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This paper develops a political–industrial ecology approach to explore the urban water metabolism of Los
Angeles, which sprawls for thousands of miles across the American West. Conventional approaches to
quantify urban carbon footprints rely on global, national, or regional averages and focus narrowly on
improving the efﬁciency of ﬂows of resources moving into and out of the city. These approaches tend
to ‘‘black box’’ the methodologies that guide the carbon emissions calculus and the social, political,
ecological, and economic processes that perpetually reshape nature–society metabolisms. To more fully
delineate the water supply metabolism of Los Angeles, this paper combines theory and method from
urban political ecology and industrial ecology. Speciﬁcally, we infuse spatiality into the traditional
life-cycle assessment (LCA) approach by coupling it with GIS. By illustrating how decisions about system
boundaries, emissions factors, and other building blocks fundamentally shape the end result, this
intervention at once destabilizes and advances the LCA enterprise. Then, using interviews and historical
analysis, we provide a critical analysis of how LA’s various water supply infrastructures came to be and
illustrate how a sustainable transition based on a narrow carbon calculus is problematized by historical
circumstances and strategic (and often conﬂicting) new paradigms to secure water resources. The
political–industrial ecology approach offers valuable insights into the spatiality of material metabolisms
and the socio-political processes (re)shaping the relations between nature and society.
Ó 2014 Elsevier Ltd. All rights reserved.
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1. Introduction
‘‘Owens Lake, the terminus of the [Owens R]iver, sat at an elevation
of about four thousand feet. Los Angeles was a few feet above sea
level. The water, carried in pressure aqueducts and siphons, could
arrive under its own power. Not one watt of pumping energy would
be required. The only drawback was that the city might have to
take the water by theft’’.
[Reisner, 1986, 61]
While theft may no longer be an option in Los Angeles’s quest to
secure and increase its water supply, Reisner draws attention to
two important aspects that this paper seeks to address. The ﬁrst
aspect is the embodied energy and emissions of Los Angeles’s
water supply metabolism. Los Angeles, like other global cities,
has established programs for reducing GHG emissions while
making overt references to reduce their reliance on distant and
uncertain resource ﬂows and infrastructures (Bulkeley and
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Betsill, 2013; Bulkeley, 2010; Rice, 2010). These concerns over
‘‘urban ecological security’’ reﬂect exposure to regulatory, climatic,
and political drivers that inﬂuence how the City of Los Angeles is
managing its water supply through the development of local and
decentralized systems to build greater self-sufﬁciency and reliance
while simultaneously reducing GHG emissions (Hodson and
Marvin, 2009; Hughes et al., 2013; LADWP, 2010a). Indeed, climate
models indicate that snowpack in the Sierras may decrease from its
mid-20th century average by 25–40% by 2050 reducing the water
available via the Los Angeles Aqueduct (CDWR, 2008). This, coupled with ongoing drought conditions, is driving policy makers
and planners to rework the socio-technical systems delivering
water to the region.
Faced with simultaneous pressure to reduce GHG emissions
while securing a stable supply, cities like Los Angeles have begun
to assess the nexus between water and energy consumption by
measuring the carbon footprint of their water systems. The methodology guiding these analyses is life-cycle assessment (LCA), an
important tool in industrial ecology that quantiﬁes environmental
impacts of products and processes during each phase of its ‘‘life’’—
from material extraction to disposal (Freidberg, 2013; Graedel and
Allenby, 2003; Newell and Vos, 2011). In theory, once the carbon
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emissions burden—or the relative impact or footprint of the
respective life phases, process, or product—is known, strategies
to facilitate low-carbon and sustainability transitions can be made
(Bulkeley, 2010; Bulkeley et al., 2013; Hodson and Marvin, 2010;
Smith et al., 2005). This calculative process of urban environmental
governance centered on ‘‘carbon control’’ often drives interventions to re-work urban socio-technical systems (Bulkeley and
Castán Broto, 2012; Jonas et al., 2011; While et al., 2010). To
increase local supplies, LADWP is focusing on projects that increase
recycled water, expand water conservation, enhance stormwater
capture, and establish green building initiatives (LADWP, 2010a,
2010b; Solorio, 2012; Villaraigosa, 2008). The objective is to make
water demands more efﬁcient while developing supply sources
that are less vulnerable to climate change (LADWP, 2010a;
Villaraigosa, 2008). But this (re)development of socio-technical
systems to re-work Los Angeles’s water metabolism may not
always align with the desired emissions targets or foster a social
and environmentally just system.
The second aspect this paper addresses is the historical and
political processes shaping the water supply metabolism of Los
Angeles, a metabolism that extends to the watersheds of the
Sacramento and Colorado Rivers and to the Owens Valley and High
Sierras (Fig. 1). Building the 233-mile Los Angeles Aqueduct (LAA),
for example, required the construction of 120 miles of railroad
track, 500 miles of roads and trails, 240 miles of telephone line,
and 170 miles of transmission line (Reisner, 1986). The relationships and interdependencies among and between these infrastructures represent a unique political ecology, one that materialized
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out of the political and economic support for William Mulholland’s
vision to bring the waters of the Owens Valley to Los Angeles. The
social–ecological transformation of the Valley that followed was
the result of failed protests, legal challenges and national laws,
rules, negotiations, and agreements between Valley residents and
the City of Los Angeles. With current concerns over carbon emissions, however, the low emissions burden of water conveyed via
the LAA brings into contrast the contradictions between reducing
emissions and the internal properties, politics, and contestations
that are hidden or ‘‘black boxed’’ (Latour, 1987) when focusing only
on the input–output analysis of reducing GHG emissions or supplying a city with water.
We investigate these aspects through a framework that utilizes
industrial ecology (IE) and urban political ecology (UPE) to examine the energy and material ﬂows of Los Angeles’s urban water
metabolism. The approach integrates spatiality and critical theory
from geography to develop a political–industrial ecology approach
to the study of urban metabolisms. This is done by building a spatially-explicit LCA to model the embodied energy and emissions of
Los Angeles’s water supply sources. The analysis is scaled down to
the utility to provide a ﬁner grained analysis of the city’s water
supply metabolism and as a means to advance LCA by integrating
spatial differentiation into the modeling process. While the GIS–
LCA coupling provides a well-suited approach to explore the
spatialized emissions and some environmental impact questions,
it is limited in its ability to consider the socio-political dimensions
of GHG emissions. To address this limitation, we link the LCA–GIS
model with insights from political ecology to explore the planning

Fig. 1. Map of water supply sources for the City of Los Angeles.
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contradictions that arise when managing water through the lens of
carbon emissions. To do this, we interviewed water managers in
Los Angeles and examined policy documents and newspaper articles to situate the urban metabolism within the everyday practices
of the governmental agencies and societal groups who participate
in (re)shaping it. By revealing the spatiality of material and energy
ﬂows and the internal and heterogeneous social, political, economic and ecological properties that (re)structure them, this
approach helps open up the black box of both the input–output
methodologies that underlie the measurement of GHG emissions
and the processes that guide environmental decision-making.
The following section provides an overview of literature in IE
and UPE, paying particular attention to how the metabolism metaphor is used in each ﬁeld in order to develop the political–industrial ecology approach. We then outline our method, which
combines LCA and spatial analysis with interviews and document
analysis to explore the ‘‘interwoven knots of social process, material
metabolism and spatial form’’ (Swyngedouw and Heynen, 2003, p.
906) that shape Los Angeles’s water supply metabolism. Section
4 presents and discusses the results of the spatially-explicit LCA
of Los Angeles’s water supply and compare it to conventional
LCA approaches. The analysis provides a critique of conventional
LCA approaches by revealing how decisions and assumptions about
the scoping of system boundaries can alter the result of an LCA, but
also advances the method by elucidating how spatial form
inﬂuences the material metabolism of Los Angeles’s water supply.
Section 5 expands the analysis to the social processes that (re)structure Los Angeles’s urban water metabolism.
2. Theoretical framings: urban metabolisms and socio-technical
systems
As mediators of resource consumption and disposal, sociotechnical systems—the interrelated social and physical components
of urban infrastructural networks—have multi-scalar and multisited effects on climate, biotic communities, and the health of
humans and non-humans within and beyond the city, metropolis,
and region (Bulkeley and Castán Broto, 2012; Bulkeley et al.,
2013; Furlong, 2010; Hodson et al., 2013; Lawhon and Murphy,
2011; Mollinga, 2013). To grasp this dynamism, scholars have
begun to point toward the value of developing integrated
approaches that utilize urban metabolism as a conceptual framework, bringing together theory and method from industrial ecology,
political ecology, and other disciplines (Castán Broto et al., 2012;
Hodson et al., 2012; Kennedy et al., 2012, 2011; Newell and
Cousins, 2014; Pincetl, 2012; Pincetl et al., 2012; Ramaswami
et al., 2012). The utility of the urban metabolism concept is its
ability to capture a range of perspectives that engage with urban
sustainability while offering insights into how to make production
and consumption patterns in cities more efﬁcient and equitable. To
be useful as an interdisciplinary boundary metaphor (Newell and
Cousins, 2014), however, urban metabolism research needs to
successfully integrate approaches and perspectives across ﬁelds.
In this section, we focus our attention on the convergence of the
metabolism metaphor between IE and UPE.
2.1. Industrial ecology
Urban metabolism is typically deﬁned among industrial
ecologists as ‘‘the sum total of the technical and socio-economic
processes that occur in cities, resulting in growth, production of
energy, and elimination of waste’’ (Kennedy et al., 2007, 44). The
term itself was popularized in 1965 by the sanitary engineer Abel
Wolman after the publication of his seminal article in Scientiﬁc
American where he quantiﬁed the metabolic inputs (water, food,

and energy) and outputs (waste) of a hypothetical American city.
The formal development of IE, however, was forged by physicists
and engineers in the late 1960s in an effort to use ‘‘nature’’ as a
model to research existing industrial systems and develop more
efﬁcient and resilient urban forms (Frosch, 1992; Jelinski et al.,
1992; Newell and Cousins, 2014).
Industrial ecologists in the Wolman tradition apply mass-balance accounting methodologies such as material ﬂow analysis
(MFA) to quantify the ‘‘stocks’’ and ‘‘ﬂows’’ of the urban metabolism (Baccini and Brunner, 2012; Baccini, 1996). MFA can be
viewed as a methodology to quantify indicators of urban (un)sustainability that inform strategies to optimize resource use through
efﬁciency gains, dematerialization, and waste reuse (Barles, 2009;
Hodson et al., 2012). Inﬂuential case studies have examined a
range of cities from Hong Kong (Newcombe et al., 1978; WarrenRhodes and Koenig, 2001) and Tokyo (Hanya and Ambe, 1976) to
Paris (Barles, 2009, 2007a, 2007b) and Vienna (Hendriks et al.,
2000) among many other cities. This emerging school of research
is demonstrating the robustness of MFA as a methodology to
understand and quantify urban metabolisms.
Scholars in IE are beginning to utilize LCA in place of, or coupled
with, MFA, as an alternative approach. LCA, which traditionally
focuses on the ‘‘cradle-to-grave’’ environmental impacts of products and processes (Guinée, 2002; Keoleian and Menerey, 1994),
offers possibilities for more fully capturing ‘‘upstream’’ and ‘‘downstream’’ environmental impacts of resource ﬂows that extend
beyond urban borders (Newell and Vos, 2011; Pincetl et al.,
2012). The International Standards Organization (ISO) 14040 protocol demarcates a standardized set of rules and requirements
for LCA procedure (Freidberg, 2013; Newell and Vos, 2011). The
standard LCA method includes the deﬁnition of the goal and functional unit, delimitation of scope or system boundary, life-cycle
inventory (LCI) or the accounting of pollution and resource extraction in each phase, and life-cycle impact assessment (LCIA) (Newell
and Vos, 2011). The ﬁnal LCIA stage focuses on improving the
performance of the product or process in question.
2.2. Urban political ecology
In contrast, scholars under the banner of UPE have typically
criticized the IE approach. For Erik Swyngedouw, ‘‘studies on urban
metabolism have often uncritically pursued the standard IE
perspective based on some input–output model of the ﬂow of
‘things.’ Such analysis merely poses the issue, and fails to theorize
the making of the urban as a socio-environmental metabolism’’
(2006b, 35). Other scholars such as Keil and Boudreau (2006, 43)
point toward the ‘‘restrictiveness’’ of traditional IE urban metabolism studies in that they offer a weak analysis of the political context, capitalist economy, and social patterns that shape the
metabolism. Gandy (2004) asserts that the ‘‘relational’’ notions of
urban metabolism dominant in UPE are now more appropriate
metaphorical conceptualizations of urban space than the ‘‘functional-linear’’ or neo-organismic ones that are derived from ‘‘technocratic urban models.’’ The approach used by industrial ecologists
is typically interpreted by UPE scholars as an apolitical platform,
one undergirded by a logical positivism that typically leads to
neo-Malthusian conclusions and outcomes (Harvey, [1974] 2001).
In place of input–output models based on the ‘‘ﬂow of things’’,
urban political ecologists frequently draw upon Marxist notions of
metabolism to characterize the hybrid and relational aspects of
economic, political, and ecological processes that form uneven
urban social–ecological systems (Gandy, 2005; Heynen et al.,
2006; Swyngedouw and Heynen, 2003; Swyngedouw, 2006a).
Gandy (2002), for example, explores the production of ‘‘metropolitan natures’’ to demonstrate how nature is transformed by and
enrolled into the political, economic, and social practices that
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shape New York City’s form and function and its metabolic
relationship to distal geographies. His exploration unveils how
capitalist processes of urbanization link engineered systems conveying water to the ongoing transformations of distant natures
and geographies. Similarly, Swyngedouw’s (2004) analysis of water
politics in Guayaquil, Ecuador moves beyond a singular focus on
the ﬂows of water by situating water in a ‘‘socio-environmental
metabolism’’ that is entangled with the complexities of social
power, control, and capital accumulation. Although not drawing
on Marx, Cronon (1991) also shows how Chicago is a metropolis
forged out of its metabolic relationship with its hinterland. Rather
than accounting for the material inputs and outputs of the
metabolic system, the focus in UPE is on the social and political
processes and outcomes reconﬁguring urban metabolic circulations in socially and geographically uneven ways.
2.3. Linking IE and UPE: toward a political–industrial ecology
On the surface these approaches and perspectives may appear
incompatible. We argue, however, that approaches from industrial
ecology to quantify the various stocks and ﬂows coursing into and
out of the city and critical approaches from political ecology can be
used to gain new perspectives into nature–society relations. While
IE may provide a latent set of quantitative methods for UPE to capture the broader impacts of resource ﬂows and the environmental
impacts of products and industrial processes, the measurement
and modeling techniques lack critical insights into the historical,
social, political, and economic mechanisms that inﬂuence metabolic urbanization. Adding a political ecology framework to traditional IE pushes inquiry toward an expanded approach to urban
metabolisms that incorporates spatiality to develop more robust
LCAs and includes a focus on issues of power in environmental
decision-making to move beyond the apolitical tendencies of IE
that focus narrowly on ‘‘win–win’’ scenarios between the economy
and environment.
Practically speaking, in addition to quantifying stocks and ﬂows,
a political–industrial ecology refers to an analysis of the broader
historical, political, social, technological and economic mechanisms shaping the relationships between a product, commodity
or material process, its primary inputs and outputs, and the
relevant social and ecological implications. The urban water
metabolism of Los Angeles, for example, is dependent on energy
inputs for water to circulate and ﬂow within the hydrosocial cycle,
requires industrial and infrastructural processes to pump, treat,
and distribute water, and emits carbon as a primary output. The
metabolic circulation of water, however, is reliant on a set of social
and political relations that shapes and is shaped by its relationship
to water. Linking political and industrial ecology provides a compelling way to begin to think through these type of quantitative
and qualitative socio-ecological transformations.
Taking a political–industrial ecology approach that couples LCA
with GIS, for example, provides a quantitative method for spatializing the speciﬁc water, food, waste, and energy metabolisms that
connect urban and rural space (Newell and Vos, 2011). This further
develops the potential for spatial and quantitative analysis in UPE
while enhancing core UPE insights into the co-production of urban
and rural space. Other quantitative measures have been used
within UPE to measure and quantify the metabolic transformation
of urban forests (Heynen, 2006; Heynen et al., 2006), the differences in air pollution monitoring techniques (Buzzelli, 2008), and
the neighborhood level effects of urban densiﬁcation and gentriﬁcation (Quastel et al., 2012). Through engagement with methods
from IE, such as LCA, our approach provides an additional means
to capture the social, political, industrial, and spatial variation of
environmental impacts from material metabolisms, resource ﬂows,
products, and processes within and beyond the city and on urban
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socio-ecological systems. Speciﬁcally, we couple GIS and LCA to
quantify the spatialized emissions of Los Angeles’s water supply
metabolism and utilize political ecology theory to explore the
socio-political processes that (re)structure urban socio-natural
landscapes.
2.4. Why water
In Los Angeles where the water supply metabolism extends to
the watersheds of the Sacramento and Colorado Rivers and
requires both local and imported sources (Fig. 2), the complexity
of urban resource ﬂows become apparent. Starting with water as
the primary object of concern provides a bridge to explore linkages
between two disparate approaches (IE and UPE) to understand the
relationship between resource ﬂows and urbanization. Water represents the largest component of all material ﬂows within the
urban metabolism (Decker et al., 2000; Kennedy et al., 2007), yet
it is also one of the most political and contested objects of the
urbanization process (Kaika, 2005; Swyngedouw, 2004).
Furthermore, water ﬂows present a geography that is nested
within watersheds and sub-watersheds, thereby allowing urban
water ﬂows to be relatively spatially bounded, unlike most postFordist commodity chains and networks. Among other things, this
enables industrial ecologists to locate and draw system boundaries
in order to quantify the stocks and ﬂows.
Moreover, as Matthew Gandy notes, ‘‘the history of cities can be
read as a history of water’’ (Gandy, 2002, 22). Modernist theories of
development in the nineteenth and twentieth centuries to rationalize the urban landscape involved the rolling-out of large
socio-technical systems that inﬂuenced the form and function of
the city. Water technologies and infrastructures, in particular, have
received signiﬁcant attention from urban political ecologists for
their role in producing spaces of the modern city (Gandy, 2004,
2002, 1999; Kaika and Swyngedouw, 2000; Kaika, 2005; Loftus,
2012; Meehan, 2013a; Swyngedouw et al., 2002) and in mediating
relationships between the human and non-human world
(Birkenholtz, 2013; Budds and Sultana, 2013; Kaika and
Swyngedouw, 2012; Swyngedouw, 2009). Studies of the Global
North focus primarily on dams and large infrastructural systems
or ‘‘mega projects’’ to supply and sanitize urban water (Gandy,
2002, 1999; Kaika and Swyngedouw, 2000; Kaika, 2005, 2003;
Swyngedouw, 2013, 2007). In contrast, research centered in the
Global South has examined tubewells, groundwater technologies,
informal technologies of water provision, and the fragmentation

Fig. 2. Water supply by percent quantity. Source: LADWP (2010a).
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of water supply networks (Birkenholtz, 2013, 2009a; Kooy and
Bakker, 2008; Meehan, 2013a, 2013b; Sultana, 2013, 2011).
Whether in the Global North, Global South, urban or rural,
water technologies are developed, implemented, and contested in
heterogeneous ways that reﬂect the social histories of place, situated networks of power and knowledge, and the discourses of
development (Birkenholtz, 2013, 2009b, 2008; Rocheleau and
Roth, 2007; Rocheleau, 2008; Sultana, 2013). The outcome is a
hydro-social transformation that re-works the relationships
between water and society in socially and geographically uneven
ways. The ‘‘complex network of pipes, water law, meters, quality
standards, garden hoses, consumers, leaking taps, as well as rainfall, evaporation, and runoff’’ (Bakker, 2003, 337) that comprise
the hydrosocial cycle gives shape to how water circulates as a
resource through nature and society. Urban water metabolisms,
in other words, reﬂect technological, institutional, and individual
practices as much as the hydrological cycle in a ‘‘socio-natural
process by which water and society make and remake each other
over space and time’’ (Linton and Budds, 2013, p. 6).
The metabolic circulation of water in and through urban space
transforms social and physical environments, albeit with the aid
of energy. The pumping of groundwater, recycling water, or desalinating water all depend on energy inputs to ﬂow and circulate.
The hydro-social cycle is thus highly entangled with issues of
energy and infrastructure (McDonnell, 2013), which have material
impacts on global climate change through their emissions burden
and on local ecologies and peoples during their construction,
implementation and use phases. In California, nearly 20% of the
total electricity consumption is devoted to the sourcing, collecting,
transporting, and treatment of water (TCR and WEI, 2013). Water
supplied to Southern California is especially energy intensive—
approximately 50 times more so than to Northern California
(CEC, 2005)—where an estimated one-third of household electricity use is devoted to water delivery (MWD, 1999). The broader
impacts of the water–energy nexus are made relevant to planners
and decision-makers through GHG accounting methods and supports low-carbon infrastructural developments. Re-shaping Los
Angeles’s urban water metabolism based solely on an IE carbon
calculus, however, impedes considerations of power relations in
environmental decision-making that can (re)distribute costs and
beneﬁts unevenly across race, class, and geography. In the following sections we provide an exploratory attempt for bringing
together UPE and IE approaches to generate an urban political–
industrial ecology of the metabolism.
3. Methods
We combine LCA and spatial analysis with interviews and document analysis to model the energy and emissions intensity of Los
Angeles’s water supply sources and to reveal its UPE. We ﬁrst
infuse spatiality into LCA by using GIS to ‘‘downscale’’ the modeling effort and compare and contrast it to the standard eGRID
approach. This is done for multiple reasons. First, it offers the
opportunity to open up the black box of the carbon modeling,
measurement, and calculation process that drives urban climate
governance by revealing the spatiality of carbon emissions. Second,
it pays attention to areal differentiation that can signiﬁcantly alter
the actual carbon footprint of water. This at once destabilizes the
carbon footprint accounting process, but also advances the method
by rendering it more detailed and sensitive to the particular sites
where GHG emissions are produced. For example, conventional
LCA approaches typically use LCIs consisting of activity data and
emission factors that are essentially global or national averages
or drawn from studies of Western Europe where LCIs are well
developed (Curran, 2006; Newell and Vos, 2011). Consequently,
the minimization of areal differentiation in the production of a

LCA is not only a practice that is aspatial and ‘‘ﬂattens’’ geography
(Newell and Vos, 2011, 732), but also masks the uneven spatiality
of urban carbon emissions among and between socio-economic
classes (Rice, 2014).
Second, we utilize perspectives from UPE and qualitative
interviews to explore the social and environmental dimensions
typically lost in quantitative approaches to urban metabolisms.
The goal is to reveal the contradictions that arise when governing
water through the lens of carbon and energy emissions. The
analysis includes considerations of the social and environmental
justice issues of these ﬂows of water and carbon as well as the
social practices of water resource management. The way carbon
is modeled and measured is certainly a technical project performed
by expert communities, but the black boxed result is also a political
project with the power to re-work socio-technical systems.
Insights from political ecology provide a means to interrogate
how decision-makers use carbon metrics and narratives of urban
ecological security to re-shape urban metabolisms.
3.1. Methods for a spatially-explicit LCA of Los Angeles water supply
sources
Some within the LCA community are slowly developing
procedures to make LCIs more spatially-explicit, and a small cadre
of LCA and IE scholars are exploring the potential of GIS–LCA
hybridity to incorporate geographic variability through case
studies of land-use change and biodiversity (Geyer et al., 2010),
energetic utilization of biomass via conditioned biogas (Dresen
and Jandewerth, 2012), energy crop production (Gasol et al.,
2011), and the sourcing of material for building and road infrastructure (Reyna and Chester, 2013).
Efforts to model the energy intensity and emissions burden of
water are not particularly new, nor are they new to the California
region. Wilkinson (2000, 2007), for example, has examined the
energy footprint of water utilities and regions of California. The
utilities themselves have conducted and commissioned studies of
the energy and/or emissions proﬁles for portions of their water
distribution systems (IEUA, 2009; LADWP, 2010a).
By coupling GIS and LCA, our study differs from these previous
approaches in one signiﬁcant way. We ‘‘downscale’’ to more accurately estimate the emissions associated with water supply. The
default approach to obtaining the emissions factors of utilities is
to use statewide, regional, or national averages (Marriott and
Matthews, 2005; Soimakallio et al., 2011). Studies rely heavily on
sources such as the Environmental Protection Agency’s eGRID, a
database that provides generalized emissions factors for electric
power plants generating in the United States. In eGRID, California
and portions of surrounding states fall within the CAMX (California–Mexico) Subregion. Essentially, energy and emissions factors
are derived for CAMX by averaging energy and emissions proﬁles
of plants for that entire subregion.
However, this emissions factor is not necessarily an accurate
representation given that Los Angeles obtains water from ﬁve different sources across thousands of miles. The supply portfolios of
California’s utilities also vary signiﬁcantly (Fig. 3). For example,
Paciﬁc Gas and Electric (PG&E) relies heavily on hydropower; thus
it has a cleaner emissions proﬁle than the CAMX average. In
contrast, the LADWP grid mix remains heavily reliant on coal, producing a dirtier emission proﬁle than the CAMX average. We were
interested; therefore, in better understanding how the different
grid mixes and utility sources along the water supply system
would affect the city’s carbon footprint and the potential implications this has for managing the water–energy nexus. To evaluate
the respective importance of downscaling to the utility scale we
contrast the results of our GIS–LCA method with the standard
accounting approach.
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Fig. 3. Grid mix portfolios of major utilities. Source: LADWP (2010b) and Southern
California Edison (2010).
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3.1.1. System boundary and steps
We studied the portion of the water–energy nexus centered on
providing water to consumers. The ‘‘system boundary’’ of the study
is thus limited to three phases of water delivery: sourcing and
conveying, treatment, and distribution to consumers (Fig. 4). We
deliberately chose these phases as spatial variation can signiﬁcantly
inﬂuence them. However, this meant that other stages fell outside
of the system boundary. For example, the ‘‘use’’ and disposal
phases—or cleaning phases in the case of water—were excluded.
In-home energy usage associated with heating and cooling water
was also excluded, but it is widely recognized as the most intensive
portion of the energy footprint of water. Our LCA also excluded the
energy and emissions associated with the initial construction (e.g.,
energy embedded in the concrete used to construct aqueducts) and
the ‘‘use’’ or maintenance phase of water infrastructure. In the case
of infrastructure, the latter is typically much larger than the former.
Reyna and Chester (2013) found, for example, the GHG emissions
from the maintenance and rehabilitation associated with roads in
Los Angeles County are more than four times higher than the emissions resulting from their initial construction, over the lifetime of
the roadway network. These choices impose limits to the LCA
analysis done, but the goal of this relatively simple LCA is to highlight how spatial variation and system boundary delineation can
fundamentally change the carbon footprint of a product or process.
Our ‘‘functional unit’’ was one acre-foot (AF) of water delivered
to Los Angeles and we measured the energy budget in terms of
grams of CO2e generated for each kW h. The activity data for the
study—the quantity of water imported by source, energy intensity
(kW h/AF), utility grid mix, water pumping, recycling, and treatment plant efﬁciency—came from a variety of sources, such as
the LADWP Urban Water Management Plan (2010a). We developed
emissions factors for the utility emissions and the energy sources
in two primary steps:

Fig. 4. Water supply system boundary. Scoped around water conveyance, treatment, and distribution moving from source to end use, including recycled water. Source:
Adapted from CEC (2005).
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1. Assign speciﬁc utility for pumping and transport, treatment,
and distribution phases
We used GIS to map the water supply infrastructure for the ﬁve
water supply sources. Some of these data were publicly available;
others were obtained from the LADWP and the Metropolitan Water
District (MWD). Data on the locations of the pumping plants were
obtained using physical maps from agency publications (CDWR,
2011; MWD, 2009) and the California Energy Almanac and geocoded by cross-referencing the estimated X, Y coordinates in Google Maps. We then assigned each of these plants to a particular
Electricity Utility Service Area (EUSA), a geographic area where a
speciﬁc utility operates and supplies electricity. Los Angeles’s
groundwater and recycled water supply sources fall entirely within
the LADWP service area and were assigned emissions burdens
accordingly. Information on which utility to assign to the treatment plant was based on written correspondence with MWD and
LADWP ofﬁcials (Table 1). After the treatment phase, water is distributed uniformly throughout the city regardless of the source and
requires the same amount of energy for all water sources
(196 kW h/AF). Consequently, the sole utility assigned for the distribution phase is LADWP. Finally to determine the grid mix (coal,
hydro, solar, etc.) for each utility and the corresponding emissions
factors we used state-mandated power content labels.
2. Calculate the energy and emissions burden for the three
life-cycle phases
For this step, we multiplied the activity data and the emissions
factor for each of the three phases. Each of the pumping and treatment plants has different efﬁciencies, measured in kW h/AF, as
well as energy inputs for a speciﬁc volume of water. Emissions proﬁles for each pumping plant were also generated based upon the
distribution of net electricity consumption that could be attributed
to each EUSA based on the annual electricity usage. The Colorado
River Aqueduct (CRA) and State Water Project (SWP) conveyance
systems are coupled with power generation, making it necessary

to determine how much electricity was self-generated. We did
not give these conveyance systems emissions credits for the hydropower generated (and sold to partner utilities) based on the
assumption that this hydropower would be credited in the utility’s
generation portfolio. Hydropower used by the conveyance systems
for pumping water was added to purchased electricity from the
EUSA in order to determine an overall emissions factor for both
systems. SWP reports PG&E, California Independent System Operator, and Southern California Edison as transmission providers;
we assumed that daily spot purchases would be made on these
grids.
3.2. Revealing the political ecology
In order to situate the quantitative measurement with the more
qualitative aspects of water supply infrastructures we conducted
17 interviews, between December 2013 and June 2014, with water
resource managers at city, county, and federal agencies and staff
members of environmental NGOs. During these interviews we
asked questions about the environmental, legal, political, and
economic drivers of water sourcing and the role of new technologies and innovations in driving transitions. More speciﬁcally, the
questions probed how sustainability was measured and calculated
in terms of water resources and the impacts of these technologies
and sourcing strategies on social and ecological systems. To better
understand the everyday practices that guide the production and
use of LCAs and the reshaping of urban metabolism, these interviews were supplemented with an analysis of policy documents,
newspaper articles, and agency reports.
4. The spatialized energy metabolism of Los Angeles’s water
supply
The energy intensity of Los Angeles’s multiple water supply
sources is unequal and heterogeneous across phases of transportation, distribution, and treatment and source. As the LCA demonstrates, Los Angeles’s geographically diverse water sources have

Table 1
Los Angeles Water Treatment Plants by utility provider and water source. Source: Interviews.

a
b

Water Treatment Plant

Electricity supplier

CRA (%)

Robert A. Skinner
Joseph Jensen
F.E. Weymouth
Robert B. Diemer
Henry J. Mills
LAAFPa
Recycled waterb

SCE
LADWP
SCE
SCE
CoR
LADWP
LADWP

45

LAA (%)

SWP (East) (%)

SWP (West) (%)

Gray water (%)

55
100

45
45

55
55
100
55

Los Angeles aqueduct ﬁltration plant.
Water reclaimed after delivery, use, and waste treatment.

Fig. 5. Energy intensity of water supply sources, by phase, for Los Angeles. Source: LADWP (2010a).
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Total (%)
100
100
100
100
100
100
0
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widely varying energy and emissions proﬁles (Fig. 5). Water
sourced from Northern California and the Sacramento Delta via
the State Water Project (SWP) is the most expensive and energy
intensive, requiring six pumping plants to carry it over the Tehachapi Mountains before it breaks into the East Branch (3459 kW h/
AF) and the West Branch (2817 kW h/AF). Water from the Colorado
River (2223 kW h/AF) is imported via the Colorado River Aqueduct
(CRA) and requires ﬁve pumping stations to carry it to its terminus
at Lake Matthews. In contrast, water sourced from the Eastern
Sierra watershed and Owens River Valley via the LAA requires no
net input of energy in the pumping and transport stages since
the aqueduct is mainly gravity fed (230 kW h/AF). Other sources
of water for southern California include local groundwater
(726 kW h/AF) and recycled water from the San Fernando Valley
(1524 kW h/AF).
For all water sources combined, the transport stage represented
88% of the energy footprint, followed by distribution (10% of the
total), and treatment (2%). Part of the reason for the enormous
transport footprint is Los Angeles’s reliance on water supply from
two major sources—SWP (56% of total water supply) and CRA (7%
of total). By contrast, the gravity-fed LAA aqueduct has no transportation footprint. Local recycled water has a large treatment
footprint as the water has to be made potable. In our study, we
did not do speciﬁc modeling for different types of treatment
technologies for recycled water (i.e., stormwater vs. industrial);
these are likely to have differing energy footprints, but with important implications due to the desire of water utilities to increase the
portion of recycled water in the overall water supply portfolio.
Although we only looked at these three phases, other studies of
cities with remote water supply sources indicate a similar proﬁle
for the transport stage (Stokes and Horvath, 2009; Wilkinson,
2000). This is in contrast to many other resources and products
such as food (Basset-Mens and van der Werf, 2005; Weber and
Matthews, 2008) and forest products (Gower, 2006; Newell and
Vos, 2011; Subak and Craighill, 1999) that indicate that transportation emissions are a comparatively small portion of overall
emissions. These latter ﬁndings counteract ‘‘buy local’’ narratives
that pervade discourses about local food, which by overemphasizing transport as an emissions source, conﬂate ‘‘greenness’’ with
local sourcing. In the case of water, however, the water–energy
nexus presents a complicated relationship between energy emissions and the collection, treatment, transport and disposal of water
across geographic space.
4.1. eGRID vs. spatially-explicit accounting methodology
In terms of the emissions, the results of our spatially-explicit
approach yielded a 38% lower emissions footprint than the eGRID
approach (Fig. 6). It signiﬁcantly reduced the emissions burden of
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water sources supplied by MWD, but increased the emissions burden of those sources supplied by LADWP. It was especially higher
for groundwater (41%) and recycled water (54%); this is due to
the relatively dirty grid mix of LADWP as compared to the cleaner
eGRID average and grid mix of MWD where over 50% of Los Angeles’s supply comes from. In particular, recycled water had a greater
emissions footprint per acre-foot than water from the Colorado
River. This highlights the relative importance of energy supply
sources for the particular utilities, so much so that it outweighs
the energy intensity of long distance transport of water from the
Colorado. The results support the ﬁndings of Weber et al. (2010),
which demonstrate how electricity emissions can vary depending
on the spatial scale adopted, from nation, state production, state
consumption, to eGRID subregion, and based on Energy Information Administration data.
4.2. Opening up the black box
At a more general level, what this relatively simple calculus
reveals is how decisions such as system boundary delineation
and degree of areal differentiation incorporated into activity data
and emission factors can signiﬁcantly alter the result. The comparative analysis of the eGRID approach with our spatially-explicit
model exposes how geographic variability in Los Angeles’s water
supply sources (re)shapes the emissions proﬁles for each supply
source and illustrates the challenges of calculating precise carbon
footprints. The approach reveals the indeterminacy of the overall
footprint of water whereby assumptions (the non-spatiality) about
the grid mix shape the result. The relative neglect of spatiality into
LCA exempliﬁes how assumptions about the focus of scientiﬁc
inquiry are often built into the models explaining it (Jasanoff,
2004), much like critical geographers have shown for obesity
(Guthman, 2011), and often reﬂect the economic and political
motivations that shape how spatiality and system boundaries are
negotiated and created.
In this regard, our method offers a ‘‘hatchet’’ by providing a critique of conventional LCA approaches, but also offers a ‘‘seed’’ by
stressing alternative ways to understand and measure urban
metabolisms in Los Angeles and beyond (Robbins, 2012). This seed
is not limited to improved, albeit more contingent, carbon
accounting due to better areal differentiation through the LCA–
GIS coupling. Rather, the insertion of spatiality into LCA provides
an opportunity to point toward the spatial location of ‘‘hotspots,’’
or the life-cycle phase with the greatest social and environmental
impacts, along the supply chains. Similarly, spatially disaggregating carbon emissions can point toward important socio-economic
differences among and between urban populations and point
toward policy and outreach that targets those populations most
responsible for carbon emissions. As such, these empirical

Fig. 6. Energy emissions burden by water source, eGRID vs. spatially-explicit LCA.
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observations open up a set of intellectual possibilities that allow
the mapping out and contextualization of the key phases, network
agglomerations, and hotspots associated with a political ecology of
urban water metabolisms. If combined with GIS and theoretical
framings such as those found in UPE, the LCA method has the
potential to be used and deployed for progressive purposes rather
than as a narrowly conceived and technocratic device in the
promotion of ecological modernization (Desfor and Keil, 2004).
To further link the results of the LCA with political ecology, we
turn to an analysis of the least energy intensive water supply
sources and those central to Los Angeles’s vision for enhanced
urban ecological security: the LAA and local sources (groundwater
and recycled water). Both of these supply sources, if viewed only
through the lens of carbon emissions, would be the preferred
choices from which to acquire and to develop future water supplies. However, using a carbon calculus to guide transitions to a
more sustainable water supply is not so simple. Utilizing insights
from UPE are necessary to move beyond the limited scope of an
LCA perspective to urban metabolisms.
5. The UPE of Los Angeles’s water supply metabolism
Throughout its development, water has featured prominently in
Los Angeles politics and the formation of its geographies. How the
socio-technical systems tasked with conveying water came into
being, however, reﬂect the diverse ways that the social histories
of place, networks of power, and discourses of development are
implemented and fought over at speciﬁc sites and times (Sultana,
2013). As such, the water supply metabolism of Los Angeles cannot
be understood outside of this context. We situate our analysis
within the historical and geographical networks of power, people,
and institutions that emerge to reshape Los Angeles’s hydro-social
metabolism. The approach challenges dominant explanations and
proposes alternatives on how infrastructures and GHG emissions
come to matter politically (Forsyth, 2003; Furlong, 2010;
Meehan, 2013b). In this section we provide a brief history of the
development of the LAA. We then direct our focus to current shifts
and transitions in the governance of Los Angeles’s water supply to
reﬂect on historical and contemporary political ecologies of urban
water.
5.1. LA water: a brief history
On November 5, 1913, William Mulholland (in)famously proclaimed, ‘‘There it is. Take it.’’ as water ﬂowed through the LAA
toward Los Angeles. For some, this was the instant that the modern
city of Los Angeles was materially forged (Ulin, 2013). The sociotechnical systems conveying water to Los Angeles, however, were
discursively set into motion as early as 1904 when LADWP
released its ﬁrst report stating that ‘‘the time has come when we
shall have to supplement the supply from some other source’’
(Klusmire, 2013; Reisner, 1986). By 1905, in an imperial quest for
more water, city representatives began venturing to Owens Valley
to buy parcels of land from local residents (McWilliams, 1949;
Stringfellow, 2013). As McWilliams (1949) notes, Los Angeles had
plenty of water, but speculation of future population growth fueled
this water imperialism. Indeed, it was a project ‘‘founded in prospect,’’ designed to meet the demands of an imagined future rather
than the needs of the present (Kahrl, 1982).
The story of the LAA and the construction of large-scale
technological infrastructures to convey water to Los Angeles’s is
well-documented (Kahrl, 1982; McWilliams, 1949; Reisner,
1986), but salient for this paper is how the transformation of Los
Angeles’s hydro-social environment involved the rolling-out of
large socio-technical systems, producing new natures and new

waterscapes by altering the ﬂow, availability, and value of water
in the process. The construction of the LAA certainly created new
opportunities for long-term capital investment in Los Angeles,
but the infrastructure also provided a key innovation that accelerated and structured the material metabolism of Los Angeles while
increasing its presence and control over greater expanses of its hinterland. The production of this socio-nature emerged out of an
uneven conﬁguration of social, cultural, economic, and political
power relations that reshaped Los Angeles’s hydro-social
metabolism.
Water scarcity issues were discursively constructed as the collective challenge facing California. This deﬂected attention away
from issues such as social justice, land distribution, and the
environment in places like Owens Valley while beneﬁtting an elite
syndicate of individuals in the San Fernando Valley. Negotiations
over land and water rights between representatives of the City of
Los Angeles and 1800 farmers and town lot owners between
1905 and 1935 resulted in the acquisition of 95% of the farm acreage and 88% of the town properties in the Owens Valley (Libecap,
2005). This enabled the City of Los Angeles to capture and control
ever greater catchments of water resources, but the urban water
metabolisms also disabled the social and environmental conditions
of those residing in the Owens Valley.
However, an overlooked aspect of the development of the LAA
was the role of hydropower. When Fred Eaton ﬁrst ventured into
Owens Valley, he was fully aware of the hydro-electrical potential
an aqueduct would serve and oversaw that the LAA was designed
to capture the economic aspects that would accrue if the potential
of hydropower was realized (Kahrl, 1982). At the time, engineers
estimated that the LAA would be capable of generating energy in
excess to that being consumed in Los Angeles and neighboring cities (Kahrl, 1982). This economic potential of hydropower was not
lost on Mulholland while pushing the project when he stated to
the people of Los Angeles ‘‘I believe that the people have in the possible power development from the aqueduct an investment which
20 years hence will turn back to the city treasury the entire
$24.5 million provided for the construction of the aqueduct with
interest’’ (Heinly, 1910, 595).
Mulholland’s vision to bring the water of the Owens Valley
required a re-scaling of the ‘‘networks of interests’’
(Swyngedouw, 2007) where the political and economic elites of
Los Angeles could envision the potential of forging new spatial
links between Los Angeles, the Owens Valley, and the San Fernando
Valley. The primary focus beyond supply and economic development was the enviable fact that the water ﬂowed ‘‘downhill.’’
The metabolic inputs and outputs of energy and waste inﬂuenced
the discourse driving the historical development Los Angeles water
supplies and provides the historical linkage to the urban metabolization of water, carbon, and energy.
A similar logic focused on the water–energy nexus guides current efforts by the City of Los Angeles to reduce its reliance on
imported sources of water while shrinking its carbon footprint.
From the perspective of the carbon calculus, the LAA emerges as
the most desirable form of water supply in terms of energy intensity and emissions burdens, but the lasting social and environmental justice issues bring into question the overall sustainability of
such a project. A new scalar vision is currently re-shaping urban
water infrastructures and metabolisms, which we turn to next.
5.2. Urban ecological security
In May 2008, the City of Los Angeles released the blueprint for
their Water Supply Action Plan, titled Securing L.A.’s Water Supply.
The emergent logic centers around increasing local water resources
through an approach that includes investments in new technologies, rebates and incentives, the installation of ‘‘smart’’
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technologies such as sprinklers, washers and toilets, long-term
measures to expand water recycling, cleaning local groundwater
supplies, and decreasing reliance on imported water
(Villaraigosa, 2008). The goal of the program is to meet new water
demands of 100,000 acre-feet per year through a combination of
water conservation and water recycling programs. Other water
supply initiatives, at a cost of roughly 10% of LADWP’s annual
budget, include stormwater capture, restoring the San Fernando
Groundwater Basin, expanding groundwater storage, outreach,
and expanding and enforcing prohibited uses of water (LADWP,
2013a).
These projects mark a transition from regional infrastructures
to a distributed water framework that entails a re-scaling of ecological resources and infrastructures primarily through a market
environmentalist framework to tackle both environmental and
economic problems (Bakker, 2005; Hodson and Marvin, 2009;
Swyngedouw, 2013, 2007). The goals, according ofﬁcials, is to
blend opportunities for economic growth with efﬁciency gains in
water and energy use and environmental conservation to more
reliably manage water resources at a local level. The allure of these
types of frameworks, as Bakker (2005, 543) suggests, ‘‘lies in the
promise of simultaneously addressing and mobilizing water
scarcity, in the pursuit of continued economic growth.’’ The techniques utilized to support these water supply initiatives include
cost-beneﬁt analyses to direct funding, but also carbon footprint
calculations to evaluate climate change adaptation and mitigation
goals. What is unique in this approach, however, is the recognition
of the link between new investments in water supply infrastructure and GHG emissions.
A number of other regulatory, climatic, and political changes are
also driving the development of local water sources and conservation measures (Hughes et al., 2013). Recent regulatory restrictions
on importing water from the San Joaquin and Sacramento River
deltas, for example, are driven by the enforcement of the
Endangered Species Act to protect Delta smelt. Other regulatory
restrictions are the outcome of the LAA’s lasting social and environmental impact on the Owens Valley. Owens Lake, which dried
up as a result of losing its source to supply Los Angeles, is now a
salt ﬂat and major environmental justice issue causing respiratory
problems in the nearby town of Lone Pine (Siegler, 2013). After
extended litigation with local communities in the Owens Valley,
the city ﬁnally agreed to the Owens Lake Dust Mitigation Project,
but it requires up to 95,000 acre-feet of water annually, or roughly
the same amount of water consumed by San Francisco each year, at
a cost of $1 billion dollars a year (LADWP, 2013b). The Water
Resources Control Board Mono Lake decision also limits the ability
of LADWP to import water from the Mono Basin by requiring water
to be allocated to restoring streams that ﬁll Mono Lake
(Villaraigosa, 2008). This reallocation of water for environmental
mitigation and enhancement reduces the delivery of water from
the LAA to roughly one-third of LADWP’s supply (Villaraigosa,
2008). LADWP, however, continues to ﬁght the regulatory drivers
forcing the city to use water from the Sierras to control dust on
the dried up Owens Lake (Sahagun, 2013).
Climate change is also presenting a challenge to water managers in Los Angeles by creating uncertainty in predicting future
supply. Increased temperatures and weather extremes, reduced
snow pack, and sea level rise are all likely effects of climate change
in California (CDWR, 2008). Adding the effects of climate change to
ongoing drought conditions, researchers say, is likely to cause
severe decline in runoff with shortfalls in scheduled water deliveries (Ackerman and Stanton, 2011). The future amount of water
available for human consumption is not likely to be the same,
nor is it likely to be a linear projection of past trends. The Colorado
River has undergone an historic drought that has brought
increased attention to its changing hydrology and the potential
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climate change impacts on water supplies (CDWR, 2008). The coming together of a climate and water crisis is provoking city leaders
to take bold actions to reduce carbon emissions and adapt to future
changes (Villaraigosa, 2007). As multiple city ofﬁcials noted, ‘‘reliability not sustainability’’ is often the driving motive to rework
water supply systems and advance what appears on the surface
to be more sustainable technologies that can drive mitigation
and adaptation to climate change.
However, at the intersection of climate change and regional
conﬂicts over water resources, a series of centralized and decentralized strategies emerge as a potential ﬁx to the recurrent uncertainties surrounding water supply. Water capture and recycling
technologies are technological ﬁxes to overcome Los Angeles’s
water supply deﬁcit, ones that allow policymakers to temporarily
avoid serious consideration of the many long-term trade-offs
between different values and uses of water such as future development and growth. As one water manager noted, ‘‘we all want more
recycled water . . . we’ve [LADWP] been planning it, and [the
increase] in recycled water is not necessarily a supply issue but
part of an ongoing approach to accelerate local supply goals related
to city policy that wants to reduce dependence on outside supply
[from MWD].’’ With population growth expected to increase by
approximately 367,300 new residents by 2035, meeting the future
demands in supply that accompany development and growth with
local sources will allow the city to become more self-sufﬁcient in
water provisioning on a city scale (LADWP, 2010a). The approach
will also lead to considerable savings for LADWP as Los Angeles
will be able to reduce the costs associated with purchased water
from MWD as the city reduces external reliance on supply and
builds up local centralized and decentralized systems. While
guided by a market environmentalist framework, the socio-technical strategy combines ecological and water security priorities into
LADWP’s attempts to assure development and economic growth.
Furthermore, the rolling-out of new technologies to supply
water may also compound the water–energy nexus. As our analysis
shows, the pumping of local groundwater supplies and recycling
water are both more energy intensive than water conveyed by
the LAA. Capturing water may present a means to secure more
local water supplies, but the cleansing and recycling of the water
for potable use may lead to an increase in carbon emissions. The
outcome is an ironic situation whereby proposed solutions to
water scarcity caused by climate change actually contribute to
and potentially exacerbate the conditions creating climate change.
One water manager said, ‘‘recycled water, in terms of energy, can
be competitive with SWP,’’ but tradeoffs inevitably emerge
between maintaining a reliable supply and mitigating carbon
emissions. This is especially true with respect to proposed desalination plants that increase local water capacity, but are highly
energy intensive (LADWP, 2010a). As another prominent water
manager stated, ‘‘stormwater recharge and recycled water is certainly less intense than the CRA, but you still have to pump it back
out with the well. . .It’s actually more cost-effective to do groundwater desalinization [than recycled water].’’ Local groundwater
supplies may certainly be less carbon intensive than water from
the CRA, but in Los Angeles recycled water supplies become more
energy intensive when emissions are made spatially-explicit and
demonstrates the need for more robust and spatially-explicit data
for decision-making.
However, relying solely on the least energy intensive source of
water presents a different set of planning contradictions. Water
sourced from the LAA, for example, may present the least energy
intensive form of water supply, but it is also a source permeated
with a history of social and environmental injustices—past and
present. From the ‘‘empire builders’’ who conspired to take Owens
Valley water to the continued struggles over how to mitigate the
environmental damages caused by diverting water out of the

48

J.J. Cousins, J.P. Newell / Geoforum 58 (2015) 38–50

Owens Valley, the LAA continues to play a controversial role in the
water politics of Los Angeles. The LAA is also a less resilient form of
infrastructure due to seismic risk and reduced reliability on the
snowpack in the Eastern Sierra (Davis and O’Rourke, 2011;
LADWP, 2010a). Reductions in the water conveyed to Los Angeles
via the LAA due to environmental mitigation have the consequence
of increasing Los Angeles’s reliance on imported supplies from the
SWP and the Colorado River through the CRA. The outcome
increases Los Angeles’s reliance on more energy intensive water
supplies imported from MWD, thereby raising the overall energy
intensity of Los Angeles’s water supply.
Beyond efﬁciencies, however, water managers say that water
recycling, stormwater capture, and other approaches to increase
supply locally are generally always a money issue. In order to
direct the funding of projects, LADWP has developed, or is developing, a range of master plans on topics from recycled water to
stormwater to point toward what water managers describe as
‘‘all of the low hanging fruit.’’ According to one ofﬁcial, projects
for stormwater are likely to lead to some large centralized projects
because ‘‘most rain falls in two weeks of the year and the city
needs to grab large chunks of water.’’ The goal, as another ofﬁcial
noted, ‘‘is to go where the water is and develop centralized projects
to capture it.’’ For large-scale water managers in Los Angeles, these
local solutions make the most economical sense—at least in the
short term—and are indicative of the logic guiding urban environmental governance and management in Los Angeles.

6. Conclusion
Our analysis demonstrates the shortcomings of undertaking
solely an LCA for a problem that is spatially complex and enmeshed
within a set of socio-political and historical processes that have
shaped Los Angeles’s water supply metabolism. Typical IE
assessments focus narrowly on the stocks and ﬂows of resources,
such as water, coursing through the city, thus restricting itself to
mass-balance approaches and improving efﬁciencies of resource
use while ignoring the nature–society processes that (re)shape
urban metabolisms (Gandy, 2004; Keil and Boudreau, 2006;
Newell and Cousins, 2014; Swyngedouw, 2006b). Rather than
critiquing LCA as an aspatial and technocratic tool of ecological
modernization, we harnessed the method to map out and think
through the complex assemblages associated with conveyance,
treatment, and distribution of water in Los Angeles. Combining
LCA with GIS not only spatializes the metabolic ﬂows that assemble the city, but also provides an opportunity to link conventional
IE approaches that focus on inputs and outputs to the political
ecology of resource metabolisms. This political–industrial ecology
broadens considerations of metabolisms, urban or otherwise, by
being attentive to the metabolic inputs and outputs of products
and processes and how they are shaped by politics, history, and
social power.
Given the need to understand multiple dimensions of environmental change, establishing a political–industrial ecology provides
an exciting opportunity to develop and consider sustainable transitions. Political ecologists have provided trenchant insights into
the structures of power that shape relationships between nature,
society, and technology (Birkenholtz, 2013; Heynen et al., 2006;
Meehan, 2013b), and the scalar and geographic dimensions of
environmental decision-making (Cohen and Bakker, 2013;
Heynen, 2003; Lawhon and Patel, 2013). Extending these insights
to approaches in industrial ecology, the ﬁeld can provide important
analyses to foster more sustainable and resilient futures. A
challenge for future research will be balancing the social and
political dimensions of environmental change with the measurement of the material impacts of urban metabolisms. Utilizing the

metabolism metaphor to engage with the strengths of IE and UPE
provides a starting point for this type of integrated analysis. With
few engaged in this type of research, great potential exists for
expanding these insights into wider investigations into the sociopolitical aspects shaping how geographic complexity is included,
excluded, negotiated, and communicated in the production,
application, and circulation of LCAs, and in coupling spatially
robust LCA–GIS analyses with considerations of the historical and
socio-political aspects that (re)shape metabolic inputs and outputs.
A political–industrial ecology offers a constructive approach to
facilitate and expand these type understandings of resource ﬂows
and metabolisms.
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