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Defining infrastructure

“the basic system of essential services that support a city, a region, or a nation”

(Bélanger, 2017)
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Environmental pressures

Halle Parker (2021)

2|%

Made by author.
Data:
(Oppenheimer et al., 2079),
(BWSC, 2017),
(NCEI et al., 2023)
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UJ.S. Flood management approach
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Boston's landmaking
nistory

Land making process over time -
. made by author

(Map Works, Inc., 1999)
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Disturbed
lanafill

Aquepts

Aquents Muck

Silt loam Pits

Clay ' Udorthents

Loam Sand

Sandy
loam

Simplified soil types

Made by author

Data: U.S. Department of Agriculture &
Natural Resources Conservation Service
(2021)
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Sinking
shorelines

0.125238 -0.256994
mm/year

Vertical Land Motion Rates for the
Boston Metropolitan Area overlaid with
historic shoreline of Boston [mm/year]
Made by author

Data: Ohenhen et al. (2024)
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Obsolete
dams

Dam Age

Under 50 years
Unkown (average 64 years)
50-100 years

O
@)
@)
O 100 - 200 years

Over 200 years

Hazard Code Dam Purpose
in case of failure

Low Flood control
Significant Water supply
High Recreation

N/A (Urban) Park

Watershed

Subwatershed

Watershed of
Boston Metro

Categorization of dams by age, hazard code
and purpose

Made by author

Data: U.S. Army Corps of Engineers (n.d.) &
Massachusetts Office of Dam Safety (2012)




Charles River Dam
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Amelia Earheart Dam & Mystic Lakes Dam
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Eitects

Sediment Accumulates

ved Oxygen

of Aquatic Life

CAUJION

Temperstures Rise ® IR ,‘. ua
Evaporation D@

A\ City of Camb wP.o. Un,
Cyanobacteria Blooms e | " e Silkes

AVOID WATER
ACTIVITIES

| N
it not swallow watdh.
COMBINED SEWER CAUTION
OUTFALL NEARBY @ D0 not jet ski. @ D0 not consume fish.
D not bost.
s ) commmron

for

£
2, ) Rinse off ater contact with water. ﬁ

oy Rushing Water

s Erosion

o~~~ Thermal Pollution

Impacts of Dams on the Charles River Ecosystem
(Charles River Watershed Organization, 2022)
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Centralized infrastructural systems:
Deer Island Water Treatment Plant
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Collapsing infrastructure
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Fifects

CITV OF
MEDFORD

/ : e S v.f 4 @ﬁ = - e cr®or
STORMWATER ) B RS i ] o woaleie & 8 : -\ STORMWATER |

OUTFALL s " ] Ry e VY. e : OUTFALL

Sewage volumes : : 0F-09700

0F-09900

crPo;
NEDFORD
STORMWATER
OUTFALL
0F-02010

Sewage

Precipitation runoff & groundwater seepage
due to cracks and faulty connections of
sewer system

MEDFORD

| stormwater
OUTFALL
OF-09900 |-

Sewer infrastructure of the metropolitan area
of Boston
Made by author
_ . Data: MWRA Sewerage Division (1994), Boston
14/76 Water & Sewer Commission (2024)
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Environmental
degradation

Dam

O

@® Seaport
B Airport

A\, Electrical transmission substation
— Power transmission line

— Ferry route

— Railway

— Major road

¥ Local core habitat ecologies

. £ - . ,/«;i‘ /./,/ NG - ﬁ s o, 7
-\ 3 7 % \ 7 ';:; 2 “
B Regional core habitat ecologies y 2L, LI B8 {//i’j%jl/// 7
m Critical natural landscape ;4 / . 7 " %‘ ’ ~ /7/// \

% Urban fabric

Spatial clash between critical natural land-
scapes and man-made infrastructures
Made by author
Data: The Nature Conservancy (2022),
Central Transportation Planning Staff
(2023), Massachusetts Office of Dam
Safety, U.S. Energy Information Adminis-
15/76 tration (2024)
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Climate change weather patterns

904

|i\ CLIMATOLOGICAL EVENTS - |
Extreme temperatures, |
drought, forest fire

HYDROLOGICAL EVENTS
Flood, mass movement

METEOROLOGICAL EVENTS
Tropical, extratropical,
convective, and local storms

NUMBER OF

WORLDWIDE

CATASTROPHIC

EVENTS
v

291 GEOPHYSICAL EVENTS

1980 -arthquake nami
total 88 i

174

Notable natural disasters: Hurricane Andrew Hurricane Hurricane Japan earthquake, Hurricane
lvan Katrina  tsunami Sandy

1980 1990 | 2010 | 2014

Climate change catastrophic events through time (National Geographic, n.d.)
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Coastal
floods

Flood
probability

1%

Made by author
Data: Woods Hole Group (2023)
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Rver

(Hopkins, 20217)
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Riverine floods - Mystic river
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Pluvial floods

Natural water cycle

pa
N

Precipitation

Evaporation
Percolation

Ocean

Engineered water cycle

: C )

Precipitation

Waste water

eatment plant

Evaporation
Increased runoff

Ocean

Made by author, based on (Zimmerman, 2025)

20/76

Intro | Infrastructure | Floods | Vulnerability | Problem | Methods | | Scenarios | Research by Design | Synthesis | Conclusion



Disadvantaged communities

Made by author

SOcio-economic vulnerapility

Low median income as a percentage of the area’s median income
Made by author

ial Census (2020)

ta: Decenn

Da

Community Survey (2019)

Data: American
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SOcio-economic vulnerapility

Percentage of the population with Black or African American ethnic back- ; Figure 4.71 - Percentage of the population with Hispanic or Latino ethnic
ground ' ' | background

0 5
Made by author Made by author
Data: American Community Survey (2019) _ 1%]
0-10 1020  20-30 H 40-50 50-60 60-70 70-80 80-90 90-100

Data: American Community Survey (2019)
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Patterns of vulnerability

[ - Social F-score

. Inland flood F-score
. Coastal flood F-score
. Social x Inland combined
. Social x Coastal combined
. Inland x Coastal combined
. All F-scores combined

F-score axo Synthesis map

Made by author Made by author

Data: Trust for Public Land (2023) Data: Trust for Public Land (2023)
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Problematization
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6FT FLOOD EXPOSURE* POPULATION*
—— 100% . 10,000,000
50%
25% ® 1000000
- 10% e 100,000

*Per Core Based Statistical Area (CBSA)
(US Census)

-~ - Jacksonville

'Houston ‘New Orleans

4

Flooding of the Atlantic and Gulf coasts with 6 feet (1.8 m) of sea level rise
Source: (Berger et al., 2020)
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Problem framework

Climate change

J

Sea level rise, Pluvial floods, River floods

J

Bostonland | Land subsidence — Flood hazard

making history l \

Flood risk paradigm:
FEMA --> - osurance centered < NFIP

Unfairness of protection

Patterns of vulnerabililty - Inequalities in Boston

Environmental degradation

State of infrastructural systems /

Centralization, collapse & longevity of systems
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Problem statement

Flood hazards, combined with the U.S. insurance system, and the current state and effects
of existing infrastructural systems shape vulnerable people, animals, and landscapes.
Environmental degradation, historical land making-induced land subsidence, and socio-
economic inequalities contribute to unfair levels of protection and disparities in the
accessibility of essential resources and infrastructures. As urban development continues
to expand without strengthening its relationship to environmental systems, increasing
pressure is placed on already stressed landscapes, ensuring an even more vulnerable

metropolitan region.
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Thesis

objective

27176

Current
Riverine, pluvial & coastal floods
EXTREME WATER SCENARIOS
|
P = = = i = 1
1 I
ENVIRONMENTAL SYSTEM x ) URBAN SYSTEM |
Hydrology 1 I
Topography b oo oo oem o o e omm omm mm omm omm o
Geomorphology Overreliance on technology & engineered infrastructural
Landscape systems
Climate
Historical processes
Desired \\/4

Riverine, pluvial & coastal floods

EXTREME WATER SCENARIOS

Infrastructural ecologies

ENVIRONMENTAL SYSTEM

URBAN SYSTEM

W

FLOOD RESILIENCE

LANDSCAPE

NEW
URBAN FUTURES
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Main guestion
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How can landscape, understood as infrastructure,
guide future scenarios of flood adaptation that
strengthen the spatial and ecological relationship
between water and urban life in Metropolitan
Boston?
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Sub questions

29/76

1. What is the current condition of Boston’s water and landscape
infrastructures?

2. What are the (spatial) implications of extreme water scenarios,
caused by climate change, in Metropolitan Boston?

3. How do socio-economic vulnerabilities intersect within Bos-
ton’s flood-prone areas?

4. What future scenarios can be developed to explore how land-
scape-based infrastructures could mediate between flood
dynamics and urban development?

5. How can these scenarios be spatially translated into design

strategies that reconnect urban form with its underlying land- and
waterscapes?
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Methods
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CONTEXTUALIZATION

Personal Preliminary

motivation site study
| LITERATURE REVIEW |

l SKETCHES

Location Location
choice study

Iterative

l

PROBLEMATIZATION
Literature Problem
study statement

DATA COLLECTION

LITERATURE REVIEW

ETNOGRAPHIC PHOTOGRAPHY
SITE VISITS

CYCLING

WALKING

ACADEMIC MEETINGS
PROFESSIONAL MEETINGS

T

;

FIELDWORK

HEORETICA
FRAMEWORK

CLUSTERING INTERVENTIONS
POPULAR ELEMENTS OF REALITY
SCENARIO BUILDING

&~ o5

SCENARIO BUILDING

T

METROPOLITAN SCALE ANALYSIS

~{RQ}-

Historical analysis
Landscape analysis
Water system analysis
Infrastructural analysis
Extreme water scenario analysis
Vulnerability analysis
DATA COLLECTION _ CRITICAL CARTOGRAPHY_

. | CONCEPTUA
FRAMEWORK

3

SITE ANALYSIS
DESIGN EXPERIMENTATION
SECTIONAL EXPERIMENTATION

s Hestessmn LD
_ NEW
{
SPATIAL INTEGRATION

Iterative
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~ieldwork
findings

42.368475575631976, 42.37413351446351, 42.36783935868297,
31/76 -71.0386073093308 -71.0328299344142 -71.03914975689445
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HIStoric
nydrology

Old floodplains

Old marshlands

0 5 10 km

Historic Hydrology
Made by author
Data: Hills (1770-1779)
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Building scenarios - popular elements of reality
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ENVIRONMENTAL

INFRASTRUCTURAL

SOCIO-ECONOMIC

INSTITUTIONAL

ENV1 Sea level rise

INFRA1 Infrastructural systems

are aging

SE1 Unequal risk exposure in-
creases

v

INSTI1 The importance of
resilience & adaptation in plan-

ning is increasing

ENV2 Storm surges increase

P

INFRA2 The potential of adap-
tive and decentralized infra-
structure is increasing

SE2 Segregation/economic
vulnerability increases

INSTI2 Community-driven adap-
tation is increasing

\

ENV3 Extreme precipitation
increases

e

INFRA3 Dam removals are in-
creasing in the USA

N

SE3 Trust in federal flood pro-
grams is decreasing

INSTI3 Federal support in post-
disaster recovery is decreasing

/o

ENV4 Land subsidence increas-
es

P

INFRA4 Technological determi-
nism is increasing

N

SE4 Economic & urban expan-
sion is prioritized over environ-
mental importance

INSTI4 Retreat of flood insu-
rance providers is increasing

N

ENV5 Compound floods in-
crease

ez

INFRAS The transition to green/
hybrid infrastructural systems

N

INSTIS5 Flood insurance is
becoming more expensive

o

Intro | Infrastructure | Floods | Vulnerability | Problem | Methods | | Scenarios | Research by Design | Synthesis | Conclusion




sScenario axis

Technocratic Fix

What if centralized responsibility
is combined with an infrastructural
flood management focus?

CENTRALIZED

/

N

Eco-centrism

What if centralized responsibility
is combined with an environmental
flood management focus?

INFRA- ENVIRON-
STRUCTURAL £ > MENTAL
(engineered) (adaptive)

Patchwork Engineering

What if decentralized responsibility
is combined with an infrastructural
flood management focus?
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N

/

DECENTRALIZED

Polycentric Adaptation

What if decentralized responsibility
is combined with an environmental
flood management focus?
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Technocratic F
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Dike ring
Storm surge barrier
Dam

Control reservoir

Sediment-based
engineering

Spillway infra-
structure
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ECco-centr

37/76

SIT

—  Historic shoreline
Old floodplains

)
\\\\\)‘ ‘)

Old marshes

Local aquifers

Landscape corridors

Landscape connections

-
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//

<ok ‘

4

V7

7,
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Polycentric
Adaptation

/// Accommodation zones
Polycentric urban cores
Stormwater nodes
Stormwater corridors
Exterior corridors

= Double dike ring
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Synthesiz

Ng scenarios

39/76

Intro | Infrastructure | Floods | Vulnerability | Problem | Methods | | Scenarios | Research by Design | Synthesis | Conclusion



e,
it

]
<
>
n
c
2
(7]
[
a
>
e}
£
o
©
[
(7]
Q
o
(%}
9
=
@©
o
]
O
99]
%)
e
o]
<
=]
]
=
S
QL
Q
[
o
a
>
=
a
©
)
=]
]
=
(%)
e
o]
o)
L
]
=
>
=
O
=
=
w
£
o=
A=
@]
=
Jras]
=

ign process
scale

Des
0Ca




Belle [sle Marsh
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Belle [sle Marsh
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Historical analysis

, ot e
Historic hydrology - Made by author (Hills, 1770-1779) (United Coast Survey, 1857)
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Historical analysis

(MassGIS, 1995)

(Aero Scenic Airviews Co., 1939)
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Water & Landscape analysis
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(MassGIS, n.d.)

0 250 500 m
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Analytical synthesis
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Analytical synthesis
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Design framework
Soil

Substratum

landmaking

processes
& : low infiltration fill | (|S|O|tl') |n(jtgs:;trlal
topography | poieatal | pollution activities

flood risk

Water

& W remediation ﬁ Performance
& & ecological 8
Landscape wetlands | restoration | | value |

Dynamics

— park amenities
buffer || doubling as flood <—‘ social value
\ infrastructure
exchange | ———
] ——— - |
| 7store | urban
7CWERC | : : development
water . mobility | —
energy Operational circulation SRR Rare
food Networks
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Des

gn framework

Networks

New urban development

Urban flood vulnerability

Corridor

(Storm)water flow

Water & wetlands
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Hydrological Heart

New situation

Cut soil from oil industrial and mobility arteries can
be used to flood-proof urban cores by elevating them
and capping the contaminated soil

Program
| | Il | |
I I I 1 1
Residential  Mobility Commercial Ecological stormwater corridor (fresh - brackish - salty transition)
infrastructure
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Hydrological
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Hydrological
Heart
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Connecting the Heart (1)

New situation

i Overpass connects corridor to Belle Isle Marsh
- oV

~n ’*' Z Bioswale

Detention

4
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Ecological stormwater corridor Estuarine wetland Infrastructural embankment Belle Isle
Salt Marsh
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Reconnecting the past

Current situation
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Reconnecting the past

New situation

Repurposing
old industrial
infrastructure

Multifunctional detention pond:
flood accommodating water square
with public amenities

Program

Pond Park connected to ecological stormwater corridor
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Reconnecting the past
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Suffolk Downs Transformation (1)

New situation
Green/blue roof
............ 2
Farvidor Water harvesting — -
........ " ) 3 [l
) ‘Gardens : i esseses g5 ! Floodable public space Courtyard blocks ’ g
D

Program

Ecological Residential Mixed  Main Mixed Floodable Main Residential
stormwater courtyard use  access use public space access
corridor street street
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Suffolk Downs Transformation (1)
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Suffolk Downs Transformation (I1)

Current situation
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Suffolk Downs Transformation (I1)
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Suffolk Downs Transformation (I1)
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The Circular Core
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2040

2050

2060

2070

2080

Start watershed- & topography-based planning governance

Soil decontamination
pilots (EPA)

Phytoremediation
field labs (EPA)

Hydrological wetland reconnection
through bioswales & detention ponds

Wetland restoration

Wetland symbiosis maturation

Tidal exchange to Belle
Isle and Chelsea Creek

‘ Develop corridor fringes

Design &
Construction
of elevated
boardwalk
infrastructure

Pond park flood
accommodation

buffer (GreenRoots)

Environmental Justice Community agriculture as temporary land-use

Design & Build block typ

ologies integrated
with flood design interventions

CWERC field lab
(CRWA)

Decentralization of
sewage infra (MWRA)

(City of Boston)

CWERC construction

corridor and urb:

CWERC connection to
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Integral scenario
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<> Landscape connections Existing flood protection f Decentralized CWERC
74176 infrastructure infrastructure

Intro | Infrastructure | Floods | Vulnerability | Problem | Methods | | Scenarios | Research by Design | Synthesis | Conclusion



Conclusion & reflection

Outcomes Limitations

- Symbiosis - urban design, ecology & flood man- - Financial, institutional, and jurisdictional
agement feasibility

- Water and landscape dynamics - The long-term performance of interventions

- Open and multi-directional flood management - Potential consequences: displacement issues
approach

- Correlation between the urban and
environmental systems

- The role of the urbanist

Reference for how to work, think, and design within complex
climate adaptation contexts

/5/76

Intro | Infrastructure | Floods | Vulnerability | Problem | Methods | | Scenarios | Research by Design | Synthesis | Conclusion



{ 4.//

7
z\m

.52

r ﬂ%

W,N*
4

- \SW/ v s

ﬁ P
3& v

P V),
&

W= \ \)/r\bu ;rv

&

(7))
= 23
5 8
(qv] © &=
) D08
e Qo=
fra o
©
p) 0 S =0
-
O o & C
- < (&) = =
ST W 255 9
moWd aU.m 8
DS T @
= = S S O W
I~



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76

