How Much Do Tropical Cyclones Grow in Size During Extratropical Transition?
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1. Introduction 3. Results: TC Track and Location of Extratropical Transition 6. Results: Case-to-Case Variability in Changes to rg During Extratropical Transition
Motivation Overview Overview Synopsis
« Approximately half of North Atlantic (NA; Hart and Evans 2001) and Analysis of track and location of extratropical transition start and end for TCs in present study. Examine case-to-case variability 1. 40% of NA TCs grow in size by 25% or more during extratropical transition, with several TCs doubling or tripling in size (Fig. 3a);
western North Pacific (WNP; Kitabatake 2011) tropical cyclones (TCs) in both maximum r; and rate of
undergo extratropical transition; SynOpSiS change in rg during extratropical 2. 15% of WNP TCs grow in size by 25% or more during extratropical transition, with majority of TCs decreasing in size during extratropical transition (Fig. 3b);
| | o transition through comparison
+ Prior work has sougge§ted that NA outer region TC size increases by, | = o | | | | with pre-extratropical transition 3 ggo, of NA TCs grow more quickly in size during extratropical transition compared to before extratropical transition (Fig. 4a), while 60% of WNP TCs grow in
on average, ~20% during extratropical transition (Hart et al. 2006); 1. Extratropical transition TCs in this study have variety of tracks in both basins (Fig. 1); values. size more quickly prior to extratropical transition (Fig. 4b):
* Greater understanding of outer region TC size during extratropical 2. Latitude of start and end of extratropical transition for WNP TCs (Fig. 1b) are generally equatorward of NA
. . . . L L _ -
transition is important in assessing TC structure changes and their TCs (Fig. 1a). 4. 60% of NA TCs during extratropical transition exhibit rate of change in size between 5-30 km (6 h)' (Fig. 4a).
hazards and risks. : : : :
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TC wind field is obtained from 6-h 0.5° NCEP CFSR (Saha et al. 2010). study. The median latitude of extratropical transition start and end are denoted by the red and blue lines, respectively. rs Prior to ET Start (km) r¢ Prior to ET Start (km) Mean 6-h Change in rs Prior to ET [km (6 h)~] Mean 6-h Change in rg Prior to ET [km (6 h) ]
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4. Results: Evolution of ry Before and During Extratropical Transition 0 050duys  © 1590dme o 0510days  © 1520 days
. Extratropical transition in NCEP CFSR defined using cyclone phase Fig. 3: Joint histograms (shaded hexagons) of rg prior to extratropical transition start (km) versus maximum Fig. 4: Joint histograms (shaded hexagons) of rate of change in rg 1-2 days prior to extratropical
space (Hart 2003): OverVi ew Syn OpSi S rg during extra’FropicaI_ transition _(km) for (a) .NA and (b) WNP TCs. | _The dots indicate indivigjual cas_es transition (km_) verSl_Js ra.te of change in rg during extr_atropica_l transition (!<m) for (a) NA_ and (b) WNP T_Cs.
shaded according to time of maximum rg relative to extratropical transition start (days). The solid blue line The dots indicate individual cases shaded according to time of maximum rg relative to extratropical

indicates the line of no change in rg, whereas the dashed lines indicate +25% change in rg. transition start (days). The solid blue lines demarcate no change in rg for each respective variable.

1. Warm Core Prior to Extratropical Transition Start: Lower-

tropospheric warm core (—V£t>0) for 48 hours prior to Examination of changes in rg distributions before and during 1. 69% of NA TCs grow in
extratropical transition or from TC genesis to extratropical extratropical transition in NA and WNP. size during 1—2 davs - . . .
transition (whichever is shortest): . J N 6. Results: Comparison of rg for Poleward-Moving ET and Non-ET TCs 7. Summary and Discussion
’ North Atlantic prior to extratropical
) -, N e N e s A transition (Fig. 2a);
2. Extratropical Transition Start: Lower-tropospheric thermal ! = = = = T F - - - - - - - - 1 _,', °, o (Fig. 2a) North Atlantic
structure of TC becomes asymmetric (B >1?) and lower- I====="1 T F==-=-=mmmmm 1 e e Overview P }----- | » Majority of NA TCs increase in size before and during
tropospheric TC structure remains warm core (—V7> 0); 0.004.! . . . . . . | - I~ }------ | ee . . _ _
- 2) ' ' ' ' T T 1 | o extratropical transition (Figs. 2a, 3a);
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3. Extratropical Transition End: Lower-tropospheric thermal = Day 1 Prior to ET (N=39 TCs) 2. 82% of NA TCs more il g 0.004; i : . . . .
structure of TC remains asymmetric ( B >10) and lower- 0.003 — Day ol BTON=39TC9 | strongly expand in size °°|m'°a“; s distributions fl‘l” a) — ETLSBNNITOY * Most NATCs grow in size more quickly during extratropical
tropospheric TC structure becomes cold core (—Vi< 0). ey during extratropical poleward-moving extratropically 0.003 L ET Lat>25N (N=27TCs) |- transition than before ET (Fig. 4a);
é) 0.002 transition Compared to transrtlonlng TCS and non- S Non-ET Lat>25N (N=43 TCs)
s . e 2 . . ]
Outer Region TC Size Definition o 1—2 days prior to extratropically transitioning TCs E 0.002] « Majority of NA TCs grow in size between 5—30 km (6 h)*
(Fig. 2a); extratropical transition process 0,001
* Outer region TC size metric: Radius of 8 m s*! azimuthal-mean 10- 0.000 . . . . . versus changes in TC latitude. | * Most WNP TCs decrease in size during extratropical
m azimuthal wind (rg); 0 200 400 600 300 1000 1200 0,000 . | | | transition (Figs. 2b—4b) potentially due to WNP TCs initially
rg (km) Synopsi S 0 200 400 600 800 1000 1200 being larger in size prior to extratropical transition;
 Reanalysis rg defined according to Chavas and Vigh (2014): Westernl\Iorth Pacific 3 WNP TCs exhibit rg (km) | | - |
\ TC-centered arig ructed for 10 - vect y , oI - oot minimal size change _ Western North Pacific * Extratropical transition process more important than
- -centered grid constructed tor Th-m wind vectors masking ou mm o ——F c e e e e e - 1 orior to  extratropical 1. 70% of non-extratropically b - et N latitude change in growth of TC size for NA TCs (Fig. 5a).
grid points over land; ) 004 | | | | | | transition (Fig. 2b): transitioning NA TCs grow in ;
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. pUte azimuthal wind field and calculate its aZImuthaI-mean, g 0.002 | | 4. 65% of WNP TCs extratroplcally transition TCs is _E; This research is sponsored by NSF Grant EAR-1520683. We would like to thank Bob Hart for insightful discussions.
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