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THE YEAR IN REVIEW 
 

 
The 2010 season marked the 14th year of operations for the South Texas Weather 

Modification Association.  In terms of operations, it was a slightly below-average 
year with 58 seeding flights over 35 days, with an additional 11 reconnaissance 
flights.  This compares to the 12-year average of 39 seeding days, 69 seeding flights 
and 7 reconnaissance flights.  2010 was a year characterized by wide swings in the 
weather pattern, with some very wet months and also some very dry periods.  The 
moderate El Niño present at the start of the year eventually transitioned into a La 
Niña by summer, which gradually strengthened through the remainder of the year.  

A recurring issue during 2010 involved the prevalence of warm clouds – clouds 
wherein the temperature is above freezing throughout – over the target area.  
Tropical airmass intrusions, while generally common in south Texas during the 
summer months, were more prevalent in June, July and September than what would 
normally be experienced.  This became problematic as some of these airmasses were 
particularly moist and the clouds forming in these environments, although efficient at 

producing droplets, do not usually respond well to glaciogenic seeding and in several 
instances “good convective days” did not yield many seedable clouds. 
 
The season got off to a slow start with the first day of seeding not taking place until 
May 17th as a cold front pushed south into the area.  Airmass convection on the 24th 
and 25th – the latter day aided by differential heating resulting from a passing MCS 
to the west – also provided seeding opportunities. 
 
June was busier than usual for the project, with nine days of seeding operations 
taking place.  Warm, moist flow off the Gulf provided an environment favorable for 
cumulus development, but in several instances these clouds quickly produced 
precipitation before a formidable supercooled region could form in the cloud, so ideal 
clouds, although present on these days, were limited in number.  Hygroscopic 
seeding was used in some cases where it seemed to be a better approach, with 

glaciogenic seeding being supplementary.  A heavy rain event occurred on the night 
of the 8th into the early morning hours of the 9th as a warm-core low moved 
northeast across the target area from Laredo to San Antonio.  Rainfall amounts in 
excess of seven inches were reported from northeast of Pleasanton to the New 
Braunfels/San Marcos area, where close to a foot of rain fell.  At the end of the 
month, rich tropical moisture associated with Hurricane Alex aided in additional 
convective development. 
 
July saw a continuation of the trend for tropical airmasses to dominate the area.  
Unusually high precipitable water (PWAT) values were measured on the 1st, not long 
after Hurricane Alex made landfall south of Brownsville.  The 7pm sounding from 
Corpus Christi on July 1st, which was untainted (did not sample a precipitating cloud) 
registered a PWAT value of 2.99 inches!  Airmass convection was common during the 

month, and once PWAT values had declined from early-month levels, seedable clouds 
were once again present across the target area.  Eight days of seeding took place 
during the month, the majority of which occurred after mid-month. 
 
August saw a reduction in the active tropical weather over south Texas, due in part 
to a strong upper ridge that parked itself over the southern U.S. for nearly two 
weeks during the middle part of the month.  This gave the area an opportunity to dry 

out.  On either side of the period where high pressure dominated the weather 
pattern, there were five days where seedable clouds were present over the target 
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area.  The final day of seeding in August, the 29th, was quite active with four flights 
taking place. 
 
September saw a return to a warm, moist environment over south Texas.  The main 

weather impact of the month came on the 7th and 8th when Tropical Storm Hermine 
moved directly over the target area, and this is when the majority of the month’s 
precipitation fell.  Outside of this event, the month was quite busy in terms of 
convective activity with ten days of seeding operations taking place.  The quality of 
the clouds suitable for glaciogenic seeding in many cases was marginal, and in some 
instances hygroscopic flares were used in tandem with glaciogenic flares.  The final 
flight of the season occurred on October 12th when cloud development was 

investigated, but not seeded.   
 
The randomization experiment requested by the EAA in 2007 continued for a fourth 
year, but like the past three years, cases were very hard to come by as one of the 
criterion, namely that developing cumulus be at least 25km away from an any other 
when looking at the 32dBZ contour on the TITAN radar image, was rarely met.  Only 

two suitable cases presented themselves during the season, on May 25th in Medina 
County and on August 24th along the Bexar/Medina county line.  
 
A radar analysis of 113 seeded clouds in the STWMA target area was performed by 
Active Influence & Scientific Management once the season ended.  Results indicate a 
radar-derived increase of over 480,000 acre-feet of water in and near the target 
area, or about 4%.  These results are presented towards the end of the report. 
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2010 FLIGHT LOG 
 

 

Date Plane Flight Take Off Landing  Total  
No. 

Flares  
Amount 

of  Flare Locations 

    No.  Time Time Time Used AgI (g)   

                  

13-May 70P 1 0:40 1:05 0.4     Recon to Medina 

17-May 47P 2 22:15 23:10 0.9     Recon – comm. problems 

17-May 70P 3 1:15 3:00 1.8 12 312 Medina, Wilson 

24-May 47P 4 20:35 21:55 1.3 6 156 Frio 

25-May 7AA 5 20:20 21:55 1.6 10+8* 260+208* Medina, Bexar, Atascosa 

2-Jun 7AA 6 0:35 1:55 1.3 16+3H 416 Bandera, Medina 

2-Jun 47P 7 1:25 2:05 0.7 9 234 Wilson 

7-Jun 7AA 8 23:00 1:05 2.1 4+1H 104 Atascosa 

8-Jun 7AA 9 19:55 20:45 0.8 4 104 Karnes 

8-Jun 60P 10 20:55 21:55 1 6 156 Atascosa, Wilson 

8-Jun 70P 11 20:55 22:25 1.5 9+1H 234 Atascosa, Medina 

8-Jun 47P 12 23:15 0:40 1.4 10 260 Frio, Live Oak 

16-Jun 60P 13 18:35 21:20 2.8 39 1014 Medina, Frio, McMullen, Atascosa 

16-Jun 60P 14 22:55 0:20 1.4 21 546 McMullen 

17-Jun 60P 15 18:20 19:50 1.5 6 156 McMullen, LaSalle 

17-Jun 60P 16 20:50 22:05 1.3 17 442 Atascosa 

23-Jun 60P 17 19:20 21:00 1.7 8 208 Bee, Live Oak, Goliad 

23-Jun 47P 18 22:55 23:25 0.5     Recon to Atascosa 

24-Jun 47P 19 18:50 21:00 2.2 20 520 Karnes, Bee, Live Oak, Wilson 

28-Jun 47P 20 18:00 19:30 1.5 11 286 Goliad, Bee, Live Oak 

28-Jun 47P 21 21:05 23:25 2.3 34 884 
Bandera, Medina, Uvalde, Frio, 

Atascosa 

29-Jun 47P 22 18:30 19:30 1 8 208 Wilson 

29-Jun 47P 23 19:35 21:00 1.4 7 182 DeWitt, Karnes 

29-Jun 47P 24 21:25 22:10 0.8 2 52 McMullen 

6-Jul 47P 25 19:10 22:10 3 15 390 Bee, Live Oak, Goliad, McMullen 

7-Jul 47P 26 22:10 23:25 1.3 3 78 Bee 

19-Jul 7AA 27 20:45 21:20 0.6     Recon to Live Oak 

19-Jul 70P 28 22:05 22:25 0.8 4 104 Live Oak 

21-Jul 60P 29 20:25 22:50 2.4 11 286 Live Oak, McMullen, Frio 

22-Jul 60P 30 18:30 20:40 2.2 35 910 Atascosa, Medina,Frio 

22-Jul 47P 31 19:35 21:05 1.5 8 208 Bee, Live Oak, McMullen 

23-Jul 47P 32 19:05 20:35 1.5 16 416 Atascosa, Live Oak 

26-Jul 60P 33 0:20 2:05 1.8 22 572 Bandera, Medina 

27-Jul 47P 34 19:15 21:35 2.3 23 598 Atascosa, Frio 

27-Jul 7AA 35 21:25 22:40 1.3 11 286 Medina, Atascosa 

10-Aug 47P 36 20:50 22:45 1.9 5 130 McMullen 

10-Aug 47P 37 23:00 23:45 0.8 2 52 Atascosa 

12-Aug 47P 38 0:15 1:05 0.8     Recon to Live Oak, McMullen 

24-Aug 7AA 39 19:40 23:55 4.3 23+6* 598+156* 
Bexar, Medina, Atascosa, Real, 

Bandera 

24-Aug 7AA 40 0:15 0:50 0.6 9 234 Wilson, Karnes 

25-Aug 70P 41 22:50 23:50 1 9 234 Frio, Medina 
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Date Plane Flight Take Off Landing  Total  
No. 

Flares  
Amount 

of  Flare Locations 

    No.  Time Time Time Used AgI (g)   

                  

29-Aug 60P 42 17:30 19:30 2 14 364 Bee, Live Oak 

29-Aug 7AA 43 19:35 22:05 2.5 14 364 Wilson, Atascosa, McMullen 

29-Aug 47P 44 21:10 22:15 1.1 8 208 Bee, Live Oak 

29-Aug 7AA 45 22:25 23:20 0.9     Recon to Frio 

31-Aug 7AA 46 20:50 21:50 1 2 52 Bee 

1-Sep 47P 47 19:00 20:10 1.2     Recon to Bee, Live Oak 

1-Sep 47P 48 21:30 23:00 1.5 13 338 Wilson, Karnes 

2-Sep 7AA 49 20:40 23:10 2.5 5 130 Bee, Live Oak 

2-Sep 60P 50 22:05 1:05 3 37+1H 962 Karnes, Bandera, Real, Atascosa 

2-Sep 7AA 51 23:40 1:25 1.8 12 312 Atascosa, Wilson 

3-Sep 7AA 52 14:30 15:25 0.9     Recon to Live Oak 

3-Sep 47P 53 18:10 20:05 1.9 18 468 Atascosa, McMullen, Live Oak, Frio 

3-Sep 47P 54 21:25 22:35 1.2 11 286 Frio, Atascosa, McMullen 

6-Sep 47P 55 18:20 18:55 0.6     Recon to Karnes 

12-Sep 47P 56 18:45 20:25 1.7 15 390 Bee, Goliad, Live Oak 

14-Sep 60P 57 20:55 22:20 1.4 6+1H 156 Live Oak 

14-Sep 60P 58 23:20 0:25 1.1 6+1H 156 Atascosa, Wilson 

15-Sep 47P 59 18:00 21:05 3.1 22+1H 572 Bee, Karnes, McMullen 

15-Sep 78M 60 22:15 22:40 0.4     Recon to Atascosa, Karnes 

17-Sep 78M 61 17:45 19:10 1.4 24 624 Bee, San Patricio, Jim Wells, Live Oak 

17-Sep 78M 62 20:00 21:05 1.1 17+2H 442 Atascosa, Live Oak, Karnes, Wilson 

17-Sep 70P 63 20:20 20:45 0.4 4 104 McMullen 

23-Sep 60P 64 18:55 21:15 2.3 12+2H 312 Live Oak, McMullen, LaSalle, Karnes 

23-Sep 60P 65 21:45 22:40 0.9 3 78 Atascosa 

24-Sep 60P 66 18:25 21:15 2.8 22 572 McMullen, Atascosa, Wilson, Frio 

24-Sep 78M 67 19:00 19:30 0.5     Recon to Karnes 

25-Sep 60P 68 20:25 0:00 3.6 27 702 Bee, Medina, Bandera, Frio 

12-Oct 78M 69 21:45 23:15 1.5     Recon to Frio, Atascosa 

                  

    69 flights     105.6 725+14* 18,850 
58 seeding flights; 11 

recon flights 

 
 

* refers to flares that were used for a randomization case and may or may not have 
actually been fired (i.e., potential flares). 
H refers to hygroscopic flares (each contains 1000g of CaCl). 
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MAY 
 
 
May saw a mixed bag of weather, with some areas experiencing very heavy rainfall 

while others saw below normal rainfall for the month.  The big event of the month 
came on the 14th and 15th when very heavy rains fell along the Balcones Escarpment, 
where some locations received nearly 10 inches of rainfall.  This was great news for 
the aquifer and for Medina Lake, where the majority of this torrential rainfall was 
centered.  An MCS affected the area on the evening of the 17th, with airmass 
convection not associated with a disturbance or boundary on the 24th and 25th.  
These days saw seeding take place, although in the case of the 24th the seeding took 

place just outside the target area with the seeded activity moving into Medina and 
Bandera counties.  Temperature-wise the area was near normal. 
For the month, there were three days on which seeding took place.  A total of 5 
flights were logged, 2 of which were reconnaissance.  28 flares were used for 
seeding, totaling 728g of AgI.  In addition, 8 “potential” flares were used during the 
randomized case, adding another 208g of “potential” AgI. 
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MAY 17 
Convection which had formed well to the east earlier in the day was re-developing 
and propagating westward along an outflow boundary.  Strong heating had taken 
place and with a weak cap in place, convection continued to develop along the 

aforementioned boundary as it moved into the extreme eastern portions of Karnes 
County.  Two flights were dispatched to investigate this activity – the first plane 
could not find inflow and suffered from communication problems and thus landed at 
Kenedy, while a second plane launched to resume investigating.  The second plane 
did not find inflow and could not look at incoming convection that had been warned 
on by the NWS, and so landed at Kenedy.  Later in the evening, a southward-moving 
cold front which had been igniting convection moved into the northern target area 

and a third plane was dispatched to investigate, with seeding taking place in Medina 
County.  Operations were halted as the outflow associated with the broken line of 
convection began to outrace the leading edge of convection. 
12 flares were burned in Medina (10) and Wilson (2) counties, totaling 312g of AgI.  
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MAY 24 
The western half of south Texas had favorable conditions for convective development 
– diffluent flow aloft, a moist and unstable airmass, and closer proximity to a trough 
located from northern Mexico across the Rockies.  Convection developed close to the 

Rio Grande initially and then extended a little further east into the western target 
area.  A cloud was seeded in Frio County.  This activity moved north into Medina 
County where it then split into two separate cells near Hondo. 
Six flares were used for seeding in Frio County, totaling 156g of AgI. 
 
 

 
 



 

 8 

MAY 25 
During the early morning hours an MCS moved across the western and southern 
target areas with heavy rains recorded.  This feature stabilized the airmass over the 
affected areas, with northern and eastern counties still having untapped instability.  

With daytime heating and the aid of diffluent flow aloft, isolated to scattered showers 
and thunderstorms began developing by mid-afternoon across the northern counties 
of the target area, and a plane was dispatched to investigate.  One cell in Medina 
County fit the randomized protocol and it was enacted.  Additional activity over 
southern Bexar/western Wilson counties did not fit the randomized protocol (cluster 
of cells) so operational seeding took place.  The activity began to diminish by 
evening with no new development taking place. 

Ten flares were used for seeding in Bexar (8) and Atascosa (2) counties, totaling 
260g of AgI.  In addition, eight “potential” flares were used in a randomized case in 
Medina County, totaling 208g of “potential” AgI. 
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JUNE 
 

 
The weather across the target area during June was quite varied.  Temperature-wise, 

the area was near normal with no occurrence of extreme heat or unusually cool 
weather.  Overall, much of the area saw below normal rainfall, with two areas – a 15 
mile wide swath from near Cotulla northeast to near LaVernia, and southern Bee and 
Live Oak counties – seeing above normal rainfall.  The main rain event of the month 
occurred on the 8th when a warm-core low (temperature in the center of the low 
warmer than its surroundings) moved across the area resulting in very heavy 
nighttime rains from central Atascosa County northeastward to New Braunfels, where 

4-12 inches of rain fell over a period of several hours.  Convective activity, while not 
a daily occurrence, was spread out over the month, with another round of brief 
heavy rains late in the month associated with moisture from what would eventually 
become Hurricane Alex. 
For the month, there were nine days on which seeding activity occurred.  19 flights 
were logged.  A total of 231 flares were used for seeding, totaling 6006g of AgI.  In 

addition, Five hygroscopic flares were used for seeding, totaling 5000g of CaCl. 
 

 
 

 
 



 

 10 

JUNE 2 
A very unstable airmass had developed across much of central and south Texas.  An 
MCS spawned by a frontal boundary north of the area had begun to travel southward 
during the day and reached the northern target area by early evening.  In addition, a 

second MCS developed along/west of the Rio Grande and was moving east during 
the evening hours.  Two flights were launched during the evening hours to treat 
developing cells along the leading edge of the southward-moving MCS.  Strong inflow 
in excess of 1000 ft/min was common along the leading edge.  Lowering heights and 
the issuance of severe thunderstorm warnings ended the mission. 
25 flares were used for seeding in Bandera (6), Medina (10) and Wilson (9) counties, 
totaling 650g of AgI.  In addition, three hygroscopic flares were used in Medina 

County, totaling 3000g of CaCl. 
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JUNE 7 
An upper low was situated over deep south Texas with diffluent flow aloft over much 
of south Texas.  Small cumulus developed into showers for a good portion of the day 
but remained low-topped and generally below the freezing level.  By late in the 

afternoon, the clouds began to grow past the freezing level and a flight was launched 
to investigate some development over the north-central part of the target area.  This 
area of clouds received treatment.  The showers grew into thunderstorms. 
Four flares were used for seeding in Atascosa County, totaling 104g of AgI.  One 
hygroscopic flare was also used in Atascosa County, totaling 1000g of CaCl. 
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JUNE 8 
An upper low was located near Laredo and over the course of the day slowly drifted 
north and northeast.  A shortwave/vorticity lobe rotating around the low moved 
across the area enhancing lift and resulting in scattered convection developing across 

the central and eastern target area, moving generally northward.  A flight was 
launched to look at convection in the eastern target area during the mid-afternoon 
hours with one cloud receiving treatment.  Problems with the flare box resulted in 
the plane returning to Pleasanton with a second plane launched from Kenedy to 
continue investigating convection in the eastern target area while a third plane was 
launched from Pleasanton to look at more development in the central target area.  
More problems with the second plane launched from Pleasanton ended the flight and 

a plane switch took place with the Kenedy pilot bringing over a plane, then the 
Pleasanton pilot flying back to Kenedy to drop off the pilot and then taking off for 
flight number four with additional clouds being seeded.  Convection continued into 
the evening. 
29 flares were used for seeding in Karnes (4), Atascosa (9), Wilson (4), Medina (2), 
Frio (6) and Live Oak (4) counties, totaling 754g of AgI.  In addition, one 

hygroscopic flare was used for seeding in Atascosa County, totaling 1000g of CaCl. 
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JUNE 16 
The combination of a moist airmass, weak cap and strong daytime heating resulted 
in scattered convection developing just after the noon hour over the central and 
southern target area once convective temperatures were reached.  A plane was sent 

up to investigate the developing convection, which moved northwest across the area.  
Several clouds were seeded with one cluster of clouds increasing in areal coverage 
and maintaining moderate intensity for over two hours.  The plane landed as all 
convection had either been treated or had exited the target area.  Meanwhile, an 
MCS that originated in northeastern Mexico was surging northward toward the 
southern target area, and a second flight was launched late in the afternoon to 
intercept the incoming convection, which was also treated with AgI. 

60 flares were used for seeding in Medina (16), Frio (2), McMullen (30) and Atascosa 
(12) counties, totaling 1560g of AgI. 
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JUNE 17 
A moist airmass, with PW values near/just over 2 inches was covering the central 
and southern target area.  Streamer showers developed in the convergent flow near 
the coast and moved north-northwest, eventually entering the eastern target area.  

With daytime heating, showers grew taller with isolated thunderstorms developing.  
Two flights were launched – the first early in the afternoon and the second toward 
the latter part of the afternoon.  The more promising convection and the activity that 
may have responded to seeded occurred during the second flight. 
23 flares were used for seeding in McMullen (4), LaSalle (2) and Atascosa (17) 
counties, totaling 598g of AgI. 
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JUNE 23 
Moisture levels were beginning to rise across the area with a gradient of precipitable 
water values increasing from northwest to southeast.  Mid level temperatures 
associated with the strong mid-level high had cooled some as the high lifted north of 

the area.  Weak wind fields allowed for a seabreeze to develop and penetrate inland 
across the eastern target area.  Spotty convection developed along the boundary as 
it moved toward the eastern target area.  A plane was sent up to look at the 
incoming convection.  Tops were reaching above the freezing level of 16,000 feet 
which was sufficient for glaciogenic seeding.  Two clouds were seeded over the 
southeastern target area. 
Eight flares were used for seeding in Bee (2), Live Oak (2) and Goliad (4) counties, 

totaling 208g of AgI. 
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JUNE 24 
An inverted trough that had been traveling west across the northern Gulf coast over 
the past few days was pushing from east Texas into central Texas.  Convection and 
moisture associated with this feature were spreading west toward the target area.  

By early afternoon showers and isolated thunderstorms were approaching the 
eastern target area and a plane was sent up to investigate the developing clouds.  
Several clouds were seeded over the eastern target area before mid and high level 
cloudiness began to spread across the area from the east, limiting heating and the 
development of additional deep convective cells. 
20 flares were used for seeding in Karnes (6), Bee (10), Live Oak (1) and Wilson (3) 
counties, totaling 520g of AgI. 
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JUNE 28 
Moisture began to increase across the area during the morning hours ahead of 
Tropical Storm Alex – slowly getting organized in the southern Gulf of Mexico.  Weak 
wind fields and strong heating allowed for an early development of the seabreeze 

boundary, with convection developing near the coast and moving inland toward the 
southeastern target area.  A flight was dispatched to the area with several clouds 
receiving treatment.  Later in the afternoon, additional convection began to form 
over the northwestern target area associated with the frontal boundary and a second 
flight was launched to investigate, with more clouds being seeded over the 
northwestern half of the target area.  This area of convection developed a long 
outflow boundary that began to move southeast, eventually colliding with the 

northwestward-bound seabreeze front across the western target area where 
convection rapidly developed and expanded.   
45 flares were used for seeding in Goliad (4), Bee (5), Live Oak (2), Bandera (5), 
Medina (11), Uvalde (7), Frio (8) and Atascosa (3) counties, totaling 1170g of AgI. 
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JUNE 29 
Deep tropical moisture was flowing into south Texas as the broad circulation of 
Tropical Storm Alex began affecting the central and southern portions of the state.  
With relatively low convective temperatures, scattered convection began developing 

as modest heating occurred within breaks in the cloud cover.  The activity was 
moving west and southwest across the area.  Three flights were launched to 
investigate cloud development, with seeding taking place across the eastern half of 
the target area. 
17 flares were used for seeding in Wilson (8), DeWitt (3), Karnes (4) and McMullen 
(2) counties, totaling 442g of AgI. 
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JULY 
 

 
Several tropical airmass intrusions during the month brought periods of locally heavy 

rainfall to the target area.  The remnants of Hurricane Alex at the beginning of the 
month contributed to quite a bit of rainfall, especially over the southern target area.  
The latter half of the month was the most active, with three-quarters of the 
operational seeding days occurring after the 15th.  The southeastern third of the 
target area was quite wet, with 300 to 600 percent of the normal July rainfall 
recorded.  In contrast, southeastern Bexar County was drier than normal, with only 
50-75 percent of the average July rainfall recorded.  With the increased cloud cover 

and frequent presence of tropical airmasses, highs in July averaged a couple degrees 
below normal.  Lows, however, were warmer than normal, so overall the mean 
temperatures were close to the 30 year average. 
For the month there were eight days on which seeding operations took place.  11 
flights were logged including one reconnaissance.  A total of 148 AgI flares were 
used for seeding, totaling 3848g of AgI.   
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JULY 6 
Weak subsidence was present across the target area along with some relatively dry 
air above 600mb.  This was in association with a TUTT just east of the lower Texas 
coast.  Still, morning soundings revealed moist low levels and this, combined with an 

uncapped atmosphere and low convective temperatures allowed for a few showers to 
develop during the afternoon hours across the southern target area.  A flight was 
launched just after 19Z to investigate growing cumulus across the southern target 
area with several clouds receiving treatment with AgI.  The convection was small and 
short-lived. 
15 flares were used for seeding in Bee (2), Live Oak (9), Goliad (2) and McMullen (2) 
counties, totaling 390g of AgI. 

 
 

 
 
 



 

 21 

JULY 7 
The airmass over south Texas was uncapped according to morning soundings from 
around the area.  Although moisture levels were initially lower than the previous day, 
deeper moisture began to flow in from the Gulf ahead of a developing tropical 

disturbance in the Gulf.  By afternoon, scattered showers and thunderstorms were 
developing and moving into the area.  The activity was rather short lived although 
radar did indicate brief heavy rains with the convection.  One flight was dispatched to 
the southeastern target area to look at a few clouds, with one cloud receiving AgI.  
Other activity over the northwestern target area was seeded by SWTREA as they 
were in that area conducting operations. 
Three flares were used for seeding in Bee County, totaling 78g of AgI. 
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JULY 19 
A tropical airmass was present over the target area, especially the eastern half 
where precipitable water values were in excess of 2.2”.  Convective temperatures 
were on the low side and with little in the way of a cap, convection began to develop 

over the eastern half of south Texas during the early afternoon hours.  Some of this 
activity approached the eastern target area by mid-afternoon and, although cloud 
profiles did not look very favorable for seeding opportunities, a flight was launched to 
investigate development over the southeastern target area.  Two clouds were 
seeded.  
Four flares were used for seeding in Live Oak County, totaling 104g of AgI. 
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JULY 21 
Deep, rich moisture was spreading inland over south Texas and the target area as an 
upper low moved inland just south of the area.  Daytime heating utilized the 
moisture and the convergence associated with the seabreeze to produce scattered 

convection that moved northwest across the area.  A flight was dispatched to the 
southern target area to investigate clouds with one cloud receiving AgI.  A second 
cloud in the western target area also received treatment before the plane departed 
to the adjoining project to continue seeding operations.  The plane returned later in 
the afternoon with another cloud in the western target area receiving AgI. 
11 flares were used for seeding in Live Oak (6), McMullen (3) and Frio (2) counties, 
totaling 286g of AgI. 
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JULY 22 
A TUTT was moving west into Mexico while weakening.  This feature allowed for deep 
tropical moisture to flow into south Texas with precipitable water values in excess of 
two inches across all but the far northern target area.  With little in the way of a cap 

and good solar heating, showers and isolated thunderstorms developed during the 
noon hour across much of south Texas with little organization noted.  The convection 
began to increase in coverage and intensity during the early afternoon hours and a 
flight departed from Pleasanton to inspect convection over the central target area, 
with several clouds being treated as they moved northwest into the northern target 
area.  Additional convection over the southern target area required a second plane to 
launch, with seeding taking place over this area. 

43 flares were used for seeding in Atascosa (14), Medina (11), Frio (10), Bee (1), 
Live Oak (5) and McMullen (2) counties, totaling 1118g of AgI. 
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JULY 23 
A very moist airmass continued to reside over south Texas with morning soundings 
indicating this airmass extending up at least through 500mb, although some drier air 
in advance of a large TUTT in the central Gulf was beginning to filter in along the 

coast.  With daytime heating and the seabreeze beginning to move inland, scattered 
convection began to develop along and ahead of the seabreeze boundary over the 
eastern target area and a flight was launched to investigate.  Bases were on the low 
side, around 1500 feet AGL.  Seeding of several clouds occurred as the activity 
moved northwest. 
16 flares were used for seeding in Atascosa (10) and Live Oak (6) counties, totaling 
416g of AgI. 
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JULY 26 
A mid and upper level low over north Texas helped draw in deep, rich moisture from 
the Gulf.  High pressure to the east also aided in onshore flow.  Convection started 
early mainly north of the area as convective temperatures in the upper 80s were 

reached.  The convection north of the area pushed out an outflow boundary that 
propagated southward into the northern target area during the mid afternoon hours.  
Early in the evening, convection began to fire along this boundary across Bexar, 
Medina and Bandera counties.  The convection in Bexar County quickly became 
severe with a warning issued.  Activity in Medina and Bandera counties was not as 
intense and a plane investigating the developing convection was able to conduct 
seeding operations, with several clouds seeded over the northwestern target area.  

Activity lasted past sunset. 
22 flares were used for seeding in Bandera (18) and Medina (4) counties, totaling 
572g of AgI. 
Flight track data is not available for this day. 
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JULY 27 
A mid and upper level low responsible for convection across the state over the 
previous few days continued to sit nearly stationary near Abilene.  A very moist 
airmass was in place over the target area with precipitable water values over two 

inches.  Convective temperatures were low – in the mid 80s – and once they were 
reached before noon showers and isolated thunderstorms began to develop.  Initially 
the restricted zone was being affected but over time the convection developed 
further west, and a flight was launched to treat developing clouds in the central and 
western target area.  A second flight was launched to continue with seeding as 
additional cloud development occurred over the northwestern target area. 
34 flares were used for seeding in Atascosa (20), Frio (5) and Medina (9) counties, 

totaling 884g of AgI. 
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AUGUST 
 

 
Unlike June and July, August turned out to be quite dry across much of south Texas 
as strong high pressure aloft sat over the southern part of the country, with 
subsidence keeping a lid on convection for many days.  A string of 100°F+ highs 
occurred from the beginning into the latter third of the month, when the high finally 
weakened and shifted away from the area.  As a result of the proximity of the high to 
the area, convective events were limited, with five days of seeding taking place.  A 

randomized case occurred on the 24th with an isolated cloud fitting the protocol. 
For the month, there were five days on which seeding operations occurred.  11 
flights were logged, 2 of which were reconnaissance.  A total of 86 flares were used 
for seeding, totaling 2236g of AgI.  In addition, six “potential” flares were used 
during a randomized case, totaling 156g of “potential” AgI. 
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AUGUST 10 
A surge of tropical moisture moved into south Texas, affecting the southern half of 
the target area where PW values were well over 2 inches.  Although temperature 
profiles on the soundings were better than they have been in recent weeks, mid level 

temperatures were on the warm side which would have argued against thunderstorm 
development.  Convection developed along the coast during the morning and early 
afternoon hours and pushed inland with the seabreeze front.  Most of the activity 
was showers although one thunderstorm did develop in the southern target area.  
With the incoming convection, two flights were launched.  The first was at mid 
afternoon to investigate development over the southern target area.  Light showers, 
little to no inflow and fuzzy clouds were found in most areas although toward the 

latter part of the flight a suitable cloud was located and seeding occurred.  The 
second flight took off early in the evening with a thunderstorm rapidly developing 
just east of Pleasanton.  More than likely the plane reached the large cloud too late 
as it had already reached its peak by the time seeding occurred. 
Seven flares were used for seeding in McMullen (5) and Atascosa (2) counties, 
totaling 182g of AgI. 
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AUGUST 24 
A moist airmass was in place over south Texas ahead of a cold front that was slowly 
moving south toward the area.  The airmass was moderately unstable and with 
intense daytime heating, scattered showers and thunderstorms began to develop 

during the mid-afternoon hours.  A flight was launched shortly before 3pm with 
convection drifting south across the tri-county area.  The first cloud encountered by 
the aircraft along the Bexar/Medina county line fit the randomized protocol and a 
case was declared, with potential seeding (meaning flares may or may not have been 
used) taking place.  Additional convection developed north of the area and moved 
south and southwest into the area with several more clouds being seeded and 
another flight launched.    

23 flares were used for seeding in Bexar (2), Medina (9), Atascosa (6), Real (3) and 
Bandera (3) counties, totaling 598g of AgI.  In addition, six “potential” flares were 
used in Bexar (4) and Medina (2) counties, totaling 156g of “potential” AgI. 
Flight track data is not available for this day. 
 
 

AUGUST 25 
Despite a cold front having pushed through the area, residual moisture and 
instability remained.  Also, a boundary was located over the western portions of 
south Texas.  As the airmass heated up, isolated to scattered convection developed 
over the Rio Grande Plains northward into the southern Hill Country late in the 
afternoon.  A plane conducting seeding operations on behalf of SWTREA investigated 
a few clouds along the boundary in Medina County, with some seeding taking place.  
All activity began to wind down during the evening hours. 
Nine flares were used for seeding in Frio (4) and Medina (5) counties, totaling 234g 
of AgI. 
Flight track data is not available for this day. 
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AUGUST 29 
Relatively dry air was in place across the western half of the target area while over 
the east tropical moisture was surging inland associated with a tropical wave moving 
ashore.  Morning soundings showed an uncapped atmosphere over the eastern 

target area so as soon as convective temperatures in the mid 80s were reached, 
scattered showers began developing and moving northwest into the eastern target 
area.  Most of the activity was low-topped although they were producing spotty 
heavy rains…indicative of primarily warm-rain processes.  The first flight launched 
during the noon hour with three more taking place during the course of the 
afternoon.  Little in the way of lightning was observed, and clouds, although having a 
good presentation on radar, appeared fuzzy and had small, spotty inflow areas.  Still, 

several clouds were seeded as the activity moved northwest across the target area. 
36 flares were used for seeding in Bee (17), Live Oak (5), Wilson (4), Atascosa (3) 
and McMullen (7) counties, totaling 936g of AgI. 
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AUGUST 31 
High pressure at mid and upper levels was centered over south Texas.  This was 
providing some subsidence across the area.  In spite of this, sufficient low and mid 
level moisture and strong heating were working together to produce scattered low-

topped showers across the eastern counties of the target area during the afternoon.  
A flight was dispatched to investigate clouds in the eastern and southeastern target 
area, with the pilot reporting that most of the clouds’ vertical growth was being 
stunted.  There was one cloud that showed promise and had modest inflow and was 
treated with AgI. 
Two flares were used for seeding in Bee County, totaling 52g of AgI. 
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 SEPTEMBER 
 

 
September 2010 turned out to be one of the wetter Septembers of record, in stark 

contrast with the dry August.  Many areas recorded upwards of five and even ten 
inches of rainfall.  Much of the rainfall occurred with Tropical Storm Hermine on the 
7th and 8th, the center of which moved from south to north across the central part of 
the target area.  This event aside, convection was common across the area 
throughout the month.  Much of the weather was associated with highly tropical 
airmasses that were present over south Texas.  Clouds forming in these 
environments, although very efficient rain producers, do not always present 

themselves as ideal seeding candidates since, in many cases the clouds are warm-
based (no ice present).  In spite of this, some clouds even on these moist days grew 
tall enough to have supercooled water and ice and seeding operations were 
conducted. 
For the month, there were ten days on which seeding operations took place.  22 
flights were logged, five of which were reconnaissance.  A total of 232 AgI flares 

were used for seeding, totaling 6032g of AgI.  In addition, eight hygroscopic flares 
were used for seeding, totaling 8000g of CaCl.   
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SEPTEMBER 1 
High pressure aloft was situated over central Texas with weak subsidence occurring 
over the target area.  The airmass was rather moist as indicated on the morning 
soundings from Corpus Christi and Del Rio.  Despite the subsidence, strong heating, 

an unstable airmass and rich moisture all worked together to produce isolated 
convection along the seabreeze as it moved inland.  A flight launched at 19Z to 
investigate low-topped showers over the far southeastern target area but only very 
weak inflow was located, and the cloud structures were not favorable.  Later in the 
afternoon, convection developed in northern Karnes and extreme eastern Wilson 
counties with another flight taking place.  Good inflow and ideal cloud structures 
(rain-free base with attached shelf cloud, crisp edges) resulted in seeding taking 

place.  The convection remained nearly stationary for over an hour with rainfall 
amounts estimated to be over 1.5 inches. 
13 flares were used for seeding in Wilson (3) and Karnes (10) counties, totaling 338g 
of AgI. 
 
 

 
 



 

 35 

SEPTEMBER 2 
A mid and upper level trough was traversing the central part of the country.  A 
shortwave rounding the base of the trough sparked an MCS overnight across north 
Texas which was in the process of weakening during the morning hours.  An outflow 

boundary emanating from this activity was moving southward toward the northern 
counties of the target area.  Convection began to develop along this feature as it 
approached the northern target area.  Also, the seabreeze front was moving inland 
during the afternoon hours, also generating isolated to scattered convection.  Three 
flights were launched during the afternoon and evening hours with several clouds 
receiving AgI treatment.   
54 flares were used for seeding in Bee (2), Live Oak (3), Kerr (10), Bandera (21), 

Real (2), Atascosa (10) and Wilson (6) counties, totaling 1404g of AgI.  In addition, 
one hygroscopic flare was used in Atascosa County, totaling 1000g of CaCl. 
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SEPTEMBER 3 
A very moist airmass was in place across the area ahead of a cold front pushing 
down from central Texas.  Showers and thunderstorms were ongoing during the 
morning hours amidst a deck of low clouds.  A flight was launched to attempt to 

investigate the convection with the pilot reporting bases around 900 feet AGL and no 
inflow.  By early afternoon the low clouds were dissipating and additional convection 
began to develop over the central and southern target area ahead of a cold front.  
Another flight was launched and several clouds were seeded with convection merging 
into clusters.  As the cold front pushed through the central target area late in the 
afternoon, a broken line of convection began to develop along it and a third flight 
was dispatched to treat this activity.   

29 flares were used for seeding in Atascosa (11), McMullen (11), Live Oak (2) and 
Frio (5) counties, totaling 754g of AgI. 
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SEPTEMBER 12 
High pressure was located north and northeast of the area.  This positioning was 
promoting a deep easterly flow across south Texas as evidenced on morning 
soundings.  Moisture was sufficient for convection with precipitable water values in 

the 1.7-1.9 inch range.  Convection began developing along the coast in the morning 
hours and moved northwest toward the southeastern target area by early afternoon, 
when a flight was launched.  Most of the activity was present as showers although 
isolated thunderstorms did also develop.  A few clouds received AgI treatment.  
Activity appeared to diminish in size and intensity as they moved inland, not just 
within the target area but east of the target area as well, possibly as the clouds 
encountered drier air inland. 

15 flares were used for seeding in Bee (2), Goliad (3) and Live Oak (10) counties, 
totaling 390g of AgI. 
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SEPTEMBER 14 
High pressure, which had been over Texas for the past several days, was situated 
almost directly over the area providing weak subsidence.  Low levels were moist and 
unstable so in spite of the upper level subsidence, convection was able to develop 

along the seabreeze as it penetrated inland during the afternoon hours.  Convection 
that did develop would quickly rain out leaving an outflow boundary for new activity 
to develop along.  A flight was dispatched just before 21Z to investigate activity 
developing along the seabreeze over the southern target area.  Several clouds were 
seeded as the seabreeze boundary moved northwest into the central target area by 
early evening.  Some clouds received hygroscopic treatment as well, one of which 
appeared to do quite well in terms of its lifetime and intensity compared to other 

nearby convection. 
12 flares were used for seeding in Live Oak (6), Atascosa (4) and Wilson (2) 
counties, totaling 312g of AgI.  In addition, two hygroscopic flares were used in Live 
Oak (1) and Wilson (1) counties, totaling 2000g of CaCl. 
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SEPTEMBER 15 
Despite high pressure in the vicinity, a moist and unstable airmass continued to hold 
residence over the area at low and mid levels allowing for scattered convection to 
develop and move inland with the seabreeze boundary.  Activity started near the 

coast in the morning and approached the southeastern target area during the noon 
hour.  Low clouds initially made for difficult flying but as the pilot approached the 
developing convection skies improved, although convective bases remained on the 
low side and this resulted in large gaps in the telemetry tracking.  Most of the 
activity remained over the eastern half of the target area today where moisture was 
better along with convergence.  Several clouds were seeded that had decent 
structures and inflow that ranged from 400 ft/min up to 900 ft/min.  A second flight 

took place late in the afternoon but ended up being a reconnaissance mission only as 
inspection by the pilot revealed unsuitable clouds. 
22 flares were used for seeding in Bee (7), Karnes (13) and McMullen counties, 
totaling 572g of AgI.  In addition, one hygroscopic flare was used for seeding in 
Karnes County, totaling 1000g of CaCl. 
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SEPTEMBER 17 
Hurricane Karl, a small but intense cyclone, crossed the southern Mexican Gulf coast 
near Veracruz shortly before noon as a Category 3 storm with maximum sustained 
winds of 115 mph.  It was a small cyclone but a large swath of deep, rich tropical 

moisture associated with the storm had surged northward toward south Texas and 
was pushing ashore along with an attendant weakness in the height field.  This 
feature had, earlier in the morning produced a round of tropical showers and 
thunderstorms that moved across the southern target area.  As the edge of deep 
moisture pushed inland, daytime heating and an uncapped atmosphere resulted in a 
band of tropical showers and thunderstorms developing and pushing west and 
northwest across the target area.  Three flights were launched over the course of the 

day to treat numerous clouds as they developed, moved across the target area.  
Both glaciogenic and hygroscopic seeding took place. 
45 flares were used for seeding in Bee (14), San Patricio (6), Jim Wells (2), Live Oak 
(7), Atascosa (2), Karnes (4), Wilson (6) and McMullen (4) counties, totaling 1170g 
of AgI.  In addition, two hygroscopic flares were used for seeding in Atascosa (1) and 
Live Oak (1) counties, totaling 2000g of CaCl. 

 
 

 



 

 41 

SEPTEMBER 23 
The positioning of high pressure to the east and a trough of low pressure to the west 
was inducing a feed of moisture off the Gulf into south Texas with morning soundings 
revealing moisture depth up to 500mb.  Daytime heating and the inland-bound 

seabreeze boundary acted on this moisture to produce scattered convection across 
the southeastern half of the target area during the afternoon.  Two flights were 
launched over the course of the day to treat several clouds.  Both glaciogenic and 
hygroscopic seeding were conducted. 
15 flares were used for seeding in Live Oak (5), McMullen (1), LaSalle (2), Karnes 
(4) and Atascosa (3) counties, totaling 390g of AgI.  In addition, two hygroscopic 
flares were used for seeding in McMullen (1) and Karnes (1) counties, totaling 2000g 

of CaCl. 
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SEPTEMBER 24 
Despite the presence of mid and upper level high pressure over the area which was 
providing for weak subsidence aloft, low levels were still moist and unstable with 
little in the way of a cap.  Light showers peppered the eastern half of the target area 

during the morning hours, gradually building and intensifying during the day with 
heating.  The activity became more focused along the inland-bound seabreeze and 
this was when two flights were launched; one ended up being a reconnaissance 
mission but the other plane found several suitable clouds for seeding.  Activity 
remained generally low-topped with a few cells reaching over 25,000 feet. 
22 flares were used for seeding in McMullen (4), Atascosa (13), Wilson (2) and Frio 
(3) counties, totaling 572g of AgI. 
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SEPTEMBER 25 
During the early afternoon hours, convection began to get organized near the 
seabreeze boundary that was moving inland toward the southern target area.  
Meanwhile, a convective cluster over central Texas had produced an outflow 

boundary that moved south and southwestward toward the target area.  Strong 
heating of the atmosphere combined with high precipitable water values and 
convergence along and ahead of the outflow boundaries to produce scattered 
showers and thunderstorms that affected the northern and central target area.  
Several clouds received treatment with a few cloud mergers noted and pockets of 
very heavy rain.  Convection waned by mid-evening with the loss of heating. 
27 flares were used for seeding in Bee (9), Medina (8), Bandera (7) and Frio (3) 

counties, totaling 702g of AgI. 
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2010 RADAR ANALYSIS FOR THE STWMA 
 
 
The following is Active Influence and Scientific Management’s 2010 radar analysis 

report for the STWMA: 

 
A total of 113 clouds were seeded and identified by TITAN in 34 operational days.   
 
Number of seeded clouds: 113 
(67 small seeded clouds, 22 large seeded clouds, 24 type B seeded clouds) 

 
Missed Opportunities: none (with lifetime longer than 45 minutes) 
 
 
 
Small Clouds  
 

Evaluations were done using TITAN and NEXRAD data. 
 
Table 2 shows the results from the classic TITAN evaluation for the 67 small seeded 
clouds which obtained proper control clouds. 
 
Table 2:  Seeded Sample versus Control Sample (67 couples, averages) 
 
Variable        Seeded Sample   Control Sample   Simple Ratio   Increases (%) 
 
Lifetime               65 min                 45 min                1.44               44 (30) 
 

Area                   65.2 km
2
             41.8 km

2
             1.56               56 (32) 

 

Volume             180.4 km
3
            116.6 km

3
             1.55               55 (35) 

 
Top Height           7.4 km                 7.0 km               1.06                 6 (3) 
 
Max dBz                 51.5                    50.3                 1.02                 2 (0) 
 
Top Height 
of max dBz          3.4 km                 3.4 km               1.03                 0 (0) 
 
Volume  

Above 6 km        23.7 km
3
              15.8 km

3
             1.50               50 (53) 

 

Prec.Flux          459.5 m
3
/s           286.3 m

3
/s            1.60                60 (30) 

 
Prec.Mass        2068.3 kton           842.8 kton              2.45             145 (115)  
 
CloudMass        158.1 kton             99.1 kton              1.60               60 (33)  
 
        η                   13.1                      8.5                  1.54                54 (61) 
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Bold values in parentheses are modeled values, whereas η is defined as the quotient 
of Precipitation Mass divided by Cloud Mass, and is interpreted as efficiency.  A total 
of 248 flares were used in this sub-sample with an excellent timing (84%) for an 
effective dose about 55 ice-nuclei per liter. The seeding operation for small clouds 

lasted about 4.7 minutes on average.  An excellent increase of 115% in 
precipitation mass together with an increase of 33% in cloud mass illustrates that 
the seeded clouds grew at expenses of the environmental moisture (they are open 
systems) and used only a fraction of this moisture for their own maintenance.  The 
increases in lifetime (30%), area (32%) volume (35%), volume above 6 km (53%), 
and precipitation flux (30%) are notable. Slight increase in top height (3%) and no 
increase in maximum reflectivity (0%) are reported.    The seeded sub-sample 

seemed 61% more efficient than the control sub-sample.  Results are evaluated as 
excellent. 
 
An increase of 115% in precipitation mass for a control value of 842.8 kton in 67 
cases means: 
 

 1  = 67 x 1.15 x 842.8 kton = 64,938 kton = 52,665 ac-f 

 
 
Large Clouds 
 
The sub-sample of 22 large seeded clouds received a synergetic analysis.  On 
average, the seeding operations on these large clouds affected 75% of their whole 

volume with an excellent timing (96% of the material went to the clouds in their first 
half-lifetime).  A total of 279 flares were used in this sub-sample for an effective 
dose about 90 ice-nuclei per liter. 
 
Also on average, large clouds were 30 minutes old when the operations took place; 
the operation lasted about 29 minutes, and the large seeded clouds lived 180 
minutes.  

 
Table 3 shows the corresponding results: 
 
Table 3:  Large Seeded Sample versus Virtual Control Sample (40 couples, 
averages) 
 

Variable        Seeded Sample   Control Sample    Simple Ratio  Increases (%) 
 
Lifetime               180 min              155 min                 1.16               16  
 

Area                     872 km
2
            713 km

2
               1.22                22  

 

Volume               2750 km
3
           2215 km

3
                1.24               24  

 
Volume  

Above 6 km         444 km
3
             329 km

3
                1.35                35       

 

Prec.Flux           5387 m
3
/s          4455 m

3
/s                1.21               21  

 
Prec.Mass         38,798 kton         23,234 kton               1.67               67  
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An increase of 67% in precipitation mass for a control value of 23,234 kton in 22 
cases may mean: 
 

 2  = 22 x 0.67 x 23,234 kton = 342,469 kton = 277,742 ac-f 

 
 
Type B Clouds                   
  
The sub-sample of 24 type B seeded clouds also received a synergetic analysis.  On 
average, the seeding operations on these type B clouds affected 24% of their whole 

volume with a good timing (63% of the material went to the clouds in their first half-
lifetime).  A total of 208 flares were used in this sub-sample for an effective dose 
about 150 ice-nuclei per liter. 
 
Also on average, type B clouds were 110 minutes old when the operations took 
place; the operation lasted about 21.7 minutes, and the type B seeded clouds lived 
300 minutes.  

 
Table 4 shows the results: 
 
Table 4: Type B Seeded Sample versus Virtual Control Sample (24 couples, 
averages) 
 
Variable        Seeded Sample   Control Sample   Simple Ratio   Increases (%) 

 
Lifetime              300 min               290 min               1.03                  3  
 

Area                    854 km
2
             802 km

2
              1.06                  6  

 

Volume              3578 km
3
            3346 km

3
              1.07                  7  

 
Volume  

Above 6 km       1231 km
3
            1124 km

3
              1.10                 10  

 

Prec.Flux          7483 m
3
/s           7051 m

3
/s              1.06                  6  

 
Prec.Mass         59,334 kton         51,400 kton             1.15                 15  
 
 
An increase of 15% in precipitation mass for a control value of 51,400 kton in 24 
cases may mean: 
 

 3  = 24 x 0.15 x 51,400 kton = 185,040 kton = 150,067 ac-f 

 

The total increase:   = 1 +  2 +  3  = 480,474 ac-f  
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Micro-regionalization 
 
 
Increases in precipitation mass were analyzed county by county in an attempt to 

better describe the performance and corresponding results.  Table 5 below offers 
the details: 
 
County       Initial      Extended     Acre-feet     Inches         Rain Gage           %              
Seeding     Seeding   (increase)    (increase)   (increase)   (season value)  (increase)        
 
Bandera       6                7            36,000        0.90           18.48 in           4.9 

 
Medina        13             21            71,400        0.90           16.53 in           5.4 
 
Frío              7               15           38,000        0.63           14.09 in           4.5 
 
Bexar            3               5            10,200        0.15           21.84 in           0.7 

 
Atascosa     25              31           70,200        1.06           18.15 in           5.8 
 
McMullen     10             14           48,000        0.81            19.70 in          4.1 
 
Wilson          7              13           41,200         0.97           21.36 in          4.5 
 
Karnes          7               9            39,500         0.99           19.79 in          5.0 
 
Live Oak      15             17           34,700         0.63           20.66 in          3.0 
 
Bee              14             15           42,000         0.90           27.83 in          3.2 
 
Kerr                             2             1700 

 
Real                             2             3900 
 
Uvalde           1              2             1700 
 
La Salle                         2             4700 
 
Zavala                           2             7300 
 
Dimmitt                         2             8000  
 
Dewitt                           2             1700 
 

Goliad            5              5             7100 
 
 
Total           113           164         462,600   
 
Average (only for the bold values)                   0.79           19.84 in          4.1 
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(Initial seeding means the counties were the operations began, whereas extended 
seeding means the counties favored by seeding after the initial operations took 
place). 
 

 
Considerations on Hygroscopic Seeding 
 
Some hygroscopic seeding operations were done in order to explore its potentialities.  
These operations took place as a complement of the main glaciogenic seeding 
operations.  A total of 7 cases were achieved (3 small storms, 3 large storms, and 1 
type B storm).  

 
Table 6 below shows the results of the TITAN evaluation for the small 3 cases:   
 
Table # 6 Seeded Sample versus Control Sample (3 couples, averages) 
 
Variable     Seeded Sample   Control Sample     Simple Ratio    Increases (%) 

 
Lifetime             85 min                45 min                  1.89                89 (70) 
 

Area                 77.2 km
2
            37.3 km

2
               2.07               107 (100) 

 

Volume           165.8 km
3
            89.0 km

3
                1.86               86 (107) 

 

Top Height        7.3 km                6.7 km                  1.09                 9 (39) 
 
Max dBz              52.3                   51.0                    1.03                  3 (5) 
 
Top Height 
of max dBz        3.2 km                3.2 km                  1.00                 0 (0) 

 
Volume  

Above 6 km      16.0 km
3
             6.0 km

3
                2.67              167 (300) 

 

Prec.Flux         447.9 m
3
/s         250.7 m

3
/s              1.91               91 (101) 

 
Prec.Mass       2382.0 kton         674.5 kton               3.53              253 (200)  

 
CloudMass       137.6 kton           111.4 kton              1.24               84 (118)  
 
        η                  17.6                     9.2                   1.91                91 (78) 
 
 

Results appear to be explosive in some variables (see area, volume, top height, 
volume above 6 km, precipitation flux and precipitation mass).  However, the sub-
sample was seeded also with 9 BIP AgI-flares and a perfect timing for an effective 
average silver iodide dose of 75 ice-nuclei per liter and therefore credits cannot go 
alone to the hygroscopic seeding.  Additionally, this sub-sample is too small (only 3 
cases) and the results might be due to high variability.  One needs more cases to get 
some confidence.   
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Average results for the 3 large cases are described below using the following 
variables: n (# of cells), precipitation mass per scan, top height of maximum 
reflectivity, and height of the Centroid.    
 

Table 7:  10 hygroscopic cases averaged 
 
Average Case         Before Hyg.           During Hyg.           30 min after Hyg. 
        
       n                              2                            2                                  2 
 PrecMass/scan      6,342 kton                9,578                          9,224 
 Top max dBz             3.8 km                     3.0                               3.1 

 Centroid h                 4.2 km                     4.1                               4.3 
 
                              AgI dose: 40 ice-nuclei per liter; timing 100% 
 
 
No average increase in the number of cells and in precipitation mass per scan after 

the hygroscopic seeding seem to indicate that the hygroscopic material did not affect 
those large storms.  However, there are slight increases in top of max reflectivity 
and Centroid height during the 30 minutes after hygroscopic seeding suggesting that 
some impacts in the upper part of the clouds might have taken place.  The sample is 
too small for any conclusive argument but pinpoints some possible positive results. 
 
Similar analysis was done for the one type B case: 
 
Table # 8 (1 type B case) 
 
Average Case         Before Hyg.           During Hyg.           30 min after Hyg. 
        
       n                              6                           12                                 9 
 PrecMass/scan      10,972 kton             30,421                        35,027 

 Top max dBz             5.2 km                     3.0                               4.6 
 Centroid h                 6.6 km                     5.8                               4.7 
 

AgI dose: 25 ice-nuclei per liter; timing 100 % 
 
In this case, the increases in precipitation mass per scan and top of maximum 
reflectivity might indicate some impacts of the hygroscopic seeding in the upper part 
of the clouds.  Once again, only one case does not allow for confidence, although it is 
suggestive.  
 
 
Final Comments 
 

1) Results are evaluated as excellent;  
 
2) The micro-regionalization analysis showed increases per county; different 

zones received downwind benefits; the average increase in precipitation, 
referred to rain gage seasonal value, is about 4%; 

 
3) Radar estimations of precipitation should be considered as measurements of 

trend.  Nevertheless, seeding operations appeared to improve the dynamics 
of seeded clouds.  
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4) In 2010, relative increases due to cloud seeding competed with rainfall values  
associated with active tropical activity and therefore they look pale when 
compared with seasonal values.  However, the total increase in the region, 
estimated in about 0.5 million acre-feet, should be considered a great help to 

fresh water natural resources. 
       

5) This year hygroscopic seeding was continued at a exploratory level and the 
results are again intriguing and promissory but inconclusive.  More actions on 
this direction are advisable, especially on small clouds which usually get 
proper control clouds and therefore facilitate the contrastive analysis.     
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APPENDIX 
 
 

Mesoscale Convective System (MCS) is a large complex of showers and 

thunderstorms at least 100 km (~60 miles) across, and may be as large as 500 km 
(~310 miles) across. 
 
Shortwave, or shortwave trough, refers to a small-scale area of lower pressure and 
associated lift on its forward side, sometimes accompanied by showers and 
thunderstorms. 
 

Cell refers to an updraft-downdraft couplet in a cloud.  Clouds with several updraft-
downdraft couplets are called multicell clouds.  A storm with a single updraft-
downdraft couplet (often rotating) that lasts for several hours is called a supercell. 
 
Pre-frontal trough refers to an elongated area of low pressure found ahead of an 
advancing cold front.  In south Texas, the passage of a pre-frontal trough usually 

signals the end of precipitation, as winds tend to turn more to the west or northwest, 
cutting off moisture supply. 
 
Precipitable Water or PW or PWAT is the total amount of water vapor in a column 
of air above a given location.  This value is expressed in inches.  High precipitable 
water values (>1.5 inches) are indicative of the potential for heavy rain.  Tropical 
airmasses usually have a precipitable water value in excess of two inches. 
 
Convective temperature is the temperature required at or near the ground in 
order for convection (surface-based) to occur. 
 
TUTT, or Tropical Upper Tropospheric Trough, refers to a upper level cold core area 
of low pressure found in the tropical and sub-tropical regions of the Earth.  These 
disturbances are sometimes associated with shower and thunderstorm activity, and 

are associated with tropical waves. 
 
Theta-e, or equivalent potential temperature, is the temperature a parcel or bubble 
of air would reach if it was lifted until all of the moisture condensed out, then 
brought back down to 1000 mb (at/near surface).  A forecaster looks at theta-e to 
see how moisture is distributed over a region.  High theta-e values are associated 
with moist airmasses, which storms may develop in and feed on. 
 
Jet streak refers to the maximum wind speed within a river of faster-moving air (jet 
stream).  Forecasters may look for jet streak locations at 850mb, 700mb, 500mb, 
and 250 mb in order to assess the possibility of strong/severe thunderstorms. 
 
Cap refers to a warm layer of air aloft which acts as a lid, suppressing convection.  

The strength of the cap varies with time and location. 
 
Convective Inhibition is the amount of energy required to overcome the cap, or 
the amount of energy required by a parcel of air to initiate deep convection (i.e., 
thunderstorms). 
 
Lifetime refers to the length of time a cloud was detected on radar, with a 

reflectivity maximum of at least 32 dBZ. 
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Area refers to the two-dimensional space (length x width) covered by a cloud. 
 
Precip Flux refers to the radar-derived volume of water falling through the bottom 
of the cloud per second. 

 
Precip Mass refers to the total mass of water and ice for all droplets/crystals larger 
than 100 µm (10-4 m) in a cloud. 
 
Small seeded clouds are those clouds with a radar-derived Precip Mass less than 
10,000 kilotons. 
 

Large seeded clouds are those clouds with a radar-derived Precip Mass greater 
than 10,000 kilotons. 
 
Type B clouds are those clouds, small or large, that were not seeded until they 
were at least one hour old, as determined by their presence on radar. 
 

Control clouds are those clouds within 100 km of the radar that were NOT seeded.  
Control clouds are used to determine the effectiveness of seeding, as it represents 
“what would have happened” if seeding had not taken place. 
 
Effective dosage refers to the amount of seeding material that was placed in the 
cloud.  It is expressed as a concentration of ice nuclei per liter of air. 
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