the povertystricken Mazahua indigenous region in the northeastern part of the State of Mexico, and
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far off the municipal water grid (Oldham 2008). With support from the Foundation Pro
Zona Mazahua, CIDECALLI engineers designed and built the harvesting system,
modeled after the Lluviatl prototype, for the approximately 6,000 inhabitants of San
Felipe. The project has the capacity to supply 3.5 million liters of purified water each
year (Oldham 2008). 9 Community members are responsible for managing plant
operations, and local project leaders even developed the brand name Mazagua, based on a
combination of Spanish and Nahuatl words for ‘rain’ (Oldham 2008).
These systems comply with the Secretary of Health’s federal treatment standards
for physical and chemical parameters of drinking water (NOM-127-SSA1-1994 and
NOM-041). Regulations specific to rainwater harvesting quantity and quality, however,
are nonexistent. 10 The CIDECALLI engineers recognize that their methods of water
supply do not fit neatly under state authority. When asked how CONAGUA responded to
a public presentation of CIDECALLI’s rainwater harvesting projects, one engineer
paused and chuckled.
Engineer: They [CONAGUA] are a bit jealous. We surprised them with
our projects and our philosophy. At first, they stepped back and remained
cool, disinterested. After all, they are in charge of supplying water to
agriculture, livestock, industry, and finally to people. So of course they are
looking for projects of scale, large volumes of water, lots of money. This
[rainwater harvesting] doesn’t interest them.
Meehan: Is the difference a question of scale?

9

Fondo para la Comunicación y la Educación Ambiental, A.C. “Agua de lluvia para vivir y producir.” 31
January 2008. <http://www.agua.org.mx/content/view/2823/35/>.
10
Interview, May 9, 2008.
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Engineer: It’s funny. We’re the same people: engineers, academics,
intellectuals. But we think differently about how to resolve water access
problems, we think differently about water and people. 11
In short, the ‘bigness’ of CONAGUA’s vision of water fails to match the diffuse,
fragmentary, and individuated spaces of rainwater harvesting. This ontological friction–
between the ‘state’s nature’ and the microterritories of water–in fact creates a legal
opening and institutional opportunity for rainwater harvesting projects, such as Mazahua,
to provision water and sustain livelihoods according to logics different from the state’s.
Greywater reuse in Tijuana
In a densely populated canyon in western Tijuana, Argélia feeds laundry into her
washing machine –a large-capacity machine bought second-hand from the United States
(Figure 4). Her house is modest: concrete floors, walls made of particleboard, and a metal
roof. Like her neighbors, Argélia’s home has running water but no sewerage. Her water
service, however, was shut off three months ago due to lack of payment. (Argélia
reported that her husband became ill –diabetes and other problems –and couldn’t work,
so they couldn’t pay the bills. Now they can, but she can’t afford the $245 of labor fees
that CESPT charges to reconnect service. Instead, she just takes water from the chorro
outside.) Her system is simple: first, she washes white laundry when the water is “clear.”
As it “darkens” after a load or two, she washes darker clothes. Finally, when the water is
sucia [dirty], she uses it to irrigate the front yard and street to “keep down the dust.” 12

11
12

Interview, May 9, 2008.
Interview, August 27, 2008.
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Even among Tijuana’s networked homes, urban dwellers recycle greywater–
domestic wastewater without toilet effluent–to supplement water supply and subsidize
household expenditures (Gaxiola Aldama 2004; Meehan Appendix C). Informal water
use is a systematic practice of water conservation and economic savings, shaped by
institutional arrangements that are common across households (Meehan Appendix C). In
a recent survey, for example, over 25 percent of households recycled greywater for nonpotable uses: such as for domestic cleaning, irrigation of plants and flowers, toilet
flushing, and to keep down dust (Meehan Appendix C).
These two cases reveal a number of political and institutional implications. First,
even within the federalized and centralized Mexican waterscape, fissures and informal
flows exist within the ‘state’s nature.’ The legal structure of Mexico–rooted in the civil
law tradition–ironically creates space for the informal control of water, such as the
catchment of rainfall from household rooftops. These ‘decoded flows,’ as Gilles Deleuze
and Félix Guattari suggest (1987, 496), emerge both alongside and beyond the spatial
reach of the state.
But on the other hand, the overcoding of the archaic State itself makes
possible and gives rise to new flows that escape from it. The State does not
create large-scale works without a flow of independent labor escaping its
bureaucracy (notably in the mines and in metallurgy). It does not create
the monetary form of the tax without flows of money escaping, and
nourishing or bringing into being other power (notably in commerce and
banking). And above all, it does not create a system of public property
without a flow of private appropriation growing up beside it, then
beginning to pass beyond its grasp; this private property does not itself
issue from the archaic system but is constituted on the margins, all the
more necessarily and inevitably, slipping through the net of overcoding
(Deleuze and Guattari 1987, 496).
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Second, the failure of state authorities to ‘catch up’ with the diffuse and
fragmentary spatiality of water–particularly within the domestic sphere–suggests that
certain socionatural assemblages prove more resilient to territorialization than others.
Since the Porfiriato, water in Mexico has been surveyed, gridded, dammed, and diverted
in accordance with the state hydraulic paradigm –clearly ‘nature’ in its liquid form has
been historically conducive to modern state logics of control. At the same time, however,
the raw empirics of water–its divisibility, its flow regime, its ‘lumpiness’–permit certain
configurations (like household greywater reuse) to fly beneath the enforcement radar, to
proliferate alongside and despite the state. This is not to say that households operate
‘outside’ the state, but to reassert that the myriad flows of water travel multiple
institutional pathways, and with perhaps with more liberatory political possibilities.

Conclusions
The Mexican waterscape has been profoundly shaped by institutional efforts to
federalize and centralize state authority. Over the course of the twentieth century, the
Mexican federal government crafted key water laws, created new agencies, and initiated
development projects targeted at bringing surface and groundwater within the territorial
fold of the nation-state (Aboites 1998). In recent years, legislative attempts to
decentralize decision-making and increase public participation have paradoxically
entrenched the centrality of the state (Scott and Banister 2008; Wilder and Romero
Lankao 2006; Wilder 2009). The territorialization of water, via the creation and

106

actualization of jurisdictional authority through key institutions and bureaucracies, has
produced a seemingly sutured space of state hydraulic power.
But the fluvial circulation of water through Mexico reveals a range of institutional
spaces that elude state control. Precipitation, under Article 27, must reach a critical flow
mass or cross property boundaries before it constitutes ‘national waters’ and becomes
subject to state authority. By delineating specific categories of ‘water,’ the Mexican state
has simultaneously created territorial limits. Moreover, while household greywater reuse
is technically subject to federal water quality standards, the atomized and unruly nature of
domestic greywater defies legal compliance and, according to some experts, is virtually
impossible to police. In a Deleuzian sense, by ‘overcoding’ territory, the Mexican state
has inadvertently ‘freed’ other flows.
The incompleteness of state territory thus opens space for water management by
informal or non-state institutions. Rainwater is harvested and purified for domestic
consumption by rural communities in central Mexico (Oldham 2008) and greywater is
recycled from washing machines and reused to satisfy non-potable demands in cities like
Tijuana (Meehan Appendix C).
Why might these insights be important? On one level, the jurisdictional ways that
states creates territory holds serious, real-life consequences for water sustainability and
planning. For example, the U.S. legal structure makes it possible for Colorado to declare
rainwater harvesting ‘illegal,’ because it violates prior appropriation doctrines. However,
in Mexico, harvesting rooftop rainwater is not even considered to be ‘water’ under the
state. Practically speaking, it is more difficult for Mexican authorities to encourage ‘off-
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grid’ water alternatives, given that it has foreclosed its own possibility of accumulating
territory.
In terms of politics, however, this article offers insights into the ways that nonstate institutions emerge in the interstices the state hydrosocial cycle. Given that
rainwater harvesting and greywater reuse are often touted as ‘best management practices’
for reducing residential water demand, these cases demonstrate that even within the
‘gaps’ of state territory, alternative modes of resource management offer real political
possibilities for sustainability.
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TABLE 1. Major events in the territorialization of Mexico’s water.
Year

Event

Objectives and Significance
Modified Article 72 of the Constitution
of 1857 to grant federal jurisdiction to
water flows within the country; First
legislative attempt to
federalize/centralize water

1888

Article 72

1889

Convention that created the
International Boundary and Water
Commission (IBWC) and its Mexican
counterpart (CILA)

Created rules for international rivers and
surface flow; Authorized IBWC & CILA
to manage transboundary surface water
resources

1910

Federal Water Law

First attempt to exercise federal
jurisdiction over the nation’s water
resources

1917

Article 27

Created Constitution of 1917; including
Article 27, which establishes federal
sovereignty over all land and water
resources within the borders of Mexico

1926

National Irrigation Commission (CNI)

First governmental efforts to regulate
water in Mexico

1944

Treaty for Utilization of Water of the
Colorado and Tijuana Rivers and of
the Rio Grande (the “Colorado River
Compact”)

Allocated waters of three international
rivers between Mexico and the U.S. and
extended the functions of the IBWC &
CILA

1946

Ministry of Hydraulic Resources
(SRH)

Established federal agency, regulations,
and norms for surface and groundwater

Construction completed on Colorado
River-Tijuana Aqueduct

Delivers Colorado River water at 4
m3/sec from Morelos Dam (near Yuma),
through Mexicali Valley irrigation
districts, over the Sierra de Juárez
mountains, to El Carrizo Dam and
Reservoir

1982
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Agreement for the Protection and
Improvement of the Environment in
the Border Area (La Paz Agreement)

Provided formal guidelines for the
binational participation of various
government levels

National Water Commission
(CONAGUA or CNA)

Created a new government agency to
specify Mexico’s water policies,
formulate and implement the National
Water Plan, issue permits, manage
infrastructure and allocations, and
provide technical assistance

1992

National Water Law

Created special provisions for the CNA;
Established structure and function of the
river basin councils

1993

Creation of the Border Environment
Cooperation Commission (BECC)
and the North American Development
Bank (NADBank)

Created two agencies to assist border
communities in financing and
coordinating environmental
infrastructure projects

The Border XXI program

Promotes sustainable development in the
border region; Successor program is
called Border 2012

Revisions of the National Water Law

Established 13 decentralized CNA
regions; Refined the mandate of river
basin councils

1983

1989

1996

2004
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FIGURE 1. The hydrosocial cycle.

Source: Author.
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FIGURE 2. The Tijuana water cycle.

Source: Author.
Notes: This three-dimensional view is from the northern side of the U.S.-Mexico border,
looking south and east.
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FIGURE 3. Bottling rainwater at CIDECALLI, Texcoco, Mexico.

Source: Author.
Notes: During the bottling process, purified rainwater is injected into plastic bottles.
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FIGURE 4. Mazahua bottled water.

Source: Author.
Notes: Under the guidance of engineers from CIDECALLI, rainwater is purified, bottled,
and sold under the brand names ‘Lluvatial’ and ‘Mazahua.’
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FIGURE 5. The segunda, or second-hand washing machine.

Source: Author.
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Introduction
Cities in the global South are confronting unprecedented challenges to urban
sustainability and equitable development, particularly in the realm of water provision.
Nearly 1.5 billion people worldwide suffer from a lack of safe access to drinking water
and sanitation (UN-HABITAT 2003; UNWWAP 2006), an increasing proportion of
whom reside in cities (UNWWAP 2003, 2006). Over 900 million urban dwellers live
without adequate water provision (UNCHS 2006), many in rapidly growing informal
settlements and slums that encircle the urban core (Davis 2006) and still others in older
neighborhoods with decrepit and aging infrastructure (Bakker et al. 2008). These
“archipelagos” of supply, marked by exclusive islands of formal access amid a sea of
underprovisioning, reflect the diffuse, polarized, and increasingly fragmentary nature of
water access and urban space in the global South (Bakker 2003; Bakker et al. 2008;
Gandy 2004, 2008; UN-HABITAT 2009).
Meanwhile, in the gaps of formal provision, informal water use, infrastructure,
and management institutions have emerged in cities around the globe (Gleick et. al 2002).
Urban dwellers in Jakarta, regardless of income level or physical proximity to the
municipal grid, rely on a mixture of public, private, and communal water sources (Bakker
2007). In Lagos and Guayaquil, neighborhoods are supplied water through network-based
connections (some legal, others not), as well as roaming tanker trucks, bottled water, and
informal sharing agreements (Gandy 2005b, 2006; Swyngedouw 2004). Mumbai and
Mexico City residents rely on a flexible mix of tankers, rainwater catchment, and
clandestine connections to bridge massive sociospatial inequalities of water access
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(Gandy 2008; Pezzoli 1995; Tortajada 2006). Even among Tijuana’s networked homes,
urban dwellers recycle greywater–domestic wastewater without toilet effluent–to
supplement water supply and subsidize household expenditures (Gaxiola Aldama
2004). 13 These cases illustrate the diversity of infrastructure networks, institutional
arrangements, and social power geometries that make up the ‘splintered networks’ of
urban water provision in the South (Kooy and Bakker 2008; McFarlane 2008; McFarlane
and Rutherford 2008).
Yet the economic and sociospatial character of these splintered networks, as well
as the broader role of informal infrastructure and economies in the urban fabric, is poorly
understood. What is the economic geography of water provision, and how does informal
water use fit into the puzzle? How much water circulates through the informal economy,
and what economic practices, technologies, and spaces are thereby produced? Does
informal water use represent a viable or sustainable alternative to present models of urban
water provision, or is it simply a domestic appendage of capitalist urbanization?
This article examines these questions using the case of Tijuana –a semi-arid
metropolis of 1.2 million situated on the northwestern frontier of Mexico, just south of
the international border with the United States. Like many urban landscapes in the South,
Tijuana reflects deep patterns of uneven development, but its large population, rapid
growth rate (5.33 percent annually), and limited water supply (imported from the
Colorado River) make the search for sustainable water alternatives even more urgent
13

The exact definition of “greywater” varies between regions and regulatory contexts. Under some
regulatory frameworks, certain types of greywater – such as solids-laden sink water or water used to
launder diapers – are considered to be “blackwater” and discouraged for reuse, even though “the level of
pathogens in even the darkest greywater is a small fraction of that in blackwater” (Ludwig 2006, 2).
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(Liverman et al. 1999; Michel 2000b; Mumme and Aguilar Barajas 2003). Drawing on
quantitative and qualitative data collected during nearly 13 months of fieldwork, the
article examines the specific infrastructures, water flows, and economic practices that
constitute informal water use. In contrast to urban narratives that situate capital at the
center of the modernization and contemporary fragmentation of the city (cf. Bakker 2003;
Gandy 2004; Graham and Marvin 2001; Swyngedouw 2004), I argue that the multiple
economies of urban water provision–driven, in particular, by domestic greywater reuse–
also produce a ‘splintering-from-below.’ Building on a feminist and anti-essentialist
language of economic difference (e.g., Gibson-Graham 1996, 2006; Mitchell 2002;
Resnick and Wolff 1987; St. Martin 2001, 2005, 2007), I situate these splintered
networks as sites of diverse class processes, sustainable environmental practice, and the
grounds for cultivating economic alternatives.
The article begins with an overview of geographic conceptualizations of urban
water provision, reassembling literatures into four modes of explanation –each of which
offers a window into the interrelationship between infrastructure, economy, and space.
After describing the research context and methods in the second section, the third section
examines the economic geography of water provision in Tijuana, analyzing the water
sector as a diverse set of capitalist and non-capitalist transactions, forms of labor, and
types of enterprise (Gibson-Graham 1996, 2006). In the fourth section, I deepen that
analysis in the domestic sphere, examining the household practices, infrastructures, and
water flows that create the ‘greywater economy.’ Finally, the fifth section discusses the
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implications of these findings for understanding the production of the city and
possibilities for urban water sustainability.

Water, Space, and the Splintering City
“Water is not simply a material element in the production of cities but is also a critical
dimension to the social production of space.”
--Matthew Gandy (2004, 373)

Theoretically speaking, my question is thus: is it possible to think and move beyond
capital as the dominant form of economy, Euro-modernity as dominant cultural
construction of socio-natural life, and the State central form of institutionalization of the
social?
--Arturo Escobar (2010, 11)

In recent years, a profusion of work has spotlighted the discursive and material
links between urban infrastructure, the economy, and the production of space.
Geographers, and urban theorists more generally, have understood the primacy of urban
infrastructure since the Chicago school, when technological networks were conceived as
the underlying skeleton of the city, the identifiable assemblage of organs nurturing urban
expansion and economic growth (e.g., Burgess 1924; McKenzie 1924; see Gandy 2004
for a review). More recently, scholars suggest we are again entering a transitional phase
in the physical constitution of urban space.
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When we think of what a city is we cannot avoid contemplating the
complex mass of structures that bind different elements of urban space
into a coherent functional entity. Yet this integrated urban form is by no
means the prevalent model when we consider the phenomenon of modern
urbanism in a wider geographical or historical context: the divergence of
different institutional structures and arrangements for water provision
illustrates the complexity of urban infrastructure and its evolving
relationship with different modes of social and economic organization
(Gandy 2004, 373).
This examination of ‘urban technonatures’ reveals the dialectical and explicitly political
ways in which infrastructure networks–particularly water and sewerage–are constitutive
of the city (Gandy 2004; Kaika and Swyngedouw 2000; Kooy and Bakker 2008;
McFarlane and Rutherford 2008). “Urban infrastructures are not only material
manifestations of political power,” writes Matthew Gandy (2005, 39), “but they are also
systems of representation that lend urban space its cultural meaning.” Water networks
may bridge or divide city spaces; hide or reveal inequities of resource access; connect
with or sever ‘nature’ from ‘society’; instill a sense of ‘modernity’ in the metropolis or
underscore underdevelopment (Harvey 2003; Gandy 2005; 2008; Kaika 2004; Kaika and
Swyngedouw 2000; McFarlane 2008). Infrastructure is thus critical to “the construction
of the city as ‘modern,’ as a site of capitalist production and expansion, as constitutive of
social relations of inequality, and as a space of environmental transformation”
(McFarlane and Rutherford 2008, 363).
The geographic narratives of urban water provision tend to fall along two axes of
explanation (Table 1). Along the first axis, conceptualizations differ according to the
degree of focus granted to the grid: water conveyance infrastructure (pipes) and
institutional arrangements (practices) mediated by the state, private sector, or partnerships
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of both (Table 1, far left column). On one end, the ‘modernist’ ideal of the uniform,
integrated, universally serviced city is frequent invoked in both praise and critique
(Gandy 2005; Graham and Marvin 2001). Conversely, off-grid provision is alternatively
heralded as entrepreneurial genius and bootstrap development (de Soto 2000) or as an
insidious byproduct of capitalist urbanization (Gandy 2004; Swyngedouw 2004). Along
the second axis (Table 1, top row), explanations tend to diverge according to ontological
or discursive framings of the economy. On one end (Table 1, middle column), urban
water provision–or the lack thereof–emerges from wholly capitalist economic relations,
practices, and subjects, even within the increasingly fragmented urbanism of the South
(Gandy 2004, 2006, 2008; Graham and Marvin 2001; Kooy and Bakker 2007b; Loftus
and Lumsden 2008; Swyngedouw 2004). This capitalocentric view of the economy has
been criticized for discursively situating capitalism at the center of development
narratives at the expense of devaluing or marginalizing possibilities for alternative and
noncapitalist economic production and subject formation (Gibson-Graham 1996). On the
other end (Table 1, right column), class-centric approaches privilege a politics of labor:
whether through modernist efforts to achieve universal service through working class
control of municipal networks (Beck 1982), or–as this article demonstrates–through a
poststructuralist vision of class as incorporating anti-essentialist and noncapitalist
practices of surplus accumulation and distribution (Gibson-Graham, Resnick, and Wolff
2000; St. Martin 2007).
Of course, given that the majority of residential water flows from a faucet, most
studies fixate on the grid (Table 1, Box 1). These narratives mostly address how capital
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(and the capitalist state) have plumbed the city in service of the accumulation and
circulation of commodities, the production of urban space in capital’s image, and the
(re)production of a workforce to make both. In many pre-industrial cities, water provision
began as independent service arrangements or small, privatized networks –prone to
microgeographies of exploitation and control (Gandy 2002; Engler 2004; Melosi 2000).
As industrialization and rapid urbanization transformed cities, the state assumed control
of water networks, investing excess capital into technology and infrastructure to facilitate
new landscapes for capital accumulation (Gandy 2002; Harvey 1989, 2003; Swyngedouw
2006; Swyngedouw, Kaika, and Castro 2002). Modern water networks disappeared
underground and undesirable elements (e.g. sewage, garbage) were driven from the sights
and smells of the home (Engler 2004; Kaika 2004, 2005), hiding the social power
relations of infrastructure even as modern lifestyles facilitated greater consumption and
waste production (Kaika and Swyngedouw 2000; Moore 2010). The home became an
innocuous site of capital accumulation, a “space whose existence depends on the
continuous flow of goods, people, and capital outside and underneath its premises”
(Kaika 2005, 8). Even in the South, where infrastructure networks are rarely ‘invisible’
and the urban fabric has always been politicized and fragmented (Kooy and Bakker 2008;
McFarlane 2008), the discourse of urban modernity orbits capital, relegating other people
and places (such as those ‘off-the-grid’) to the category of the ‘primitive’ or the
nonmodern (Robinson 2004).
Taking back the grid from capital to serve a different set of interests–such as that
of urban workers–thus holds the promise of organizing water provision and urban space
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differently (Table 1, Box 2). The arc of modernity in the North and South has been
punctuated by efforts to govern and develop city infrastructure in a class-centric manner,
in which urban services and space serve the interests of organized labor. For example, in
response to negative environmental and health consequences of Industrial Revolution-era
urbanization, leaders from the Wisconsin Socialist Party were voted into power in
Milwaukee, with the aim of installing new sanitation systems, municipally owned water
and power systems, community parks, and improved educational systems (Beck 1982;
see also Heynen and Perkins 2005). These ‘sewer socialists,’ who remained in office for
nearly a century, sought to replace capitalist ownership with state-owned utilities that
would protect the working class from capitalist industries, monopolies, and exploitation
(Beck 1982). This activism is echoed today in many alter-globalization water struggles
(Bakker 2007a for a review). Reformers from Cochabamba to Atlanta have sought to
wrench water network ownership, management, and distribution from the hands of state
and capitalist interests and reverse recent trends of privatization and marketization of
water systems. Yet the aims of these antecedent and modern sewer socialists–while
clearly labor-centric, focused on the accumulation and distribution of surplus to the
working class–still hinge on a modernist notion of the grid and the ideal of universal,
technological service.
Not all water arrives in city pipes, however (Table 1, Box 3). For millions of
urban dwellers in the South, water is purchased from private tanker trucks, often at prices
hundreds or thousands times higher than the cost of municipal provision (Bakker et al.
2008; Gandy 2006; Pombo 2004; Swyngedouw 2004). Bottled water is a rapidly
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expanding market in the global South, particularly Mexico –the third-largest consumer of
bottled water in the world (Tortajada 2006; Robbins, Hintz, and Moore 2010). Smallscale entrepreneurs, called the ‘bootstrap capitalists’ of the South, supply water through
informal markets, amid ongoing conditions of governance failure by the formal sector (de
Soto 2000; see also Bakker et al. 2008 for a review). De Soto, a Peruvian economist
famous for his work on the informal economy, argues that state failure holds these
‘heroic entrepreneurs’ back, specifically through a defective system of property rights
allocation (2000). 14 While this approach recognizes the plight of the poor and large
aggregate impact of the informal economy, critics claim that de Soto–the ‘Messiah of
people’s capitalism’–and others remain trapped in a dystopic development framework,
purposively ignorant of intersectoral inequality and power geometries of the informal
sector. Moreover, while these approaches are clearly anti-state, they are unambiguously
pro-capitalist. This neoliberal postmodern approach explores the possibilities of
infrastructure development ‘off the grid,’ but constructs economic futures as
hyperactively capitalist –or, as Mike Davis (2006, 185) puts it, “simply greases the skids
to a Hobbesian hell.”
These rather bleak portrayals of the informal economy–as feminist theorists,
economic geographers, and common property scholars point out–position economic
practices, relations, and subjectivities in terms of an ‘idealized’ capitalism, to the
detriment of other forms of economic production and value (Gibson-Graham 1996, 2006;

14

In this vein, Karen Bakker (2007a, 439) astutely notes, “right-wing think tanks such as the Cato Institute
[argue] that ‘water socialism’ had failed the poor, and that market forces, properly regulated, were the best
means of fulfilling the human right to water.”
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Mitchell, Marston, and Katz 2003; Katz 2004; Pavlovskaya 2004; Resnick and Wolff
1987; St. Martin 2001, 2005) Such readings of the economy can be called
capitalocentric:
When we say that most economic discourse is “capitalocentric,” we mean
that other forms of economy (not to mention noneconomic aspects of
social life) are often understood primarily with reference to capitalism: as
being fundamentally the same (or modeled upon) capitalism, or as being
deficient or substandard imitations; as being opposite to capitalism; as
being the complement of capitalism; as existing in capitalism’s space or
orbit” (Gibson-Graham 1996, 6).
When non-capitalist economies are present in the city–if acknowledged at all–they are
seen as primitive remnants of ‘pre-modernity’ or are swept into categories of ‘social
reproduction’ --discursively crippled as a means of merely achieving survival, never
mind value or prosperity, or else straight-jacketed within a development trajectory whose
destinations are already determined (Escobar 2010; Gibson-Graham 1996; Mitchell,
Marston, and Katz 2003; Pavlovskaya 2004; Robinson 2004; St. Martin 2001, 2005;
Williams and Round 2007).
In response to capitalocentric and modernist, grid-based notions of water
provision and urban space, this article builds on a ‘weak theory’ of the economy to
consider the economic possibilities of informal water use (Table 1, Box 4). This approach
follows recent efforts to focus on interpretations of ‘class’ as an anti-essentialist process
of surplus accumulation and distribution: the notion of class as “an adjective, not a noun”
(Resnick and Wolff 1987; see also Gibson-Graham, Resnick, and Wolff 2000; St. Martin
2007). A ‘weak theory’ of the economy thus sees class-centric activities across a variety
of settings –rural and urban, South and North: in Rajasthani farmers who collectivize
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access to groundwater to resist government-led privatization schemes (Birkenholtz
2009a); in community-based fisheries off the shores of New England (St. Martin 2005);
and in contemporary examples of subsistence hunting and gathering in U.S. forests
(Emery and Pierce 2005).
The article uses these theoretical insights to bridge diverse economies and urban
political ecology in two main ways. First, by putting the analytic of the diverse economy
to work (Table 2), I examine the economic geography of water provision in the city –not
as it is ideally invoked in modernist narratives, but as it emerges in the mundane, daily
practices of securing water. Building on a vocabulary of economic difference (GibsonGraham 1996, 2006), I ask: what types of transactions (the exchange of goods and
services), labor (work and its rewards), and enterprise (units that appropriate and
distribute surplus) are present in Tijuana’s water provision? How much water flows
through each economy? To what degree do these multiple economies overlap or
interrelate?
Second, given that water and its technological networks are constitutive of the
city–the ‘concrete and clay’ of the modern urban fabric (Gandy 2004, 2005; Kaika and
Swyngedouw 2000)–I ask: is there a different type of urban metabolism produced in
informal water use; does informal water provision, particularly greywater reuse, produce
a different kind of urban space? What objects, practices, and infrastructures are enrolled
in the greywater economy? In what ways do these bootstrap assemblages create urban
space, and with what political and environmental implications?
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Research Context and Design
These questions are grounded in nearly 13 months of fieldwork in Tijuana,
conducted between 2006 and 2009. Located on the U.S.-Mexico border, Tijuana sits at
the uneasy intersection of limited water availability, rapid population growth, and
asymmetrical economic development, factors that have contributed to uneven water
provision in the city (Mumme and Aguilar Barajas 2003; Liverman et al. 1999; Michel
2000). Like San Diego and Los Angeles to the north, Tijuana relies on imported water
from the Colorado River for approximately 95% of its annual supply (Brown et al. 2003),
putting city provision at the mercy of basin-wide scarcity, a fixed river allocation, and a
complex matrix of political jurisdictions and formal institutional constraints at local,
national, and international levels (Meehan Appendix B; Mumme and Aguilar Barajas
2003).
Municipal development and services, moreover, have not kept pace with urban
growth. Between 1990 and 2000, Tijuana grew 5.33 percent annually, and projections put
municipal population at 2.54 million by 2030, an increase of almost 1.3 million since
2000 (CCBCR 2005). Nearly 53 percent of Tijuana’s municipal population lives in
informal or irregular settlements (Alegría Olazábal and Ordóñez Barba 2005), many of
which lack running water, sewage disposal, paved roads, electricity, or telephone service
(U.S. EPA 2003). In neighborhoods without municipal water, residents rely on an array
of water sources and strategies to augment supply, such as: purchasing bottled drinking
water from public and private vendors, paying for trucked water (known as pipas),
collecting rooftop rainfall for bathing and laundry, unauthorized abstraction (theft) from
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the municipal grid, recycling greywater in washing machine cycles, and irrigating small
gardens and citrus trees with used dishwater.
Given the broad, emergent, and heterogeneous properties of the informal water
sector, the research takes both an extensive and an intensive approach to understanding
water economies in the city. This approach is grounded in two techniques. First, in order
to understand the economic and material flows of household water provision across
Tijuana, a residential water use survey was administered (n=400). An adaptive clustering
strategy (a variant of stratified sampling) was used to achieve sampling equality between
harvesting and non-harvesting households (Austin et al. 2007). In a GIS database,
Tijuana’s census tracts were clustered according to percentage of households without
sewerage – a proxy for poverty and more specific measure of grid connection (see Figure
1). Using Jenks’ natural breaks, tracts were then broken into five levels of socioeconomic
class. Four census tracts were randomly selected from each class, bringing the overall
sample to 20 tracts. Field-based methods were utilized to randomly sample 20 households
per tract (i.e., 80 per socioeconomic class), obtaining 400 total responses. Using a
structured questionnaire, residents were queried on household income, expenditures,
demographics, access to infrastructure (e.g. paved roads, electricity, sewerage), water
sources, reuse and harvesting methods, and specific water uses. Data were logged,
cleaned, entered into a database, and analyzed using descriptive statistics, chi-square
tests, and other statistical measures.
Second, to better understand the economic and circulatory dimensions of water in
the household, I teamed with a research assistant to conduct six oral histories with
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greywater recyclers: a series of purposively sampled, semi-structured, multi-day, in-depth
interviews. With the goal of eliciting intimate details of reuse practices (e.g., key rules,
habits, knowledge, technologies), these ‘oral histories of washing machines’ also reveal
the household water economy as a complex of economic and socio-natural assemblages.
In a typical oral history encounter, we began with asking a set of 25 semistructured questions, then measured water reuse capacity (of buckets, cisterns, washing
machines, and other technologies) and documented observations of reuse techniques. As
we followed household water managers through wash and rinse cycles, conversations
unfolded to include the life histories of water users (such as how they came to conserve
and recycle water) and their personal motivations, economic anxieties, bureaucratic
frustrations, and political views on water. Interviews lasted at least three hours each, and
more often seven to nine. Field notes and transcriptions were analyzed for content and
classified according to theories and criteria of diverse economies (Gibson-Graham 1996,
2006).

The Diverse Economy of Water Provision
In Tijuana, households rely on a variety of water sources, ranging from greywater
to the grid (Table 3). Formal, networked water provision is relatively common across the
city: 97 percent of surveyed households are linked to the municipal water network, 90
precent to city sewerage. Government census surveys, in comparison, estimate lower
rates of connection: as of 2000, approximately 88 percent of households were hooked up
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to the municipal water network, 73 percent to sewerage (INEGI 2004). 15 Some
households (1.5 percent) depend on illegal connections to the municipal network for
water, either through consensual arrangements with neighbors or direct connections to the
grid. While these sources are ostensibly ‘grid-based,’ water theft is considered by many
to be an ‘informal’ source (see Appendix D for more discussion).
While Tijuana is relatively well connected to the municipal grid, a surprisingly
high percentage of water is supplied by off-grid sources. Nearly all surveyed households
(99.5 percent) purchase bottled water for drinking and cooking, a common practice across
Mexico. To a lesser degree, households also collect rainwater (3.75 percent), utilize
groundwater from private wells (0.75 percent), or buy water from tanker trucks (0.5
percent).
Greywater reuse is the most common manifestation of informal water use in
Tijuana. Just over 27 percent of surveyed households reuse greywater. While eight out of
twelve surveyed households (66.7 percent) without network service recycle greywater, a
surprising 101 out of 388 (26 percent) of households with network service reuse
greywater, even though their water supply was relatively reliable and constant. Most
households utilize several water sources: 99.5 percent of surveyed households rely on at
least two sources of water (typically municipal supply and bottled water), and 27 percent
use at least three sources (municipal supply, bottled water, and greywater (Table 3).
These findings suggest that while most of the population draws on both grid-based

15

This discrepancy is most likely due to the smaller sample size (n=400) of the household survey versus
the official INEGI (census) survey.
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(municipal) and off-grid (bottled) water sources, over one-quarter of surveyed households
incorporate noncapitalist forms of off-grid provision –namely greywater reuse.
These splintered networks of provision produce a constellation of water
economies. Based on an analytical framework of the diverse economy (Gibson-Graham
1996, 2006), Table 4 classifies Tijuana’s water sources (listed in the left column)
according to specific types of transactions, labor and enterprise (middle and right
columns). Transactions are defined as the rules of (in)commensurability; labor is defined
as the work that supports material well-being; and enterprise is defined as the units that
appropriate and distribute surplus (Gibson-Graham 1996, 2006).
Water provision, under this framework, is revealed to be a tapestry of economic
practice: from fully capitalist modes of production (in red), to alternative capitalist (in
orange), to noncapitalist (in yellow). Two main points are evident. First, economic
difference is fundamental to water provision in Tijuana, even among privately managed
source sources. Corporately owned bottled water, for example, emerges as perhaps the
most uniformly ‘capitalist’ type of market transaction, labor, and enterprise. Bottled
water suppliers tend to purchase treated water from municipalities, retreat water again
with various technologies (such as additional filtration or UV light), package it in plastic
bottles, and sell the product on regional markets. Yet key differences exist even among
the bottled water providers. Corporate bottled water entities like Bonafort (by Grupo
Danone) and Ciel (by Coca-Cola), which produce smaller quantities of bottled water,
tend to distribute surplus through a transnational corporate apparatus and among
shareholders, often located in foreign locales. In contrast, water sourced from privately
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owned tanker trucks, or pipas, is not fully privatized. Pipas are filled with treated
municipal water (between 5-10 m3 per truck) at designated filling stations across the city,
and then circulate through Tijuana’s poor neighborhoods, selling water to off-grid
households at inflated prices (Pombo 2004). These mobile water vendors are not charged
by CESPT (the state utility) for the treated water; nor do pipas provide additional
filtration or purification services. However, under city regulations–and in sharp contrast
to bottled water–pipa water is still considered a ‘public good,’ thus prices charged by the
vendors are only supposed to cover the costs of transport, such as gasoline, vehicle
maintenance, and worker wages (Pombo 2004, 44).
Second, fully capitalist forms of provision are not necessarily the ‘biggest’ source
of urban water. Households recycle, on average, 244.94 Liters/per capita/per week
(L/p/w) of greywater, or 15.8 percent of total household water expenditure and 22.3
percent of water consumption (Table 4). Among recycling households, reused domestic
wastewater is the second-largest source by quantity, almost five times the quantity of
bottled water purchased, and the savings realized are almost half the expense for bottled
water. The 27.3 percent of Tijuana’s water users who practice greywater recycling–one of
the ‘yellow’ rows on Table 4–shows that noncapitalist modes of water provision are a
major component of the economic geography of water in this city. Citywide, if 27 percent
of Tijuana’s 1.2 million people recycle the reported quantity of greywater found in this
study, that would amount to over 15 billion liters per year, some 72,238 acre-feet or 2.23
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percent of Mexico’s total allocation of Colorado River water. 16 The total savings realized
from greywater reuse is estimated to be $41,277,600 million pesos/year, or $3,175,200
U.S. dollars. Aggregated to the city level, the size of this ‘invisible’ economy of informal
water use is hardly negligible –an economic metabolism that begins in a seemingly
simple place: the household.

The Urban Metabolism of the Greywater Household
While the modern home is often discussed as a place where “natural and social
processes remain invisible and are scripted as ‘the other’” (Kaika 2005), the domestic
sphere is also constitutive of the urban economy. Water use is part and parcel of the
economic metabolism of the home, through which a cornucopia of use values–to a
capitalocentrist mind, ‘labor-power’–in the form of clean clothes, cooked meals, bathed
bodies, tolerably undusty streets, and even patches of greenery are produced through
unwaged, household labor, especially that of women.
Take the experience of Doña Rosa, a wife and mother. Her house is located in a
newer settlement in western Tijuana, perched on the shoulders of a steep canyon just a
few miles south of the international border. Her family moved to this neighborhood in
2004, as part of by a state-led effort to relocate residents from a densely populated,
precariously placed slum in the eastern Tijuana, on the banks of the Alamar River. Rosa’s
house is made of simple materials: a metal roof, particleboard walls, and dirt floors. Like
16

Note that only a portion of Mexico’s allocation is dedicated to Tijuana municipal water supply. The
remaining supply feeds the municipalities of Mexicali and Tecate and agricultural irrigation in the Mexicali
Valley.
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her neighbors, Rosa’s house has piped municipal water but no sewerage --her family
latrine sits to the side of her backyard.
Rosa is a hard and fast water reuser. The morning of my visit, as I shadow her
daily chores, she describes in intricate detail how she redirects recycled rinse water from
her washing machine to the next wash cycle, or for other uses, such as bathing and
domestic cleaning. First, she adds clean water to the dirty laundry in the machine. Then
she puts that now-dirty water into a bucket and does a rinse cycle with clean water. After
cycling that dirty water through the next two washes, or when she determines the water is
too contaminated to reuse again, she then sprinkles it around the dirt floors of her home
and yard, to keep down the ever-present dust in the neighborhood. Greywater also feeds
her quite extensive home garden.
Rosa also harvests rainwater from her roof. On the corner of her house (Figure 2),
is a gutter that drains into a large blue plastic tub, or tambo. Keeping the rainwater in 200
L containers, each of which can last her about one week’s use; she recalled capturing four
containers’ worth of rainwater in 2007. She learned these techniques from her husband,
originally from a rancho in Veracruz where rainwater harvesting was very common. He
was the one who told Rosa, “Put tambos under the roof and collect the runoff” when it
rained. They utilize the water for a variety of uses–bathing, washing laundry and dishes–
and generally have more faith in rainwater quality than in the city piped water. Plus, as
she mentions, “it’s free.”
Rosa is highly conscious of her water use and reuse. At one point during our
conversation, she mentions that her next-door neighbors waste a lot of water. Rosa has a
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beautiful garden outside her house. With pride, she explains how she uses most of the
reused water for the plants in her garden (Figure 3). Toward the end of the interview,
when I exhausted the question list and the conversation opened up to more interesting
levels, she told me about her childhood in Veracruz. She spoke effusively about the
abundance of water. “At the laundry washing stations, the water was always flowing,
clean. I could just turn on the faucet and not even think twice about how much water I
used.”
This abundance was a luxury, but she didn’t realize it until she moved to waterpoor Tijuana. “Here, I was not accustomed to conserving and saving water,” she said,
“but I learned how not to waste so much. Even my daughter… she used to throw away a
lot of water, but now she saves much more.”
Rosa’s experience, while not ‘universal’ across all households, touches upon three
common themes in the informal water economy. First, informal water use is a systematic
practice of water management and conservation, shaped by relatively common modes of
institutional decision-making. 17 Rosa, for example, salvages the ‘dirty’ water from her
washing machine in a fairly systematic way. For every six loads of laundry (3 wash
cycles, 3 rinse cycles), she reuses at least 2 cycles, or 33 percent of her total water use
(Figure 4). She uses greywater for domestic cleaning, to irrigate plants and flowers, to
pre-wash work clothes, to flush the toilet, and to keep the dust down inside and outside

17

By “institutions,” I refer to the distinct norms, rules, sanctions, and mechanisms that govern the
production of greywater, resolve conflicts over its use, and produce desirable outcomes (Ostrom 1990,
1993). Institutional forms of collective action vary between places (Ostrom 1993) and may exert
considerable influences on the spatial patterns of physical and social environments (Robbins 1998).
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her home. If bleach is used in a white load of laundry, she cautions, then the wastewater
becomes unusable because “the chlorine [bleach] kills the plants.”
To a broader extent, these habits and techniques of greywater use are common
across the domestic sphere (Figure 5). Households, according to the survey, source
greywater from four main categories: dishwater (20 percent), bathwater (21 percent),
hand-washed laundry (25 percent) and–by far the greatest contributor–machine-washed
laundry (71 percent). While the bathwater category has the greatest magnitude of
greywater (140.0 L/p/w), the washing machine is the most frequently used source (13.2
L/p/w). Moreover, the majority of uses for greywater involve environmental applications:
43.1 percent of recycling households use greywater for irrigation, and 32.1 percent for
eliminating dust. No households use greywater to drink or prepare food.
Second, while the human labor that produces greywater is gendered and nonremunerated, this work still produces self-valorizing use values. Out of the recycling
households, 100 percent of respondents (86 out of 86; 23 declined to respond) reported
that adult women were the ‘primary’ managers of greywater. Depending on the type of
greywater (e.g., reusing bathwater vs. laundry water), some respondents reported that
adult men and children (of both sexes) were also responsible for managing reuse;
however, women handled the majority of greywater tasks, which are tightly linked to
domestic chores: washing laundry, bathing (self and children), cooking, monitoring the
garrafones (5 gallon bottled water containers), cleaning, watering plants and trees.
Moreover, none of this labor was monetarily compensated. When asked “why not?”
respondents looked puzzled and answered “it’s a family obligation.”
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Third and finally, the multiple economies and flows of water impinge upon each
other in important ways, both within and outside the household (Figure 6). Within the
household, alternative markets–in other words, the state–supply the bulk of urban water.
Surveyed households spend $10.42 per week for approximately 1,041.7 L per week of
legally provisioned, grid-based municipal water. In contrast, households pay on average
$25.82 per week for 56.9 L per week of capitalist sources, namely bottled water. The
price difference between these sources is striking: municipal water is purchased at a cost
of approximately $0.01/L/p/w, while households buy bottled for an average of
$0.45/L/p/w --nearly 50 times the price of regular municipal water.
For many households, then, greywater reuse becomes way to stretch economic
and resource budgets. Among recycling households, greywater reuse (on average 244.94
L/w) represents a savings of $2.45 per week --a fraction of bottled water expenses but
nearly one-fifth of the average weekly expenditure on municipal water.18 Greywater is
produced through unpaid labor in noncapitalist ‘enterprises’ for nonmarket uses. These
findings illustrate the complexity of economic decision-making and household dynamics,
particularly when it comes to producing ‘value.’
The household, as this section shows, is a complex site of accumulation and
distribution. Households are not merely appendages to capital, or ‘small’ scales or
passive receptacles for macroeconomic shocks and modernity (Marston 2000; Marston
and Smith 2001), but are assemblages of dense materialities, situated economic and
political practices, and multiple subjectivities that are constitutive of urban economies –
18

Because greywater is typically sourced from the municipal grid, this amount is estimated based on the
average municipal price ($0.01/L).
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sometimes oppressively capitalist, sometimes not (Braun 2006; Pavlovskaya 2004;
Robbins and Marks 2009).

From Household to City: The Splintered Production of Urban Space

If the field of economic phenomena is no longer this planar space but a deep and complex
one, if economic phenomena are determined by their complexity (i.e., their structure), the
concept of linear causality can no longer be applied to them as it has been hitherto.
--Louis Althusser, Reading Capital, pg. 203

In Tijuana, a single family may purchase bottled water from the corner market,
rely on tap water from the municipal network, and reuse greywater from their secondhand washing machine. The fluvial metabolism of water provision enrolls a range of
objects, bodies, and infrastructures –from the buckets and hoses of greywater reuse to the
pumps and pipes of the modernist grid. Through everyday practices and mundane
infrastructure (the buckets and hoses of greywater reuse), households–and in particular,
greywater recyclers–produce an imbricated city space of diverse economies.
These household technonatures do not merely ‘extend’ into the city –they are the
city: the infrastructural threads of the urban fabric, the socionatural metabolism and
circulation of value, the multiplicity of space. If, as Matthew Gandy (2004, 373) so
eloquently asserts, “water is not simply a material element in the production of cities but
is also a critical dimension to the social production of space,” then informal water flows
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constitute the socionatural threads of the urban fabric. This conceptualization of the city
mirrors recent geographic approaches to space: as a product of interrelations, as a sphere
of possibility and multiplicity, and as always under construction (Massey 2005). Urban
space is not planar, as Althusser points out (above), but is deep and complex, defined by
the formal lattice of water conveyance and sewerage, as much as by the buckets, cisterns,
and PVC tubes of bootstrap infrastructure. All under the same roof, multiple and diverse
economies coexist and intertwine at the speed of the spin cycle.
In conclusion, this article makes three main points. First, informal water useparticularly in the form of greywater reuse–is relatively widespread in Tijuana, largely
household-based, and conserves a surprising degree of water supply. Across the city, just
over 27 percent of surveyed households engage in water harvesting and reuse. These
systems, such as Doña Rosa’s backyard network, are supported by non-state institutional
arrangements that do not significantly vary between households and exert considerable
influences on the spatial patterns of household water discharge. For example, the majority
of uses for greywater involve sustainable environmental applications: 79 percent of
recycling households use greywater for irrigating plants and 45 percent for eliminating
dust in front yards, in effect “recycling” water on-site (rather than contributing to runoff
or waste flows). Moreover, successful harvesting and reuse requires simple technology,
affordable infrastructure, and accessible technical knowledge. Households recycle, on
average, 244.94 Liters/per capita/per week (L/p/w) of greywater, or 15.8 percent of total
household water expenditure and 22.3 percent of water consumption. Citywide, if 27
percent of Tijuana’s 1.2 million people recycle the reported quantity of greywater found
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in this study, that would amount to over 15 billion liters per year, some 72,238 acre-feet
or 2.23 percent of Mexico’s total allocation of Colorado River water –of which Tijuana
doesn’t even use in its entirety.Thus, informal institutions create positive externalities for
environmental conservation (e.g., lessening urban runoff and soil erosion) and growth
planning (e.g., conserving water supply). These off-grid practices can be considered
subsidies from the poor, who provide services in lieu of and despite the state.
Second, and perhaps most significantly: the economy and networks of municipal
water provision are highly diverse–ranging from bottled water markets to non-capitalist,
self-provisioning greywater reuse–and is constitutive of “splintered urbanism” and
alternative modes of development. While the bulk of water is provided through regulated
state markets, a surprising degree of water circulates through the “greywater economy”
(conservatively estimated at 22.3 percent of Tijuana household water consumption).
Noncapitalist water economies, in short, are perhaps “bigger” than many experts
anticipate.
This finding, in particular, supports a third theme: the idea that development
patterns of ‘splintered urbanism’ are in fact constitutive of alternative development
possibilities. Furthermore, in contrast to narratives that situate capitalism as a teleological
end-game (see critiques by Gibson-Graham 1996, 2006), the spatiality of contemporary
water infrastructures and economies are extremely heterogeneous: one family might
engage in capitalist (bottled water), alternative capitalist (city water), and non-capitalist
(rainwater) market forms. Overall, these results point toward social change and
development through ephemeral, affinity-based assemblages (see critique by Day, 2006).
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And that in these splintered networks and diverse sites of the informal water economy,
alternative economic possibilities do indeed already exist.
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TABLE 1. Modes of explaining urban water provision.
Capitalocentric

Class-centric

Grid

(Box 1)
Modernist
Formal water institutions
State-led development

(Box 2)
Critical modernist
Formal water institutions
“Sewer socialism”

Off-grid

(Box 3)
Neoliberal postmodernist
Informal water institutions
Neoliberal development

(Box 4)
Poststructuralist
Informal water institutions
Alternative development
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TABLE 2. The diverse economy framework.
Transactions

Labor

Enterprise

Market
Free market exchange

Wage
Paid labor

Capitalist
Corporation; business

Alternative Market
Sale of public goods; barter

Alternative Paid
Self-employed; cooperative

Alternative Capitalist
State enterprise; nonprofit

Nonmarket
Household flows; gifts; theft

Unpaid
Self-provisioning; family
care

Noncapitalist
Communal; independent

Source: Gibson-Graham (1996, 2006)
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TABLE 3. Household sources of water supply in Tijuana, 2009.

Water Source

Weekly Median
Use Per Capita
(L)

% of Total
Households

# of Households

Grid-based
Network water (legal)
388
Public standpipe or tap
3
Network water (illegal)
3
Neighbors (illegal)
3
Other: sewerage
360
Off-grid
Bottled water
398
Greywater
109
Groundwater
12
Rainwater
12
Trucked water
2
Summary
Total households using at
398
least 2 sources
Total households using at
113
least 3 sources
Source: Household survey, January 2009, n=400.

97
0.75
0.75
0.75
90

1041.7
-

99.5
27
3
3
0.05

56.9
244.9
-

99.5

-

28

-

Notes: Total percentage exceeds 100 because most households use multiple water
sources. Values for illegal water use are likely underreported, due to the sensitive nature
of the practice. Households that have informal provision arrangements with neighbors
(e.g., a hose or PVC tube that links the unconnected residence to a neighbor’s outdoor
spigot), while often designed according to mutually beneficent terms, is illegal.
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TABLE 4. The diverse economy of urban water provision in Tijuana.
Water Source
Bottled water
(corporate owner)
Bottled water
(independent owner)
Sale of municipal water
from trucks
(independent owner)
Municipal water
provision and sewerage
(city government)
Public water tap
(city government)
Illegal connection
(community)
Earthworks to collect
stormwater
(community/household)
Washing machine,
bathtub, dishwasher
(household)
Rainwater harvesting
(household)
Source: Survey.

Transaction

Labor

Market exchange

Wage labor

Market exchange
Alternative
market
Market exchange
Alternative
market

Wage labor

Alternative
market
Alternative
market
Nonmarket

Self-employment

Enterprise
Capitalist
Capitalist

Wage labor
Self-employment
Wage labor
Unpaid
Self-provisioning
Unpaid
Self-provisioning

Capitalist
Alternative
capitalist
Alternative
capitalist
Noncapitalist

Nonmarket

Unpaid
Self-provisioning

Noncapitalist

Nonmarket

Unpaid
Self-provisioning

Noncapitalist

Nonmarket

Unpaid
Self-provisioning

Noncapitalist
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FIGURE 1. Map of selected Tijuana census tracts.

Source: Survey data. GIS base layer data from El Colegio de la Frontera Norte.
Notes: Census tracts are clustered into 5 classes, according to percentage of households
with sewerage (a proxy for poverty). Selected census tracts are outlined in black.
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FIGURE 2. Blue plastic tambos –or barrels –used for rainwater harvesting.

Source: Author
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FIGURE 3. Doña Rosa’s garden, fed by recycled greywater.

Source: Author.

160

FIGURE 4. Schematic of greywater reuse.

Source: Oral histories, observation.
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FIGURE 5. The household metabolism of greywater.

Source: Survey.
Note: Among the four main sources of greywater, quantities are listed in Liters/per
capita/per week (L/p/w) and percentages are out of the total number of recycling
households (n=109). Reported uses for greywater are as follows: Drinking (n=0);
Preparing food (n=0); Irrigation (47 or 43.1%); Eliminating dust (35 or 32.1%); Domestic
cleaning (35 or 32.1%); Washing clothes (27 or 24.8%); Flushing toilets (10 or 9.2%);
Bathing pets (2 or 0.9%).
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FIGURE 6. The economic and water flows of Tijuana.

$2.45

Household

244.94 L
$25.82
56.9 L
$10.42
1041.7 L

State

Market

Key
Water flow
Money flow

Source: Survey data.
Notes: All data are median weekly amounts (of either water or money), per
household. Prices are in Mexican pesos.
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Introduction
As dawn breaks over a canyon in western Tijuana, Doña Rosa gets up for a drink
of water. The August morning is already hot; the air choked with dust from the unpaved
roads of her neighborhood, Divina Providencia. 19 Rosa paces through the house–a tiny
shack made of plywood and corrugated metal–and grabs a kettle, heading outside.
Clotheslines and power lines zigzag above the small backyard patio, casting a lattice of
shadows over colorful tins, potted plants, and garden vegetables. Children in school
uniforms dribble a soccer ball in the street. Rosa waves to neighbors on their way to
work. On her patio, she pauses, and stares up at the web of white plastic tubes braced
against steep canyon walls. Water is carried through these pipes from a toma clandestina,
an unauthorized connection to the municipal water network, located high above the
canyon floor. Rosa’s water, and the water supply for her entire community, is illegal. She
stoops over the spigot, fills the kettle, and starts her day.
An unpaid commodity drawn from illicit taps, the illegal provision of water is
widespread in cities of the global South. Worldwide, almost 48.6 million cubic meters of
water escape daily from distributive networks, enough water to supply at least 200
million people everyday (Kingdom et al. 2006). In the urban South, some 30 to 50
percent of all treated supply goes unaccounted for due to leaks and ‘commercial losses’:
such as inaccurate metering, corruption, and theft (UN-HABITAT 2004; UNWWAP

19

To protect informant confidentiality, I use pseudonyms and concealing geographic details. All
translations from Spanish to English are mine.
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2009). Collectively known as ‘non-revenue water’, these physical and commercial losses
are estimated to reach almost $U.S. 14 billion dollars per year (Kingdom et al. 2006).
Commercial water losses in general, and water theft in particular, are seen as
products of governance failure, in which weak institutional arrangements create both
disincentives for utilities to reach poor households and for poor households to connect to
the grid (Bakker et al. 2008). Water theft, along with administrative inaccuracies and
corruption, is considered symptomatic of poorly defined property rights, inefficient
allocation, and weak state agencies and public utilities, many of which turn a ‘blind eye’
to informal markets and illegal use (Holden and Thobani 1996; Kingdom et al. 2006;
Thobani 1997; UNWWAP 2009).
Despite these frameworks of loss and lack, illegal water provision also functions
as a mechanism for supply. Doña Rosa and Divina Providencia, for example, rely almost
exclusively on an organized assemblage of unauthorized taps, unpaid labor, and
nonmarket transactions to provision water and survive. In cities across the South, poor
urban dwellers manage a variety of water sources–legal, extralegal, and illegal, often all
under the same roof–to close the chronic provision gaps created by state neglect and
uneven development (Bakker 2007b; Gandy 2006, 2008; Swyngedouw 2004).
The degree to which these informal, illegal provisioning practices function as a
water commons–or as an informal mode of development–is poorly understood. What
rules, norms, and sanctions underpin these illegal systems of provision and allocation –if
any? In what ways does theft create a commons? Moreover, on what grounds might we
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include or exclude illegal activities in the strategies and practices of alternative
development?
The mutually reinforcing cycle of official neglect and illegal provision raises
concerns for understanding the role of ‘community’ in development. While communitybased provision has become a rallying cry for water alternatives (Barlow 2008; Barlow
and Clarke 2002) the concept of ‘community’ has also been critiqued for its tendency to
flatten difference –whether in terms of gender, race, class, or modes of decision-making
(Bakker 2007a, 2008; Sultana 2009). Drawing on anti-essentialist theories of social
difference, the ‘community economy’ is increasingly used as a means to understand and
enact a politics of communal surplus accumulation, distribution, and development
(Escobar 2010; Gibson-Graham 1996, 2003, 2006; St. Martin 2001, 2007, 2009). “A
community economy is an ethical and political space of decision, not a geographic or
social commonality,” argue J.K. Gibson-Graham (2006: xv), “and community is its
outcome rather than a ground.”
Some of the more familiar and well-researched examples of community
economies include living wage movements, producer/consumer cooperatives, systems of
rural irrigation, communal timber production, fishing cooperatives, childcare, and gift
exchange (Gibson-Graham 2008; Ostrom et al. 2002; St. Martin 2001, 2005). This
conceptualization of the ‘economy’ is often depicted as an iceberg, with capitalism at its
tip and an assortment of alternative and noncapitalist economies submerged just beneath
the water line (Community Economies Collective 2001; see also Gibson-Graham 2006,
70).
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Theft is also on the iceberg diagram. The inclusion is deliberate: Gibson-Graham
(2006) argue that normative representations of the economy risk reinforcing
‘capitalocentrism,’ and thus leave open the ethical question of whether theft counts in the
commons (2006, 98). Whether or not water theft constitutes a community economy, then,
is determined on the ground, in the real-life conditions that build a collective ‘being-incommon.’
Drawing on ethnographic research of illegal water provision in Tijuana, this
article seeks to reconcile the apparent contradictions of ‘communities of illegality’ or a
‘theft-derived commons.’ On one level, the article examines the degree to which illegal
water flows are shaped by institutional arrangements –the rules, norms, and decisions that
govern resource accumulation and distribution. These findings resonate with
poststructuralist interpretations of ‘community’ in development practice, from essentialist
interpretations toward a wider political and environmental discourse of the community
economy (e.g. Community Economies Collective 2001; Gibson-Graham 1996, 2006,
2008; Gibson-Graham, Resnick, and Wolff 2000; St. Martin 2001, 2006, 2010).
This article is composed in four sections. I first review insights from cultural and
political ecology that suggest how illegal resource use might count as a commons. The
second section shows how even theft has rules: illegal water use in Tijuana is governed
by clearly-defined norms, customs, and decisions that shape a particular ethic of resource
accumulation and distribution, even amid fragile and often violent conditions of state
enforcement. The final section discusses the implications of these case studies for finding
community in illegal economies and for imagining ‘development’ differently.
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The Political Ecologies of Illegal Resource Use
While illegal provision is not necessarily ‘good’ for the environment or
normatively desirable, research in cultural political ecology has made it clear that illegal
resource use is not inherently anarchic, uncontrolled, or ecologically destructive.
Corruption and illicit resource use do not necessarily indicate the absence or failure of
institutions, but often marks the presence of alternative norms of resource appropriation,
management, and distribution (Agrawal 2005; Robbins 2000; Robbins et al. 2006;
Robbins et al. 2009; Klooster 2000; Scott 1985). For example, “informal negotiation can
sustain an extremely sophisticated system of informal rents and access rules leading to
highly specialized livelihoods strategies built around specific forest subsidies to agrarian
production and reproduction” (Robbins et al. 2009, 573).
Nor does clandestine resource use inevitably result in degraded ecological health.
Illegal institutions are not ‘ecologically destructive’ in a general or essentialist sense, but
place selective pressure on certain elements of the environment (Agrawal 2005; Robbins
2000). In some cases, extralegal practices may benefit conservation and environmental
goals (Robbins et al. 2006). Violation of formal timber and grazing laws in northern
India, for example, is routine and widespread, yet the presence of unlawful institutions is
suspected to prevent long-term forest degradation (Agrawal 2005).
Moreover, institutions govern illegal resource use in spite of and often alongside
the state. For example, the illegal use of forest products–such as unauthorized timber
extraction, grazing, and fodder collection–is carefully negotiated between forest officials
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and residents, shaped around longstanding, localized networks of power and mutual trust
(Klooster 2000; Robbins 2000; Robbins et al. 2009). Corruption in Rajasthani timber
extraction mirrors the authority structure of state management, but with different sets of
on-the-ground rules and allegiances to classed, casted, and gendered power (Robbins
2000). The byzantine bureaucratic system for timber harvesting in Oaxaca often
encourages tree theft, facilitated by intricate systems of corruption and social power
(Klooster 2000a, 2000b). In some situations, illegal activities are organized as resistance
to state-drawn property rights: “a kind of forcible poor tax to replace the gifts and wages
they no longer receive” (Scott 1985, 269). In other cases, illegal use occurs with the
consistent cooperation and/or collusion of state authorities (Robbins et al. 2006). In
contrast to discourses of a ‘weak’ or ‘absent’ state, informal institutions often persist
because they are tightly woven into the fabric of state power.
These insights into the ‘hidden’ economies of illicit resource use suggest that the
‘rulebook’ of the commons–and by extension, the community economy–must be
empirically investigated and not assumed in advance (Gibson-Graham 2006; Robbins et
al. 2006; Robbins et al. 2009). Building on these insights, this article uses the principles
of institutional design as analytical tractions into the innerworkings of illegal water
provision (Ostrom 1990, 1993). The article also explores the ethical dimensions of
resource accumulation and distribution: such as if or how to accumulate water by illegal
means, where and to whom to distribute it, for which consumptive uses, and under what
conditions (Gibson-Graham 2006). By querying the institutional and ethical architecture
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of illegal water provision, the article situates illegal provision in the space of the
community economy.

Research Context and Approach
Located just south of the U.S.-Mexico border, Tijuana is an ideal site to study
illegal water provision for a number of reasons. First, Tijuana is marked by an uneven
geography of water provision –a product of its binational location, historical patterns of
development, and limited access to imported Colorado River supply (Liverman et al.
1999; Mumme and Aguilar Barajas 2003). Municipal water provision has not kept pace
with urban growth. As of 2000, approximately 88 percent of Tijuana households were
connected to the municipal water network and 73 percent to sewerage (INEGI 2004). 20
To supplement or supplant municipal provision, households purchase water from
privately owned tanker trucks (known as pipas), harvest rainwater, recycle greywater,
and steal water from the municipal grid.
Service deficiencies are further complicated by the raw geography of untenured
land in the city. Tijuana is unique among Mexican cities for its unusually high proportion
of asentamiento irregulares, or illegally tenured settlements, which cover approximately
45 percent of the municipality and include nearly 53 percent of the population (Alegría
Olazábal and Ordóñez Barba 2005). Not all irregular areas correspond to typical images
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Many research informants contested the validity of these official numbers, putting actual connection rates
at about 70 percent for water and 60 percent for sewerage. They critique the way in which INEGI (the
Mexican census) collects data and point out the age of the survey with current population growth rates
(nearly 1,000 new people per day).
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of poverty: swanky new high-rise condos, gated middle-class communities, and even the
international airport share irregular tenure status alongside colonias populares –the
unannexed shantytowns that pepper Mexico’s cities. But for many of Tijuana’s urban
poor–particularly those living in irregular settlements–informal and illegal water access
are the only means of supply.
To better understand the institutional dimensions of unauthorized provision, the
research focuses on two cases: a clandestine water network managed by the
neighborhood of Divina Providencia, and a series of unauthorized taps created by an
population based in the Tijuana River Canal. Both groups were chosen because they both
rely on stolen water supply, but represent opposite polarities of what ‘community’ might
signify in development discourse. Divina Providencia resembles many of the workingclass neighborhoods of urban Mexico, while the Tijuana River Canal is composed of an
marginalized, itinerant population living in the city’s sewers.
The history of Divina Providencia reflects the origins of many colonias populares
in Mexico (Johnson and Niemeyer 2008; Lemos et al. 2002; Pezzoli 1998). The
neighborhood was settled nearly 10 years ago, by a handful of economic migrants from
central and southern Mexico. Residents were attracted to the area, a densely populated
canyon in western Tijuana, because of employment opportunities in a nearby Koreanowned maquiladora [export-oriented assembly plant] located a short 10-minute walk
away. Few lots were available and all were exorbitantly priced, so the families squatted
on privately owned land and built shacks with available materials (such as discarded
garage doors from the United States), hoping the city would eventually provide a way for
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settlers to officially purchase their land. Like many informal settlements, Divina lacks
public services, including piped water, sewerage, electricity, and paved roads.
Canal residents, by contrast, live in even more marginalized and precarious
conditions. Residents inhabit large stormwater outfall pipes that punctuate the sloped
concrete walls of the Canal, a 10-mile long channelized portion of the Tijuana River,
which bisects the downtown, crosses the international border near San Ysidro, and
empties into the Tijuana River Estuary. An estimated 200 people reside in the outlets,
relying on a mix of drug trade, sex work, and informal labor to generate income. Because
their homes are the city’s sewers, they rely almost exclusively on illegal water supply to
survive.
Research was conducted over four months in 2008 and during two follow-up
trips in 2009, as part of a broader, 13-month study on informal water use in Tijuana.
Given the sensitive and often risky nature of the research, informant access and
interviews (n=13) were carried out in the company of two local organizations (a
HIV/AIDS health clinic and an environmental group), each with distinct outreach
projects in the vicinity. Multiple site visits and participant observation provided insight
into the decisions, practices, infrastructure, and knowledge required to sustain each
system. No interviews were recorded, but extensive field notes were taken immediately
following each visit. 21 These data were analyzed and compared to elucidate the
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The research coincided with a dramatic spike in violence in Mexico, following President Felipe
Calderón’s declaration of a ‘war on drug cartels’ in late 2006. Since then, nearly 10,000 murders have
occurred, with most taking place in the border cities of Tijuana and Ciudad Juárez. In Tijuana, violence
escalated sharply in late 2007, following arrests of key members of the local Arellano Félix cartel. Due to
increased state surveillance (especially in the Tijuana River Canal, where most residents are drug users and
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institutional norms, rules, sanctions, relations and patterns of everyday life particular to
each group.

Governing Illegal Water Provision
Divina Providencia
The journey to Divina Providencia begins with a million-dollar view of
downtown San Diego. At 400 feet above sea level, the southern entry to Divina is framed
by views of the Pacific Ocean to the west and the Tijuana River Estuary, Imperial Beach,
and San Diego to the north. From here, an unpaved road descends into the canyon,
winding past abrupt cliff edges, eroded hillsides, and new settlements. While most
neighborhoods in this end of the canyon are state-authorized and connected to municipal
water and electricity networks, many still lack sewerage and paved streets.
A few miles down the road, Divina Providencia sits on a small plateau adjacent to
a seasonal streambed, tucked against nearly vertical canyon walls. In some respects, it is
difficult to distinguish Divina from other poor colonias in the canyon. Houses are
ramshackle assemblages of concrete block and inexpensive, available materials:
plywood, wooden pallets, corrugated metal, tarps, discarded car tires, and second-hand
garage doors from southern California. A primary school is located nearby; public
transport is available on the arterial road that bisects the canyon. Churches, auto

routinely abused by police), certain data collection techniques–such as recording conversations and taking
field notes during site visits–were deemed inappropriate and dangerous for all involved.
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mechanics, and fruit stands interrupt a row of homes; tamale trucks and natural gas
vendors slowly wind through the narrow grid of streets.
But unlike nearby neighborhoods with subterranean networks, the visibility of
Divina’s infrastructure exposes its lack of formal provision. Electricity, for example, is
pirated from the city grid. Divina residents latch wires directly onto electricity
transmission lines–often in dense hives of tiny wires, known in Mexico as diablitos (or
‘little devils’)–that bypass meters and connect directly to homes. Theft of electricity is a
common practice in many urban areas in the South (Smith 2004). According to Divina
residents, costs to install an illegal connection run between $260-340 pesos ($US 21.0027.00), far less than utility connection fees.
The neighborhood water network is even more exposed (Figure 1). Divina’s water
system begins high above the canyon floor, where it taps into the municipal water grid,
next to a few neighbors willing to look the other way. From here, water flows nearly
vertically in white polyvinyl chloride (PVC) tubes, precariously braced against the
canyon walls. At the base of the canyon, water is then distributed (via gravity) to Divina
households through a maze of conduits, most of which are plainly visible from the main
street running through the neighborhood. Residents access water through private
backyard spigots, although a few homes share faucets. Water is used for a variety of uses,
such as cleaning, bathing, and irrigation, but residents purchase bottled water for drinking
and most cooking purposes.
Maintaining water provision in Divina requires a high degree of planning,
decision-making, and collective effort. Each year, Divina households elect seven adult
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residents to a neighborhood comité del agua (water committee): a common neighborhood
practice in Tijuana and similar in formation to other civic committees (schoolneighborhood relations, public safety, etc.). The water committee is responsible for
maintaining the infrastructural and institutional systems, such as who is permitted to
access the network, how often, and under what conditions. Every other Thursday night,
committee members meet to discuss water network issues, make key decisions, resolve
disputes, and organize maintenance of the water network.
The topics of conversation at a water committee meeting I attended demonstrates
the nuts and bolts of how decisions are made. On this particular night, committee
members have congregated around the kitchen table in the house of Don Mario, the
committee head and respected local leader. Pastries and instant coffee are passed around
as representatives trade gossip for plumbing advice. Finally, Don Mario calls the meeting
to order. Tonight’s main issue is an nagging water use conflict. A committee member
reports low water pressure in households in the northern (and lowest-elevation) end of the
neighborhood. Afflicted residents suspect that a neighboring comelón–a ‘water hog’–
located upstream in the network is consuming a greater amount of water than usual. Low
water pressure, in their experience, generally indicates a leak or ungenerous user. Rather
than speak directly with the potential offender, the residents approached the committee
representative to intervene. After much discussion, and more than a few cups of Nescafé,
the committee votes to mediate the dispute by having Don Mario talk directly with the
potential offenders. While they agree not to disconnect the comelón, they believe that a
serious discussion will “bring him around.”
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The Divina network exists with tacit state recognition. During a brief follow-up
visit in November 2009, I caught up with one of the water committee members, an owner
of a small corner shop. When I asked her how the Divina network functions with
impunity from the state, she waved toward the canyon walls outside. “Listen,” she
explained, “We are citizens. We vote, every election. The political representatives from
this area would never shut down our tap. Who would vote for them then?” Local
representatives (e.g., of the city council), she suggests, would never recover politically
from a media flurry surrounding the closure of illegal taps used by working-class Tijuana
citizens.
The Tijuana River Canal
Compared to Divina Providencia, life in the Tijuana River Canal is even more
insecure. During one particular visit, as health clinic staff organize HIV tests and a soccer
game with Canal residents, a clinic worker introduces me to Chato –a tall, wiry man of
about 30 years. Unlike many Canal residents, Chato was born and raised in Tijuana. He
comes from a middle-class family: his sister, he comments with some pride, is a lot like
me, someone who “has been in school forever and is always studying.” Chato knows the
streets and sewers of Tijuana well and confirms the presence of a toma clandestina in the
Canal. “Right up the way,” he points, “Let’s go. I’ll take you.”
We walk east along the bleak, exposed riverbank. A stench of wastewater hangs
in the still air, intensified by the noontime desert sun. We pass wide outfall pipes, each
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marked with a hand-painted number. 22 Some are homes to packs of feral dogs; others,
like Number 7, are ‘households’ of 10-20 human individuals (Figure 2). Not just anyone
can live in a sewer outfall. In a typical setting, sewer occupants nominate a líder (leader);
a ‘head of household’ who settles arguments, protects residents from local threats or
police, and asks for small rent (e.g., drugs, money) in exchange. Potential co-habitants
must meet approval of both the leader and sewer occupants. During the winter rainy
season, many residents remain in the sewers, moving their beds to higher ground to avoid
hazardous high-volume stormwater flows.
Despite its location in a riverbank and in the middle of downtown Tijuana, clean
water is not readily available in the Canal. Instead, residents rely on a shifting
configuration of illegal taps, often operating in broad daylight but placed at relatively
‘safe’ distances from city hall and police training grounds. The water system is an
assemblage of local knowledge of the grid, available materials, caution, and city water.
As we walk, Chato points out sites of former water sources that Canal residents
deliberately abandoned. He explains that, depending on its location, an illegal tap might
attract too much attention from the nearby neighborhood, and more significantly, the
police.
Four men are doing laundry when we arrive at the toma clandestina. One quickly
pulls his trousers up in surprise: despite its visibility, the site also serves as the
neighborhood bath. Chato introduces us and describes their water system: a small valve,
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The numbering system was developed by CESPT, the public water utility for Tijuana and Rosarito, for
stormwater outfall identification and engineering purposes. Over the mouth of each pipe, CESPT has
painted an identifying number, which Canal residents use as ‘addresses’.
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linked to the underground city network, has been carefully tapped open by a piece of
metal (or any suitable object) until it slowly leaks water. The pipe opening is encircled by
a discarded car tire, which is weighed down with rocks and plugged with plastic bags to
prevent leaks (Figure 3). Residents carefully draw water from the tiny basin for washing
laundry, dishes, and themselves. The area is well maintained, relatively clean and free of
trash. One man had finished washing clothes and was methodically scrubbing algae off
the concrete bank, as if to purify the site a bit more. When asked why state authorities
hadn’t shut down the tap, a resident replied, “Well, maybe if this was a major leak, then
they would care. But not much water flows from this tap. [CESPT] just passes by.”
The institutional longevity of illegal water provision is tangled up in state power.
The uneven geography of state enforcement was particularly evident during a visit to the
Canal in late July 2008, two months after my first trip. As the clinic staff and I drove
along the concrete riverbanks of the Canal, we immediately sensed something amiss. The
Canal was empty –of refuse and of residents. On both sides of the riverbank, teams of city
workers cleared weeds, picked up trash, painted over graffiti, and swept dirt into small
piles for removal. Overhead, billboards advertised an upcoming concert by a famous
norteño band, a centerpiece of the city’s 115th year anniversary festivities. The concert, it
proclaimed, was to be held in the Canal, directly in front of city hall –one of the few open
outdoor spaces in an otherwise dense city core.
Accompanied by Cabrera, a former Canal resident and current outreach worker
for the clinic, we drove two miles east to the water commons. What was a heavily used
and well-managed toma clandestina just two months before (Figure 2), is now cemented
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over and deserted (Figure 3). Remnants of tattered clothing, strewn along the river’s
edge, were the only indications of previous use. “This [abandonment] is normal,”
explained Cabrera, “although it surprises me because this toma had been used for a long
time, almost 2 years.” Closer to city hall and police training grounds, illegal taps are
routinely shut down and cemented over, Cabrera explained, but this particular site was
well established and had been relatively safe from city authorities. “CESPT [the water
utility], the police –this place didn’t matter to them,” he explained, until now, on the eve
of the anniversary celebrations. Later, we learned later that residents had been rounded up
by police, loaded into the back of pickup trucks, taken to police headquarters, and booked
into city jail. CESPT arrived later to cement over the taps.
The Institutional Mechanics of Theft
These two snapshots suggest that the illegal appropriation of water is neither
lawless nor uncontrolled, neither boundless nor untamed (Robbins et al. 2009). To the
contrary, the two vignettes reveal the rules of the ‘game’: keep the area clean, never drink
from the tap, keep watch for police, resolve conflict internally, know your leaders, meet
Thursdays in Don Mario’s kitchen. Drawing on some of the key tenets of institutional
design (Ostrom 1990, 1993), this section further analyzes the specific institutional
arrangements underpinning the appropriation, distribution, and management of water
(Table 1).
Boundaries, for example, instill certainty for resource users by closing access to
‘outsiders’ and establishing a known geographic basis for communal resource use –a
fundamental tenet that distinguishes “common property” from “open access” institutions
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(Ciriacy-Wantrup 1975; Ostrom 1993). Water in Divina Providencia is exclusively
distributed among households within the limits of the informal settlement and within
reasonable reach of the bootstrap network. Illegal water use by Canal residents generally
covers the area within the contours of the Canal, but given their tremendous mobility,
boundaries typically morph around the practices of illegal water use as opposed to a fixed
geographic location. Agrawal (2001, 1660) notes “It is possible, thus, to suggest that
boundaries of resources should be well defined when flow of benefits are predictable and
groups relying on them stationary, but when there are large variations in benefit flows,
and/or the group relying on a resource system is mobile, then resource boundaries should
be fuzzy so as to accommodate variations in group needs and resource flows. This
example also brings home the importance of context.” Boundaries of the Canal system
are thus subject to greater levels of temporal and socio-spatial differentiation: some sites
are located in the open bed of the Canal, others are located at the mouth of sewer outlets,
and all sites change relatively frequently.
Moreover, illegal provision comes with rules. In institutions, rules that balance
benefits (e.g., water supply) and costs (e.g. labor, materials, money inputs, maintenance)
must be crafted in order to achieve efficient use of resources and minimize conflict
(Ostrom 1993). The water committee of Divina Providencia, for example, meets regularly
to manage water provision. Water is distributed to all households and residents,
regardless of age, within the limits of the neighborhood. Small fees are collected from
residents when the committee needs to coordinate infrastructure repair, such as a leaky
pipe or faulty fitting. Grievances are aired at biweekly meetings; sanctions for overuse
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are graduated and intended to ensure eventual cooperation, not punishment. Canal
residents, by contrast, have developed more fluid and informal processes of making rules
and reaching decisions.
These cases also illustrate the collective-choice arrangements present to enforce
the ‘operational rules’ (or who gets what and when). “In the case of many self-organizing
systems,” Ostrom (1993, 1908) observes, “no external authority has sufficient presence to
play any role in the day-to-day enforcement of the rules in use;” thus authority to regulate
water use is generated and reinforced from the inside, from the guts of the collective. The
Divina water committee, for example, acts as a grievance and compliance mechanism.
The Tijuana Canal is far less structured, as both collective and waged labor are utilized to
maintain physical infrastructure and acceptable conditions of use. For example, a “guard”
will often tap the city network, then maintain the area and alert the water users to police
activity. “The guy who does this stays here day and night, guarding the site,” Cabrera
explains, “He’ll charge 5 to 10 pesos per use, or take drugs in exchange.” Accumulation,
in short, happens through a repossession of a commons. The following section discusses
the implications of these institutions.

Discussion: Criminality in the Community Economy?
Thinking in terms of the ethical coordinates we proposed above, for example, a
community might decide that theft is a legitimate mode of redistribution when it involves
reclaiming a commons that has been unlawfully taken, as in land, resources, or
intellectual property.

182

J.K. Gibson-Graham, A Postcapitalist Politics, pg. 98

To return to a central question of this article, in what ways might water theft
constitute a community economy, and on what grounds might we include or exclude
illegal activities in the strategies and practices of alternative development? While J.K.
Gibson-Graham (2003, 2006) deliberately leave open the question of ‘what and who
constitute a commons,’ they argue for thinking community economies as grounded in
contextual, ethical spaces of surplus accumulation and distribution.
Yet on the level of accumulation, extending the discourse of the community
economy to include theft is controversial and morally uncomfortable. Water provision in
Divina Providencia and the Tijuana River Canal, while not a ‘criminal’ violation per se,
is a clear transgression of property rights. Where then should the line be drawn in the
shadows of the community economy, such as between illegal water provision and more
coercive or violent forms of accumulation? The current escalation of violence in Tijuana
and Ciudad Juárez, including rather sadistic homicides and ruthless violence, is tied to
drug trafficking –a pervasive, continent-wide black market economy. Tijuana is also a
main receiving point in Mexico for illegally trafficked sex workers, mostly women from
across Mexico and Central American working in an often coercive and violent form of
indentured labor, which is widely considered a modern-day form of slavery (Hughes
2000). While the production and trafficking of both drugs and sex workers are clearly
criminal economies with morally questionable motives and effects, they share with
unauthorized water provision a mode of accumulation through illegal means.
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On the other hand, the decisions surrounding the distribution of water in Divina
and the Canal are not made in an ethical vacuum. Water is distributed to all residents,
regardless of status and ability to pay. Infrastructure is created and maintained through
collective labor. Divina has created a ‘utility within a utility’, a non-capitalist enterprise
based on necessity and a belief of the ‘right to water’ framed around Mexican citizenship
and civic power. These institutions echo many ideals of ‘community’ in development
discourse, but more importantly it is evidence of a non-capitalist mode of water
distribution. In many ways this form of water development is more ‘pro-poor’ than state
efforts have managed to accomplish. Informal and illegal institutions can, in fact, achieve
efficient and arguably just distributive outcomes (Robbins et al 2009).
In contrast to depictions of ‘community’ in opposition to the state, these cases
also suggest that state power is often implicit in water theft. The exercise of state power,
such as the enforcement of property rights, the monitoring of consumptive water losses,
and the policing of theft and corruption, in fact vary from site to site. The Divina
network, for example, was constructed shortly after settlement and has been in
continuous operation–in spite of its visibility from the main road–for almost 10 years.
Interruptions in city service are rare and water flow is nearly always constant (except for
occasional internal problems of low-pressure –generally caused by overuse or leaks
within the neighborhood network).
Of course, places like Divina Providencia are not universally granted a free pass.
Communities with illegal provision have highly fragile relationships with Tijuana
officials: some are entirely ignored by city government, others have lobbied for and won
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utility services despite questionable tenure status, others remain in squalid living
conditions without any access to basic services (Alegría Olazábal and Ordóñez Barba
2005). In a city where at least 57 percent of residential property occupies irregular or
illegal tenure status (Alegría Olazábal and Ordóñez Barba 2005, 17), the unspoken
compact between community noncompliance and state nonenforcement is not only
necessary for survival of households, but for the city overall.
State tactics to control urban water distribution–whether through extending the
grid, participating in bribes or corruption, or tacit recognition of unauthorized networks–
appear to also be about defining the subjectivity of the water consumer, scripting the
‘bad’ or ‘invisible’ citizen as much as the ‘good (Kooy and Bakker 2008b).. The timing
and manner of the forced eviction suggests that state authorities closed down the tap not
because it taxed the municipal water network, but because the Canal residents (and their
bootstrap system) interfered with city hall’s quest for beautification, purity, and order in
the city. They were hauled off and their taps closed when the city government wanted this
space for its concert spectacle. The eviction was not an effort to help residents solve their
many problems, but a clear attempt to erase any marking of their existence, to render
them as invisible subjects in the city. In effect, Canal residents were not punished for
illegal activity; they were punished for being unruly subjects, in the name of order. While
the state attempts to shape environmental subjects, beliefs, and practices through water
regulations and physical connections (Birkenholz 2009; Kooy and Bakker 2008b), these
practices of building hegemony also bleed into ‘non-state’ or illegal spaces. Some
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commons, like Divina, are tolerated in spite of their illegality. Others, in spite of their
light footprint, are destroyed.

Conclusion
From their homes in the city’s sewers, Canal residents cooperate to tap into the
city grid, coordinate alert systems to protect fellow water users from police, distribute
water to any ‘local’ who needs it, and keep bathing and washing areas clean and
generally free of trash. Some Canal taps have been shut down by the city after only a few
months, but most have reappeared and persisted over a stretch of 20 years. On a daily
basis, Canal residents repossess a water commons through a remarkably effective system
of noncapitalist and socionatural practice –creating, in effect, a community economy
(Gibson-Graham 2006).
Informal and illegal provision is a major source of water for the urban poor.
Though data are scarce, empirical studies on informal markets reveals that illegal water
use is widespread and persistent in the global South. Illicit resource use, moreover, does
not necessarily indicate the absence or failure of institutions, but often marks the
presence of alternative norms of resource appropriation, management, and distribution.
For example, theft of water in Divina Providencia and the Tijuana River Canal requires
work: the design of networks, the sweat of fitting pipes, the maintenance of flow, the
headaches of quarreling neighbors, the worries of security. Choices must be made over
where to connect, who to supply, and how to distribute. Leaks require maintenance,
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overuse obliges sanctions, and conflicts demand resolution. Producing water in the
informal economy, in short, requires institutional management.
These systems, furthermore, may be considered community economies. While
they are considered normatively “bad” because they accumulate resources through
unauthorized repossession, the moments of resource distribution are guided by sitespecific ethical decisions. The water committee in Divina Providencia, for example,
chooses conflict resolution measures over immediately disconnecting customers. Water is
never denied to people in the Tijuana River Canal. In contrast to state- and market-led
water resources development, in Mexico and beyond, these community economies raise
questions for which mode constitutes more ‘pro-poor’ development (Bakker 2007b).
On what basis, then, might we preemptively exclude or include such activities in
strategies of building community economies (Gibson-Graham 2006, 98)? In these two
cases, the ethical decisions that shape accumulation by repossession form a community
economy. Widens the discourse of “community” alternatives to state or market-based
management of water. Community economies, like Gibson-Graham say, are not known
or ethically determined in advance, but must be empirically investigated. The inclusion of
water theft in the discourse of the community economy troubles the romance without
sacrificing the theoretical or analytical purchase (Joseph 2002). Water provision in Doña
Rosa’s and Chato’s neighborhoods is no organic farmers’ market, workers’ cooperative,
or community-owned credit union –these informal economies are rough, dirty, and prone
to internal or state violence. But they are also humane. And it is in their ethical spaces of
decision-making where the community economy is built.
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TABLE 1. The rules of water theft.
Institutional attribute

Divina Providencia

Tijuana River Canal

Water source

Municipality of Tijuana

Municipality of Tijuana

Management entity

Elected committee

Informal leader, paid guard

Primary uses

Bathing; household chores; Bathing; washing laundry;
irrigating gardens
drinking

Service area boundaries

Neighborhood

Mobility of water users

Collective choice
arrangement?

Yes; modification of rules
occurs through committee

Yes; modification occurs
through loose-knit groups

Monitoring & Sanctions

Committee

Informal leader; collective
maintenance

Length of operation

10 years

3 years (on & off)

State enforcement

Never

More frequent

Source: Author
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FIGURE 1. The unauthorized water network of Divina Providencia.

Source: Author.
Note: The white PVC tube in the foreground illegally supplies water to households in
Divina Providencia (located in the background, at lower elevation). Most water is drawn
from taps above the canyon floor and conveyed to the neighborhood below. While
difficult to distinguish, note the three white PVC pipes above the homes (against the
canyon wall) in the upper right portion of the photo –this is the main water network.
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FIGURE 2. Stormwater outfall Number 7.

Source: Author.
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FIGURE 3. A toma clandestina in the Tijuana River Canal.

Source: Author.
Note: Water is not drawn from the adjacent Tijuana River –a “dirty” source, according to
Canal residents –but from the underground, potable city network.
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FIGURE 4. An abandoned toma clandestina in the Tijuana River Canal.

Source: Author.
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Note: This tap is the same as pictured in Figure 2, but taken two months later, after the
forced eviction of Canal residents by police.
APPENDIX E. HOUSEHOLD WATER USE SURVEY
AGEB #:_____________________________
Encuesta #:___________________________
Fecha:_______________________________
Entrevistador/a:_______________________
I.

CARACTERISTICAS GENERALES DE LA VIVIENDA Y SERVICIOS

1. Desde qué año vive usted y su familia en este hogar/casa (vivienda)?
2. Su casa es:
1. Propia
2. Rentada
3. Prestada
4. Familiar
5. Otro (especifique)___________________
3. Este terreno es regularizado?
1. Sí
2. No
4. Actualmente cuántas personas viven en esta vivienda?
De los siguentes servicios, cuáles están disponibles en su calle o sector?
Servicio
5.
6.
7.
8.

Luz eléctrica
Recolección de basura
Transporte público
Escuela primaria
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II.

DRENAJE Y SANEAMINETO

9.

Su casa está conectada a la red pública de drenaje?
1. Sí
2. No (Pase a la pregunta 12)

10.

Desde qué año cuenta con este servicio?

11.

Cómo obtuvo este servicio en su casa?
1. Por gestión personal
2. A través de algún grupo (ONG, asociación, etc.)
3. Por acción directa del gobierno
4. Por dotación del fraccionador/constructor
5. Otro (especifíque)_________________________________
(Pase a la preg. 13)

12.

Qué se hace en para alejar las aguas negras de su casa?
1. Letrina o pozo negro
2. Fosa séptica
3. Escurrimiento natural (por ejemplo: a la calle, o al campo)
4. Otro (especifíque)_____________

III.

EL REUSO DE AGUAS RESIDUALES DOMESTICAS
Bañarse

13.

Cómo se bañan en esta casa?
1. Tina
2. Regadera
3. Con cubeta
4. Otro (especifíque)_________________

14.

Aproximadamente qué tanta agua utiliza cada persona para bañarse?

15.

Cuántas personas se bañan en esta casa al día?

16.

Qué hacen con el agua después de bañarse?
1. Descarga directamente por drenaje (Pase a la pregunta 20)
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2. Descarga/tira a la calle (Pase a la pregunta 20)
3. La conservan para otros usos y deposita en recipientes
17.

Para cuáles usos? (Marque todas las que corresponden)
1. Beber
2. Preparar alimentos
3. Regar árboles o plantas
4. Quitar polvo y basura
5. Limpieza doméstica de la vivienda (por ejemplo: trapear pisos)
6. Lavar la ropa
7. Otros (especifíque)________________________________

18.

Quién le enseñó a reciclar el agua? (Marque todas las que corresponden)
1. Madre
2. Padre
3. Esposo (marido)
4. Esposa
5. Vecina
6. Vecino
7. Yo mismo lo aprendí
8. Otra/o (especifíque)________________________________

19.

Quién es el responsible de realizar esta activdad del reuso? (Marque uno)
1. Mujer (adulta)
2. Hombre (adulto)
3. Niña (menor de 15 años)
4. Niño (menor de 15 años)
5. Varios integrantes de la familia
6. Cada persona maneja su propia agua para reuso
7. Otra/o (especifíque)________________________________
Lavar la Ropa

20.

En esta casa, cómo se lava la ropa?
1. Lavadora eléctrica dentro de la casa (Pase a la pregunta 21)
2. Lavadero manual (Pase a la pregunta 28)
3. Lavamática (Pase a la pregunta 34)
4. Otro (especifíque)____________________(Pase a la pregunta 34)
Lavadora Eléctrica

21.

Me permite observar la lavadora?
Anota la capacidad aproximada de la lavadora:
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21b.

Si no le da permiso, pregúntale:
Aproximadamente cuánta agua utiliza su lavadora por cada carga?

22.

Cuántas cargas de ropa lava por semana?

23.

Cuántas veces enjuaga por carga?

24.

Qué hace con el agua después de una carga de lavado de ropa?
1. Descarga directamente por drenaje (Pase a la preg. 34)
2. Descarga/tira a la calle (Pase a la preg. 34)
3. La deposita en recipientes para otros usos

25.

Para cuáles usos? (Marque todas las que corresponden)
1. Beber
2. Preparar alimentos
3. Regar árboles o plantas
4. Quitar polvo y basura
5. Limpieza doméstica de la vivienda (por ejemplo: trapear pisos)
6. Lavar la ropa otra vez
7. Otros (especifíque)_________________________________

26.

Quién le enseñó a reciclar el agua? (Marque todas las que corresponden)
1. Madre
2. Padre
3. Esposo (marido)
4. Esposa
5. Vecina
6. Vecino
7. Yo mismo lo aprendí
8. Otra/o (especifíque)________________________________

27.

Quién es el responsible de realizar esta actividad del reuso? (Marque uno)
1. Mujer-adulta
2. Hombre-adulto
3. Niña (menor de 15 años)
4. Niño (menor de 15 años)
5. Varios integrantes de la familia
6. Cada persona maneja su propia agua para reuso (Pase a la pregunta 34)
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Lavar en Lavadero Manual
28.

Cuántas cargas lava a la semana?

29.

Qué tanta agua usa para lavar una carga en lavadero?

30.

Qué hace con el agua después de lavar la ropa?
1. Descarga por drenaje (Pase a la preg. 34)
2. Descarga/tira a la calle (Pase a la preg. 34)
3. La deposita en recipientes para otros usos

31.

Para cuáles usos? (Marque todas las que corresponden)
1. Beber
2. Preparar alimentos
3. Regar árboles o plantas
4. Quitar polvo y basura
5. Limpieza doméstica de la vivienda (por ejemplo: trapear pisos)
6. Lavar la ropa
7. Otros (especifíque)_________________________________

32.

Quién le enseñó a reciclar el agua? (Marque todas las que corresponden)
1. Madre
2. Padre
3. Esposo (marido)
4. Esposa
5. Vecina
6. Vecino
7. Yo mismo lo aprendí
8. Otra/o (especifíque)________________________________

33.

Quién es el responsible de realizar el reuso del agua? (Marque uno)
1. Mujer (adulta)
2. Hombre (adulto)
3. Niña (menor de 15 años)
4. Niño (menor de 15 años)
5. Varios integrantes de la familia
6. Cada persona maneja su propia agua para reuso
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Lavar los Platos/Trastes
34.

En esta casa lava los platos de manera manual?
1. Sí
2. No (Pase a la pregunta 40)

35.

Qué tanta agua utiliza para el lavado de trastes al día?

36.

Qué hace con el agua sucia después de lavar los platos/trastes?
1. Descarga por drenaje (Pase a la pregunta 40)
2. Descarga/tira a la calle (Pase a la pregunta 40)
3. La deposita en recipientes para otros usos

37.

Para cuáles usos? (Marque todas las que correponden)
1. Beber
2. Preparar alimentos
3. Regar árboles o plantas
4. Quitar polvo y basura
5. Limpieza doméstica en la vivienda (por ejemplo: trapear pisos)
6. Lavar la ropa
7. Otro (especifíque)________________________

38.

Quién le enseñó a reciclar el agua? (Marque todas las que corresponden)
1. Madre
2. Padre
3. Esposo (marido)
4. Esposa
5. Vecina
6. Vecino
7. Yo mismo lo aprendí
8. Otra/o (especifíque)________________________________

39.

Quién es el responsible de realizar el reuso del agua? (Marque uno)
1. Mujer (adulta)
2. Hombre (adulto)
3. Niña (menor de 15 años)
4. Niño (menor de 15 años)
5. Various integrantes de la familia
6. Cada persona maneja su propia agua para reuso
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IV.

AGUA EMBOTELLADA

40.

Utiliza agua de garrafón (agua embotellada)?
(Por ejemplo: beber, cocinar?)
1. Sí
2. No

41.

De promedio qué tanto consumen a la semana?

42.

Cuánto paga por este consumo a la semana?

V.

AGUA POTABLE

43.

Su vivienda está conectada a la red pública de agua potable?
1. Sí (Pase a la pregunta 45)
2. No

44.

Cuáles son las formas de abastecimiento de agua que se utiliza actualmente en
esta vivienda? (Marque todas las que corresponden)
1. Abastecimiento por pipa
2. Toma o llave pública
3. Pozo particular
4. Acarreo
5. Agua de lluvia
6. Toma clandestina
7. Otro (especifíque)____________________________
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ABASTECIMINETO POR TOMA DOMICILIARIA
45.

Desde qué año cuenta con el servicio?

46.

Cómo obtuvo el servicio de agua entubada en su casa?
1. Por gestión personal
2. A través de algún grupo/asociación
3. Por acción direta del gobierno
4. Por dotación del fraccionador/constructor
5. Otros (especifíque)____________________________

47.

Cuánto tiempo transcurrío entre la solicitud del servicio y la conexión?
1. Semanas
2. Meses
3. Años

48.

Para cuáles usos utiliza el agua de toma domiciliaria?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

49.

Tiene medidor de consumo de agua en su vivienda?
1. Sí
2. No (Pase a la pregunta 53)

50.

Actualmente funciona su medidor?
1. Sí
2. No (Pase a otra sección de abastecimiento o “Datos Personales”)

51.

Cuánta agua se consumió en su casa durante el último mes?

52.

Cuánto pagó usted en el último recibo por este servicio?
(Pase a otra sección de abastecimiento o “Datos Personales”)

53.

Si no tiene medidor, paga una “cuota fija”?
1. Sí
2. No (Pase a otra sección de abastecimiento o “Datos Personales”)
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54.

Cuánto paga al mes de cuota?
(Pase a otra sección de abastecimiento o “Datos Personales”)
ABASTECIMIENTO POR PIPAS

55.

Para qué se usa el agua de pipas?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

56.

Regularmente, quién se les otorga el servicio de agua en pipa?
1. Particulares
2. Municipio
3. Otros (especifíque)________________________

57.

Cuál es el costo actual del servicio?
1. Pipa: $___________________________
2. Tambo (200 L): $___________________
3. Otros (especifíque):_________________
4. Nada

58.

Cuántas veces al mes le surten agua las pipas?

59.

Qué método de almacenamiento utiliza?
1. Tambo de 200 L
2. Pila (Pase a la pregunta 61)
3. Otro (especifíque):___________________________

60.

Cuántos tambos de 200 L tiene?
(Pase a la pregunta 62)

61.

Cuántas pipas caben en su pila?

62.

Se ha realizado alguna gestión para contar con agua entubada en su colonia?
1. Sí
2. No (Pase a otra sección de abastecimiento o “Datos Personales”)

63.

En qué año?
(Pase a otra sección de abastecimiento o “Datos Personales”)

206

ABASTECIMIENTO POR TOMAS PUBLICAS
64.
65.

Cuántás tomas o llaves públicas hay en su sector o calle?
Para qué se usa el agua de tomas públicas?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

66.

Cuánto tiempo tarda en llegar el agua a su vivienda?

67.

Desde qué anõ cuenta su sector o calle con este servicio?

68.

Cómo se obtuvo el servicio de tomas públicas dentro de su colonia?
1. Por gestión personal
2. Por gestión de algún grupo/asociación
3. Por acción directa del gobierno
4. Por dotación del fraccionador/constructor
5. Otro (especifique)_________________________________

69.

Cuánto tiempo transcurrió desde que se hizo la gestión de la toma hasta a
que la instalaron?
1. Semanas
2. Meses
3. Años

70.

Cuando el suministro por toma pública es interrumpido cómo se abastece?
1. Utiliza agua almacenada previamente
2. Se abastece mediante pipas
3. Otras (especifíque)_______________________________

71.

El servicio de tomas o llaves públicas tiene algún costo para usted?
1. Sí
2. No (Pase a otra sección de abastecimiento o “ Datos Personales”)

72.

Cuál es el costo mensual?
(Pase a otra sección de abastecimiento o “Datos Personales”)
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ABASTECIMIENTO POR POZO PARTICULAR
73.

Para cuáles usos utiliza el agua de pozos?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

74.

El pozo del que se abastece, es particular o comercial?
1. Particular
2. Comunal
3. Comercial
4. Otro (especifíque)

75.

Desde qué año?

76.

Cuál es el consumo mensual de agua para esta casa?
1. ________________(litros/mes)
2. ________________(metros3/mes)

77.

Cuánto paga por su consumo mensual de agua?

78.

Tiene alguna concesión con la Comisión Nacional de Agua (CONAGUA)?
1. Sí
2. No (Pase a la pregunta 80)

79.

Desde qué año?

80.

Cómo se abastece cuando el servicio de pozo es interrumpido?
1. Utiliza agua alamacenada previamente
2. Utiliza pipas
3. Utiliza agua del lluvia
4. Otro (especifíque)_________________________________

81.

Se ha realizado alguna gestión para contar con agua entubada en su colonia?
1. Sí
2. No (Pase a otro sección de abastecimiento o “Datos Personales”)
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82.
En qué año?
(Pase a otro sección de abastecimiento o “Datos Personales”)
ABASTECIMINENTO POR ACARREO
83.

Para qué utiliza el agua de acarreo?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

84.

Desde qué lugares realiza el acarreo?
1. Pilas, pozos, o tanques de regulación
2. Ruas de pipas
3. Tomas domiciliarias
4. Otro (especifíque)_______________________________

85.

Cuánto tiempo le cuesta el acarreo?

86.

Cuántos días a la semana realizan el acarreo?

87.

Este servicio tiene algún costo para usted?
1. Sí
2. No (Pase a la pregunta 89)

88.

Cuál es el costo mensual de este servicio?

89.

Se ha realizado alguna gestión para contar con agua entubada en su colonia?
1. Sí
2. No (Pase a otro sección de abastacimiento o “Datos Personales”)

90.

En qué año?
(Pase a otra sección de abastecimiento o “Datos Personales”)

209

ABASTECIMIENTO DE AGUA PLUVIAL
91.

Desde que año abastecen el agua de las lluvias?

92.

Todavía se capta agua de lluvia?
1. Sí
2. No (Pase a la pregunta 93)

93.

Hasta cuándo dejó de captarla?

94.

Para cuáles usos utiliza agua de lluvia?
(Marque todas las que correponden)
1. Beber
5. Lavar la ropa
2. Preparar alimentos
6. Limpieza doméstica en la casa
3. Regar árboles o plantas
7. Otro (especifíque)_______________
4. Quitar polvo y basura

95.

Quién le enseñó a captar el agua de lluvia?
(Marque todas las que corresponden)
1. Madre
2. Padre
3. Esposo (marido)
4. Esposa
5. Vecina
6. Vecino
7. Yo mismo lo aprendí
8. Otra/o (especifíque)________________________________

96.

Quién es el responsable de realizar el mantenemiento del sistema de captación
del agua de lluvia? (Marque uno)
1. Mujer (adulta)
2. Hombre (adulto)
3. Niña (menor de 15 años)
4. Niño (menor de 15 años)

97.

Cómo obtuvo el sistema en su casa?
1. Por gestión personal
2. A través de algun grupo/asociación (por ejemplo, un ONG)
3. Por dotación del fraccionador/constructor
4. Otro (especifíque)__________________________
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98.

Este servicio tiene algun costo para usted?
1. Sí
2. No

99.

Cuál es la manera de captar el agua de lluvia?
1. Por techo
2. Por tierra
3. Otro (especifíque)_______________________________

100.

Qué método de almacenamiento utiliza?
1. Tambo de 200 L
2. Tinaco (Pase a la pregunta 102)
3. Otro (especifíque):___________________________
(Pase a otra sección de abastacimiento o “Datos Personales”)

101.

Cuántos tambos de 200 L tiene?
(Pase a otra sección de abastacimiento o “Datos Personales”)

102.

Cuántos litros caben en su tinaco?
(Pase a otra sección de abastacimiento o “Datos Personales”)
ABASTECIMIENTO POR TOMAS CLANDESTINAS

Todas las respuestas permanecerán anónimos!
103.

Cuántas tomas clandestinas hay en su sector o calle?

104.

Como se obtuvo el servicio de tomas dentro de su colonia?
1. Por gestión personal
2. Por gestión de algún grupo/ asociación/ comité
3. Otro (especifíque)_________________________________

105.

Cómo se abastece cuando el suministro por la toma es interrumpido?
1. Utiliza agua almacenada previamente
2. Se abastece mediante pipas
3. Otras (especifique)_______________________________

106. Quién es el responsable de realizar el mantenemiento del sistema de agua?
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1. Un grupo/ comité
2. Una persona individual
3. Otro (especifique)________________________________
107. Es recompensada esta persona por su trabajo?
1. Sí
2. No
108.

El sistema de tomas tiene algún costo para usted?
1. Sí
2. No (Pase a “Datos Personales”)

109.

Cuál es el costo mensual?

110.

A quién le paga?
1. Un grupo/ comité
2. Una persona individual
3. Otro (especifique)_________________________________
Muchas gracias. Para terminar, quisiéramos pedirle algunos datos personales.
DATOS PERSONALES

111.

Usted es el único jefe de familia que mantiene esta casa?
1. Sí
2. No

112.

Cuántos jefes de familia hay en la casa?

113.

En total, podría decir cuanto es el ingreso semanal en esta casa?
Muchas gracias por su participación.

OBSERVACIONES
114.

De qué material está hecho la mayor parte de los muros o
paredes de esta vivienda?
1. Madera
2. Ladrillo, block, cemento
3. Adobe
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4. Lámina o cartón
5. Otro (especifique)_________________________________
115.

De que material está hecho el techo de esta vivienda?
1. Madera
2. Concreto/cemento
3. Material reciclado
4. Lámina
5. Otro (especifique)_______________________________

116.

De qué material es la mayor parte de los pisos de esta
vivienda?
1. Madera
2. Cemento, concreto
3. Tierra
4. Loseta
5. Otro (especifique)_________________________________

117.

Calidad de la calle (enfrente de la vivienda):
1. Pavimentada
2. No pavimentada
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