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Goals of Analysis 

• Examine the convective updrafts and 
downdrafts (UDs)  

– Marty (27 – 28 October), Joaquin (2 – 5 October), 
and Patricia (20 – 23 October) 

• Derive vertical velocity using dropsonde fall 
speed and density correction 

• Evaluate the spatial distribution of abnormally 
strong UDs (≥ ± 5 m s-1) 
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Methodology 

• Compute vertical velocity following similar to Hock and 
Franklin (1999); however, we use the near surface fall 
speed instead of drag coefficients: 
 
 

 
 
 
• Sonde derived vertical velocities were then filtered 

using a nine-point binomial filter 
• Evaluated based upon thresholds of moderate (≥ ±  5 m 

s-1), strong (≥ ±  8 m s-1), and extreme (≥ ±  10 m s-1)  
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Methodology 

• A propensity parameter was calculated 
 

 
 

• The environmental shear, TC intensity, and TC heading were 
obtained from the Statistical Hurricane Intensity Prediction Scheme 
(SHIPS) dataset (DeMaria and Kaplan 1994) 

• The TC center was derived using a zero wind center correction to the 
Automated Tropical Cyclone Forecast (AFTC) Best-Track dataset from the 
National Hurricane Center (NHC)  
• Similar to Creasey and Elsberry (2016) 

• Radius of maximum wind (RMW) was obtained by examining the top 99.8 
percentile of tangential wind speeds 
• Take the mean distance to the TC center of this data 
• Evaluate data points relative to the RMW normalized radius (R*) 
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Spread of Data Points 

• Great coverage inside R* = 10 
• Outside R* = 10, preference for DSL and USL quadrants 

• Void in outer R* values in DSR 

4 

Within 10R* Within 3R* 



Spread of Data Points 

• Definite radial and azimuthal sampling asymmetry 
• Will have to be taken into account  

38,842   
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Combined Data Set: CFAD 

 2
0
 

−20 −10 0 10 20
0

2

4

6

8

10

12

w [m/s]

A
lt
it
u

d
e

 [
k
m

]

5 



Combined Data Set: CFAD 

• Overall, distribution skewed towards positive values of vertical velocity 
• Exhibits ‘wedge’ shape 
• Downdrafts weaker than moderate strength had very little altitudinal variability 
• For updrafts weaker than the moderate category, strength increased aloft 
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Combined Data Set: CFAD 

• Moderate downdrafts were trimodal with the strongest peak aloft at 12.5 km 
• Secondary peaks in the midlevels (6 – 8 km) and lower levels (2 – 5 km) 
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Combined Data Set: CFAD 

• Strong and extreme downdrafts had similar profiles 
• Strong downdrafts tended to occur in mid- and upper-levels 
• Extreme downdrafts occurred aloft at 12 km 
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Combined Data Set: CFAD 

• Moderate updrafts maximized in occurrence aloft and mid-levels 
• Strength increases aloft 
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Combined Data Set: CFAD 

• Strong updrafts were trimodal 
• Peak aloft at 12 km  
• Secondary peaks at 2.5 km and 8 km 
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Combined Data Set: CFAD 

• Extreme were mainly above 8 km and maximized at 12 km 
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Combined Data Set: CFAD 

• Presence of near-surface vertical velocity maxima (Stern et al. 2016) 
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Combined Data Set: CFRD 
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• In a general sense, there was a decrease in vertical velocity maxima with increasing 
radius outside of the inner core (~ 3R*) 

• Significant peaks of convection just outside and at the RMW  (R* = 1) and near 8R* 
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Combined Data Set: CFRD 

• For vertical velocities between moderate updraft to moderate downdraft, fairly 
constant with radius, but the frequency contours appear ‘wave-like’ 
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Combined Data Set: CFAzD 

 2
0
 

 2
0
 

 20 

 20  20  20 
 25 

−−−−−−DSR−−−−−−−−−−−−USR−−−−−−−−−−−−USL−−−−−−−−−−−−DSL−−−−−−| | |

0 50 100 150 200 250 300 350
−20

−10

0

10

20

SR azimuth [deg]

w
 [

m
/s

]

• Episodic peaks across all azimuth 
• Highest percentages are above 30% with updrafts in the DSL quadrant 

Cyclonic 
Motion 
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Combined Data Set: CFAzD 

• Sharper peak of occurrence of moderate, strong, and extreme downdrafts in the 
DSL quadrant  

• BROAD secondary increase of occurrence in the DSR quadrant and into the USR 
• Odd, strong peak between the USR and USL quadrants 

Cyclonic 
Motion  2
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Combined Data Set: CFAzD 

• BROAD increase of occurrence of moderate, strong, and extreme updrafts 
straddled the USL and DSL quadrants as well as the DSR and USR 

• Strong peak near 30 – 40° in the DSR 

Cyclonic 
Motion 
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Combined Data Set: CFAzD 

• Convectively suppressed where highest occurrences of near zero vertical velocity 
and shallow peaks  
• Updrafts  USR quadrant into the USL quadrant 
• Downdrafts  0 – 50° in DSR quadrant and somewhat in USL/USR quadrants… 

Cyclonic 
Motion  2
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Gamma Values 

Marty Joaquin Patricia Marty Joaquin Patricia 
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Updrafts Downdraft
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Gamma Values 

Marty Joaquin Patricia Marty Joaquin Patricia 

• Gamma tended to maximize for positive thresholds just before weak intensification  
• Gamma tended to maximize for negative thresholds once a TC has hit its peak and 

begins to decay  
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Number of UD Data Points Inside 
RMW 

Marty Joaquin Patricia Marty Joaquin Patricia 
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Number of UD Data Points Inside 
RMW 

Marty Joaquin Patricia Marty Joaquin Patricia 

• Acceptable correlations between intensity and percent of updrafts inside the RMW for 
each threshold 

• Percent of moderate downdrafts inside the RMW had acceptable correlation as well  

9 

Updrafts Downdraft
s 



Azimuthal Composite 
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Azimuthal Composite 
• Near surface updrafts 

were strongest in the 
DSL and USL 
quadrants 

• Strongest updrafts 
occurred in the mid-
levels in the DSR 
quadrant 

• Updraft suppression 
between the USR and 
USL quadrants 
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Radial Composite 
11 



Radial Composite 
• Inner core updrafts 

occurred primarily 
aloft  

• Strongest surface 
updrafts were in the 
inner core 

• Weaker surface and 
upper level updrafts 
at outer radii 

• Not many strong mid-
level  updrafts 
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Combining it all Together… 
12 

DSL DSR 

USL USR 



Combining it all Together… 
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Combining it all Together… 
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Conclusions 

• Above normal convection occurred in all three TCs regardless 
of intensity or shear strength 

• Occurred both inside and outside RMW 

– Updrafts inside RMW during peak intensities 

– Convection decreased in strength outside the inner core 

• DSL updraft preference inside 1.25R* 
– Suppression in USR  

• DSR downdraft preference in the inner core (1.25R* - 3R*) 

• Convective strength maximized aloft 

• Near-surface updrafts were primarily in the DSL quadrant 
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Discussion 

• Distinguishing the altitudinal, azimuthal, and 
radial tendencies for moderate, strong, and 
extreme UDs plays a crucial role in: 
– Understanding how shear interacts with TCs 
– TC intensity changes 

• Conducted using XDD Dropsondes in Marty, 
Joaquin, and Patricia (2015) 

• Extension of Stern et al. (2016) and Stern and 
Aberson (2006), which only had data in lowest 2 – 
3 km 
– Most comparable studies to this current work 
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TC Intensity 

• Moderate, strong and extreme UDs occurred 
in weak and strong TCs and in different shear 
environments 

– Some correlation between convection (via gamma 
parameter) and intensity 

• Positive gamma peaks before intensification 

– Percent of updrafts and moderate downdrafts 
inside the RMW increased before intensification 
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Convection Locations 

• Occurred both inside and outside the RMW, but decreased in 
strength outside of “inner core” 

– Collectively, majority of moderate, strong, and extreme 
convection was outside of RMW 

• Outside of inner core, periodic pattern of convection 

• Vertical velocities maximized in strength: 

– Aloft near 12 km (Jorgensen et al. 1985; Marks et al. 2008; 
Rogers et al. 2012)  

– Just above the surface (Stern et al. 2016) 
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Convection Locations 

• Updrafts tended to maximize in strength: 
– DSL quadrant inside 1.75R* (Black et al. 2002; Corbosiero and 

Molinari 2002, 2003; Stern and Aberson 2006; Guimond et al. 
2010; Reasor et al. 2013) 

– DSR and USL quadrants between 1.75R* and 3R* 
– USL and (small spot in the USR) quadrant at outer radii 

(Corbosiero and Molinari 2002, 2003; DeHart et al. 2014) 

• Suppressed updrafts through most of the USR quadrant 
• Downdrafts tended to maximize in strength: 

– DSR quadrant inside 1.75R* 
– USR and USL quadrants between 1.75R* and 3R* 
– DSL quadrant at outer radii 
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Future Work 

• Examine the sources of these moderate, strong and 
extreme UDs 
– 37 GHz polarization correction temperature microwave data and 

satellite data (Naval Research Laboratory)  
– Moisture and buoyancy 
– Bulk Richardson number 
– CAPE 
– Sea surface temperature 
– Potentially, modeling initialized on soundings  

• Differentiating between inner core convection and inner 
rainband convection 

• Evaluate the strength of the updraft cores in relation to the 
secondary circulation 
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Date Storm I  [m s-1] Nt |S| [m s-1] SD  
[deg] 

27 
Sept 

Marty 25.72 50 11.21 98 

28 
Sept 

Marty 36.01 62 11.00 89 

2 Oct Joaquin 56.59 75 4.90 151 

3 Oct Joaquin 66.88 65 13.20 127 

4 Oct Joaquin 43.73 66 4.90 66 

5 Oct Joaquin 38.58 76 3.90 39 

20 Oct Patricia 15.43 12 5.25 42 

21 Oct Patricia 25.72 51 2.93 195 

22 Oct Patricia 59.16 63 0.62 146 

23 Oct Patricia 92.60 70 4.58 21 

TOTAL  ----------  46.04 (avg) 59
0 

6.25 (avg)  ----------  

          

                                

• 590 Sondes Total 
• Previous studies of 

sonde calculated 
vertical velocities 
achieve this in 30+ 
Storms (e.g., Stern 
et al. 2016) 

• With ~700 data 
points per sonde, 
that’s 
approximately 
413,000 data 
points 
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4 Oct Joaquin 43.73 66 4.90 66 

5 Oct Joaquin 38.58 76 3.90 39 

20 Oct Patricia 15.43 12 5.25 42 

21 Oct Patricia 25.72 51 2.93 195 

22 Oct Patricia 59.16 63 0.62 146 

23 Oct Patricia 92.60 70 4.58 21 

TOTAL  ----------  46.04 (avg) 59
0 

6.25 (avg)  ----------  

• Strongly sheared 
• Maximum observed strength = Cat. 1 
• Westerly shear  
• 112 Sondes Total 



Date Storm I  [m s-1] Nt |S| [m s-1] SD  
[deg] 

27 
Sept 

Marty 25.72 50 11.21 98 

28 
Sept 

Marty 36.01 62 11.00 89 

2 Oct Joaquin 56.59 75 4.90 151 

3 Oct Joaquin 66.88 65 13.20 127 

4 Oct Joaquin 43.73 66 4.90 66 

5 Oct Joaquin 38.58 76 3.90 39 

20 Oct Patricia 15.43 12 5.25 42 

21 Oct Patricia 25.72 51 2.93 195 

22 Oct Patricia 59.16 63 0.62 146 

23 Oct Patricia 92.60 70 4.58 21 

TOTAL  ----------  46.04 (avg) 59
0 

6.25 (avg)  ----------  

• Moderately sheared 
• Maximum observed strength = Cat. 4 
• Northwesterly to Southwesterly shear  
• 282 Sondes Total 



Date Storm I  [m s-1] Nt |S| [m s-1] SD  
[deg] 

27 
Sept 

Marty 25.72 50 11.21 98 

28 
Sept 

Marty 36.01 62 11.00 89 

2 Oct Joaquin 56.59 75 4.90 151 

3 Oct Joaquin 66.88 65 13.20 127 

4 Oct Joaquin 43.73 66 4.90 66 

5 Oct Joaquin 38.58 76 3.90 39 

20 Oct Patricia 15.43 12 5.25 42 

21 Oct Patricia 25.72 51 2.93 195 

22 Oct Patricia 59.16 63 0.62 146 

23 Oct Patricia 92.60 70 4.58 21 

TOTAL  ----------  46.04 (avg) 59
0 

6.25 (avg)  ----------  

• Weakly sheared 
• Maximum observed strength = Cat. 5 
• Southwesterly to Northwesterly shear** 
• 196 Sondes Total 



Percent of Total Sondes above 
Threshold 

Marty Joaquin Patricia Marty Joaquin Patricia 



Percent of Total Sondes above 
Threshold 

Marty Joaquin Patricia Marty Joaquin Patricia 

• Not a clear relationship between intensity and percent of total sondes 
• Maximum Correlations: Positive: +5 m s-1 at 0.51 

             Negative: - 5 m s-1 at 0.73 



Filtered Data Example 
• Example of filtering of 

data: Marty on 27 
Sept. 2015 

• Black is raw data 
• Red is nine-point 

binomial filter 
• Green is 100 Hz Butter 

filter that has been 
corrected for phase 
shift 



Calculating the TC Center 

• Take the NHC Best-Track TC center as initial ‘guess’ 
– Linearly interpolated to the minute 

• Compute orthogonal lines from pairs of wind observations following 
Creasey and Elsberry (2016) and Willoughby and Chelmow (1982)  
– Wind speeds are motion corrected by subtracting the NHC Best-Track 

motion 

• Take the weighted mean of the intersections of all pairs of the 
orthogonal lines 

• Weighting function follows a power law  
W = Vt/d2 

• Where Vt is the tangential wind speed and d is the mean distance of 
the pairs to the initial guess 

• Produces a ‘wind field corrected’ mean Best-Track center for the 
duration of the flight into a TC 

 



Example 
• Red line is the NHC 

Best-Track center 
linearly interpolated 
to the minute 

• Red dot is the average 
NHC Best-Track center 
between Obs 1 and 
Obs 2 (wind barbs) 

• Blue lines are 
orthogonal to wind 
barbs 

• Blue dot is 
intersection 



Example 
• The weighting 

function is the mean 
tangential wind speed 
of the two points 
divided by the mean 
distance of the two 
observations from the 
NHC Best Track center 
(green) at that time, 
squared 



Example 
• Given many pairs over 

the entire observation 
period of a TC, not 
just a transect, which 
may or may not go 
over the center, a 
MEAN wind corrected 
TC center can be 
obtained  



Real World Example 



Surface Fall Speed Factor  



Surface Fall Speed Factor  



Surface Fall Speed Factor  
• Very weak (and 

negative) correlation 
between height of 
“surface” and the fall 
speed 

• Most data within 1 
standard deviation of 
mean fall speed 

• Outside of 1 standard 
deviation not affected 
by altitude 

• Close to the 18 m s-1 
surface fall speed 
reported by Black et 
al. (2016) 



Quadrant Analysis 
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60 

• Summing over each quadrant and all radii up to R* = 10…  
• Updrafts maximized in occurrence in the USL quadrant with a secondary 

maxima in the DSR quadrant 
• Downdrafts occurred less frequently, but there were peaks in the DSL 

(moderate), USL (strong and extreme) 
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Quadrant Analysis 
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• Subtracting updrafts and downdrafts… 
• Moderate updrafts dominated the USL quadrant, strong and extreme updrafts 

dominated the DSR 
• Downdrafts dominated the USR quadrant 



Quadrant Analysis: Inner Core 
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• Restricting to the inner core (3R*)…  
• Updrafts still maximized in occurrence in the USL and DSR quadrants 
• Downdrafts maximized in occurrence in the USL 

• Fits previous ‘helical rise’ theory 



Quadrant Analysis: Inner Core 
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Quadrant Analysis: Inner Core 
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• Subtracting updrafts and downdrafts… 
• Moderate updrafts dominated the USL quadrant, strong and extreme 

dominated the DSR quadrant 
• Downdrafts dominated the USR quadrant 

• SAME QUALITATIVE RESULTS AS THE FULL DATASET!!!! 



• If near-surface updrafts were an inherent error in the updraft calculations, we 
would see a strong Gaussian white noise fluctuation with radius and azimuth 

• Rather, we see that radial occurrences decrease outside of the inner core and we 
see strong peaks azimuthally in the downshear quadrants with convective 
suppression in the USL quadrant  

Are the near-surface updrafts error? 


