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Hurricane Sandy 



Hurricane Sandy 

How is global warming affecting: 
Tropical cyclone frequency, 
intensity, genesis, track, and 

overall activity? 



HURDAT 
 
The National Hurricane Center 
maintains and updates annually the 
North Atlantic Basin’s Hurricane 
Database (HURDAT) 

 
HURDAT provides from 1851 to 2014 for all 
tropical storms, subtropical storms, and 
hurricanes every 6 hours: 
• Positions (to nearest 0.1 degree 

latitude/longitude) 
• Intensity (1 min surface winds to nearest 

10 kt from 1851-1885, 5 kt from 1886 
onward) 

• Central pressure (to nearest 1 mb, when 
observed) 

• 34, 50, and 64 kt wind radii maximum 
extent since 2004 (by quadrant, to nearest 
10 nmi) 



HURDAT applications: 
– Validation of official and model 

predictions 
– Climate trend assessment – 

long term trends, seasonal 
forecasts, etc. 

– Building code standards and 
insurance rates for coastal 
communities 

– Risk assessment for 
emergency managers 
(recurrence intervals) 



A Typical Day in 2015 – 
Marine Data Available 

around 12 UTC 







A Typical Day in 2008 –
Marine Data Available 

around 12 UTC 



A Typical Day in 1915 – 
Marine Data Available 

around 12 UTC 



A Typical Day in 1911 – 
Marine Data Available 

around 12 UTC 



Why revise HURDAT? 
• HURDAT contains many 

systematic and random 
errors 
– 1938 Hurricane: Cat 3 at 

landfall, but 85kts at last 
offshore position 

• “Missing storms” 
• Lack of exact hurricane 

landfall parameters 
• Advances in the 

understanding of hurricanes 
and analysis techniques 

Bias in early  
major hurricanes 
(Landsea 1993) 



Reanalysis Steps 
1) Obtain all available raw data into a 

single database 
2) Conduct synoptic analysis four times 

daily 
3) Determine track 
4) Determine intensity 
5) Document revisions (metadata file) 



Observation Capabilities:  
Huge Improvements over Time 



Surface Observations 

Comprehensive Ocean- 
Atmosphere Dataset (COADS) 

U.S. and Caribbean  
Original Station Records 

NHC 
Microfilm 

Maps 
Historical 
Weather

Maps 



Track analysis methodology 
 

• Ship and coastal 
observations allow for 
triangulation to obtain 
approximate center; 

• If there is a lack of data, 
significant changes are 
not implemented   



• Ship, coastal stations, aircraft reconnaissance data 
• Brown et al. (2006) pressure-wind relationships 
• Vickery et al. (2000) climatological RMW values 
• Kaplan and DeMaria (1995) inland decay model 
• Schloemer (1954) equation 

– Calculates central pressure given  
   a peripheral pressure measurement 

• Ho et al. (1987) inland pressure decay model 
– Estimates landfall central pressure based on a post-landfall 

central pressure measurement 
• Neumann model from Schwerdt et al. (1979) 

– Calculates extent of hurricane force winds 
• Franklin et al. (2003) flight-level to sfc wind 

Intensity analysis tools 



   Work of Jose Partagas:   
Historical Reconstruction from 1851-1910    



  

 

First 
Hurricane 

Flights 
- July 27th, 

1943 



Track analysis methodology 
(with abundant recon fixes) 

• All center fixes compiled 
• Fixes plotted and 

interpolated to 6-hourly 
positions 

• Ship and station data 
plotted against aircraft 
data 

• Final revised positions are 
a consensus of all data 

• If there is a lack of data, 
significant changes are 
not implemented   



 

Hurricane 
Aircraft 

Reconnaissance 
in late 1940s and 

early 1950s: 
U.S. Navy’s 

PB4Y2 



 

U.S. Navy’s 
PB4Y2: 

•No night flights 
•No central 
pressure for 

major hurricanes 
 
 



Aircraft Reconnaissance Penetration: 1948 Storm 5 



Given 
aircraft fix 
position 

 

Flight track 1948 Storm 3 – August 29th 
Circumnavigation - typical technique for intense hurricanes 

30 N 

70 W 

28 N 

32 N 

72 W 74 W 76 W 



Neumann 1952 

Visually Estimating 
Surface Winds in 

Hurricanes 



 

Navy’s WC-121s 

Air Force’s C-130s 

Navy’s WC-121 

ESSA’s DC-6s 

Aircraft 
Reconnaissance 

Missions into 
Camille 



Camille Radar loop from New Orleans 
• Images were 

scaled and 
overlaid onto map 
with range rings 

• ~100 images were 
processed 

• 17/1630Z (first 
within range) to 
18/0600Z (after 
landfall) every 10 
minutes 

• Outer eyewall had 
become 
predominant by 
time of landfall 



Camille Satellite 
Imagery 

ATS 

ESSA-8,9 

Nimbus-3 



Raw Data 

Metadata 
Arlene made landfall in Bermuda around 1530Z on the 9th as a small, rapidly-moving and  
intensifying hurricane. The Kindley Air Force Base, located in the northeastern part of the  
island, measured maximum sustained winds of 66 kt and with gusts to 85 kt around 16Z.  
A central pressure measured in Bermuda was 975 mb, which suggests maximum surface  
winds of 79 kt from the north of 25N pressure-wind relationship. Based on a forward speed  
of about 31 kt and small RMW, an intensity of 95 kt is selected at the time of landfall.  

Comments by/Replies to Best 
Track Change Committee 

Hurricane Baker, 1950. The reductions in intensity on 21 August appear justified. 
However, they leave a discontinuous jump to a 90 kt intensity at 0000 UTC 22 
August Please re-examine this intensity to see if it should be lowered, explaining 
how the Antigua data was taken into account.  

“Best Track” Data 
42685 08/03*149 508  80  996* 
42685 08/03*149 511  65  996* 

Track Maps 

Reanalysis Products 



Original 



Revised 



1944 missing hurricane found 
New to HURDAT: 

Oct 12, 1944 HWM Key observations: 
Date Time Pressure Wind (kt) Dir Air Temp SST Ob type Lat Lon Source Identifier

11-Oct 15Z 1005 25 NE 75    SHIP 375 415 COA 37016
11-Oct 19Z 1011 40 NNE 74    SHIP 365 405 COA         
11-Oct 23Z     45 N  76 74 SHIP 365 415 COA 61132
11-Oct 23Z 1012 35 NE 74 75 SHIP 365 405 COA 14352
11-Oct 23Z 1011 35 NNE 75 76 SHIP 365 405 COA 61061
12-Oct 10Z 1000 65 S  73 73 SHIP 355 375 COA, HWM 14352
12-Oct 11Z     50 S  74 72 SHIP 355 395 COA 61132
12-Oct 11Z 998 45 SE 72    SHIP 365 395 COA         
12-Oct 11Z 996 10 SE 73 74 SHIP 365 385 COA, HWM 61061
12-Oct 12Z 50 SW 74 SHIP 352 389 HWM
12-Oct 14Z 1010 70 S  74 74 SHIP 355 375 COA 14352
12-Oct 14Z 1006 45 S  75 74 SHIP 355 375 COA 61061
12-Oct 15Z     60 S  73 74 SHIP 355 395 COA 61132
12-Oct 15Z 1008 45 S  73    SHIP 365 385 COA         

On the 12th, there are seven observations of gale 
force winds, two of them being hurricane force 
winds.  Low pressures (down to 998 mb) are 
observed with these high winds, and these 
observations are all in close proximity of the 
cyclones center.  Peak intensity of a 70 kt 
hurricane is analyzed from 12Z on the 12th to 00Z 
on the 13th.  



Tropical storms and hurricanes 

Revised (avg = 12.0) 

Original (avg = 9.9) 



Major hurricanes 

Original (avg = 3.6) 

Revised (avg = 2.6) 



US Cat 1&2 Hurricanes 
(1944-1953) 

US Major Hurricanes 
(1944-1953) 

1944-1953: 

6 up 1 Category 

2 down 1 Category 

 15 unchanged 



Camille U.S. Landfall 
• Landfall – 0400Z 18 August – 30.3N 89.4W,  

Waveland, MS 
• 900 mb central pressure, 10 nm RMW, 15 kt 

forward speed, 1004 mb outer closed isobar, 150 nm 
radius OCI 

• Brown et al. pressure-wind relationship: 
– 148 kt north of 25N, 155 kt north of 25N intensifying 

• 150 kt maximum 1-min, 10 m wind at landfall 
• Run of Kaplan-DeMaria inland wind decay four 

hours after landfall gives 101 kt, very close to 104 kt 
fastest mile wind measured at Columbia, MS 
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a) Primarily minor track alterations were implemented for 
existing TCs 

b) Primarily major intensity changes were incorporated into 
existing TCs, either toward stronger or weaker winds 

c) 18 new TCs were discovered and added into HURDAT 
(none were removed)         

d) 10 major continental U.S. hurricanes were identified (1 
more than previously) –  5 went up a Category,  2 went 
down a Category, and  3 had no change in Category 

e) There still exists significant uncertainty in TC tracks, 
significant undercounts in TC frequency, and significant 
underestimation of TC intensity and duration 



HURDAT Position Error 
Estimates 

Year US Landfalling Open ocean  with 
aircraft 

Open ocean 
without 

aircraft/landfall 
unpopulated coast 

1851-1885 60 nm N/A 120 nm 

1886-1920 60 nm N/A 100 nm 

1944-1953 20 nm 35 nm 80 nm 

1954-1963 15 nm 30 nm 60 nm 

Late 1990s 12 nm 12 nm 25 nm 

Late 2000s 12 nm 12 nm 25 nm 



HURDAT Intensity Error 
Estimates 

Year US Landfalling 

Open ocean  
with aircraft, 

central 
pressures 

Open ocean  
with aircraft, 

no central 
pressures 

Open ocean 
without 

aircraft/landfall 
unpopulated 

coast 

1851-1885 15 kt N/A N/A 25 kt 

1886-1920 12 kt N/A N/A 20 kt 

1944-1953 11 kt 13 kt 15 kt 20 kt 

1954-1963 10 kt 12 kt 15 kt 20 kt 

Late 1990s 10 kt 12 kt N/A 15 kt 

Late 2000s 9 kt 10 kt N/A 12 kt 



HURDAT Intensity Bias 
Estimates 

Year US Landfalling 

Open ocean  
with aircraft, 

central 
pressures 

Open ocean  
with aircraft, 

no central 
pressures 

Open ocean 
without 

aircraft/landfall 
unpopulated 

coast 

1851-1885 0 kt N/A N/A -15 kt 

1886-1920 0 kt N/A N/A -10 kt 

1944-1963 0 kt 0 kt +5 to -10 kt -10 kt 

Late 1990s- 
2000s 0 kt 0 kt N/A 0 kt 



Accomplishments: 
2000 – Added in 241 new TCs for  1851-1885 
2002 – Reanalyzed 1992’s Hurricane Andrew 
2003 – Reanalyzed 1886-1910 – Revised all 194 TCs, 23 new TCs, removed one TC 
2005 – Reanalyzed 1911-1914 – Revised all 15 TCs, 5 new TCs 
2008 – Reanalyzed 1915-1920 – Revised all 34 TCs, 8 new TCs, removed one TC 
2009 – Reanalyzed 1921-1925 – Revised all 27 TCs, 10 new TCs, removed one TC  
2010 – Reanalyzed 1926-1930 – All 29 TCs revised, 4 new TCs 
2012 – Reanalyzed 1931-1935 –  All 58 TCs revised, 15 new TCs, 4 removed TCs 
2012 – Reanalyzed 1936-1940 –  All 46 TCs revised, 7 new TCs, 1 removed TC 
2013 – Reanalyzed 1941-1945 –  All 48 TCs revised, 4 new TCs 
2014 – Reanalyzed 1946-1950 –  All 50 TCs revised, 9 new TCs 
2014 – Reanalyzed 1969’s Hurricane Camille 
2015 – Reanalyzed 1951-1955 –  All 54 TCs revised, 12 new TCs 
 
Overall:  Revised 555 existing tropical cyclones 
                Added 339 new tropical cyclones 
     Removed 9 tropical cyclones 



Atlantic Hurricane Database Re-Analysis Project 

"Florida's Hurricane History" 

http://www.aoml.noaa.gov/hrd/data_sub/re_anal.html 

1) 1851 through 1955 (plus Camille/Andrew) 
changes accepted and officially adopted by NHC 
Best Track Change Committee  

2) 1956-1965 have been preliminarily reanalyzed 

3) Remainder of 20th Century will be reanalyzed 

RE-ANALYSES NEED TO BE CONDUCTED GLOBALLY!!! 
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http://www.aoml.noaa.
gov/hrd/Landsea/gw_
hurricanes/index.html 

Opinion Piece on 
Hurricanes and 
Global Warming 
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