Investigating the factors responsible for secondary eyewall formation in an ensemble

of high-resolution hurricane simulations
UALBANY NCAR

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

Kristen L. Corbosiero and Ryan D. Torn
University at Albany, State University of New York

Introduction and Motivation Ensemble Variability

State University of New York

1 -1 -1 . . | | | | | | | 1 1 | 40 | | | | |
86 Lcm] . ms] Kb k] : : O of the 36 ensemble members exhibited a clear secondary eyewall & 120 - A\ 0 N
I~ Yy w&vl : A variety of numerical . cide the 100 k i q leted » | . 2 SN E :
iy : inside the m radius and completed an eyewall replacemen s . £
I frameworks have been e (ERC) b 4 and 84 h . S ob . g ) 8 5
s0 _ used to support cycle ( ) between an , consistent with observations. g = =
- ‘ (] ©
2 80 - / = o
_ hypotheses of secondary s s6n] | A RAE A [oo]| M| | '
] . : % Ry e N ISR £ A c
74 | h ey ew all fOrm atl on (SEF), Wi V , . - 1 4 \‘., @, e T = ] © 60 - / § E, 20 -
e, 7 7 j TR . PO\ < ¥ i 350 = = r=
= however, it is unclear , R et S B 2 > S .. | — Ensemble mean
c 134 | . . Moo 250 X 40 - 2 g —— Secondary eyewall mean
> 681 B - whether idealized models S oS = g | -~ secondary eyewal +10
E arc appropriate to StUdy g S B 150 (I) o 4|8 s 9I6 1;0 0 24 4|8 72 9|6 12|o 0 24 48 72 9% 120
e~ T TTTTTT Forecast Hour Forecast Hour Forecast Hour
62 . the problem, and LS — 80 - ,
. - M=~ The members exhibiting secondary eyewalls are more intense on
convection permitting IR 5 60 : . . .
studies often examine fust ; - average, especially in the time period after the eyewall replacement
: - 40 : :
%6 one case. preventin aJ_n cycles are complete (78-102 h). The time period of SEF featured
_ bl asses’siﬂ_ent of tfe Y (SO | [ (| £ e = . = Nl 20 below ensemble mean vertical wind shear and significantly higher
iy B s ! - o TN Y PR ¥ T P S5 S 5 : _ - . . . .
S L L Ll L L LRy R RS RS R LSRN LA L) EEA) LA RN . A ROTE | SE5STEOGe .o heating (Kd7) |} 5 upshear 0-850 hPa vertically integrated water within 500 km.
0 20 40 60 80 100 0 20 40 60 80 100 O 20 40 60 80 100 generality of the ———r—
i Radius [k - : ASE LA RV il
Radius [km] adius | m ~Radius [km] conclusions. SRR R Al e et AR At 48 h, the largest water vapor {  MISEF members - ensemble mean
Ca. | ls.lesE.el.zI I lefalT 05 03 01 01 03 05 0 8 12 16 20 85“ prightness Temp ‘K“’ > e 500 . . . . . 15.0 — QVAPOR N 0.4
1 he phvsical Hle f I; _ mixing ratio anomalies in the | —48h-0h ensemble mean
. 350 . VAPOR @ 350-400 k L
To exp lore tl P 3f’ ?ma PTOCESSES resp;)ln.mb e for SEF, g}fy ;31 H}g,ll A comparison between two of % - SEF cases are seen: 1) in the o] eRe i - o
erﬁsemb e Kalman filter (EnKF) approach is combined 1w1t the fu the strongest members reveals j 250 eyewall upshear and right of = o
. . vz .
physics NCAR Ad\gim(f:ed Hurrm?ne WRF (AHW) model to generate a classic SEF/ERC between 66 72 - 150 shear, 2) at middle levels =
(@) 1/ / .
ensemble forecasts of Hurricane Igor (2010). and 78 h, followed by a strong : 80 50-200 km upshear of the 8 |\ )] /s 0.08
Model Setup and Methodology #35; in contrast, #30 exhibited — | $Zai~_ - outside of 200 km. The first N7 ==
. . 04 At R s "~ | 1 AL =~ 7 -0.4
The AHW EnKF data assimilation system generated a 96 member th}el slow, 01111twa£d movement ?f IS T - M 20 hints of Sﬁ dgvelglpment.can bfe \)
analysis ensemble every 6 h for a basin scale 36 km domain, and a the e};; cwall ahl .ex?ail;mn O 5 seen in the double maxima o 0 00 200 300 400
12 km TC-following nested domain. the convective 1ield. S anomalous QVAPOR at 3 km. Radial Distance (km)
60°W 45°W 30°W 15°W 120 -, —
a ' 12 k i ' ' | | I 12.4 Radius (km) . Upshear Downshear Left of shear Right of shear
ﬁ e : 15.0 — - 15.0 U6
44“ 1000 o6 |1 - 11.6 Only subtle differences are - .
on L 108  Seen in storm structure with oo il - e
¢ 5 eq oy » b .
| 2 980 3 7 10 #30 exhibiting a stronger € f on
| : o 2 - z 92 moisture gradient between the g 90 < ’/}"’i 5.0
) E SO 84  Inner core and environment, o y \ -- y 008
s e £ N © | B and #35 featuring a slightly Nl
B Best track N 24 3.5km | 68 more radiall xDansiv _skir Yo ( (cal” 4 W
o | | | | (g kg 6 | | | | | | 2 = === N\ i . Lw \1*\ ¢ =" he
— Ao 0 24 48 792 96 120 0 600.0 — n — - =~ (@ 1)) e——a—— ———> " il — =
. . o o Forecast Hour 48bh -400 -200 0 200 400 -400 -200 0 200 400
e e e . . 120 . o ) . ) .
Analyses from 36 members were used to initialize high-resolution I‘“ ? ﬂelgoegs Along-shear Distance (km) Across-shear Distance (km)
(1.33 km) forecasts from 0000 UTC 11 September out to 120 h. o D —
: 0g D 4000 -
— Best track . 1 TS5 ~ . . .
24, 48, 72, 96 and 120 h positions 2 7214 0 = ~ Assess hypothesized secondary eyewall formation mechanisms,
- g | 9.2 g—; e.g. vortex Rossby waves, B-skirt axisymmetrization, etc.
O 48 . . . . .
S o4 % ~ Examine the mechanisms of moat generation and its role (if any)
18°N - « 7.6 <>(_< ln SEF
R 24
- 68 ° ° ° °
16°N | . ~ Investigate the differences between SEF in the inner core versus
0 outer rainband region
14°N 0 100 200 300 400 0 30 60 9 120 150 180

55°W 50°W 45°W 40°W 35°W 30°W Radius (km) Radial Distance (km) ~ Explore the environmental factors conducive for SEF




