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Overview: 
!  A modeling and data impact study is being conducted in order to find distinguishing factors to 

better discriminate between possible developing and non-developing AEWs into TCs 
 

Objectives: 
!  Study the dynamic-thermodynamic evolution of the environment and structure of a developing 

and a non-developing AEW  
!  Assess the regional and high resolution HWRF model for the study of weak tropical 

disturbances (i.e. AEWs) as well as the TD, TS and hurricane stages (as opposed to its use 
only for mature TCs) 

 

Motivation: 
!  Insufficient understanding about how Tropical Cyclones form 

•  Difficulty in forecasting time and location 
•  Understanding of the physics behind their initiation 

!  Improvement of TC genesis forecast is critical, especially if development represent a potential 
threat for landfall in a short period of time 
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!  Factors limiting the cyclogenesis prediction: 
"  Lack of an accurate description of the 

initial conditions in numerical prediction 
"  Scarce observations of both AEWs as 

the precursors and subsequent TC 
genesis process itself 

!  Factors that may contribute to increased 
model accuracy and reliability: 
•  Better observing network over the 

tropical oceans  
•  Development of new and improved DA 

techniques 
•  Improvement of model resolution and 

physics (e.g., Aberson and DeMaria 
1994) 

  Reasons for 2006 cases selection: 
!  Unique NAMMA dataset which sampled 

major AEWs over the E Atlantic  

!   Data were not assimilated into NOAA/NCEP 
models in real time (opportunity to evaluate impact 
of additional data) 
!   Cyclogenesis of Helene – only existing case 
sampled off the coast of Africa and after genesis 
!   Helene genesis was predicted ~24 hr in 
advance by many global models which may 
provide insight on less predictable cases 
!   AEWs prior and subsequent to the NDAEW 
developed into TCs 
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Methodology: 
!  HWRF CNTRL (NDA) simulations w/wo CU 
(for d01; d02 always off)  
!  HWRF DA simulations using HEDAS w/wo CU 

–  U, V, T & RH dropsonde data 
!  HWRF validation through dropsonde data and 
NHC best track analyses 
 

Experimental Design: 
!  HRD HWRF at 9 : 3 km grid resolution 
(parent : nest) 
!  42 vertical levels 
!  IC/BC from GFS FNL analyses (GEFS for d02 
when DA; HEDAS+HWRF IC when DA) 
!  Semi-Operational physical parameterizations: 

–  Ferrier Microphysics 
–  GFDL Radiation and Land Surface 

Physics 
–  NCEP GFS Surface Layer and PBL 
–  Simplified Arakawa Schubert (SAS) 

Cumulus Parameterization  
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•  I$'!@$/>!'J*."!/>-'-!+.!&!M-*-'&K!+*/-*.+a=&N$*!/'-*(!+*!/>-!7DC"!@J/!*$/!

=$*./&*/!
•  b5D.!$O!:#"!:b3:U!&*(!C2;!+*(+=&/-!/>&/!/>+.!+*=$*./&*=0!+.!(J-!/$!?-'+$(.!$OL!

–  C-&P-*+*M!'-K&/-(!/$!%+*(!.>-&'!&*(!('0!&+'!-*/'&+*Q-*/!/$!Q+(!&*(!J??-'!K-,-K.!!
–  g*/-*.+a=&N$*!&..$=+&/-(!/$!O$'Q&N$*!$O!&!@'$&(-'!%+*(!=$*,-=N,-!./'J=/J'-!

&*(!:b3:U!Q-'M-'!+*!&!Q$+./!-*,+'$*Q-*/!!!
•  B,-*!%+/>!&!('0-'!-*,+'$*Q-*/"!:6!FFA!.>$%-(!/$!>&,-!&!./'J=/J'-!Q$'-!

'-?'-.-*/&N,-!$O!/>-!+*/-*.+a=&N$*!./&M-.!&/!&KK!K-,-K.!Y#5D.!Z!b5D.[!
•  b5D.!$O!C2;!Q&M*+/J(-!&*(!:b3:U!&+(!+*!(-/-'Q+*+*M9=$*a'Q+*M!/>-!./'-*M/>!

$O!&!U5!+*!+/.!-&'K0!(-,-K$?Q-*/!%>-*!.0./-Q.!&'-!-Q@-((-(!+*!.+Q+K&'!Q$+./!
-*,+'$*Q-*/.!&*(!%+/>!&!@'$&(!=$*,-=N,-!%+*(!./'J=/J'-!Y+X-X!/RFA!>'[!
–  4!'-(J=N$*!+*!7DC!%&.!$@.-',-(!+*!&!K-..!Q$+./!-*,+'$*Q-*/!&/!/>-!4BC!&d+.!

Y+X-X!.>&'?!%-&P-*+*M!?-'+$(.!$O!:6!FFG!Z!:6!FFA[!
!!



25)L!2;4BC!Y:1[!Z!#4BC!Y:6[!
B,$KJN$*!&*(!D/'J=/J'-!4*&K0.-.!



2;4BC!g*+/!

#4BC!

_\!;'0-'!-&./-'K0!
%+*(!^$%!
!
BK$*M&/-(!4BC!

D/'$*M!=+'=JK&N$*!
&K'-&(0!O$'Q-(!$l!!
/>-!4O'+=&*!=$&./!
!
7$./K0!+*^J-*=-(!
@0!.$J/>-'K0!^$%!!!

7DCR!H!P/!
7D8SR!1AAF!>S&!
!

7DCR!16!P/!
7D8SR!1AAE!>S&!
!



1<!>!
2;4BC!

#4BC!

7DCR!1E!P/!
7D8SR!1A1A!>S&!
!

7DCR!E!P/!
7D8SR!1AAE!>S&!
!

_\!5$*N*J$J.!!
('0-'!-&./-'K0!!
&+'!^$%!!
!
3?-*!%&,-!
-d/-*(+*M!2!

C-&P-'!4BC!&/!!
/>+.!NQ-!&/!/>+.!
K-,-K"!@J/!./'$*M-'!
./'J=/J'-!/>&*!:1!!

1A!Q!%+*(.!Y7DC[!
*$/!-*$JM>!/$!
(-/-'Q+*-!
+*/-*.+a=&N$*!$O!&!!
/'$?+=&K!(+./J'@&*=-!!!!



<G!>!
2;4BC!

#4BC!?@%23'\!U;!
7DCR!1F!P/!
7D8SR!1AAj!>S&!
!
79(6"
U;!
7DCR!6A!P/!
7D8SR!1AAj!>S&!
!

7DCR!H!P/!
7D8SR!1A1A!>S&!
!

_\!5$*N*J$J.!!
('0-'!-&./-'K0!!
^$%!
!
C-&P-'!$?-*!!
%&,-!-d/-*(+*M!!
2!

U;!+*/-*.+a=&N$*!
<G!>'!&c-'!2#5!
!
!



f!DB:8]!.>-&'!K+Q+N*M!M'$%/>!
Y>+*(-'+*M!:b3:U!Q-'M-'[h!('0-'!-*,X!!!!

f!C-&P-'!%+*(!=$*,-=N,-!./'J=/J'-!.J??$'N*M!f!
/>-!4BC!&d+.!:#9:b3:U!=$KJQ*!

7DC!,.!C2;!!
b5D!/$!(-/X!+*/X!

D>-&'!



7+..+*M!g*M'-(+-*/.!O$'!50=K$M-*-.+.!/$!@-!>&??-*+*ML!1<!>!

2$!.-=$*(!=K$.-(!
7D8S!+.$@&'!

2$!%-KK\(-a*-(!
K$%!K-,-K!=+'=JK&N$*!

C-KK\(-a*-(!
K$%!K-,-K!
=+'=JK&N$*!

2$!.-=$*(!=K$.-(!
7D8S!+.$@&'!



7+..+*M!g*M'-(+-*/.!O$'!50=K$M-*-.+.L!1<!>!
!

•  2$!&*N=0=K$*+=!Q-&*!>$'+V$*/&K!.>-&'!&K+M*-(!/$!/>-!4BC!&d+.!Y:1[!
•  2$!%-KK\(-a*-(!&*N=0=K$*+=!.>-&'9Z!=-*/-'!Y:6[!



P$(836M1'

f!e'$&(!%+*(!=$*,-=N,-!./'J=/J'-! f!C-&P!:b3:U!@-K$%!jAA\TAA!>S&! f!C-&P!C2;!_!<A\6T!P/!



7+..+*M!g*M'-(+-*/.!O$'!50=K$M-*-.+.!/$!@-!>&??-*+*ML!<G!>!

2$!%-KK\(-a*-(!!
=K$.-(!7D8S!
+.$@&'!

2$!%-KK\(-a*-(!
K$%!K-,-K!=+'=JK&N$*!

C-KK\(-a*-(!
K$%!K-,-K!=+'=JK&N$*!

2$!.-=$*(!=K$.-(!
7D8S!+.$@&'!



7+..+*M!g*M'-(+-*/.!O$'!50=K$M-*-.+.L!<G!>!

•  2$!%-KK\(-a*-(!&*N=0=K$*+=L!
–  !Q-&*!.>-&'9Z!=-*/-'!&K+M*-(!/$!/>-!4BC!&d+.!Y:1[!
–  =-*/-'!+*!/>-!Q-&*!>$'+V$*/&K!.>-&'!Y:6[!



_\!;'0-'!-*,+'$*Q-*/!$l!/>-!4O'+=&*!=$&./L!
jA\QRq!:#!!

_\!7$'-!>JQ+(!-*,+'$*Q-*/!+*!/>-!B!4/K&*N=L!
jA\SRq!:#!

• !e$/>!*--(-(!O'$Q!&!=$*N*J$J.9!?'$K$*M-(!
Q$+./!-*,+'$*Q-*/!!
/$!(-,-K$?9+*/-*.+O0!

• !5K$.-*-..!&*(!Q&..+,-!-*/'&+*Q-*/!$O!('0!
&+'!Q&..-.!K+P-K0!&=/-(!/$!(+.'J?/!/>-!
(+./J'@&*=-!=$*,-=N,-!%+*(!^$%!@0!
-*>&*=+*M!/>-!%+*(!.>-&'"!%>+=>!(-K&0-(!
/>-!(-,-K$?Q-*/!$O!:1!FFA!2;4BC!/$!11H!
>'!$O!/>-!.+QJK&N$*!

• !U>+.!.>$%!+Q?$'/&*=-!+*!&*&K0V+*M!b5D!$O!
:#"!:b3:U!&*(!C2;"!%>+=>!+.!&*!&+(!O$'!
(-/-'Q+*+*M!>$%!/>-!$,-'&KK!(0*&Q+=!
-*,+'$*Q-*/!+.!&l-=N*M!/>-!+*/-*.+a=&N$*!
$O!/>-!4BC!
• !U>-!%+*(!^$%!+*!%>+=>!/>-!4BC!+.!
-Q@-((-(!.--Q!/$!@-!'-K-,&*/!&.!%-KK!YrID!
(+&M*$.N=!./J(0[L!#4BC!(-,-K$?-(!%+/>+*!&!
.$J/>-'K0!&*(!Q$+./!%+*(!^$%!O'$Q!rJKO!$O!
rJ+*-&h!2;4BC!%+/>+*!&!('0-'!B:8]!^$%!
!!

#4BC!Q&+*/&+*.!&!@-i-'!=$*./&*=0!$O!/>-!!
&K'-&(0!%-KK\@J+K/!./'J=/J'-!O$'Q-(!$,-'!4O'+=&!

;'0-'!\`!

FAq!:#!f!

EAq!:#!



5$*=KJ(+*M!:-Q&'P.!$*!50=K$M-*-.+.!

!  I$'!=0=K$M-*-.+.!/$!$==J'!&KK!/>-.-!QJ./!-d+./!&*(!@-!,-'N=&KK0!&K+M*-(L!
A(B6"
•  e'$&(!%+*(!=$*,-=N,-!./'J=/J'-!'-&=>+*M!&/!K-&./!TAA!>S&!
•  FA\1AA!q!:#!=$KJQ*!$O!&+'!&/!/>-!4BC!&d+.!
•  :b3:U!=$KJQ*!Y7&d!R`!HT!.\1[!&K+M*-(!%+/>!/>-!:#!=$KJQ*!O'$Q!.J'O&=-!J?!/$!

jAA!\`!TAA!>S&!
•  50=K$*+=!%+*(!=$KJQ*!%+/>!Q&M*+/J(-!'&*M+*M!O'$Q!<A\`6T!P/!.J??$'N*M!/>-!

4BC!,-'N=&K!./'J=/J'-!
9(B6"
•  C-KK\(-a*-(!.J'O&=-!=0=K$*+=!%+*(!./'J=/J'-!Y1AAA!>S&[!
•  D-=$*(!=K$.-(!7D8S!+.$@&'!Y7+*!_R!1A1A!>S&[!
•  7&d+QJQ!.J./&+*-(!Y1A!Q[!%+*(.!'&*M+*M!O'$Q!<A\66!P/!
•  4*N=0=K$*+=!=-*/-'!&*(!%+*(!^$%!+*!/>-!Q-&*!>$'+V$*/&K!.>-&'!-*,+'$*Q-*/!

%+/>!,&KJ-.!'&*M+*M!O'$Q!1A!\`!6A!P/!
!  4!=$*./&*=0!+*!P--?+*M!/>-.-!=$*(+N$*.!Y+X-X!7DC!Z!7D8S!M'&?>.!+*/-*.+/0!

/'-*([!&K$*M!%+/>!$/>-'!O&,$'&@K-!-*,+'$*Q-*/&K!O&=/$'.!Y+X-X!DDU[!Q+M>/!
.JMM-./!/>&/!OJ'/>-'!+*/-*.+a=&N$*!+.!K+P-K0!

!



g*+N&K!5$*(+N$*.!



#C:I!&*(!;'$?.$*(-!.$J*(+*M.L!
25)!2;4BC!:1!g*+/X!U+Q-!



#C:I!&*(!;'$?.$*(-!.$J*(+*M.L!
!25)!#4BC!:6!g*+/X!NQ-!

D&/J'&/-(!B*,X!!



5$*=KJ(+*M!:-Q&'P.!$*!g*+N&K!5$*(+N$*.!

7CD:E6"4F"7()6"
•  ;'$?.$*(-!.$J*(+*M!.>$%.!('0-'!+*+N&K!=$*(+N$*.!@-K$%!ETA!>S&!&*(!

&@$,-!HTA!>S&!
•  #$%-,-'"!+/!.>$%.!&!Q$'-!Q$+./!-*,+'$*Q-*/!@-/%--*!ETA\`HTA!>S&!

%>-*!=$Q?&'-(!/$!/>-!Q$(-K!
9D:E6"4G"7()6"
•  ;'$?.$*(-!.$J*(+*M!.>$%.!&*!$,-'&KK!Q$'-!Q$+./!-*,+'$*Q-*/!/>&*!/>-!

Q$(-K!!
•  S&'N=JK&'K0!&/!/>+.!NQ-"!&!.&/J'&/-(!-*,+'$*Q-*/!+.!.>$%*!@0!/>-!

('$?.$*(-!O'$Q!.J'O&=-!\`!k!TAA!>S&!!
!

!  g/!+.!-d?-=/-("!/>&/!/>-!&..+Q+K&N$*!$O!/>-!&((+N$*&K!24774!('$?.$*(-!
(&/&!>&,-!&!?$.+N,-!+Q?&=/L!
"  #+*(-'+*M!/>-!+*/-*.+a=&N$*!$O!/>-!2;4BC!Y+X-X!K&/-'!+*!/>-!Q$(-K!'J*[!
"  gQ?'$,+*M!/>-!/'&=P!&*(!+*/-*.+/0!?'-(+=N$*.!$O!/>-!#4BC!&*(!

+*/-*.+a=&N$*!./&M-.!



4=P*$%K-(M-Q-*/.!



Questions? 


