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- Active Influence & Scientific Management

"+ ‘Cloud.seeding. operations 2012 began over Texas Weather Modification target are in
- March. This annual report is a compilation of the evaluation reports already made and

" published. for: five local projects: Panhandle, Trans-Pecos, WTWMA, STWMA, and

.- SWTREA target areas (EAA target area is inoluded in the last two). A total of 353
" clouds were.seeded and identified by TITAN in 162 target area operational days.

Table 1 summarizes the general figures:

_ Table1: Geng_mliﬁes '

First operational day: March 19, 2012 (WTWMA) f o o
Last operational day: October 13, 2012 (WT'WMA)  Season: 209 dsys

Net Number of operational days: 162 - BT 3
Most active period: May to September: 143 ~ 88 % of the operational days,
Less active months: March: 5  ~ 3 % of the operational days

o~ + o Apdk9 ~ 6% ofthe operational days

October: 5 ~ 3 % of the operational days

-+ According to thedallyreports, opcraﬁonqlday_s were ql..lali.ﬁedhgs:. 5
Nin.ety with excellent performmice_ '

Thirty-four with very good performance

Twenty-six with good performance

_ Eight with fair performance ~

_ Additionally, eight days with non proper data

Number of seeded clouds: 353 T .
(169 sninll seeded'clouds, 56 large seeded clouds, 128 type B seeded clouds)

Missed Opportunities: 6 (= 1.7 % of the seedable conditions)



Small Clouds :
" Table 2 shows the results from the classic TTITAN evaluation for the 169 smsll seﬁ&ed“

. clouds which obtained proper control clouds, : -

“g Table 2: Seeded Sample versus Coutrol Sample (169 eouples, averagel)

‘_ngble. "1 Seeded Salpple- Control Sample Sunple Rntno Increases (%)
* Uifetime Lt GSminn. ASwmin . oo 145 )
Aea 0 752kmi . 493kmt g2 2.47)
- Volume 271.5km*: - - 1743km* 1.56 56 (47
‘TopHeight ~  89km .  84km 1.05 5@
MaxleiBz e JS2B . SLO Y T et A
Top Helght . | T
- ofmaxdBz -~ 39km:‘ - . 3.8km 103 . . 3(0)
Volume - an o L F R S | | |
" Above6km .  832km? . 546km* . 152 52(41)
PrecFlux 5893 m%/s ' - 3358m%/s 1.76 76 (56)
PrecMass . 26443kion . 1123.6kton 235 135(124)
QIeudMass . 2545kton * 2281kton - 167, | 67(53)
W 104 49 212 11248)

1 '-Boldvalues mparentheses are. modeledvalum, ‘whefeas 1 is s defined as the quoﬁent of
" Precipitation Mass dividéd by Cloud Mass, and is interpreted as efficiency. A total of
. 687 Agl and 84 hygroscopic flares were used in this sub-sample with an excellent

. timing (87 %), for an effective Agl dose about 40 ice-nuclei per Iiter, which might have

reached slightly higher levels in some individual cells. An excellent increase of 124 % in

* .. precipitation mass together ‘with an increase of 53 % 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 (40 %), area (47 %), volume (47 %), volume above 6 km (41 %), and
- precipitation flux (56 %) are notable. There are slight increases in maximum reflectivity .
* (2 %), and in top height (2%). The seeded sub-sample seemed 48 % more efficient than
the eonlrol sub-sample.. Remlts are evaluated as exeellent for this sub-sample.



An increase of 124 % in precipitation mass for a control value of 1123.6 kton in 169
cases means: wr  Hg g g _ - -
A, =169 x 1.24 x 1123.6 kton =235 462 kton = 190 959 ac-{

Large Clouds - o <

The sub-sample of 56 large 'seeded-clouds réceived a synergetic analysis. In average the
seeding operations on these large clouds affected 66 % of their whole volume, with an
excellentiming (98 % of the material went to the clouds in their first half-lifetime). A
total of'617 Agl and 48-hiygroscopic flares were used in this sub-sample-for an-effective

- silver iodide average dose near 70 ice-nuclei per liter. :
Also in average, large clouds were 32 minutes old when the operaﬁbns took place; the

- operation lasted about 29 minutes, and the large seeded clouds lived 225 minutes
(3 hours and 45 minutes), ram s ERk ' '

Table 3 shows the corresponding results:

Table3: Large Seeded Sample versus Virtual Control Simple (36 couples, averages)

Varisble . Seeded Sample * ‘Control Sample *Simple Rutio Increases (%)

Lifetime 225min 190 min 118 18

- Area. . ‘1207km’ 931km® ~ 130 - . 30
Volume ' 48l4km’  373km® 129 . 29
Volume - ' .
Above6km  1817km’ - 1468 km® 124 24
PrecFlux  9812m%/s 7523 m’/s 130 30
PrecMass . 88973kton 59599 kton 149 49

An increase of 49 % in precipitation mass for a control value of 59 599 kton in 56 cases

A, =56 x 0.49 x 59 599 kton = 1 635 397 kton = 1 326 307 acf



Type B.Clo.l@s'

... The sub—sample oleStypeBseededcloudsalSoreeewedasynergehc analysm :
i InaveragetheswdmgopemuonsonthesetypeBcloudsaﬂ'ectedl9%oftheu'whole

- volume- ‘with' an excellent timing (84 % of the material weat to the clouds in their. first

. half-lifetime). . A-total 'of 1648. Agl axid 135 flares were used in this sub-sample foran
-~ effective: sxlvet 1od1de .average dose about 100.ice-nuclei per liter. . wna __

g Alsomavemge,txpeB clouds were. 130 mmmecoldwhentheopemtlonstookp]ace, t,he

: .Opgrauop lastedabout 36-minutes; .and the type B Swded clouds lived 300 minutes (S
‘ hours) N - . 2 .

Table 4 shows s the results:
Table 4; Type B Seeded Sample versus Vlrtnal Control Sample (128 couples, o
'averlgu)

Y‘ﬁ‘b‘@' . Se¢ded Sample - . Cointrol Sample Simple Ratio Increases (%)

- Ufetime . ... 300min ... 290min . .. L03. . . 3
Area  2271km? | 2118km? . LOT 7

- Volume ' - 8385km®. - 8384km’ 106 - 26
Volume - _ ' _
AboveGkin. ~ 3012km’ 2807 km’ .07 7
Prec.Flux - -_‘1.6846 m'/s  15507m’/s. 109 - 9
-PrecMass  125850kton  113784kion - . LI 11

3 . . . :,
~ An increase of 11 % in precipitation mass for a control vatue of 113 784 kton in 128
cases may mean:

A, =128 x 0.1 x 113 784 kton = 1 602 079 kfon = 1299 286 ac-f

The total increase: A=A+ A,+A, =2 746 552 ac-f



L

Micro-regionalization

L

- Increases in preclpxtanon thass were analyzed county by county in an attempt to better

descnbe’the performance and corresponding l‘esults. Table 5 below offers the details:

Table '5: Results per connty

--County t ‘Initial. '+ Extended  Acre-feet .Inches = Rain gage %:

seedmg seedmg (‘mcrease) (increase) (season value) ('mcrease) -.

t.

PGcﬁ e P
Armstrong 6 7 63_500J, 128 1588 81
Camon = 2 10 84400 171 174 146
Donley ~ 5 8 112000 226 1478 153
Gy 7 1 138600 288 1568 184
CPotter - 11 11 45700 © 094 - 128in 77
Roberts 2 - - 3 23300 047 - 1275in - 37
Wheeler 2 7 49000 100 1668in 6.0
Hemphill . - 1. 8100
" Hutchinson | 1+: : 2500 ©
. Collingsworth - 3¢ 27000
R'andall. ] s 700
Subiotdl 35 61 544800 ,

Partial Average (only for the bold values). -. 1.50 in 1424in = 105



Glascock 9

Sterling * -~ 16 . . .
Reagan 9. -
Irion . - z_a.r'.'.‘

L

. Farghy . 5op L
--Ton_nGreen 26

_ Schleicher 27

Sufton ‘9

" Sub-total 131

Outside TA .

taw

. 16
21
N

-

31
18
35

15

186

. 422 000

:

- 146 000
169200

166 800

121 300
142 200
161 800

. 81600

LT
1 o, v

" 1110 900

| Partial Average (only:for the bold values)

TRANS-PECOS
Culberson

Pecos
Ward B
Loving
Winkler

; Brewster

2
‘Reeves - 13
5

1

1

- 13

3700

3.03

2.66

247
298

0.94

1.06

-

~30000 - . .-
216

32600 -

40100
8400

4400 .

5600

0.12' .

1300

2800
1400

215

1553 in -
19.96 in

. 1397in -

18.77in

231

14.10 in

12.80 in

1

11.00 in

0.02
0.23
0.16

0.19 -

0.12

. 1497in -

430
510
9.68
7.40%
6.40*
7.48

195 %

P 11_.8_%

.19.0 %

159 % .

159 %

74 %

164 %

9.6 %

05

45

107
2.6
19

1.6

H-

v=td



. Sub-total . 22 28 100 300

Partial Averages - 0.14 6.73 21%
* interpolated valués |
| STWMA
Bandera 6 7 47100 1.17 24,71 in 4.7
| Medima 7 11 26700 034 2040in 17
Frip 7 13 74900 - 126 = 2148in 59 -
Bexar 1 5 3800  0.63 2502in 25
Atascosa 18 . 24 89400 135  .2356in 57
McMullen 12 17 72700 122 1933in 63
Wilson 7 9 17800 . . 042 246in 19
Karnes 12 - 17 40400 102 2007in &1
LiveOak 25 20 94400 171 1931in 89
Bee % 31 sSW 173 104 102
 Uvalde S 1000 |
LaSalle 3 5 10900
Kendall 2 3500
Goliad 1 400
Sub-total 124 172 564500

Partial Averige (only for the bold values) - = 1.09 21.34in 53%



':..'Uval.de. 2 2 660 104 1402im 74
. Webb - 20 .+ 22 138400 076 757 100
LaSalle = 1 1800 '
Frio - | 2 . 900
Medina : 2l 900
Atascosa : : 1 - 400
McMaullen 1 600
Duval 1 600 :
Karnes 1 800
Sub-total 41 S1° 231000
Partial Average . .0 . . 090 1080in  87%
Final Comments
1) Results are evaluated as excellent,

+2) The micro-regionalization analysis showed increases per county; the average increase .
- in precipitation; referred to an average seasonal value, is about 8.2 %;

3) Radar estimations of precipitation should be considered as measurements of trend.
Nevertheless, seeding operations appeared to. improve the dynamics of seeded clouds.

. 4)During the 2012 clond seeding campaign in Texas two projects introduced -

hygroscopic seeding as ah important component of the operations (WTWMA and

- "STWMA). The results corroborated the idea that a synergy between hygroscopic and

. glaciogenic seeding can impirove even more the dynamic of seeded clouds. Details can

s be seen in the corresponding two local 2012 reports.



oy

5) Oné hail suppression operation was conducted durmg the season 2012 on May 10th

g over Webb County. The operation was evaluated as successful because the seeded storm
- seemed to slightly diminish its potential for hail. However, the dose used was consldered

not lngh enough (80 ice-nuclei per hter)



oy




