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CLIMATE ADAPTATION
Evaluating Flood Resilience
Strategies for Coastal Megacities
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Integration of models for storms and floods,
damages and protections, should aid resilience
planning and investments.

ccent flood disasters in the
United States (2005, 2008,
2012); the Philippines (2012,

2013); and Britain (2014) illustrate
how vulnerable coastal cities are
to storm surge flooding (/). Floods
caused the largest portion of insured
losses among all catastrophes around
the world in 2013 (2). Population
density in flood-prone coastal zones
and megacities is expected to grow
by 25% by 2050; projected climate
change and sea level rise may further increase
the frequency and/or severity of large-scale
floods (3-7).

reducing flood occurrence in large parts of
the city. However, as in other cities, some of
these large-scale engineering options have

return flood zones (defined by the U.S. Fed-
eral Emergency Management Agency), with
protection of critical infrastructure to reduce
economic loss due to business interruption.
S3 includes moderate local flood protection

¥ measures, such as levees and beach nourish-

ment that are also part of S2¢. The local pro-
tection measures and building codes for new
¢ adjustable to future climate
change, as they can be upgraded if flood risk
increases in the coming decades.

structures

Modeling Flood Risks, Estimating Costs
The heart of the method is a probabilistic
flood-risk model developed for the city (/2

Aerts et al., 2014. Science 344, 473-475. doi:10.1126/science.1248222
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Modeling frame
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Modeling frame

Hurricanes / inundation
A 549 storms

A Derived from a much larger set, but only most extreme ones
(at Battery, Manhattan)

A Inundationby simple extrapolation of water levels
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Modeling frame

Damage model
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Aerts et al., 2014
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Legend
* Points humcana mode!
Flooded in % of all storms
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Aerts et al., 2014
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Damage Sandy
A NYC roughli$21 billion
A 1/500- 1/1000 per year

_ Modelled return period _
A 1/660¢ 1/1250per year

Future Risk estimates
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A Projection of city
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Future Risk estimates
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Scenarios of measures

Aerts et al., 2014

Hackensack River .-
Hackensack River discharge ‘\

S2c¢: NY-NJ conned‘

Area protected O —
|VM In: — Barrier 036 12 18 24
———— Moderate enhancement protection -:-:—:— Miles 10
Envirot Levees and/or nourishment 0



9/25/2014

Costs

Cost based on Jones et al.

per building category
Elevation level RES1 RES2 RES3A RES3B
421t $1,090 $1,445 $1,237 $1,856 1and maintenance costs for storm surge barrier strategies for NYC (in § 2012 values)
+4ft $2,181 $2,891 $2,473 $3,711 Cost estimation Cost estimation based on
Engineering firms  historical analyses (Table 5.1)
+6ft $3,271 $4,336 $3,710 $5,567
Total ~ Span nav. Construction Mai Construction Mai
L Barrier span (m) parts (m)  (US$bn) (US$ minfyr) (USSbn)  (USS min/yr)
New/existing Smtogy 2w Artburkil w0 w0 oo s
A . ‘Environmental  Verrazano Narrows 1820 1820 6.4 75 4.3-64 41
E I eVat' O n dynamics East River 1360 1360 1921 2.6-3.0 31
. Total 9.4-9.6° 75-10.5¢ 77.5¢
A Wet proofing Sontogyze Bt Rie o s e
. ‘NY-NJ Connect’ Quter Harbor 9540 2500 5.9 72 65-9.4 72
A D ry p o Of| n g Total 7.8-8.0° 9.1-12.4° 104°
Strategy 2b: Arthur Kill 500 500 L1 0.6-1.1 5.5
‘Bay Closed”  Verrazano Narrows 1820 1820 64 75 43-6.4 41
East River 1360 1360 1.9-2.1 2.6-3.0 31
Jamaica Bay 1730 1730 4.1-6.1 39
Total 9.4-9.6° 11.6-16.6° 1165

“All summary cost tables are in USS 2012 values. Indexing was applied using the Construction Cost Index and the
Skilled Labor Index from ENR (Engineering News-Record, http:#/enr.construction.com/economics).

Aerts et al., 2013. ANYAS 1294, 1-104. doi:10.1111/nyas.12200
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CBA of Scenarios

Recommendations:
A Elevate new buildings-ft (NPV>0 in all scenarios)

A Consider flood proofing existing buildings (NPV>0 under moderate ¢

A Delay investment in surge barrier (depending on how cc unfolds)

Costs
Total investment ~ NYC $16.9-21.1billion $15.9-21.8 billion $11.0-14.7 billion  $6.4-7.6 billion
Total investment NJ $2 billion $2 billion n/a $4 billion
Total investment ~ NYC+N])  $18.9-23.1billion $17.9-23.8 billion $11.0-14.7 billion  $10.4-11.6 billion
Maintenance NYC+N]  $98.5 million $126 million $117.5 million $13.5 million

BCR for current climate

BCR 4% discount  0.21(0.11; 0.35)  0.21(0.11; 0.34)  0.36 (0.18; 0.59)  0.45 (0.23; 0.73)
7% discount  0.13(0.07; 0.21)  0.12(0.07; 0.20)  0.23 (0.12; 0.37)  0.26 (0.13; 0.43)

—_— BCR for middle climate change scenario

IVN BCR 4% discount  1.32(0.67; 2.16)  1.29(0.65; 2.11)  2.24 (1.14; 3.67)  2.45 (1.24; 4.00)
Em 7% discount  0.60(0.30; 0.98)  0.60(0.30; 0.97) 1.06 (0.54; 1.74)  1.09 (0.55; 1.78) 12



Building-scale measures

S1 often not cosefficient as a whole under current climate, but:
A Maybe in specific places it is
A Maybe measure efficient in area A, but other measure in area B

A Spatial costbenefit analysisat the cencusblochkevel

Measures: 4
A Elevation 2ft/4ft/6ft RS
A Wet proofing2ft/Aft/6ft b
A Dry proofing 2ft/4ft/6ft —
o
Scenarios: -
A Current — i
A ECHAM 60cm (only SLR) -
A GFDL 60cm (SLR + increase freq.)
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