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OWZP	  (Okubo-‐Weiss-‐Zeta-‐
Parameter)	  is	  a	  new	  detection	  

method	  
•  Developed	  by	  Kevin	  Tory	  and	  coauthors:	  
•  Series	  of	  papers	  in	  Atmospheric	  Chemistry	  and	  Physics	  (Tory	  

et	  al,	  2013a)	  and	  in	  Journal	  of	  Climate	  (Tory	  et	  al,	  2013b,	  c,	  d)	  
•  The	  name	  comes	  from	  the	  Okubo-‐Weiss	  parameter	  from	  

studies	  of	  2-‐dimensional	  flows	  and	  2-‐dimensional	  
turbulence.	  	  The	  OW	  parameter	  measures	  the	  existence	  of	  a	  
separate	  vortex,	  or	  rotaBonally	  dominated	  flow	  regions.	  

•  Zeta	  incorporates	  the	  absolute	  vorDcity.	  
•  Key	  hypothesis	  is	  that	  all	  tropical	  cyclone	  precursors	  contain	  

enhanced	  values	  of	  OWZ	  on	  a	  scale	  resolved	  by	  climate	  
models	  (500	  to	  1000	  kM)	  



Rationale	  for	  the	  new	  detection	  
method	  

•  Other	  methods	  :Seasonal	  Genesis	  parameter	  (downscaling)	  
method	  does	  not	  reproduce	  interannual	  variability	  in	  current	  
climate	  

•  Other	  methods:	  Normal	  direct	  detecBons	  problemaDc	  as	  climate	  
models	  do	  not	  resolve	  tropical	  cyclones	  which	  have	  small	  spaDal	  
scale	  structure:	  radius	  of	  maximum	  wind,	  eye-‐wall	  etc.	  50	  km	  
scale	  or	  less.	  

•  New	  method	  (OWZP)	  detects	  environment	  in	  which	  tropical	  
cyclone	  develops	  
–  well	  documented	  as	  being	  large	  scale	  in	  nature	  (back	  to	  
McBride-‐Zehr	  1981,	  and	  many	  papers	  since).	  

–  Depends	  on	  transients	  (monsoon	  surges,	  easterly	  waves	  etc),	  so	  
requires	  daily	  Xields	  from	  the	  climate	  models	  

–  Reproduces	  interannual	  variability	  in	  ERA	  Interim	  re-‐analyses.	  



Detections	  for	  
individual	  year	  
cyclones	  in	  ERA-‐
Interim	  analyses	  

South	  Pacific	   South	  Indian	  

North	  West	  Pacific	  

North	  AtlanBc	  North	  East	  Pacific	  

North	  Indian	  



CMIP-‐5	  Study	  

•  Applied	  OWZP	  algorithm	  to	  13	  CMIP-‐5	  
models	  

•  Historic	  run	  (forced	  by	  observed	  greenhouse	  
gases	  and	  volcano	  acDvity)	  1970-‐2000	  to	  see	  
ability	  to	  reproduce	  current	  Tropical	  
cyclone	  climatology	  

•  Future	  climate	  (high	  emissions	  scenario)	  
rcp8.5	  to	  determine	  model	  projecBons	  
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Tokyo),	  National	  Institute	  for	  Environmental	  Studies,	  and	  Japan	  
Agency	  for	  Marine-‐Earth	  Science	  and	  Technology 

256x128 



Historic	  run	  (1970	  –	  2000)	  
Data	  (Best	  Tracks)	  



Of	  the	  13	  models,	  8	  reproduce	  current	  
climatology	  to	  within	  +/-‐	  	  50%	  

Data	  (Best	  Tracks)	  



Of	  the	  13	  models,	  8	  reproduce	  current	  
climatology	  to	  within	  +/-‐	  	  50%	  

Data	  (Best	  Tracks)	  

High	  resolution	  
model	  CNMR-‐CM5	  



Of	  the	  13	  models,	  8	  reproduce	  current	  
climatology	  to	  within	  +/-‐	  	  50%	  

Data	  (Best	  Tracks)	  

Low	  resolution	  
model	  BCC-‐CSM1	  



Of	  the	  13	  models,	  5	  do	  not	  reproduce	  
current	  climatology	  

Data	  (Best	  Tracks)	  

Model	  FGOALS-‐g2	  
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CMIP-‐5	  Projections	  rcp8.5	  	  
2070-‐2100	  

Current	  climate	  
Historic	  run	  

Future	  climate	  
High	  emission	  pathway	  



CMIP-‐5	  Projections	  rcp8.5	  	  
2070-‐2100	  
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CMIP-‐5	  Projections	  rcp8.5	  	  
2070-‐2100	  
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All	  8	  models	  show	  a	  reducBon	  for	  the	  globe:	  -‐3%	  (GFDL-‐ES2M)	  to	  -‐15%	  (GFDL-‐CM3)	  
Seven	  models	  show	  reducBon	  for	  Southern	  Hemisphere	  
Northern	  Hemisphere	  ranges	  from	  -‐25%	  (decrease)	  GFDL-‐CM3	  to	  +4%	  (increase)	  %	  (GFDL-‐
ES2M)	  	  
Wide	  inter-‐model	  response	  in	  individual	  basins,	  parDcularly	  Northern	  Hemisphere	  basins	  
	  



Context	  of	  the	  study	  
•  CMIP-‐3	  and	  earlier	  generaDon	  results	  
summarised	  by	  WMO	  Expert	  team	  on	  TC	  and	  
Climate	  change:	  (Knutson	  et	  al,	  2010)	  



Context	  of	  the	  study	  
•  CMIP-‐3	  and	  earlier	  generaDon	  results	  
summarised	  by	  WMO	  Expert	  team	  on	  TC	  and	  
Climate	  change:	  (Knutson	  et	  al,	  2010)	  Existing	  modelling	  studies	  

consistently	  project	  decreases	  in	  
the	  	  globally	  averaged	  frequency	  
of	  tropical	  cyclones	  by	  6-‐34%.	  

For	  all	  cyclone	  parameters,	  
projected	  changes	  for	  individual	  
basins	  show	  large	  variations	  
between	  different	  modelling	  
studies.	  	  



Context	  of	  the	  study	  
•  Purpose	  of	  our	  CMIP-‐5	  study:	  To	  determine	  
the	  robustness	  of	  the	  results	  from	  CMIP-‐3	  
and	  earlier	  generaDons:	  	  	  
– Reduced	  global	  average	  frequency	  of	  tropical	  
cyclones,	  	  

– but	  large	  inter-‐model	  variations	  between	  
frequency	  projections	  for	  individual	  basins	  

•  Results:	  	  verify	  this….	  The	  global	  frequency	  
reducBon	  is	  a	  robust	  result,	  in	  that	  it	  is	  also	  
true	  for	  CMIP-‐5	  projecBons.	  



HOWEVER	  



HOWEVER	  

•  To	  date,	  three	  papers	  published	  on	  global	  tropical	  cyclone	  
projecDons	  from	  CMIP-‐5	  
–  Our	  paper,	  Tory	  et	  al,	  J	  Climate	  2013	  in	  press.	  CMIP-‐5	  results	  
same	  as	  CMIP-‐3..	  Reduction	  in	  global	  frequency	  consistent	  
across	  CMIP-‐5	  models	  	  

–  Emanuel,	  PNAS	  2013,	  downscale	  model	  (runs	  idealised	  
dynamical	  TC	  model	  ofXline	  from	  CMIP-‐5	  model	  Xields	  –	  reports	  
global	  increase	  in	  TC	  frequency	  (opposite	  to	  his	  CMIP-‐3	  
results)	  

–  Camargo,	  J	  Climate	  2013,	  in	  Press.	  Direct	  detection	  technique,	  14	  
CMIP-‐5	  models.	  	  Found	  all	  models	  badly	  underestimate	  cyclone	  
frequency	  in	  current	  climate.	  Found	  “no	  robust	  signal	  across	  
CMIP-‐5	  models	  in	  global	  and	  regional	  changes	  in	  TC	  activity	  
for	  future	  scenarios”	  



Summary	  
•  New	  detecDon	  technique:	  OWZP	  detects	  
large	  scale	  structure	  leading	  to	  tropical	  
cyclogenesis	  –	  reproduces	  current	  
climatology	  and	  inter-‐annual	  variability	  in	  
ERA-‐interim	  re-‐analyses	  

•  Reproduces	  current	  climate	  in	  CMIP-‐5	  
historic	  run	  for	  8	  of	  13	  CMIP-‐5	  climate	  
models	  

•  Inverse	  result	  –	  5	  of	  13	  CMIP	  models	  (mainly	  
low	  resoluDon)	  do	  not	  reproduce	  
environment	  supporDng	  TC	  development	  



Summary-‐II	  

•  Our	  method	  gives	  reducDon	  in	  global	  frequency,	  robust	  
across	  CMIP-‐5	  models,	  consistent	  with	  CMIP-‐3	  results	  
(Expert	  Team,	  Knutson	  et	  al)	  

•  The	  two	  other	  global	  peer-‐reviewed	  CMIP-‐5	  papers	  give	  
different	  results	  (global	  increase,	  and	  no	  robust	  signal)	  

•  So,	  despite	  the	  consistent,	  robust	  signal	  from	  CMIP-‐3	  we	  
have	  taken	  a	  temporary	  step	  backwards	  in	  CMIP-‐5	  

•  These	  things	  are	  being	  invesDgated.	  
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