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Summary intensity in a coupled air-sea model when the part of the spray that evaporates is only a
In this study, a coupled atmosphere-ocean-wave modeling system is used to small fraction of the spray mass so that the heat required for spray evaporation ultimately Summary of numerical experiments Summary of CUPOM spin-up runs
simulate air-sea interaction under high wind conditions. This coupled modeling comes from the ocean. When the fraction of sea spray that evaporates increases so that
system is made of three well-tested model components: the Pennsylvania State the evaporation cools the lower atmospheric boundary layer, the impact of sea-spray : : . . _ AT . FNMOC Assimilation of Assimilation of
University/National Center for Atmospheric Research regional atmospheric evaporation on the hurricane intensity decreases. COUpled Alr—Sea MOdehﬂg System Fully coupled W!th sea spray; CUPOM was |n|t|.aI.|z.ec.j with I.Eddy 2 e MOSST ltimetry data
Mesoscale Model, the University of Colorado version of the Princeton Ocean A R T R T R ST R T, = |" Fully coupled without sea spray; CUPOM was initialized with Eddy 2
Model, and the ocean-surface gravity wave model developed by the Wave Model It is shown that the development of the simulated hurricane is strongly dependent on * Fully coupled with sea spray; CUPOM was initialized with Eddy 3 and with Ves Ves NG
Development and Implementation Group. The ocean model is initialized using a the location and size of the warm-core anticyclonic eddy shed by the Loop Current. This -
- - - - - - - - - - prescribed 10 m OML Yes Yes Yes, but only for the layer of 100-1000 m
9 month spin-up simulation forced by 6-hourly wind stresses and with dependency is also a function of the moving speed of the simulated hurricane. The eddy i} | | L | | ! y _ y
assimilation of satellite sea surface temperature (SST) and altimetric data into affects the timing, rate, and duration of hurricane intensification. The feedback from the R Fully coupled with sea spray; CUPOM was Initialized with Eddy 3 and with Yes Yes Yes for the entire upper 1000 m
the model. The wave model is initialized using a zero wave state. The scenario SST change in the wake of the simulated hurricane is negative in the sense that the Surface Temperature Y:’lf“’lfng;d‘ﬂef S prescribed 30 m OML
in which the study is carried Qut s the intensificaftion of a §imulated hu.rr.ic.:ape reduction of SST re§ults Ig a.weakgr simulated hurricane than that_pro.duoed when SST is R R et 2 “ Fully coupled with sea spray; CUPOM was initialized with Eddy 3 and with
passing over the Gulf of Mexico. The atmospheric model is therefore initialized held unchanged during the simulation. The degree of surface cooling is strongly AR e |
by incorporating a Rankine vortex into a real time analysis, with the center of the ~ dependent on the initial oceanic mixed layer (OML) depth. It is also found in this study g For O prescribed 50 m OML
vortex at the center of an observed hurricane. The focus of the study is to that in order to obtain a realistic thermodynamic state of the upper ocean and not distort * Fully coupled with sea spray; CUPOM was initialized with Eddy 1
eval_uate the impact of sea spray, mixing in the upper ocean, warm-core oceanic the evolqtiqn qf the OML structure during data as.sim.ilation, care must be taken in the “ Fully coupled with sea spray; CUPOM was initialized with Eddy 3
eddies shed by the Gulf Loop Current, and the sea-surface wave field on data assimilation procedure to preserve the physics in the OML. Wave-Induced Stress | S | |
hurricane development, especially the intensity. * Fully coupled with sea spray; CUPOM was initialized with Eddy 2 but with
Compared with the sensitivity to the initial OML depth and the location and intensity of ehematic diagram of parameter exchanges betwoen M5, WAM. and GUPOM hen modification of the water column of the warm eddy enclosed by the 15 kcal
The results from the experiments with and without sea-spray effect show that the warm eddy associated with the loop current, the model is found to be less sensitive to the coupling takes place. o contour of upper ocean heat content
the inclusion of sea-spray evaporation can significantly increase hurricane the wave-age-dependent roughness length. * MM5 and CUPOM coupled; CUPOM was initialized with Eddy 2
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diamond for 3 = 0.5, and cross for [3 = 1) and without (triangle) sea-spray effect; (c) shows the track of the simulated hurricane along with sea level pressure at 51 hours into the 8000 1= N 30°N (W P [ 980.00 — — Assume that the wave contribution to the total stress close to the surface can be expressed as 1 = 1, + T, where 1, Tw, and 1y are the
simulation for the experiment with sea-spray effect and [3 = 0. = N B il . 30 = - . total stress, wave-indued stress, and atmospheric turbulence-induced stress, respectively. The mean wind prgfile above the wave surface is
e - > = 970.00 — — assumed to be logarithmic. Following Janssen (1991), we assume that the effective roughness length of gravity-capillary waves can be
(= - - - .
= | - . modeled by means of the Charnock relation TR
From Fairall et al. (1994), droplet-mediated evaporation and sensible fluxes, Q,;and and s 960.00 = ] * 7 960.00 — i g7 SenSItIVIty tO OM L DEPth
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where,« is the profile-change feedback parameter, and f is the evaporation j 940.00 — — 1 19 = 940.00 — — where o is a constant, g the acceleration of gravity, and pg the air density. The effective wave-induced roughness length of the developing 080.00 |
partitioning parameter. Equations (3) and (4) are the same as given by Fairall etl al. - 01000 B ] 5 - - gravity waves is modeled by a parametric height, z4, so that the mean wind profile under neutral stratification is given by B} ol ]
Q. = 27x107u**H_, 2) (1994), except for the inclusion of 3, which is described below. Because the sea = ] T = 13000 1= — —— ST P, l z + 2z i 970.00 |— _
spray parameterization is derived from data with wind speed less than 30 m s-1, ; T ] o son I = 000 45-15 KM SIMULATIONS B @) = K . A (6) > i i
. . . . Fairall et al. (1994) suggest that an upper bound of 30 m s-1 should be used in = LT i - - = T T i vin bty i o 5 960.00 — ]
where u is the 10-m wind speed (approximated by the wind speed at the lowest level of . . . . —@— Initialized with Eddy 2 = —— Initialized with modified Eddy 2 . o . . . = i _
MM5). B ror that i ated to the fact that th 9 ot ‘1 numerical model simulations of weather and climate. 910.00 = g nitialized with Eddy 3 — | 1, 910.00 |— _ where K is the van Karman constant. Consider the steady-state stress balance of air flow over sea waves. Following Janssen (1991), the =
). 518 a parameler that is related to the fact fhat the sea spray droplets are at the In this study, a simple ad hoc parameterization for « (see Kepert et al. 1998) is I - oW oW soW - - atmospheric turbulence-induced stress at 2 = z; Is given by = 0 _
wet bulb temperature (B varies from 0.59 at 273 K to 0.21 at 303 K), g the specific | Y P P p ' 000.00 | | | | | | | 0000 | | | | | | | 2 > - -
humidity, qgthe saturation specific humidity, H,the turbulent-latent heat flux, Hg the used: H,, 1072755 00:00° 10/3/55 00:00° 1074795 00:0010/5/95 00:00 1076795 00:00 10/2/95 00:00 10/3/95 00:00 10/4/95 00:00 10/3/95 00:00 10/6/95 00:00 T(z,) - %0 . (7) 7 4000 —
turbulent-sensible heat flux, and Q; = Q1 + Qo is the total latent heat flux generated U = H_+ 0. VERIFYING TIME VERIFYING TIME 2y t 24 Z 030.00 B ]
by droplet evaporation. We note that Qg and Q; are the droplet mediated fluxes that for for o . = ' 45-15 KM SIMULATIONS
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: : : sampled every 6 hours for the numerical experiments in of the 26 C isotherm for Eddy 2. sampled every 6 hours for the numerical _ EE (FI]U(E) 5U(2) 8 = ' —— 30 M Prescribed OML
T'in the_ d_roplet evaporation zone. Fairall et al (1994) argue that (1) and (2) represent where H;,+ = Hs + H; and Qo = Qg + Q. The profile-change feedback parameter which the ocean model was initialized using three spin- experiments initialized with Eddy 2 and modified (@) | Oz | 3z (8) = T —— 50 M Prescribed OML -
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ogarithmic, DUt are modiied Dy the presence of the spray. based on Andreas ( ) The evaporation partitioning parameter § is defined as the ratio upper ocean heat content is modified. expression of the total stress and using (5) then gives 10/2/95 00:00 10/3/95 00:00 10/4/95 00:00 10/5/95 00:00 10/6/95 00:00
re-analysis of his 1992 results, (1) and (2) are a factor of two smaller than as given by T 1 VERIFYING TIME
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Since sea spray droplets evaporate at the expense of the sensible heat that they <y + O ’ \/ W Time series of minimum sea level pressure (in hPa)

: : : : - sampled every 6 hours from the simulations in which the
carry: _and the sen§|ble h-eat available in the surrounding air, the flux boundary _ _ _ _ With the above parameterization of the sea-state dependent roughness length, the coupling of MM5 and WAM takes place in the following ocean mode was initialized with different, prescribed,
conditions at the air-sea interface become o For the range of wind speeds and droplet sizes considered by F.alrall.et al. (1994), sequence. First, the total stress, 7, is calculated in MM5 using a stability-dependent scheme based on the Monin-Obukhov similarity theory horizontally uniform depths of the OML: 10 m (dot), 30 m

it is assumed that Qo >> Qy¢, and = 1. However, for extremely high wind speeds, (see Grell et al. 1994). The total stress is then entered into WAM to obtain tw. Then both 1y and t are used to compute the new sea-state (square), and 50 m (cross). The result from the
total sensible heat flux = H. + Q. - afQ the droplet size may be so large that they fall back to the ocean before further dependent z4; the sum of zyand z; in turn is used in MM5 as the new roughness length to obtain the new total stress . uncoupled simulation (triangle) is included for
) ) : (3) evaporation can extract heat from the atmosphere, in which case Qo and f3 comparison.

approach zero.



