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Sandy	  By	  the	  Numbers:	  Urban	  Flooding	  

•  Coastal	  flood	  eleva=ons	  in	  New	  York	  Harbor	  were	  the	  
highest	  in	  all	  ~300	  years	  of	  New	  York	  City	  history	  

•  The	  water	  eleva=on	  at	  The	  BaZery	  was	  14.06	  ^	  at	  
9:24pm	  EDT,	  with	  a	  peak	  storm	  surge	  of	  9.4	  ^	  coming	  
close	  to	  high	  =de	  

•  This	  storm	  =de	  is	  about	  5	  ^	  above	  many	  of	  the	  area’s	  
lower	  sea	  walls	  

•  It	  beat	  the	  storm	  =de	  of	  Irene	  by	  4.5	  ^,	  the	  (80	  year)	  
=de	  gauge	  record	  of	  Hurricane	  Donna	  (1960)	  by	  4.1	  ^,	  
and	  the	  es=mated	  all-‐=me	  (qualita=ve)	  record	  from	  
the	  Hurricane	  of	  1821	  by	  ~2	  ^	  
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What	  Does	  History	  Tell	  Us?	  



Historical	  Extreme	  Water	  Levels	  at	  NY	  Harbor	  

Scileppi	  and	  Donnelly,	  Geochemistry,	  Geophysics,	  Geosystems,	  2007	  

•  Prior	  hurricanes:	  
–  The	  city	  is	  believed	  to	  have	  been	  directly	  hit	  by	  	  hurricanes	  
in	  1788	  (Cat-‐3?),	  1821	  (Cat-‐3?)	  and	  1893	  (Cat-‐1?)	  	  

Height	  at	  BaZery	  Park,	  rela=ve	  to	  mean	  sea	  level	  (MSL)	  

3.46	  m	  MSL	  for	  Sandy	  

2.11	  m	  MSL	  for	  Irene	  
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1821	  Hurricane:	  Worse	  than	  Sandy?	  

•  Es=mated	  Cat-‐3	  
storm	  at	  NY	  
Harbor	  landfall	  

•  Max	  wind	  
speed:	  108	  mph	  
(vs	  80	  for	  Sandy)	  

•  (don’t	  just	  
prepare	  for	  the	  
next	  Sandy.)	  

NJWEA	  05/13/2013	   Philip	  Orton,	  Stevens	  Ins=tute	   15	  



1821	  Simulated	  Wind	  Vectors	  and	  Water	  Eleva=on	  
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What	  Does	  Model-‐Based	  Flood	  
Hazard	  Assessment	  Tell	  Us?	  	  	  

(work	  in	  progress)	  



Why	  Use	  Computer	  Models?	  

•  Quan=ta=ve	  historical	  observa=ons	  of	  coastal	  flooding	  
are	  limited,	  but	  we	  use	  all	  we	  can	  get	  to	  validate	  our	  
atmosphere	  and	  ocean	  models,	  make	  sure	  we	  are	  not	  
diverging	  from	  the	  real	  world	  

•  Spa=al	  –	  =de	  gauge	  sta=ons	  and	  (recent)	  high	  water	  
marks	  for	  storms	  do	  not	  cover	  all	  areas	  

•  Temporal	  –	  the	  period	  where	  we	  have	  quan=ta=ve	  
measurements	  of	  coastal	  flooding	  is	  limited	  to	  90	  years	  
–  cannot	  accurately	  es=mate	  a	  100-‐	  or	  even	  500-‐year	  return	  
period	  event	  

•  Malleable	  –	  They	  also	  give	  us	  opportuni=es	  to	  study	  
adapta=on	  …	  to	  modify	  the	  system	  (wall	  heights,	  
wetlands,	  surge	  barriers,	  etc.)	  
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Hazard	  Assessments	  for	  Coastal	  Flooding:	  Tasks	  

•  (finished)	  Build	  storm	  sets	  that	  represent	  the	  “current	  climatology”	  
−  Historic	  tropical	  cyclones	  (TC)	  AND	  extra-‐tropical	  cyclones	  	  
−  Two	  parametric	  TC	  models	  to	  simulate	  O(10000)	  years	  of	  TCs	  

•  (spring	  2013):	  Modeling	  improvements	  

−  Build	  and	  validate	  new	  over-‐land	  grids	  for	  NYC,	  Hudson	  River	  
−  Improve	  wave	  modeling	  capabili=es	  for	  more	  detailed	  two-‐way	  

coupling	  with	  hydrodynamics	  (e.g.	  wave	  set-‐up)	  	  

•  (summer	  2013)	  “Produc=on	  runs”	  of	  flooding,	  base	  flood	  eleva=ons	  

−  Incorporate	  sea	  level	  rise	  and	  any	  other	  climate	  changes	  (e.g.	  
rain	  rates)	  

•  (fall	  2013)	  Sta=s=cs:	  Compute	  probability	  distribu=ons	  of	  storm-‐
maximum	  water	  eleva=on	  at	  every	  grid	  cell	  in	  NYC	  
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FEMA’s	  Synthe=c	  Storm	  Tracks	  (Method	  JPM-‐OS-‐
Q)	  

JPM-‐OS-‐Q	  op=mized	  the	  number	  and	  
distribu=on	  of	  discrete	  value-‐classes	  of	  five	  TC	  
parameters	  (ΔP,	  Rpressure,	  B,	  Vstorm,	  and	  θlandfall)	  
such	  that	  a	  rela=vely	  small	  number	  (35)	  of	  
individual	  parameter	  combina=ons,	  can	  
sufficiently	  represent	  the	  en=re	  storm	  climate	  
of	  the	  project	  area.	  	  These	  storms	  were	  
repeated	  with	  lateral	  spacing	  to	  give	  a	  total	  of	  
169	  storms.	  



Parametric	  Sta=s=cal-‐Stochas=c	  TC	  Model	  
(Hall/Jewson, 2007; Sobel and Hall, 2013)	  

•  Modeled	  parameters:	  
–  (1)	  intensity	  (wind	  speed)	  
–  (2)	  size	  
–  (3)	  rainfall	  rate	  
–  (4)	  storm	  track	  

Figure 5: (a) Historical TC tracks from HURDAT 1950-2008; (b) synthetic tracks generated 
from the stochastic model by simulating the historic period 20 times. Statistical characteristics 
of the synthetic event set closely match those of the historic set. The much larger synthetic set 
is used for risk analysis at landfall. Credit: Tim Hall, NASA-GISS. 

Historical	   Synthetic	  

•  Sta=s=cal	  
–  behavior	  based	  on	  sta=s=cs	  of	  all	  

prior	  Atlan=c	  TCs,	  weighted	  by	  
distance	  from	  current	  loca=on	  

•  Stochas=c	  
–  behavior	  has	  a	  random	  component	  



Stevens ECOM (sECOM) Model Domain for NYHOPS 

Model:	  	  three-‐dimensional,	  
~100	  m	  resolu=on	  for	  NYC	  
area,	  coupled	  with	  the	  
GLERL	  wave	  model	  

Atmospheric	  forcing:	  NAM	  
WRF	  12	  km	  wind,	  pressure	  	  	  

Freshwater:	  	  Gaged	  major	  
tribs	  (93),	  es=mated	  minor	  
tribs	  (146),	  WWTP	  (241)	  

Tides:	  	  9	  cons=tuents	  at	  
open-‐ocean	  boundary	  

Valida=on:	  (V1)	  Blumberg	  et	  al,	  1999;	  (V3)	  Georgas	  
and	  Blumberg,	  2009;	  Georgas,	  2010;	  and	  Orton	  et	  
al.	  JGR	  2012	  for	  Irene	  (0.05-‐0.20	  m	  rms	  errors)	  
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Funding:  NJDOT, and many other sources 

Opera7onal	  system	  of	  observing	  
sensors	  and	  forecast	  models:	  	  	  
h?p://stevens.edu/nyhops	  
	  



302	  x	  302	  	  
Average	  

resolu=on:	  
4.3	  km	  

Stevens	  ECOM	  (sECOM)	  model	  grids	  

Modeling	  Capability	  Improvements	  
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New	  Hi-‐Res	  Hudson	  River	  Overland	  Grid	  
Modeling	  Capability	  Improvements	  

Funding:  NYSDEC /Hudson River Sustainable Shorelines 



Modeling	  Capability	  Improvements	  

NJWEA	  05/13/2013	   Philip	  Orton,	  Stevens	  Ins=tute	   25	  



Amazing	  datasets	  for	  model	  valida=on	  
(shown:	  Sandy	  flood	  data)	  



Model	  Valida=on	  for	  Sandy	  Hindcast	  



Sandy	  MEOW:	  Maximum	  Envelope	  of	  Water	  
Produc=on	  Runs	  of	  Storm	  Set	  



Sta=s=cs	  –	  Probability	  Distribu=ons	  

Combine	  extra-‐tropical	  and	  
hurricane	  probabili=es	  

Storm	  =de	  height	  (m)	  
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Preliminary	  Conclusions	  
•  Sandy	  was	  the	  highest	  flood	  levels	  on	  record	  for	  many	  sites	  in	  

the	  region	  
•  We’re	  looking	  deeply	  into	  historical	  informa=on	  for	  guidance	  

with	  our	  model-‐based	  flood	  hazard	  assessment	  work	  
•  We	  have	  not	  quan=fied	  the	  return	  period	  in	  our	  work	  yet,	  but	  

roughly	  a	  100-‐	  to	  400-‐year	  event	  (based	  on	  history,	  no	  climate	  
change)	  
–  we’ve	  seen	  a	  Cat-‐3	  storm	  before	  (1821)	  but	  it	  came	  at	  low	  =de	  
–  we’ve	  seen	  a	  “le^	  turn”	  before	  -‐	  Perfect	  Storm,	  1991	  

•  In	  our	  new	  projects,	  we	  will	  quan=fy	  and	  map	  coastal	  flood	  
hazards	  with	  sea	  level	  rise	  	  
–  for	  NYC,	  	  
–  the	  Hudson	  Valley	  and	  	  
–  (likely;	  funding	  permi7ng)	  urban	  Northern	  New	  Jersey	  

NJWEA	  05/13/2013	   Philip	  Orton,	  Stevens	  Ins=tute	   30	  


