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Use observations to improve PBL physics
In operational hurricane models

Before modification (operational HWRF)
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* An estimation of turbulent characteristics in
the low-level region of intense Hurricanes
Allen (1980) and Hugo (1989). Mon. Wea.
Rev., Zhang, J. A., F. D. Marks, M.T.
Montgomery, and S. Lorsolo, 2011.

* Observational Estimates of the Horizontal
Eddy Diffusivity and Mixing Length in the Low-
Level Region of Intense Hurricanes. J. Atmos.
Sci., Zhang, J. A. and M. T. Montgomery,
2012.



Data

We use the flight-level data that were collected using the low-level eyewall
penetrations of Hurricanes Allen (1980), Hugo (1989) and David (1979).

Allen, Aug. 6, 1980 Hugo, Aug. 15, 1989
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Methodology

1. Vertical and horizontal momentum fluxes:

r=p(-wv'i-wv,'])) and F,=-p(v'v,")

2. Turbulent kinetic energy: - %(vt'2 v 2 w?)

3. Vertical eddy diffusivity :
1) definition: K710
2) Hanna (1969) method: K, =clo, 1=05%/¢

3) TKE-closure method: K, =c,e?/¢
4. Horizontal eddy diffusivity : K, < F, |(p|S, )™ L, = (K, D;1)"2
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Marks et al. 2008 Radius (km)
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Fic. 3. (a) Time-height cross section of vertical incidence tail radar reflectivity (dBZ) from LA for 1721-1728 UTC. The LA flight
track was at 450 m. Solid and dashed lines denote vertical velocity, and radar reflectivity is denoted by colors using the color scale on
the right. (b) Time series plots of w, horizontal wind speed, P.. and 8, for the period 1721-1730 UTC. Updrafts labeled 1, 2, 3, and 4
and wind speed peaks I and I1 are described in the text. The thick dashed lines in (b) approximately delineate the outer and inner radii
of strong eyewall reflectivity maxima in the lower troposphere (1 < z = 5-km altitude).



Hurricane Hugo flight
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Run # 3 includes Eyewall Vorticity Maxima (EVM)



Spectra [mzs'z]

Spectral Analysis

(Three time intervals from the Hugo flight)
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TKE [m? s
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TKE and vertical momentum fluxes
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Both the vertical momentum flux and TKE increase with wind speed.
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Vertical and horizontal eddy diffusivities
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The horizontal eddy diffusivity is an order of magnitude

larger than the vertical eddy diffusivity. 0



I, [m]

Vertical and horizontal mixing length
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dependence on the wind speed.

11

80



Observation Based GFS PBL Parameterization Schemes

Gopalakrishnan et al. 2011, JAS (under revision)
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--A pathway from research to operation
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Improved Structure Predictions
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Tangentially averaged, 6-hourly time averaged, radius-height cross-section of the secondary
circulation at 93 hours for (a) control (a=1), (b) Km reduced to half (¢=0.50), and (c) Km
reduced to a quarter («=0.25). Presented in purple color are the estimates of the inflow layer
depth from Zhang et al. (2011b).

14

Slide Courtesy of Gopal

70



Summary

1. Turbulence characteristics in the low-level troposphere (~ 450
m) of Hurricanes Hugo (1989), Allen (1980) and David (1979)
have been investigated;

2. Momentum fluxes and TKE for the eyewall penetration legs
are an order of magnitude larger than those in the outer core;

3. The vertical and horizontal mixing lengths are approximately
100 m and 750 m, respectively, in the eyewall region.

4. Both vertical and horizontal eddy diffusivities increase with
wind speed;

5. Horizontal diffusivity is one order of magnitude larger than
vertical diffusivity.

6. The observed diffusivity was used to improve the HWRF PBL
physics.
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Influence of Vertical Eddy Diffusivities on Structure
and Intensity Predictions
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Time history of the intensification process in an idealized storm for the three simulations provided in Table 1: (a) minimum mean
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Interactions Between Primary and Secondary
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Pressure (hPa)

Operational HWRF Findings

Hurricane Irene 2011082212 30h fcst
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HWREF Structure Statistics
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EMC verification of the 2012

version HWRF model with
new surface and boundary
layer physics with high
horizontal resolution (3km)

87% of total retrospective
runs from 2010-2011 seasons
show 10-25% reduction in
track errors and 5-15%
reduction in intensity errors
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