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Presentations:

Urban Resilience to Extremes Sustainability Research Network (UREx SRN),
(Dr. John Kominoski)

South Florida Water, Sustainability, and Climate Project (SFWSC) (Dr. Mike
Sukop)

Urban Water Innovation Network Sustainability Research Network Project
(U-WIN SRN) (Dr. Mike Sukop)

SFWSC and U-WIN Stakeholder-based Research Plans (Dr. Jessica Bolson)
Project Management and Facilitation (Alicia Lanier)

Discussion - What it all means to FloridaWCA participants (insights,
research, activities)

FWCA Workshop September 18, 2015, Tampa Bay Water, Clearwater, Florida
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Urban Resilience to Extremes Sustainability Research Network

.
-
-
. >
b

Challenges & Solutions

The UREXx SRN focuses on integrating
social, ecological, and technical
systems to devise, analyze, and support
urban infrastructure decisions in the
face of climate uncertainty.

UREXx SRN Baltimore, Maryland Portland, Oregon
Network Cities: Hermosillo, Mexico San Juan, Puerto Rico
Miami, Florida Syracuse, new York

New York, New York Validivia, Chile
Phoenix, Arizona




Exposure to Extremes
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UREX SRN
A network of diverse cities
A network of experts in Working
Groups
A holistic conceptual framework
Inclusive, participatory
approaches
A workflow, education program,
and evaluation plan that
produces results and

continually learn BN CORE U.S. CITY
. - I CORE LATIN AMERICA CITY
Scal/ Techp B EXPERT CITY
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| Central Question:

Ecolonical Iechnclonical How do SETS domains interact to

Doman_ AR generate vulnerability or resilience
7 to climate-related extreme events,

coclall 5y and how can urban SETS
omal &9 dynamics be guided along more
ST resilient, equitable, and
sustainable trajectories?




UREx SRN Work Flow Miami 2100

(  NETWORK EVALUATION (PSU, ASU) )

o

v v
PRACTITIONER NETWORK (9 cities + partners) ]
v CLMATEAND | & 2
| L
CITY (Asu) HYDROLOGY 2 =
T (NCSU/NOAA, ASU) 08
SETS < F
INTEGRATION (AsU, [+ ] =N h
CARY INST., PSU) . = S N
| SCENARIOS g S ] ] .
TRANSITIONS |« (New School, ITTF, [*] O g Working with diverse stakeholders
(ITTF, Alliance for Innov.) ASU) Managers
t Decision-
i 1 t makers . Interested
(___ EDUCATION & DIVERSITY (Flu,Asu) ) City citizens
Vulnerable StﬂkEl:'IC_lldEl'
Nine cities, 15 institutions, 65 participants Groups Groups Minorities
10 partner institutions and numerous
Students and Environmental
stakeholder partners Teachers NGO's

Ecologists, social scientists, engineers, planners,
designers, climatologists, physical scientists
Downscaled climate extremes projections

Training the next generation of leaders

Geodatabase, computation, visualization used E 60 GRADUATE FELLOWS

for comparison, sustainable future scenarios T

Transitions work to implement strategies ft; 30 POST-DOCTORAL FELLOWS
Embedded IGERT-like graduate program ;_'E 20 UNDERGRADUATES




Miami Threats: hurricanes, urban flooding, coastal flooding
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Biscayne Bay y ) Biscayne Bay

Sea Level Rise:
3 Feet

Forecast maps: Pete Harlem, FIU




Miami’'s Extreme Climate Threats
hurricanes, urban flooding, coastal flooding

Partnerships:
Miami-Dade County G NS o
Southeast Florida Regional Climate Compact “5
Florida Water & Climate Alliance [ diimate

National Hurricane Center &gl = A"

Tools & Data:

U.S. DOT CMIP5 Climate Data Tool

TNC Coastal Resilience Tool

FCE-LTER socio-ecological datasets

Various city-based datasets



Sea Level
Solutions Center About Solutions Center FIU Resources Existing Partnerships News Contact Q

FIU

FLORIDA INTERNATIONAL UNIVERSITY

Because sea level rise represents one
of the great challenges of our time,
Florida International University (FIU)
is focusing its efforts on conceptualizing
an effective response through the
application scientific knowledge.

Global Network Y
_ r Plan
Synthesis & > Yea A
Communications « Develop atool chest for cities to

address sea level rise
* Create cutting-edge science &
education resources
Regional Networks e Become trlxe go-t(rJ]-hubrf]og m(fedia
: * Impact policies through briefings
(i.e., USU, FCI) » Expand knowledge of leaders for
l effective actions

Exchanging approaches,
discoveries, decisions

* Develop & share practical
- methods for preparing for climate
Local Local Local Coastal Resilience and Local change

CRAG CRAG Adaptation Group (CRAG) CRAG

t ) % )

. L .. FLORIDA
Collaborations among scientists, resource managers, decision-makers rlu N TR TIONAL




FCE LTER

Florida Coastal Everglades Long Term Ecological Research

Who...

FCE LTER '.,_,f.f:-" 3 65%C o’!llaboratoré 88 Igraduate students 30 mstltutlons
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Everglades, its
restoration is vital to
the people of Florida

Long-term studies to
determine the interaction of
decisions about water
management and sea level
rise on the Everglades and
its services to people.

: e, FCE Facts » 80 undergrads in labs
There is only one ' > 500 pubs, 5books 5. 9 500 K-12 students

» 90 graduate degrees  and teachers each
» 135 datasets year

and the world.

FI

School of Environment, Arts and Society (SEAS)| Funding from National Science

College of Arts & Sciences Foundation and agency partners*




Urban Water Innovation
Network (UWIN)

Arizona State University (ASU) ):N"Gter &
Cary Institute of Ecosystem Studies (CIES) mate

Colorado State University (CSU) Al"?nce

FLORIDA

¥
o
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Florida International University (FIU)
Howard University (HU)

Oregon State University (OSU)
Princeton University (PU)

University of Arizona (UA)

University of California-Berkeley (UCB)
University of California-Riverside (UCR)
University of Maryland Baltimore County (UMBC)
University of Miami (UM)

University of Oregon (UO)

University of Pennsylvania (UPENN)

Water Environment Research Foundation (WERF)
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U-WIN Vision and Mission

Making a global impact by creating science,
guidance and champions of innovation for
Integration of urban water systems and
resilient cities

o Discover technological and socio-political
solutions to forge integration of urban water

o Create an agile research network to engage urban
water hubs and the global water community

0 Train scientists, policy leaders, and citizens as
change agents for urban sustainability




U-WIN will make a difference

v" A suite of sustainable urban water solutions

v’ Blueprint for action

v' Stronger community capacity to adapt

v Six regional Urban Water Sustainability hubs

v Online Global Urban Water Hub

v Train a new generation of scientists and policymakers
v Engage citizen scientists

v" Develop leadership, communication and facilitation skills



Urban Water & Linked Systems

Urban Water

Systems

Socio-political
Systems

= Drinking water
= \Wastewater

= Stormwater

= \Water reuse

= Floodplains

= Streams

= Aquifers

= Social and
Economic
Sectors

= Institutions

= Equities

= Climate

= Heat Island
" Energy

= Biodiversity
= Health

= Livability




The Sustainability Framework
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Evolution of Water Systems

Integrated
Stormwater Jystems
Wastewater Jystems Water
Drinking Water >ystems Drained Sensitive
Systems y W City City
I Water City
Supply

City

Transition from fragmented management
of water sectors to an integrated approach



Research Plan: Thrusts

Community Assess Bseline
Learning and Q .
Socletal -
Assessment
) : |denti
Assess Effects Urozin JYares B Technzogical
& Tradeoffs D | Solutions

Identify Institutions &
Transitions



Urban Water Blueprint

é Define essential characteristics - Data

@ Point decision makers toward best practices

Share experiences - Peer learning

5 Stay agile in responding to future needs




VALUES AND ROLES

“The people do not “The people do know”
ow, but | do.”

“lam not one of “I am not one of “l am not one of “I am one of them.
them, | am an them, | am an them.lama We have made the
artist. | work with expert. I'll service-oriented landscape over
the landscape, educatethem professional. | many generations
and my while | tell them will ask them how and | will help
expression is how to change theywantto them keep it that
most important.” the landscape” change” way”.

Adapted from C. Steinitz. 2012. A Framework for Geodesign



Blueprint Indicators (preliminary)

Red: Pressures

Green: Resilience Water Shortage Frequency
Blue: Co-Benefits Adaptation Capacity 5 Water Use Per Capita

Purple: Transitions Financial Capacity
C2

Water Import Per Capita

Management Capacity

Cl

Livability Index o Toxic Substances in Water
Social Equity Al

Energy Demand Flood Hazard Index

Bl

GHG Emission Per Capita Drought Hazard Index

M

Heat Related lliness A2 oss of Nonrenewable Groundwater

Heat Island Index Biodiversity Index

Ecological Functioning Index

Theme Al A2 A3 Bl B2 C1 C2 C3
Color ramp | |



Learning from diverse regions

() Study Region
% Study City
® SRN Institutions




Partner Institutions

Through our partners, we have capacity in place to
make a difference at the global scale

Water Environment Research Foundation (WERF):
more than 280 water utilities in the U.S.

Urban Sustainability Directors Network (USDN):
130 cities in the U.S.

NETWERC H20: More than 100 cities worldwide
Urban League of Cities
Water Now



ECOSYSTEM SERVICE VALUATION
AND HYDRO-ECONOMIC
OPTIMIZATION OF SOUTH
FLORIDA WATER RESOURCES

Mike Sukop FIU oimow

Earth and Environment

- Mativation
- Research objectives
- Project components

" Narional Science Foundation
P WHERE DISCOVERIES BEGIN

QSDA :::NIFA g nited Statesf Nfa;:‘;\:l Institute
= - '-"7 epartment o o

Agriculture and Agriculture

FWCA WOFkShOp Any opipions, findings, and .

September 18, 2015 evpressed i i materal are hose
f the author(s) and do not

Tam pa Bay Wate r, ﬁecegszl:iIy?refslegltn the?/ir:e?/vs of the

National Science Foundation.

Clearwater, Florida b '
SEWSC

SOUTH FLORIDA WATER, SUSTAINABILITY, AND CLIMATE




WSC Category 2: $5 M, 5 Years

Robust decision-making for South Florida
water resources by ecosystem service valuation, hydro-
economic optimization, and conflict resolution modeling

14 Institutions, 21 Pls,
and 5 Collaborators

#Wharton R

UNIVERSITY of PENNSYLVANIA

l\\H\IH 1}
OUTH FLORID/

UF i

- science lcrr achanging world

.-l-‘wrnd gowu

/@B UNIVERSITY
&) of HAWAI'T

MANOA

FLORIDA
Fl" INTERNATIONAL
UNIVERSITY

PENNSTATE.

Social/Behavioral/Economics

R. Meyer, J. Czajkowski, J. Bolson/UPenn Wharton

K. Broad, D. Letson/UM Center Ecosys. Sci. & Policy

J. Harrington/FSU Center for Economic Forecasting

M. Flaxman/Geodesign R. Weisskoff/UM

P. Mozumder, Mahadev Bhat/FIU

Engineering/Modeling

D. Watkins/MTU J. Obeysekera/SFWMD
J. Hughes/USGS

Climate/Ecosystem Science

M. Mann, J. Fuentes/PSU V. Engel/USGS
C. Martinez/UF J. Smoak/USF
J. Ault/UM R. Hinkle/UCF
J. Barr/NPS D. Ho/UHI

R. Jaffe, J. Rehage/FIU



Water Dependencies

Agricultural supply,
drainage, runoff,
cleanup

Threatened and
Endangered species,
trophic dynamics

Municipal
, water
supplies

Southern estuaries



South Florida Water Economics

SECTOR VALUE

Agric. Crop Value (2010) $3.4B

State Restoration Strategy (STAs, $880M
etc. by 2020)

SFWMD Budget (FY15) $720M

Miami-Dade Water Supply
Adaptation Costs for Salt Water $274 -$649M
Intrusion (2010)

Miami Beach Investments in
Floodwater Pumps (2015) ~$400M

Flood Damage Hurrricane Irene
(2012) $70M

ENP Budget (FY10) $35M

Total Annual Value of Ecosystem Services
Produced by Everglades Biomes, 2007, $B
(~$80 B total)

@ $40.28

B $31.55
W $0.02
o $0.13
0O $6.28
W $0.24 0$3.64
@ Freshwater Wetlands W Salt Water
O Fresh Water O Saltwater Wetlands

B Agricultural Cropland & pasture 0 Temperate Forest
B Tropical Forest

Source: Weisskolf (2005). p. 174. Values updated to 2007 $ using Consumer Price Index.

As presented by: Alpert, L., Stronge, W.B., 2009. The Economics of the
Everglades Watershed and Estuaries. Phase | — Review of Literature and
Data Analysis Prepared by the Center for Urban and Environmental
Solutions at Florida Atlantic University for the Everglades Foundation.




Organisation for Economic Co-operation
and Development

2070s

RANKING OF THE WORLD'S CITIES MOST
EXPOSED TO COASTAL FLOODING TODAY
AND IN THE FUTURE

Executive Summary

$3.5 Trillion mmp

20% of 2014 US GDP =
=$17.4 Trillion :

METEO FRANCE 13

Toujours un temps d'avarce 14

20

Country

USA

| CHINA

usA

INDIA

CHINA

INDIA

CHINA

JAPAN

CHINA,
THAILAND
CHINA

usA

JAPAN
NETHERLANDS
METHERLANDS
VIETNAM

JAFPAN

| CHINA

usA
A

Urban Agpglomeration

Miam

MNew York-Newark
Kolkata {Calcutta)
Shanghai

Mumbai

Tianjin

Tokyo

Hong Kong
Bangkok

Ningbo

New Orleans
Osaka-Hobe
Amsterdam
Raotterdam

Ho Chi Minh City
Hagoya

Qingdao

Virginia Beach
Alexandria

Exposed Assets,
Current ($Billion)

416.28
B4AT
320.20
3100
7288
46.20
28.62
17420
35.84

2848

Exposed Assets,
Future ($Billion}

3,513.04
A3ETTZ
2.147.35
1,861.44
1.771.47
1.508.05
1,231.48
1207.07
1,163.69
1,117.54
1,073.083
1.013.45
963.95
84370
82568
es282
62342
801.58
581.68
563.28

2007, http://www.centre-cired.fr/IMG/pdf/OECD_Cities_Coastal_Flooding.pdf ;ﬁff,m‘” sdesmR s ferms jfm‘;jff,& “'-:E"-'“Bd e f"f‘” flooding in the 2070 (including both



PENNSTATE.

Long term climate forecasts
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Downscaled GCMs CM|P5'ba(§gnggreC33t*

Predlc_t *To be compatible with SFWMM
a drying climate

Downscaling Workshop: June 22-23, 2015



Precipitation Depth (inches)

Challenges of climate variability
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*  observed

POS-based depih-duration-frequency (DDF) curves for Jan=-9-2014 to Jan-10-2014
Station name: N4J0OA-13 Baynton Beach
Lalitude.26.5557" Longitude -80.0873"

—
=

. """ Greqg Lovett / www.PalmBeachPost.com

—

e -?-*' — January 10, 2014

& F & S & o #* “... for durations between
- Duration roughly 1.5 and 18 hours,
the rainfall was more rare

http://www.srh.noaa.gov/mfl/?n=palm_beach flood 0109 than a 1000 year Average

14 Recurrence Interval ...”



What else daes the future hold? Y ceopesion

Y

Low Intensity Urban

. High Intensity Urban
Agricutture
Ranching

Fee-simple Conservation
Private Conservation
Urban

MNew Suburban

New Rural Residential
Seminatural Private
Water

Zoned for Development

SLR (in. relative to 1992)

Exfractive Usss

Forestry -

Pubiic Lands G H o :J
eodesign Technologie Ir

Population and land use change
Sea level rise

Gkt
CLIMATE
Key West HANGE

NOAA Low
USACE Low

NOAA. Int.Low
USACE Int. i
NOAA. IntHigh
- = = USACE High
—— NOMA High

; T T
1950 2000 2050 2100

* How can South Florida water supplies be made more resilient ?

« How can economic dimensions of water allocation influence management

alternatives?

« What are the costs of maintaining built and natural attributes under different

socio-economic, climate, and SLR scenarios?



Hydro-economic optimization

California Value Integrated Network Model (CALVIN)

[] Notincluded in CALVIN
Sacramento Valley and Bay Delta
- San Joaquin and South Bay
E Tulare Basin
[ ] southem Calitornia

A Surface Reservoirs

¥ Groundwater Centroids

¥  Pumping Plants

@  Power Plants

B Agricultural demands

& Urban demands

Rivers
== Major aqueducts

160 240

From: Bartolomeo, 2011. UC Davis

Climatic Change (2008) 87 (Suppl 1 :575-590
DO 101007 /%1 05%407-93 552

Adaptability and adaptations of California’s water supply
system to dry climate warming

Josué Medellin-Azuara « Julien J. Harvou -

Marcelo A. Olivares « Kaveh Madani = Jay R, Lund -
Richard E. Howitt » Stacy K. Tanaka «

Marion W, Jenkins = Tingju Zhu

WATER RESOURCES RESEARCH, VOL. 46, WOS322, doi: 10,1029 2008W RO0T6R 1, 2010

Economic consequences of optimized water management
for a prolonged, severe drought in California

Julien J. Harou,' Josué Medellin-Azuara,” Tingju Zhu,? Stacy K. Tanaka.' Jay R. Lund,”
Scott Stine.” Marcelo A. Olivares.” and Marion W. Jenkins’

Hydrogeology Journal (2008) 16: 10391055
Ending groundwater overdraft in hydrologic-economic systems

Julien J, Harou - Jay R, Lund



Hydro-economic optimizat iz

> Urban flood control and salt water intrusion

s8 Agricultural water supply and runoff treatment
8 Coastal ecosystem services

Lake Oksechobes
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A storage . ey
= L]
Odemand S ey e o :
Oluﬂﬂtinl‘l f = e
—flow link

—=—=>Unregulated flows #'% EYFRESS

§

: MATIGNAL
Qslnk | N W/
PI!!EI'-'
Lh,. - T
W 1
CHISCAYNE
a i k
Lﬂlirﬂhl
«

f LT

SEFTRGLADES

b J =
MATIONAL &
&

FANA

Area of detad "

=

Objectives:

* Develop regional scale linked-
node network model

« Optimize ecological and economic
value of water allocations

* Quantify regional-level trade-offs

« Examine long term “robustness” of

optimized solutions under different
scenarios

Watkins, D., Kirby, K., and Punnett, R. (2004). "Water for the Everglades:
Application of the South Florida Systems Analysis Model.” J. Water Resour.
Plann. Manage., 130(5), 359-366. doi: 10.1061/(ASCE)0733-
9496(2004)130:5(359)
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Hydro-economic optimization Michigamrech

Urban flood control and salt water intrusion

E Agricultural water supply and runoff treatment

Coastal ecosystem services

A storage
O demand
o Junction

—flow link

Q sink

'
Ll

====2_Inregulated Iluw-.l Bif-CrERLLS

EYERGLADER AGHILY

MATIOWAL

f_'tllll:-'l.'l'ﬁt
[ maTiaNa
] ranx

Avmn of detsd

Marginal economic
value of delivery ($/AF)

“Trade-off functions” at each node

M Overabundance cost

}——— Scarcity ———— Overabundance —|

B Scarcity cost

Marginal economic
cost of flooding ($/AF)

Actual delivery Target delivery (AF) Excess delivery
due to flooding

Flow or other hydrologic target and shape
of function must be defined

Stakeholder participation in trade-off
function development/weighting



Hydro-economic optimization

Urban flood control and salt water intrusion

Agricultural water supply and runoff treatment
Coastal ecosystem services

L
C )

EVERGLADER AQM

& storage
O demand
O junction

—3flow link |
=3 Unregulated figws 713 CirRris

Qiink WATIONAL
FRENDEY .

5 FBiacATHE
o *  Prew I
¢ A HATIONL
shxisy ) = e
4 =) b

SETTROLADEY a |
| 3 MaTionaL 4
o

T "

Acedl of tad

Penalty

IMichigamiechy

Everglades

200 300 400 50(

Flow (KAF/mon)

100

50 [Lower East Coast Service Area 2 penalty function (varies by month). Deliveries outside target range penalized

Urban

== August
40 ~@= December
20
10
0 .
0 20 40 60
Flow (KAF/mon)

Watkins, D., Kirby, K., and Punnett, R. (2004). "Water for the Everglades: Application of the South Florida Systems Analysis Model.” J. Water Resour.
Plann. Manage., 130(5), 359-366. doi: 10.1061/(ASCE)0733-9496(2004)130:5(359)




Hydro-economic optimization

Reductions in agricultural water supply

-1000 -
-900 -
-800 -
-700 -
-600 -
-500 -
-400 -
-300 -
-200 -
-100 -

0 | |
1,250 850 450 0

Region-wide

$869/ac-ft

/ $320/ac-ft
N

$89/ac-fi

Economic costs due to decrease of
surface water availability ($millions)

Surface water irrigation shortage (kac-ft)




Hydro-economic optimization

Reductions in potable water supply

Economic costs in
thousands of dollars

140,000 -

120,000 -

100,000 -

80,000 -

60,000 -

40,000 -

20,000 -

—e—Jan
—a-Aug

Apr

$2000/ac-ft

0
55

65 75 85 95

Delivered water supply (K ac-ft)

LB

* Price elasticity

— Winter: -0.35 (January)
— Summer: -0.15 (August)
— Intermediate: -0.25 (April)

_ d0/Q
dpP/P

Water demands are
generally higher in
winter months

Consumption is
least sensitive to
cost in summer
months



Hydro-economic optimization

Flooding costs

O WEET

40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0%

0.0%

& Wharton

URIVERSITY of PENNSYLVANIA

8,000,000

£7,000,000

$6,000,000

£5,000,000

£4,000,000

$3,000,000

£2,000,000

§1,000,000

LE

0.0

eeees 059 LB

—a— MonthlyPredicted Residential Flood Penalty = = =95%% UR

0.5

1.0 1.5 2.0 2.5 3.0 1.5 4.0

Groundwater Difference from mean level

Yearly Percent of Total Claims

Monthly Percent of Total Claims

1996
1997

1998
1999

2000
2001
2002

2003
2004
2005
2006
2007

80.0%
60.0%
40.0%
20.0%
O-O% T T |-| |_| T
0 o O 1 2 3 456 7 8 9101112
S o d
S S o
SIRSIRY



Hydro-economic optimization

Ecosystem Services
target functions (rep)

e Fisheries

e (Carbon cycling
 Flow volumes
 SERES, MARES

e Richardson et al.

2014
Valuation and
Preferences

« Stated-choice surveys --..

 WTP assays
* Behavioral analyses

Richardson, L.K. Keefe, C. Huber, L. Racevskis, G. Reynolds, S. Thourot, |. Miller, 2014. Assessing
the value of the Central Everglades Planning Project (CEPP) in Everglades restoration: An
ecosystem service approach, Ecological Economics, 107:366-377,

http://dx.doi.org/10.1016/j.ecolecon.2014.09.011.

i'l“-‘h ‘of HAWAI'T

FLORIDA
- INTERNATIONAL
R U\uwnsw? | UNIVERSITY

Does not 1 130
dry Days dy

Marsh dry-out severity

Tidal brackish &

freshwater marshes
co Hzn Mangrove forests &
T‘:::""'__ o zo salt marshes
ot TR0, MO
F ke ..-1--._,_“_‘. 2{_) O El‘lﬂml! Coastal oceans
R ¥ A meadows

g o0

Carbon Export
to open ocean

Coastal ocean



Hydro-economic optimization

S.;A _"‘\'!SC MOME ABOUT SCENARIOS

Sarascta
4 Siesta Key Port St Lucie
3uff Gate Extates Okeechobes Flensen Beach
- Vamo Arcada A~
Sty Scenano
Q Laursl / Port Salerno
Vonice " 4
South Verice r Mobe Sound
Port & > ! O Year 1963
Purta Gorda
Ratonda

R Montn 1
North Pakm Beach

" Cewnton
Fort Myars Shores \ Wes! Padn Bowois

Fort Myurs 4 Paim Soringn
Cape Coral 3 e
fora

Sante! Estero Kings Powrt
a7 287 Whisper Wak

B Sprngs ’ Boca Raton

Nagphes Park Coral Springs

North Arcrews Gardens
- ~FL Lauderdale
¢ < 80" b Scatnwest Ranches
Hollywood N,
Scott Lake

Marco

Hialeah

B No Targe Pakretio Eatates

Lakes by the Bay
Princeton

Homestead




Hydro-economic optimization

Demand Penalties

CALEST e Other Urban

. 52
Reliability

9%
2%
— 0%

EMP LEC Urban

Reliability

STLEST T Eaa 79%
—§2%
85%

ENP I

CALEST

Michigamiech;

Demand Penalties

6200 Cther Urban

G200
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Scenario generation [V

Resources
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Business as usual
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Scenario generation Vs

Land use change

Low Intensity Urban
. High Intensity Urban
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Resilience of optimization schemes to be tested under different scenarios
of climate, land use change, population growth , SLR, and economic setting
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Scenario testing

Urban water reliability
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How will trade-offs
change in the future?
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Decision Acceleration FWharton 1

OCTOBER 12, 2040

- o
Wholde Brain Emulation gives doclors the T ——
ability to extend human consciousness United Nation's SMPAG Asteroid Mazda Asroblke wins 2040 vehicle of

twough artificial neural network Deflection efforts a huge success the year at New York Iint’'l Auto Show

' k. .‘./;'\‘
Introducing Nevada's first NGA team: Google's Virtual Time Travel Machine: Royal Cartbbean launchos Endloss
The Las Vogas Aces The gadget on everyone's wiah list Sunshine Cruise above the Arctic Circle

Miami in 2050

Miams-Dade Counly's populsbon s
over 4 mallion

Miami continues fo grow, attracting
new wealthy immigrants from China

Canals around the oty have been
surroundoed with parks 10 butier against
flooding and the County s asking lor
$3 billion for other Bood protections

You are about 10 enter your living room
mn 2050

http//nOdeIS' Close your eyes and mmagine what
hazsim.rhcloud.com/#!/sim/C5k0JZ07Sf?re ket
directURL=http:%2F%2Fwww.cesp.miami.
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