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Katrina Katrina ––
U.S.U.S.’’ Largest LosLargest Loss of Life in a Hurricane since 1928s of Life in a Hurricane since 1928:  1,300 lives:  1,300 lives

U.S.U.S.’’ Costliest OneCostliest One--Day Natural Disaster:  $75 BILLIONDay Natural Disaster:  $75 BILLION



Katrina Track ForecastsKatrina Track Forecasts
1200 UTC 24 August1200 UTC 24 August



Katrina Track ForecastsKatrina Track Forecasts
0000 UTC 27 August0000 UTC 27 August



Track Errors cut in half in 15 years



2005 Track Guidance (1st Tier)Best overall: GUNA



No Progress with Wind Intensity?



Intensity Guidance (Pre-Landfall)



The Forecasters (us):

The Researchers (them):

How to How to 
bridge bridge 

the the 
“valley of “valley of 
death”?death”?





Fundamental questions (process/sensitivity studies):Fundamental questions (process/sensitivity studies):

Relative role of vortex (internal dynamics/Relative role of vortex (internal dynamics/eyewalleyewall
replacement) vs. environment in influencing intensity.    replacement) vs. environment in influencing intensity.    

Role of ocean.  Role of Oceanic heat content.     Role of ocean.  Role of Oceanic heat content.     

Processes within atmosphereProcesses within atmosphere--ocean boundary layer on  ocean boundary layer on  
intensity/structure changes.    intensity/structure changes.    

Determinants of structure and relationship with Determinants of structure and relationship with 
preexisting wave disturbance.  Relationship between preexisting wave disturbance.  Relationship between 
structure and intensity.    structure and intensity.    

Relative role of physics, e.g. AirRelative role of physics, e.g. Air--sea, microphysics, sea, microphysics, 
convection etc. on intensity change in various  convection etc. on intensity change in various  
environments (sheared vs. nonenvironments (sheared vs. non--shear)shear)



NOAA’s Gulfstream-IV Jet 
and Orion P-3 Turboprop

Hurricane Intensity
Forecast Experiment
- Led by NOAA



New wind prediction scheme

Satellite intensity and size 
estimates

GFDL Hurricane Model upgrades

Probability of
rapid intensification

Improved Rainfall
Forecasts

Joint Hurricane TestbedJoint Hurricane Testbed ––
New Techniques and ModelsNew Techniques and Models







HurricaneHurricane--WaveWave--OceanOcean--SurgeSurge--Inundation Coupled Inundation Coupled 
ModelsModels
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low clouds above
sea surface 

eyewall

Within the Eye of Hurricane Katrina



Transition from Research to Operations
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Service Centers User
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NCEP’s Role in the Model Transition Process
EMC and NCO have critical roles in the transition from NOAA R&D to operations



Examples of basic & applied 
science issues, for modeling and 
data assimilation, to accelerate 
progress on the hurricane intensity 
and structure forecast problem…….



Some Model Related IssuesSome Model Related Issues
Data AssimilaData Assimilationtion

Assimilation of satellite radiances   

Vortex InitializationVortex Initialization

definition of hurricane definition of hurricane ““corecore”” circulation  circulation  

wwhhere to take ere to take obsobs?  difficult for mature storms?  difficult for mature storms; more elusive     ; more elusive        
weaker circulations.   (weaker circulations.   (obsobs taken during RAItaken during RAINNEX?) EX?) 

PhysicsPhysics
role of radiation?   role of radiation?   complexitycomplexity of microphysics and interaction  of microphysics and interaction of of 
microphysics with radiation microphysics with radiation 
atmosphere/oceanic boundary layer for coupled airatmosphere/oceanic boundary layer for coupled air--seasea--wave  wave  
problem.  Momentum (wave inducedproblem.  Momentum (wave induced drag)  and enthalpy fluxes  drag)  and enthalpy fluxes 
(sea spray complexity?)(sea spray complexity?)

  



ResolutResolutiion on --

relative importance of horizontarelative importance of horizontal vs. vertical resolution for l vs. vertical resolution for 
modeling intensity/structure (important consideration for ops)modeling intensity/structure (important consideration for ops)

Coupled Ocean Coupled Ocean --

advancements to supadvancements to suppport  ort  

initialization  initialization  

vertical mixing   vertical mixing       

ObsObs to support effort data assimilation for improved ocean state to support effort data assimilation for improved ocean state 
(discussed at 2003 Air(discussed at 2003 Air--Sea workshop at EMC)  Sea workshop at EMC)  

Land Surface CouplingLand Surface Coupling --

Complexity of coupling w/HWRF?    Complexity of coupling w/HWRF?      

Sensitivity of LSM for track, struSensitivity of LSM for track, structure/intensity, rainfall?   cture/intensity, rainfall?   

FutureFuture coupling with hydrology/inundation models coupling with hydrology/inundation models. . 



Validation/VerificValidation/Verificaation/Diagnostics tion/Diagnostics ––

initialiinitialization  zation  

requirement for development of  verification techniques requirement for development of  verification techniques 

all stages of storm evolution; varying all stages of storm evolution; varying atmosatmos/ocean environment  /ocean environment  

required required obsobs toto support model  support model diadiagnoisticsgnoistics and verification, and verification, 

e.g   IFEX effort led by HRe.g   IFEX effort led by HRD  D  

particularly  deficient inparticularly  deficient in ocean obs.  ocean obs. 

temporal and spatial scales?       temporal and spatial scales?       



Development of Advanced Probabilistic GuidanceDevelopment of Advanced Probabilistic Guidance

HWRF EnsemblesHWRF Ensembles

Configuration Configuration 

initial conditions, resolution, membersinitial conditions, resolution, members

Will use of multi model ensembles (MME) be Will use of multi model ensembles (MME) be 
tractable for this problem several years from now as tractable for this problem several years from now as 
is the use now of MME for track ?is the use now of MME for track ?

Value of very hiValue of very hi--resolution deterministic forecasts resolution deterministic forecasts 
vs. ensembles?  vs. ensembles?  



Caribbean Hurricanes –
Atlantic Multidecadal Mode



Global Warming –
Past Temperature 

Changes



Global Warming and Hurricane Winds:
Theory and Modeling Work Suggest 5% increase by late 21st Century

Knutson & Tuleya (2004)



Global Warming and Hurricane Winds:
Theory and Modeling Work Suggest ~1% Increase Today



Global Warming and Hurricane Winds:
Theory and Modeling Work Suggest ~1% Increase Today

1-2 mph of Katrina’s 170 mph



“Can one detect an actual increase in global 
tropical cyclone Intensity? … Since 1950 … one 
would expect to have observed an average 
increase in intensity of around 0.5 m/s or 1 knot.  
Because tropical cyclone maximum wind 
speeds are only reported at 5-knot intervals and 
are not believed to be accurate to better than 5 
to 10 knots, and given the large interannual
variability of tropical cyclone activity, such an 
increase would not be detectable.  Thus any 
increase in hurricane intensity that may have 
already occurred as a result  of global warming 
is inconsequential compared to natural 
variability.”
--- Kerry Emanuel, 2004



“An important issue is whether and when any CO2-
induced increase of tropical cyclone intensity is likely to 
be detectable in the observations. The magnitude of the 
simulated increase in our experiments is about +6% for 
maximum tropical cyclone surface winds … The SST 
changes observed for the past 50 yr in the Tropics imply 
that the likely SST-inferred intensity change for the past 
half century is small, relative to both the limited 
accuracy of historical records of storm intensity and to 
the apparently large magnitude of interannual variability 
of storm intensities in some basins. This further implies 
that CO2-induced tropical cyclone intensity changes are 
unlikely to be detectable in historical observations and 
will probably not be detectable for decades to come.”
--- Knutson and Tuleya (2004)



Emanuel (2005)

Emanuel’s study:
Doubling in Atlantic Hurricane Wind Index – “Unprecedented”

PDI = Power 
Dissipation 

Index (winds 
cubed & 

summed for 
season)









Emanuel (2005)

Original PDI 
from Emanuel 

(2005)

Revised PDI 
from Landsea 

(2005)



“P. Webster (EAS, GT), Greg 
Holland (NCAR), Judy Curry 
(EAS, GT) and Hai-Ru Chang 
(EAS, GT) reports in Science that 
the number of Category 4 and 5 
hurricanes has nearly doubled 
over the past 35 years.” (Authors’
Webpage)



A 5% overall intensity 
increase would lead to a 
25% increase in # of 
Category 4&5 hurricanes 
late in the 21st Century.







The Dvorak Technique (1972)



Infrared Version of Dvorak (1984)



Coverage Today of Meteorological/Oceanographic SatellitesCoverage Today of Meteorological/Oceanographic Satellites









ocean basins.  (Webster et al. 2005)

Basin 1975-1989 1990-2004
Number Percentage Number Percentage 

GRAB TABLE FROM WEBSTER
East Pacific Ocean 36 25 49 35 

West Pacific Ocean 85 25 116 41 

North Atlantic 16 20 25 25
Southwestern Pacific 10 12 22 28 

North Indian 1 8 7 25 

South Indian 23 18 50 34

Table 1. Change in the number and percentage of 
hurricanes in categories 4 and 5 for the 15-year 
periods 1975–1989 and 1990–2004 for the different 



Previously unrecognized 
Category 4 and 5 TCs in the 
North Indian Ocean – 1978-1989



2005:
1 –
Wilma



Tropical
Atlantic/

Caribbean
Ocean

Temperatures 
1870 to 2005



Atlantic Multidecadal Mode
Local Correlation of SST versus REOF

Mestas-Nunez and Enfield (1999)



1870-2005



U.S. MAJOR LANDFALLING HURRICANES: 
1903-2000

Major
East Coast
Hurricanes

Active Decades
Inactive Decades



Storm Surge
Deep SlopeShallow Slope



Inland Flooding
- Rainfall from
hurricanes



Hurricane FrancesHurricane Frances’’ TornadoesTornadoes
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KatrinaKatrina’’s Storm Surge in Mississippis Storm Surge in Mississippi



It is possible today to destroy/weaken 
hurricane before they strike.



Errors cut in half in 15 years





Concentric 
Eyewall
Cycle

Black & 
Willoughby 
(1992)



Ideas for Hurricane Modification:

7.  Tow Icebergs down from the Arctic
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Ideas for Hurricane Modification:

7.  Tow Icebergs down from the Arctic
6.  Bring up Cool Water to the Ocean’s Surface 

from Below
5.  Coat with Ocean with Oil to Prevent 

Evaporation 
4.  Seed them with Carbon Black
3.  Seed them with Water Absorbing Substances
2.  Blow Hurricanes back to Sea with Giant Fans 
1.  Hit them with a Nuclear Bomb



Mitigate instead of Modify



New 
Results 
from 

Hoyos
et al.



How does the 
wind shear 
change in 

doubled CO2?

(Knutson & 
Tuleya 2004)



Atlantic Hurricane Database Re-Analysis Project
http://www.aoml.noaa.gov/hrd/data_sub/re_anal.html

"Florida's Hurricane History"

1851 through 1914 changes accepted and officially 
adopted by NHC.  1915 through 1930 have been 
submitted to NHC.  Remainder of 20th Century 
currently being reanalyzed.

RE-ANALYSES NEED TO BE CONDUCTED 
GLOBALLY!!!



Effects of Anthropogenic Global Warming
On Tropical Cyclones Around 2100

Frequency?    +/-10%
Maximum intensity?  +5%
Average intensity?  +5%

Rainfall?  +5%
Area of formation/occurrence?  No change

Size?  ???



JHT WebsiteJHT Website
www.nhc.noaa.gov/jht/index.shtml



2004



Katrina Storm SurgeKatrina Storm Surge
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