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Radar data are acquired oy rurning tro Nelsprst 5 an
radar under camputer contrcl it a volure scan sxde. The
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This was achieved by 26 Octcber 1984.

(ii) Day too active: Same days that produced widespread
storm activity were deleted fram the amalysis for two
reasons. On such days, the storm tracking prograrme
produced huge track properties as the tracking
programe picked up storms that merged into squall lines
that swept through the area. Looking for a potential radar
seeding signature on such days is probably unrealistic.
Secondly, including these days in the amalysis produced
biases in the control properties. All days on which the
cumulative 3 degree area-time integral exceeded 2500 km
nr were thus not incorporated in this amalysis.

(iii) No valid track: Case tracks that did not persist for
24 minutes or longer were also rejected.

(iv) Seeding at the wrong temperature: The operations
plan calls for seeding between -10 and -15-degrees C. On
12 November 1984, the real time display of static
temperature was not available to the crew and seeding
was conducted at around -25 degrees C.

5. Statistical Analyses

For the 16 seed and 21 no seed cases, the following
statistics were calculated for each of the 73 track
preperties:

- minima

- rexinma

-~ arithmetic means

~ geometric means

- standard deviations

- skewness

inter-property correlations (73x73)

The test statistic for each of the above was defined as
the (seed) minus the (no seed) difference.

The significance of the differences was determined

using standard re-randomization techniques (Reference 5).
Difference distributions were generated by randomly
drawing 16 pseudo seed cases out of the 37 case pool
using the same randomization scheme used for the real
draw. If p % of the differences calculated by the
re-randomization are equal to or more extreme than the
values obtained in the real experiment, then p % is an
appropriate measure of the unlikeliness of the actual
result.

For exanple, if the difference in mean cloud heights
between the seed and no seed cases falls within the top
(or bottam) 50 differences calculated from 1000
re-randomizations then p will be equal to or greater
than 95 percent (or less than 5 percent).

6. Preliminary Results

Preliminary results while not highly significant show
trends in the direction of :

(1) Seeded storms producing more radar-estimated
rainfall than unseeded storms

(ii) Seeded storms averaging stronger reflectivities at
3 degrees
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Table 2: Sare Trends in the Analysis to date

Property Crange P(%) Statistic
No Description (%)
31 Mean 3° rain flux 30.1 8  Geom. Mean
46 Mean 3° reflectivity 2.7 94 Arith. Mean

(iii) Differences between seed and no seed time—dependent
properties (Table 3). Here decision time is that time at
which the pilot of the Learjet receives a seed/no seed
decision from radar.

Table 3 : Time - dependent Properties.
No  Property Change P%  Statistic

%)

59 Max. rate of increase in
Mass 5-30 min after
decision time 854 91

63 rax rate o b or

in rain flux 9—30 min
after decision time 748

Geom. Mean

89 Ceom. Mean

Tt is usually advisable to construct plots of the
properties that appear to be responding to treatment,

to guard against being led astray by quirks in the
distributions (gross outliers, etc). Comparative cumiative
seed/no seed distributions of properties 46, and 63

are shown in Figs. 1 and 2.

Another comparison of interest is the seed versus ro seed
time from decision to maximum rate of increase in mass
(Fig. 3 ). Although the p statistic does not show
significance, the seed distribution of tnis variable peaks
after the decision time, whereas the no seed peaks before.
This sort of aralysis suggests that a closer look at these
and other track properties as they relate to the onset

of seeding may provide useful insights into the physical
changes accompanying treatment.

The correlation difference analysis may be even more
revealing in terms of changes in physical processes
between the seed and no seed cases. Preliminary resuits
are presented in Tables & and 5 below:

Table 4 : Changes in Correlation of Volume vs Mass

Properties Correlations

No Description Seed No Seed  Season  P(%)

12 Max Volume 0.90 0.98 0.98 0

3% Max Mass

14 Vol Time Inbegral 0.98 0.99 0.99 1

3B Mass "

Table 5 : Changes in Correlation of Area vs Rain Flux

Properties Correlations

No Descriptions Seed No Seed Season (%)

23 Mean 3° area 0.93 0.98 0.9 3

31 Mean 3° rain flux

46 Mean DBZ at 3° 0.35 0.85 0.83 3

22 3° Area time integral



Tne season correlations shown in Table 4 and 5 are obtained
from 1478 non-case storm tracks collected throughout the
seascn, and differ little from the corresponding non-seed
track correlations, lending support to the noted seed/no
seed differences.

Since storm rasses are computed from
7 =203 x104 u167 (1

ard rain fluxes rom

2 =20 R D 2)

where @

is radar reflectivity (mn 6/ n? }
is mass (grams / m3 )
! is rain rate (m/hr)

d XN

the changes suggest that secding is affecting either the
radar-measured reflectivities or the storm volumes and aréas
(vihich are delimited by the 30 dbz contour). Preliminary
eviderce (increases in mesn dbz at 3°) suggest the former.

In sumary, the results of one season's seeding suggest

that @

(i) Seeding is tending to produce more radar-estimated
rainfail from storms with kigher 3 degree radar
reflectivities.

(i1)  Properties measured 5 Yo 30 minutes after decision
time (meximm rate of increase in mass and rain flux) show

changes between the 16 seed and 21 no sed cases.

(iii) Seeding is affecting storm reflectivitices, indicated
by changes in volure/mass and rain flux/area correlations.

7. Discussion

Certainty, cre of the purposes of an exploratory experiment
is to develop measurament techniques. One of the mein aims
of the current, experiment. is to develcp methods of measuring
radar responses to glaciogenic seeding of mediumsize
mlticeliular storms. Initial results are promising.
Additional work is required in the following areas:

(i) Confirmtior and refinement of the current statistical
techniques.

(ii) A continuing search for more meaningful radar response
variables.

(ii1) Integration of the aircraft clouc physics data with the
radar measurements. [t is clear that changes in radar
measurerents rust be related Lo changes in physical processes
that arc occurring in the treated clouds. Unless the observed
radar changes are physically plausivle in termss of a
reasonadble seeding hypothesis, they must be treated with

sugpicion.
(iv) Developrent of the capability in the cloud base
aircraft to measure rain arcas, rain rates and radar

refiectivities at cloud tase.

8. Conclusions

Preliminary results indicate that one of the goals of this
experiment, the recognition of seeding-induced charges in
radar-messured storm properties, can be achieved. It is
extramely important at this stage that:

- the experiment continue for at least another season
- the experimental cesign remmin unchanged,
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Fig.1: Qumlative comparison of mean 3 degrea
radar refectivities of seed versus no
seed storms.
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Fig. 2: Cumlative compariscr of mexirum rates
of increase in 3 degree rain fluxes,
5-3C minutes after soed—o seed decision.
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Fig.3 : Distribution of maximm rates of
ncrease in storm mass witk
respect to seed-ro seed decision
times.



