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Provocative Questions:

• Is it “asset management” if it does not 
consider impacts on ecosystems, along 
with impacts on other infrastructure 
classes, and traditional performance 
metrics?

• Is it “asset management” if it does not 
recognize its role in redistributing natural 
resources over time, and between human 
and biological populations?



Provocative Answers:

• Is it really “asset management” if it does 
not consider impacts on ecosystems, 
along with impacts on other infrastructure 
classes, and traditional performance 
metrics?

• Is it “asset management” if it does not 
recognize its role in redistributing natural 
resources over time, and between human 
and biological populations?

NO…

NO…



Every infrastructure system is situated 
in an ecosystem.



Before infrastructure…rural populations 
depended exclusively on ecosystems for 

survival:

• Ecosystem Services: the benefits that human and 
other biological populations derive, directly or 
indirectly from ecosystem functions

• Ecosystem Functions: a wide range of biological, 
ecological, physical, or chemical processes that 
occur in natural ecosystems

• Ecosystem Goods: the generally tangible, material 
products that result from ecosystem functions



The richest ecosystems became the 
sites of earliest urbanization

Earliest urbanization occurred 
in mid-latitude river valleys rich 
in water supply and other 
ecosystem goods, functions 
and services (Sjoberg 1965) 

Indus Valley

Andes



Effects of urbanization on ecosystems:
• Local demand for goods and services exceeds

ability of local ecosystems to naturally supply them
• Ability of local ecosystem to yield goods and 

services is reduced by urban impacts
Service gaps
• formed and were filled with engineered systems and 

structures (aka: infrastructure) for example to 
provide flood control, drinking water, waste 
assimilation, etc.

• Expands “resource footprint”

Urbanization

Ecosystem 
impacts

Service 
gaps The need for engineered 

infrastructure

The evolving need 
for engineered 
infrastructure



Impacts of infrastructure inside and 
outside of urban areas

Cities: 
“…focal points in the occupation and utilization 
of the earth by man. Both a product of and an 
influence on surrounding regions, they develop 
in definite patterns in response to economic 
and social needs ” (Harris and Ullman The Nature 
of Cities 1945)

Regional effects: 

"Agriculture is not even tolerably 
productive unless it incorporates 
many goods and services produced 
in cities or transplanted from cities.” 
(Jane Jacobs The Economy of Cities
1968)



Evolution of infrastructure management

• Urbanization paralleled the emergence of groups who 
were able to exact tributes, impose taxes, and control 
labor power, usually through some form of religious 
persuasion or military coercion. (Know et al 1998)

• In so doing, these groups controlled the supply of 
goods and services to urban populations… i.e. they 
managed infrastructure.

http://www.aceros-de-hispania.com/image/marto/shields-17b.jpg�


Unlimited growth exceeds ecosystem 
limits, causing crises and collapse

Lewis Mumford (1951) The Conduct of Life

“As Rome grew, it began to overtax its 
environs. At this point, the relationship 
became parasitic, and Rome was only 
able to maintain further growth by 
engaging in a systematic military 
exploitation of other regions. Rome was 
not original in this respect; other cities and 
empires before and after have done much 
the same“ 



Urban development today

• Global Population Growth
• Urbanization
• Coastal Development



U.S.FinlandCanada

Russia

Bangladesh, Ethiopia, Cambodia, … 

Turkey

As nations develop economically, they also 
tend to expand their natural resource footprint

Montalto, Russell, Greene (unpublished 2007)



Contemporary development 
impacts

Cause
• Increases in built up area
• Reductions in urban density

Effect
• Destruction of ecosystems and reduction in the 

quantity of goods and services they provide 
(increasing the service gap)

• Expansion of infrastructure service areas
• Expansion of “resource footprints”



The Dynamics of Global Urban Expansion (World Bank 2005)
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The Dynamics of Global Urban Expansion (World Bank 2005)



The Dynamics of Global Urban Expansion (World Bank 2005)



The ecosystems that we 
are expanding into and 

extracting resources 
from are extremely 

valuable.



Infrastructure Impacts on Climate



Infrastructure Decisions (among 
other factors) cause climate 

change

“Cost” of human-induced climate 
change: 5-20% of global domestic 
product annually “now and forever” 
(Stern Review of the Economics of 
Climate Change 2006)



“Until the economic value of ecosystem goods and 
services is acknowledged in environmental decision-
making, they will implicitly be assigned a value of zero 
in cost benefit analyses, and policy choices will be 
biased against conservation” - NRC (2004) 

Ecosystem valuation and 
consequences of omission

Ecosystem 
destruction Reduced 

ecosystem goods 
and services

1) Increased liabilities for 
managers of other 
infrastructure classes

2) Expanded infrastructure 
asset portfolios

3) Greater need for 
infrastructure asset 
management



Example: Water Infrastructure

• Drainage
• Drinking water provision
• Drinking water treatment
• Wastewater disposal
• Wastewater treatment
• Nonpoint source pollution control
• Water body water quality/TMDLs
• Ecological restoration Ev
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Images adapted from USEPA graphics



Rapid Collection, Conveyance, 
& Disposal of Runoff with drainage 

infrastructure 

Mono-functional infrastructure 
solution to runoff problem



PRO’S
• Effectively removes 

“waste” runoff away from 
developed sites

CON’S
• Private development costs
• Environmental costs
• Public infrastructure costs

Mono-functional infrastructure 
solution results



Private development costs

• EPA (2007) “Reducing Stormwater Costs through Low Impact 
Development (LID) Strategies and Practices”
– Total capital cost savings: 15-80%





Environmental Costs
Highly altered flows in the watershed



From Center for Watershed Protection (2003) Impacts of Impervious Cover on Aquatic 
Systems

Environmental Costs
Negative water quality impacts



Public infrastructure: CSO abatement 
compliance costs using tanks & tunnels

TUNNEL COSTS

NYC: $7.7 billion (estimated)

Milwaukee:  >$1 billion

Chicago: $3.4 billion

Portland: $1.4 billion

NYC CSO STORAGE TANK COSTS

Source: NY Newsday, 2004

Facility Storage 
Volume        

(MG)

Cost                          
($ millions)

Flushing Bay 28.4 $ 300

Alley Pond Park 5 $ 93

Paerdegat Basin 30 $ 300



Green Infrastructure/Low Impact 
Development

Multi-Functional infrastructure 
solution to runoff problem



GOAL:

Seek to mimic pre-development 
hydrology in post-development 
condition

Green Infrastructure/Low Impact 
Development

Multi-Functional infrastructure 
solution to runoff problem
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Comparison of LID vs. Conventional 
Approach to Reducing CSOs

Montalto et al (2007)



Communities using/analyzing GI/LID 
for CSO control 

Already integrated into CSO plan*:
Portland Downspout Disconnection Program:

– Initiated in 1993
– Incentive programs ($53/disconnection) and 

sewer rate discounts lead to 49,000 
disconnections = 1.2 billion gallon/yr reduction in 
stormwater load. 

– Program included in city’s LTCP.

* See http://www.portlandonline.com/bes/index.cfm?c=34598



In Analysis Stage*:
– Cincinnati (Hamilton Co.) – revising modeling 

efforts
– Kansas City, MO – beginning modeling studies
– Sanitation District #1 (30 communities across 3 

counties in northern Kentucky)
– Louisville, KY – full analysis performed, now 

conducting screening analyses in each of 111 
CSO-sheds

* Information courtesy of Jenny Molloy (USEPA); contacts available

Communities using/analyzing GI/LID 
for CSO control 



Example: NYC street trees (cover 
only 24% of city), but

• Remove 2200 tons of criteria pollutants each 
year
– Absorb sulfur dioxide, nitrogen dioxide, and carbon 

monoxide through their leaves
– Filter particulates from the air

• Buffer against climate change
– Shade buildings, reducing air conditioning costs (and 

fossil fuel consumption)
– Assimilate 42,300 tons of carbon

• Can intercept as much as 5% of annual 
precipitation falling on a typical NYC street



Homes use more 
than half of 
publically supplied 
water in the United 
States, and almost 
1/3 of that is used 
in toilet flushing

Example: water conservation



NYC water conservation efforts



Example: Energy Infrastructure

• Increase capacity (build more 
power plants)

• Reduce demand (adopt 
conservation)

• Reduce environmental impacts of 
energy generation, distribution, 
and use (i.e. cooling water, heat 
islands, aesthetic/noise) Ev
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Case Study

• Seattle City Light:
– 1970s: projected doubling of energy demand 

every 10 years
– Distributed, small-scale conservation 

measures prevented construction of new 
power plant for 20 years, at 20% of the cost of 
constructing new nuclear power plants that 
would have met that demand



• Nearly 4 million miles of roads exist in the 
United States 



Bioretention swale

Porous 
pavement 
shoulder

Environmentally 
friendly concrete

Preserved 
forest buffer

Restored 
and 
stormwater 
wetlands Stream 

restoration

Wildlife 
crossing

Soil 
amendments





Multi-functional infrastructure asset 
management

Infrastructure Decisions 
based on risk-based multi-

domain performance; 
considering multiple 

consequences

Implications for the 
user (traditional 
performance 
indicators)

Implied liability to 
other local 
infrastructure 
classes

Impacts on ecosystems 
(local and global )





Thanks!
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