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NYC Geography

Five Boroughs
« Manhattan,

Brooklyn, Queens,

Staten Island, and
Bronx.
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NYC Development, 400+ years

Quick Facts:
Lower Manhattan

40 ac West side fill
24 ac East side fill
1.2 M cuyd ex-WTC
400,000 residents

68,000 living on fill

=flood plain
Gi h of :
Mr:munoan Island, Courtesy. !
1650-1980 www.lowermanhattan.info
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NYC Airports

John F. Kennedy (JFK) International Airport
« 50+ million passengers annually, 19t busiest

« Located in basin SE of Brooklyn & Queens

« 2,598 flights canceled during Sandy

La Guardia (LGA) Airport

« 27 million passengers annually

« Located in Northern Queen, built out into bay
« 3,667 flights canceled



Introduction

Major Hurricane flooding along Eastern seaboard
« Katrina (2005)

* Irene (2011)

e Sandy (2012)

Storm Surge is major factor; can be ~predicted
« SLOSH (NOAA) Statistical
- HAZUS (FEMA) Dynamic Modeling

- Coastal Surge Model (CSM)

Sandy Storm Surge actually measured
« FEMA Modeling Task Force (MOTF)



-
NOAA SLOSH

Sea, Lake & Overland Surges from Hurricanes
- Fundamentally, a statistical approach
- Historical and hypothetical scenarios
- Refined for 27 basins along Eastern seaboard
- Wind field model creates coastal surge

- Grid presentation — finer near center, coarser outer
* ~500 x 500m to 1 x 1km



NOAA SLOSH
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B
NOAA SLOSH

SLOSH simulation of the storm tide for Hurricane Sandy
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FEMA/HAZUS

Three basic hazard types
1. Earthquake

2. Hurricane

3. Flood

Plus...

4. Coastal Surge Model
e Dual-hazard: Hurricane (HU) and Flood (FL)
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HAZUS Coastal Surge Model

1. Hurricane Model
Relies on Storm-track/winds (Hurrevac, NOAA)

Produces

A. Rain/wind damages

B. Storm Surge, with 3 options
1 No Waves
2 Near Shore
3 Deep Water & Near Shore

which generates a depth-grid, relayed to

2. Flood Model
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-
TU Delft SWAN

Simulating WAves Nearshore
- Like HAZUS, a modeling approach
- Like SLOSH, based on storm-track / wind field
- Also focused on coastal regions and inland waters

- Models random, short-crested, wind-generated waves
which “pile up” on top of tidal surge
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Storm Surge

17 ft
storm tide

P — | Y TS

2 ft normal
high tide
Mean sea level

NOAA/The COMET Program
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TUDelft SWAN

41.5°

Development of a

Wave and Circulation 4
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Hurricane Sandy Impact Analy5|s
(HS|A) Ground-truth in this case!

FEMA

Modeling Hurricane Sandy MOTF Timeline
Task Force
( ) NRCC Activation, USGS
- USGS MA’s
I - 1fi HLT Deployment (Oct 23), ' Hybrid hindcast SLOSH, . -
fl € l d Ve I'Ifl Hurricane Sandy County preliminary HWM ZIEQJ,Z ’;js:;‘;:;%’eg ft
ed HWMs Risk Matrix (QPF. Wind observations (+150), inundation NYC OEM
S loss, CFLA, SLOSH expedited rental Nor'easter surge modelin
- Oensor models), MOTF portal assistance, portal updates g g |
data ,
- LIDAR

Interpolated
Depth Grid

_ | nverse Landfall Field verified in_undation Field verified inundation
. Migration to impact (300 observations), (1,000 observations),
Distance analysis, Hindcast medium resolution (10 high resolution, LiDAR-
We | g h te d SLOSH, portal updates meter), portal, expedited based, major portal,
assistance, NFIP updates expedited assistance,

(| DW) _ ' : NEIP updates




COn Ed FaCiIitieS More ground-truth.

Method S/S Count

Con Ed Count 11
FEMA MOTF (observed) 9
SLOSH 10

Outside -




Runs

Study Region: New York City
Scenario: USGS - DEM 1 arcsec

Brown/White:
higher elev.

Green: lower
elev.

Legend

:-High 381
“Low : 0

Any coastal surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.

N - r
25 12.5 0 25 Kilometers W‘JF’E ' l’ 4 -U $ 4

L | | | | | 19

S

{c) 1997-2011 FEMA



Hazus Runs

Whole NYC - No Waves (HU/CSM)
« 1 arcsec DEM (30 meter)
« 1/3 arcsec DEM (10 meter)

Five Boroughs Individually - With Waves
« 1/3 arcsec DEM - Near Shore
« 1/3 arcsec DEM - Deep Water & Near Shore

FEMA MOTF Depth Grid

e Coastal Only scenario
- GBS Analysis

d 2 2@,‘1.:



Results

Study Region: New York City
Scenario: No Waves - 1arcsec DEM

20 Kilometers w<$>5

' s

New York City
CSM
No Waves
1arcsec DEM

Legend

HAZUS CSM
I HAzus csM
[ New York City

Any coastal surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.

HATIS,

(c) 1997-2011 FEMA




Results

Study Region: New York City
Scenario: SLOSH Cat 1

[ SLOSH_catt
I New York City

Any cosstal surge estimates
produced by Hazus do not
represent  official NOAA o
forcasts or  estimates. . e

10 5 0 10 Kilometers w<§>e P ":M A

| 1 1 1 | | s
{c) 1997-2011 FEMA
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Results

New York City
Study Region: New York City FEMA MOTF
Scenario: FEMA MOTF
{7#|Legend

B FEva MOTF
1 New York City

Any coastal surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.

10 5 0 10 Kilometers w<§>e ’ w‘:'& A

| | ] ] | | s
() 1997-2011 FEMA




e s o S SR Al N
Results

Study Region: New York City
Scenario: No Waves with 1/3 arcsec DEM

New York City

CSM
No waves &
FEMA MOTF

Legend

I HAzZUS CSM
I FEMAMOTF

[ study Region Boundary

Any coastal surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.

N &
25 125 0 25 Kilometers = 4,5 HA ..'J'@ 4

L 1 1 1 | |
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Results

Study Region: Southern Brooklyn
Scenario: Near Shore

Brooklyn
CSM
Near Shore &
FEMA MOTF

Legend
HAZUS CSM

B HAZUS CSM
FEMAMOTF

B FEMAMOTF
Study Region Boundary

[ study Region Boundary

Any coastal surge estimates
produced by Hazus do not
represent official NOAA

forcasts or estimates.
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Results

Study Region: Southern Manhattan
Scenario: Deep Water & Near Shore Manhattan

CSM
Deep water &
Near Shore &
FEMA MOTF

Legend

HAZUS CSM

‘! Bl HAZUS CSM
\~ FEMAMOTF
: B FEMAMOTF
4 Study Region Boundary
-
e

[ study Region Boundary

Any coastsl surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.
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L 1 1 1 | |
S {c) 1997-2011 FEMA

26

e _,cj L




Results

Study Region: NYC - JFK airport
Scenario: SLOSH and FEMA MOTF

Rockaways

Atlantic Ocean

N

8 Kilometers w<e>E
|

S

NYC - JFK
Airport
SLOSH

Category 1 &
FEMA MOTF

Legend
SLOSH_Cat

B FEVAMOTF

[ New York City

Any coastal surge estimates
produced by Hazus do not
represent  official NOAA

forcasts or estimates.

HATIG,

{c) 1997-2011 FEMA




CSM - No Waves NYC (1arcsec) NYC (1/3 arcsec)
R esu |tS FEMA MOTF Area 1,308 1,308
CSM_area 1,029 1,029
Difference 278 279
Area Shape Diff. Area % 21.3% 21.3%
Matters Area CSM did not Pred. 630 687
Diff. did not Pred. % 61.2% 66.7%
Calculations
corevanorr Ao anae sa e
’ :':‘SZUHJS CSM NYC (Near Shore) INYC (Deep Water & NS)
. SLOSH Cat 1 FEMA MOTF Area 1307.6 1307.6
CSM_area 990.8 1474.6
Difference 245.4 -176.7
Diff. Area % 24.2% -12.77%
Area CSM did not Pred. 625.2 364.5
Diff. did not Pred. % 63.1% 24.72%




el e SO S S e o\
Results - eBs analysis

Combined Wind and Flood Direct
Economic Losses for Buildings (K $)

$35

e
g $30
=

$25

$20

°15 B Combined Wind and Flood
$10 Direct Economic Losses for
Buildings (K S)
S5
S0

Near Deep ub
Waves - Waves Shore Water &
larcsec Near
DEM Shore
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Results - GBs analysis

Direct Economic Losses for Buildings (K S)

$45

S
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S0
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larcsec Near
DEM Shore
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Con Edison, July’'14, still ...

CE conEdison *§ Select Language | ¥ | Quick Links 7
[ my account | customer ceniral | business cente | investors | community | news | aboutus [contactus |
) i3 7 =

Log In to My Account 5 Report an electric service 4

Mi cuenta en espanol

problem or check
pay your bill, check your
balance, enroll in paperless

% n_ [ i restoration status
| NEWS AND HIGHLIGHTS
billing, special services and N )
Con Edison Sustainability Report:

:::name . f ; G ettl n g yo u r l Ig htS baC k 0 n 43 Percent Greenhouse Gas
— ‘ after a Storm . Emissions Drop Since '05

Forgot Username?
y § ) g "How Much Juice Does It Use?"
Password = Most people don't realize what needs to happen first...

m

Con Edison Prepares for Summer

Forgot Password? Storms

H . Con Edison Engineer From
P Watch the video Scarsdale is Outstanding Asian
American in Business

Con Edison Named Top U.S. Utility
in Newsweek Green Rankings

Register Now. | Why Register?

Steam customers, click here.
Con Edison Sponsoring 2014 New

York Eneragy Week
Storm Central _ Enroll in e*bill. : ~  Sustainability ."T\ Save Energy w Power Out?
Find outage : Save time, money, Report “13 : /i BB \\, 100+tips to help ; We're On It! :
AN |ocation maps, : and the Learn more about : AR you go green « Shakirat helps you':
_ and storm - environment. = the company’s : £l report a problem
preparationand PR S8 focus on : : and check repair
recovery tips. — sustainability status online.

contact us search careers site map consolidated edison, inc. privacy policy mobile site
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Within

Results
Con Ed Facilities

Method S/S Count

Con Ed Count 11
FEMA MOTF (observed) 9
SLOSH 10

HAZUS CSM

No waves (1 arcsec DEM) 6
No waves (1/3 arcsec DEM) 6
Near Shore 5
Deep water & Near shore 5

Legend

O Substations_NYC

[ sLosH_catt
[ new York city

1.4 Kilometers
| 1 1 1 | 1 1 1 |
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Conclusions

Study Region: New York City

Scenario: No Waves - 1/3 arcsec Areas of
A concern
y
?S""\\
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A
. /| HLegend
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<) . ::\\_)\W BoundaryPolygon
SEaR ~ - BoundaryPolygon
v v/ L 8 csm
% ( o
Y S X — High : 20 .4
v/ el 3 —
L b0 y. 1 :
5 ' Low : 0
RegionDEM
g ! High : 382 6
e el - Low 1 -6.3
7.
[ New York City
Any coastal surge estimsates
produced by Hazus do not
represent  official NOCAA
forcasts or estimates.
N &
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Conclusions

CSM under-predicts

« Seems a general problem
« Many flood inundation gaps
 Also not robust to large datasets



Conclusions

SLOSH also inadequate

 Also under-predicts (but less than CSM)
- Sandy was only Category 1 storm, at landfall
- Winds and tides made it a “perfect storm” nonetheless
* Does not take into account duration
- Airports, hence commerce, recovery shut-down ~week
- Many Long Island homes were affected for 3+ months
- Standing water and no power is dreadful combo

.



Future Work
 CSM inundation gaps

« Updated SLOSH model

e Re-run 2011 Census data
Sandy 2012

36.



Thank You!

Questions



Contact

Spiridon Katehis, Masters Candidate

University of Southern California

Katehis@usc.edu

_inkedin: www.linkedin.com/pub/spiridon-
Katehis/41/29a/498

Jordan T. Hastings, PhD, Faculty
University of Southern California
jthastin@usc.edu
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