Clarification of Confirmation in the
FACE-2 Experiment1

Abstract
The Florida Area Cumulus Experiment (FACE) is a long-term
program to determine the potential of dynamic seeding for increasing convective rainfall over a fixed target area. The first phase of
FACE (FACE-1) provided strong indications for increased, seedinginduced rainfall. The second phase, FACE-2 (beginning in June
1978 and ending in August 1980), was conducted in an attempt to
confirm these indications of a positive seeding effect. The criteria for
confirmation in FACE-2 were published in a NOAA Technical
Report prior to program commencement. A clarification and sharpening of these confirmatory criteria are discussed in this paper. In
addition, a minority position of what is to constitute confirmation in
FACE-2 involving the use of linear predictor models also is
discussed. This paper was written and accepted for publication
before the treatment decisions of FACE-2 were known.

1. Introduction
The Florida Area Cumulus Experiment (FACE) is a longterm research program to determine the potential of dynamic
seeding for increasing convective rainfall over a fixed target
area. The initial, or exploratory, phase of FACE (FACE-1),
conducted during portions of the summers of 1970, 1971,
1973, 1975, and 1976, provided considerable evidence for
increased, seeding-induced rainfall at the ground (Woodley
et al., 1982). As examples, the simple summary analyses
suggested increases in both location and dispersion due to
treatment (e.g., approximately 50% for both measures in the
floating target (FT) and smaller in the total target (TT)); the
linear model analyses suggested a slightly larger increase
(e.g., approximately 75% in the FT), due to treatment. The
overall picture of the analyses provided the impetus for the
confirmatory program termed FACE-2.
The design and evaluation of this program were specified
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in a NOAA Technical Memorandum (Woodley et al., 1978)
prior to commencement of the experimentation. The design
for FACE-2 is similar to that of FACE 1976, the last year of
FACE-1. The design of the experiment was strengthened,
and fixed periods of experimentation, treatment, and observation were specified. Treatment decisions were determined
through a blocked randomization scheme based on mean
vector wind speed and direction. The gage-adjusted radar
method of precipitation estimation, which was employed in
FACE-1, remained the primary means of precipitation
evaluation in FACE-2. Additional recording rain gages were
placed throughout the target area to permit an independent
assessment of target rainfall. The daily and cloud suitability
criteria and the seeding procedures of FACE-2 were similar
to those employed during the latter portion of FACE-1. A
complete discussion of all operational aspects of FACE-2 is
forthcoming in subsequent publications.
The purpose of this note is to clarify and sharpen some of
the FACE-2 confirmatory specifications that are contained
in Woodley et al. (1978). It is our intention to be "on the
record" as clearly and forthrightly as is possible on what
constitutes confirmation in FACE-2 and what are the final
data sets prior to any disclosure of the treatment decisions.
2. Original confirmatory specifications
The following statements, quoted directly from Woodley et
al. (1978), provide the confirmatory specifications as published prior to commencement of FACE-2:
The specific relations sought for confirmation are:
1) positive treatment effects in both location and dispersion for the set of all experimental days (A and B combined)
with substantial probability support shown by appropriate
analyses, such as the Wilcoxon-Mann-Whitney and the randomization tests;
2) larger positive treatment effects in both location and
dispersion for the set of B days of experimentation, with
stronger probability support shown by appropriate analyses
such as the Wilcoxon-Mann-Whitney and the randomization
tests;
3) positive treatment effects present in the time profiles of
seed and control mean rainfalls (i.e., the seed rainfall time
profiles are greater in magnitude and peak later than the
corresponding control rainfall profiles) with substantial probability support from appropriate analyses such as "runs
test."
Since we have two main response variables, floating and
total target rainfalls, and several kinds of tests specified for
each of the three conditions given above, there are still
multiplicity questions to be addressed. Instead of trying to
reduce the confirmatory experiment to a single number, thus
eliminating all multiplicity problems, we maintain that the
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experiment should be judged largely in the way these multiple numbers are related to each other.
In our opinion, the three conditions listed above should not
be viewed as independent judgments or as answers to independent questions, but rather in a "nested" manner in the
following sense. The minimum requirement for a "confirmatory indication" will be strong evidence for condition 3. A
more positive "confirmatory indication" will occur if we
obtain good evidence for condition 2 as well. To obtain strong
overall confirmation, however, we will require firm evidence
for all three conditions.
Similar nesting applies to the two main response variables.
Strong evidence for the floating target alone can give only an
"indication of confirmation." For strong over-all confirmation, we will require persuasive evidence for both the floating
and total target responses.
As for the tests listed, we anticipate that the runs tests on
the time profiles will give the lowest (most significant)
P-values. The nonparametric tests based on ranks (MannWhitney-Wilcoxon) will probably be somewhat more powerful than the randomization tests where the ratio of means is
used as the test statistic. There are, however, fewer questions
about the applicability of the underlying assumptions of the
randomization tests. For this reason, the randomization tests
will be considered as giving sounder indications (or more
firmly based "confirmation") than the other tests.

The emphasis on the FT as the initial indicator of confirmation in FACE-2 is based on the results of FACE-1, which
indicate that this is where an effect of seeding is most
evident. This is readily explained, since the FT clouds are
those that directly receive treatment and thus are most
intensively treated. The effect of seeding in the TT inevitably
must be diluted by those cloud masses in the target area
(averaging about 40% of the total in FACE-1) that never
directly receive treatment. Consequently, if FACE-2 is to
confirm FACE-1, the effect of seeding in the FT must be
stronger than in the TT.
The reasoning for the nesting approach for the time
profiles, the B, and the A + B days is similar. The effect of
seeding in FACE-1 was strongest for the time profiles and,
because plausible physical arguments can be presented as to
why this is the case, it is reasonable to expect a similar result
for FACE-2. Likewise, a stronger effect of seeding is to be
expected on the B days, because these are the days with the
best seeding conditions and the days on which the most
seeding was done. Consequently, an effect of seeding on the
A + B days, due to other than chance, will be noted only if the
effect of seeding on the B days is strong. (For the reader who
is unfamiliar with FACE-1, A days are those in which <60
flares are expended, and B days are those on which >60
flares are expended.)
The reader should note that no "magic number" P values
(e.g., 0.05) were invoked in the confirmatory specifications.

TABLE 1. Interim analysis matrix formulation
for confirmation in FACE-2.
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This was done deliberately, since the authors do not believe
in the "magic number" approach to the evaluation of cloud
seeding experiments. Hence the recurring phrase "substantial probability support" (i.e., P value support) is left, as it
should be, to the judgment of the reader.

3. Modified confirmatory specifications for
FACE-2
a. An interim formulation
On 14 April 1980, members of the FACE research team and
a number of other interested researchers (i.e., B. Silverman,
G. Brier, R. Dirks, R. R. Gabriel, R. Lavoie, E. Scott) met in
Miami, Fla. to review the FACE-2 design document and the
specific criteria for confirmation. The principal results of the
meeting were twofold: 1) a sharpening and modest modification of the confirmation criteria, and 2) an agreement to
undertake a preliminary study of the "statistical power" of
the FACE-2 design.
The reformulation of the criteria for confirmation is best
described by considering the analysis matrix displayed in
Table 1. Here, A and B days and FT and TT are as defined
earlier, R0 6 is the ratio of "seed" to "nonseed" rainfall in the
six hours after initial seeding, and R3 6/R0 3 is the double ratio
of "seed" to "nonseed" rainfall, in the three- to six-hour
period after seeding, to the rainfall in the initial three hours
after seeding. The Pt values in the matrix represent the P
values obtained for each of the analyses.
As can be seen by examining the quote from Woodley et
al (1978), the first column of the analysis matrix is fully
addressed in the original design. In particular, analyses 1, 2,
5, and 6 utilize the ratio of the mean "seed" to the mean
"nonseed" rainfall as the "test statistic" in a randomization
analysis. It should be noted that randomization analysis has
been with us for some time (i.e., Fisher, 1935; Pitman, 1937)
but only recently has it received much attention in applications (e.g., Cox and Kempthorne 1963; Gabriel and Feder,
1969; Tukey et al, 1978).
The second column of Table 1 represents a change from
the original design in that, at the suggestion of Gabriel, the
double ratio was substituted for the "time profiles of seed and
control mean rainfalls." It was presumed that the double
ratio would be more acceptable to the meteorological community. Furthermore, all participants agreed that a single
evaluation method should be used in the confirmation analyses. Randomization analysis was the clear preference.
Lastly, there was a request by a number of the scientists at
the meeting to create a single overall statistic for the
confirmation of the FACE-1 results. Gabriel recommended
the Roy-Bose (1953) simultaneous estimation procedure, but
after substantial discussion it was decided that the Bonferroni method (Morrison 1976; Tukey, 1977) would be more
suitable. The participants ultimately agreed that confirmation would be achieved if the "adjusted" P-value for the eight
analyses provided substantial probability support for a treatment effect. The "adjusted" P-value (P*) is defined as
P* = k [min(P,); i = 1 , 2 , . . . * ]

(1)
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TABLE 2. Final analysis matrix formulation
of confirmation in FACE-2.

where P, is the observed P-value for the zth analysis and k (8
in this situation) is the number of analyses (e.g., Tukey,
1977).
b. Some rethinking
Subsequent to the April meeting, Woodley (1980, personal
communication) suggested by letter that cells 7 and 8 in the
matrix were inappropriate because the rainfall time profiles
on the A + B days had not been examined in FACE-1, and
they were not scheduled to play a role in the analysis of
FACE-2. Consequently, it was agreed that analyses 7 and 8
could be omitted.
On 5 March 1981 the advisory panel met to review the
"statistical power" study (Flueck and Boik, 1981) and to
further consider confirmatory specifications. A number of
the FACE researchers expressed the view that the FACE-1
linear models (Woodley et al., 1981) should be included in
the FACE-2 confirmatory specifications. After much discussion, it was agreed that this could not be done without
sacrificing some of the confirmatory nature of the program,
because the linear models clearly had not been specified prior
to commencement of the FACE-2 experimentation. The
advisory panel remained of the opinion that only the original
confirmatory specifications, or the modified specifications of
the April meeting (deleting cells 7 and 8), could preserve the
confirmatory nature of FACE-2. However, the panel did
concur (led by Professor Mielke) with the view that one
could partition the treatment period for the double ratio
calculation at a time other than 3 h.
After the March 1981 FACE meeting, at least one of the
FACE researchers (i.e., Flueck) was not satisfied with the
recommended confirmatory simultaneous inference specification because it did not preserve the ordering of the original
three levels of confirmation. Hence some further modifications to the confirmation criteria were proposed.

c. The final formulation
The following confirmatory specifications ultimately were
adopted by the FACE researchers in an attempt to synthesize original and modified recommendations:
1) The first (and weakest) level of confirmation will have
been attained if the adjusted P-value, equation (1), for
cells 3 and 4 in the modified matrix (Table 2), has
substantial probability support. Failure to achieve this
first level of confirmation precludes moving to the
second level.
2) The second (and somewhat stronger) level of confirmation will have been achieved if the adjusted P-value,
equation (1), of cells 1, 2, 3, and 4 has substantial
P-value support. Again, failure to satisfy this level of
confirmation precludes moving on to the third level.
3) Finally, the third and highest level of confirmation will
have been attained if the adjusted P-value, equation
(1), of all of the six cells in the matrix has substantial
probability support.
The composited simultaneous tests that underlie the "ad-
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justed" P-values referred to above are as agreed upon at the
April FACE meeting: a sequence of separate randomization
tests using the ratio of means. As an example, the composite
simultaneous test for the first level of confirmation is the
separate randomization of the double ratio
5/^0,2 i n both
cells 3 and 4, and then their combination into a single
composite test result via equation (1) with k = 2 (see
footnote8). The second and third levels of confirmation are to
be tested similarly.
The reader should note that the definition of the double
ratio has changed slightly (i.e., from R3 6/R0 3 to ^2,5/^0,2) in
Table 2. The FACE researchers believe that the new specification is a more appropriate quantification of the time
profiles (Woodley et al., 1982).

4. Discussion
The FACE-2 design was based largely on the procedures
employed in the last year of FACE-1. Hence, it was anticipated that FACE-2 would present a larger treatment effect
than FACE-1. In addition, the "a priori" blocking on wind
speed and direction was presumed to reduce the natural
"error" variability. Finally, the FACE-1 linear models that
were developed after the commencement of FACE-2 were to
be used to control possible intervening factors in the confirmatory analyses.
With the deletion of the FACE-1 linear models from the
confirmatory phase, the FACE-2 confirmatory analyses will
be more susceptible to natural meteorological confounding
factors (Flueck, 1978). Furthermore, subsequent analyses of
the FACE-1 data suggest that wind direction, as used in the
FACE-2 design, is not an important blocking variable.
Lastly, the previously mentioned preliminary power study of
the FACE-2 sample size has suggested that the termination
of the field effort at 51 "type B" days is risky. A preliminary
completely randomized simulation using the Weibull distribution has indicated a power of about 0.65 for a floating
target treatment effect of 1.50 and a level of significance of
0.10. Consequently, when all of the relevant elements are
examined, it appears that FACE-2 is a risky confirmatory
experiment.
It should be noted that at least two of the authors (i.e.,
8
It was proposed (Flueck, 1978) that a "weighted" P-value (Pw*)
approach (Pw* =
a ; P; and the a, are "a priori" determined and
sum to one) be used. This suggestion was not well received by a
number of the FACE researchers and members of the advisory panel
and hence was dropped.
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Flueck and Woodley) still hold the view that the treatment
effect must be evident in a linear model analysis that
attempts to account for the well known natural variability of
rainfall present in south Florida. They are of the belief that
the two unweighted linear models (i.e., one for the FT and
one for the TT) utilized in the FACE-1 analysis, with the
same four variables, (Woodley et al., 1982) must similarly be
employed in the FACE-2 analyses and that failure to find
substantial evidence of a treatment effect (uninfluenced by
residual outliers) will seriously compromise all confirmatory
analyses. Conversely, if both linear models provide substantial evidence of a treatment effect (i.e., a point estimate of a
treatment effect that is greater than one with an overlap of
the FACE-1 and FACE-2 95% confidence intervals), even
though the previously mentioned confirmatory analyses do
not, the two authors also will be of the view that a replication
and confirmation of the presumed FACE-1 treatment effect
will have been achieved.
It could be argued that this present attempt to more
carefully clarify the specific contents of confirmation is
needless. The readers of the FACE-2 papers, it could be
argued, will form their own view of whether or not the
FACE-1 suggested treatment effects were confirmed by the
FACE-2 results, irrespective of the FACE researcher's
confirmation procedures and claims.
Although there may be some merit to the above view, we
would remind the reader that the principal objective of any
confirmatory experiment is "replication of a treatment effect
result with an experiment that provides at least strong
statistical credibility that the effect is real" (Flueck, 1981).
We believe that the presented clarification does enhance the
statistical credibility of the FACE-2 experiment and it also
should serve to increase the acceptance of the entire FACE
program.
The FACE-2 outcomes will be known once the treatment
decisions have been revealed. Disclosure of the daily treatment decisions is contingent upon the reduction, audit, and
publication (in at least NOAA Technical Report form) of
the important final FACE-2 data sets. These data sets are:
1) the rain gage; 2) the radar; 3) the covariate data; 4) the
satellite estimates of extra-area rainfalls; 5) the CAPPI
radar observations; 6) the formvar replicas obtained within
clouds treated with either silver iodide or sand placebos; and
7) the cloud-to-ground lightning measurements. It is anticipated that these tasks will be completed by 1 December
1981, and thus the confirmatory analyses should be available
by early 1982.
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announcements (continued from page 272)

Asian disaster journal
The first journal devoted to disaster prevention and preparedness in
Asia is now being published quarterly by the Joint Assistance Centre, a voluntary action group for disaster assistance in New Delhi.
Disaster Management will provide a forum for the exchange of
news, views, and experiences to physical, social, and medical scientists; engineers; administrators; and voluntary agencies. A section of
each issue will focus on world events, conferences, training programs, and the analysis and documentation of past disasters.

This year's last three issues of Disaster Management will emphasize a particular aspect of preparation for disasters. The April-June
1982 issue will be devoted to health care in emergencies; JulySeptember 1982 will feature the role of the mass media in disaster
preparedness; and October-December 1982 will treat training and
education for disaster preparedness. Further information on the
journal may be obtained from N.K. Jain, Editor, H.-65, South
Extn.-I, New Delhi 110049, India.

((continued on page 314)
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