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Motivation: Method to determine analysis time Hurricane size Sensitivity to formulation of Summary
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» Progress in forecasting and understanding i Fig. 1: Maximum tangential ve

locity v_(¢) from 3d simulations | Fig.5. The radius (km) of maximum 1251

* The model settings / = 1000 m, / = 50 m,

hurricanes is being hindered by uncertain | *. 1 using/ =1000 mand/ =40 m | | azimuthal velocity, R__. e : Ck ~ 1_2)(10-3, and Cd ~ 2.4%x103 yleld the most
. . C 27 . tt=4d id), t = 8 d -~ 00f S - .4 . .
Settlngs N parameterlzathn SChemeS 60+ ' ?dashed),ayasn(dsol‘I )‘ 12 d:ﬁ : « R __ remains essentially unchanged for / . i | _ reaSOnable COmb|nat|On Of Maximum W|ndS,

(especially boundary-layer and surface-layer (dotted). ] | changes in G,/C, andfor 1, P | .. minimum pressure, height of maximum winds,
schemes). s |+ Condlusions about the dependence of Eotemiet=t i 1ol ongih soule | booause horsontal cifiusion | | and surface inflow angle compared to obs.

Solid: - t=4 days Vmax ON GJ/C, can depend on the time is a major contributor to the angular-
Dashed: t =8 days ' chosen; see Bryan (2012b) for more momentum budget in the eyewall boundary

» This study aims to reduce this uncertainty details | /e ayer of simulated hurricanes, and thus fimits PR VR * These values for [, [, C,, C, are consistent

.
frontal collapse in the eyewall; see Rotunno

by evaluating a large set of simulations that 5 1015 20 . The methodology below (Fig 2) avoids and Bryan (2012) for further analyss. with recent observational and laboratory stud-
. . C/C, this problem. .

systematically vary the surface drag coeffi- | les, e.g., Donelan et al. (2004), Drennan et al.

cient and the length scales in a ig. 9: Comparison of simulations using constant |, (gray fine) and (2007), Haus et al. (2010), Bell (2010), Zhang et

& = 3000 m simulations using [ that increases with height following Blackadar

turbulence/PBL parameterization. - fig. 2: Time series of max- (1962); three different values are used for the asymptotic length al. (2011b), Zhang and Montgomery (2012)

mum tangential velocity v . (?) scale I_ (see Legend). (a) Maximum 10-m windspeed (m s), and

from two simulations: C/C, =

I | 05 (black) and C/C, = 1.5 7 Fig. 6. The radius (km) of gale-force (b) height (km) of maximum azimuthal velocity. (Using /, = 1000 m.) » The model produces the theoretical result,
(gray). -- o/ Aoy windsat10mMSL, Ry, V. ~(C/C)°s, only when horizontal diffusion is

m

mox intensity (R i _dav- T “*7 4 WR., is weakly dependent on /, and /. . . . (b) Output from a simulation using ' ' '
coxes denofe maximum . 2-day je * yER e Fig. 10: Radial velocity normal- /, = 1000 m and I, = constant weak (lh <100 m) (b|aCk ines In Flg 3)

| average value of v__ . L _ , , _ 50m.
gray: C/C, = 1.5 " . . R34 increases as C/de increases. |Zed by Mmaximum Value, daS d

Vox = 89 m s™ : L . . : : : 5.
« This objectively determined time can ! : function of radius (normalized by | o FOr lh = 1 OOO m, the model prOduceS

b'IjC‘“: 0“6/5C°m= 891-5 | be different for each simulation. » Most observed storms have R,, < 200 km RMW) and height MSL. . . .
MethOdOIOgy: More details available in Bryan (2012a) e | | (e9. Dean et al. 2009); model results are Vv~ (C/C,)02 (green lines in Fig 3).

* All results shown in Figs 3-11 are av- consistent for C/C, <1.

* The model output Is evaluated using sev-
eral simple yet well-observed metrics of hurri-
cane intensity and structure.
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(a) Composite for Cat. 4-5 storms

i 0 : : : : | :
eraged over these 2-day periods. 025 05 075 ‘gk /C‘dff’ oo 1720 using dropsonde data. (from Zhang

Due to the large number of simulations (> 400) most otal 2012a), e * The often-cited result ... Cat. 4+ hurricanes do

Vr nnnnn lized by peak inflow of 25.5 m s'1, Cat 4-5 storms

results are from an axisymmetric model. | not occur unless C,/C, 2 0.75 ... appears to be a

50 (c) Output from a simulation using

e I = 1000 m and 1 () it =50 m model-specific result (requiring large /, and/or

radius normalized by RMW

height (m)
S
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Comparison of axisymmetric simulations and 3D | |
simulations is shown in Fig 11. Maximum Intensity Boundary-Layer Structure
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Fig. 3: Maximum tangential

Gray line shows approximate maximum velocity V (from any |eve|) Gray line: average value from drop-
value from obs (e.g., DeMaria and Kaplan 1994 max sondes reported by Powell et al. (2009). q. 7. .
as a function of C,/C, e Fig. 7. Inflow angle (degrees) Acknowledgments:

see Bryan 2012a for further discussion).

* Domain: 1500 km x 25 km T at 10 m MSL at the location of
o + Model V__is reasonable when /= maximum winds. The National Center for Atmospheric Research is sponsored by the Na-

. . . . . . ' T e ' 1000 m and C/C, = 0.5 (i.e., where tional Science Foundation.
* Grid Spacing. 1 km horizontal grld Spacing, 123 vertical - green lines intersedctgray line). ; R I * Inflow angle is unreasonably small

levels (17 levels below 1 km). e ' o e for CJC,21. COmpa rison to 3D simulations This work was sponsored in part by National Oceanographic Partnership
. W= * Model V,__, is also reasonable for N T Program (NOPP) grant N0O0014-10-1-0148.

 Model: CM1 (http://www.mmm.ucar.edu/people/bryan/cm1/)

max

CJ/C, = 0.25 when [, = 0 or 300 m; I S S * Inflow angle usually increases as /,

. e g . : ot . _ = - h , t studi .g., Do- ~= e increases. Gray line: maximum value from obs (DeMaria and Kaplan 1994) : : : :
Initial conditions: Dunion (2011) moist-tropical (MT) sound I - nelam ot al. 2004 Dronnan 9 2007 o Computing resources were provided by the Shared Hierarchical Aca-

ing; 29 "C sea-surface temperature (SST); initial vortex from Haus et al 2010, Bell 2010) suggest : + Inflow angle usually increase as [, demic Research Computing Network (SHARCNET; www.sharcnet.ca)
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Rotunno and Emanuel (1987). M en e GG, s higher In intense humicanes: o decreases. and Compute/Calcul Canada; | thank Yongsheng Chen of York Univer-
P y 70 Fig. 1. Maximum 10-m wind sity for obtaining these resources.

+ Vertical length scale [, has little black: £ wl | speed (m s') using /, = 1000 m
effect on maximum intensity (note reen: L B/ and/ =50 m. .
solid vs dashed vs dotted lines). T g Y

* Microphysics: Morrison (2009) double-moment scheme
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* Horizontal and vertical turbulence schemes: same as - References (see additional references therein)

Bryan and ROtunnO (2009)5 Gray line shows approximate minimum . . . — — — 3D model (azimuthally averaged)
 Intensity of horizontal diffusion is proportional to /, oo, Pressure from obs (e.g., Holland 1997). Fig. 8. The height (km) of maxi- e Bryan, G. H., 2012a: Effects of surface exchange coefficients and tur-

. . e e . ial veloci . 7 . . .
* Intensity of vertical diffusion is proportional to /, Fig. 41 Minimum surface pressure mum tangential velocity, z,,, /e bulence length scales on the intensity and structure of numerically
—t (mb), P : simulated hurricanes. Mon. Wea. Rev., 140, 1125-1143.

«z__ Increases as [, increases.

» To allow for straightforward comparison with theory, surface . Analysis of P yields the same condlu- .7 increases as I increases. » The 3D model produces weaker (by ~20%) sus- Bryan, G. H., 2012b: Comments on “Sensitivity of tropical-cyclone

enthalpy coefficient C, is held fixed at 1.2x103 NS | sions. B = = tained winds than the axisymmetric model. models to the surface drag coefficient. Quart. J. Roy. Meteor. Soc.,

» z__ has a high bias for /, 2 1000 m. This - - :
i tributable fo fhe use of constant submitted. ( available at http://www.mmm.ucar.edu/people/bryan/ )

» Surface drag coefficient C, is also held fixed for each simu- | B N lforthese simulations; see Fig. 9. » The settings /, = 1000 and /, = 50 m still produce rea- Rotunno, R., and G. H. Bryan, 2012: Effects of parameterized diffu-
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lation, but is varied from one simulation to another. R O b s o o s s s sonable intensity (Fig 11) and structure (not shown). sion on simulated hurricanes. J. Atmos. Sci., in press,
doi:10.1175/JAS-D-11-0204.1 (see AMS Early Online Release site)
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