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Figure 3.24: Comparison of convective region vertical air motion profiles: Symbols in
the legend refer to the following: GHS85 for Gamache and Houze (1985); HR84 for
Houze and Rappaport (1984); CH83 for Chong et al. (1983) [adapted from Houze
(1989)]; B88 for Balsley et al. (1988); BH93 for Biggerstaff and Houze (1993); DD for
Cifelli and Rutledge (1994); and NAME for the results of this study (red). Note that
widely different sample sizes and temporal and spatial averaging go into the various
curves of this figure (Adapted from Cifelli and Rutledge 1994).
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Figure 3.25: TRMM-LBA S-Pol vertical air motion climatologic results of convective
precipitation from the western Amazon during January and February of 1999. The upper
two panels depict cumulative frequency distributions of vertical air motion for (a) the east
regime and (b) the west regime. The 1 %, 50 %, and 99 % contours are highlighted.
Figure 3.13c depicts mean vertical air motion for the east (solid) and west (dashed)
regimes. The cumulative frequency distributions were constructed using a 1.0 m s™ bin
size and 31 total bins (Adapted from Cifelli et al. 2004).
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CHAPTER 4
Conclusions and Future Work
4.1 Conclusions
The primary focus of this study was to create a climatology of the vertical
structure of precipitating cloud systems during the NAME field campaign. This vertical
structure is important in understanding how the distribution of latent heating affects the
atmospheric circulation and how to better parameterize precipitating cloud systems in
numerical models (Williams et al. 1995). The vertical structure of these precipitating
clouds was analyzed using reflectivity, Doppler velocity, and spectral width derived from
the vertically pointing 2875-MHz profiler radar that was stationed near Sinaloa, Mexico
during the summer and early fall of 2004. The precipitating clouds were classified as
either stratiform, mixed stratiform/convective, or convective clouds. Vertical air motions
were estimated using the dataset, because the vertical distribution of heating in tropical
precipitation is dominated by contributions involving phase changes of water (Houze
1989), which are in turn proportional to vertical air motion profiles (Cifelli and Rutledge
1994). The derived vertical air motions were compared with both EVAD and 449-MHz
profiler retrievals, and it was found that the 2875-MHz profiler vertical air motion
estimates contained a negative bias to both methods of approximately 0.5 ms™. While
the errors in the stratiform vertical air motion estimates were of the same order as the
stratiform air motions, the 2875-MHz profiler results proved useful in analyzing the

vertical structure of vertical air motion for various precipitation regimes in a mean sense
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as well as assessing general updraft and downdraft intensity in convective precipitation.

Two case studies were presented and reaffirmed the study by Lang ct al. (2005)
that found MCSs to be the dominant form of convection within the NAME Tier-I
domain. These studies found that stratiform precipitation exhibited a radar bright band
and a strong Doppler velocity gradient in the melting layer, and weak spectral width
above the melting layer. Mixed stratiform/convective regions contained low reflectivity,
weak ascent at upper levels, and weak ascent just below the melting layer. Convective
profiles were dominated by updrafts and downdrafts on the order of 10 m s™.

The 23 cases recorded during NAME by the 2875-MHz profiler were dominated
by stratiform precipitation. However, both the onsite rain gauge- and S-Pol-based rainfall
estimations showed that surface rainfall was primarily accumulated from convective
precipitation, due to associated convective rainfall rates that were significantly higher
than those from stratiform and mixed rainfall. Frequency distributions of reflectivity,
Doppler velocity, and spectral width were created for the various precipitation regimes.
The NAME distributions compared favorably with thosc from Manus Island, Papua New
Guinea (Williams et al. 1995), Darwin, Australia (Steiner et al. 1995), and the western
Amazon in Brazil (Cifelli et al. 2004).

NAME vertical air motion composites were created for stratiform, mixed
stratiform/convective, and convective precipitation. These composites were compared
with previous studies described by Cifelli and Rutledge (1994) along with composites
from the western Amazon (Cifelli et al. 2004). The NAME stratiform and mixed
stratiform/convective composites exhibited similar features to the composites of the

previous studies. However, convective composites from past studies showed ascent
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throughout the troposphere, and the NAME composite showed a significant region of
descent between 4 and 6 km. While this discrepancy can primarily be explained by the
2875-MHz profiler negative bias of 0.5 m s, it shows that there may have been a
problem with the interpolation method used in estimating vertical air motions within the

melting layer.

4.2 Future Work

Improvements can be made to the methodology used in this study to determine
the terminal fall velocities of raindrops. This study utilized mean normalized drop size
distribution variables, Ny, and p, derived from the 13 August rain event. These variables
should be estimated on a case-by-case basis rather than for just a single rain event
(assumed to be representative of all events) to reduce the existing negative bias in the
vertical air motion estimates. The 2875-MHz profiler vertical air motion estimates
derived in this study also contained minor discontinuities at the melting layer boundaries.
In future studies, it would be beneficial to determine a method for estimating
hydrometeor terminal fall speeds in the melting layer directly instead of using
interpolation techniques.

Future work includes separating the profiles classified as convective clouds into
shallow convective and deep convective regimes, where shallow convective profiles
contain no hydrometeors above the melting level. The latent heat associated with
freezing and melting of water is important in the dynamical forcing of the atmosphere,
and the separation of clouds with and without these processes may be important for cloud

parameterization in atmospheric models (Williams et al. 1995). Once the 2875-MHz
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profiler dataset is robust, the final step will include creating vertical profiles of apparent
heat source (Q;; Yanai et al. 1973) for the various precipitation regimes following the

methodology of Cifelli and Rutledge (1998).
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