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| NTRODUCTI ON

This report summarizes the key results of statistical and neteorol ogical

assessnents of five summer weather nodification projects in Illinois. During
the 1976-1980 period, there were eight 1-sumrer weather nodification projects
inlllinois, each attenmpting to increase sumrer rainfall through cloud seeding

with silver iodide. Al the projects were operated in the same format

i nvol ving neteorol ogi cal forecasting and direction of the cloud seeding,
aircraft for cloud base and mid-cloud seeding, and a weather radar for
operations and data collection. These projects all involved cumulus cloud
seeding for selected periods within the md-June through early Septenber period.
Met eor ol ogi cal conditions related to the rain production of cumuliform showers
and thunderstorns are generally uniformduring this period (Changnon and Huff,
1980). These eight projects, their locations and periods of operations are
identified in table 1, and the areas appear in figure 1.

The Illinois State Water Survey has had an extensive research and services
program dealing with planned weather nodification for 20 years (Changnon,
1979). One of the primary goals of this effort is to ascertain whether sunmer
cloud seeding can produce agriculturally beneficial increases in rainfall under
varyi ng sumrer conditions.

One of the potential ways to gather information for addressing this
complex scientific issue of weather nodification is examnination of operational

(non-experimental) projects. |If quality operational records and project data
are collected, these projects represent an opportunity for |earning whether the
t echni ques enployed may have altered the rainfall. As will be noted in table

1, many of the projects did not extend for long periods of tine, all being two
nonths or less. The actual nunber of days during which clouds were seeded is
al so not extensive.

A maj or NSF-supported research project conducted by the Water Survey
concerns the devel opment of techniques to evaluate operational projects, and
one phase of that work is considering whether it is physically and statis-
tically proper to conmbine the results of several operational projects of
identical nature in the same clinmate zone. |In the Illinois situation, this
could mean the eight projects of 1976-1980 need not be anal yzed as eight,
separate events (each with too little data for meani ngful conclusions), but
rather their data conbined and considered to represent a single, 8-sumrer
project, giving a sizable data sanple. The eight projects were all conducted
in central and southern Illinois, an area of uniformrainfall climte in
[Ilinois during sumrer (Changnon and Huff, 1980), and they all basically
utilized the same seeding approaches and facilities. However, this report
does not deal with the potential for this possible future research.

Over the past six years there have been prelinmnary, statistically focused
anal yses of five of these projects (Changnon and Towery, 1977; Changnon, Hsu,
and Towery, 1978; Changnon and Hsu, 1980; and Hsu and Changnon, 1981). The
five projects (those asterisked in table 1) are in a variety of locales. The
aimof this report is to bring together the major findings of these statis-
tically focused and reasonably limted assessnments in a single docunent.



Table 1. Operational Weather Modification Projects in Illinois

Attempting to Increase Summer Rainfall, 1976-1980.
_ Areal Volunteer
. Dates of Mod- - Counties of Extent Number of Raingage
Year ification Operations Operation mi 2 Days Seeded Network
1976% 7/23 - 8/31 Coles, Douglas 2500 9 yes
: Shelby, Cumber-
land, Moultrie
1977 7/18 - 8/16 Coles, Douglas 2000 17 yes
Shelby, Cumber-
land, Moultrie
1977% 7/13 - 8/5 McLean, 1200 9 yes
Tazewell
1977 7/29 - 8/17 Vermilion 500 6 no
1978% 7/11 -~ 8/1 McLean 1200 8 yes
1978 8/4 - 9/4 Saline, 650 10 yes -
' Gallatin o
1979*% 6/23 - 7/26 Saline, 1400 9 yes
and Gallatin,
8/10 - 8/15 Franklin,
White,
Williamson,
Hamilton
1980* '6/20 - 7/2 Saline, 1300 18 no
and Gallatin,
7/13 - 8/19 Franklin,
' White,
Williamson,
Hamilton

*Projects evaluated,
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DATA AND ANALYSES EMPLOYED

The operational projects in Illinois, through the efforts of the cloud
seeding firms operating under Illinois law, plus the efforts of the Illinois
State Water Survey, the project sponsors, and the University of Illinois
Agricul tural Cooperative Extension Service, have provided three types of data
useful in assessing the projects. In 4 of the 5 projects eval uated,
speci al i zed networks of non-recording raingages were installed with daily
rainfall data collected by large nunbers (80 to 100 per project) of volunteer
observers during the project. Data were assenbled by the county extension
agents, and analyzed by the \Water Survey.

Also, in all of the projects the cloud seeding firns were routinely
traci ng and/or photographing the radar scope, providing a source of echo data.
As will be discussed later, the quality of the radar data was frequently poor,
l[imting the extent of the radar analysis perforned to date. Furthernore,
meani ngful analysis of radar echo data requires considerable time and the
skills of radar neteorol ogists, and expertise was not available at the Wter
Survey to perform in-depth echo anal yses of all projects.

The third data available for all projects were the daily rainfall values
avail able from the weather stations of the National Wather Service. These
data were enployed in all the anal yses.

The reader should appreciate tw factors relevant to evaluating these
short, 1- or 2-nonth nodification projects.

First, evaluations of short seeding projects, even with the best data, can
not furnish conclusive proof of rain nodification, and the degree of rainfall

change indicated is very likely not to be statistically significant. The
sampl e of seeded events is too small to make neani ngful eval uations of
sub-divisions of the data such as results for squall line stornms, for cold

front storms, etc. The natural variability of summer rainfall across short

di stances is a nmajor problem often blocking proof of cloud seeding effects.
Further, the general lack of quality radar data for several projects limts the
nore physically oriented analyses so that the rainfall results are less
conclusive than they could have been. For exanple, the radar scope photographs
from the McLean County project in 1977 were so poor they could not be
interpreted. The photographs in the 1978 MLean County project were of better
quality but there were no suitable photographic data on 3 of the 10 seeding
periods and on nmost of the other 7 periods, scope canera operations were so
l[imted (turned on too late or off too soon) that the desired echo histories
(birth to death of echoes, both those seeded and those not seeded) could not be
followed for nost echoes. This posed a considerable dilemma. However, a
desire to still have sone form of radar-echo evaluation led us to try a linmted
echo investigation of these 1978 dat a.

The second factor that the reader should realize (given the above
problems) is that practically any evaluation of an operational seeding project
such as these rests on sonme form of conparison of seeded cases with non-seeded
cases. This is often called target (seed) versus control (non-seeded)
conpari sons. Basically the target (T) versus control (C) conparisons can be
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done in space and/or time. That is, the rain in the target area, say MLean
County, during a seeded period could be conpared with that either in prior
years (a tinme, or historical, control), or that in adjacent unseeded areas
(area control), or in both space and tine.

Eval uation of seeding efforts can be inproved if definitive operational
seeding criteria are used and recorded. That is, "when weather and cloud

conditions are of type Y, we will seed by approach X; and when conditions are
type A, we will seed by approach B," etc. The day-to-day seeding criteria used
innmost Illinois projects were not sufficiently defined and often not recorded,

and without this type of information, the evaluations could not be enhanced by
such physical interpretations. At best, the statistical results can only be
considered as indications of seeding-induced effects.

The basic approach used in the evaluations of these Illinois projects
involved a target vs control area approach, plus a seeding period vs historical
period evaluation in 2 of the 5 projects (1979 and 1980). Tine and funding
have limted further, nore extensive investigatons.

The general approach to evaluation of the radar echoes involved
measurenments of echo area either a) before and after seeding, and/or b) of the
seeded and non-seeded echoes, both those in and those around the target areas.
The detailed rainfall data from the volunteer farmer networks were used in
certain echo analyses to delineate the anount of rainfall fromthe seeded and
non- seeded echoes.

The principal evaluation efforts involved the rainfall data of the
Nati onal Weather Service. . In these instances, control areas equivalent in size
to the target area were defined to the north, west, south, and east of the
target area before the projects began. Raingage densities were generally
uniformwith one station per 200 square niles, on the average. Sunmer rain
data at this density are generally adequate to define a meani ngful nmonthly nean
rainfall for county-sized areas.

Target area and control area mean rainfall values were conpared wth
historical rainfall values for these sanme areas for the 1979 and 1980 projects

in southern Illinois. In both of these projects, locally wet conditions
devel oped during the sumrer operations leading to short term stoppages of
seeding efforts during the 2-nonth projects. |In these instances, the non-seed

periods were deleted from the historical data periods to nake them conparable.

MAJOR FI NDI NGS FROM FI VE PRQIECTS

Fi ve- County Project-1976

The first nmajor weather nodification project to occur in Illinois was
pursued in East Central Illinois during late July-August of 1976. It related
to an effort to increase sumrer rainfall. A group of farnmers and others

concerned with agricultural production in a 5-county area centered on Col es
County (figure 1) established a corporation (Rain Incorporated) which in turn
raised funds and hired a cloud seeding firm
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This firm the Colorado International Corporation (CC of Boulder,
Col orado, was hired under a contract for about $60,000. However, before the
rain nodification project could begin, two legislative obligations relating to
the project had to be satisfied. First, a GC neteorologist had to apply,

according to Illinois law, for a weather nodification |icense. \Wather
nodi fication experience and education were needed for him (or anyone) to direct
a viable, state-of-the-art, weather nodification project in Illinois.

Secondly, the weather nodification conpany (CIC) had to submit a permt request
and be granted the said permt by the State. This permt was for conducting
the actual seeding project and defined the period of the seeding, safety
precautions to be used, and other conditions of record keeping.

Cl C brought their radar, aircraft, and other neteorol ogical equipment
needed in their forecasting effort to Mattoon; installed the equipnment in a
hanger at the Coles County Airport; and was ready for operations on July 23.
The project was for a 5 1/2 week period of nodification efforts extending from
July 23 through August 31, 1976. The area where rainfall was to be increased
covered five counties including Coles, Multrie, Shelby, Cunberland, and
Dougl as.

The objective of the O C program sponsored by Rain Incorporated was to
increase rainfall using a seeding technique designed prinarily to enlarge the
area of rainfall rather than to intensify the existing rainfall. Anmong
nmet eor ol ogi sts the seeding hypothesis is often |abeled as "dynamc
nodi fi cation."

The raingage network (figure 2) was not installed and operational until
August 4. Thus, 24-hour (daily) rain totals were available only for the period
of August 4-31, a very short period when one considers the normal space and
time variations of summer rainfall in Illinois. It excluded the seeded rains
in late July. The second unfortunate factor was that the radar data collected
by G C was non-quantified; that is, there was no routinely collected data to
describe the rainfall production fromthe nore intense (heavier rain) portions
of the echoes. Gven these less than optinum data froma time and quality
standpoint, the project period evaluated was August 4-31.

Tabul ation of the data for the August 4-31 period showed that there were 6
identifiable periods of rain during which seeding had occurred. The rainfall
amounts for each period were plotted on base maps of the network and the
patterns of rainfall were drawn. Such a pattern for August 5 is shown on
figure 2.

The |ocations where the seeding material had been released by the aircraft
in a cloud were plotted, and those for August 5 are also shown on figure 2.
Typically, there were 3 to 6 different seeding |ocations on a given day. The
plots of these seeding |ocations were conbined with plots showing the outlines
of the radar echoes during and after the seeding period. These echo outlines
at different tines were connected to show the sequence and evolution of showers
and storms through the seeded area. From these nmaps, we constructed "echo
envel opes"; these were outlines of all the stormcells that had been
potentially affected by the seeding, from the point of beginning of seeding to
the end of the echo's lifetime or until it disappeared fromview on the radar
scope. The echo envel opes associated with each of the seeding events were



CECATUR

AfRPORT
& RADAR S(TE o

b SEEDING

SPOT #5

0.5

SEEDTNG
SPOT 2

L]
CUHBERLA

ND

I
L] SEEQING
* l - * SMOT w5
. SPOT 1Y
L] ‘} - ]

SEEDING
SPOT 44

Vs,
VL s, > ///; o

VEFFINGHAN

0.9
e = e = e el a4
' _i‘.msp:n T Sy e -

Figure 2. Rainfall pattern (black lines in inches, 1.0 = 1 inch) for August 5, 1976.
Also shown as stars are the 6 locations where seeding occurred on this day.
The hatched line forms the "envelope" based on radar echoes that were seeded
and their total area, where the rainfall was considered as potentially seeded.

The dots represent the raingages.



-8-
| abel ed as "seeded" echoes or areas, and all other envel opes or areas of rain
on a given day were |labeled as "non-seeded," or "control" echoes.

Before presenting the key results of the evaluation, it is interesting to
exanm ne the basic climatological conditions during the seeded period. First,

rainfall in the area was 30 to 40% bel ow normal during the April to mid-July
period. There had been an unusually dry spring (April-My). June rainfall had
varied considerably spatially, but was generally below normal. In the project

area, the normal rainfall for the 5,1/2 week seeded period is 4.3 inches, but
in 1976 anounts were all below normal, ranging from about 1.0 inch up to 2.3
i nches bel ow normal .

Conparison of Rainfall in Seeded and Non-Seeded Areas Based on Echo
Envel opes. Table 2 presents, for each of the 6 days, various rainfall val ues.
This table shows the data for the "seeded" and the "control" (non-seeded) areas
i ncluding the number of raingages located in each area. Because of differences
in the placement and nunber of echoes (cells) seeded on any given day, the
seeded and non-seeded areas (and nunmber of gages) varied between days. The
nunber of gages also varies depending on the nunmber of reports received. The
conparison of the daily averages shows that the seeded-area average rainfall was
greater than the control area averages on 4 of the 6 days (August 5, 13-14, 14,
and 25), but was less than the control area values on August 6 and 11.

Summari zation of the 6 values shows that the mean rainfall per day in the
seeded areas (as defined by the echo envel opes) was 0.255 inch as conpared to
0.183 inch in the control area. Renenber, these are values based on all the
gages in both areas including gages with no rain. The ratio of the seeded nean
value to the control mean is 1.39, indicating 39% nore rainfall in the seeded
area, as based on this definition of seeded and control areas and on use of all
rai ngage values. The difference in the mean values is also supported by the
nmeans of the medi an val ues of each group, showing a doubling of the rainfall in
the seeded area. The averages of the maxi mumvalues of the seeded and
non-seeded areas (table 2) are exactly the same, a suggestion that the nmaxi mum
point rainfall amunts were not altered through the seeding process, although
no concl usive proof can be drawn.

A test for the statistical significance of the difference in the neans of
the average rainfall, 39% was perforned. Conparison of the t-test val ues, a
means of evaluating statistical significance, showed that the t-value on the
difference was not significant, either for the 1-tail or 2-tail t-tests for the
5% or 10% |l evels. The. sanple size was too small to make these differences
statistically significant.

Conpari son of Characteristics of Radar Echoes. The echoes neasured on the
six seeded days were analyzed to derive their areal dinmensions when first
detected (To), at T; (usually 20 to 25 minutes later), at T, (some 60
mnutes after first detection), and for the entire echo envel ope. There were
36 potentially seeded echoes neasured and the average area swept out by those
echoes was 161 square miles (m ) and their median was 78 m 2. The average

value at T, was 40 mi 2, at T; was 52 mi 2, and T, was 78 mi

Unseeded (control) echoes and their envel opes could be defined well for
only three days, August 5, 6, and 14. On these days there were 20 seeded
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Table 2. Comparison of Seeded Area Rainfall and Control Area
Rai nfall Based on Seeded Echo Envel ope Delineation in 1976

Seeded area* Control area*
Raiﬁfall, inches Rainfall, inches
Number : \ Number
Date of gages Average Median Maximum of gages Average Median Maximum

5 August 36 0.53 0.50 1,40 37 0.30 0.26 1.00
6 August 39 0.25 0.16 1.38 33 0.37 0.10 3.10
11 August 27 0.02 T 0.10 111 0.06 0.02 0.45
13-14 August 90 0.12 0.08 0.80 44 0.09 0.02 0.58
14 Auvgust 36 0.38- 0.31 1.31 100 .25 0.24 0.73
27 August 71 0.23 0.10 1.20 37 0.03 0 0.30

Means 0.255 0.19 1,03 Means 0.183 0,09 1.03

*Based on all raingages in area including those with no rain.
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echoes and 16 control echoes conpletely neasured. The average and nedi an
val ues of their envelopes and their areal extents at T, T;, and T,
appear in table 3.

Conparison of the seeded and control echo values (averages vs averages,
nedi ans vs nedi ans) shows that the seeded val ues exceeded the control values in
all cases except To when the first indication of an echo appeared. The
results, which are not statistically significant, suggest that the seeded
echoes grew bigger after initiation than the control echoes.

Summary. The percentage differences (increases or decreases) between the
seeded rain and echo values and control values are summarized in table 4. None
of the values are statistically significant differences. However, all but the
To echo value (before seeding began) indicate an increase varying anywhere
from12 to 39% There is no doubt that the area in which storms were seeded
received nore rain than the areas that were not seeded. Wat cannot be said
with any certainty is whether this increased rainfall was due 1) to the
seeding, 2) to chance, or 3) to the fact that the cloud seeder was attenpting
to seed the nore vigorous rain-producing clouds. The third possibility would
lead to a condition in which the seeded area would naturally receive nmore rain
than the non-seeded area.

The apparent enlargenent of the echo and rain area in the seeded storns,
as hypot hesi zed by the seeding approach, coupled with the increases in all four
rain categories, suggest that rainfall has been increased by the seeding
However, these results nust be considered inconclusive due to the possible bias
arising fromthe seeding of the nore favorable storns, and the |ack of good
time resolution of the rainfall associated with the seeded and non-seeded
echoes.

McLean County Projects of 1977 and 1978

This section discusses the highlights of an evaluation of the MLean
County Project in 1977 and 1978 (Changnon et al., 1978). Al though this project
was very limted in time, it had the portent for a useful evaluation. doud
seeding occurred over MLean County (1200 mi ) in two 1-nonth sunmmer periods,
one in 1977 and one in 1978 (table 1).

According to the project contract and permt filed with the State, all
seedable rain events (save those weather periods forbidden by State law as too
dangerous for nodification) were to be seeded by project aircraft using one or
both common seeding techniques (Agl released at cloud base or at md-cloud
| evel s). The hypothesis of nodification was stated as both nicrophysical and
dynamic, with the approach to be selected according to cloud conditions.

The written records of the operations in MLean County were adequate,
under State Law, to define and describe the daily operations. The |ocal
sponsors were Rain Gain Incorporated (using local donations), and the cloud
seeding firmwas Atnospheric Incorporated (Al). There were radar operations
i nvolved, but as noted earlier, the data in 1977 were found to be usel ess, and
those in 1978 were found to be of limted value. Qher available data included
daily rainfall values from a dense network of volunteers (107 gages in 1977, 90
in 1978) established by the County Extension Agent, and those from the Nati onal
Weat her Service raingage stations in and around McLean County (figure 3).
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Conparison of Areas of Seeded Echoes and

Control (no seed echoes) on August

Seeded

Total E
Cover
{mi

146
89

Echoes (20 total)

5, 6, and 14.

nvelope . Instantaneo%s
gge Extent (mi%)
) L, I 05
40 53 86
27 29 24

T0 = First indication of echo

Mean Times:

'Average
Median

Control Echoes (16 total)

Total Envelope

Coverage
(mi?) I
122 50
88 31

T0 = First indication of echo

Mean Times:

Tabl e 4. D fferences
Area Mean Rainfall,

Ty =Tg + 255 T, = Ty + 62

in Seeded Area Mean Rai nfal
and D fferences between Seeded

Area Echoes and Control Area Echoes.

Seeded Echo Envelope
Average Area of Echo
Average Area of Echo
Average Area of Echo
Average Area of Echo

Envelopes
at TO
at T1
at Tz

All Gage Values.

+397%

T; = Tg + 23; .T, = T, + 58

Instantaneous
Extent (mi<)

I I
40 23
17 13
and Control’

Measurable Gage
Values Only

+147
-20%
+322
+37%

+12%
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These data were used in target-control conparisons of one-nonth efforts. There
are not too many NWs stations (4 in MLean County and a simlar density in
surrounding areas), but they offered a neans to obtain conparable area nean
rainfall.

The other evaluation approach used was based on the limted radar data
avai l able from 1978. The areal extent of echoes that were seeded was conpared
before and after the seeding. Meaningful evaluations of seeded echoes and non-
seeded echoes could not be pursued because life histories of so many echoes
were not recorded. The statistics on seeded days and operational periods of
the 1977 and 1978 projects are found in table 1.

Results for Monthly Rain Totals. Average total rainfall of all stations
in the target and in each control area was calculated for 1977, 1978, and both
years conbined (figure 4). In 1977, the target area rainfall approximted the
regi onal average (target plus control) rainfall. 1In 1978, the target had
average rainfall nuch below that of the surrounding controls. Wen 1977 and
1978 were conbined, the target had rainfall that rated a little bel ow the
average of the surrounding control areas.

Figure 4 also shows the ratio of the target value over the average val ue
of the four control areas. These were 0.94 in 1977, 0.58 in 1978, and 0.79 in
1977+1978. These ratios are all less than 1, an indication that when the area
controls were used, the rainfall in the target area (MLean County) was bel ow
what one would expect.

A two-sanple WIcoxon rank sum statistical test was performed for the
1977+1978 rain data. The target had a rank sumof 9, based on a rank of 2 in
1978 (second lowest) and rank 7 in 1977. There were 10 possi ble ranks (5 areas
and 2 years). The rank sumof 9 for the target area corresponds to a 1-sided
significance level of 0.733. In other words, rainfall in the target area was
not significantly greater than the control areas when areal nonthly totals were
used in the evaluation. |In addition, for the binomal test with a parameter
equal to half (which is the probability that precipitation in the target area
is larger than the rainfall in the control), the significance level was 0.855
which again is not significant. The area rainfall averages showed less in the
target, but these two tests indicated the 2-year differences were not
significantly different.

The "nornmalized" average total rainfall of each area was calculated to
conpare the two years fairly (and to renove a possible yearly influence, or
difference in the rain between 1977 and 1978). The nornalization was based
first on calculation of the 5-area nmean and standard deviation of each year,
then by subtracting the 5-area mean from the average of each area, and finally
by dividing by the standard deviation. Results indicated the target area rain
differences were not statistically significant departures.

Overall, when seasonal totals were used to evaluate the seeding effect,
the target rainfall was not statistically significantly nore or less than the
control val ues.

Results for Daily Rainfall Analysis. Daily rainfall values were
classified into seeded or non-seeded days according to the occurrence of
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1977 _ 1978

NORTH
WEST 4.79 EAST 3.86
3.57 3.78 3.38 1.49 1.62 3.37
TARGET
SOUTH
4.31 2.440
T/Cavg= 0.94 T/Cavg= 0.58
AVERAGE
1977-1978
4,33
2.53 2.70 | 3.36
3.38
T/Cavg= 0.79

Figure 4. Average total rainfall (inches) of all stations in each area.
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seeding. That is, if seeding occurred at 1600 on 15 July, the associated rain
at 1600 was the anount reported at 0700 on 16 July, the following day. Table 5
presents daily means and standard deviations of each area using the data from
0700 daily observations for 1977, 1978, and 1977+1978. There were 16 seeded
rain days and 25 non-seeded rain days in the 2-year sanple.

Also shown in table 5 are ratios of target over average control for the
seeded days and non-seeded days. For seeded days, the ratios are 0.99, O0.48,
and 0.79, for years 1977, 1978, and,h 1977+1978, respectively. For non-seeded
days, the ratios are 0.88, 0.65, and 0.83, for 1977, 1978, and 1977+1978,
respectively. Al ratios are less than 1, which is consistent with the
seasonal rainfall findings (target values were less than control).

VWhen the ratios of target over average control in the seeded days are
divided by the ratios in the non-seeded days (table 5), one gets "double
ratios" of 1.13, 0.74, and 1.06, for 1977, 1978, and 1977+1978, respectively.
These findings indicate that there was a 13%rain increase in 1977 on seeded
days, a 26%rain decrease in 1978 on seeded days, and a 6% increase of rainfall
on the seeded days when 1977 and 1978 were conbi ned.

The double ratios of target over each individual control area were
calculated (table 6) to further analyze the target and control area differences.
For exanple, the double ratio of target over west (upwind) control is 2.15 in
1977, 1.86 in 1978, and 2.05 in 1977+1978. Fromthese results, we see that
when the west control is used to evaluate the target, there is relatively nuch
nore rainfall on the seeded days than on the non-seeded days. Furthernore,
except when east control was used, all double ratios in 1977 are |arger than
1.00, which could indicate a positive (increase) seeding effect. In 1978,
double ratios of the west and south were larger than 1.0, whereas those of the
east and north were less than 1.0. Wen 1977 and 1978 were conbined, the
results were mxed. Results suggest a positive seeding effect in the target
with respect to the west and south control areas, but a negative seeding effect
based on conparisons with the north control and east control areas. Wen the
east control is used, the results show a great decrease in the target. This
m ght be due to downwi nd (east) influences. On the other hand, when the west,
or upwi nd, control was used, it shows a very significant increase. This could
indicate a positive seeding effect, but on the other hand, it nay also be due
to the bel ow average precipitation in the west control when no seeding was
carried out.

Summary. As part of their required project activities in 1977 and 1978,
the cloud seeding firm (Atnmospherics |ncorporated) furnished project ending
reports to the State of Illinois and to the local project sponsors, Rain-Gain,
Inc. The firms evaluations of their nodification results are of interest.

Their evaluation of the 1977 seeding project led Al to conclude 1) that
the target (MLean County) had received 15 to 20%nore rainfall than control
areas (locale unspecififed); 2) that seeded echoes, as conpared to non-seeded
echoes, lasted 46% | onger and produced 51% nore areal coverage (Atnospheric
I ncorporated, 1977). W did not judge the 1977 radar data to be suitable for
such analysis. The nodification firms assessnent of its 1978 efforts leads to
a conclusion that, "there is again a suggestion that individual clouds and
systens which were treated with silver iodide did produce precipitation which
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Table 5. Mean and Sandard Deviation of 0700 Reporting
Stations in Each Area, MlLean Gounty Project.

1977
and
o '1977 1978 1978
Number of
seeded days 9 T* 16
Mean rainfall (and standard deviation)
Areas inches

W 0.29 (0.33) 0.11 (0.17) 0.21

N 0,40 (0.58) 0.41 (0.71) 0.41

[ 0.37 (0.46) 0.17 (0.39) 6,28

E 0.37 (0.,46) 0.43 (0.88) 0.40
Target 0.35 (0.42) 0.13 (0.28) - 0.26

T/C average 0.99 0.48 0.79

Number of non-
seeded days 12 13% 25
Mean rainfall (and standard deviation)
Areas inches

W .11 €0.35) 0,08 (0.22) 0,09

N 0.08 (0.18) 0.09 {(0.33) 0.09

5 0.08 (0.,27) 0.10 (0.23) 0.06

E 0.0l (0.05) 0.04 (0.12) 0.03
Target 0.06 (0,15) 0.05 (0.15) 0.06

T/C average 0.88 0,65 0.75
Double ratio*¥* 1.13 . 0.74 1.06

*13 July 1978 was classified as non-seeded day

#%Double ratio is computed as (Tseededlcaverage seedeﬁ)f(Tnon-seeded/
average non-seeded), :
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Table 6. Ratios and Double Ratios of Daily Rainfall
(Seeded vs. Non- Seeded) in MLean County.

1977
and
1977 1978 1978

Seeded/Non-Seeded
West Control : 2.57 1,47 2.24
North Control 4.86 4,45 4.67
South Control 4,40 1.77 3.11
East Control 26.36 11.13 14,20
Target 5.52 1.86 2.05
(Ts/Tns)/ (Ms/¥ns) 2.15 1.86 2.05
(Ts/Tns) 7 (Ns/Vns) 1.14 0.61 0.98
(Ts/TNs) /(55 /Ns) 1.26 1.54 1.48

(Ts/Tns) /7 (Bs/ns) 0.21 0.25 0.32
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covered a larger area and lasted a longer time period than precipitation echoes
in adjacent areas of a simlar size" (Atnospheric Incorporated, 1978).

However, no percentage changes in echoes or rainfall are offered for 1978.
Results from our analysis did not agree, generally suggesting either no change
or a decrease in rain area and amount in 1978.

Qur evaluations based on the seasonal rainfall totals for 1977, for 1978,
and for 1977-1978 conbi ned essentially show no seeding effect. The target area
average rainfall in 1977-1978 is lower than the average of the four surrounding
control areas. Two statistical tests (2-sanple WIcoxon and binomal) were
applied to the 1977+1978 area totals, and the rainfall in the target was not
significantly greater than that in the 4-area control. Conparisons of seasonal
val ues between the target and individual control areas also showed no
significant differences, although the differences in 1977 were greater than
those in 1978.

Assessments based on daily rainfall values essentially gave simlar
results, but with sone suggestions of both increases and decreases in rainfall
on seeded days. Conparison of target/control area rainfall ratios on the 16
seeded days with those for the 25 non-seeded days provided informative double
ratios. These indicated a 13% rain increase in 1977 (simlar to that clained
by the seeding firm, a 26%decrease in the target in 1978, and a net 2-year
increase of 6% Conparisons of the target rain with the various control area
val ues suggest an increase in target rainfall (on seeded days) in relation to
the west (upwind) area, but a decrease in the target rain versus the east area
rain. Two-sanple tests of these target-control differences showed none to be
significant at the 5% I evel .

The radar film data from the 1978 seeded period were analyzed to eval uate
the effect of the seeding by studying the sizes of the seeded echoes before and
after seeding. No other echo characteristics (lifetime, echo intensity, and
echo height) or conparisons to non-seeded echoes could be eval uated
satisfactorily because of the limtations in the operations and hence data.
However, Water Survey studies have shown that echo size is a reasonably good
estimate of rainfall vyield.

Conparison of the behavior of the seeded echoes before and after seeding
was revealing. Half of the seeded echoes decreased in size after seeding. The
average size of echoes was 71 m before seeding, but 54 ni after seeding,

a 24% decr ease.

The limted echo analyses indicated that seeding had little or no effect
for increasing echo sizes, and suggest an effect leading to a decrease in echo
size. This agrees with the daily rain analyses for 1978 which al so suggest a
decrease in rainfall in the target area on seeded days.

The 1978 echo size results, indicating a decrease in echoes after seeding,
do not agree with the 1976 echo studies from the 5-county nodification project
(table 4). There, the seeded echoes grew relatively nore than non-seeded
echoes and were about 35% larger after seeding. However, it is critically
inportant to realize that the rain and echo sanples from 1976 and 1978 are
woefully small. The size is too snall to devel op conclusive statistical
indi cations of a seeding effect.
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Two factors are inportant in deriving a generalized interpretation of the
results of the two McLean County nodification projects. First, nost percentage
changes discerned in the several seed versus no-seed conparisons are small
less than 25% and are well within the "noise" of normal rain variability.
Importantly, they do not indicate a sizable shift (in rain or echoes) that
woul d suggest statistically significant (major) changes (in a small, 2-nmonth
sanple) were achieved. The second relevant factor relates to the mxed sign of
the rain and echo percentages; sone were pluses (increases) and sonme were
m nuses (decreases). Collectively, these two factors indicate little or no
effect in changing the rainfall in MLean County in the 1977 and 1978 sunmer
peri ods.

Sout heastern Illinois Projects of 1979 and 1980

In the late summer of 1978 a group interested in cloud seeding to enhance
rainfall was organized (Southeastern Rain, Inc.) in Saline and Gallatin
Counties (figure 1) where the 1978 summer rainfall had been deficient. As can
be noted in table 1, this group got organized late in the season, and the 1978
project was conducted fromearly August to early Septenber. The Water Survey
and local County Extension Agents did manage to get a dense network of
volunteers with nonrecording raingages installed. However, the shortness of
the operational season coupled with few rain events did not offer a situation
deened worthy of an eval uation.

In 1979 and 1980, this project was expanded 1) to enconpass parts of 6
counties and a 1300 mi area, and 2) to include nearly 2 nonths of
operations in each summer (table 1). In these two sumers, and in the nore
[imted 1978 period, the cloud seeding was perforned under contracts wth
At nospherics Incorporated. The 1979 and 1980 projects were directed fromthe
Marion Airport, located west of the target, where the weather radar and 2 cloud
seeding aircraft were |located. The aircraft were outfitted with seeding
devi ces capable of either cloud base or in-cloud (md level) delivery of
seeding material. The contracts and project plans called for seeding to
enhance rainfall by static (mcrophysical processes) seeding and by dynamc
nodi fication. The plan called for operations on a 24-hour per day basis, 7
days a week. All seedable conditions, night or day, were to be seeded

As can be noted in table 1, the 1979 and 1980 projects were both halted
tenporarily during the operational period. Both cessations were as a result of
very wet soil conditions (including flooding in 1979) in parts of the target
area. The sponsors, in concert with the Water Survey advisors and the Al
project directors deermed such stoppages to be in the best interests of the
local public. The only other non-seeded rain periods, other than those deened
by the project directors as unsuitable for nodification, were those when severe
stormconditions existed in the target (excluded by Illinois |aw).

Data and Analysis. The primary data utilized in the evaluation of both
years were the daily rain values of the National Wather Servioe. Daily values
were used to draft isohyetal (rain) naps for discrete periods, which in turn
were defined as seeded rains (figure 5), or non-seeded rains for various
seasons (figure 6). The dense raingage network of 92 gages operated in 1979
allowed preparation of these detailed maps. The target area was also the basis
for defining four control areas of equal size to the north, west, south, and
east (figure 7). Seasonal totals for the entire operational periods, less the
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rain in "wet cessation" periods, were also determned and eval uated (Changnon
and Hsu, 1980; Hsu and Changnon, 1981). Target-control relationships for 1979
and for 1980 were conpared with historical relationships for. 1949-1978 when
there was no cloud seeding. |In 1979 and 1980 the no-seed rain events included
two categories; those when the aircraft flew and decided no seed on the basis
of cloud observations, and those when the neteorol ogical conditions were
considered too poor for seeding to allow |aunching of aircraft.

The radar data in 1979 were not assessed because the Water Survey had no
personnel available for the conplex effort. The 1980 radar data were carefully
scanned as to quality and a lack of gain threshold neasurenents kept us from an
echo eval uati on.

Results of Study of Rain Data. |In order to nake an unbi ased conparison
(unbi ased by different raingage densities), the rainfall data fromonly the
avai l abl e National Wather Service raihgages in and around the target area were
used in 1979 and 1980. ne notes from figure 5 that there were very few such
gages. For exanple, the only National Wather Service gages in the target area
were at Harrisburg and Shawneetown. Although the density of gages is poor, it
is relatively uniformin the target and control areas. Each had the sane
general raingage density, approximately one gage in 400 square m |l es.

The 1979 area averages (figure 7) allow one to conpare and assess
di fferences between regions. For exanple, in figure 7a, based on the 1979 seed
rains only, one finds the target area average of 3.50 inches with |esser area
averages in all of the four surrounding control regions. Shown beside figure
7a is the average of all four control areas, a value of 1.91 inches, and the
target average of 3.50 inches. Their difference, labeled T-C (or target m nus
control), is 1.59 inches. This difference, expressed as a percent of the
control area value, indicates 83.2%nore rainfall in the target than in the
4-area control. Again, caution is urged. This does not necessarily reflect
any cloud seeding effect. It sinply says that 83% nore rainfall fell in the
target area than in the surrounding control, and the cause for this is not
established. It could be nature, man, or both.

Simlar conparisons for the two no-seed rain categories appear in figures
7b and 7c. These both show that the target area received less rainfall, in
both categories, than did the average of the four control areas. Figure 7d
presents the area average rainfall values conbined for both categories of no-
seed conditions. The target area received nore rainfall than did the north,
west, and south control areas, but noticeably less than did the east control
ar eas.

Conparabl e results for 1980 appear in table 7. On the seed occasions, the
target area received 5.48 inches (table 7c), and the average rainfall for all 4
control areas is 3.82 inches. Their difference, labeled T-C (or target m nus
control), is equal to +1.66 inches. This difference, expressed as a percent
of the control average rainfall, represents 43.5%nore rainfall in the target
than in the control areas. Sinilar conparisons for the two periods appear in
tables 7a and 7b. They also show that the target area received nore rainfall
on the seed occasions than did the average of the four control areas. The
rainfall increases on seeded occasions for periods 1 and 2 were respectively
+0.35 and +1.31 inches; and the percentage increases were respectively +20.0%
and +63. 3%
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Table 7. Areal Rainfall in the Target and Control Areas,

1980, Values Are Based on NW5 Rai ngages.

Control Area Target Percent
North West South East Avg, Area I-C Change

a. 23 June - 2 July (Period 1)

Seed 2,37 1.13 2,50 .98 1,75 2,10+ .35 +20.,0%
No Seed 33 1,75 1.90 .67 1.16 .80 -~ .36  -31,0%

Total 2.70 2.88 4.40 1.65 2.91 2.0 - .01 - 0.3%

b. 14 July - 20 August (Period 2)

Seed, 2.07 2.32 . 1.55 2.35 2.07 3.38 +1,31  +63.3%
No Seed 1.49 2.82 .50 1.48 1.57 .88 - .69 ~=43.9%
Total 3.56 3.1 2,05 3.83 3.64 4,26 + ,62 +17.0%

¢. Period 1 and Period 2 Combined

Seed 4.44 3.45 4.05 3.33 3.82 5.48 +1.66 +43,5%
No Seed 1.82 4.57 2.40 2.15 2.73 1.68 -1.05 ~38.5%
Total 6.26 8,02 6.45 5.48 6.55 7.16 + .61 + 9.3%
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O no seed occasions, the target area received less rainfall in either
period than did all four control areas, except in the north and east contro
areas in period 1. The differences (T-C) between the target and the average
control area represented 0.36, 0.69, and 1.05 inches less respectively in
periods 1, 2, and the conbined period; or 31.0% 43.9% and 38.5% | ess rainfal
respectively in the target area than in the surrounding control areas.

The conbinations of all the 1980 rains (table 7c) shows that the rainfal
in the target areas (7.16 inches) easily exceeds the averages of four contro
areas (6.55 inches), and is larger, than each control area rainfall except that
of the west control area. The target-average control difference is +0.61
inches, or +9.3% a crude indication that the target area received nore
rainfall than did the control areas. However, this ratio cannot be used al one
as indication of any seeding effect, as certain "selection bias" may have been
introduced by the seeding operator in favor of more natural rainfall in the
target on occasions chosen for seeding

The 1979 and 1980 cloud seeding efforts were also assessed by comparing
target area rainfall and control area rainfall with that from the past 30
years. Rain totals were defined to be that total during the period of actua
operations in both years (table 1). Rain values of the) stations in the target
and in each control area were averaged to form area averages for each year from
1949 to 1980. These averaged totals were used in the subsequent analyses.

A principal conponent analysis for the four control areas using 1949-1978
data was perfornmed separately for 1979 and for 1980 and the conponents
retained were used in turn as independent variables to run a regression on the
target. This (historical) principal conmponent regression was used to forecast
1979 and 1980 precipitation in the target area, which in turn was conpared to
the observed 1979 and 1980 target precipitation to assess the seeding effect.

The resulting forecasted precipitation for the 1979 target area using
1949- 1978 princi pal component regression was 5.19 inches. The difference
between this and the observed (7.24-5.19) value results in a rainfall increase
of 2.05 inches, or 39%

To assess the significance of this 1979 rainfall increase, a re-
random zation (repetitive) principal conponent regression was perfornmed. (For
nore details on re-random zation testing, see Hsu, 1979 and Gabriel and Hsu,
1980). ne year from 1949 to 1978 was randomy selected as a hypothetica
seeded year, and all other years (including 1979) were used as historica
"control" years. Then a principal conponent regression was performed on this
seeded- historical data, and a forecasted precipitation was obtained as
descri bed above, fromwhich a rainfall increase was calculated. This process
was repeated by selecting another year as "seeded" and so on, until a
distribution of rainfall increases was obtained. For the 1979 and 1980
projects, 31 rainfall increases were obtained and those for 1979 and 1980 are
shown in a "stem and leaf" distribution in table 8  Anong these estimated
rainfall increases, two are larger (3.03 and 4.12) than the 1979 val ue
(indicated by an asterisk in the table), and the significance is thus 0.0968.
That is, the chance that this sizable increase is due to nature (rather than to
cloud seeding) is about one out of ten. Because of the very short duration
(one year) of the 1979 project, the seeding effect, if any, is usually nore
difficult to detect than in longer projects, even using powerful evaluation
t echni ques.
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Table 8. Re-Randomi zation Distributions of Estimated Precipitation |Increases
Using all Surrounding Control Areas for 1979 and for 1980

1979
Stem Leaves Cumulative
No. E.
~2.00 00, 04, 09 - 3 9
—1.22. 08, 09, 19, 60, 67, 70 9 29
-0.22_ 11, 23, 42, 47, 57, 58, 74, 95 17 54
0.22_ 10, 19, 23, 43, 48, 48, 68, 69, 88 26 83
1.22 55, 75 28 90
2.00 Q5% 29 93
3.22 03 30 96
4._}1 12 31 100
*#]1979 value
1980
Cumulative
Stem Leaves No. ~
=2.00 02, 95 : : : 2 6.5
-1.00 00, 34, 55, 71, 97 ' 7 22.6
-0.00 04, 15, 18, 20, 29, 51, 54, 56, 98 16 51.6
0.00 03, 05, 28%, 46, 50, 68, 75, 92, 93 25 80.6
1.00 10, 19, 26, 99 : 29 . 93.6
2.00 45, 76 31 100.90

%1980 value
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A simlar principal conmponent analysis for the 1980 data (again without
1979 val ues) was pursued. The difference between the historical-based
prediction of 6.88 inches and the actual (7.16 inches) indicated an increase of
0.28 inch, or 4.1% To assess the significance of this 1980 increase, a re-
random zation of the principal conponent regression was performed (as with the
1979 data). The "stemand leaf" distribution for 1980 appears in table 8.
Anong the estimated rainfall increases, 12 are larger than the 1980 val ue, and
the significance is thus 0.419. This is very non-significant. There are about
four chances in ten that this increase is due to nature. Thus, the 1980
results did not sustain the significant differences found in 1979.

Figure 7e shows that the target area in 1979 had nore rain than the
control areas except for the east control. There, the average of 10.49 inches
in 1979 is nmuch above the other areal rainfall values. To estinate whether
this large value occurred naturally or extremely (in other words, was an
outlier), frequency distributions of the rainfall for each area were studied.
The deviation in the east control area, whose 1979 precipitation was the second
largest in a 31-year period, was exceptionally large. This raises a question
of possible extra-area (downw nd) seeding effects in the east control area.
Wthout |ooking extensively into the detailed seeding operations and the
correspondi ng neteorol ogical conditions, this question of a downw nd effect
cannot be resolved. Therefore, it was decided to exclude the east control area
fromthe 1979 control data, and to perform another evaluation (Changnon and
Hsu, 1980). This second eval uati on does not render the 4-area eval uation
invalid; rather it only serves as an auxiliary piece of information.

The principal conmponent regression was the evaluation technique used for
these data. The estimated 1979 rainfall increase is 1.94 inches, which has a
significance level of 0.0968. The estimated precipitation increase in 1979 is
36.6% using three control areas, conpared to 39.5%using four control areas.

A simlar analysis of the 1980 data was not pursued because the target-
control differences were not |arge. Another assessnment of the target and 4
control area values of 1980 focused on the ranking, or ordering, of the
1949- 1980 (excluding 1979) values. Table 9 presents these 31 values for the
five areas. The rank of 1980 rainfall values for the north, west, south, east,

and target areas were respectively 20, 26, 20, 16, and 20. |In general, the
1980 areal rainfall values were above the median values (16th observation).
The rank of the target area rainfall, 20, was rather close to the average rank
of the four control areas rainfall, 20.5; and it was not as extrene as that,

26, in the 1979 anal ysis (Changnon and Hsu, 1980).

For each National Wather Service station, a ratio of 1980 rainfall to the
30-year averaged rainfall was conputed (figure 8). It can be seen that there
was a region of high rainfall ratio located to the west of the target area.

For the stations in the target area, the 1980 rainfall amunt of Harrisburg was
close to its historical average, the ratio being 0.95; while the 1980 rainfall
amount of Shawneet own was above its historical average, the ratio being 1.27.
However, a band of high rainfall ratio to the west, north, and southeast of the
target area discounts the significance of this above-normal rainfall ratio at
Shawneet own.
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Table 9. Distribution of Ordered Areal Precipitation,
1949- 1980 (Excluding 1979).

No North West . South East Target
1 1.53 1.40 2.26 2,19 1.84
2 2.49 1.83. 2,67 2.67 2.81
3 2.72 2,62 3.19 3.21 3.17
4 3.01 3.14 3.22 3.35 3.22
5 3.08 3.92 3.50 3.55 3.41
6 3.36 4,00 4.08 3.67 3.53
7 4,00 4.37 4,18 3.98 3,70
8 4.09 4,45 4,30 4.07 4.04
9 4.15 4,46 4,45 4,60 4.29

10 4,45 4.58 4,82 4.64 4.46

11 4.48 4.93 4.85 4.92 4.48

12 4,53 5.04 4.98 5.30 4.70

13 4.61 5.13 5.07 5.31 4.99

14 4.92 5,43 5.13 5.33 5.97

15 5.17 5.47 5.18 5.33 6.28

16 5.21 5.74 5.87 53.48% 6.36

17 5.32 5.75 6,04 5.76 6,38

18 5.51 5.93 6.35 5.95 6.39

19 5.65 6,05 6.44 6.09 7.09

20 6.26% 6.57 6.,45% 6.44 7,16%

21 6.37 6.96 6.48 6.51 7.38

22 6.42 7.06 6.82 7.07 7.47

23 6.46 7.36 7.06 7.46 7.56

24 6.49 7.59 7.14 7.69 7.77

25 6.86 7.90 7.47 7.82 8.02

26 6,91 8§.02% 7.9 7.82 8.07

27 7.64 8.65 8.79 8.32 8.41

28 g8.18 5.89 8§.92 10.17 8.75

29 8.35 10,29 9.46 10.35 3,38

30 8.85 10.57 11.43 10.68 11.29

31 10.01 10.58 12.77 13.15 12.17

*1980 value
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The 5 area values in each year (1949, 1950, ... 1978, 1980) were conpared
and ranked 1 through 5. These 31 ranks of the five areas were averaged,
showing the target to have a nean rank of 3.35 (the highest of the five areas).
The significance of its second top rank in 1980 was shown to be 0.52 (half
chances of occurring naturally).

Summary. The results indicate that the target area in 1979 and 1980
received nore rainfall during the operational period than did surrounding
areas. This was particularly true in 1979 when one conpared the rainfall based
solely on the rain periods which were seeded. |Investigation of the 1979
rainfall (isohyetal) pattern within the target, based on the detail ed dense
rai ngage network data, shows that there were wide extrenes, fromvery low to
very heavy rainfall in the target.

The 1979 and 1980 data al one cannot be construed as evidence of any cloud
seeding effect. The differences, however, when one conpares the seeded
rainfall values with the no-seed values, particularly as revealed in figure 7
and table 7, do suggest that a localized high in the target occurred in the
seeded rain conditions. It was not present there in the no-seed conditions of
1979. However, as one final caution, one would expect that cloud seeding in
the target would be attenpted under conditions that were locally favorable for
heavier rainfall there, again warning against an interpretation that the 1979
and 1980 target-control conparisons reflect any enhancenment of rainfall due to
cl oud seedi ng.

Eval uati ons using surrounding control areas coupled with 30 years of
hi storical data show that there was a significant precipitation increase in the
target area in 1979 with a 40% precipitation increase during the 1979 cloud

seed period. If the question of the east control (extra-area effect) is
consi dered, then evaluation using the other control areas also shows a 37%
preci pitation increase. In both instances, the probability that this is due to

chance is 1 in 10. The increase in 1980 was nuch less, 4% reflecting nearly a
40% chance of occurrence by nature. The project personnel differed totally
between the two years, and both years were relatively wet years.

CONCLUSI ONS

It nust be stressed that these five projects (from5 sumrers) have not had
totally thorough analyses of all available data, nor has time and effort
permtted all types of statistical or physical analyses. In fact, evaluation
approaches used differed considerably between projects.

Results have been assenbled in this report, as available at this tine, to
hel p provide generalized information, and to seek an overview of the general
tendencies. In all instances, the 1-year (usually one or two nmonths) projects
were too short, regardless of the apparent increases or decreases of rainfall
or echoes in the target areas, to draw any conclusions that have any
statistical or physical significance when taken al one.

The general tendencies found in the target rainfall and echo
characteristics are summarized in table 10. In general, the results reflect a
quite mxed outcome. Two of the projects (years) indicate increases, signified
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by the pluses (1976 and 1979), in the target rainfall and/or echoes. e year
(1978) indicates a rain decrease. The target echo results are also m xed.

Potentially relevant are the observations of Water Survey neteorol ogical
staf f menbers who a) inspected the five projects during operations, and b)
i nspected the data logs and other forms supplied by the weather nodification
firms. This assessnent is a mxture of subjective observations and nore
obj ective assessnments of project data quality. |In general, our staff nenbers
(7 professionals) concluded that two projects operated in the nost professional
manner were those of 1976 and 1979 (the two years with increases), and that
operational quality in 1978 was the poorest of all projects. This was also the
year of negatives. |If one assumes that the +, 0, and - tendencies in table 10
partially reflect effects of cloud seeding, one could conclude that the quality
of effort and expertise make a major difference.

The results also show that for various reasons the project radar data are
often unusable for a meani ngful evaluation of possible seeding effects. It is
difficult to operate a radar to serve both operations and data collection, but
the problems have often related to careless issues like inproper scope
phot ography or too limted operations before or after seeding.

Tabl e 10. General Direction of Rainfall in the Target Area.

Year Target Rainfall Target Radar Echoes

1976 not studied _ +

1977 0 to weak + poor data

1978 - -

1979 + not studied

1980 0 to weak + poor data
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