Table 3.1. TCG occurrences in 2005 for Gulf-Atlantic-Caribbean basin. NN to JRA-55 coordinates listed.

e . o o Date . Lat °N Long °W
TCG Name Classification  Lat°N  Long °W 2005 Time (NN) (NN)
1 Arlene TCG 18.20 83.90 09-Jun 06:00 18.75 83.75
2 Bret TCG 20.00 95.80 29-Jun 00:00 20.00 96.25
3 Cindy TCG 25.10 90.20 05-Jul 06:00 25.00 90.00
4 Dennis TCG 13.00 65.90 05-Jul 12:00 12.50 66.25
5 Emily TCG 11.00 46.80 12-Jul 00:00 11.25 46.25
6 Franklin TCG 25.70 75.90 22-Jul 00:00 26.25 76.25
7 Gert TCG 20.80 95.00 24-Jul 06:00 21.25 95.00
8 Harvey TCG 29.50 68.60 03-Aug 06:00 30.00 68.75
9 Irene (1) TCG 20.20 45.00 07-Aug 12:00 20.00 45.00
10 Irene (2) TCG 23.30 59.30 11-Aug 00:00 23.75 58.75
11 Jose TCG 19.60 95.00 22-Aug 18:00 20.00 95.00
12 Katrina TCG 24.50 76.50 24-Aug 12:00 25.00 76.25
13 Lee TCG 29.00 50.40 31-Aug 12:00 28.75 50.00
14 Maria TCG 21.10 49.40 02-Sep 12:00 21.25 50.00
15 Ophelia TCG 27.90 78.80 07-Sep 06:00 27.50 78.75
16 Nate TCG 28.40 66.60 06-Sep 00:00 28.75 66.25
17 Philippe TCG 13.50 54.90 17-Sep 18:00 13.75 55.00
18 Rita TCG 22.20 72.30 18-Sep 18:00 22.50 72.50
19 Stan TCG 19.50 87.20 02-Oct 06:00 20.00 87.50
20 Unnamed TCG 35.90 28.50 04-Oct 12:00 36.25 28.75
21 Tammy TCG 27.30 79.70 05-Oct 06:00 27.50 80.00
22 Vince TCG 32.90 20.60 08-Oct 06:00 32.50 20.00
23 Wilma TCG 16.90 79.60 17-Oct 06:00 17.50 80.00
24 Alpha TCG 16.50 68.50 22-Oct 18:00 16.25 68.75
25 Beta TCG 11.00 81.30 27-Oct 06:00 11.25 81.25
26 Gamma (1) TCG 14.30 66.00 15-Nov 06:00 13.75 66.25
27 Gamma (2) TCG 15.70 85.60 18-Nov 18:00 16.25 85.00
28 Delta TCG 30.70 40.50 22-Nov 18:00 31.25 40.00
29 Epsilon TCG 31.50 49.20 29-Nov 06:00 31.25 48.75
30 Zeta TCG 24.20 36.10 30-Dec 06:00 23.75 36.25

This analysis eliminates noise (negative values of divergence) created from the large 81-point gridded
area that was necessary to ensure a large enough spatial extent to capture relevant ULD and to obtain the
unique visual representation of individual TCG occurrences and mean ULD in Section 4. Mean divergence
around TCG relative to the COC (i.e., the mean for each grid point averaged to a single value at each pressure
level and every time stamp) calculations use the R program and include all 30 TCG occurrences, resulting in
3645 (81 grid points x 9 vertical levels x 5 instants in time) mean observations.

Due to the recent availability of better-resolution ULD data on the NCAR/UCAR Research Data

Archive, identical COC centered subsetting and analysis was performed on the data to offer results comparable
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4.1.10. Tropical Storm Jose

Jose was a very brief TC progressing from disturbance, to TD, to TS, then landfall in under 24 hours
(NHC 2015). According to the NHC (2015) “under a very favorable divergent upper-level anticyclonic flow,
convection exploded” early 22 August 2005 and classified Jose a TS 1800 UTC on 22 August 2005 at 19.6° N,
95.0° W (Knapp et al. 2010). Jose made landfall between times TCG +6 hours and TCG +12 hours. An
eyewall appeared just before landfall (NHC 2015) as Jose was shaping up to become a hurricane. Pockets of
intense ULD at TCG +12 hours in Figure 4.12 could be related to regional topographic features, the Sierra
Madres, suspected to have enhanced the strongest winds southwest of the COC (NHC 2015). During the study

time, the ULD field decreases in height and magnitude from 125 hPa, to below 225 hPa then increases again.

Figure 4.12. Jose ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.11. Tropical Storm Katrina

Katrina resulted from a convergence of remnants from Tropical Depression 10 (middle tropospheric

circulation) and a tropical wave (NHC 2015). To the north and east of the COC, a well-defined band of deep

convection formed (NHC 2015), initiating TS status at 1200 UTC on 24 August 2005 at 24.5° N, 76.5° W

(Knapp et al. 2010). As seen in Figure 4.13, the ULD field is disorganized and scattered between 250 hPa and

100 hPa. Values tend to be located to the north and east of the COC with apparent strengthening and

organization at time TCG +12 hours. Katrina evolved into a deeper cyclone at TS status and continued steady

intensification (NHC 2015).
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Figure 4.13. Katrina ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.12. Tropical Storm Lee

Lee achieved TS status at 1200 UTC on 31 August 2005 at 29.0° N, 50.4° W (Knapp et al. 2010).

Small circulations were embedded in the larger gyre after northeasterly wind shear displaced the main COC on

the day before TCG (NHC 2015). Lee was then considered only an area of low pressure until banding features

developed and upgraded the cyclone to a TD at TCG —6 hours (NHC 2015). Lee only briefly strengthened

enough to be classified a TS (Knapp et al. 2010, NHC 2015). This lasted for 12 hours and by time +12 TCG,

Lee was again a TD (NHC 2015). For a struggling TC, the ULD patterns are interesting, as they seem more

organized than those of strengthening cyclones like Katrina. Highest ULD values reach the 125 hPa height

(Figure 4.14) and larger ULD values are maintained above 200 hPa.
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Figure 4.14. Lee ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.13. Tropical Storm Maria

Maria achieved TS status at 1200 UTC on 2 September 2005 at 21.1° N, 49.4° W (Knapp et al. 2010).

A reduction in shearing from a nearby upper-level low that originally hampered formation in the days prior to

TCG allowed Maria to gain strength (NHC 2015). Environmental conditions were not ripe for rapid

intensification, so strengthening progressed slowly (NHC 2015). The largest area of maximum ULD occurs

before TCG and above 200 hPa. Figure 4.15 (a) exhibits a trend of the ULD field moving from higher vertical

heights (175 hPa and 150 hPa) to lower vertical heights (300 hPa and 250 hPa) with a decrease in structure and

size through time. Smoothing in Figure 4.15 (b) did not detect the small areas of ULD between 350 hPa and

250 hPa shown in Figure 4.15 (a) after TCG.
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Figure 4.15. Maria ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.14. Tropical Storm Nate

Nate originated from the northern portion of a split tropical wave and a cold front (NHC 2015). As

convection organized along the wave axis, convective banding was observed on satellite data and the

disturbance was given TD status (NHC 2015). The cyclone developed into a TS only six hours after it was

classified as a TD due to weak wind shear (NHC 2015). Nate achieved TS status at 0000 UTC on 6 September

2005 at 28.4° N, 66.6° W (Knapp et al. 2010). The coordinates for TCG —6 hours were used for TCG —12

hours due to a relatively stationary cyclone. Maximum ULD values start around 250 hPa and reach up to 150

hPa. Progression of increasing ULD organization and height through time is clear in Figure 4.16, but

magnitude decreases slightly after TCG.
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4.1.15. Tropical Storm Ophelia

A low-pressure trough off Lee interacted with a non-tropical cold front to produce Ophelia. The split

tropical system formed Nate from the northern portion and Ophelia from the southern portion (NHC 2015).

Paralleling the east Florida coast (NHC 2015), Ophelia was designated as a TS at 0600 UTC on 7 September

2005 at 27.9° N, 78.8° W (Knapp et al. 2010). Ophelia made a counter-clockwise loop, the first of two (second

loop clockwise farther northeast the following week), while strengthening over the next 24 hours (NHC 2015).

The area of ULD is apparent north of COC and gradually moves closer to the COC through time (Figure 4.17).

Substantial maximum ULD values are maintained between 175 hPa and 150 hPa while averages range between

250 hPa to 125 hPa.
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4.1.16. Tropical Storm Philippe

Philippe was a large disturbance with convection concentrating south as the COC became better
defined (NHC 2015). The cyclone formed in low latitudes with weak steering currents and meandered
northwestward (NHC 2015) while strengthening to TS status at 1800 UTC on 17 September 2005 at 13.5° N,
54.9° W (Knapp et al. 2010). Transition from tropical disturbance to TS occurred over only 12 hours (NHC
2015); therefore, TCG —12 hour coordinates were estimated from relative disturbance movement. Moving
toward a weakness in the nearby subtropical ridge allowed for the steady strengthening of Philippe (NHC
2015). In Figure 4.18, through time the ULD increases in organization and magnitude while expanding

vertically between 250 hPa to 125 hPa.
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Figure 4.18. Philippe ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.17. Tropical Storm Rita

As a TD, the cyclone exhibited a low-level COC with increasing strong convection more to the north of

the COC (NHC 2015). This northerly confinement occurred under the influence of southerly vertical shear

(NHC 2015). Organization continued, and Rita became a TS 1800 UTC on 18 September 2005 at 22.2° N,

72.3° W (Knapp et al. 2010). Vertical shear continued to affect the system until after TCG +12 hours when

convection became more symmetric allowing for further strengthening (NHC 2015). Concentrations of ULD

are seen north of the COC during the study period (Figure 4.19). Maximum values reach 150 hPa while the

strongest concentrations occur at TCG and TCG +6 hours.

a)

100

125

150

175

200

Pressure Level (hPa)

225

250

300

350

Rita TCG b) Rita TCG with smoothing
<2 ‘| = 7 C 7 —
Qb ' (S D= °CO{ ﬁ @ o . . .
R\C A\ _ r _ ( ~ {"'
— B - { R
Q_'Q ‘G C:j' @ Q ¢ * Q ] * *
$ ° X <7 r uLD
- ﬁ;@q = N | ST i Q < = ™ 10_48_1
s «‘% é@i /@fé ‘@ | Q( Q © 15
= = e = - ~
i RRIERICR | - | O @O |
. m ) e 0... Q ’ l”\‘n o ( 0.5
N = =X < ~——| NG
BRI | QT o
s U o|T ® o <
— - = Q% 05
e LS [ ol
* Qg’%ﬂ [;’._‘\\ 4’\ .DQ * * Q 0-‘_‘___ OQ _10
— - ke < {
< ‘ NN P [ 15
. _ QJ:\'\ qg\ dq‘\\ OQQ @ \\ 0\ C: * .Q
.\L [+ — o . I: . i ~ ~
* OOC [! :Qb‘ ﬁDQ iO‘Q * * * * *
o . '
N A ™~ =
oo ) * oéh ¢ O%\ OG? N & . * . *
-12h -6h_ TCG +6h +12h -12h -6h TCG +6h +12h
Time (Hours) Time (Hours)

Figure 4.19. Rita ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.18. Tropical Storm Stan

After days of struggling, deep and organized convection development permitted characterization as a
TD on 1 October (NHC 2015). Establishment of an upper-tropospheric anticyclone aided in the cyclone’s
strengthening (NHC 2015) and Stan became a TS 0600 UTC on 2 October 2005 at 19.5° N, 87.2° W (Knapp et
al. 2010) just two hours prior to making landfall (NHC 2015). Stan traveled west over the Yucatan peninsula
and weakened briefly to a TD before regaining strength once back over water (NHC 2015). TD classification
occurred six hours after TCG +12 hours and only held six hours before returning to TS classification (NHC
2015). During both TCG +6 hours and TCG +12 hours, Stan was over land (NHC 2015). Maximum ULD

values reach the 125 hPa height and average around 150 hPa in Figure 4.20.
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Figure 4.20. Stan ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.19. Unnamed Tropical Storm

Identified in a post-season re-analysis as a SC instead of a non-tropical low, Unnamed was a surface

low at TCG —12 hours and subtropical depression (SD) at TCG —6 hours (NHC 2015). The cyclone achieved

SS status at 1200 UTC on 4 October 2005 at 35.9° N, 28.5° W (Knapp et al. 2010). Continued development

occurred through the next day when it merged with a cold front that was subsequently absorbed by a non-

tropical low, which eventually evolved into Vince (NHC 2015). A 200 hPa warm core suggested a possible

fully tropical nature but an upper-level trough after TCG suggested a subtropical nature (NHC 2015). ULD

values reach to about 175 hPa with the best signature of maximum values between 250 hPa and 200 hPa

occurring from TCG to TCG +6 hours (Figure 4.21).
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Figure 4.21. Unnamed ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.20. Tropical Storm Tammy

Tammy began as the northern portion of a split tropical wave that found favorable conditions in a low
vertical shear environment (NHC 2015). As a surface trough, the system moved near a large central Atlantic
Ocean surface high, causing the pressure gradient to increase and creating gale-force winds (NHC 2015). A
low-pressure center developed along with deep convection and low to mid-level cyclonic circulation (NHC
2015). Gale-force winds over 17 m s allowed Tammy’s classification to begin with TS status (NHC 2015).
Therefore, a centralized location for TCG —12 hours and TCG —6 hours are based on previous location and
movement. TCG occurred 0600 UTC on 5 October 2005 at 27.3° N, 79.7° W (Knapp et al. 2010). ULD

values weaken before TCG then increase vertically, spatially, and in magnitude after TCG (Figure 4.22).
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Figure 4.22. Tammy ULD at TCG (a) and ULD at TCG with smoothing (b).
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4.1.21. Tropical Storm Vince

The system began 0600 UTC on 8 October 2005 at 32.9° N, 20.6° W (Knapp et al. 2010) as a SS that

resembled the structure of a TS, both with the surface wind field and the core convective structure, but with a

notable upper tropospheric cold-core circulation (NHC 2015). Like Tammy, Vince’s complete formation and

cyclogenesis occurred within 6 hours, and a centralized location for the disturbance twelve hours prior to

cyclogenesis was estimated using the available location and movement. Vince maintained steady development

over the next 18 hours and a warm core developed in the mid- to upper-levels upgrading the classification to

TS at 1200 UTC on 9 October 2005 (NHC 2015). Figure 4.23 shows disorganized ULD clusters from 350 hPa

to 125 hPa and a very concentrated ULD area occurring at TCG +6 hours between 250 hPa and 225 hPa.
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Figure 4.23. Vince ULD at TCG (a) and ULD at TCG with smoothing (b).
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Table A.2. Extended version of Table 3.1 with manual Pre-TD coordinates listed.

e . o o Date . Lat°N  Long °W
TCG Name Classification  Lat°N  Long °W 2005 Time (NN) (NN)
1 Arlene TD 16.90 84.00 08-Jun 18:00 17.50 83.75
1 Arlene TD 17.40 83.90 09-Jun 00:00 17.50 83.75
1 Arlene TCG 18.20 83.90 09-Jun 06:00 18.75 83.75
1 Arlene TS 19.00 84.00 09-Jun 12:00 18.75 83.75
1 Arlene TS 19.70 84.10 09-Jun 18:00 20.00 83.75
2 Bret Disturbance 20.00 95.00 28-Jun 12:00 20.00 95.00
2 Bret TD 19.70 95.40 28-Jun 18:00 20.00 95.00
2 Bret TCG 20.00 95.80 29-Jun 00:00 20.00 96.25
2 Bret TS 20.40 96.40 29-Jun 06:00 20.00 96.25
2 Bret TS 20.80 97.30 29-Jun 12:00 21.25 97.50
3 Cindy TD 22.30 89.00 04-Jul 18:00 22.50 88.75
3 Cindy TD 23.90 89.70 05-Jul 00:00 23.75 90.00
3 Cindy TCG 25.10 90.20 05-Jul 06:00 25.00 90.00
3 Cindy TS 26.40 90.40 05-Jul 12:00 26.25 90.00
3 Cindy TS 27.60 90.50 05-Jul 18:00 27.50 90.00
4 Dennis TD 12.20 62.50 05-Jul 00:00 12.50 62.50
4 Dennis TD 12.50 64.20 05-Jul 06:00 12.50 63.75
4 Dennis TCG 13.00 65.90 05-Jul 12:00 12.50 66.25
4 Dennis TS 13.60 67.30 05-Jul 18:00 13.75 67.50
4 Dennis TS 14.30 68.50 06-Jul 00:00 13.75 68.75
5 Emily TD 10.90 44.40 11-Jul 12:00 11.25 45.00
5 Emily TD 11.00 45.40 11-Jul 18:00 11.25 45.00
5 Emily TCG 11.00 46.80 12-Jul 00:00 11.25 46.25
5 Emily TS 11.00 48.50 12-Jul 06:00 11.25 48.75
5 Emily TS 11.00 50.20 12-Jul 12:00 11.25 50.00
6 Franklin Disturbance 25.00 75.00 21-Jul 12:00 25.00 75.00
6 Franklin TD 25.00 75.00 21-Jul 18:00 25.00 75.00
6 Franklin TCG 25.70 75.90 22-Jul 00:00 26.25 76.25
6 Franklin TS 26.20 76.40 22-Jul 06:00 26.25 76.25
6 Franklin TS 26.60 76.80 22-Jul 12:00 26.25 76.25
7 Gert TD 19.30 92.90 23-Jul 18:00 18.75 92.50
7 Gert TD 19.80 93.80 24-Jul 00:00 20.00 93.75
7 Gert TCG 20.80 95.00 24-Jul 06:00 21.25 95.00
7 Gert TS 21.00 95.80 24-Jul 12:00 21.25 96.25
7 Gert TS 21.40 96.60 24-Jul 18:00 21.25 96.25
8 Harvey TD 28.20 68.80 02-Aug 18:00 28.75 68.75
8 Harvey TD 28.90 68.70 03-Aug 00:00 28.75 68.75
8 Harvey TCG 29.50 68.60 03-Aug 06:00 30.00 68.75
8 Harvey TS 30.30 68.30 03-Aug 12:00 30.00 68.75
8 Harvey TS 30.90 67.70 03-Aug 18:00 31.25 67.50
9 Irene (1) TD 19.30 43.50 07-Aug 00:00 18.75 43.75
9 Irene (1) TD 19.70 44.20 07-Aug 06:00 20.00 43.75
9 Irene (1) TCG 20.20 45.00 07-Aug 12:00 20.00 45.00
9 Irene (1) TS 20.80 46.00 07-Aug 18:00 21.25 46.25
9 Irene (1) TS 21.30 47.20 08-Aug 00:00 21.25 47.50
10 Irene (2) TD 22.40 57.20 10-Aug 12:00 22.50 57.50

(table cont’d.)
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Figure A.1. Same as Figure 4.32 but for all levels included in study.
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