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THE YEAR IN REVIEW 

 

 

The 2013 season marked the 17th year of operations for the South Texas Weather 

Modification Association.  Operations-wise, we ended up having 70 flights over 46 

days of seeding operations.  The 16 year average is 70 flights over 39 days, so 

overall it was a typical year as far as the frequency of operations. 

 

The first day of operations occurred on March 31st with convection affecting the 

western and southern target area.  Several locations in the target area did not see 

any rain during the entire month. 

 

April brought more widespread rains, but a majority of this occurred at night.  There 

was one day of operations on the 29th when a round of intense convection moved 

through the area.  Temperatures for the month were generally cooler than average. 

 

May rainfall was quite varied across the target area, with northern and southeastern 

parts of the target area recording above-normal rainfall while western areas as well 

as portions of Karnes and Wilson counties saw only about 25-50% of their normal 

May rainfall.  A significant flooding event occurred on the 25th in Bexar County where 

upwards of a foot of rain fell.  Seeding operations occurred on three days during the 

month.  Temperatures, especially during the first half of the month, were cooler than 

normal. 

 

June saw warmer temperatures return to the area along with more opportunities for 

seeding operations, of which eight days saw such activity during the second and 

third week of the month.  The target area was split in half in terms of rainfall 

amounts, with the northeastern half seeding below normal rainfall and the 

southwestern half near normal to above normal rainfall.  One particularly good day 

for operations was June 9th, when seeded clouds over the northwestern target area 

continued on for a few hours after treatment; one seeded cloud even crossed the Rio 

Grande into Mexico southwest of Carrizo Springs. 

 

July was relatively busy in terms of the number of seeding days at 13, but on many 

of these days only small convective clouds had developed.  Rainfall across the area 

was varied as is typical of convective rainfall, with many areas seeing below normal 

rainfall.  Spotty areas of 100-150% of normal rainfall were recorded over the central 

and southern target area.  Temperatures were above normal, particularly during the 

latter half of the month when there were several days with highs at/above 100°F. 

 

August saw hot and dry conditions across most of the area with the subtropical high 

parked over the area for a good portion of the month.  There were several days 

where small convective clouds developed and were treated.  On August 25th an area 

of intense convection develop in central and southern Bee County and these cells 

were seeded.  This activity lasted well past any other activity on that day. 

 

For a change, September saw many areas receive above normal precipitation with 

only spotty areas receiving 50-90% of their normal rainfall for the month.  In several 

instances tropical airmass intrusions occurred, bringing locally heavy rainfall.  It was 

busier than normal for September when compared to the 16 year average, with 11 

days of seeding operations and an additional two days where reconnaissance flights 

only took place. 
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October, the final month in which seeding operations took place, with monthly totals 

averaging 1.5-3 inches with isolated higher totals.  Only one day – October 12th – 

saw seedable clouds develop, and this was the final day of seeding operations. 

 

With the conclusion of the season, radar data from the TITAN machine were sent to 

Active Influence and Scientific Management, where radar evaluations for the Texas 

weather modification projects are conducted.  Results from the analysis indicate 

increases in rainfall from the clouds that were able to be seeded, and these are 

presented toward the latter part of this report. 
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2013 FLIGHT LOG 

 

 

Date Plane Flight 
Take 
Off Landing  Total  

AgI 
Flares  Amount of  

CaCl 
Flares 

Amount 
of Flare Locations 

    No.  Time Time Time Used AgI (g) Used CaCl (g)   

                      

31-Mar 847P 1 23:05 00:30 1.4 4 104 2 2000 MM 

29-Apr 160P 2 18:55 23:15 4.3 28 728 7 7000 AT, FR, KR, LO, MM, WL 

10-May 847P 3 21:20 23:10 1.8 11 286 7 7000 MD, UV 

11-May 160P 4 21:30 00:00 2.5 4 104 2 2000 MV, KI 

26-May 160P 5 18:55 20:30 1.6 6 156 2 2000 AT, MD 

26-May 160P 6 20:50 23:30 2.7 11 286 2 2000 BD, FR 

8-Jun 160P 7 21:50 22:55 1.1 8 208 2 2000 MM, WL 

8-Jun 160P 8 23:15 00:35 1.3 13 338 - - FR, LO, MM 

9-Jun 160P 9 21:55 00:20 2.4 29 754 3 3000 BD, BX, MD 

10-Jun 160P 10 22:45 00:20 1.6 2 52 1 1000 AT, FR  

11-Jun 160P 11 18:50 20:50 2 33 858 4 4000 BE, LO, MM, WL 

12-Jun 160P 12 17:45 18:25 0.7 7 182 - - KR, WL 

12-Jun 160P 13 20:05 23:00 2.9 45 1170 7 7000 AT, BE, BX, KR, LO, MD, WL 

13-Jun 160P 14 17:40 21:30 3.8 63 1638 - - AT, FR, KR, LO, MM, MD, WL, ZV 

16-Jun 160P 15 20:50 22:15 1.4 19 494 5 5000 LO 

20-Jun 160P 16 21:00 22:15 1.3 8 208 - - LS, MM 

7-Jul 160P 17 19:45 22:45 3 37 962 - - AT, BE, GO, KR, LO 

7-Jul 160P 18 23:30 00:00 0.5 - - - - Recon to WL, BX 

8-Jul 160P 19 20:40 22:20 1.7 10 260 - - LS, LO, AT 

9-Jul 160P 20 00:05 01:10 1.1 8 208 - - BX, MD 

9-Jul 160P 21 21:50 23:40 1.8 19 494 - - AT, KR, WL 

10-Jul 160P 22 20:40 22:10 1.5 21 546 - - AT, LO 

10-Jul 160P 23 22:30 23:00 0.5 - - - - recon to KR 

14-Jul 160P 24 20:55 23:30 2.6 21 546 - - BD, GZ, KR, WL 

15-Jul 160P 25 18:50 21:20 2.5 28 728 - - KR, LO, MM, WL 

15-Jul 847P 26 20:50 22:00 1.2 8 208 - - DW, KR 

15-Jul 160P 27 21:45 22:50 1.1 16 416 - - AT, FR, MM 

16-Jul 160P 28 17:35 19:40 2.1 25 650 - - AT, KR, LO, MD 

16-Jul 160P 29 20:40 21:50 1.2 5 130 - - BE  

17-Jul 160P 30 18:05 19:05 1 3 78 - - AT 

18-Jul 160P 31 16:30 19:35 3.1 34 884 - - AT, BE, BX, KR, WL 

18-Jul 160P 32 20:00 22:15 2.3 7 182 - - KR, MD 

19-Jul 847P 33 22:20 22:55 0.6 4 104 - - BE 

20-Jul 847P 34 19:10 20:30 1.3 8 208 - - BE, LO  

21-Jul 847P 35 21:30 22:45 1.3 16 416 - - AT, FR 

21-Jul 847P 36 23:35 00:25 1.7 - - - - Recon to UV 

27-Jul 160P 37 21:35 00:50 3.3 64 1664 - - BE, KR, LO, MM 

10-Aug 847P 38 18:45 20:35 1.8 33 858 3 3000 BE, KR, LO  

10-Aug 160P 39 20:50 22:50 2 22 572 - - AT, BX, FR, UV 

10-Aug 160P 40 23:30 01:50 2.3 15 390 - - BX, UV 

11-Aug 160P 41 19:20 21:25 1.9 24 624 2 2000 BE, GO, LO, KR 

11-Aug 160P 42 21:55 00:05 2.2 14 364 - - AT 
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Date Plane Flight 
Take 
Off Landing  Total  

AgI 
Flares  Amount of  

CaCl 
Flares 

Amount 
of Flare Locations 

    No.  Time Time Time Used AgI (g) Used CaCl (g)   

                      

15-Aug 160P 43 19:25 21:15 1.8 6 156 - - KL 

16-Aug 160P 44 17:15 19:25 2.2 25 650 2 2000 AT, BX, FR, MD, WL 

20-Aug 160P 45 17:25 18:40 1.3 9 234 1 1000 BE, LO 

20-Aug 160P 46 19:15 20:55 1.7 6 156 - - AT 

21-Aug 160P 47 19:00 21:30 2.5 36 936 2 2000 AT, BE, LO, MM, WL 

21-Aug 160P 48 21:50 23:50 2 9 234 2 2000 AT, MD, UV 

25-Aug 160P 49 20:45 23:35 2.8 41 1066 2 2000 AT, BE, LO, MM  

27-Aug 160P 50 19:15 22:20 3.1 28 728 - - BE, DV, GO, MM, UV 

2-Sep 160P 51 19:15 23:25 4.2 32 832 5 5000 BD, KL, KE, KI, MD, UV 

2-Sep 847P 52 20:00 21:05 1.1 7 182 1 1000 RF, SP 

4-Sep 847P 53 19:20 21:00 1.7 14 364 4 4000 AT, MD 

4-Sep 160P 54 19:35 22:25 2.8 24 624 - - AT, FR, MD, WL 

5-Sep 160P 55 18:50 21:05 2.3 10 260 1 1000 BE, KR, LO 

5-Sep 160P 56 23:15 00:15 1 6 156 - - BX, WL 

6-Sep 160P 57 18:35 20:00 1.4 6 156 1 1000 BE, LO 

6-Sep 160P 58 22:35 00:30 1.9 17 442 1 1000 AT, FR, KR, WL 

8-Sep 160P 59 18:40 21:05 2.4 21 546 2 2000 AT, KR, MD 

8-Sep 160P 60 21:25 23:00 1.6 3 78 - - UV 

9-Sep 160P 61 18:00 21:45 3.8 32 832 - - AT, BE, KR, LO, MM, MD, WL 

9-Sep 847P 62 18:15 19:15 1 12 312 - - AT 

10-Sep 160P 63 20:05 22:45 2.7 28 728 2 2000 AT, BE, BX, LO, MM 

11-Sep 160P 64 18:40 21:05 2.4 22 572 - - AT, BD, FR, MD, UV 

15-Sep 160P 65 19:00 20:30 1.5 13 338 - - KR, MM 

16-Sep 160P 66 16:00 17:15 1.3 18 468 2 2000 BE, KR, LO 

18-Sep 847P 67 18:35 21:10 2.6 23 598 2 2000 AT, FR, KR, LO, MM, ZV 

27-Sep 160P 68 19:25 20:05 0.7 - - - - Recon to KR, WL 

28-Sep 160P 69 19:45 21:00 1.3 - - - - Recon to BX, FR, MD 

12-Oct 160P 70 18:15 19:35 1.3 6 156 - - DW, KR 

                      

    
70 

flights     134.8 1187 30862 79 79000   

 

 

Under Flare Locations, AT is Atascosa County, BD is Bandera County, BE is Bee 

County, BX is Bexar County, DW is DeWitt County, DV is Duval County, FR is Frio 

County, GO is Goliad County, GZ is Gonzales County, KR is Karnes County, KL is 

Kendall County, KE is Kerr County, KI is Kinney County, LS is LaSalle County, LO is 

Live Oak County, MV is Maverick County, MM is McMullen County, MD is Medina 

County, RF is Refugio County, SP is San Patricio County, UV is Uvalde County, WL is 

Wilson County and ZV is Zavala County. 
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2013 TARGET AREA RAINFALL 

 

 

Location March April May June July August September October Total 

                    

Beeville  0.20 1.17 5.41 0.86 3.01 3.09 2.17 1.86 17.77 

Calliham 0.01 1.16 3.46 1.03 3.82 0.86 1.88 1.50 13.72 

Floresville 0.00 2.97 2.41 2.14 1.30 0.44 8.46 2.03 19.75 

George West 0.04 4.30 3.38 2.06 5.56 0.93 3.28 1.13 20.68 

Hondo 0.16 1.92 3.26 4.48 0.64 0.12 2.39 2.35 15.32 

Medina 0.71 2.02 4.96 1.70 2.35 0.15 2.86 2.65 17.40 

Pearsall 0.00 1.78 0.30 1.70 0.99 1.85 3.84 2.41 12.87 

Pleasanton 0.00 2.97 2.02 3.83 1.97 0.32 5.69 3.17 19.97 

Runge 0.00 3.31 2.88 0.74 1.10 1.25 3.01 2.02 14.31 

Sabinal 0.74 1.41 1.94 4.31 0.68 1.06 5.02 3.12 18.28 

San Antonio 0.95 2.77 13.19 2.02 0.73 0.85 3.70 2.81 27.02 
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MARCH 
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MARCH 31 

An upper level shortwave approached the area from the east during the afternoon 

and early evening hours.  Strong upper level dynamics associated with the 

disturbance spread across the area allowing for thunderstorms to develop northwest 

of the target area and move southeast across the western and southern target area.  

The issuance of Severe Thunderstorm and Tornado Warnings prevented several cells 

from receiving treatment, but one cell in southern McMullen County remained below 

severe limits and was seeded.   

Four AgI and two CaCl flares were used for seeding. 

.  
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APRIL 
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APRIL 29 

A vorticity maximum was moving across the target area during the afternoon hours, 

coinciding with peak heating.  The presence of sufficient moisture and cool mid-level 

temperatures associated with the disturbance allowed for convection to blossom 

across the area during the afternoon.  Several cells received treatment.  Some 

activity had to be avoided due to the issuance of severe weather warnings.  Many 

locations in the target area received beneficial rainfall.   

28 AgI flares and seven CaCl flares were used for seeding. 
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MAY 
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MAY 10 

An upper level disturbance moving from northern Mexico into central Texas would 

provide the necessary lift for intense convection to develop across parts of the target 

ara.  A strong jet streak (80-110kt) aided in lift resulting from diffluent flow aloft, 

and cold mid-level temperatures helped to make the airmass quite unstable.  

Convection initiated west and northwest of the area with a general eastward 

movement.  Developing convection across Uvalde and Medina counties were treated 

with flares before growing upscale into intense thunderstorms.  Several warnings 

were issued with one cell splitting, a piece of which went into Bandera County while 

the other piece moved across Medina County.  Warnings continued into the evening 

which prevented additional seeding from taking place.  

11 AgI flares and seven CaCl flares were used for seeding. 

 

 

MAY 11 

The passage of a cold front in the morning hours dried out mid level moisture but 

lower levels remained sufficiently moist to support deep convection.  An upper level 

jet streak remained close to the area, affecting primarily the western target area.  A 

pocket of energy and associated cool mid-level temperatures were approaching the 

far western target area during the afternoon hours.  Convective initiation occurred 

over northeastern Mexico and just east of Del Rio around 2100Z (4pm CDT) and 

began to move toward extreme southwestern Uvalde County.  A flight was launched 

and clouds near the southwestern corner of Uvalde County were seeded.  No other 

activity occurred. 

Four AgI flares and two CaCl flares were used for seeding. 

 

 

MAY 26 

Abundant moisture was in place with morning soundings and subsequent mesoscale 

analyses per SPC indicating PW values in the 1.6-1.9 inch range.  Daytime heating of 

the moist airmass worked in conjunction with a passing upper level disturbance to 

produce scattered convection across mainly the central and northern target area 

during the afternoon.  Some of these cells produced locally heavy rainfall.  Some 

areas were off limits due to the previous day’s focused excessive rainfall in some 

parts of the target area. 

17 AgI flares and four CaCl flares were used for seeding. 
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JUNE 
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JUNE 8  

An upper level trough was moving through the state during the day, and it was 

helping to pull in plenty of moisture in the lower and mid levels.  Area soundings 

revealed available PW was in the range of 1.50-1.95” which was above normal for 

the time of year.  Convective development began shortly after 2100Z (4pm CDT) in 

the central and southern target area.  Some of these cells were treated which then 

merged with nearby cells to form a more extensive area of convection across the 

southern target area that lasted into the evening.  As the anvil cirrus from the 

storms spread out across the area, convection began to decline towards 8pm. 

21 AgI flares and 2 CaCl flares were used for seeding. 

 

 

JUNE 9 

Convection initiated during the afternoon over the Hill Country in response to heating 

of a moderately unstable atmosphere, which was still being influenced by an upper 

trough that was now centered northeast of the area.  Mid-level flow had become 

northeasterly behind the trough and this pushed convection in an unusual direction, 

to the southwest.  This was an ideal situation for the northern target area, with the 

developing cells moving into the northern target area during the late afternoon and 

early evening hours.  Several clouds received treatment, and radar trends suggest 

that very favorable responses occurred.  Paths of locally heavy rainfall were 

observed, and some of the activity lasted for a couple hours; in fact, one cell that 

was seeded near Hondo shortly before 2330Z (6:30pm CDT) continued moving 

southwest and crossed the Rio Grande southwest of Carrizo Springs around 0300Z 

(10:00pm). 

 

 

JUNE 10 

The target area was located on the western edge of a shear axis aloft with drying 

middle levels during the afternoon.  Initially moisture was favorable and 

temperatures aloft were cool enough to make for moderate instability.  Weak 

convection developed late in the afternoon along the seabreeze as it moved inland 

and a plane investigated the activity with two clouds receiving treatment.  Cloud 

structures were not good as reported by the pilot and activity rained itself out rather 

quickly. 

Two AgI flares and one CaCl flare were used for seeding. 

 

 

JUNE 11 

A westward-moving inverted trough was located over northeastern Mexico.  This 

location put the target area in the trough’s favorable location for lift and moisture.  A 

wave of convection which developed along the coast in the morning hours moved 

west and northwestward toward the southern target area by early afternoon, and a 

plane was sent out to investigate and seed the activity.  A nearly solid curved band 

of convection moved across most of the target area during the afternoon, exiting the 

northwestern target area by evening. 

33 AgI flares and 4 CaCl flares were used for seeding. 
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JUNE 12 

An upper level disturbance continued to sit west of the Rio Grande which put south 

Texas on the buoyant, moist side.  Morning convection over the far eastern target 

area was very short-lived and small, with only two small clouds receiving treatment.  

Additional heating during the afternoon helped destabilize the airmass further, and 

developing convection grew taller and wider.  A second flight investigated convection 

as it developed and moved west and northwest.  Several clouds received treatment, 

with mergers noted on radar resulting in larger areas of rainfall.  Activity continued 

into the evening across the northern target area. 

52 AgI flares and 7 CaCl flares were used for seeding. 

 

 

JUNE 13 

An upper level disturbance sat over northeastern Mexico for the third day in a row 

and continued to pump in abundant moisture across south Texas.  Mid level 

temperatures had increased a bit over the previous day but moisture was greater.  

Brief, heavy tropical showers developed across the target area during the morning 

hours but these were not investigated.  During the noon hour a plane launched as 

convection began to pepper much of the target area.  Inflow was weak initially but 

did increase in some cells later in the afternoon.  Several mergers were noted.  

Toward the latter part of the afternoon a significant portion of the convection 

clustered together and weakened into a large area of light rain while smaller cloud 

turrets attempted to grow underneath the mid and high cloud cover from which the 

rain was falling. 

63 AgI flares were used for seeding. 

 

 

JUNE 16 

The airmass was drying out through the course of the day but enough residual 

moisture remained to allow for convection along the seabreeze as it moved into the 

southeastern target area during the afternoon.  The activity moved northwest, 

lasting for about an hour before raining itself out. 

19 AgI flares and 5 CaCl flares were used for seeding. 

 

 

JUNE 20 

Convection well south of the target area produced an outflow boundary that surged 

northward during the day.  Isolated to scattered showers developed along this 

boundary as it moved northward, entering the southern target area after 2000Z 

(3:00pm CDT).  Activity was generally short-lived.  A plane investigated the 

convection and two clouds were treated with silver iodide.   

Eight AgI flares were used for seeding. 
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 JULY 
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JULY 7 

Moisture associated with a tropical wave near the Texas coast pushed inland during 

the afternoon along the seabreeze boundary.  Scattered convection developed along 

the boundary, moving into the southeastern target area after 1900Z (2:00pm CDT).  

Investigation of the developing clouds revealed small but ideal cloud structures and 

sufficient inflow for seeding.  Numerous clouds were seeded along the boundary 

while it moved northwest across the target area.  By early evening much of the 

activity had rained out, with remaining cells over San Antonio into parts of the Hill 

Country. 

37 AgI flares were used for seeding. 

 

 

JULY 8 

The seabreeze boundary began to produce isolated convection as it entered the 

southern target area after 2000Z (3:00pm CDT).  A plane was launched to 

investigate the activity and found some small clouds with decent inflow and 

structure.  Three clouds received treatment during the first flight.  Activity persisted 

for about an hour after seeding before dissipating, which may have occurred as a 

result of high cloudiness spreading over the area and limiting heating.  Early in the 

evening additional convective cells developed over the northern target area and 

these were also treated. 

18 AgI flares were used for seeding. 

 

 

JULY 9 

The typical afternoon inland progression of the seabreeze boundary brought isolated 

to widely scattered showers to the eastern target area.  Radar and observation from 

the office indicated that these small, convective showers were very short-lived, 

lasting on the order of 20-30 minutes.  Five small clouds were seeded over the 

course of the afternoon but quickly rained out. 

19 AgI flares were used for seeding. 

 

 

JULY 10 

The target area was located on the southeastern side of a deep high pressure system 

centered over the southern Rockies.  A weak upper level disturbance was pushing 

west along the underside of the high over deep south Texas and northeastern 

Mexico.  The seabreeze boundary began to enter the southeastern target area by 

mid-afternoon and isolated convection was developing along it.  Initially the pilot was 

not able to find much inflow with the clouds but eventually some cells developed with 

sufficient inflow to allow for seeding.  Several small clouds were treated in Live Oak 

and Atascosa counties as the boundary moved northwest.  As was the case the past 

few days, convective lifetimes were short.  Activity had dissipated by evening. 

21 AgI flares were used for seeding. 

 

 

JULY 14 

An unusual upper air pattern across the country was allowing for an upper low to 

move west-southwest across the central United States, heading toward Oklahoma.  

Convection spawned by this upper low had produced a large outflow boundary that 

moved into Texas during the morning hours, pushing closer to the target area during 

the afternoon.  By mid-afternoon convection approached the northeastern border of 

the target area and a plane was sent up to investigate the incoming convection.  
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Several clouds were seeded in this area which congealed into a small complex of 

storms that lasted into the evening over parts of Wilson and Karnes counties.  One 

small cloud was also treated in Bandera County. 

21 flares were used for seeding. 

 

 

JULY 15 

A retrograding upper low was located over southwest Oklahoma.  Abundant 

moisture, with PW values around 2 inches was being pumped in by the low.  An early 

morning MCS was producing an area of light rain across the northwestern target area 

which persisted well into the afternoon, limiting convective potential in that area.  

Eastern areas were not being affected by the MCS, and with strong heating of the 

moist airmass, convection began to develop around 1800Z (1:00pm CDT).  Two 

planes were sent up to investigate the clouds and found favorable cloud structures 

and healthy inflow.  Numerous clouds were seeded.  Several clouds over the central 

target area merged into a cluster that produced heavy rainfall over the course of two 

hours.  Activity persisted into the evening hours. 

52 AgI flares were used for seeding. 

 

 

JULY 16 

A very moist airmass was in place across the area, and with low convective 

temperatures, small but heavy tropical showers began to develop in the morning 

hours across the target area.  These were very efficient producers of rain and 

therefore would not benefit from any type of seeding.  During the noon hour, taller 

convective clouds began to develop across the central and southern target area and 

a plane was sent up to investigate.  Several clouds were seeded and activity 

continued well into the afternoon.  Extensive cloud cover from weakening convection 

eventually spread over a good portion of the target area. 

30 AgI flares were used for seeding. 

 

 

JULY 17 

A tropical airmass was residing over the target area with morning soundings 

indicating PW values as high as 2.3 inches.  All but western portions of the target 

area were under cloud cover but some breaks were developing during the noon hour 

and allowing for pockets of heating which resulted in spotty convective development.  

Investigation of the activity found that only one cloud was able to be treated, and 

even it had marginal structure.  A larger area of rain began to move into the target 

area from the east, and no further seeding took place. 

Three AgI flares were used for seeding. 

 

 

JULY 18 

Morning soundings and area surface observations continued to indicate a tropical 

airmass in place across south Texas, with PW values in excess of 2 inches.  Morning 

cloud cover was limiting heating although in places where breaks had occurred, small 

but locally heavy showers had developed.  A flight launched late in the morning and 

found favorable clouds for seeding over Wilson, Karnes and Bexar counties.  During 

the noon hour and into the afternoon more convection developed and convective 

towers were seeded over the central and eastern target area.  A second flight later in 

the afternoon resulted in two clouds seeded in Karnes and Medina counties. 

41 AgI flares were used for seeding. 
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JULY 19 

Tropical moisture continued to reside over the area for the fifth consecutive day.  

The seabreeze boundary moved inland and into the southeastern target area by mid-

afternoon, with only brief sprinkles noted on radar.  Toward the latter part of the 

afternoon as the boundary pushed further into the target area,  more substantial 

growth was noted and a plane was sent up to investigate.  Only one cloud was found 

to have decent structure and inflow, and this lone cloud was seeded.  It remained on 

radar for over an hour before finally dissipating.   

Four AgI flares were used for seeding. 

 

 

JULY 20 

Moisture levels had decreased some compared to the past several days but PW 

values were more than sufficient to support deep convection.  The seabreeze 

boundary began its daily push inland by late morning and was entering the 

southeastern target area by early afternoon.  One flight occurred with three 

seabreeze showers receiving treatment.  Radar imagery indicated that one of the 

seeded cells lasted for nearly 90 minutes after treatment as they trekked slowly 

northwest while other activity outside the target area was developing and dissipating 

quickly. 

Eight AgI flares were used for seeding. 

 

 

JULY 21 

An upper low was located west of the Rio Grande near the Big Bend.  Moisture was 

being drawn in on the east side of the low, with PW values over 2 inches across 

much of the target area.  A weak disturbance moving northward across the western 

half of the target area aided in lift, combining with heating and the moist airmass to 

produce convection across Atascosa and Frio counties.  Two clouds were treated with 

silver iodide and these lasted for over an hour while drifting north into Medina and 

Bexar counties. 

16 AgI flares were used for seeding. 

 

 

JULY 27 

A stationary boundary was located across the central and southern counties, draped 

northeast to southwest.  Moisture had pooled along this boundary with PW values 

over 2 inches as per SPC mesoscale analysis.  Once convective temperatures were 

reached at mid-afternoon, convection began to develop quickly along the boundary.  

Numerous convective towers were seeded along the boundary and this activity grew 

into clusters with locally heavy rainfall indicated by radar.  Seeded convection 

continued into the evening before slowly dissipating. 

64 AgI flares were used for seeding. 
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AUGUST 
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AUGUST 10 

A surge of moisture along and behind the seabreeze boundary pushed in across the 

area over the course of the afternoon into the evening hours.  Three flights were 

launched with numerous clouds receiving treatment along the boundary as it moved 

across the entire area, finally exiting the northwestern target area after 0200Z 

(9:00pm CDT). 

70 AgI flares and 3 CaCl flares were used for seeding. 

 

 

AUGUST 11 

The seabreeze boundary was, once again the catalyst for convective development as 

it moved into the southeastern target area early in the afternoon, interacting with a 

moist environment.  Several clouds along the boundary were treated as they moved 

northwest across the target area.  By late afternoon some of the activity had 

congealed into an area of rain with embedded heavier showers over the western 

target area. 

38 AgI flares and two CaCl flares were used for seeding. 

 

 

AUGUST 15 

A stationary boundary was located immediately north of the target area and became 

a focus for isolated convective development during the afternoon.  Two small clouds 

were seeded in Kendall County, with one of the seeded cells making it into extreme 

northern Bexar County before raining out a little more than an hour after seeding. 

Six AgI flares were used for seeding. 

 

 

AUGUST 16 

An outflow boundary from an early morning MCS over central Texas had pushed into 

the extreme northern target area.  With modest heating in the morning, convection 

began to develop along it and a plane was sent up to investigate.  Several clouds 

were seeded along the boundary as it moved south.  Mergers were noted with 

seeded activity in Bexar and Medina counties.  Additional clouds were seeded further 

south early in the afternoon but the outflow boundary began to race ahead of the 

convection, effectively cutting off inflow into the storms which resulted in weakening 

convection. 

25 AgI flares and two CaCl flares were used for seeding. 

 

 

AUGUST 20 

A surge of deeper moisture (PW>2 inches) began to push into the southeastern 

target area right around noon with isolated convective cells developing along the 

leading edge.  Two clouds were seeded during the first flight, and the activity in Bee 

County fared particularly well, lasting for almost three hours before slowly 

diminishing.  A second flight later in the afternoon found two additional clouds 

suitable for seeding in Atascosa County.  These clouds did not fare as well as high 

cloudiness covering the area were limiting heating. 

15 AgI flares and one CaCl flare were used for seeding. 
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AUGUST 21 

An upper low over north-central Mexico was slowly moving west.  Diffluent flow on 

the east side of the low had spread across south Texas.  With a moist airmass in 

place, showers began to develop over the eastern target area around the noon hour, 

but initially these were low-topped.  Later in the afternoon more robust convection 

began to develop and a plane was sent up to look at the clouds.  Numerous clouds 

received treatment as they moved northward, with development occurring from east 

to west.  Some of the seeded clouds grew into a small complex of storms over the 

central target area which lasted until evening.  A second flight took place late in the 

afternoon to seed some clouds over the western and northwestern target area that 

continued to produce precipitation into the evening hours. 

45 AgI flares and four CaCl flares were used for seeding. 

 

 

AUGUST 25 

An inverted trough was located along the coast.  Moisture associated with the trough 

was pushing into the eastern portions of the target area.  Small showers initially 

developed early in the afternoon over the eastern counties.  By mid-afternoon more 

substantial cloud growth was noted and a plane was sent up to investigate the 

developing towers.  Several clouds were seeded over the eastern half of the target 

area.  Seeded convection in Bee and Live Oak counties fared particularly well, 

merging into a strong cluster of thunderstorms that persisted for over two hours.   

41 AgI flares and two CaCl flares were used for seeding. 

 

 

AUGUST 27 

An upper level disturbance centered near Abilene at midday was helping to draw in 

moisture across the area.  Convection began to develop over the far eastern target 

area early in the afternoon and a plane was launched.  This activity was seeded and 

persisted for 90 minutes past the end of seeding.  Additional clouds were seeded 

over the western and southern target area and these appeared to do well after 

treatment per radar trends.  All activity began to wane late in the afternoon with an 

increase in mid and high clouds. 

28 AgI flares were used for seeding. 
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SEPTEMBER 

 
 

 
 
 

 



 

 23 

SEPTEMBER 2 

A boundary was located over the northwestern target area and the seabreeze front 

was edging closer to the southeastern target area.  These two boundaries served as 

foci for convective development which began in the early afternoon hours.  One 

cloud seeded along the seabreeze boundary immediately southeast of the target area 

skimmed the extreme southern portion of Bee County.  Convection seeded over the 

far northern and northwestern target area produced moderate-intensity rainfall as 

the activity moved west and the boundary slowly moved southward.  Activity exited 

the target area by evening. 

39 AgI flares and six CaCl flares were used for seeding. 

 

 

SEPTEMBER 4 

Morning analysis indicated an outflow boundary over the northern target area.  Early 

in the afternoon clouds began to develop along the boundary in Wilson and Medina 

counties and planes were sent up to investigate the growing towers.  Additional 

growth along the slowly southward-moving boundary occurred and seeding of 

several clouds took  place.  Convection fared well for a while, but the outflow 

boundary began to pick up speed and as convection fell behind the boundary, it 

would weaken.  Seeded activity along the boundary lasted into the early evening 

hours. 

38 AgI flares and four CaCl flares were used for seeding. 

 

 

SEPTEMBER 5 

Early in the afternoon the seabreeze boundary and associated isolated convection 

began to enter Bee County and a plane was launched to investigate.  Three small 

clouds in Bee, Live Oak and Karnes counties were seeded.  These cells produced 

precipitation for about an hour after treatment.  By early evening the seabreeze 

boundary was located over the northern target area with additional small convective 

cells developing.  A second flight found two more clouds suitable for seeding in 

Wilson and Bexar counties. 

16 AgI flares and one CaCl flare were used for seeding. 

 

 

SEPTEMBER 6 

Convective initiation along the seabreeze boundary began shortly after 1800Z 

(1:00pm) just southeast of Bee County.  A plane launched shortly thereafter to 

investigate and found marginal structures and weak inflow.  Two clouds did receive 

treatment in Bee and Live Oak counties but growth was limited per radar trends.  

The boundary continued to produce weak, short-lived showers as it moved further 

into the target area but poor cloud structure did not permit investigation of these 

cells.  Later in the afternoon into the early evening hours additional convection 

developed along the seabreeze boundary over the central and eastern target area, 

and a second flight found four more seedable clouds.  These latter cells appeared to 

do better than the earlier activity, producing precipitation up until 0100Z (8:00pm). 

23 AgI flares and two CaCl flares were used for seeding. 

 

 

SEPTEMBER 8 

An upper level disturbance was crossing the state and providing diffluent flow aloft, 

which was enhancing lift across the target area.  Convection began to develop over 

the eastern target area during the noon hour and progressed westward with 
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additional development.  Two flights were launched to treat activity as it moved west 

across the target area.  Seeded cells appeared to fare well after treatment, with 

moderate to locally heavy cores noted.  Activity exited the target area by early 

evening. 

24 AgI flares and two CaCl flares were used for seeding. 

 

 

SEPTEMBER 9 

South Texas continued to be influenced by an upper level disturbance over west 

Texas.  Moisture was plentiful with soundings and mesoanalysis indicating PW values 

around 2 inches.  Moderate instability was in place and convective temperatures 

were low, being reached by the noon hour.  Convection initially was focused over the 

eastern half of the target area where moisture was deepest and two flights were 

launched to investigate the developing cells.  Numerous clouds were seeded and 

radar trends suggested increases in intensity and areal coverage following treatment.  

Additional convection developed in Medina County which was also seeded.  By late 

afternoon radar imagery showed a decreasing trend in cell intensity, coinciding with 

an increase in mid and high cloudiness. 

44 AgI flares were used for seeding. 

 

 

SEPTEMBER 10 

Tropical moisture had moved into south Texas overnight into the morning hours, 

with morning soundings showing PW values as high as 2.42 inches.  Convection was 

ongoing in the morning hours but bases were very low (below 1500 feet MSL) and 

they were producing locally heavy rain, suggesting that these cells were very 

efficient rain producers on their own.  Later in the day scattered convection with 

better structures and higher heights developed in a swath from Live Oak to Medina 

County and several clouds received treatment.  Activity persisted into the early 

evening hours. 

28 AgI flares and two CaCl flares received treatment. 

 

 

SEPTEMBER 11 

An upper level low located over northeastern Texas had an associated upper level jet 

streak that was moving south toward the target area.  This feature would increase 

upper level diffluent flow and associated broad-scale lift.  A very moist airmass was 

over the area, but moisture levels had decreased some from the previous day.  

Scattered tropical showers were occurring over the central target area during the 

noon hour but were low-topped and already producing rainfall efficiently.  A plane 

launched at 1840Z (1:40pm CDT) to investigate growing clouds in the central and 

western target area, and seeding of several clouds took place.  A couple of mergers 

were noted on radar after seeding, with some of the seeded activity persisting for 

over two hours past treatment time. 

22 AgI flares were used for seeding. 

 

 

SEPTEMBER 15 

Hurricane Ingrid was located about 120 miles east of Tampico, Mexico at 1800Z 

(1:00pm CDT).  Moisture associated with the hurricane was spreading into the 

southern target area.  Heating of the moist airmass resulted in scattered weak to 

moderate convection developing across the southern target area, moving quickly 



 

 25 

west.  A flight investigated these cells with three clouds receiving treatment.  The 

activity lasted for about an hour before raining out. 

13 AgI flares were used for seeding. 

 

 

SEPTEMBER 16 

During the morning hours a band of heavy tropical showers associated with Tropical 

Storm Ingrid moved across the southern half of the target area.  Radar indicated 

these clouds were tall enough to investigate and a plane found sufficient cloud 

structure and inflow on four clouds within the band, which were seeded.  The seeded 

band of convection moved quickly west-northwest across the southern half of the 

target area through the early afternoon. 

18 AgI flares and two CaCl flares were used for seeding. 

 

 

SEPTEMBER 18 

Residual moisture from the remains of Tropical Storm Ingrid remained across the 

area, with upper level moisture flowing in from Tropical Storm Manuel in the Pacific.  

Convection developed during the noon hour across the central and southern target 

area and aligned itself into a band as it moved westward during the afternoon.  A 

plane investigating the convective cells found several favorable clouds and treatment 

of these clouds took place.  Precipitation spread across the southern half of the 

target area through the afternoon with weakening noted after 2000Z (3:00pm CDT).  

The last seeded cell persisted for over 90 minutes while moving west out of the 

target area. 

23 AgI flares and two CaCl flares were used for seeding. 

 

 

SEPTEMBER 27 

Deep onshore flow was bringing a very moist airmass to the target area.  Some 

showers developed across the eastern target area during the early afternoon and a 

flight was launched to investigate but unsuitable cloud structures were found and no 

seeding took place.  Activity exited the target area after 2000Z (3:00pm CDT). 

 

 

SEPTEMBER 28 

Convection developed across the northwestern half of the target area during the 

afternoon.  This activity was occurring ahead of a cold front located over the Hill 

Country.  A flight took off from Kenedy to investigate the convection but found 

extensive cloud cover and very weak updrafts, thus no seeding took place.  More 

ideal convection did not materialize for the remainder of the day. 
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OCTOBER 
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OCTOBER 12 

Plentiful moisture was in place across the target area with PW values around 2 

inches.  The seabreeze front began to enter the eastern target area in the early 

afternoon with isolated convective cells developing along it.  A plane was sent up to 

investigate the development and initially found poor cloud structure and very little 

inflow.  Two marginal clouds were found and seeded over the far eastern target area 

but these produced only light amounts of precipitation. 

Six AgI flares were used for seeding. 
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2013 RADAR ANALYSIS FOR THE STWMA 

 

 

The following is Active Influence and Scientific Management’s 2013 radar analysis 

report for the STWMA: 

 
Cloud seeding operations in 2013 began over the South Texas Weather Modification 

Association target area in March.  This annual report serves as a summary of results.  

A total of 161 clouds were seeded and identified by TITAN in 46 operational days.  

Table 1 summarizes the general figures: 

 

Table 1:  Generalities 

 

First operational day:  March 31st, 2013 

Last operational day:  October 12th, 2013   

 

Number of operational days:  46 

(One in March, one in April, three in May, eight in June, thirteen in July, eight in 

August, eleven in September and one in October) 

 

According to the daily reports operational days were qualified as: 

 

Twenty-seven with excellent performance 

Eight with very good performance 

Four with good performance 

Five with fair performance 

Two with corrupted data (May 26th and June 20th) 

 

 

Number of seeded clouds: 161 

(91 small seeded clouds, 15 large seeded clouds, 55 type B seeded clouds) 

 

 

Missed Opportunities: two (with lifetime longer than 45 minutes) 

 

It is ~1% of the resources (2/163 = 0.012) 

 

Storm #592 over Frio County on September 11th (18:12 – 19:28 UTC) 

 

Storm #573 over Live Oak County on September 15th (16:40 – 18:40 UTC) 

 

 

 

Small Clouds  

 

Evaluations were done using TITAN and NEXRAD data. 

 

Table 2 shows the results from the classic TITAN evaluation for the 91 small seeded 

clouds which obtained proper control clouds. 
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Table 2:  Seeded Sample versus Control Sample (91 couples, averages) 

 

Variable        Seeded Sample   Control Sample   Simple Ratio   Increases (%) 

 

Lifetime               60 min                 40 min                1.50               50 (33) 

 

Area                   65.6 km
2
             42.1 km

2
             1.56               56 (25) 

 

Volume             180.2 km
3
            110.7 km

3
             1.63               63 (27) 

 

Top Height           7.4 km                 7.0 km               1.06                 6 (3) 

 

Max dBz                 51.4                    50.0                 1.03                 3 (2) 

 

Top Height 

of max dBz          3.5 km                 3.5 km               1.00                 0 (1) 

 

Volume  

Above 6 km        23.8 km
3
              11.3 km

3
             2.11              111 (52) 

 

Prec.Flux          481.5 m
3
/s           257.3 m

3
/s            1.87                87 (36) 

 

Prec.Mass        2114.3 kton           671.5 kton              3.15             215 (140)  

 

CloudMass        158.5 kton             87.2 kton              1.82               82 (31)  

 

        η                   13.3                      7.7                  1.73                73 (82) 

 

 

 

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 370 AgI BIP and 15 Hygroscopic flares were used in this sub-sample with an 

excellent timing (86%) for an effective dose about 60 ice-nuclei per liter. The 

seeding operation for small clouds lasted about 5 minutes on average.  An excellent 

increase of 140% in precipitation mass together with an increase of 31% 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 (33%), area (25%) volume (27%), 

volume above 6 km (52%), and precipitation flux (36%) are notable. Slight increase 

in top height (3%) and maximum reflectivity (2%) are reported.    The seeded sub-

sample seemed 82% more efficient than the control sub-sample.  Results are 

evaluated as excellent. 

 

An increase of 140% in precipitation mass for a control value of 671.5 kton in 91 

cases means: 

 

 1  = 91 x 1.40 x 671.5 kton = 85,549 kton = 69,380 ac-f 
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Large Clouds 

 

The sub-sample of 15 large seeded clouds received a synergetic analysis.  On 

average, the seeding operations on these large clouds affected 65% of their whole 

volume with an excellent timing (98% of the material went to the clouds in their first 

half-lifetime).  A total of 245 AgI BIP and 15 Hygroscopic flares were used in this 

sub-sample for an effective dose about 90 ice-nuclei per liter. 

 

Also on average, large clouds were 36 minutes old when the operations took place; 

the operation lasted about 38 minutes, and the large seeded clouds lived 215 

minutes.  

 

Table 3 shows the corresponding results: 

 

Table 3:  Large Seeded Sample versus Virtual Control Sample (15 couples, 

averages) 

 

Variable        Seeded Sample   Control Sample    Simple Ratio  Increases (%) 

 

Lifetime               215 min              185 min                 1.16               16  

 

Area                     650 km
2
            566 km

2
               1.15                15  

 

Volume               2646 km
3
           2280 km

3
               1.16                16  

 

Volume  

Above 6 km         924 km
3
             719 km

3
                1.29                29       

 

Prec.Flux           8326 m
3
/s          6893 m

3
/s                1.21               21  

 

Prec.Mass         49,230 kton         30,564 kton               1.61               61 

 

  

An increase of 61% in precipitation mass for a control value of 30,564 kton in 15 

cases may mean: 

 

 2  = 15 x 0.61 x 30,564 kton = 279,661 kton = 226,805 ac-f 

 

 

Type B Clouds                   

  

The sub-sample of 55 type B seeded clouds also received a synergetic analysis.  On 

average, the seeding operations on these type B clouds affected 18% of their whole 

volume with an excellent timing (71% of the material went to the clouds in their first 

half-lifetime).  A total of 552 AgI BIP and 39 Hygroscopic flares were used in this 

sub-sample for an effective dose about 120 ice-nuclei per liter. 

 

Also on average, type B clouds were 110 minutes old when the operations took 

place; the operation lasted about 20 minutes, and the type B seeded clouds lived 

285 minutes.  
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Table 4 shows the results: 

 

Table 4: Type B Seeded Sample versus Virtual Control Sample (55 couples, 

averages) 

 

Variable        Seeded Sample   Control Sample   Simple Ratio   Increases (%) 

 

Lifetime              285 min               275 min               1.04                  4  

 

Area                    537 km
2
             518 km

2
              1.04                  4  

 

Volume              1793 km
3
            1723 km

3
              1.04                  4  

 

Volume  

Above 6 km        426 km
3
              399 km

3
              1.07                  7  

 

Prec.Flux          4680 m
3
/s           4452 m

3
/s              1.05                  5  

 

Prec.Mass         38,715 kton         34,560 kton             1.12                 12  

 

 

An increase of 12% in precipitation mass for a control value of 34,560 kton in 55 

cases may mean: 

 

 3  = 55 x 0.12 x 34,560 kton = 228,096 kton = 184,986 ac-f 

 

The total increase:   = 1 +  2 +  3  = 481,171 ac-f  

 

 

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)        

 

Uvalde         11         14  25,300        0.30        17.21 in           2.0 

 

Bandera       4                6            14,400        0.36           16.07 in           2.2 

 

Medina        11             21            60,200        0.77           19.36 in           4.0 

 

Bexar            6              16           29,300        0.44           24.07 in           2.0 

 

Frío               9              17           27,400        0.46           12.61 in           3.6 

 

Atascosa     31              42           56,900        0.86           19.35 in           4.4 
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McMullen     15             22           66,500        1.12            22.19 in          5.0 

 

Wilson         13             20           43,200         1.02           23.71 in          4.3 

 

Karnes         19             26           36,600        0.92            17.52 in          5.3 

 

Live Oak      17             29           53,300         0.97           21.56 in          4.5 

 

Bee              18             22           45,200         0.96           21.39 in          4.5 

 

Outside 7      15           28,900 

 

 

Total           161           250         487,200   

 

Average                                0.74           19.55 in          3.8 

 

(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 Dual Seeding (glaciogenic plus hygroscopic) 

 

Hygroscopic seeding operations were done in 2013.  A total of 44 cases received dual 

treatment (15 small storms, 6 large storms, and 23 type B storms).  

 

For the small cases it was possible to make a comparison between pure glaciogenic 

seeding (76 cases) and dual seeding (15 cases).  Tables 6 and 7 show the results: 

 

Table 6 below shows the results of the TITAN evaluation for the small 76 glaciogenic 

cases:   

 

Table # 6 Seeded Sample versus Control Sample (76 couples, averages) 

 

Variable     Seeded Sample   Control Sample     Simple Ratio    Increases (%) 

 

Lifetime             60 min                40 min                  1.50                50 (33) 

 

Area                 64.2 km
2
            41.5 km

2
               1.55                55 (21) 

 

Volume           169.1 km
3
           107.8 km

3
               1.57                57 (19) 

 

Top Height        7.2 km                6.9 km                  1.04                 4 (2) 

 

Max dBz              51.3                   49.9                    1.03                  3 (2) 

 

Top Height 

of max dBz        3.4 km                3.5 km                 0.97                 -3 (-2) 

 

Volume  

Above 6 km      18.5 km
3
            10.2 km

3
               1.81                81 (24) 
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Prec.Flux         461.1 m
3
/s         250.8 m

3
/s              1.84               84 (28) 

 

Prec.Mass       1962.4 kton         672.8 kton               2.92              192 (135)  

 

CloudMass       147.9 kton            84.8 kton              1.74                74 (21)  

 

        η                  13.3                     7.9                   1.68                68 (96) 

 

 

Results appear to be similar to those obtained by glaciogenic seeding before.  

However, a comparison with Table 2 indicates that the increase in precipitation mass 

for the small seeded cases was slightly greater than the corresponding increase for 

pure glaciogenic small seeded cases (140% versus 135%: difference = 5 %).  There 

is almost no difference in timing (0.86 versus 0.85) but there is a noticeable 

difference is in the doses (60 icn/l versus 80 icn/l); for the whole sample of small 

clouds the AgI-dose was estimated in 60 ice-nuclei per liter, whereas for the pure 

glaciogenic cases the AgI-dose was estimated in 80 ice-nuclei per liter, ~ 1.33 times 

higher.  It is possibly an indication that hygroscopic seeding is producing the 

additional ice that balances the difference.  

 

Table 7 now shows the results of the TITAN evaluation for the small 15 remaining 

dual cases:   

 

Table # 7 Seeded Sample versus Control Sample (15 couples, averages) 

 

Variable       Seeded Sample    Control Sample   Simple Ratio   Increases (%) 

 

Lifetime              65 min                 35 min                 1.86               86 (33) 

 

Area                   72.4 km
2
              44.9 km

2
             1.61                61 (45) 

 

Volume             236.3 km
3
            125.3 km

3
              1.89                89 (68) 

 

Top Height           8.1 km                7.2 km                  1.13               13 (5) 

 

Max dBz                52.2                     50.4                   1.04                 4 (2) 

 

Top Height 

of max dBz          3.7 km                  3.6 km                1.03                  3 (2) 

  

Volume  

Above 6 km         51.0 km
3
             16.9 km

3
             3.02                202 (155) 

 

Prec.Flux           584.8 m
3
/s         290.0 m

3
/s              2.02              102 (75) 

 

Prec.Mass        2883.8 kton         664.8 kton                4.34             334 (165)  

 

CloudMass         212.6 kton          99.3 kton                 2.14             114 (81)  

 

        η                    13.6                    6.7                      2.03             103 (48) 
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Results in this table seem to suggest that dual seeding improves even more the rain-

efficiency of seeded clouds: the comparison with Table 6 indicates that the increase 

in precipitation mass for small dual seeded cases was noticeably greater that the one 

for the pure glaciogenic small seeded cases: 165% versus 135%, a difference of 

30%!  In practical terms, the average amount of AgI flares used in glaciogenic cases 

was about 4.2 per cloud, whereas the corresponding number for the dual cases was 

3.3 per cloud (plus 1 hygroscopic flare per cloud), suggesting that due to greater 

increases, one hygroscopic flare seemed to improve even more the dynamics of the 

seeded cases.  Notice also the large increase in the variable "Volume above 6 km" 

which might be indicating a great impact on the ice-phase of the seeded cases.  

These affirmations are still heuristic because larger samples will be needed to cope 

with the extreme variability in the data. 

 

 

 

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 gauge 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.  

 

4) In 2013, the total increase in the region, estimated in about 0.487 million 

acre-feet, should be considered a great help to fresh water natural resources. 

       

5) This year hygroscopic seeding was continued as an important component of 

the operations, and the results indicate a noticeable improvement in the 

dynamics of seeded clouds.  The results obtained for the seeded small clouds 

reinforce the idea that there exists a strong synergy between the hygroscopic 

and the glaciogenic actions.  A more intensive use of hygroscopic flares is 

recommended.     
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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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