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Texas Summers
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ity the W

Demand for water increases while
decreases

Clouds in Texas are very vulnerable, especia
those in West Texas

* Impacts from dust, smoke, sulfates and other s
aerosols

Texas is very susceptible to drought

ENSO conditions impact Texas more so tha
other state in terms of changing weather p

* La Nina
* ElINino
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operations are build on a series o
e state of Texas

d cloud seeding experiment from Big Spring to San Ange
ells 36% increase in lifetime and 130% increase in volume

oud seeding experiment in San Angelo

as Panhandle




ethodolog

iing via aircraft using
erent types of flares
iciogenic Flares (Silver lodide)

groscopic Flares (Calcium
hloride)

o5 are similar to roadside
in place (BIP)

es volatilize reforming to the
ributions favorable for




Aethodolog

s must be convective in nature

1. to ensure the possibility of super
cooled water

e 2.to ensure the chances of strong
enough inflow reliable enough to
transport material

* Rely on inflow at the cloud base to _
transport material into the cloud ‘

t have “VFR” flight conditions

s us to target clouds on an as-




ouds with vertical depth
nding beyond the freezing Overshooting Top

Mammatus

Super Cooled Water

Aircraft Target
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or of clouds

.o Typical raindrop -

ive Hum|d|ty A (2000 pum diameter) - - 7




ail Suppressio

2eding also serves as hail suppressio

2eding creates a larger concentration of i
e cloud

larger number of ice crystals to be spread out th

2ding focuses on the warm layer of the
extend into the freezing level

oplets could extend into the freezing
oncentration of ice to develop




be seeded?

rﬁflectivity suspended in the middle portion of t
e

Seeding
2scence Activity (ICA)

or Hygroscopic seeding but also has &




ow do we know if clouds need to
be seeded?

ciogenic Seeding

Radar Cross Section showing a core of higher dBZ values at or above the
freezing level

Vertical section (RAL-NCAR)

VERT SECTION - dBZ - interpolated

Vertical section (RAL-NCAR)

VERT SECTION - dBZ - interpolated




How do we know if clouds need to

be seeded?

* Hygroscopic Seeding

* Higher Cloud Bases then normal

* Thin warm cloud depths (Cloud
base — freezing level)

* Lack of precipitation falling out of
congested cloud

Vertical section (RAL-NCAR)




Analysis

. Arquimedes Ruiz-Columbe

5 in 2001 using TITAN analysis package

4 the TWMA began using radar feed fro
ded by Weather Decision Technologies

)1 will not be included in totals or average




Increase Found for TWMA Seeding Operations (2004-2013)
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Precipitation Flux for Small Clouds Seeded versus Control
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Ipitation Analy

al rainfall was compared within the
f the target area.

ification began in West Texas in 1996 (firs

ologist began using high resolution r
alled the 2004-2012 the “mode




5 Year Moving Averages of Percent of Normal Precipitation within (blue) and outside (red) of the WTWMA Target Area
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5 Year Moving Averages of Percent of Normal Precipitation within (blue) and west (red) of the WTWMA Target Area
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5 Year Moving Averages of Percent of Normal Precipitation within (blue) and north (red) of the WTWMA Target Area
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5 Year Moving Averages of Percent of Normal Precipitation within (blue) and east (red) of the WTWMA Target Area
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ifer Recha

sreen and Bertettie of the South
2 16.5” of precipitation annually is ne
s the Edwards-Trinity Aquifer

ication could be the difference betwee
In a given time period

it received from Weather Mg
e only way to increase




Texas Can be Sub-Divided by Area into Three Categories of Recharge

Area that rarely i [IIIII .

experiences -].’.‘l.',.I Area that almost always
_y ! T e x|
distributed recharge "k ] ™ SN experiences
| 0 #I.. dist

ributed recharge
‘lIl-:.

Area that may or may 6
not experience
distributed recharge

Source: Texas Water Development Board.



echarge in West

ditation increase from weather modifice
nual rainfall.

r a difference of recharge to be calculated.




charge N West

d the Thornthwaite equation for

10T,

PET = 16( )( Sl a)”

length of month
days in each month
y Temperature of the month being
(7.71 x 10)1% + (1.792 x 102)I




echarge in West

eases from weather modificatio
ge into area aquifers
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done for WCTWMA (Abilene) in 2001
or PGCD/STWMA/SWTREA/WTWMA

hat one additional inch of rainfall across their ta
by 6.5%
ral production by roughly S7 million

lake and river levels

d groundwater consumption

of S10 million/year




of Irrigation Needed

d Revenues
Direct and Statewide Economic Im[

PROGRAM

WTWMA
STWMA**
PGCD

All Combined

Direct El Statewide El | Benefit Cost Ratio (D)

$6,016,866  $12,757,566 1:16
$5,691,327  $10,850,560 1:21

$4,877,938 $9,407,140 1:22
$16,586,131 $33,015,266 1:19

Benefit Cost Ratio (S)




ies analyzed:

cock and Carson Counties are the top 3
yland crops from weather modification.

» and Tom Green Counties are the top 3 in sa
o weather modification.

t and Medina are the top 3 in increases from
r modification.

) three counties receiving benefits from wea




t one additional inch brings:
llion/year across their target area

ic Impact of $283 million/year across

Confirmed Districts.

311, Anderson County UNCD
2. Bandera County RA & GWD

2. Barton Springs/Edwards Aquifer CD

34, Bee GCD

=35, Blanco-Pedernales GCD
36, Blusbonnet GCO

=7, Brazoria County GCD
8. Brazos Valley GCD
19, Brewster County GCD

Clear Fork GCD
313, Clearwater UWCD
£314. Coastal Bend GCD

= 15. Coastal Plains GCD
116, Coke County UWCD
E317. Colorado County GCD
315, Corpus Christi ASRCD

24, Evergreen UWCD

125, Fayette County GCD

=126, Fox Crossing Water District
Garza County UWNCD

=125, Gateway GCD

129, Glasscock GCD

120, Goliad County GCD

131, Gonzales County UWCD

£332. Guadalupe County GCD

=123, Hays Trinty GCD

=124, Headwaters GCD

125, Hemphill County UNCD

3125, Hickory UWCD No.

37. High Plains UWCD No.1
=123, Hill Country UNCD
£229. Hudspeth County UWCD No. 1
£340. Irion County WCD
141, Jeff Davis County UWCD
=142, Kenedy County GCD.
143, Kimble County GCD
144, Kinney County GCD
145, Lipan-Kickapoo WCD
=145, Live Oak UWCD
147, Liano Estacado UWCD
=243, Lone Star GCD
£349. Lone Wolf GCD
£350. Lost Pines GCD
151, Lower Trinity GCD

UWCD = Underground Water Conservation Disirict
A & GWD = River Authorlty and Grouncowater District

McMullen GCO
Medina County GCD
Menard County UWD
Mesa UWCD
Mesquite GCO
Mid-East Texas GCD
Middle Pacos GCD
Middle Trinity GCD
Neches & Trinity Valleys GCD
North Plains GCD
2 North Texas GCD
Northemn Trinity G¢
Panhandie GCO
Panola County GCO
Pecan Valley GCD

GCO = Groundwater Conservation District
UWD = Underground Water District

. Permian Basin UWCD

. Piateau UWGC and Supply District
. Pium Creek CD
. Post Cak Savannah GCD

Prairelands GCO

3. Prasidio County UWNCD
. Real-Edwards C and R District

Sands GCO

. Refugio GCD

Roliing Plains GCD

9. Rusk County GCD
San Patricio County GCD
. Sandy Land UWCD

. Saratoga UWCD
South Plains UWCD
5. exas GCD

Steriing County UWC
. Sutton County UWCD
. Texana GCD

. Trinity Glen Rose GCD
92. Upper Trinity GCD
. Uvalde County UWCD
. Victoria County GCD
Wes-Tex GCD
Wintergarden GCD
Unconfirmed Districts
Lavaca County GCD
=68, Calhoun County GCD
369, Terell County GCD

Subsidence Districts

EHarris-Galveston Subsidence Dist

EIFort Bend Subsidence District




onclusion

vective clouds will increase precipitat
on 1.5” of precipitation (or 3.5 million acre-feet)

odification include:
revenues and grazing land revenues
firrigation and groundwater consumption

ding to increases in lakes and reservoirs

e cost of running a program:
d above, benefit cost ratios are 1/19 dir

is roughly $1.50
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