Flexible Adaptation Pathways

An approach to Coastal Flooding and Extreme Heat

Through the Lens of lwilel-Kapalama and Heat Wave of 2019
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Objectives

 Describe Flexible Adaptation Pathways
- Demonstrate appropriateness for infrastructure intensive planning projects in Hawail

 Highlight key benefits and recommendations for implementation
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The East Kapolel Neighborhood TOD Plan
presents a framework for buildout of three
station areas that are part of the long-term
plan to create a “second city” in Kapolei,

These stations will provide access for future
developments like Hoopill, as well as existing
residents with park-and-ride facilties and a bus
transit center. The UH-West O'ahu Station area
will continue to grow as a campus and urban
community.
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WAIPAHU @

The Waipahu Neighborhood TOD Plan

covers the Waipahu Transit Center and West
Loch Station areas. The TOD vision for these
stations Is to retain and strengthen the historic
character of Walpahu, while encouraging
appropriate mixed-use development. A
Walpahu Town Action Plan has been creatad
to prioritize near-term implementation actions
related to pedestrian and bicycle facilities,
wayfinding and placemaking, safety, and
economic development.

'AIEA - PEARL CITY

With its existing resources and destinations,
the ‘Alea-Pearl City area serves as a keystone
to the island's TOD goals. With TOD, Leaward
Community College could become more than
Just a daytime campus, and Pearlndge and
Pearl Highlands Staticn areas could become
livable mixed-use communities with improved
housing employment, retail, and recrestional
chokes. The Pearl Highlands Station will also
serve as a major transit center for residents ‘ewa
and mauka of the TOD areas.

ALOHA STADIUM @

The Aloha Stadium Station will provide
high-quality transit access to nearby retail
and housing, military facilities, the Pearl
Harbor Historic Sites, and Stadium events, A
replacement stadium is also proposad by the
State of Hawal'l in conjunction with new TOD
that may include housing, hotels, offices, retail,
entertainment, and sports-related uses. There
are also efforts underway to extend the Pearl
Harbor Histori Trall to this station ares to
Improve regional bicycle access.

AIRPORT AREA .

The Pearl Harbor, Daniel K, Inouye Intemational
Airport, and Lagoon Drive Stations will

serve residents and visitors alike. The area is
envisioned as the gateway to Hawai'i and a
premier amployment center. The rall stations,
along with assoclated bus and bicycle
upgrades, will improve access, allowing

for more concentrated nfill development.
TOD zoning will diversify employment and
convenlence retall options In the area and
Improve the pedestrian environment |,
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KALHI @)

While the Kalihi Station area will likely remain
stable following the introduction of rall transit,
the Middie Street and Kapalama Station

areas have great potential for transformation
with projects underway such as the State's
modernization of OCCC and the revitalization
of Kapdlama Canal. The Kapalama/iwilel area
In particular is anticipated to change over the
coming decades from a light industrial and
commercial district Into a mixed-use urban
community anchored by Honolulu Community
College. The Middle Street Station will also
continue 1o 5erve as a Major transit center.

HONOLULU'S TOD PLANS

TheCityand County of Honolulu Isworking to ensure that growth in the rail corridor
proceeds in concert with the vision and goals of each rall station community.
Neighborhood TOD plans have been developed to guide new development and
plan for orderly growth and Improved accessibility around the stations. These
plans are each unique to their context, as highlighted below. The TOD Plans, and
the implementation projects that grew out of them, have been developed through
extensive community engagement, Including public workshops, stakeholder
meetings, community surveys, business and student outreach, and more.
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DOWNTOWN @

While largely bullt out, the Downtown

and Chinatown Station areas will benefit
from naw infill development and ongoing
livabllity Improvements, The Chinatown
Action Plan and Complete Streets Program
will serve to catalyze these changes,
focusing on streets and placemaking,
cleanliness, safety, as well as events/
activities and park iImprovemants, The Iwilel
Station area will see significant shifts from
existing Industrial/commercial uses to more
residential and mixed-use opportunities.
The redevelopment of Mayor Wright Homes,
along with reglonal Infrastructure upgrades,
will catalyze this new TOD district,

ALAMOANA @

The Ala Moana Center Station is the
terminus for the HART rall project. This
high-rise urban district will continue

1o serve as a regional destination and

gathering place for residents and visitors.

& Passengers will be able to transfer to buses
1o reach Walkikl and the University of
Hawal'l at Manoa.
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CIVIC CENTER/ .
KAKA'AKO (HCDA)

The neighborhood around the Civic Center
and Kaka'ako Stations Is under the jurisdiction
of the Hawal'l Community Development
Authority (HCDA), TOD in this area s planned
as high-rise mixed-use development to
support O'ahu's population growth within
Honolulu's urban core. The ongoing Blalsdel!
Center Master Plan i underway to support this
new population and quality of life islandwide.




Coastal Flooding and Sea Level Rise



Challenge
 Infrastructure is capital-intensive and long-lived

« Uncertainty in how the future may unfold due climate and socio-economic conditions
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Challenge
* Infrastructure is capital-intensive and long-lived

« Uncertainty in how the future may unfold due climate and socio-economic conditions




Infrastructure Needs Assessment - Existing
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Legend
(& Future Rail Stations == New Sewer Lines
== Future Rail Line === Upgraded Sewer Lines
[ State TOD Projects = New Water Lines
=== Upgraded Water Lines

Source: City and County of Honolulu, 2013, 2017. ESRI Base Maps. 2016

Disclaimer: Graphic has been prepared for general ilustration purposes only and should not be used for boundary or other spatial

Work in Progress:
» East Kapolei
* Halawa Stadium

» lwilei Kapalama
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' ¢ Hurricane inundation +1m SLR
** 3 NOAA/CSP and Dr. Kwok Fai Cheung (UH/SOEST)

(Proposed) Large scale flood infrastructure needs
considered for TOD areas

(Proposed) Flexible Adaptation Pathways applicable to
infrastructure evaluation and planning

Future (Proposed)
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http://seagrant.soest.hawaii.edu/csp
http://www.soest.hawaii.edu/ore/people/faculty/kwok-fai-cheung/

Tidal flooding — 3ft SLR
Iwilei-Kapalama District
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Future Rail Stations
Source: NOAA Digital Coast Sga Level Rise Viewer
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Tidal flooding — 4ft SLR
Iwilei-Kapalama District

v
L) 3
<
(
.
<

% S‘/.

e
O

.y}

o0

-5!/
LN

\s .
<



4]

Tidal flooding — 5ft SLR
Ivyi/ei-Kapalama District

L

v%\ z
\¢ <
QQ C@
R\
T
~
&3
o)
S
PAUgo
&)
+ U By
o
_»:(\
\;\’-
LN
\,\\'
Future Rail Stations A%,
Nt Y.
Source: NOAA Digital Coast @a Level Rise Viewer = ’@
y

5

L
Dole €



Tidal flooding — 6ft SLR
Ivyilei—Kapalama District

@
S

Alewa <
Fark 5 3

Future Rail Stations

Source: NOAA Digital Coast Sea Level Rise Viewer



6.0ft of SLR

6
5
4
Accumulated Sea 3.2ft of SLR
Level Rise (feet) at -
Kapalama Canal
2ft Of SLR Downstream Water Level
2 v
1 " ......................
.......................... INTERMEDIATE SCENARIO
0 o~ caasaaseeeert
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

ARUP



 Static ‘optimal’ plan using a single ‘most likely’ future

 Static ‘robust’ plan that will produce acceptable outcomes in most plausible future worlds

BIG U, Manhattan, NY
Bjarke Ingels Group

(Dessai and Hulme, 2007; Dessai and Van der Sluijs, 2007; Hallegatte et al., 2012).




Response — Infrastructure Planning — Dynamic Approach

« Dynamic adaptive plans contain a strategic vision of the future, commit to short-term
actions, and establish a framework to guide future actions

Rhine Delta. Netherlands Thames Estuary 2100, London, UK

UK Environment Agency

Delta Programme

(Albrechts, 2004; de Neufville and Odoni, 2003; Haasnoot et al., 2011; Hallegatte, 2009; Hallegatte et al., 2012; Ranger et al., 2010; Schwartz and
Trigeorgis, 2004; Swanson et al., 2010). ARU P



Flexible Adaptation Pathways — Concepts

« Real options — infrastructure options that are fitted with flexibility to
OETRORIVNVCRN BRI, rather than for a specific design scenario

» Potential lock-ins — when an option leads to a failure to adjust
adequately to a changed environment; [oEligReLIoLleIgIRY Of investment
decisions can lead to stranded assets if conditions change

* No regrets options — options which achieve positive outcomes under glIRJEWR o] EYelfo] Eife]gfof climate
change

« Trigger and Tipping points - a trigger indicates when a (SIS EeR or a forthcoming action; tipping
point is the point at which a particular cei{oiNER{eR[e]glo[sI @I O [VELE for meeting objectives

« Flexible adaptation pathway map — path of actions that result in [[LESEE[EE and achieves overall objectives

(Haasnoot et al. / Global Environmental Change 23 (2013) 485-498) ARU P



lwilel-Kapalama

Objective: Ensure adequate
Infrastructure capacity and flood
protection for TOD area
Investments through 2100

Public Transportation
*  Bus Stops
B Rail station

s Rail Line

{3 0.5-mile Radius from Stations

Major Landowners
Bank of Hawail

I Castle & Cooke
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Govt. County of Honoluly
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Legend
[E Future Rail Stations = New Sewer Lines

== Future Rail Line == Upgraded Sewer Lines
[ State TOD Projects == New Water Lines

=== Upgraded Water Lines
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Long-Term Upgrades

= Upgraded Seawall

Future Pump Stations
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Option 1

Infrastructure concept — for demonstration purposes only
Baseline Infrastructure Cost ~$1,579,100,000

DATE: 10/2/2019

PROTECT AND PUMP
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| Raised Land Dev $1,830,00,000
| Pump Stations $60,000,000
.| Wetland Restoration ~ $46,200,000
$198,200,000

$2,560,000,000

"y Elementary

Long-Term Upgrades
Legend - t 2
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Infrastructure concept — for demonstration purposes only
Baseline Infrastructure Cost ~$1,579,100,000 ARUP



Legend
[B Future Rail Stations == New Sewer Lines
== Future Rail Line === Upgraded Sewer Lines

[ State TOD Projects = New Water Lines
=== Upgraded Water Lines
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Flexible Adaptation Pathways — Objective and Options

Option 1
(Protect and Pump)

aton o Restore) Obijective: Ensure adequate
Infrastructure capacity and flood

No Action protection for TOD area
Option 3 Investments through 2100
(Barriers and Bulkheads)

Option 4

(Retreat and Restore)
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Option 1
(Protect and Pump)

Option 2
(Raise and Restore)

No Action

Option 3
(Barriers and Bulkheads)

Option 4
(Retreat and Restore)

ODbjective: Ensure adequate
Infrastructure capacity and flood

protection for TOD area

Investments through 2100

Sea level rise (feet) |1

Rapid climate change |
2020

2035

2050

2065

2090

2105
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Option 1
(Protect and Pump)

Option 2
(Raise and Restore)

No Action
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Option 3
(Barriers and Bulkheads)

Option 4
(Retreat and Restore)
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Option 1 r\ O [l
(Protect and Pump) h'd
Option 2
(Raise and Restore) @, </\
No Action O O [l
Option 3 A N [I
(Barriers and Bulkheads) N ~
Option 4 A [l
(Retreat and Restore) AV
Sea level rise (feet) | | | | | |

1 2 3 4 5 6

| | | | I |
Rapid climate change | | | | | |
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Pathways

Benefits
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Pathways Costs Benefits Net Present Value
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Option 1
(Protect and Pump)

Option 2
(Raise and Restore)

No Action

Option 3
(Barriers and Bulkheads)

Option 4
(Retreat and Restore)

&
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Sea level rise (feet) |1

Rapid climate change |
2020

<> Adaptation Trigger

2035

(O Transfer station

2050

2065
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2090

2105
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Core Findings (Hypothetical)

« Port and waterfront parcels require protection in
all scenarios (no-regrets solution)

» Raising parcels is ineffective as a standalone

Option 1 solution (eventual transfer essential)
(Protect and Pump)
Option 2
(Raise and Restore) O </\ 1 - = .
R o * Implementing seawalls or tide barriers too early
Option 3 could be economically inefficient
(Barriers and Bulkheads) [I
Option 4
(et andfiesord « Restoration combined with protection leads to
Sea level rise (feet) | '2 l, ! | 6' co-benefits and high NPV
| | | | | |
Rapid climate change | | | | | | » Upfront costs of hard infrastructure can be

2020 2035 2050 2065 2090 2105

deferred but only temporarily

« Early commitment to protection or retreat
focused options promote path-dependence

ARUP



Trigger Action (Hypothetical)

SLR 1ft * Initiate comprehensive flexible
2020-2030 adaptation pathways study
SLR 2ft « Raise all waterfront parcels
Option 1 2030-2040 * Restore lower lwilei wetland
(Protect and Pump)
;RM‘ A T > SLR 3ft e Install pump stations
© 2040-2060
(Barriers and Bulkheads) [I
Option 4
(Reteat and Restore SLR 4ft « Construct tidal barriers
Sealevel rise (feet) | '2 l, ! 5' ! 2060-2080  + Reinforce waterfront bulkheads
| | | | | |
Rapid climate change | | | | | | SLR Sft ¢ Monltorlng
2020 2035 2050 2065 2090 2105 2070_ 2 100
SLR 6ft « Evaluate future plans
2080-2120
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Flexible Adaptation Pathways - Benefits

 Providing flexibility to adapt infrastructure planning to uncertain climate change outcomes
 Avoiding lock-in decisions and identifies near-term ‘no regret’ options

 Clearly outlining future decision (trigger) points for investment

 Presenting approachable framework for cost-benefit analysis

» Mapping out achievable pathways towards successful future outcomes

ARUP



‘Real’ Recommendations for Implementation (2020-2030)

« Conduct demonstration study focusing on large scale flood infrastructure needs

« Develop initial suite of ‘real options’ - fitted with flexibility to adapt to future change
 Flood risk study required for cost-benefit analysis of ‘real options’

« Map out realistic timing, thresholds, tipping points for decisions

* Pre-work for various adaptation pathways include may include technical studies for
groundwater, coastal flooding, and sea level rise

ARUP
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 Infrastructure is capital-intensive and long-lived

« Uncertainty in how the future may unfold due climate and socio-economic conditions

4
T ~
--Q;l\
e

|

D -
lll 2 P
EAR A T
)7 ey
a TIEES 3X

ARUP



D i >
+ 1 F time and rate of change + 8 F
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RCP8.5 95% percentile
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Just as there are SLR options,

Legend
[ Future Rail Stations = New Sewer Lines.
= Futwre RailLine == Upgraded Sewer Lines.
[ State TOD Projects = New Water Lines.
== Upgraded Water Lines

Long-Term Upgrades

—  Upgraded Seawall

Future Pump Stations

PROTECT AND PUMP

Legend
(B Future Rail Stations == New Sewer Lines
— Fuure RailLine == Upgraded Sewer Lines
3 State TOD Projects = New Water Lines
— Upgraded Water Lines

Long-Term Upgrades

— Upgraded Port Seawall
Future Pump Stations
Elevated Roadway

Future Raised Developmant Area
Future Restored Wetland Area

RAISE AND RESTORE

Legend
[ Future Rail Stations == New Sewer Lines
— Fulure RailLine = Upgraded Sewer Lines.
0 tate TOD Projects == New Water Lines
— Upgraded Water Lines

Long-Term Upgrades

{7 Future Raised Development Area
Tidal Barior

Future Pump Stations

Option 3
BARRIERS AND BULKHEADS

Legend
B Future Rail Stations == New Sewer Lines.
— Future Rl Line = Uporad Lines

Long-Term Upgrades

——  Upgraded Port Seawall

{7 Future Ralsed Development Area

£ State TOD Projects = New Water Lines
= Upgraded Waler Lines

~ie:+ Elovatod Roadway

T Fue

tand Area

RETREAT AND RESTORE
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Passive Design

Load (kW)

; ' ” Time of day
District Cooling Load Shifting
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FAP options aligned to an objective

Option 1
(Decentralized AC)

Option2 Objective: Ensure adequate
(Passive Design) - -

Infrastructure capacity and
extreme heat protection through
Option 3 2100

(District Cooling)

No Action

Option 4
(Load Shifting)

ARUP



Temperature Rise (F) |1 | | | | |

Rapid climate change | | | | | |
2020 2030 2040 2050 2060 2070
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Option 1 ~ I

(Decentralized AC) q) I h [I

Option 2

(Passive Design) 95 > [l

No Action S [l

A\

Option 3 N ,L

(District Cooling) Q/ T [I

Option 4 \

(Load Shifting) O

Temperature rise (F) | | | | | |
1 2.5 4 5.5 7 8.5
| | | | | |

Rapid climate change | | | | | |

2020 2030 2040 2050 2060 2070
<{> Adaptation Trigger O Transfer station | Tipping Point ARUP



Pathways
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Option 1
(Decentralized AC)

Option 2

(Passive Design) CI> </\
No Action e
N

Option 3
(District Cooling)

Option 4
(Load Shifting)

Temperature rise (F) |1 | | |

Rapid climate change | | | |
2020 2030 2040 2050

<> Adaptation Trigger O Transfer station [| Tipping Point

2060

2070
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Enabling “No-Regret” Climate Safe Solutions

Community Beneficial

Heat Recovery Potential
Delta Daily Averages
Current: 49% Future: 63%

5000

4000

3000

2000

-1000

-2000

@ Recovered Heat Delta (kW) B Offset Heating Delta (kW)

Community Scale Heat Sharing: Over time the system is optimized to perform ever better
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Flexible Adaptation Pathways

An approach to Coastal Flooding and Extreme Heat

Through the Lens of lwilel-Kapalama and Heat Wave of 2019
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