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Provocative Questions:

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

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



Answers

NO...




Every infrastructure system is situated
INn 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

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

o 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)




Urbanization The eVOIVing need

Effects of urbanization on ecosystems:

"N\ | Ecosystem for engineered
Impacts :
N s infrastructure
Service
gaps The need for engineered

q

infrastructure

Service gaps

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

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”




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 &% ' 'y

“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*
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Urban development today

» Global Population Growth

 Urbanization
« Coastal Development
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Cause
* |Increases in built up area
* Reductions in urban density

Effect
e Destruction of ecosystems and reduction in the
guantity of goods and services they provide
(increasing the service gap)
e Expansion of infrastructure service areas
e Expansion of “resource footprints”




Cincinnati, United States

_ Measure Tz % Change
Popuiation 1441806 1,517,141, '
‘Built-Up Area (sq km) _ 594 48 _ A%,
‘Average Density (persons /sqkm) 242534 :
Built-Up Area perPerson(sqm) 41231
‘Average Slope of Built-Up Area (%) 4.52

|| Excessive slope ‘Maximum Slope of Built-Up Area (%) 2900

:  The Buildable Penmeter (%) . 0.94

B Sty sos The Contiguity Index | 071 076
| The Compaciness Index 024 0.31
\Per Capita Gross Domestic Product | $27,24374  $31,414.84
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Measure
Paopulation
Built-Up Area (sq km)
Average Density (parsons / sq km)
Built-Up Area per Person (sq m)
Average Slope of Buill-Up Area (%)

Maximum Siope of Buil-Up Area (%) |

The Buildable Perimeter (%)
The Contiguty hdex
The Compactness index

Per Capita Gross Demestic Product |

Tz

5177790 5273732,
188995
271942 224324}
36773 44578
331 402
17,77/ 19.00
092 092
055 084
0.21 028

%25 342 2‘5 £30 95991

I

2,328.87 .

% Change

Q.16%. .
. 3.88%. .
-1.70%

173%

174%

060%
002%

3.82%

2 40%

180%




Lundun Llnlted ngdom

Tu EBPMHF*BE

27 36 km
Population | 932, _
1:600.000 Built-Up Area (sq km) | 157312 188638,.,....,1.50%
Average Densily (persons/sqkm) | 631359 5405347 "1 39%
Built-Up Area per Person (sqm) 15839 18500 1.41%
B vvater Average Slope of Buil-Up Area (%) | 3.18 326 0.19%
] Excessive slope Maximum Slope of Buit-Up Area (%) | 17.38 17.54 0.08%
B i s The Buildable Perimeter (%) | 0.94 093 0.06%
The Contiguity Index | 071 089 0.28%
The Compaciness Index - 033 038 1.28%
Per Capita Gross Domestic Product = $18442.58 $2267681 1.89%




Leipzig, Germany

].‘g.l?f-" B

T2 % Change

Popuation 1278052 1,188715 ,,,.. .0B63%.,
Built-Up Area (sq km) | 188.43 1T D -
Average Density (persons /sgkm) | 678266
Built-Up Area per Person (sqm) | 147 43

B vater Average Slope of Buil-Up Area (%) 2.10

i Maoamum of Bull-Up Area (% 13.19

L] Excasntis sops The Edtﬂiﬁm;ﬁj i 0.94

I Guit-up area The Comtiguity hdex | 0.41
The Compactness Index 0.25 _
Per Capita Gross Domestic Product =~ $19,829.21 $23622.87




Akashi, Japan

] -
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Ty 31-May-89 T2 15-Oct01

] 9 12km | = ]
Popuiation | 846,217
1:200,000 Built-Up Area (sq km) 5558

Average Densily (persons /sqkm) 1522637 ;

N Built-Up Area per Person (sqm) B568 121.53
I water Average Slope of Built-Up Area (%) 344 494
:l Excessive siope Maximum Slope of Bull-Up Area (%) | 2396 29.82
. The Buildable Perimeter (%) 0.73 0.71
e The Contiguity Index _ 084 086
The Compaciness index Lo b1 035
Per Capita Gross Domestic Product | $21,100.04 $24,194.45




Ty 20-Jun-84

4 B Bkm
1:150,000

|

|| Excessive slope

B Guit-up area

Population
Built-Up Area (3q km)

Average Density (persons / sq km)
Buili-Up Area per Person (sq m)
Average Slope of Built-Up Area (%)

Maximum Slope of Buil-Up Area (%)

The Buildable Perimeter (%)
The Contiguity index
The Compactness index

Per Capita Gross Domestic Product |

15.19
19,549.74
51.15
7.14

363

0.91
0.71

0.35
$1,147.52

354,273

1.18%

FERRRRRRR oy w i

45.13;
7.849.330°

127.407""

1024
4077
0.83
094
0.30
$1,010.36

5
Rk g

625%'

2.42%
0.77%
0.12%
191%

-0.89%

-0.84%




Kuala Lumpur, Malaysla
Il: _1_3, ,1f g"'h 'T fl
ﬁ Hﬁ * yi's L‘ G

Ty 20-Sep-01

T Tz

Population | 2733393 4959393,
Built-Up Area (sq km) . 38313 805413,
Awerage Densily (persons fsg km) | 7, 13438

Built-Up Area per Person (sqm) 14017 152 -‘Iﬂ_
Average Slope of Built-Up Area (%) 567 8086
Maximum Slope of Built-Up Area (%) 3400 51.00
The Buildable Perimeter (%) _ 0.89 092
The Contiguty Index . 0.58 083
The Compaciness index D41 032
Per Capita Gross Domestic Product ~ $4,84918  $8752.33




Accra, Ghana

T: 6-Mar-€5 ok
| | | | - Annua
10 15 20km Measure | T
p— 3 2675,
1:350,000 Built-Up Area (sq km) "
Average Dersily (persons / sq k)
B water N Buit-Up Area per Person (sqm)

‘Average Slope of Built-Up Area (%)
[T excessive siope ‘Maximum Siope of Bull-Up Area (%) |
- Built-up area The B:.I'Idablle Penmeter (%) .

The Contiguity Index
The Compacinessindex _Deg
Per Capita Gross Domestic Product | $1,325.50




Ecosystems Services: Free, But ¥aluable

Figure 2: Estimates of Warnous Ecosystermn Services, 1997
YalLUE
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Projected Impacts of Our Greenhouse Gas Reduction Strategies

1 AVOIDED SPRAWL
15.6 MIL TONS/YR

CLEAN POWER
10.6 MIL TONS/YR

16.4 MIL TONS/YR

4 SUSTAINABLE
TRANSPORTATION
6.1 MIL TONS/YR
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Credit: NYC Mayor's Office of Long-Term Planning and Sustainability




How Much Are Mature's Services Worth?

Figure 1: Estim

Ecosystem
Services

{US$ 33
trillion}

Source: Costanza et al,

O ctivities and

Global GMP
{US% 18
trillion)

“Cost” of human-induced climate
change:



Ecosystem valuation and
consequences of omission

“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
destruction

N\

Reduced
ecosystem goods
and services

N\

1)

2)

3)

Increased liabilities for
managers of other
infrastructure classes

Expanded infrastructure
asset portfolios

Greater need for
infrastructure asset
management




Drainage

Drinking water provision
Drinking water treatment
Wastewater disposal

Wastewater treatment
Nonpoint source pollution control
Water body water quality/TMDLs
Ecological restoration







40% evapotranspiration

30% evapotranspiration

infiltration

25% deep l 2 7o P
infiltration infiltration

Natural Ground Cover 75%-100% Impervious Surface




Mono-functional infrastructure
solution to runoff problem




Mono-functional infrastructure
solution results

e Effectively removes e Private development costs
“waste” runoff away from <« Environmental costs
developed sites

e Public infrastructure costs




Table 2. Summary of Cost Comparisons Between Conventional and LID Approaches”

Conventional
Development Cost Percent
Cost LID Cost Differenceb Differenceb

2% Avenue SEA Street 25%
Auburn Hills 3%
Bellingham City Hll 80%
Bellingham Bloedel Donovan Park 76%
Gap Creek 15%

Laurel Springs $1,654,021 $1,149 552 $504 469 30%

Mill Creekc 27%
Praire Glen 40%
Somerset 3%
Tellabs Corporate Campus 15%

: 1,598,
Garden Valley $324 400 $260.700 $63.700 20%
Kensington Estates $765,700 $1.502,900 -5737,200 -96%
: 1,671,
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Conventional
Development
SEA Street Cost

SEA Street, Seattle
monitoring results
for three years:

99%

reduction in
total runoff
volume

Percent of

*
0

Site preparafion $88.173 523,089
Stormwater management $372.088 $264.212 $108,776 29%

I Yo
Landscaping $78.729 $113,034 —$34,305
”

Site paving and sidewalks 5287 646 $147 368 $140278 49¢

Misc. (mobilization, etc.) $38,761 $25,595 12%
ooy | sestsm | wmas| — | —

* Negative values denote increased cost for the LID design over conventional development costs.




Environmental Costs
hly altered flows in the watershed

Hig
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Public infrastructure: CSO abatement
compliance costs using tanks & tunnels

o S A TUNNEL COSTS
i L I S -
I s i NYC: $7.7 billion (estimated)
1000 =) Milwaukee: >$1 billion
" |000] oo 120 . -
00| e it Chicago: $3.4 billion
ST 2 R
100 BSE UJ//:L,_\ o Portland: $1.4 billion
$100M SEWER J ‘| ! ‘\ NYC CSO STORAGE TANK COSTS
SANTARY SEWER, A R R e
| ' Facility Storage Cost
tommnm e Volume | ($ millions)
Y ¥ (MG)
e BRI R - ... |Flushing Bay 28.4 $ 300
\
Alley Pond Park 5 $93
Paerdegat Basin 30 $ 300

Cross-section of a combined sewer system in an urban area

Source: NY Newsday, 2004



I-Functional Iinfrastructure

Mult

to runoff problem
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Multi-Functional infrastructure

solution to runoff problem
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Communities using/analyzing GI/LID
for CSO control

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.




Communities using/analyzing GI/LID
for CSO control

— 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




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

— Absorb sulfur dioxide, nitrogen dioxide, and carbon
monoxide through their leaves

— Filter particulates from the air

— Shade buildings, reducing air conditioning costs (and
fossil fuel consumption)

— Assimilate 42,300 tons of carbon



Publically Supplied Water Use in Gallons par Day por Person
How Much Water Do We Use? W Frolecied Pt Foreiation Chings by 2550

Clathes washer
21.7% 5.3%

Source- detivian Water Werky Auacinlion Snmoech Papndawns, Peodesstial fnd i
of Water” 1535

EPA

WaterSense




Summary of Results for New York City

Water savings from leak detection program
Water savings from meter installation
Homeowner inspections

Water savings from homeowner inspections
Number of inefficient toilets replaced

Water savings from toilet replacement program

mgd = million gallons per day

30 to 50 mgd
200 mgd
200,000

4 mgd

1.3 million

70 to 80 mgd

. &

WaterSense




 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)




Case Study

e 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



Green Highways Partnershir
Stewardship, Safety, & Sustainability

Table 1-1. Ownership of U.S. highways, 2002.

0l Mils ]
State Highway Agency

628,510 | 144,615

624.163

Other Jurisdictions

Federal Agency 117,751

Percent of Total
Source: Office of Highway Policy Information 2002.




Preserved
forest buffer

Porous
pavement
shoulder

Wildlife
% crossing

Restored

and

stormwater . L
wetlands 1 Stream
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This picture has been edited from its original format to ilustrate Green Highways technologies. Original photograph taken by Tony Clevenger.




Provides net increase in

environmental functions and values of

the watershed

Goes beyond minimum standards set
forth by environmental laws and
regulations

Identifies and protects important
historical and cultural landmarks

Maps all resources in the area in
order to identify, avoid, and protect
critical resource areas

Uses innovative, natural methods to
reduce imperviousness, and cleanse
all runaff within the project area

Maximizes use of existing
transpartation infrastructure,
provides multi-maodal transportation
oppartunities, and promotes ride-
sharing / public transportation

Lzes recycled materials to eliminate
waste and reduce the energy required
to build the highway

Links regional transportation plans
with local landuse through
partnerships

Controls populations of invasive
species, and pramotes the growth of
native species

Incorporates post project monitaring
to ensure environmental results

Protects the hydrology of wetlands
and streams channels through
restoration of natural drainage paths

Fesults in a suite of targeted
enviranmental outcomes based upaon
local environmental needs

Feduces disruptions to ecaological
processes by pramoting wildlife
corridors and passages in areas
identified through wildlife
conservation plans

Encourages smart growth by
integrating and guiding future growth
and capacity building with ecological
constraints




\NFRASTRUCTURE ASSET DECISION DOMAIN SYSTEN

Implications for the Implied liability to
user (traditional other local Impacts on ecosystems
performance infrastructure (local and global )

indicators) classes

Infrastructure Decisions
based on risk-based multi-

domain performance;

considering multiple
consequences
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Flow rate control
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Thanks!
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