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Abstract: This paper explores the use of the Index of CoalescenceActivity (ICA) as a tool for
operations and evaluation in Texas rain enhancementprograms. Radar cross-sections through the
first echoes were used to find the heights using the TITANdisplay software package from two
WSR-74C
5-cm radars located in San Angelo and Pleasanton, respectisrely. Index of Coalescence
Activity values were derived using the morningsounding data from three upper air stations. The
ICAvs. the average height of First-echo Tops (FET) for a particular day was then plotted with
calculated correlation coefficients of 0.62, 0.51, and 0.38 for the Del Rio, CorpusChristi, and
Midlandstations, respectively. The results showgenerally good agreement between the observed
first-echo height and the Index of CoalescenceActivity predicted First-echo Top except in one
case, which is addressed in the text. The results of this study warrent continued research and
preliminary, use of the Index of CoalescenceActivity as a forecasting and an evaluation tool in
the cloud seeding operations of Texas.

1.

INTRODUCTION

Perennial questions in all enhancement
programs are whether, when, where and how cloud
seeding is to be conducted. A question being faced
currently in some of the Texas programs that have
decided to employ hygroscopic sexxting for rain
enhancementin addition to conventional AgI methods
is when either AgI or hygroscopic seeding is to be
employed.This decision should be based on the cloud
characteristics and seeding criteria. Basedon current
thinking hygroscopicseeding should be used in clouds
without an active coalescence process and AgI seeding
should be used in clouds with somecoalescence. Poor
results might be expected ff AgI is used on days when
artificial CCNshould be used and vice versa. Further,
optimalresults mightbe expectedby appropriately using
tworather than a single seedingtechnique.
The conceptual model for cold-cloud
seeding proposes the release of latent heat from the
freezing of supercooledwater droplets to provide energy
to the updraft portion of the cloud. (For a morein depth
explanation of the Texas cold-cloud seeding modelsee
Rosenfeld and Woodley,1997.) Forecasting for the

presence of SUl~reouled water drops at the seeding
height of-8°C to -10°C (5.5 kmto 6.5 kin) for warm
seasonconvectionin Texasis vital informationfor coldcloud A~I seeding. As shown during the 1989
Precipitation Augmentation for Crops Experiment
(PACE)the L coalescence parameter that was first
introduced by Matheret al. (1986) and further refined
by Czys and Scott (I993) as an Index of Coalescence
Activity (ICA), wasfoundto be a goodindicator for the
presenceof supercooledwater drops larger than 300
in diameter at the -10°C level. The PACE
Agl seeding
experiment, conductedin Illinois, used and evalualed
the Index of CoalescenceActivity as one of a numberof
tools used to forecast cloud characteristics of cloads to
help in the recommendation
of whether to seed or not
seed on a particular day (Czysand Scctt 1993).
The presence or absence of coalescence
activity is also a majorconcernfor hygroscopicseeding.
Becausehygroscopic seeding already is being employed
at someplaces in Texas, it is appropriate to develop
someguidelines for its use and evaluation. If the cloud
tops are warm(i.e., > O°C),hygroscopicseeding is the
only option, ff indeed any methodis to be employedff
the tops are supercooled and loaded with raindrops,
hygroscopicseedingis not the better choice. It makesno
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sense to seed to enhancecoalescenceand the formation
of raindropsff natural conditions are already producing
themin large concentration. Further, modelsimulations
on hygroscopicseeding showno effect from the seeding
of highly maritimeclouds containing raindrops. It is
important, therefore, to predict whenthe clouds will
produceraindropsnaturally and to diagnosein real time
whetherthe clouds are producingraindropsnaturally.

I. 1 The IndexOf CoalescenceActivity
One way of predicting in advance
whether the supercooled portions of clouds on a
particular day will contain raindrops is to use the
Index of Coalescence Activity (ICA), which was
derived and used by Czys (Czys and Scott, 1993;
Czys et al., 1996) from the work of Mather et al,
(1986). Working in South Africa, Mather et al.
(1986) showed that the presence or absence
supercooled drizzle and rain drops (> 300 microns
diameter) at a temperature of about -10oC was
related to cloud base temperature (CB~) and the
buoyancyat 500 mb(PB), where PBis defined as the
temperature difference at 500 mb between the
pseudoabiabat that runs through cloud base and the
environmental temperature. From their data, Mather
et al. (1986) determineda discriminator function,
between clouds with supercooled drizzle and
raindrops and those without, such that:
L = bo + blCBT+ b2PB

(1)

Wherethe coefficients bo, b~ and b2 were chosen
to maximizedifferences between drops and no drops
whenL = 0 (Panofsky and Brier, 1958).
This relationship makes good sense
physically because it indicates that coalescence is
related to the length of time it takes an air parcel to
rise from cloud base to the supercooledportion of the
cloud. If CBTis warm, the distance over which
coalescence processes can operate within the parcel
before it reaches the -10°C isotherm is large. PB
implies an ulxlraft speed. Whenthe PB is large and
positive, the air is unstable and the updrafts will be
strong. Thus, when CBT(distance) and PB (speed)
are considered together, they represent a duration for
coalescence. If the time is short, either because the
uIxkafl speedis large, cloud base is cold, or both, the
likelihood that the cloud will produce drizzle and

raindrops before the cloud top reaches the -10°C
level is small. If the time is long for opposite
reasons, coalescence will be active in the clouds and
raindrops will be detected at the -10°Cisotherm. In
extreme cases, the time can be so long that
coalescence takes place low in the cloud and the
drops fallout, never reaching the supercooled portion
of the cloud.
With the physics on a sound footing,
Czys and Scott (1993) determined that the
temperature at the convective condensation level
(Tc~) was a reasonable approximation for CB~and
made the appropriate substitution in equation (1).
They then solved equation (1) for L = 0, using the
plot provided by Matheret _. (1986), to obtain:
ICA = 8.6 -Tcci. + 1.72PB

(2)

With this solution, negative ICA values are
indicative of conditions when supercooled drizzle
and raindrops are found in the clouds. If the ICAis
strongly negative, the raindrop concentrations will
be less because manyof the drops will already have
fallen from the clouds before reaching -10°C. When
the ICAis positive, little, ff any, supercooleddrizzle
and raindrops are expected in the clouds.

1.2 The ICARelated To CoalescenceIn Thailand
In addition to South Africa and
Illinois, the ICAalso was found to perform well in
Thailandas a predictor of in-cloud coalescenceactivity
as shownin Figures 1 and 2. Figure 1 is a scatter-plot
from Sukarnjanasetet al. (1998) in whicheach plotted
point represents ICAvs. either the medianmaximum
or
the meanmaximum
droplet or frozen droplet size in the
supercooled portions (about-8oC) in Thai clouds.
Thailanddata are strictly aircratt measurements
for both
the droplet size and the cloud base temperature(CBr).
The correlation for the meanand medianrelationship
are 0.65 and 0.66, respectively. Best fits to the mean
(solid line) and median(dashedline) data are as shown.
The results indicate that the droplet sizes increase as
ICAdecreases. Figure 2 is a scatter plot of visual
estimates of in-cloud rainfall vs. ICA.Againit can be
seen the in-cioud rain content increases as ICA
decreases.
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First-PassMeanMaximum
Droplet
Sizesvs.ICA( -8 ° Cto -12 oC)

Figure 1. Scatter-plot of the ICA vs. either the
maximummedian or mean for a droplet or frozen
droplet size in the supercooled portions of Thai
clouds (-8~C). (Diagramis from Sukarnjanasetet
1998)
Mean
SSIvs. the ICA
Correlation
= -0.25
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LowFirst-echo Tops indicate active coalescence and
the use of AgI might be appropriate where as high
First-echo Tops indicate low coalescence activity and
hygroscopic seeding might be a more appropriate
method. The Index of Coalescence Activi~ has been
calculated for 33 days during the 1998 season using
the Midland and Del Rio soundings and for 34 days
using the Corpus Christi soundings. The First-echo
Top heights for the same days have been calculated
using TITAN software with the San Angelo
WTWMA
and the Pleasanton STWMA
WSR-74c 5cmradars.

1.3.1 West Texas
The
West
Texas
Weather
Modification Association (WTWMA)
has had
operational cloud seeding project in West Texas
since 1996. The WTWMA
consisted of eight full
counties and a small portion of one connly during
the 1996 season. The total seeding coverage area for
1996 was just over 7 million acres. In 1997 the
seeding area changed by. one county to seven full
counties and one partial county for a lotal of 6.4
million acres (Figure 3). Operations are nmfrom
the radar located at MathisField in San Angelo.

Figure 2. Scatter-plot between ICA and the mean
SSI values Jbr days of experimentation in the Thai
cold-cloud seeding experiments from 1993 through
1998. SSI are visual estimates o fin-cloud rainfall.

1.3 The ICA AndCoalescence In Texas
The value of the ICA is being
investigated in Texas by relating the Index of
CoalescenceActivity to the height of First-echo Tops
(FET). First-echo Tops are used because: 1) first
echoes should be indicative of coalescence activity,
2) aircraft data are not readily available, 3) it might
afford the opportunity to use readily available radar
data, and 4) the operational possibility of using FET
as a tool to discern the type of seeding technique.

¯ " NWS
Sounding
Sites

# RadarSites

Figure 3. Mapof the I4,TW~BI and STWIvlA target
areas with related radar and N~Ssounding sites.
The climate of the seeding area for
the WTWMA
can best be described as a combination
of both continental and sub-tropical. San Angelois
on the dividing line between the Texas Hill Country
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andthe EdwardsPlateau, the start of the WestTexas
desert. Thenorthernportion of the seedingarea is
mostrepresentedby a continental regimewith a subtropical regimeinfluencing the southernportion.
During the spring and early summermonthsfronts
and/or drylines usually spawnconvectiveactivity.
Duringthe late summer
and early fall seedingevents
are morelikely to have a sub-tropical influence as
tropical waves and/or storms from the Gulf of
Mexicoand Pacific moisture from the sub-tropical
jet movethroughthe seedingarea.

The. 1998season was not an average
year for South Texas. Muchof the spring and
summerexperiencedsevere drought conditions, and
it wasnot until Augustwhenthe weather finally
becamemore active and the seeding opportunities
increased.
In fact, from August through
mid-September,an MCS,two tropical storms, and a
coupleof tropical wavesaffected the area, resulting
in self-imposed suspensionsover a numberof days
becauseof the potential of flooding.

The 1998 seeding season turned out
to be an abnormal year. The spring and early
summerhad fewer than normal convective events,
leaving WestTexaswith severe drought conditions.
Midsummerwas dominatedby Highpressure located
over the center of Texas,makingthe generalflow for
West Texas southeasterly. Bymid-Augustto midSeptembera few tropical systemsbriefly helped to
alleviate the southernsection of the target area from
severe droughtconditions. Seedingoperations were
suspendedon a numberof these tropical events due
to floodingpotential. This tropical moisturestayed
mainlysouth and east of San Angelo.

2. METHODOLOGY

1.3.2 SouthTexas
TheSouthTexas WeatherModification
Association (STWMA)
has been nmning a cloud
seedingproject in SouthCentral Texassince 1997.
Duringthe 1997and 1998seasons, the South Texas
project performed
seedingmissionsover sevencounties
south of SanAntonio.Theproject’s WSR-74c
radar is
located in Pleasantonat the Municipalairport, where
the seedingoperationsare run (See figure 3 in section

1.2.1).
Theclimateof the seedingarea canbest
be describedas sub-tropicalwith a modestcontinental
influence. Asoutheastflow, common
duringthe spring
andsummer
months,brings in warm,moistair fromthe
Gulfof Mexico.Thisis seenin the fact that dewpoints
during the summeraverage in the mid-70’s and
occasionally approach80 degrees. Thesea breeze,
especiallyprevalentin the area duringthe summer,
is
often a catalyst for shower and thunderstorm
development, although other features can and do
contributeto convective
activity.

Echo tops were chosen because they
indicate the maximum
elevationat whichraindropsarc
presentwithinthe cloud.Also,echotops arc convenient
to use andreadilyavailablemaking
it easierto transition
from a research to an operational cloud seeding
program. On days when seeding occurred, the
respectiveradar wasclosely monitored
for first echoes
formingwithina lO0kmradius of that radar. Aradius
of 100kmwasusedin order to includeFirst-~choTops
that wereat the 2 kmlevel andabove.Thetop of the
’first echo’wasfoundbytakinga cross-sectionthrough
it andsimplynotingthe heightof the top of the echo.
This is a convenientfeature of the TITAN
radar display
software. For the days that the first-echoes metthe
aboverequirement,First-echo Topswere determined
andthe averagewascalculated. This averagevaluewas
usedas the First-echoTopfor that particularday.
For the 1998seedingseason, the Index
of Coalescence
Activitywascalculatedfor eachdaythat
seedingoperationstook place basedon the 12:00UTC
sounding. Dayson whichthe Index of Coalescence
Activitycould not be deriveddueto a) either bador
non-existing soundingdata or b) whenthe TccLwas
abovethe 500mblevel wereeliminated.
2.2 SectoringTheRadarIn WestTexas
TwoNWS
soundingstations are close to
the WTWMA’s
rain enhancementprogramtarget area.
Theyare Midland(MAF)and Del Rio (DRT).The
UTCmorning sounding was used to determine the
Indexof Coalescence
Activityfor eachstation. TheSan
Angeloradar waspartitioned into two sectors; one
towardeachof the soundinglocationsin order to help
distinguishbetween
the continentalandsub-tropicalair
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masses. The MAF
sector was defined as the 232-degree
radial, from the WTWMA’s
San Angelo radar, to the
360-degree radial. The DRTsector was from the 112degree radial to the 232-degreeradial. First-echo Tops
that werenot observedwithin the 100 kmradius, within
the appropriate sector radials, or didn’t formwithin the
particular sector, wereeliminatedfromthe study.
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But these MAFICA values do no! seem to be
representative of or relale to the average First-echo
Top for the 1998-seeding season. The average FET
for the MAFsector is 6.7 kin, which would seem to
be a little low for what one wouldexpect from a 4.3
average ICAvalue. The correlation between ICA and
FETis 0.38 for the MAFsector confirming that the
MAFderived ICA values do not represent the
observed First-echo Topswell.

2.3 NoSectoring NeededIn South Texas
For South Texas, the morningsounding
at CorpusChristi (CRP)was used to calculate ICA.
Unlike San Angelo, the sounding from CRPwas the
only one usedbecauseit is to the Southeastof the target
area, and as mentionedearlier, a southeast flow is
predominantover the target area during a majority of
the seedingseason.

3. RESULTS
The Index of Coalescence Activity
conceptually verifies with South Texas (CRP)having
mostly negative ICA values, showing a tropical
influence and West Texas (MAF)ICA values mostly
positive showinga continental influence. The Index of
CoalescenceActivity values derived from the Del Rio
soundingshow, with little sttrprise considering it’s
location, the combinedinfluence of both sub-tropical
and continental air masseswith a moreevendistribution
of bothpositive and negativevalues.

3.1 Results For West Texas
Scatter plots between the index of
Coalescence Activity (the abscissa) and the Firstecho Tops (ordinate) have been constructed for
Midland and Del Rio NWSsoundings as shown in
Figures 4 and 5 respectively, along with the linear
correlation coefficients and best fit lines. The
average ICA values for MAFand DRTwere 4.3 and
1.35 respectively. The MidlandICA values show 28
positive to 5 negative out of 33 total values. Del Rio
ICAvalues are 20 positive to 13 negative out of 33,
suggesting that the southern portion of the WTWMA
seeding area has the opportunity to utilize either AgI
or hygroscopic or a combination of both. In the
northern portion, hygroscopic seeding may be a
useful method/mechanismfor producing raindrops.

Figure 4. Scatter-plot of lCA vs. FI~’T for 33 seeded
days in the 1998 season. 7he_rCAis derived from the
MAF 12 UTC sounding.
The average FET is
calculated using a cross-secl~on from the V~TIVM_A
radar.
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hygroscopic seeding would likely not produce a
significant enhancementin the rainfall. To further
support this, the average first-echo height during the
1998 season was 5.83 km AGLwith a correlation
between ICAand the FETof 0.51. Since the average
warm season freezing level in South Texas runs
between 4.5 and 5.5 kmAGL,most of the cloud is
warm,and most certainly contains raindrops.

FET= 0.15~1CA)
+ 6.33
R=0.51

Figure 5. Scatter-plot of lCA vs. FETfor 33 days in
the 1998 season. The ICA is derived from the DRT
12 UTCsounding. The average FET is calculated
using a cross-section from the WTWMA
radar.

First-echo Tops and ICAvalues relate
better for the DRTsector with average FETof 6.2
km. Note there is a positive correlation, 0.62,
between ICAand the First-echo Tops. This means as
ICA decreases the First-echo Tops decrease. For
large negative ICAvalues the tops of the first echoes
are less than 5 kmin most instances, meaning the
echoing portion of the cloud containing the
raindrops is warmerthan 0°C. It would be important
to note at this point that the averagefreezing level in
Texas runs between 4.5 and 5.5 km AGL. It is
questionable whether hygroscopic seeding would
enhancethe rainfall from such clouds.

3.2 Results For South Texas
Figure 6 showsa scatter plot between
ICA values (the abscissa) and the First-echo Tops
(ordinate) that was constructed for the CorpusChristi
NWSsounding, including the linear correlation
coefficient andbest fit line. It comesas no surprise that
the vast majority of days in the SouthTexasproject saw
ICAvalues less than zero. The average ICAduring the
seeding period was -3.7 with 28 negative values and 6
positive values out of 34 total (two days have the same
values). This would suggest that the clouds were
naturally producing raindrops effectively, and that

Figure 6. Scatter-plot of ICA vs. FETfor 34 seeded
days in the 1998 section. 7he ICA is derived from the
CRP12 UTCsounding. The average FETis calculated
using a cross-section from the STWMA
radar.

4. DISCUSSION
Because the behavior of FET is
consistent
with the hypothesis of increased
coalescence activity with increasingly negative ICA,
it should be possible to use the Index of Coalescence
Activity to determine which type of seeding should
be employed. Wecan surmise that whenICAis large
and negative silver iodide seeding should be
employedinstead of hygroscopic seeding if seeding
is to be done. As ICA increases,
however,
coalescence activity is weakat best and hygroscopic
seeding should take precedence over sih, er iodide
seeding. Regardless of which method is chosen at
the outset, the decision should be checkedusing the
First-echo Tops and perhaps checked again using incould measurementsof a candidate cloud. Whenever
the First-echo Topsare low relative to the height of
the 0°C isotherm, hygroscopic seeding is probably
not the better choice regardless of the ICA. Silver
iodide should be used in those circumstances
assumingcloud heights rise above the -5°C level.
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4.1 First-echo Tops And Hygroscopic Seeding
Evaluation
A physical means of evaluating
hygroscopicseeding is embodiedin Figures 4, 5 and 6
in which First-echo Tops are plotted vs. ICA. If
operational seeding is conductedon days whenICAis
large and positive, the natural cloud First-echo Tops
will be high and supercooled.By identifying a seeding
area of effect on such days, one mightlook at the tops of
the First-echo Topsin the presumedarea of effect to
determinewhetherthey have been loweredin this area
as a result of seeding.If no loweringis evidentover the
course of a numberof seeding events, one wouldhave
reason to question the effectiveness of the hygroscopic
seeding. Onthe other hand, if hygroscopicseeding is
effective, the meanFirst-echo Topsas a function of ICA
should be less than for clouds that did not ingest the
hygroscopicmaterial. This analysis will be pursued in
the Texasevaluationeffort.

4.2 The MAF
Sector Correlation
During this study the events that had
positive Index of CoalescenceActivity values and lower
FETthan expected (according to the trend line) were
looked at on an individual basis. Concerningthe low
correlation for the MAF
sector three possible reasons
were lookedinto. The first is that the air massat the
soundingstation location was not representative of the
air mass where and when the First-echo Tops were
measure~The second reason is the First-echo Tops
loweredas the newcells ingested water droplets from
the older cells next to them.Thirdly, the temperatureat
the CCL(TccL)maynot be a goodrepresentation of the
actual cloud base temperature(CBr).
The difference in air masses between
Midlandand San Angelomayhave played a significant
role in whythe Index of Coalescence Activity had a
difficult time predicting the FETand whythe MAF
correlation did not turn out well. Looking at the
individual cases where the expected FETderived from
the ICAvalue deviated greatly from the actual FET,it
was found that there was a difference in the air mass
betweenMidlandand San Angelo. This was in the form
of either a dryline/front or tropical systemfromthe Gulf
with ’San Angelobeing in the warmand moist air mass.
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In the spring there is a movementof
moist air from east to west overnight and then a return
back to the east dttring the daytimehours. By the time
the afternoon thunderstormsdevelop and the First-echo
Tops are measuredthe drylmehas movedeast. Also, on
manydays the dryline or front stalls betweenMidland
and San Angelowherethe moisture laden air will give
lower FETthan the Index of CoalescenceActivity will
predict in the dryer air of Midland.Whenthe positive
ICAvalues weregreater than three (ICA> 3) and Firstecho Tops were below 6 ~ even" case showed a
difference in the air mass between Midland and San
Angelo. The events in the spring and early summer
mainly are due to a dr)line or a front lying between
Midlandand San Angelo. (Sub-tropical events will be
discussed hter.) The dl3z air in Midland will give
positive derived ICAvalues and therefore predicted
high First-echo Tops. But the clouds wouldform in the
moisture-laden air east and southeast of Midland
returning lower actual First-echo Tops. In the
relationship wherethe ICAvalues were greater than 5
but less than 10 and the FETwere very large in height,
over 9.0 km, a change was found in the air mass from
the 12 UTCsounding to the time that FETstarted to
occur. For example,a dryline progresses west to east
during the day. The cells then develop in the dryer
region of the air mass. This explains whythe predicted
FETwere lower than the observed FET.
The late summerand early fall of 1998
had a number of tropical systems moveinto Texas
bringing a tropical air mass to the target area. The
tropical air mass stayed in the southern and eastern
parts of the target area pushing into the MAFradar
sector yet not all the way to Midland where the
sounding is taken. This wouldaccount for getting low
First-echo Topsfor the MAF
sector comparedto higher
ICA values and would in turn help explain the
discrepancy between the two values and why the
correlation betweenthe twowas low.
With respect to the second reason, a
review of each of the cases for the MAF
sector Firstecho Topsshowedthe possibility that a few days could
have been effected by ingesting water droplets from
surroundingmaturecells. By ingesting the water drops
the new growth’s first echoes world start lower in
height. This effect can be seen morereadily whencells
are clustere~ Therewere a couple of the large positive
ICAand lowfirst-echo height days in whichthe "cluster
effect’ could be a possible cause of the low First-echo
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Tops. The ’duster effect’ mayalso explain the few
events in South Texas when the CRPderived ICA
predicted higher values than the actual First-eche Tops.
Morecomprehensiveanalysis of this feature is being
done on the 1998season data and will be donein future
years.
The radar was sectored to alleviate the
differences between continental and subtropical air
massesbut it did not substantially reducethe differences
for the 1998 season. Del Rio ICA values better
represented the envlr" onmentin the WTWMA
seeding
area for the 1998 season. Whensectoring was
eliminated, The DRTcorrelation betweenICAand FET
nominally increased to 0.64. As expected Midland’s
correlation remainedlow(< 0.40).
The third case concerning the low
correlation for the MAF
sector is that the Tcc~is not a
perfect indicator of the CBr.Dueto the small 1998data
set of aircraft measurementspreliminary analysis
comparingthe Tcc~ with the CBTis inconclusive.
Furtherinvestigationis neededin this area.

5. CONCLUSIONS
Twotypes of air masses, continental
and sub-tropical, affect the WTWMA
target area. The
data showsthat the line betweenthese two air masses
tends to oscillate between Midlandand San Angelo.
The Index of CoalescenceActivity vs. FETvalues for
the MAFsector showsthis to be true. This makesthe
forecast of First-echo Tops using the Index of
Coalescence Activity derived from the MAFsounding
less than straightforwar~ The overall weather pattern
should alwaysbe considered, but special consideration
should be taken were the dryline/front is positioned, or
the influence of a tropical system from the Gulf of
Mexicocan significantly affect differences in the MAF
ICAvalue vs. the FET.
The Index of Coalescence Activity
derived from the DRTsounding proved to be a better
representation of the air massin the 112 to 232radial
sector as well as the seeding area as a whole with a
correlation of 0.62 and 0.64 respectively. Althoughat
times it can be seen that there is somevariation in the
ICAvalue and the FETfor the 1998 season, the Index
of CoalescenceActivity derived from the DRTsounding
looks to be a goodindicator of coalescenceat the -10°C
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level (i.e. the seedinglevel).
The Corpus Christi ICAvalues and the
low First-echo Tops conceptually relate to the subtropical conditions that one wouldexpect around the
Gulf of Mexico.The Index of CoalescenceActivity did
an adequate job in predicting the FETconsidering that
the radar sits over 175 kmfrom the coast while the
sounding station is on the coast, and a modest
continental air masscan affect the seeding area without
influencing the soundingstation.
The numberof positive vs. negative ICA
values for each of the three stations showsthat there
may be good reason to have both cold-cloud and
hygroscopicseeding methodsavailable in Texas. This is
especiallytrue for a region that is influencedequally by
both continental and maritimeair masses.
Adetailed study of the radar data for the
1998season is in progress. Until this is complete,it
remains unclear whether or not the Index of
CoalescenceActivity is a goodpredictor of seeding type
for the Texas projects. However, there is enough
positive evidenceto advocatemoreresearch in regard to
the use of the ICAvs. FETfor evaluation purposes as
well as an operational forecasting tool in Texasseeding
projects. Further research is and will be designed to
include: I) the study of howrepresentative the morning
soundingsare to the actual attemoonconditions, 2) how
the ’cluster effect’ relates to FET,3) analysis of Tcc~to
CBx,4) testing Mather’sdiscriminator function at the
10°Clevel in Texas, and 5) a variation of the research
done by Czys et _. (1996) involving a climatelogical
"analysis of the ICAin Texas. Thestudy of the Indexof
CoalescenceActivity with relation to First-echo Tops
will thus continuein Texas.

6.
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