Chapter 4

The coevolution of
infrastructure, governance,
and urban ecology

Stephanie pincet! and Erik Porsé

Urban infrastructure gystems aré critical 10 daily life in cities. In garly North America, urban residents
obtained food, water, and fuels through primarity privaté and often \abor-intensive means. Walking
was the main mode of transit. With industrialization, however, the nead for resources increased.
Growth was intimately fied to obtaining secure supplies of water and energy, 9ving municipalities a
strong motivation 10 pbuild infrastructuré systems 10 feed urban needs. By the late nineteenth cen-
wry. rapidly industrializing cities of North America wereé ovewvhe!minglv developing public, modern,
capua\—intensive systems 10 move water, fuels, and people {Cronon 1992; Melosi 2000; Tarr 1984).

Newly acquired resources for cities were prirnarily imported. Expanding cities quickly
outgrew their local and regional supplies of water, wood, and other fuels. They reached out 10
regional and distant sources for new supplies. Yet, this often had unintended consequences. For
instance, water jmports in cities across the U.S- actually spurred a subsequent wastewater problem
on a new scale, forcing additional infrastructure puilding. In the expanding American west, where
water was @ limiting factor in growth and new supplies wWere pard to find, cities crossed ecological
regions and territorial boundaries on @ new grand scale to get imported water. By the late wwentieth
century, vast areas of the Western U.S. had been " re-plumbed" 1o bring water 10 the Pacific Coast
from as far away as the Colorado Mountains.

Such 1mprovemems. which we describe in detail below, were intimatety tied with
changes in management and governance. in the late nineteentn century, cities were dynamic
places, put working classes experienced squalid and often dangerous living conditions (Engels 1887,
Riis 1890). Leaders of the Progressive Movement 1N the U.S. [approximateiy 1890-1920) responded
with social awareness campaigns and promoied a professionallzed civil workforce 1o deliver more
officient services {Hays 1959: pincetl 1999, \Wiebe 1967). The movement emphasized an ordered
and technical approach 10 governind influenced by proader shifts to maximize efficiency through
centralized workflows, exemplified by the philoscphies of Frederick Winslow Taylor (1911) and Louis
Brandeis (Drury 1915). Hierarchical civil institutions became spac’talized, evolving 0 oversee more
complex infrastructure systems with new technologies. Energy, watel, {ransportation, and waste
management functions were compartmemalized in separate departments, with managers hoping 10
achieve performance and efficiency. Many of today's urban institutions areé legacies of Progressive
Era reforms in municipal govemment,

These legacy institutions and infrastructure gystems continued evolving through the
twentieth century: Networks of infrastructure systerns grew, with the sub-systems becoming more
interdependent and connected even as management still operated them separately (Graham and
Marvin 2001). Today, reliable infrastructure is an expected cornponent of urban life in the modern
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ronmental degradation, fiscal shortfalls, and growing maintenance needs (Graham ang Marvin 2001:
Pincet| 2010). In response, some municipalities looked to privatize water delivery, Sanitation, or

ment muddies clear delineations between public and private (Bellamy and Palumbo 2010; Rhodes
1996), offering the Opportunity to consider a new way of thinking about hybridizeq Systems of linked

From private to public: early U.S. water systems (1800-1880)

looked to existing institutions for options.

Private companies primarily built the first urban water Systems in early America, Sup-
ported by Municipal charters, The companies served limited, often wealthier, neighborhoods
(Swyngedouw, Kaika, ang Castro 2002). Philadelphia was an early exception. In 1801, it hired Ben-
jamin Latrobe to build the city's first municipal water supply at the Center Square Water Works,
though it was ultimately unsuccessful (Blake 1956). Early corporate proprietors often had strong
connections with the municipal officials making decisions regarding public financing of water. For
example, in New York City, then-state assemblyman Aaron Burr, famous for his 1804 duel with
Alexander Hamilton, crafted abillin 1799 to charter a Manhattan Company that would provide water
1o the city. New York voters defeated the effort, but Burr altered the bill to Create t
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Company (later Chase Manhattan and J.P. Morgan Chase) for banking purposes and subsequently
water supply. Within a few decades, however, New York residents demanded that the city build a
large-scale canal from the Croton River to replace tepid and contaminated water from the Manhat-
tan Company (Blake 1956).

Many cities had competing suppliers. In Houston, for instance, public waterworks
projects began in 1859 with construction of a few public cisterns {Green 1915). Spurred by the need
for fire protection and clean water, however, the city council contracted in 1879 with a private group
of individuals, the Loweree group, for the city's water needs. Renamed the Houston Waterworks
Company, it drilled its first artesian well in 1888 (Melosi 2001).

Qver time, residents and leaders in early U.S. cities realized the limitations of private
water delivery. initial water works companies successiully raised ample funds from enthusiastic
investors, but supplying a whole city required more capital (Blake 1956). Moreover, public health
and fire risks brought urgency. yellow fever, cholera, and typhoid epidemics were all common in the
quickly urbanizing cities of North America, inducing 8 " substantial mortality ‘penalty’ " for urban resi-
dents (Haines 2001). In 1900, an estimated 44 percent of deaths in major cities were due to infec-
tious diseases {(Cutler and Miller 2005). While experts and leaders mistakenly attributed this 10

airborne contamination or miasma theory, ultimately they pelieved that improved water supplies

could help to reduce disease.
in addition to disease and fire, economic growth reinforced early municipal water sys-

tems. Disenchanted with private water companies, many municipal leaders across the established
gast and growing west argued "that cities could run their services more efficiently and effectively
than private firms who were driven simnply by profits” (Melosi 2001, 2), Over time, cities municipal-
ized water delivery and sewage conveyance to create the ” sanitary” city (Duffy 1990 Pincet! 2010;
Swyngedouw, Kaika, and Castro 2002; Tarr etal. 1984).

Water quality: a public need (1880-1920)

The development of publicly funded urban watar infrastructure in the early twentieth century IS
closely related to @ series of water quantity and quality problems resulting from new technologies.
in the late nineteenth century, migration fueled rapid expansion of industrial cities in the U.S., espe-
cially in the Northeast, Midwest, and West. Cities supported growth by funding reliable water sup-
plies from local and regional sources. These efforts were still not enough. Cities turned to even
more Capital—intens'\ve solutions by tapping distant (surface water) and deeper (groundwater) sSources
to replace nearby polluted ones. New York City was an early leader, beginning construction on the
Croton Dam and Aqueduct in 1837. Its first aqueduct was completed in 1842, and an even larger
new aqueduct was finished in 1890. In the West, the first extension of the Los Angeles Aqueduct
was completed in 1913. These large-scale facilities were expensive and limited to bigger cities in
need of clean water supplies from distant, relatively pristine watersheds. They also spurred early
environmental debates. For instance, John Muir, founder of the gjerra Club, led a national debate
over the value of inundating the Hetch Hetchy Valley in eastern California to supply San Francisco
with alpine water. This debate continues today. Yet, despite such afforts, epidemics still raged.
Even with new water sources, many cities still had water intakes downstream of the primary sewer
outfalls of upstream cities (Duffy 1990).

New technologies helped address this problem. Filtration, including the slow-sand filter
in England and the rapid-sand fifter in America, offered options 1o purify local and imported water
(Baker 1948). Soientific research into microbiology and bacteriology increased significantly, and
experiments with filtration began 1o reduce disease outbreaks, especially typhoid fever. In 1881, the
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§
Table 4.1 Municipal expenditures on sewers and water filtration systems (in 1929 dollars}),
1881-1910
City Water filtration Water chlorination Sewage treatment Sewage chlorination
Baltimore, MD 1914 1911 1911 after 1936
Chicago, IL after 1940 1916 1949 after 1949
Cincinnati, OH 1907 1918 after 1945 after 1945
Cleveland, OH 1917 1911 1922 1922
Detroit, Ml 1923 1913 1940 1940
Louisville, KY 1910 1915 1958 after 1958
| Milwaukee, WI 1939 1915 1925 1971
New Orleans, LA 1909 1915 after 1945 after 1945
Philadelphia, PA 1908 1913 after 1945 after 1945
Pittsburgh, PA 1908 1911 after 1945 after 1945
1 St. Louis, MO 1915 1919 after 1945 after 1945
4
;] Source: Cutler and Miller 2005 Original data adapted from Tarr et al. 1984, based on data from the 1975 U.S.
4 Historical Census (Census 1975}
| Note
J:' U.S. public sector expenditures between 1900 and 1970, broken down by level of government. Data is continuous
between 1955 and 1970, but represents only a subset of years between 1900 and 1955.
i
4
‘. American Water Works Association was established to spread knowledge and expertise of urban
/! water systems construction. Further, from 1900 to 1910, chemical treatment advances, especially
IE : chlorination, offered cities a cost-effective way 1o augment filtration with bacterial decontamination
| - (Cutler and Miller 2005). By the end of World War I, larger cities throughout the U.S. were funding

I| public infrastructure to import water from distant sources and treating local supplies (Melosi 2000).

| As cities developed water distribution infrastructure to meet growing demands,
A increased per capita water use created a new problem: large volumes of wastewater (Melosi 2000;
gk Tarr, McCurley, and Yosie 1980). With the advent of the flush toilet, wastewater soon overwhelmed
household management capabilities. Cesspools leaked, causing soil and groundwater contamina-
tion. Sewers, meanwhile, had been designed primarily for stormwater drainage, both public and pri-
| 8 vate, not for the transport of human waste. The target was to keep streets passable in the rainy
l I' ; season (Tarr 1984). Again, tackling the sewage quantity problem required a massive expansion of
- publicly funded infrastructure. Contentious debates ensued over municipal spending and infrastruc-

IS ture expansion (Blake 1956), but eventually, public health concerns motivated municipalities to adopt
- ; - centralized, sub-surface sewage conveyance.

i :.' The public investments, however, were founded on a false premise, the “miasma”
i; v theory, mentioned above, which held that diseases were transmitted by smelly and dirty air. As
L i',;' early as 1845, sanitarians advocated for the link between health, cleanliness, and disease transmis-
1 'f . sion. American cities adopted new approaches from Europe to build a “sanitary city” (Melosi 2011).
4 The spread of knowledge spurred new local plumbing codes and regulations, including local health

.f-, ' boards to oversee epidemic responses (Tarr et al. 1984). Sanitarians also advocated changes in reg-

| = ulations and municipal oversight (Duffy 1990). From 1870 to 1920, the percentage of the urban pop-
ulation with access to sewer services rose from 4.5 percent to 47.5 percent (Pearse 1938). In
- <5 contrast, the percentage of rural populations with treated sewage rose from less than 1 percent in
b A 1870 to 18 percent in 1920.
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on sewers and water filtration systems (in 1929 dollars), 1881-1910

Table 4.2 Municipal expenditures
Period Spending (in millions) Percent
Sewer construction (1929 dollars) Water filters (1929 dollars) Real sewer and water as percent of
state and local construction
1881-1885  13.12 0.08 7.60
1886-1890 17.8 0.11 8.30
1891-1995 9.3 0.47 3.60
1896-1900 11 3 0.60 3.60
1901 1 1.65 3.10
416 2.80

1906-1910 17.4

Source: Aldrich 1980.

Increasing use of combined sewers that carried both sewage and runoff exacerbated the
wastewater problem. By 1909, 74 percent of U.S. cities with municipal sewer systems had combined
sewers (Tarr et al. 1984). Yet, combined sewers also made it more difficult to recover nutrients from
wastewater flows, and cities predominantly dumped the raw sewage in local water bodies:

The irony was clear: cities had adopted water-carriage technology because they expected
local health benefits resulting from more rapid and complete collection and removal of
wastes, but disposal practices produced serious externalities for downstream orf neighbor-
ing users. ... This, then, was the primary unanticipated impact of sewerage technology—a

rise in health costs where health benefits had been predicted.
(Tarr et al. 1984, 239)

Thus, public infrastructure that addressed a problem of water supply inadvertently created water

quality problems. The benefits of improved drinking water supply for urban residents were clear, but
as cities sent wasies downstream, the problem was seefn as solved, thus reducing motivation for

further municipal investment. Only with greater awareness and state and federal involvement were

reguirements developed to promote a new era of treated wastewater.

Experts and federal programs (1920-1945)

Following reforms of the Progressive Era, U.S. municipal and industry leaders continued advocating

for expanded municipal water and wastewater systems. While large metropolitan areas such as

New York, Boston, Philadelphia, Cleveland, and other industrial centers built water treatrnent tech-
nologies through 1920, many mid-sized and smaller cities could not afford expensive systems. Sani-
tarians such as Abel Wolman and Linn Enslow, who together in 1926 developed improved
chlorination processes, expanded the accessibility of cost-effective technologies (White and Okun
1992). Many sanitarians worked in both scientific research and practical applications.

While municipalities implemented distribution and treatment systems for water, waste-
water, and stormwater, the nation as a whole was experiencing changes in its global role. In

74

T —

Figure 4.1

i U.S. public s

| J expenditure:
# between 19(
. 1970, broker

1 Zt bv level of

}  9overnment

J:I[. Continuous t

1955 and 19;




1910

ter as percent of
struction

N Fgueaqs
~ US. public sector

i, xpenditures
§ between 1900 and
N | 970, broken down
b bylevel of

80vernment. Data is
‘_'Nminuous between
1955 and 1970, pyt
3 Tepresents only a
B Subset of yeqr

€en 1900 ang

9 lsource; Cutler

1 - " Miller 2005,

inal data adapted
Tarr gt 4y, 1984,
" On data from
L8195y g

Otical Census
\is 1975),

2011; Scientific American 1944). Figure 4.1 shows total U.S. public expendit
between 1900 and 1970 from federal, state, and local sources.

E—— |

Infrastructure, governance, and urban ecolog

infrastructure development programs to invigorate the economy
Public Works Administration (PWA), Works Progress Administration
Valley Authority (TVA) were just a few of the many conduits that mow
works. Through the New Deal, the federal government took a major i

ures on infrastructure

Federal
—-——- State
—— Local

.
[
[
v
[
.
'
.
.
'
'
]
.
'
"
I
i
"
v
'
i
'
'
y

Percentage of tota

1955 1960 1965 1970

75




Stephanie pincet and Erik Porse

Following World War 1L, total public investment in infrastructure resumed, increasing
from $8.6 billion 10 $13.6 billion petween 1950 and 1960 (Aldrich 1980, 59-71). Pre-treatment clarifi-
read to more municipal systems, while chlorination, aeration, and water-
softening techniques also Qrew. With more spending came centralized pureaucratic control.

Operations and management of water, wastewater, and stormwater systems were dispersed
emerged from techno-

cation and filrration SP

across departments 0f even across agencies. pureaucratic fragmentation
cratic, specialized approaches to systems management.

Suburbanization, decay, and env'\ronmenta\ consciousness
(1 945-1990)

In the post—Worid War 1l pefiod, American cities expanded outward. Middle-class and wealthy resk-
driven by available land within easy commuting distance of central

dents flooded to 1ng suburbs,
| transit financing

districts. Building infrastructure 10 serve these NeW areas was expensive. Federa
increased significantly. including the development of interstaté highways that ran between and
rity neighborhoeds were often targeted for dernolition 10 make room for high-

through cities. Mino!
dwellers fled grow-

ways, supported by planning processes (Jacobs 1961). Additionally, many urban

ing racial tensions in inner cities. Older. central neighborhoods degraded as tax bases collapsed and

crime rose, spurring 8 multifaceted urban crisis.

public entities taced difficult choices 10 deal with the fiscal imbalances. Major revenue
while newly expanding areas were costly 10 connect 1o established systems.
stems during the period was motivated by growing recognition of old, ineffec-
n expanding, jow-density suburban areas

bases were eroding
Spending for water sy
tive infrastructure as well as the need for new gystems i
(Melosi 2010, 2011 From 1945 10 1965, municipal water works in the uU.Ss. increased from approxi-
mately 15,400 systems serving 94 million residents to over 20,000 systems providing for 160 million
people (Babbitt and Doland 1955; Fair and Geyer 1958).

Federal legislation for water quality expanded rapidly during this period. Beginning in
1948, several pieces of federal legistation emphasized increasingly stringent water quality standards,
uitimately yielding @ comprehenswe revision of federal law through the Federal Water Pollution Con-
trol Act (FWPCA) of 1972 and its subsequent amendments, commonty known as the Clean Water
Act (CWA). The Clean Water Act regulated discharges from point-source pollution sources. It
focused on industrial sources and municipal sewage- In totality, the legistation created 8 blanket of
that forced cities 10 develop advanced wastewater treatment facilities 10 control efflu-

regulations
al and international public awakening of

ent. The growth of legislation corresponded with a nation
environmenta\ degradation and industrial pollution.

The CWA instituted a national reporting systerm for water pollution. Through the National
Pollutant Discharge Elimination System INPDES), dischargers of industrial and municipal sewage

were required 10 obtain permits (U.S. EPA 2012). The Water Quality Act of 1987 proadened the
raller munic-

1972 legislation 10 include industrial and municipal stormwater discharges, as well as s
ipal separate storm sewer gystems (MS4s), through @ phased imp\ementaﬁon program (U.S. Code

1987). This precedent would drive a new era of thinking in managing urban water and runoff.

Contemporary water issues. scarcity, env'\ronmenta\ degradation, and
funding {1990epresent)

Suburban growth through the 1980s forced cities to invest haavily in distribution systems for periph-
eral, jower-density areas. Distribution costs to move water from treatment plants to end-users often
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made up two-thirds of overall system operating expenses (Clark and Stevie 1981; Larson 1966).
Additionally, municipal planners in western U.S. cities recognized a shrinking base of unexploited

bined Sewage Overflow-related pollution problems, and Congress amended the CWA in 2000 to
mandate municipal compliance with the policy through the Combined System Overflow Control
Policy (U.S. EPA 2000).

Controlling stormwater runoff presented significant fiscal and governance challenges for
strained municipalities. Stormwater flows are infrequent and sometimes large. Wastewater treat-

sewers (U.S. EPA 2008). Additionally, large municipal water systems (serving >100,000 people) face

over $145 billion in future spending needs to maintain and upgrade drinking water systems (U.S.
EPA 2013).

Seeking solutions: privatization and hybridization of urban water
systems

Recent decades have seen a vigorous discussion regarding the merits of privatizing water supply,
delivery, and treatment. Broadly, privatization refers to the transfer of production, distribution, or
Mmanagement services from public to private control {Gleick et al. 2002), Since 1990, international
agencies have increasingly emphasized privatization as a way to address shortfalis in water services.
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to assist states and localities 10 build water and wastewater sysiems, localities inherited the long-
term operational costs of the facilities, including many new duties for environmental protection
(NRC 2002). Privatization advocates argue that private sector water service delivery is more effi-
cient, can produce cost savings, and address budget shortfalls. Additionally, in some areas, the
public may not trust current utilities. This is especially ue for industrializing countries, but even in
the U.S., poor service and demographic changes can erode confidence. In Detroit, for instance, the
city's 2014 pankruptcy spurred an audit of the water agency, which discovered thousands of unpaid
pills, billing errors, and poor customer service practices. The temporary city govemment began shut-
ting off water services 10 delinquent accounts, causing significant packlash (Smith 2014). Alterna-
tively, critics of privatization note that private sector companies seeking profits have little motivation
for new system investments. Over time, geographic or economic disparities can arise in service
delivery. Moreover, the global record on private companies Jelivering cheaper water services is
inconclusive at pest (Bel, fageda, and Warner 2010).

In the U.S., privatization efforts in the water sector have yielded limited results. The
volume of private delivery for all municipal services has remained fairly stable since 1980, rising
from 22 percent 10 24 percent (Gerber, Hall, and Hines 2004, Warner and Hefetz 2001). For water
deliveries, through 2000, private companies served about 15 percent of water customers, as meas-
ured by volume of water provided (Arnold 2009 citing NRC 2002, 14-15). However, the percentage
of private service delivery varies by sector. According o analysis of 2007 surveys from the Interna-
tional City/County Management Association (ICMA), while local governments directly provided 72
percent of water distribution services, the percentages decreased for water treatment (65 percent)
and sewage collection and treatment (68 percent) (Bel, Fageda, and Warner 201 0; Warner 2005). In
the largest privatization effort of municipal water delivery in the U.s., the city of Atlanta contracted
in 1998 with United Water, 8 subsidiary of the French firm Veolia, for water delivery in the metropol-
itan area. Yet, py 2003, the city cancelled the contract due toa combination of poor performance by
the company and failure of regional governrnents to deal with more systematic water management
problems (Arnold 2009).

Privatization of public sector duties in the U.S. is distinct in several ways. First, as noted
in the United Water example, the process of privatization has shown 1o be highly reversible. While
many local governments ry privatizing one or More service sectors, contracts are temporary and
duties are often reabsorbed. The 2007 ICMA survey data indicated that between 7 and 10 percent
of contracts returned to sole local government providers across water distribution and water and
wastewater treatment (Warner 2005). gecond, public agencies often use service contracts rather
than outright transfers of assets to private companies. Third, infrastructure provisioning in the U.S.
is driven at the state and local tevel. This creates more diversity in laws and regulations that pertain
1o privatization {Arnold 2009; Gerber, Hall, and Hines 2004).

Privatization of water services can take several forms. Public agencies can contract out
some or all operationai duties to privaté companies, engage firms 10 design, puild, and then manage
water systerns through linked arrangements, of sell assets all together 10 private firms (NRC 2002).
Selling municipal assets ¢an generate temporary cash flow and reduce expenses, but involves a sig-
nificant l0ss of municipal control. Alternatively, private companies that take on service contracts may
have more technical expertise 10 operate systems. put public agencies often have limited capacity
{o oversee contracts (Beecher 1397; Gleick et al, 2002). Establishing standards for afficient and
equitable management is necessary under poth private of public management (Wolff and Palaniap-
pan 2004).

Private property rights to water are another important consideration of privatization dis-
cussion. ACCess to water rights influences how public agencies provide water services. California is
a prime example. 1t has multiple layers of water rights that can date pack to the era before

78




Infrastructure, governance, and urban ecology

statehood. Finally, water resources are increasingly treated as a commodity, especially in Western
states experiencing water scarcity. Both public and private organizations emphasize efficiency and
augment public-sector mechanisms such as laws and permits with contracts and trading markets
{Arnold 2009). Private companies such as Nestle and Coca-Cola have also heavily increased their
involvement in obtaining rights to groundwater resources for bottled water (Gleick et al. 2002).

Public-Private Partnerships (PPPs) are an emerging model to fund infrastructure develop-
ment. Such partnerships attempt to combine expertise and available capital from the private sector
with public sector capabilities to obtain low-cost financing and absorb risk. Advocates point to suc-
cessful examples of PPPs in spurring investment such as the Transportation Infrastructure Finance
and Innovation Act (TIFIA). U.S. Legislators proposed similar legislation, the Water Infrastructure
Finance and Innovation Act (WIFIA), which was absorbed into the Water Resources Reform and
Development Act passed in 2014, Among its provisions, the Act provides secured federal loan guar-
antees to support water infrastructure projects, but only up to 49 percent of the project costs, with
a limit of 80 percent total funding for projects (Water Resources Reform and Development Act
2014). This is one example of local government motivations to seek private capital for partnership
arrangements.

Current innovative practices in managing urban water services go beyond discussions of
public and private management. Emerging themes emphasize integration across sectors, mitigating
risks, and considering new approaches for decentralized management and design of infrastructure
systems. Like in the mixed-service model of PPPs, questions of public or private are evolving to
solutions of public and private. Driven by needs to manage water scarcity, environmental quality,
and infrastructure renewal costs, such hybridized approaches include not only partnerships to own
and control infrastructure but also the actual design and governance of physical systems,

Hybridization and thinking local

Recognizing the complexity of urban water systems with linked sociological, technological, and eco-
logical factors requires planning that cuts across traditional sectors or disciplines. Hybridization in
both design and governance of urban water infrastructure closely relates to this complexity.

Within system design, hybridization means cost-effective mixes of centralized and
decentralized components. Decentralized or distributed approaches, as recommended in Chapter
12, use new technologies at the household- or neighborhood-scale to replace large, capital-intensive
centralized systems. The need for reliable backup systems, however, means that designers must
cost-effectively mix both centralized and decentralized components. Thus, a home system to treat
sewage {from toilets) or grey water (from washing machines, showers, or dishwashers) could
reduce the need to treat and pump imported water to users, saving energy and scarce water
resources. Increasing attention, even excitement, surrounds such relationships between resource
sectors, often referred to as the energy-water nexus. Advocates discuss “fit-for-purpose” water
supplies that align sources of different water quality with appropriate end-uses, which can include
drinking, industrial processes, irrigation, and more. Rather than contemporary systems that import
and treat all water across end-uses to equal standards, advocates note that new technologies can
utilize and improve upon ancient fit-for-purpose water management strategies (Asano 2006; Lev-
erenz, Tchobanoglous, and Asano 2011; Sedlak 2014). Clean or highly treated water should be dedi-
cated to uses that directly affect human health such as drinking and bathing. Grey water of
intermediate quality is useful for irrigation and industrial purposes. Finally, sewage must be highly
treated, either on-site or in central facilities. Backup supplies and monitoring technologies can sup-
port continuity of operations. Stormwater systems have arguably advanced the most towards a
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hybrid approach with distributed components, as cities increasingly use on-site green infrastructure,
Low-Impact Development {LID), and Best Management Practices (BMPs) to mitigate large storm-
water flows and provide potential urban amenity benefits.

Such hybridized designs raise many challenging gquestions. Building redundant systems
may be unnecessarily expensive, while distributed solutions may not capitalize on economies of
scale. Distributed systems also create highly localized design challenges. But, some of the most
challenging questions may actually involve hybridization of governance and the mix of public and pri-
vate responsibilities. For instance, in managing a decentralized stormwater system with on-site con-
trol of runoff, the responsibility for maintaining functional distributed components could be public or
private. If public, municipalities would oversee hundreds or thousands of properties. This poses a
significant manpower problem needing newly trained employees with improved monitoring technol-
ogy. Alternatively, if cities look to residents to maintain on-site controls, incentive problems occur.
Many municipalities already have building codes that limit stormwater runoff from sites as part of
their overall plans to keep stormwater discharge permits.' This strategy distributes the cost of man-
aging stormwater, integrating it with a larger process of building permits and alleviating some
municipal financial burdens, But, it only emphasizes system design at the time of construction.
Long-term maintenance plans, along with citizen engagement and education programs, become crit-
ical in this scenario, as enforcement is resource-intensive.

Similarly, within wastewater and water supply, questions of private responsibility in
hybridized systems involve human health. If a household wastewater treatment or water filtration
system breaks, it can have immediate health risks. Private responsibility of paying for household
water or wastewater treatment would likely lead to economic or geographic disparities of access.
Wealthy communities could raise more funds, while poorer communities would be left without
drinking water. Such disparities, now considered issues of environmental justice, have occurred
throughout U.S. history and continue. Moreover, money that residents must spend to upkeep
systems competes with other household costs. Even with regulatory conseguences, not all
households may emphasize maintenance. Alternatively, the opportunity for neighborhood-scale
decentralized systems under municipal management, as is proposed in Chapter 12, can offer
economies of scale and potentially reduce costs of pumping treated water and sewage long dis-
tances. Retooling established systems, though, would take decades, much like the transition
from private to modern public water systems in industrialized cities. Additionally, like how inter-
connected water quantity and quality problems of the early twentieth century drove infrastructure
development needs, unforeseen effects of new designs would again spur technological and soci-
ological responses.

The case of Los Angeles

Los Angeles provides a unique example of public and private governance for water supply. The Los
Angeles Metropolitan Statistical Area (MSA) covers both Los Angeles and Orange counties, with a
2010 total population of nearly 13 million people (Census 2013; OMB 2013). Water management is
highly fragmented across hundreds of public and private organizations (Pincetl, Cheng, and Porse
under review; Hughes and Pincetl 2014, Porse et al. 2015). In the Los Angeles metropolitan area
within southern Los Angeles County alone, there exist over 100 sizable water suppliers and 300
groundwater pumpers, dozens of districts for stormwater and sanitation, and regional water supply
management districts at multiple scales. For water supply in particular, organizations are both public
and private, including cities, municipal water districts, investor-owned utilities, non-profit (private)
mutual water companies, and special irrigation districts.
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Table 4.3 Comparing changes in pumping rights over time for major LA County groundwater basins

West Coast ULARA*  Six Basins Raymond Main San Gabriel

Judgment Private
Public
Publicly regulated
Non-profit
Total 55,970

Current Private 0
Public 279,671

Publicly regulated 0
Non-profit 0
Total 279,671

source: Porse et al., 2015.

Motes
Comparison of pumping rights from judgment (1949-1998) 10 current (2011-13) among the 1op five rights’ holders in selected LA County

groundwalet basins. Pumping rights are increasingly consolidated among larger users and under control of public agencies or publicly

regulated utilities. Pumping rights include adjudicated water rights, wansfers or [2ases, and return rights for irrigated water.
» ULARA extraction rights have significantly increased from accumulated storage accounts for the major rights holders lcities of Los Angeles,
gurbank, and Glendale), but they are currently not ahle to extract this entire amount dueto overdraft and low groundwaler levels (LADWP 2010).

Conclusions

In recent decades, U.S. cities have resurged through revitalization and gentrification of older core
areas. They increasingly ermphasize goals of sustainability and resilience in long-term management.
This offers a timely opportunity 1o reconsider the infrastructure systems, including water services,
which shape the daily resource use patterns of urban residents. public access 10 affordable, high-
quality water for drinking and health is vitally important to maintain. Public agencies and utilities will
continue to play an important role in providing and overseeind water services. Yet, to achieve sus-
tainability goals in cities, privaie citizens must care about personal responsibilities. Strategies often
discussed to jmprove future water management in cities, including on-site stormwater controls,
water conservation, and fit-for-purpose approaches, all give residents and businesses significant
responsibilities. Questions of public or private oversight become much more nuanced as we con-
sider how 10 mesh the work of public agencies and private residents towards the proader goal of
urban sustainability.

For further consideration

Questions

1 particularty in California and the southwestern states, where long-term drought has become
pervasive, citizen groups have lobbied for alternative methods of water sequestration and
distribution at the scale of the house oOf city block. public utilities have. however, rigorously

opposed such distributed systems as unsafe and unworkable. What technical and social
changes would be required to make distributed water systems both safe and workable?
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| 2 Some observers have argued that the late nineteenth and early twentieth century
| infrastructure investments by older cities like Boston were too grand—too expensive to
! Central renovate as conditions changed, for example, when flush toilets introduced sanitary waste
Into a system designed only for stormwater. The resulting dual use system resulted in
36,335 decades of public health emergencies. How and when might cities evaluate the cost of such
46,598 basic systems knowing that changing ecosociotechnical conditions will require adaptation in
the future?
81,933 3 3 Arguments for the privatization of municipal water, or electricity production and distribution
5 generally depend on the assumption that for-profit Management is more efficient, and thus
“,f more beneficial to citizens. How has recent history supported or falsified this claim?
86,495 : How does infrastructure influence social relationships?
13,029 ' 5 The “fit-for-purpose” approach to water supply recognizes that context matters—that
y maintaining a universal standard for water quality is unsustainable. In what other urban
99,524 | systems might a fitfor-purpose approach be applied?
bl
"]If A problem

selected LA Cou_”tY ] At the meso-scale of a neighborhood in your city develop a phased iifisshuttine olén that would
gencies or publicly — f

| integrate production and consumption of water and electricity for the area, Take particular concern
. | | with the water/energy nexus, or how much electricity is expended in moving different qualities of
ties of Los Sr;%i g)s water from place to place and how much water is expended in the production of electricity.
rels (LADW .

Note

L 1 In California, for instance, the state water quality control board, which Oversees stormwater regula-

f tions, emphasizes the use of BMPs in Mmunicipal stormwater permits to retain water on-site. The

T % County of Los Angeles goes further, promoting, whenever possible, on-site retention of runoff from
|: |1 all storms below the 85th percentile of likely rainfall amounts.
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