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Forecasting tropical cyclone (TC) intensity remains 
challenging, because TC intensity is determined by many 
internal and external processes. Recent studies have 
suggested that the radial location of eyewall convection 
relative to the radius of maximum wind is an important 
component of intensification efficiency. However, our 
understanding of the physical processes, that potentially 
determine the location and strength of eyewall con-
vection, such as eyewall buoyancy, is still incomplete.
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Fig. 3: Schematic of the three-step process to derive buoyancy: (1) wind retrieval, (2) calculation of the reference state, 
and (3) thermodynamic retrieval.

The retrieval infers pressure and temperature fields from kinematic 
measurements. It is based on existing thermodynamic retrievals (Gal-
Chen, Roux, Liou), but modified to account for the horizontally non-
uniform tropical cyclone environment. 
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The wind field is derived from 
airborne Doppler data (com-
plemented with dropsonde and 
flight level data) using SAMURAI 
(Bell et al., 2012).
The balanced vortex reference 
state is calculated using a me-
thod proposed by Smith (2006).
The thermodynamic retrieval is 
performed in two steps: 
(1) pressure perturbations,
(2) temperature perturbations 
and pressure constants at each 
level.  

Initial tests using a WRF simulation show the 
potential of the proposed retrieval technique to 
derive buoyancy fields from airborne radar 
observations in the inner core region of tropical 
cyclones. Careful analysis of the data collected in 
Hurricane Rita (2005) during five flights throughout 
its entire life cycle will help to identify and quantify 
the role of buoyancy in intensity change.   

Airborne radar data of 
Hurricane Rita was 
collected by the NRL 
and the NOAA 42 and 
43 P-3 aircraft as part 
of the RAINEX field 
campaign. Many chan-
ges in intensity and 
structure were obser-
ved, including rapid 
intensification, secon-
dary eyewall for-
mation and azimuthal 
asymmetries due to 
vertical wind shear.

Fig 8: Aqua MODIS Band 4 Reflectance at 
1905 UTC 23 September 2005 overlaid 
with NRL P-3 flight track, broken up into 
nine flight legs for analysis purposes.

Fig. 9: SAMURAI analysis of reflectivity 
(shaded) and horizontal wind speed 
(contours, m/s) at 2 km altitude derived 
from NRL P-3 data collected between 2022 
UTC and 2059 UTC. 

Fig. 7: NHC best track sea level pressure 
(green) and  wind speed (blue) for Rita 
(2005). Source: Houze et al. (2006).

Fig. 6: MODIS visible imagery of Rita at 
0410 UTC 21 September 2005, when it 
was classified as a category 5 hurricane. 

Fig. 4: Comparison of WRF fields of pressure (top, 4km 
altitude) and buoyancy (bottom, 7.5 km altitude), and 
retrieved pressure and temperature perturbations for 18 
UTC 21 September. 

Fig. 5: WRF model fields for 18 UTC 21 September. Areas where buoyancy is more than +0.5K or less than -0.5K are 
shaded gray, the thick solid line denotes the +0.5K buoyancy contour, the thick dashed line denotes the -0.5K 
buoyancy contour.    

Asymmetries in the eyewall convection pattern are associated with 
asymmetries in the radial and azimuthal location of buoyancy.

Fig. 2: Buoyancy calculation for different reference states using the buoyancy definitions from 
previous studies, (a) a vortex in thermal wind balance, (b) a hydrostatic, horizontally uniform 
background state, (c) a locally averaged mean field (average over a box of 12-km x 12-km),      
(d) a low-wavenumber Fourier decomposition, and (e) a 20-km running mean along a flight track. 

Fig. 1: Comparison of temperature (K, red contours) and pressure (hPa, blue contours) of (left) a 
WRF vertical cross section, and (right) the balanced vortex retrieval calculation using the 
azimuthally averaged WRF wind field at 1800 UTC 20 September 2005. 

− 60 − 40 − 20 0 20 40 60
X (km )

2

3

4

5

6

7

8

9

10

H
e

ig
h

t 
(k

m
)

300 hPa

380 hPa

460 hPa

540 hPa

620 hPa

700 hPa

780 hPa

250 K

258 K

266 K

274 K

282 K

290 K

WRF Therm odynam ic Fields

− 60 − 40 − 20 0 20 40 60
X (km )

2

3

4

5

6

7

8

9

10 300 hPa

380 hPa

460 hPa

540 hPa

620 hPa

700 hPa

780 hPa

250 K

258 K

266 K

274 K

282 K

290 K

Balanced Vortex Reference State

Buoyancy is not defined uniquely. It depends on the choice 

of the reference state: 

5 Conclusions

The last term in both 
horizontal momentum 
equations will be neg-
lected. Scale analysis 
has shown that it is 
smaller than the equa-
tion's residual.

The most intuitive choice for a tropical cyclone reference 
state is a vortex in gradient wind and hydrostatic balance, 
because this subtracts off the bulk of the pressure 
gradient that balances the kinematic field and thus is not 
available to
accelerate 
air parcels.
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