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PREFACE

Although most modern efforts in weather modification have focused
on dry ice or silver iodide seeding, salt seeding is an interesting alter-
native which has periodically moved in and out of fashion. As early as
1954 this technique achieved dubious prominence on Broadway when Starbuck,
con man, charlatan, and title character in N. Richard Nash®"s romantic

comedy "'The Rainmaker," explained how to make it rain:

"How?" [with a flourish of his stick] "Sodium chloride!

Pitch it up high -- right up to the clouds

Looking back on the history of cloud physics and weather modification, and
ignoring the Starbucks of the field, there seem to be two separate streams
of thought which interweave to produce the current rationale for seeding
clouds with hygroscopic particles.

The first train of thought began in the early decades of the
century with the speculation that large particles of sea-salt might produce
cloud droplets of sufficient size to collect smaller cloud droplets by
gravitational coagulation. These drops, if they continued to grow, could
develop into raindrops by an all-water process. This idea stayed in the
mainstream of cloud physics for many years and led to numerous studies.
Eventually, these studies established that maritime areas have significant
concentrations of giant sea-salt particles in the air entering cloud base,
and that these particles could account for the initial large drops necessary

for "warm" rain development. Although ever increasing evidence was found



to support the importance of these same all-water processes in continental
clouds, no comparable sources of hygroscopic nuclei were found and the
origin of the first large drops in continental clouds has remained unresolved.
The second train of thought involved in the development of the
current salt seeding rationale grew out of the inspiring discoveries of
Schafer and Vonnegut that supercooled clouds could be seeded to alleviate
a natural shortage of ice nuclei and that such seeding could significantly
alter cloud development. These discoveries did not apply to warm clouds,
but seemed to encourage scientists to discover correspondingly powerful
treatments for non-supercooled clouds. The idea that artificially adding
large salt particles or water drops to a growing cloud might increase the
number of raindrops was already implicit in earlier work. The new concept
that gradually developed, however, went far beyond these earlier thoughts.
The failure to find significant quantities of giant salt particles in con-
tinental areas came to be interpreted as evidence for a natural deficiency
of nuclei capable of initiating the collisions and coalescences required
for warm rain development. Alleviating this shortage by salt seeding could
be expected to suddenly release the colloidal instability of continental
clouds and change naturally inefficient processes into efficient ones. What
this conjecture ignores, however, is the original motivation to search for
inland evidence of giant salt particles. 1In large measure, the goal of these
studies was to explain the observed production of large liquid drops and
active coalescence processes in continental clouds. To be sure, maritime
clouds do seem to rain easier than continental clouds, but it should always
be remembered that continental clouds do rain. The failure to find the

necessary concentration of salt particles does not mean that there is a
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critical deficiency of giant salt nuclei, but rather that there must be
another source for the large water drops.

It is clear that hygroscopic seeding has the potential to modify
the rate of precipitation development or the total amount of rain produced.
The rationale that is often invoked to explain this modification, however,
is likely to overestimate the magnitude of the seeding effect. This study
attempts to develop a more accurate assessment of the likely effects of

hygroscopic seeding of convective clouds.
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INTRODUCTION

In general, there have been two major approaches to hygroscopic
seeding: first, attempting to increase the number of raindrops in clouds
that are already capable of producing rain and second, trying to form
rain earlier or faster than would have occurred naturally. The second
approach has been particularly enticing since it seems to offer the
possibility of making clouds rain that would not have rained by themselves.
Furthermore, the earlier development of rain might be expected to modify
both the dynamic structure of the developing storm and the nature of the
subsequent microphysical processes that would continue to produce precip-
itation. Although it is not clear under what circumstances this sort of
modification would result in increases in total rainfall rather than in
decreases, the idea does seem to offer hope for larger scale effects than
are usually envisioned with hygroscopic seeding. Computer modelling studies
in particular (e.g., Rokicki and Young, 1978; Klazura and Todd, 1978) have
seemed to show a promising future for this type of seeding by predicting
major changes in precipitation formation through the addition of modest
amounts of seeding material. The validity of these calculations, however,
is critically dependent on the accuracy of the predictions for the natural,
or unseeded, case. Recent measurements of the atmospheric aerosol have
shown that, contrary to most previous expectations, the size distribution
of natural aerosol particles does not have a sharp cut-off at ten microns,
but rather exhibits potentially significant concentrations of particles

out to much larger sizes (see Nelson and Gokhale, 1968; Hindman, 1975;



Johnson, 1976; Hobbs et al, 1977; and Hobbs et al, 1978). These particles,
even if insoluble, can play an important role in initiating precipitation
(Johnson, 1978; 1979), and the exclusion of this natural background of
giant and ultragiant particles from model calculations makes these calcu-
lations unrealistically sensitive to salt particle or large drop seeding.
This study reexamines the potential of hygroscopic particle seeding to
modify the initial development of precipitation in light of these new
aerosol discoveries.

The point of departure of this study from all previous investi-
gations is the wide-ranging size distribution of background aerosol
particles. 1In all, this distribution extends from <0.02 pm radius to 100 pm
radius, simultaneously spanning more than ten orders of magnitude in
number concentration. This distribution, along wi)th several different
salt distributions, is placed in a condensation model which calculates the
initial particle growth, both natural and seeded. Results from a limited
number of runs of this condensation model are then used to initialize two
different continuous collection models which are employed for the bulk of
the study. Although deceptively simple, these continuous collection models
are surprisingly powerful and, if properly initialized, can accurately
reproduce many results from more sophisticated models employing a full
"stochastic" treatment of drop coalescence (see Johnson, 1979). 1In
addition, the speed and efficiency of these models allow a much wider
range of investigations than would be possible with a more complicated
model. In this study, for example, more than 10,000 runs of the
continuous collection models were used to investigate the effect of

different seeding strategies, locations, and environmental conditions.



INITIAL CONDITIONS

Salt Distributions

In most studies of salt seeding, finely ground salt is used to
maximize the growth potential of each individual particle. After grinding,
the salt is normally centrifuged or treated to remove small sub-micron
particles that are thought to limit the effectiveness of the larger parti-
cles.

In this study, three different size distributions of salt
particles were investigated. In each case the complete size distribution
was defined by specifying the mass fraction of salt in each of thirty
logarithmically spaced size categories. Each of the mass distributions
is approximately log-normal, peaking around 35, 55, and 90 um diameter
for distributions "2", "3",6 and "4" respectively.' These three distribu-
tions are illustrated in Figure 1 and, in tabular form, in Table 1.

With each increase in mean size, the number of salt particles in a given
quantity of seeding material must decrease. For a given mass of salt,
distributions "3" and "4" respectively will only have 22% and 12% of the
total number of nuclei in distribution "2". While all three distributions
are relatively arbitrary, distribution "3" was loosely based on the
reported size distribution of sodium chloride salt (MRI H3AX) used in the
Bureau of Reclamation's San Angelo Cumulus Project [MRI Report 74 FR-1244,

October 1974].

! Distribution "1" was an unrealistically simple distribution which was

only used to test the modifications to the computer models to simulate
hygroscopic seeding.
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Figure 1. Relative mass distributions for three different
hygroscopic treatments.
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TABLE 1

Hygroscopic Treatment Size

Dry Radius Relative Relative
(um) Number Mass
DISTRIBUTION “2" .
- ‘. -
aser 3.01E-02 1.04E-03
aoo1 3.04E-02 1.48E-03
Ep: 3.24E-02 2222E-03
831 3.81E-02 3.70E-03
304 5.406-02 T.41E-03
794 6.126-02 1<19E-02
8ot 9+20€-02 2.52E-02
590 9.585-02 3.705-02
10:39 1.00E-01 5.48E-02
12233 1-15€-01 8-89E-02
1acts 1.09E-01 1.19E-01
15085 8.65E-02 1.33E-01
13:35 6-31E-02 1.37E-01
19.95 4.05E-02 1.24€-01
33:3% 2.05€-02 8-89E-02
FEN 9.67E-03 5.93E-02
2aiia 4.62E-03 a.00E-02
fices 2.18E-03 2.66E-02
35:58 1.03E-03 1-77E-02
3a:5% 4.26E-04 1.04E-02
2asbt 1.07E-04 3.70E-03
2582 S.31E-05 2.596-03
38133 2.156-05 1.48E-03
e3:30 1.07E-05 1-04E-03
o019 5.40E-06 7.601E-0a
Toce3 1.53E-06 2.96E-04
Losde 3.79e-07 1-0ac-0a
. - 48E~
100.00 3.836-09 1«
DISTRIBUTION "3"
- 8.556~06
e 2.52E-03 3.42E-0S
544 8.00E-03 B.55E-05
282 1.13E-02 1-71E-04
a5t 2.40E-02 Se13E-04
EM 2.84E-02 8<55E-0a
894 2.82E-02 1+20E-03
L5 31 2.8aE-02 1<71€-03
500 a.03E-02 3.42E-03
11:92 4.28E-02 5.13E-03
15233 7.0RE-02 1+ 20E-02
12055 7420E-02 1<72E-02
15:85 7460E-02 2.57E-02
13:38 8424E-02 3.93E-02
1958 8.63E-02 5.826-02
35135 1.01E-01 9-5BE-02
EE M 9<a4E-02 1-27E-01
Zacia 7.84E-02 1.49E-01
ties 5.59E-02 1450E-01
15:98 3.51E-02 1<33E-01
3.8t 1.69E-02 9.06E-02
2aso7 6. 78E-03 S.13E-02
eoota 2.41E-03 2.58E-02
20123 5.66E-04 8+55E-03
e3s30 B.02E-05 1-71E-03
Sai19 3.42E-05 1.03E-03
L4354 1<21E-05 5+13E-0a
45¢- 2+56€-06 1-53c-08
oos - 3.32E-0
100.00 4.03E-07
DISTRIBUTION "4" .
- 1<55€6-0
33 283E-03 T.77€-06
aia7 3.71E-03 1.55E-05
aoo1 5.27€-03 3.116-05
2:e 1.49E-02 1.24€-04
ot 2.64E-02 3.11€E-0a
7205 327aE-02 5.22E-04
7:94 3.97€-02 9.33E-04
alot 3.70E-02 1.23E-03
os00 3.316-02 1.55E-03
11092 4.70E-02 3.11E-03
15233 4.98E-02 a.66E-03
12:33 S.QQE—OZ T«77E-03
(5045 5.84E-02 1+09E-02
1778 7.136-02 1.89E-02
19:08 7-09E-02 2.64E-02
33535 6.80E-02 3.58E-02
320 6+ 90E-02 5.13E-02
Zania 7‘I|C‘02 7T «46E~-02
Iries 6.€0E-02 9.79€-02
35503 S.63E-02 1.18E-01
Iouat A.43E-02 1.31E~0t
2ase7 3.236-02 1<35E-01
80o12 2.05E-02 1.21E~01
30133 9.90€-03 8+ 25E-02
aadd 3.96E-03 4.66E-~02
o019 1213E-03 1-88€-02
79243 3.31C-0a 7.77€-03
5013 3.37E-05 3.11E-03
. - 1.556-04
100.00 3.31E-06




Condensation Model

Immediately after seeding, hygroscopic nuclei will grow rapidly
by condensation. As they continue to grow, however, their hygroscopicity
dilutes and their condensational growth eventually approaches that of
comparable diameter drops of pure water. This initial phase of droplet
growth after seeding was simulated with the same model of cloud droplet
activation and growth that was used to model the initial growth of the
natural nuclei. This condensation model is described in detail in Johnson
(1979), and in slightly more general terms in Johnson (1980). Basically
it is a Lagrangian model of condensational growth and activation of aerosol
particles of the type developed by Howell (1949), Mordy (1959), Fitzgerald
(1972) and others. In this study the background aerosol distribution
used was based on the University of Washington airborne aerosol measurements
from the Great Plains of the United States which had been obtained as
part of background studies for HIPLEX (see Hobbs et al., 1977; and
Johnson, 1979). The HIPLEX aerosol distribution was divided into 70
different size classes and each size class was subdivided into 5 different
solubility classes (350 classes of natural nuclei in all). The seeding
material filled 30 additional size categories, each of which was likewise
divided into 5 different solubility classes (150 classes of seeded nuclei).
For the seeding material, the introduction of different solubility categories
was of minor importance since all five categories were almost completely
soluble with only minor differences between classes. In all cases the
soluble component of the aerosol particles, either natural or seeded, was
assumed to be ammonium sulfate (NH,).S0,. The results, however, should

not be dependent on the choice of the soluble material.



For each run, the calculations began approximately 400 m below
cloud base (80% relative humidity) with only natural nuclei. To simulate
cloud base seeding, the salt nuclei were introduced about 40 m below
cloud base (98% relative humidity) and their growth, along with that of
the natural nuclei, followed to 100 m above cloud base. At this point,
both the total number of activated droplets and the size distribution of
large (r > 10 uym) were recorded. To simulate cloud top or mid-cloud
seeding the introduction of the salt nuclei could be delayed until the

natural cloud base droplet distribution was determined.

For the large number of runs anticipated, it was not feasible to
repeat the full set of condensation calculations for each new seeding rate,
location, or change in the ambient conditions. Forty-two condensation
runs were completed to provide the necessary starting conditions for all
subsequent calculations. These runs uniformly assumed seeding with 10"°

3

g m?® of salt and a 2 m s™*

updraft. Separate runs were conducted for

each of the three salt distributions, for cloud base and mid-cloud seeding,
and for seven different cloud base temperatures. Seeding with all but the
highest concentrations of salt will not significantly affect the number or
size of cloud droplets growing on natural nuclei. Seeding with different
concentrations of salt can thus be modelled by merely increasing the number
of drops grown on seed particles without adjusting the natural droplet
distribution. Changes in updraft velocity will affect both the number and
size of activated natural droplets as well as the size of the seed particles.
In general, however, the effect on the size of the largest drops (r > 10 um)
will be somewhat restricted since, following an initial spurt, their radial
growth is rather limited and will not be dramatically affected by changes

in updraft velocity. The total drop concentration, on the other hand, can



be strongly affected by the updraft. This effect can be considered by
adjusting the drop concentration using either Twomey's (1959) or Squires'
(1958) analytical solution for drop concentration as a function of
updraft velocity and CCN spectral parameters. Comparing the predicted
number of droplets activated for one cloud base temperature, but two
different updrafts, both Squires' and Twomey's solutions lead to a rather

simple relation.

V1 3k/2(k+2)

Vs

Combining condensation model results for two different updraft velocities
allows estimation of an "effective" slope parameter k (~0.7 in this case)
which can then be used to correct the drop concentration for other updrafts
velocities. Table 2 shows the total droplet concentrations resulting from
the condensation model as a function of cloud base temperature and (via

the above relation) updraft velocity. All cases are based on identical

starting concentrations of aerosol particles per cubic centimeter.

In addition to calculating the total number of activated droplets,
the condensation model also partitions the large drops into 26 logarithmically
spaced size categories covering the radius range from 10-100 um. Tables
3-8 show these results for all 42 runs of the condensation model. The
results for cloud base seeding represent the spectra at 100 m above cloud
base following seeding with 10> g m”® of salt immediately below cloud base
at the 98% relative humidity level. The mid-cloud seeding runs combine
the natural tail of large drops observed 100 m above cloud base with the
seeded tail observed an additional 100 m higher, following seeding with

10> g m® of salt at the 100 m level.



TABLE 2

Cloud Droplet Concentration

(ecm™) as a function of

Updraft Velocity and Cloud Base Temperature.

Cloud Base Updraft Velocity (m s°%)
Temperature (°C) 1 2 3 4 6 8 10
25 316. 417. 489.9 549. 645.1 723. 790.
20 337. 443, 521.3 584. 686.4 769. 840.
15 364. 479. 563.2 631. 741.6 831. 908.
10 399. 526. 617.8 692. 813.6 911. 996.
5 437. 576. 676.7 758. 891 1 998. 1091.
0 478. 629. 739.6 829. 974.0 1091. 1192.
-5 527. 695. 816.3 915. 1074.9 1204. 1316.
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TABLE 3

Natural and Seeded Large Drop Concentrations (cm™)

(Salt Distribution "2", 10°° g m ®, Base Seeding)

Radius Cloud Base Temperature (°C)
(um) -5 0 5 10 15 20 25
NA]1JRAL 13.2 Pe77E~ 26 LeJ9F-U3 Be3NE-28 6e1dE~08 6.29E~J8 J.90E-2e 4.37E-0a
1.2 6.37E-26 5.40C-05 4. 24F-08 S.46E-T4 4.20E-0a S.476-08 1.21E~08
12.0 4.6SE-D8 7.27E~-08 4.635-98 3.57€-04 1.175-04 2.51E-0Da 2.56E-04
13.2 3. INE-08 1.11E-04 2.33€-08 2.426-08 2.47€-00 1.776-0e 3.53E-04
ta.s 3.91€-08 3.97E-04 2.79€-34 3.40E-04 3.46E-08 2.95E-04 1.2tE-Q4
15.9 1.02€-08 1.65€-04 1.68€-08 1.15E~04 1.17E~0O8 Le18E=-00 1. 79E~-04
17,0 2.16E-08 2.20€-04 1.11£-08 2.83E-08 2.88E~04 1.76E~04 1.79E-0e
17.1 1. 71E-24 1.745-08 1.775-08 1.09€-05 1.83C~0e 1.87E-08 1.31€-0e
23.3 1.61E-08 1.63E-0a 1.66E-04 1.69E-04 1.156-04 1.29E~-0e 1.31E-04
22.9 1.238-05 1.20E-04 1.33E-08 “1.3se-08 2.22€-05 1.13E-05 1.15E-05
25.1 1.21€-08 1.38E-05 3.30E-08 1.43E-05 1.45€-05 1.48E-0% 2.66E~05
27.5 1.03E-05 1.05€-05 1.07E-0S 1.09€-05 1.211E=-0S 1.13€~-05 3.60£-06
2.2 Ve 36E-05 1. 38E-05 1.40E-05 5.91E-06 6.93E-06 7.076-06 3.606-06
3.1 3.23E-06 3.29€-06 3.34E-06 3.41E-06 3.47€-06 3.53€-08 7.20E-06
5.3 3. 7IE-06 3.79€-06 T.20E-06 3.93E-06 4.00E-06 4.08E-06 5.54£-07
39.3 3.73E-96 3.79E-06 5.14E-97 S.24E-97 1.072-06 1.09€-06 1.11E~06
a3.7 4. 96E-07 5.0SE-07 S.14E-07 1.056-06 $5.33E~07 5.43E-07 S.S4E-07
a7.3 2.96E-07 5.0SE-07 1.036-06 5.24E-07 5.33E-07 5.43€-07 S.S4E-07
52.5 S.71€-07 S.31€-07 7.72€-08 7.86E-08 1.60E~07 L.63E-07 1.66E~07
57.5 1.49E-07 1.52E-07 1.54€~07 1.57€-07 8.00=-08 1.63E-07 1.66E~07
53.1 7.a55-08 7.58z-0R T7.726-08 1.575-07 1.60€-07 8.18€-08 8.31£-08
59.2 3.55E-08 8.71E-08 8.86E-08 1.17E-08 1.19€-08 1.21E~08 1.23E~08
75.9 1.11E-09 1.13€-08 2.29€-08 2.33e-08 2.382~08 2.42€-08 2.47¢-08
33.2 2.21E-03 2.235E-08 1.15E-98 1.17E-08 1.19€-08 2.82E-08 2.47E-08
M.2 1.11E-09 1.13€-08 1.15€-08 1.17€-08 1.198-08 0. 0.
122.2 1. 7T1E-09 1+74€-09 1.776-09 1.80£-09 1.835-09 1.a7e-09 3.81£-09
SEEDED 10.0 2. 0. o. 0. 0. 0. 0.
1.0 0. 0. 0. 0. o. (8 0.
12.0 0. [ 0. 0. 0. 0. 0.
13.2 0. 0. 0. 0. [ J.11E-07 1.52¢-06
18,5 0. 0. 0. 3.00E-07 3.82E-07 S.58E-06 B8AE-0S
15.9 2.84€-07 3.612-07 2.456-06 5.30£-06 1.886-0% 1.37E-05
17.8 %.10€E-06 7.66€E-06 1.61E-05 1.58E-0S 1.356-05 2.83£-08
19.14 1.50E-03 2.30E-0% 1.31€-05 2.48E-05 1.78E-0% 1.73E-0% 3.20€-0S
20.9 2.35€-05 1.37E-05 3.03E-05 1.67€-05 3.76E-05 3.01E~05 2.83E-05
22.9 1.58E-0% 2.98€-05 2.32€-05 3.43E-0S 2.73€-0% 6.40€-05 4.25€-05
?2s.1 3.23€-05 3.49€E-05 2.83E-05 5.63E-0% 4.10E-05 A4.35€-03 9.07¢-05
27.3 3.3e€-05 3.88€-05 8.06E-05 4.19£-03 8.73e-0s 4.55€-05 5.33E-05
33.2 3.97€-05 6.38£-05 4.31€-05 4.39€~03 S.13€-05 8.22E-0% S5.04E£-0S
33.1 3.11E-05 6.5356-0% 4.95E-05 9.80E-0S 4.85€E-0S 7.80E-0S 4.00E-0%
J6.3 8. 34E-0% 4.60€-0% S.42€-05 3.78€E-0S 3.85€-905 2.86E-05 2.92€-0%
39.9 3.59€-05 3.65E-05 5.68E-05 2.76E~0% 3.17€E-05 1.84€-0% 1.88E-05
3.7 2.62E-9% 3.35€-0% 1.74€-05 1.77E-05 1.99€-0S 9.29€-006 9.47E-06
“7.% 1.68€-05 1.89€-05 8. 79€-06 B8.95€-06 7.96E~06 4.39E-06 A.ATE-06
2.3 1.09£-08 4.08E-08 4.15€-06 4.23E-08 2006E-05 2.10€~-06 2.314€-06
57.5 3.S2E-08 1.956-06 1.99€-06 2.21E-06 9.71E-07 9.89E-07 1.01E~00
a3et 9.04E-07 9.20€-07 9.36€-07 9.32E~07 4.57€~07 4.66E~-07 8. 75€-07
9.2 4.25E-07 8. 13E-07 4.41E-07 J.ae€-07 1.90E-07 1.93£~07 1.97E-07
7%.3 Ve 7TE-O7 1.80E-07 1.8)E-07 1.31E-07 4,79E-0% 4.a8E-08 s.97€-08
43.2 a.a56-08 a.33€-08 4.51€-08 3.27€-38 2.37E-0A 2.4t€-08 2.46€-08
2”".2 2.20€-09 2.245-08 2.28£-09 1.A6E-09 9.58E-09 9.77E~09 9.96E-09
17,9 5.926-09 9.09c-09 9.20£-09 9.41E-09 2.A6E-09 4.85E-09 4.95E=09




Natural and Seeded Large Drop Concentrations

(Salt Distribution
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TABLE 4

nom, 10’5

3

(cm™)

g m °, Mid-cloud Seeding)

Radius Cloud Base Temperature (°C)
(um) -5 0 5 10 15 20 25

NATURAL 1.0 7.77E-0s 1.39€-03 B.45E-08 Hel3E-Ja 6.29E-Js 3+90E~0s 44,37E-06
1.3 e I9E~08 5.40£-0% 4.24F~06 5.45E-04 4.20E~08 S.47E-08 1.21€~04a
t2.3 4. 65E-04 7.07E-08 S.43E-08 3.57E-04s L.17E=-D48 2+S1E-08 24555 ~0e
13.2 3. JSE-O8 1.11E-08 2433E-0a 2,42:-04 2.47E~08 1-77E-04 3.S9E~0e
t1a.5 3.905-08 3.97E-04 2.79F~08 3.473-38 3.86E-08 2.95E~-0a 1.215-0e
15.2 l.0%E-08 1.65C-08 1.68E~08 1.153-04 1.17E~0Da t.18E-04 1.79€-0e
17.3 2.16€-04 2420E-08 1.11E~0a 2+33E-0a 2.8BE-08 1« 76E~08 1.795=~0s
1.1 1« 71E-08 L+ 7T4E~0s 1.77E~0Ds 1.09E-0S 1.83E~-0s 1+87E-0s 1«312-04s
20.7 lentC~0s 1+63E-04 e 66E~-00 1e869E-06@ 1+15E-0a 1+29€E~08 1a31E-0a
22.9 1. 03E~-05 1+20E-04a 1+33IE~08 1+35E-04 2+22E~-05 1«13E-05 1.15E-0S%
2%5.1 1+J1E~0a 1.33E-05 3.34F~06 I.435-05 1.45E-05 1 «4BE-0S 2.66E-05
27.5 1. 03E~05 1.05E-05 1.37E-0S 1.99€-05 1.11E-0% 1+13E-0S 3.60E~06
33.2 1.36E-05 1.38€-05 1.402-05 6.81E-06 f.Q04E-06 7.07E-06 3.60£-06
33.8 3.230-06 3.29E-0b 3e38E-CO 3.41E~06 J.4TE-06 3+53E-06 T«20E-06
I%.3 Yo 73%-06 3 79E-~06 7T.20E~06 3.93E-06 4.00E-06 4.08E-06 S5.S4E~-07
37.8 34 73E-06 3.79E-06 ' SelAE-OT7 Se24E-07 1.07E-06 1« 09E~-06 1+11£-06
3.7 L. 96E~0T7 S5.0SE-07 Se18E~07 1+05E~06 5«33E-07 Se63E~O7 S5.58E~-07
aT.9 4,952-07 S« 0SE-07 1.03£-06 S+28E~07 S5+ 33E-07 5.43E-07 S5e54E~-0Q7
5245 Se71E-07 Se81£-07 Te725~08 T.86E-08 1.60E-07 1+63E-07 1.66E~07
57.5 1.89€-07 1.52E-07 LeS4E~07 1+S7E-07 8.00E-08 1.63€E-07 1.65E-07
63.1 TeaSE~-03 7.58€-08 Te72E-08 1+STE-07 1+60E-07 B8.16E-08 8.315-08
6.2 B8.56E-08 4. 71E-08 B.86E-08 1.17E-08 1.19€~-08 1«21E-08 1.232-03
75.9 1.11E-08 t.13E-08 2.29£-08 2.33€-08 2.38€E~-08 2.82E-08 2.4T7E~-08
83e2 2.21€-08 2.25€-08 1e 15£~08 1+17€-03 te19E-08 2.42E~08 2.47E~09

.2 1.11E~09 1.13E~03 1e15€~08 1.17E~083 1+19E-08 [- 13 Oe
102.0 1-TIE-09 1eTSE~09 1. 77E~09 1+80€~09 1.83£-09 1.87€E-09 J.BI1E-09

SEEDED 10.0 Oe O« Oe 0. 0. 0. [- 2

11« 0. O« Oe Oe 0. O -
12.0 O Ce Oe O Oe 3+83€E-07 3e725-06
13.2 O. Oe Q. 3+ TIE-QOT 3. 78E-07 S.45€-08 1.63€~-05
18.% le8lE-O7 3.508E-07 1. 40E-06 3.25E~06 1.86E-03 135€-03 1.39£-0%
13.9 S« 19E-06 5.07E-06 1.63E-0% 1«30€E-05 1.34E~-05 2482€E-0S 1.83E~-0%
17.8 1.28E-0% 2.93E~-05 1.29€-05 2.72E-05 1.43E-03 1+71E-0S 3eB87E-0S
19.1 24 J1E-0S5 Le 3ISE-0S 2.02E~08 1+65E£-05 3.39E-05 2+83E-03 2+80E-0%
20.9 1.83E~-0S 1 +S9E-05 3. 27E~0S 2+34E~0S 3.17E-0S 3.57E~-0S 4.21E-0S
22.9 2422605 8.81€E~03 2« 60E~03 S.83E-0%3 4.05E~0S 7«61E-0S 4439E-0S
251 S+53E-05 3<84E-05 3.91E~-0S 4.94E-0S 4,22E-0S 4+50E~0S 5.65£-09%
27.5 44+ 69E-05 4,00E~0S 843JE-05 4.34E-05 T+47E-0S S.17E~05 8.21€~09
3%.2 4.12E~-05 6. 11E-05 4.90E-03 4. 98E~-0S5 6.83E-03 #4+B89E-0% 8.96E~05
33t S.62€-05 T .43E-05 4.63E-0S 6.21E-05 3.82€-05 3.89E-05 2.89€-05
36,3 7.13E-0S 3.61E~-05 3.68E~0% 4.98E-05 2. 78E~05 ZeBAE-0S5 1.86€-05
39.8 2,59€-05 2.64E-0S 3.03€~-05 1+ 75€~-03 1+ 79€-05 2e00€E~-0S S+ 38€E-06
43.7 1+66E~-03 1 +.69€~05 1+90F=-05 B8.86E-06 9+03E-06 9+10€E-06 S.83E-06
AT.? B, 41E~006 84 35E-06 Te S9E-06 4= 13E-06 4. 26E-06 Jeb4E-00 2.12E~06
$2.5 3.97E-06 4.81E-06 1+96E-06 2400E~-06 2.08E-06 1+ 64AE-06 9.9%€=-07
57.3 1.90E-06 1.70E-06 9.27E~-07 9.43E-07 9.61€~07 §<B0E~0OTY 4.70€-07
hlet B ISE-O7 7+07E-07 8.37E-07 4.53E~07 J69E-OT7 1e56£-07
69.2 4,226-07 2.24E-07 1.81£-07 1.88E-07 1«91E-07 S«8T7TE-0S
5.9 1.04E-07 Te$S5E-0A 4.57E-08 4.74€-08 4+83E-08 2.9%~008
7.2 3.535-08 2.236-08 2.265-08 2+30E~-08 2.30€-0R 2439E~-08 2+43E-08
MN.2 2.18E-04 1+83E-08 . L5€-09 9.31E-07 F.49C-09 Fe67E-09 9.8%£-09
197.0 A.8IE-09 4.89F-09 3.64E£-09 4.51E-09 4.71€-09 2.806-09 4.90E-09
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TABLE 5

Natural and Seeded Large Drop

(Salt Distribution

n3n 10 -5

Concentrations

gm

*, Base Seeding)

(cm™)

Radius Cloud Base Temperature (°C)
(um) -5 0 5 10 15 20 25
NAT]JRAL 100 T.TrF-08 1.3%E-04 B.45E-08 S5.18E~0s 6Ge29E-08 3.90E~-04 4.37€-04
1.2 64 J9E=04 S5.40€E-05 4. 24F~-08 Se.46E-0Ca 4.20E-04 S+47E-08 1.21E-048
12.0 A.6%E-04 7.075-0a 4. 63E-08 3.575-0a 1.17E-04 2e51E-04 2.56E~-0s
13.2 3.J8E-04 1=11E-04 24 33E-0s8 2.82E-04 2.47C-~08 31 T77E-0s 3459E-04
1.5 1.90€-04 3.97E-0a 2. 79E-04 Je40E-0a 3.46E-04 2+95E-08 1e21E-0s
15.9 1.62E~04 1+.6SE~048 1+63E-04 1.15€-03 1a17€E-04 1.18E~04 L« 79E-0a
17.4 2.16E-08 2220€E~-04 ta11E~04 2.83E-04 2.88E-0a 1 «7S8E~-Qa 1. 79E-04
19.1 1. 71E-04 Le 7TAF~08 1. 77E-0a 1.09E-05 t«83E~0s 1.87€E-04 1.31E~-04
2049 1.61E~0s 1.83E-04 1. 66E-08 1.69E-04% 1.15E-0a4 1.29E-048 1«31E-0s
2.9 1.035-0S 1. 20E~-04 1+33E~0s l;]iE—Dl 2.22E~-05 $+13E-0% 1+ 15€-0%
25.1 t.21E-08 1.38E-0S 3.34E-06 1483E-05 1+46E-05 1-48E-05 2+ 6B6E-05
27.5 1.93IE-O05 1 .05L-05 1+ 07E-0S 1.09€E-05 1+11€-05 1+13E-0S 3.60E-00
30.2 1+ 38E-05 1.33€-05 1440€E=05 6.81E-06 6.94€-06 T.07E~06 3.60E-06
331 3.23:-06 3.29E-06 343aF~06 3.31E-06 JATE~06 3.53E-06 T« 20E-068
36.3 3. 71€-06 3.79€~-06 7.20E-06 3.93E-06 4+00E-06 4.08E-06 S5.54E-07
39.4 3.73£-06 34 79E-06 S. 13E-07 Se23E-07 1.07E€-06 1«09E-08 LelIE~06
a3.7 4.96E~07 5e05£-07 S.14E-07 1.05E-06 S+33E-07 5.43E~-07 SeS4E~Q7
47.9 4.965-07 S.05£-07 1.032-06 S.28E=-07 5433E-07 Se43E-07 SeS4E-OT
52.5 $.71E-07 S.81€E-07 7.72E-08 T.86E-08 1«60E-07 1+63E-07 1o 66E~07
573 1.49E~-07 1+52E-07 1eS4E-07 1.57E-07 8.00E-08 1 «063E-07 1 .68E~07
63.1 7.45FE-0d T+58E~08 T+ 72E-08 1.57E-07 t «60E-O7 B.16E-08 8.31E-08
69.2 B8+56E-08 8.71E~08 8.86E-08 1+17E-08 1+19€E~-08 La21E~-08 1.23E-08
7%5.9 1.11E-08 le13E-08 2429€~08 24.33E-08 2.38E~08 2.A02E-08 2.47E-08
83.2 2.21E-08 2.25€-08 1+15€E-08 1.17E-08 1e19E-08 2+42E-08 2e4TE-O8
9.2 t+11E-08 13E-08 1.15E~08 L.17E-08 1+19€E-08 O« 0.
100.0 1+ 71E-09 1+74E-09 1« 77E-09 1.80E~-09 1.83E-09 1+.87E-09 3+81E-09
SEEDED 10.0 0. 0. O Oe O O [-
1.0 [ 2% Ce Os O. Oe Oe [ 29
12.0 Qe Oe Qe Qe O 0. Oe
13.2 Q. O - Oe [- 2 L 76E-07 2.88E-07
18,93 Qe Oe Ce 1. 70E-07 2.16E-07 3.S6E-~07 T 04E-07
15.9 1.61E-07 2«05E-07 3.26E-07 3+43E-07 7«39E-07 Se81E~07 T+ 96E-07
17.4 3.2%E~07 Je72E-07 SeFAE-07 Se 76£-07 7-66E-07 1 «89E£-06 2+56E~-06
191 S.846E-07 1+0SE-06 Te3IE-O7 1.67E-06 1e55€E-06 243SE-086 3 TOE-06
20.2 1.58E-06 1.03E~-0Q6 3+27€-06 2.26£-06 4<.SG6E~-06 3-32E-06 2481E-06
22.9 2.45E~06 3.73E-06 2.62E-06 3.73E~06 24.70E-06 4 +98E-05 2.83£-08
25.1 3.S5¢E-06 3+ S9€E-06 2.61E-06 4.27€-06 2« 73E-06 393E-06 8.27E-06
27.% 4. 03E~06 2+58E-06 64 35€-06 3. 79€£-06 T=96E-06 8E-06 T +05€E~-06
30.2 3.S9E~-06 S+99E-08 3.9SE-06 4.02€-06 6e7IE-06 B8.32E-06 Tel6E~06
331 3.0RE-06 7.98E~-06 60 SAE-06 1434£-05 6.90E-06 3 «30E-0S T.STE~06
36.3 1.15€~05 653E-06 8.05€E-06 7. 1SE-06 T.28E-06 B8e04E-06 8.20€-06
3I%.8 6. 73E- 06 6+90E-06 1+32€E~03 7.75E~06 9eSSE~-06 Be.43E-08 B8.89€E-06
).z 7.35€-06 1 «06E~0S T+90E~06 ae.12E-06 1e24E£-05 9«B1E-06 1+ 00E-0S
ar.2 T« 70E~-00 1+ 38E~-03 9.29€~006 P 46E~06 1e29E~05 Pe21€-06 9. 39E-06
52.5 1.80E-0% 8.S7E~06 B.72E-06 8.88E-06 ToSLE-06 Te66E~06 7.80€-06
7.5 1.04E-95 7.12E-06 7.256-06 8.43E-05 3.35E-08 S.48E-06 B.56E-06
631 4.99€-06 5.07E-06 S, 16£-06 S5.S3E-06 3.36E-06 3.42€-06 Jea9c-06
69.2 3.13E~06 3.18E-06 3.26£-06 2.62E-06 1.62€-06 1e65E-08 1.68E-06
75.9 t.S1E-06 1+54€E-06 1.56E-06 1.21E-06 6.50E-07 6.62E-07 6. 7SE~07
nY.2 6.05€E-07 6e.15E-07 6. 26E-07 4,286-07 2.31€-07 2+30E-07 2480E~07
.2 2.15€6~-7 2.17€-07 2.23E-07 1.92£-07 5.436-08 S5+.33E~08 S5.64E-08
193,90 5. 05€~ 00 SsI4E~-0A 5.23E-08 S.331E-0A SeNHIE-09 T+83E~-09 7«98E~09
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TARE 6
Natural and Seeded Large Drop Concentrations (cm™)
(Salt Distribution "3", 10° g m™, Mid-cloud Seeding)

Radius Cloud Base Temperature (°C) ) )
(um) -5 0 5 10 15 0 5

NATURAL 1.0 T 7TE~OS 1.3JE-03 Y. 45E-03 6. L9E~28 6.295-0s 3.90E~-0a #237E-04
11.0 be IIE~-08 S.40E-05 4,.24C-08 2+86E-08 8,20C-0a S.47E~-08 1221E=-0s
12.0 8.H65E~08 T.Q7E-04 4.63E~ )8 J.STE~Os 1.17E-04 2+51F~-06 2.56E-04
1).2 3.38E-08 Tel11E-08 2+ I8E~-0a 2.42E-08 2.47E~0s La77E~-04 3.39E~0a
3.979E-04 3.97TE~0s 2 79E-08 3. 80E-06 3.46E~0a 22.95E~0a 1«21E~-00
1. 62E-08 1.65E-08 1+5685=04 1. 15E-04 1.17E-0s8 1t 3E~-08 1e79E=-04
2. 16E~08 2,20E-08 1e11E-08 2.83E-08 2.88E-08 1+ 76E—-08 e 79E~-08
1. 71E~-%4 1«74E-00¢ 1« 775-04 1.09E=-05 1+.83E-04 1+.87€E-0s 1+31E-0a8
1.niC~-08 1 «63E-08 1.66E-0¢ 1569E-04 1-1SE-0& 1.29E-08 1«31E-08
1.03C-05 1.20E-0a 1335-34 t«31SE-08 2.22E-05 1.13E~05 31+ 15E-05
1.21E-0s 1.38E~-0S 3.34E-06 1+83E~-05 1.346E-05 188E~-05 2.66E~05
12 23E~05 1.05E~-0% 1.07€-05 1+096-05 1.11E~05 1«13E-05 3.60E~-06
1« 36E-93 1<33E-05 L.40E~-35 6+81E-06 S5«aF8E-06 T«07E=-06 3.60Z~06
3. 23E-006 3.29E~-06 3+ J4E-06 3J.81E-06 3.47E-06 3.53E~-06 T«20E-06
3. 735~006 3. 79E-06 T220E-06 3.93E-06 4.00€E~06 4.08E-05 S5.54E-07
3. 7TIE=056 3.79€-06 S5.1%€E~-37 Se20E~-07 1. 07E~06 1.09E-06 le11E~06
4.96E-I7 S.0S5E-07 Se 18E-0Q7 1.05E~-06 Se33E-J7 SeA3E~07 S$.5S4E-07
4.96€E-07 Se0SE-0T 1.03E-06 S 24E-27 S.33E-07 S«43E~0O7 S5eS4E-0T7
S« 7LE-07 S.A81E-07 T7.72E-08 T.86E~08 1.60E~-07 1«63E-07 166E-0T
1.435=07 1.52€E=-07 1eS4E-07 1+37E-07 8.00E~08 L +563E-07 1«66E~-07
Tea5E-23 T59€-03 T.72E-08 1+ STE-OT7 L«&50E~-27 B.16E-08 B8.31€E-08
8.56E-09 8.71E-08 B8.86E-08 1.17E-08 1.19€-08 1.2t1E~08 1«23E-08
1a51E-08 1.135-08 2.29E-08 2433E-08 2.38E-08 2.42E-08 2.4TE-0Q8
2.,215-09 2.25C-08 1+15E-08 1.1 7E-08 1.19E-08 2e.42E-08 2e47€E-08

1.11E~08 1.13E-08 1.15€-08 1-.17E-08 1.19E-08 Qe Qe
1.7t=-09 1a7T4E-09 1« 77E-09 190E-09 1«83E-09 1«8TE~09 3.81E-09

SEEDED 10.0 O. O 0. Oe Oe Qe Oe

11.0 0. L 29 Qe 0. O [ (- 2%
12.0 0. Ve 0. Ca Oe 2.18€-07 4 11E-07
13.2 O. Qe Qe 2.10E-07 2e14E-07 3.09E-0O7 S«TIE-O07
16.95 7+96E~03 2.03€E-07 2+.65E-07 2.97€-07 Te31€E-07 4.37E-07 TeBBE-07
15.9 4.01E-07 2.87E-07 5.47E~07 4. 21E~07 T=59E~07 1.87TE-06 1+59€E-06
17,9 3.995-07 1«13E~06 T«JIE=-Q7 1.BOE-06 1«07E-06 2+32E-06 4.69E-06
19.1 t-51E-06 1.02E-06 1.92E-06 2224E-06 4,43E-06 24 TAE-06 2. T7BE-06
2.9 2 32E-0% 2«16E~06 3.92E-06 2.68E-06 3.21E-06 3.28e-08 2+.680E-06
22.9 2+51E-06 S.08E-06 2.39%€E-06 4o TSE-06 2. TOE~06 6+09E-006 3.97€-06
23.1 4.50E-06 24 5S6E-00 2.60E-06 4.2BE-006 3.82E~08 4.13E-06 Se61E-06
27.9 4.0HE-06 3.62E-06 T+ 80E-06 3.98E-06 8.09€~06 6.88E-06 113E-0%
30.2 3. 78E-06 64 39€-06 5.48E-06 6.59E~-06 9+S1E-06 6.95E~-06 B8.91E-06
33.1 7+%3E-06 1.03E-05 6.38E-06 Qe SIE-06 Te21E~06 TeIBE~-0Q6 8.31E-06
363 1+ 1BE~0S 68.83E~06 B8.935E-06 Le I9E~0S T.81E-06 T+96E~06 B8.50E~-06
39.9 7.27€E-06 7<40E-06 9.11E-06 B8.04E-06 B8.19E-06 103E-0S 9+ 90E-06
437 7.62E-06 Te76E~-06 1<18E~-0QS 9+ 36E~-06 9.33E-06 1.18E~-08 9+30E-06
al.9 8. 88E~05 9.03E-06 1«23E-09% 8.79€-006 B849SE~-06 B8430E-06 T-73E~06
52.5 %.33C-06 te1JE-0Q% Te ) 7E-06 T7+430E-06 Te84E~-06 6. 71E-06 35.50E~06
57.%5 6.935-06 Te285-06 S.11E-06 $.20E~06 S5+.30E-06 J=.92E~-00 3+406E-006
63.1 4.94E-06 4.53E-06 3.21E-06 3.27E-06 3.33E~-06 2«.7T1E~-06 1e33E-008
69.2 3. 10E-04% 1.8S5E-06 1+55E-06 1+59€E=-06 1 «60E-06 1<43E~-086 6.00€-07
759 1+561E-06 TeE-OT 620F-07 6.31E-07 B.83€-07 63SE~OT7 4.0LE-O07
a3.2 4, 79E~-07 2+.52F=-07 2«21E-07 2+25%€-07 2e29E-07 2433€E-07 2438E-07
.2 2.13E-07 tel7€-07 S, 18E-08 S«27E-08 $.37€-08 S+87TE-08 S5.58E~-08
100.0 5.00€-03 2+ 13€E-00 5.86F-09 T.4AE-09 7+80E-129 T+ T%E~-09 T«90€E~-09




Natural and Seeded Large Drop Concentrations

(Salt Distribution "4", 10~
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TABLE 7

g m~

, Base Seeding)

(cm™)

Radius Cloud Base Temperature (°C)
{um) -5 0 5 10 15 20 25
10.) 2. 77¥=-00 1.395~-03 B.45E~-34 Be18E-D0 6.29E-Q8 3.90E~-08 8.37E~0a
NATURAL 1.2 6. 305-04 5.80E=-05 4.28E-08 S.A6E-04 4,20E~04 S.47E-04 1.21E~00
12.0 A.55E-04 7T.07E-0s 4.63C~048 3.575-0a Ll 7E~-Q8 2eS1E~0a 2.56E-048
13.2 3. IRE-00 teltE=Q@ 2. 38F-0s 2.425-04 2.87E~0s 1-77E~048 3.59E=0s
18.5 3. 92€E~08 3.97E-0s 2+ 79F-04 3.40E-04 3. A6E~-06 2.95E-08 1.21E-04
15.9 1. 62E-08 1.65E-08 1+ 63E-38 1+ 15E~0a 1.17E~-08 1+18E~-08 1+ 79E-04
t7.4 2.16E-0a 2420E~08 1e115=-0a 2483E-0a 2.88E=-08 1e76€E~-0a 1. 79€E-04
194 T 75E~-08 1e 70E-00 1.77E-0s 1.09€-05 1.83E-0Q6 1.37E-04 1+31E-0s
2% 1.61E-08 163E-048 t1.66E~-08 1+69E-04 1.15E~-08 1<29E-04 J«31E-08
2.9 1.03E-05 1.20E~-0s 1+33F-048 1.35E-0s 2.22E-05 t«t3E-0S L+ 15E-0S
25t 1.21E=-08 1+33E-0S5 3.34E-06 Le8JE~-O0S 1.46E~-0QS 1 <48E-05 2.65E-0%
27.% Led)<~0% 1.055-038 1.075-05 1.09E-0S 1.11E-05 1.13E~-0S 3.60E—-08
30.2 1+ 30F-Q5 1.38E-05 1. A0E-05 6.01E-06 6.94E~ 06 T7.07E-06 3.60€E-06
33.1 3.23E-06 3.29€E-06 3« 34E-06 3.41E-06 3.47E-06 3.53€E-06 7.20E-08
36.3 3. 73E~-06 3.79E~06 7.20E-06 3.93€-~06 4,.00E~-06 4.08E~06 S.54E-07
3%.9 3. 73E-06 3. 79E-06 Sa18£-07 Se.24E~-07 1.07E~-006 1+09E~-06 1.l1E-Q6
a3.7 4.96E-07 5.05€-07 Se 14E~07 1.05€E-06 5.33E~-07 Se.43E~0O7 S,5S4E~-07
ar.9 4.96F-07 S5.05FE-07 1. 03E-06 S5+ 24E-07 5.33E-07 Be43E-O7 5.,560E-07
52.5 S.71€E-07 5.81E-07 Te72E-03 7.86E-08 1.60E-07 1.63E~07 1-68E-Q7
57.5 Lo 49E-Q7 1« 5S2E-07 1e54E-07 1+37E~-07 8.00E~08 1=83E-07 1.66E-07
63.1 7T.45€E-08 7.SRE~08 Te72E-08 1.57E-07 1.60E~07 8.16€E~-08 8.31E~-08
63.2 9.56F-0R B.71£-08 8.85E-08 1«17E~-08 1.19€-08 1.24E-08 1.23E-08
75«9 1.11E-08 1.13E-08 2429E-08 2.33E~-08 2.38€e-08 2«42E-08 2.47E-08
83.2 2.21E-09 2.25€-08 1.15€E~09 t1.17E~-08 1-19E-08 2442E-08 2.87E-08
91.2 1.11E-08 le13E-0B 1.15E~08 1=17E~08 1+19E~-08 0. O
100.0 L. ?71E-09 1e74€E-09 1+77E-09 1.80E-09 1.83E-09 1.87E-09 3.81E-09
S 10.2 Oe Oe Oe Qe [+ 29 O Oe
EEDED 11.0 - % Qe O 0. Qe Q. Oe
12.0 0. 0. Oe O Ve Qe Ce
13.2 - Y 0. (- 2% Oe Oe 3.19E~-08 6.95E~08
18.5 Oe Qe Os 3.08E-03 3.92E~08 «SO0E-Q7 3.19€-07
1%.7 2.92E-08 3.71E~08 D+ 18E-09 1+88E-07 3.35E-07 2+00E-07 2490E-07
17.0 1.37€~-07 1+69E-07 2.70£~07 2.47E-07 2.79E~07 1 .09E-06 1.869€E~-06
171 2.3%€E-07 4. 13E~-Q7 2+ 69E-07 9.92E-07 1.07E-06 1=42E-06 2.64E-06
2049 D+81E-DT TeA46E-0O7 2.11E~08 1+37E-08 3.10E-06 2+84E~0CO 2.18E-086
22.7% 1«30E-06 2.45E-06 Le91E~-08 2« T7E-06 2+.10E-06 3.7T1E~06 2404E~-00
2%.1 2.63E-06 2. 74E-05 2.03€E-06 3+10E-06 1+96E-06 178E~06 4.80E-06
27.% 3. 00E-06 1.88E-06 3.5S8E~-06 1+72E-06 8.23E~D6 2eS3E-06 2e 7TAE~-0O
3.2 1.63E-06 3.07E-06 2.40E~06 2.84E-06 2.64E-06 3.32E-006 3. 28E-06
33.1 2+A0E-06 J.a0E-08 2+54E-06 S.65E~06 3.12E~06 S.69E-06 3.21E-00
J6.) 4,86E-06 2.95E~06 3.50E-006 3.03E-06 3.09E-06 3.85£-08 3.92€-00
J9.8 2.B8E-06h 2+93E-06 6.02€~06 3. TIE-06 4.53E-08 J.82€-06 3L R0E~08
4%.7 3.51E-06 5, 00E~-06 Ja62E-06 3.88E-06 S<LGE-06 3.67E-06 3. 74E-068
ar.9 3.49E-06 S5.54E-06 3.A7E~08 3.53E-06 5.09E~-06 3.72E~-06 3. 79€-08
5%.% Se3I9E-06 3. 40E-006 3.S52E-06 3.59€E~-06 3.76E=-06 J.23)E-06 3.9E~-06
57.5 8, 06E~- 06 3.56E-06 3. 63E-06 4,38E-06 J.30E~00 JoSHE~06 J.63E~-06
63.1 3. 25E~-06 3,31E-06 3.37E-06 J.92E~086 2+98E-08 3.08€E~-06 J.10E~-06
69.2 2. 7THE-06 2.82E~06 2.83€~086 2.68E-06 2.34E-06 2+ 39€E-06 2e43E-06
73.9 24 1BE-06 2.22E-06 24265-96 2.0%€E-086 s 71E~06 1 74E£~-06 L« 78E~006
A3e.2 1.59E-06 1.62E-06 1. 65F-068 1.22E-06 1.09€E-06 1.11€E-006 1.13E-006
.2 1.01E-06 1.03F=-06 1.05F-06 B.52E-07 S.28E-07 S.JeE~-O7 S.M8E-07
190,02 4.88E-07 4.96E-07 5+05F-07 Selot-07 1+26E-07 2+13E=-07 2.1 7E-07
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TABLE 8

(cm™)

(Salt Distribution "4", 10°° g m™’, Mid-cloud Seeding)

Radius Cloud Base Temperature (°C)
(pm) -5 0 5 10 15 20 25

NA11JRAL 10.9 7.77C-04 1.+395-03 885608 65.19E-04 65.29E-08 3.90E-08 4.37E-0s
1122 64 39E~04 5.40E-05 4.20E-04 5.46E-04 4.20E-0a S.e7E-08 1+21E-08
12.) 4.65E-08 7.07€-04 4.63E-04 J.S7E-04 1.17C-04 2.51E-04 2.56E-04
13.2 3.3A5-04 1.11E-08 2.38E-04 2.42E-04 2.47E-08 1.77E-08 3.59E~-06
1e.5 3.90E-0e 3.97E-04 2.79e-08 3.40€-04 3.46E~0a 2.956-08 1.21E-04
15.9 1.62E-04 1.655-08 1e68E-08 1.15E-Ca 1.17€-04 1.196-04 1.79E~08
17.4 2.15E-08 2.20E-04 Let1lE-D& 2.83€E-04 2.88E-0s 1.76E~08 1.79E~0s
19.1 1.71E-08 1.7aE-08 1.776-08 1409E-0S 1.83E~0s 1.87E-04 1.31E-04
20.9 1. 51E-08 1.635-08 1.86F-08 1.69E-04 1.15E-08 1429E~-08 1.31E-04
22.9 t.03£-05 1.20E-04 1.335-06 1+35€-04 2.22€-05 1.13E-05 1.15€~03
25.1t 1.21E-Ds 1.33E-05 3.30E-08 1.43E-05 1.06E-03 1.4BE~0% 2.66E-05
27.5 1.03E-08 1.0SE-05 1.07€-35 1409E-05 1.11E-05 1.13E-05 3.60E-06
39.2 1436E-2% 1.33E-05 1.40E-05 5+31E-06 6.94E~06 7.07E-06 3.60E-06
L3 ) 3.235-0% 3.296~06 3. 34E-06 3.81E-06 3.476-08 3.53E-06 7.20E-06
3543 34 732-06 3. 79E~-06 7.20€-06 3.93E-06 4.00E-06 4,09E-~06 SeSeE~0T
39.4 3. 73E-06 3. 79E-06 5.14F-07 5.24E-07 1.07€-06 1.09E-06 1.11€-06
3.7 4.982-07 S.05€-07 S.14E-07 1.05E-06 5.33E-07 S.43E-07 SeS54E-D7
47.9 4.95E-07 5.05€-07 1.03E-06 5.24E-07 5.33E-07 S.43E-07 S.34E-07
52.5 S.T1E-07 SeB1E~0T 7.77€-08 7.86€-08 1.60E-07 1.63€~-07 1+65E=07
57.5 1.49€-07 1.52€~07 1.54E-07 1.57€-07 8.00E-08 1.63E-07 1.665-07
63.1 7.45E-03 7.582-09 T.72E-08 1+57E~-07 1.60€E~07 B8.16E-08 B.31E-08
69.2 A.S8E-08 8.71E-08 8. 86508 t.17e-08 1.19€-08 1.21E-08 1.23e-08
753 1.11E-08 1.13€-08 2.29%-08 2.33E-08 2.38E-08 2.42E-08 2.47£-08
A3.2 2.21€-08 2.25€-08 1.156-08 1.17€-08 1.196~08 2.02E-08 2.47E~08

9.2 1.11E-94 1.13g-38 1.155-08 1.17€-08 1.19€-08 %. o.
100.0 1471E-09 1.74E~09 1.77E~09 1.80E-09 1.83E~09 1.87E-09 3.81E~09

SEEDED te-° [ 0. 9. o. o. c. 0.

1.0 0. 0. 0. Q. 0. [18 [
1Z.0 2. 0. a. a. Q. 3.95€-q8 1+26€-07
13.2 0. 0. 0. 3.81E-08 3.88€-08 1.40E-07 2459€-07
18.5 1.44E-08 3.67E-08 6.39€-08 1.35€-07 3.326-07 1.98E-07 2.876-07
15.9 1.50E-07 1+30E-07 2.936-07 1.91E-07 2.76E~07 1.08E-06 1e10E-06
17.4 1.8tE-07 A.aSE-Q7 2.66E-07 1.04E-06 7.79€-07 t.81E-Q6 3.18€-06
19.1 8.37€-07 7.30E-07 t.28E-06 1.36E-06 2.93E-06 2.00€E-06 2e16E-08
20.7 1.43E-06 1.31€-06 2.69E-06 1.92E-06 2.47€-06 2.31€E-00 2.026-06
22.9 1.82E-06 3.83E-06 2.01E-06 3.57E-06 1.946-06 3.356-06 1.80€-06
231 3. J8E-06 1.84€-06 1.87c-08 2.08E-06 1.73€-06 2.31E-06 3.10€~06
27.5 1.97E-06 1.64E~06 4.04£E-06 2.41E-06 4.026-08 2.66E-06 4. 7TIE-06
30.2 2.29€-006 3. 32E-06 2.52€-08 2456E-06 A4 1IE-06 3.14E-08 3.82E-06
33.1 3.00€-05 A.40€-06 2.976-06 4.23E-06 3.06E-06 3J.12E-06 J.88€-06
3643 S.14£-06 2.90€-06 2.95E-08 S5.ATE~06 3.74E-06 3.81€E-08 3.86E~06
39.8 3.4AE-06 3.S4E-06 4.32E-06 3.65E-06 3.T71E~06 4.31E-06 3. 70E-06
a7 3.46E-06 3.526-06 4.93E-06 3.S0E-06 3.36€-06 4.38E-06 3.765-06
47.7 3.32E-06 3.38E-06 *.86E-06 3.5S€E-06 3.62E-06 3. 73E-06 3.87E-06
52.5 3.37-06 4.80E-06 3.59E-06 3.66E-06 3. 726-06 3.69€-06 3.59E-06
s7.3 3.a7€-06 4.08€-06 3.34€-06 3.40€-06 J.46E-00 2.726~-06 3.07E-06
63.1 3.22E-06 3.556~06 2.85£-06 2.90E-06 2.95E-06 2.41€-06 1.936-06
69,2 2.755-06 2432€-08 2.24E-06 2.205-06 2.32€-06 2.36E-06 t.19E~-06
75.9 2.486-06 te72E-06 1.63£-96 1.66E-06 1.69E-06 1.72E-06 1.0SE~06
A3.2 1.26E-06 9.31E-07 1.04E=06 1.05€-06 1.07€-06 1.09€-06 1.12e~06
9.2 1.00E-06 T.01F-0T S.00F-07 3.09€-07 S.186-07 S.28E-07 S.385-07
197.9 4.81E-07 2436E-07 1.60€-07 2.01E-07 2.07€-07 2.11E-07 2.15€-07
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Since the distributions shown in Tables 3-8 were generated by
rigorously partitioning drops from a finite number of categories of nuclei
into discrete size intervals, the distributions are not particularly smooth.
There is, however, a systematic pattern in each of the three distributions
for the number of large drops created by salt seeding relative to the
number of comparable-sized drops from the background aerosol. This pattern
is illustrated in Figure 2, which shows a smoothed presentation of the
relative large drop concentration in a typical case (107° g m”> of salt
introduced at cloud base for a 5°C cloud base temperature). Since, in
this study, increases or decreases in the seeding rate are modelled by
directly changing the number of large drops created by the seeding, the
effect of changing the seeding rate on the relative number of seeded and
natural drops can be estimated by simply translating the curve in Figure 2
up or down by an appropiate amount. In all, seven different seeding rates
were investigated, ranging from 10°® g m™®(more natural large drops than

seeded drops) to 10 % g m® (vastly larger numbers of seeded drops than

natural drops) .
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Figure 2. Number of large drops formed by seeding with 10"
g m?® of salt relative to the number of natural large drops

(5°C cloud base temperature).
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RESULTS

Two different models were used for the bulk of this study. Both
are continuous collection models. Both are used to predict the onset of
precipitation as signaled by the development of radar reflectivity factors
exceeding 10 dBZ. Both models are described in detail in Appendix C.

The first model neglects sedimentation of the growing drops and predicts

the evolution of the radar reflectivity in a closed parcel rising at

constant velocity. The second model follows the individual trajectories

of the drops as they are carried aloft, grow, and eventually fall out of

the rising current of air. 1In both cases, 52 separate categories of large
drops (26 natural and 26 seeded) were used to define the evolution of the
reflectivity. With this many separate classes of drops, and with the assumption
of a steady state introduction of these particles into the base of the cloud,
it i1s possible to go beyond illustration of sample trajectories to produce
estimates of the complete time-height cross sections of radar reflectivity

in the cloud as a whole (see Johnson, 1979).

Parcel Model

With the parcel model, the most basic result is the time or
height necessary to produce a 10 dBZ first echo. 1In this part of the
study, runs were performed to encompass seven different seeding rates
(plus unseeded), seven different cloud base temperatures, and seven dif-
ferent updraft velocities. 1In each case, all seeding calculations were
repeated using all three assumed salt distributions and for seeding at

0.5 and 1.0 km above cloud base as well as at cloud base. In these
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calculations (3126 separate computer runs) only adiabatic water contents
were condisered. To test the possible effect of subadiabatic water contents,
all runs for one of the salt distributions (distribution "3") were repeated
with the water contents arbitrarily restricted to half their adiabatic
values. Counting the unseeded control cases, this required 1078 additional
computer runs. The results of these seeding runs, both adiabatic and half

adiabatic, are presented in Appendix P.

Figure 3 illustrates the general pattern of reflectivity with
height in the rising parcel. The right-most (unseeded) curve follows the
traditional parcel model reflectivity pattern. At first, there are so few
large drops that the main contribution to the reflectivity factor comes
from the smaller, but vastly more numerous, cloud droplets. As these drops
grow by condensation, the reflectivity first increases and then levels off
around -15 dBZ as the steady reduction in droplet concentration per unit
volume due to the continued expansion of the rising parcel balances droplet
growth. Since most radars can only begin to detect atmospheric water drops
when their collective reflectivity totals 10 dBZ or more, this early rise
in reflectivity remains unobserved. Eventually a few large drops begin
to grow toward precipitation sizes and the reflectivity rises to observable
levels. Seeding with small quantities of salt (for example 10°° g m?)
will add large particles capable of growing into precipitation-sized drops
and will speed the development of 10 dBZ reflectivities. The early pattern
of reflectivity evolution due to cloud droplet condensational growth,
however, will not be affected. If large quantities of salt are introduced

“?) , then the water drops forming

in the rising parcel (for example 10 % gm
on the seed nuclei will be numerous enough to immediately dominate the

reflectivity (in this case, representing an initial reflectivity of almost
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Figure 3. Evolution of reflectivity with height above cloud base
predicted by the continuous collection parcel model for three

different seeding rates (plus unseeded).
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-10 dBZ), but will still show little additional growth until they start
to grow into raindrops. In this case, however, there are so many growing
drops that they rapidly deplete the supply of smaller cloud droplets,
limiting their own growth and restricting the subsequent rise in the
reflectivity factor.

The height at which the reflectivity first exceeds 10 dBZ is
strongly dependent on both cloud base temperature and updraft velocity.
Table 9 shows the height required to reach 10 dBZ for the natural (unseeded)
cases.” In reality, of course, not all of these predictions would be
realized since ice-phase processes, not modelled in this study, will often
become active before coalescence rain has a chance to develop. Table 10
shows the effect of seeding with a wide range of salt concentrations for a
single cloud base temperature (5°C) and updraft velocity (4 m s ') . The
smaller seeding rates have little effect. Once salt concentrations greater

} are introduced, however, rather dramatic effects are pre-

than 10> g m°
dicted. By the standards used in previous studies, this is a Very high
concentration of salt. For the same general conditions, for example,
Rokicki and Young (1978) predicted a lowering of the first echo by about
1700 m for a seeding rate of 100 grams per square kilometer per minute
4 x 1077 gm’).

Table 11 shows the percentage change in the predicted height
of the 10 dBZ first echo for various cloud base temperatures and updraft
velocities. 1In each case, the rising parcel was seeded with a hefty 107

g m® of salt. Although there are large differences in the predicted

heights of the 10 dBZ first echoes (see Table 9), the seeding effect, in

2 In all cases, model computations were terminated at 8.0 km above cloud

base whether or not 10 dBZ had been reached.
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TABLE 9

of 10 dBZ First Echo

(Adiabatic Parcel Model, Unseeded)

Cloud Base Updraft Velocity (m g™1)
Temperature (°C) 1 2 3 4 6 8 10
25 1121 1576 1927 2225 2734 3175 3573
20 1124 1597 1968 2288 2843 3332 3782
15 - 1180 1692 2100 2457 3088 3658 4195
10 1280 1854 2321 2737 3492 4198 4890
1420 2084 2640 3148 4105 5056 6053
0 1626 2431 3132 3801 5153 6656 >8000
-5 1897 2913 3857 4823 7063 >8000 >8000
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TABLE 10

Height (m) of 10 dBZ First Echo for a 5°C Cloud Base
and a 4 m s Updraft (Adiabatic Parcel Model) .
Concentration

of Salt Distribution Distribution Distribution

(g m-?) "2 "3 "4

UNSEEDED 3148 3148 3148

SEED AT 1078 3147 ( 0%) 3144 ( 0%) 3141 ( 0%)
CLOUD BASE o1 3141 ( 0%) 3115 ( -1%) 3091 ( -2%)
107° 3093 ( -2%) 2975 ( -59%) 2898 ( -8%)
107° 2921 ( =7%) 2722 (-14%) 2617 (-17%)
107 2663 (-15%) 2442 (-22%) 2324 (-26%)
107 2384 (-24%) 2149 (-32%) 2019 (-36%)
1072 2098 (-33%) 1842 (-42%) 1681 (-47%)
SEED AT 1078 3148 ( 0%) 3147 ( 0%) 3146 ( 0%)
LORL g 3146 ( 0%) 3138 ( 0%) 3129 ( -1%)
10°° 3132 ( -1%) 3076 ( -2%) 3028 ( -4%)
107° 3045 ( -3%) 2889 ( -8%) 2797 (-11%)
107" 2838 (-10%) 2632 (-16%) 2524 (-20%)
107° 2578 (-18%) 2356 (-25%) 2236 (-29%)
1072 2303 (-27%) 2061 (-35%) 1926 (-392%)
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TABLE 11

Parcel Model Seeding Effect (% change in height of 10 dBZ first echo)

for a Salt Concentration of 107* g m (Salt Distribution "3") .

Cloud Base Updraft Velocity (m s

Temperature (°C) 1 2 3 4 6 8 10
SEED AT 25 —21%  -21% -21% -22% -22% -22% -23%
CLOUD BASE 20 —21%  -21% -22% -22% -23% -23% -24%
15 —22%  -22% -23% -23% -24% -24% -25%
10 —22%  -23% -23% -24% -25% -26% -27%

5 —20% -21% -22% -22% -24% -26% -28%

—21% -22% -23% -24% -27% -30%  **

-5 —21% -23% -25% -27% -32%  ** *k

SEED AT 25 05 -3% -8% -12% -15% -17% -19%
1.0 KM 20 0% -3% -8% -11% -14% -17% -18%
15 0% -3% -8% -12% -15% -17% -19%

10 0% -6% -11% -14% -17% -20% -22%

5 1%  -9% -13% -16% -20% -23% -25%

0 -3%  -12% -16% -19% -23% -27%  *%

-5 -5%  -13% -17% -21% -26%  ** * %
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terms of the percentage change in the predicted height, is amazingly uniform.
Delaying seeding until the parcel reaches some significant height above
cloud base gives the natural nuclei a head start that reduces the net
seeding effectiveness. This is particularly true for those cases in which
the unseeded runs predict precipitation development in relatively thin
clouds (warm cloud base temperatures and slow updrafts).

In general, cloud water contents are seldom adiabatic. To test
the possible effect of subadiabatic water contents, a number of runs were
repeated with the water contents arbitrarily restricted to half their
adiabatic values. Table 12 shows the height required to reach 10 dBZ for
the natural (unseeded) cases.’ Table 13 shows the effect of seven different
seeding rates for a single cloud base temperature (5°C) and updraft velocity
(4ms ). Table 14 shows the percentage change in the predicted height
of the 10 dBZ first echo for various cloud base temperatures and updraft
velocities for a single seeding rate (10* gm °) . In spite of the change
in water contents and greater depth of cloud needed to reach 10 dBZ, the
pattern of the results and the magnitude of the seeding effects (expressed

in percentages) is relatively unchanged.

While these runs have looked at a wide variety of initial con-
ditions, the same background aerosol was used in each case. In order to
test the sensitivity of the results to this particular aerosol distribution
32 additional runs of the parcel model were performed in which either
(a) the total number of cloud droplets was greatly reduced without changing
the number of natural large drops or (b) both the total number of cloud
droplets and the number of natural large drops were reduced by the same

amount (see Table 15). Reducing the total number of cloud droplets

> As before, model computations were terminated at 8.0 km above cloud

base whether or not 10 dBZ had been reached.



(Parcel Model, Unseeded, Half Adiabatic Water Contents)
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TABLE 12

of 10 dBZ First Echo

Cloud Base Updraft Velocity (m g71)
Temperature (°C) 1 2 3 4 6 8 10
25 1627 2287 2802 3245 4019 4711 5360
20 1654 2361 2927 3424 4315 5140 5945
15 1757 2547 3197 3785 4880 5957 7085
10 1931 2851 3639 4380 5856 7476 >8000
2176 3294 4308 5326 7623 >8000 >8000
0 2543 3998 5458 7124 >8000 >8000 >8000
-5 3050 5102 7617 >8000 >8000 >8000 >8000
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TABLE 13

Height (m) of 10 dBZ First Echo for a 5°C Cloud Base
and a 4 m s ' Updraft (Half Adiabatic Water Contents).

Concentration Salt Distributiam "3"
of Salt SEED AT SEED AT
(m?) CLOUD BASE 1.0 KM
UNSEEDED 5325 5325
10°® 5319 ( 0%) 5322 ( 0%)
10-’ 5260 ( -1%) 5285 ( -1%)
10°° 4981 ( -6%) 5074 ( -5%)
10°° 4494 (-16%) 4626 (-13%)
107 3981 (-25%) 4122 (-239%)
10°° 3470 (-35%) 3617 (-32%)
1072 2947 (-45%) 3103 (-42%)
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TABLE 14

Parcel Model Seeding Effect for a Salt Concentration of 107* g m™

(Salt Distribution "3", Half Adiabatic Water Contents)

Cloud Base Updraft Velocity (m g7!)

Temperature (°C) 1 2 3 4 6 8 10
SEED AT 25 -21%  -21%  -21%  -21%  -22%  -23%  -24%
CLOUD BASE 20 221%  -21%  -22%  -22%  -23%  -24%  -26%
15 -22%  -23%  -23%  -24%  -26% -27%  -29%

10 -22%  -23%  -24%  -25%  -28%  -31% o

-20%  -22%  -23% -25%  -30% *x i

0 -21%  -24%  -27%  -30% *x *x *x

-5 2928 -26% -32% * % * % * * * %
SEED AT 25 -4% -12% -15% -17% -19% -21% -22%
1.0 KM 20 -4%  -12%  -15%  -17%  -19%  -21%  -22%
15 -5% -12% -15% -17% -20% -22% -25%

10 -7%  -14%  -18%  -20%  -23%  -27% i

-9% -16% -20% -23% -28% o i

-12%  -19%  -23%  -28% i o *x

_5 _130/ _209 _279 * % * % * % * %




(Adiabatic Parcel Model,

Height (m)

TABLE 15

of 10 dBZ First Echo

Cloud Base Seeding with Salt "3")

Concentration 5°C Cloud Base, 4 m s™' Updraft 15°C Cloud Base, 4 m s~ Updraft
of Salt
(g m-2) 759 cm @150 cm™? ®150 cm? 631 cm™® @100 cm™ *®100 cm™?
UNSEEDED 3148 2746 2972 2457 2191 2335

108 3144 ( 0%) 2743 ( 0%) 2954 ( -1%) 2453 ( 0%) 2188 ( 0%) 2323 ( -1%)
10" 3115 ( -1%) 2719 ( -1%) 2856 ( -4%) 2424 ( -1%) 2167 ( -1%) 2254 ( -3%)
10"¢ 2975 ( =5%) 2599 ( -5%) 2632 (-11%) 2301 ( -6%) 2065 ( -6% 2084 (-11%)
10'° 2722 (-14%) 2370 (-14%) 2374 (-20%) 2106 (-14%) 1882 (-14%) 1884 (—19%)
10-" 2442 (-22%) 2112 (-23%) 2112 (-29%) 1891 (=23%) 1675 (—24%) 1675 (—-28%)
10" 2149 (-32%) 1836 (-33%) 1836 (-38%) 1659 (=32%) 1450 (-34%) 1450 (-38%)
10" 1832 (-42%) 1539 (-44%) 1539 (-48%) 1396 (—43%) 1199 (-45%) 1199 (-49%)

(a) Normal tail of large drops.

(b) Large drop tail reduced to match reduction in total droplet concentration.

-08-



-31-

accelerates the rise in reflectivity, but only to a limited degree. When
only the total number of cloud droplets is changed, as in (a), the magnitude
of the seeding effect (in %) is virtually unchanged. This lack of sensi-
tivity to variations in the total number of cloud droplets is one of the
surprising results of including the natural "tail" of large drops and has
been discussed by both Ochs and Semonin (1979) and Johnson (1979). One
interesting implication of this finding is the possibility that special
care to remove the submicron portion of hygroscopic treatments may not be
necessary. On the other hand, when the natural tail of large drops is
modified, as in (b), the relative drop concentration (see Figure 3) is
directly affected and this in turn will change the magnitude of the seeding

effect.

Trajectory Model

The time-height cross sections of radar reflectivity generated
with the trajectory model results allow testing a much wider range of
seeding strategies than possible in a parcel model. Seeding can be
performed at any location and at any time during the life of the cloud.
In this portion of the study, runs were performed for seven different
seeding rates (plus unseeded), six different cloud base temperatures, and
six different updraft velocities. In each case, all seeding calculations
were repeated with each of the three salt distributions and for six
different times for seeding to start or locations for seeding. In these
calculations (4572 separate computer runs) only adiabatic water contents
were considered. In each of these runs, it was assumed that, once initiated,

seeding continued at a steady uniform rate. Since this is a bit unrealistic,
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modifications were made to the trajectory model to allow "turning off"
the seeding after a specified length of time. Five different lengths of
seeding pulses (ranging from 15 seconds to two minutes) were investigated
for one salt distribution (distribution "3") and seeding strategy

(seed at 0.5 km above cloud base). The results from these additional
runs (1260 runs in all), however, showed little difference from the
earlier results with continuous seeding. The results of these seeding
runs, both continuous and pulsed, are presented in Appendix T.

Figure 4 illustrates the type of time-height cross sections
obtained with the trajectory model. The shaded regions represent those
portions of the cloud having radar reflectivities >10 dBZ. In each case,
the cross sections end abruptly with a straight vertical line when the
reflectivity, at any level, reaches 30 dBZ, and the calculations are
terminated. Since it is unlikely that ground-based or area-seeding
techniques will produce concentrations of salt entering cloud base much
in excess of 10" g m™® (see Fournier d'Albe, 1976), it is necessary to
consider seeding individual clouds by specially equipped aircraft. Since
the cloud must already exist before it can be identified and marked for
treatment, the seeding must start at some time after the initial develop-
ment of the cloud. In the examples shown in Figure 4, all seeding was
delayed until the cloud reached a depth of 0.5 km. In 4(a), the seeding
was then applied continuously at 0.5 km above cloud base, while in 4(b)
it was applied at cloud base. A close look at this figure suggests that
base seeding may allow the echo to form a bit lower in the cloud, but
sharply reduces the magnitude of the seeding effect as measured in the

reduction in time to echo formation. This is the natural result of



HEIGHT (km)

! l

REFLECTIVITY >10 dbZ
4ms’' UPDRAFT

a b

- I l [ |
0 5 10 15 20 0 5 10 15 20
TIME (minutes)

Figure 4. Reflectivity cross sections obtained with the continuous
collection trajectory model (salt distribution "3", 5°C cloud
base, and a 4 m s updraft). In (a), the seeding material is
introduced at 0.5 km above cloud base, while in (b) the seeding

takes place at cloud base.
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delaying the start of seeding until the cloud reaches some finite size.
In this case, seeding at cloud top can effectively limit the significance
of the head start this gives the natural nuclei by placing the seeding
material directly in the higher liquid water portions of the cloud, in
areas that could not be reached by seeding at cloud base unless seeding
could somehow be timed to start at the same instant the cloud begins to
form.

While the trajectory cross sections give a more realistic view
of seeding than possible with the parcel model, the results are not nearly
as precise. The height of the echo formation is particularly difficult
to estimate accurately. The time of echo formation is a bit easier to
estimate, and is the property of the echo that will be used to evaluate
seeding effectiveness. Table 16 shows the time (to the nearest half
minute) required to produce a 10 dBZ radar echo for the natural
(unseeded) conditions. Tables 17 and 18 illustrate typical seeding effects.
While the echoes are significantly lower and slower to form than predicted
by the parcel model, the effects of seeding are very similar. Small
quantities of treatment have little effect. When large quantities of
salt are employed, however, rather dramatic changes can be effected. 1In
all cases, however, the magnitude of these changes is increased when the
coarser ground salts are used in preference to the finer ground salts.

The only major difference between the trajectory model results and the
parcel model results is the suggestion that cloud top seeding should be
preferred to cloud base seeding. This result is clearly illustrated in

Table 18.
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TABLE 16

Time (min) to 10 dBZ First Echo
(Adiabatic Trajectory Model, Unseeded)

Cloud Base Updraft Velocity (m s™)
Temperature (°C) 1 2 3 4 6 8

26.5 17.0 13.0 11.0 9.0 8.0
27.5 17.5 13.0 11.5 9.0 8.0
29.5 18.5 14.0 12.0 10.0 9.0
32.5 20.5 16.0 13.5 11.0 10.0
37.0 23.0 18.5 15,5 12.5 11.5
425 275 21.5 18.5 15,5 14.5

ocnbbkmh BN
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TABLE 17

Time (min) to 10 dBZ First Echo for a 5°C Cloud Base

and a 4 m s ' Updraft (Trajectory Model).

Concentration BASE SEEDING TOP SEEDING
of Salt Salt Salt Salt Salt Salt Salt
@ m>) "2t g "4 "2t g "4
UNSEEDED 15.5 15.5 15.5 15.5 15.5 15.5
START SEEDING 10°° 15.5 15.5 15.5 15.5 15.5 15.5
ﬁgﬁgﬂlgiﬁigicif 1077 15.5 15.5 15.5 15.5 15.5 15.5
10°° 15.5 15.5 15.5 15.0 14.0 14.0
107 15.5 15.0 15.0 14.0 13.0 12.5
10-- 14.5 13.5 13.5 12.5 11.5 11.0
10°° 13.5 12.5 12.0 11.5 10.5 10.0
107? 12.5 11.0 10.5 10.0 9.0 8.0
START SEEDING 10°° 15.5 15.5 15.5 15.5 15.5 15.5
wf%?:éigigicif 1077 15.5 15.5 15.5 15.5 15.5 15.5
10°° 15.5 15.5 15.5 15.0 14.5 14.5
107 15.5 15.5 15.5 14.5 13.0 13.0
10°* 15.5 15.5 15.5 13.0 12.0 11.5
10°° 15.5 14.5 14.5 12.0 11.0 10.0
107 14.5 13.0 12.5 10.5 9.5 9.0
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TABLE 18

Trajectory Model Seeding Effect (% change in time to 10 dBZ first echo)

for a Salt Concentration of 10™* g m”® (Salt Distribution "3") .

Cloud Base Updraft Velocity (m s ')

Temperature (°C) 1 2 3 4 6 8

SEED AT CLOUD BASE 25 0% 0% 0% 0% -6%  -13%
e e 20 0% -3% 0% -4% 6%  -6%
15 0% -5% -4% -4%  -10% -11%

10 0% -7% -9% -11% -9%  -15%

-3% -9%  -14%  -13% -8%  -13%

-1%  -15% -14% -16% -16% -17%

SEED AT CLOUD TOP 25 -15%  -26%  -23%  -23% -22%  -25%
wﬁiﬁlg??g?mif 20 _18%  -29%  -19%  -22%  -17%  -19%
15 -20%  -27%  -21%  -21%  -20%  -22%

10 -22%  -29%  -28%  -22% -18%  -20%

-23%  -26% -27% -26% -20% -22%

-22%  -29%  -28%  -27%  -23%  -24%
SEED AT CLOUD BASE 25 0% 0% 0% 0% 0% 0%
Wng“ IngLOTUHDI CIKS 20 0% 0% 0% 0% 0% 0%
15 0% 0% 0% 0% 0% 0%
10 0% 0% 0% 0% 0% -5%

0% 0% 0% 0% 0% -4%

0 0% 0% -5% -5% -6%  -10%

SEED AT CLOUD TOP 25 -8% -21%  -19% -18% -17% -19%
Wifféiﬁﬁgiéf 20 118 -20%  -15%  -17%  -17%  -19%
15 -14%  -19% -18% -17%  -15%  -22%
10 -17%  -24%  -22%  -19% -18%  -20%
-22%  -26% -27%  -23% -20%  -22%
-24%  -27%  -26%  -24%  -23%  -24%
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DISCUSSION

Virtually all studies of warm cloud seeding have started with
the implicit assumption that, with the exception of maritime environments,
there is a natural deficiency in the number of aerosol particles capable
of initiating coalescence rainfall. Recent aerosol measurements, however,
do not support this assumption. This means that adding nuclei by hygro-
scopic seeding will not strike the cloud in a sensitive area, and should
not be expected to produce spectacular changes. To be sure, if enough
seeding material is dumped into a growing cloud, changes will take place.
The quantities of salt required, however, may be excessive. While a salt

= can be obtained in the wake of a moderate-sized

concentration of 107° g m
aircraft through the release of only 50 grams of salt per second, the wake
volume is only a small fraction of the total volume of a cloud. To achieve
this same salt concentration in a small updraft core 2 km in diameter with

a 4 m s updraft, for example, would require the release of more than 13
kilograms of salt a second. Seeding this large an area with such large
quantities of salt would be exceedingly difficult. Seeding with less salt,
or restricting the treatment to a smaller area, would be unlikely to produce
the dramatic effects that are usually desired.

Earlier studies of hygroscopic seeding have usually emphasized
cloud base seeding with finely ground salt to maximize the growth potential
for each individual nuclei. If the goal of seeding is to accelerate the
initial production of precipitation (as evidenced by the development of a

radar echo, for example), then the most successful strategy should be

seeding at cloud top with as much coarsely ground salt as possible as early
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in the cloud's life as possible.

While this study has concentrated on the massive amounts of
seeding material that would be required to significantly accelerate
precipitation development, this isn't the whole story. Artificially
introduced salt nuclei, even if they don't significantly change the
overall evolution of the cloud, will still increase the number of rain-
drops and have the potential of producing modest increases in precipitation.
Therefore, although previous estimates of seeding effects on precipitation
initiation appear to have been overly optimistic, this type of seeding may
still produce beneficial increases in rainfall, if enough salt can be
properly positioned in a developing cloud. This does not, however, seem
to be an area in which cloud seeding is likely to produce dramatic changes
in natural precipitation mechanisms or efficiency. Clouds with naturally
inefficient warm rain processes will still be inefficient after seeding.
Even in those cases in which heavy seeding results in major changes in the
time or height of echo formation, the effect is not caused by changes in
drop growth rates, but rather through direct increases in the number of
incipient raindrops so the radar can see them sooner. Hygroscopic seeding
is not a magic wand that will change the nature of the seeded cloud, but

rather a crowbar that can force changes if applied with sufficient vigor.
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APPENDIX C

CONTINUOUS COLLECTION MODELS

Many aspects of cloud microstructure can be studied using relatively simple
models. This appendix summarizes the essential features of two such models which
have proved particularly useful in the course of these studies.

In each of these models the cloud droplet spectra is partitioned into two
closses of drops: large and small. Specified numbers of the large drops are inserted
in a constant updraft cloud where they grow by condensation and "continuous" col-
lection of the smaller cloud drops. Cloud droplets grow only by condensation.

this
Collisions between large drops are neglected. The most basic application of/work

is a closed parcel model in which drop sedimentation relative to the rising parcel

is ignored and all drops are assumed to stay with their inititiai volume of air.

Parcel Model (No Sedimentation)

In this model, growth of a large drop of radius R; and mass M; by collection

of smaller cloud droplets of radius r is given by

dM,

—aT'- =7 Ri2 Exp [vR) - v(r] (C-1)

where v(R) and v(r) are the terminal velocity of water drops of radii R; and r, respec-

tively, E is an appropriately defined collection efficiency, X is the liquid water
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mixing ratio of the small drops of radius r, and p, is the density of air. Collection
efficiencies, E(R;,r), are obtained by 4-point interpolation from tables which were
based on Young's (1973) compilation of collection efficiency data. The number con-
centration (N.) and initial radius (R.) of the large drops, and the number of cloud
droplets (n) are initialized at the start of the computation. Within the model, all
drop concentrations are stored as mixing ratios (number of drops per gram of dry air).
Although several different categories of large drops may be used to specify a spectrum
of large drops, the smaller cloud droplets are assumed to be of uniform size.

The terminal velocities of the liquid drops can be approximated by

v(0) = 1.202 x 10° o for a < 35.87 x 1074 (C-2a)
v(a) =8623.3 a - 15.4661 for 35.87 x ]0-4 <a=0.03 (C-2b)
v(a) =961.8 ~ 1030.0 exp(~12 a) for a > 0.03 (C-2¢)

where a represents the drop radius in centimeters. The terminal velocities (all posi-
tive) are given in centimeters per second. Although these equations neglect temp-
erature and pressure changes on the terminal velocity, they do describe the variation
of fall speed with size relatively well. In particular, it is important to note that
both the velocity and its derivative with respect to radius are continuous at the
transition points between equations (35.87/im and 300.0/im). In the smallest drop
regime, the terminal velocity is just the Stokes fall velocity. The equation for the
largest drops is adapted from Atlas et al (1971).

Neglecting curvature and solution effects, droplet growth by condensation

is given by
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dm

Ty =r C (5-1) (C-3q)
dM,
_di'_l = Rl C(s-1) (C-3b)

where C Is temperature and pressure dependent, and S is the saturation ratio. If all

vapor in excess of saturation is condensed on the growing water drops, then

dw dM,

s dm i
- — = e— T — -
p N Li‘ Ni C(S-){nr +? NiRi) (C-4)

where ws is the saturation mixing ratio. Condensation growth can then be expressed

as
dm dws r
d—f = - (df ) (nr +;NiRi) (C-SU)
i
dM; dws ‘
f

The change in saturation mixing ratio is given by

de

e
3 =9 S+ L iy (C-6)
P pag dr

where T is the temperature, P is the pressure, p, is the air density, g is the accelera-
tion of gravity, y is the lapse rate, R, is the specific gas constant for water vapor, U
is the vertical velocity, and e is the saturation vapor pressure. The saturation vapor
pressure and its derivative with respect to temperature may be obtained from the

Clausius-Clapeyron equation, or by appropriate polynomial expressions (e.g., Lowe,
1977). Inside the cloud, the lapse rate y should be approximately pseudo-adiabatic.

Examination of thermodynamic diagrams yields a simple approximation for y as a
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function of cloud base temperature (T, ) and height above cloud base (H).

11 12

y=-6.3x10" - 4.0x 10" H)
C-7)

where Ty, is given in degrees Celsius, H in centimeters above cloud base, and y in

H+Tb(1.1x1o'6-1.0x10'

degrees per centimeter. The temperature at any height above cloud base is obtained
by integrating (C-7)

-6 1 13

T -6.3x10™ - H2.0x 10" +5.0x10"

T=T, +H(1.1x10 b

b Ty

(C-8)

where T, and T are both given in degrees Celsius.

If a drop grows larger than a specified maximum size, it is assumed to break
into a number of uniform-sized fragments. Since large drops are not allowed to col-
lide with each other, breakup is the only way that the number of large drops can
change. The number concentration of small cloud droplets, on the other hand, is

continually being reduced by collisions with the larger drops.

Trajectory Model

The basic algorithms discussed in the previous section can be used to con-
struct a model which includes drop sedimentation. As before, the drop spectrum is
partitioned into large and small drops. Large drops grow by both condensation and
coalescence, small drops grow only by condensation. The trajectory of a large drop

in a constant updraft cloud can be calculated from

c!Hi

—_= - C‘9

= v(R) (-9
where, in addition to terms previously defined, H. is the height of the "i" drop rela-

tive to cloud base. The smaller cloud droplets move with the rising air parcel. If
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the model is restricted to studying the initial development of precipitation, deple-
tion of the small drops is minimal and may be neglected (see Fig. 22). Furthermore,

since nr »'z:IN,K, the condensation equation for the large drops can be significant!)
!

simplified.
dM.  dw R
raar (C-10

These assumptions allow the cloud droplet radius at any altitude to be calculated
directly from the liquid water mixing ratio at that height and the total cloud droplet

concentration.

1/3

3X a
r=(47m) C-11)

Since this model neglects depletion of the small droplets, the number concentration

of small drops (n) is constant. The liquid water mixing ratio is simply

1 &) e (D)

X = [ - ]
.622 Pb P

(C-12)

where, in addition to terms previously defined, P, and es (T, ) are the ambient and
saturation vapor pressures at cloud base.

These relations, combined with the equations introduced in the previous sec-
tion, allow calculation of the size and height of the large drops as a function of time.
This data can, in turn, be used to construct time-height cross-sections of the rainfall
rate, radar reflectivity factor, or other properties of the cloud. To do this, however,
requires the additional assumption that the initial concentrations of large and small
drops are continually replenished at cloud base. The concentration of particles of a

given size will vary with height above cloud base.
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U,

N =N Ty €=13)
where RIO and Nio are the radius and number concentration of drops in a given cate-
gory at cloud base. While (C-13) is necessary to accurately describe the evolution
of the drop concentration, it introduces a problem at the balance point (U =V(R'|))’
where Ni * =, This numerical fiction is the result of introducing exactly Nio drops
of a given size into the cloud at exactly one time. Srivastava and Atlas (1969) have
shown that this problem can be eliminated by assuming a continuous distribution of
large drops. In this simple model, however, this difficulty is handled by arbitrarily
restricting Ni so that Ni S4Nio. Since this restriction only applies in the imme-
diate vicinity of the balance point, it does not greatly affect the overall results.

Calculations for both the "parcel” and "trajectory" models were performed
at The University of Chicago Computation Center using a FORTRAN version of the

relevant equations. A uniform time step of five seconds was used for all computations.
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PARCEL MODEL RESULTS
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-5 0 5 10 15 20 25 -5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (~C)



o
o

UPDRAFT (m s°}) UPDRAFT (m s~1)
=] mNWE o o

=N W S @

[
(=]

UPDRAFT (m s~1)

- WS (=)} (o]
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SCZD 4ITH 1e3IE~-03 3/U3 25 SALT 2 AT 3.3 KM ABOVI C.JI'ID 9ASE

1.0 X AJISATIC WATER CONTENTS

HEIGHT (m) QF 10 dBZ FIRST ECHO

7336, $328. 3250. 3350. 3930. 277t. 2627. ‘—\10
-
6125. 9530. 3552. 3013, 2672, 2461« 2349. .m 8
1
ar26. 3476. 3040. 2543, 2291. 2118, 2037. ~6
—
. [T
3Ja7a. 2316. 238a, 2330. 1835. 1721. 1670. § 4
2958. 2360. 2022, 1736. 1573, 1483. 1452, E 3
2214, 1363. 1615. 1399, 1281. 1215. 1194. o2
1879. 1269, 1117. 977. 902. 862. 855. 1
-5 0 5 10 15 20 25
0
CLOUD BASE TEMPERATURE (C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
 lsessseernsse 1303. 1440, 1165. 1012. a6, 10
r-.A
sesser 2127. 1303. 1185. 986. 871. 826. : 8
n
2337. 1477. 1065. 94a. B807. 725. 697. E 6
-
1349. 935. 764. 708. 621. 557. 555, : 4
1J00. 772. 613. S86. S520. 4680. 474, % 3
699. 568. 469. 455. &10. 382. 382. S 2
418. 357. 304. 303. 278. 262. 266. 1
-5 0 5 1@ 15 Zg 25
CLOUD BASE TEMPERATURE ( C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
tesesssssnse 30. 29. 28, 27. 26, 10
'_'A
ssvoee 32. 23. 29. 27. 25. 26. nm 8
33. 29, 26. 27. 26. 25. 26. E 6
.—
Lo
23. 26. 23, 26. 25, 25. 25. <C 4
26, 2s, 23, 2s, 2s. 24, 2s5. % 3
2a. 23. 22. 25. 2a. 24, 24, % 2
22, 22, 21. 2a. 2e. 23. 24, 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

TIME (min) TO 10 dBZ FIRST ECHO

13.2 9e2 Tel S8 Sa1 46 4.4
12.8 9.3 Te5 6.3 Se6 Sel 4.9
13.1 10.2 8.4 7el 63 Se9 Se7|
134.5 11.7 9.9 8.5 Te7 Te2 7.0
1S9 13.1 11.2 9s5 8.8 8.3 8.1
18s4 155 135 11«7 10.7 1041 99
2406 2142 1846 16.3 15,0 18.8 14,3

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEXEE L EERE 3.0 2«4 19 1e7 1.6

ey 4.5 2¢9 25 21 18 17
6e5 4at 3.0 26 2e2 2.0 19
5.6 4.l 342 2.9 2.6 2.8 2.3
Se6 4.3 3.4 3.3 2.9 27 2.6
S.8 87 3.9 3.9 3o 3.2 32
7.0 6.0 Sel 560 8.5 4.4 4.4
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

. SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

EEB00ERGERES 30. 29 28. 27. 26.

seenee 32. 28. 28. 27« 26. 26e
33. 29. 26. 27. 26 2Se. 26.
23. 26« 24, 26, 2S5. 2% 25.
26. 2S5. 23. 25, 2Se. 2a. 2S.
28, 23, 22, 2S5, 24. 28, 248,
22. 22. 21. 28. 24. 23. 24.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

P-02



[
o

UPDRAFT (m s~1) UPDRAFT (m s~1)
= —_RNWe o 0

=N W (o) [o0]

et
o

UPDRAFT (m s~})

-Nwhd o
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SES) wiITH 1.70E-04 G743 OF SALT 2 AT 2.8 KM ADOVE

1.2 X ADINATIC wATEQ CONTENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

*teeeses H3IT7T1. 3863, 3921. 3423, 3113. 2947.
7363, 52249, 4142. 3407. 3007, 2762. 2630.
$5494. 31738, 3321. 2866. 2553. 2370 2275.
3949. 3166. 2663, 227[-.2051- 1919« 1860.

3213. 2533, 22S50. 1937. 1761. 1656+ 1515,
2971e 2070, 1790« 15564 1425. 1349, 1325,

1635. 1401. 1220. 1082. 999. 958%. 946.

5 @ & 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

€ssoesessses 1191, 969, 773, 663. 626.

sesvée 1323, 313, 791. 650. 570. S45e.

1569« 9I70. 6KA5. 626. 530, 473. 460.

874. 6315, 4A5. 466. A806e. 369+ 365.

639+ 493, 390, 385, 339, 312. 312.
442, 361, 295. 298. 267. 248. 251,

261. 22S. 190, 199, 181l. 170, 175.

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sssssceserese 20. 20. 18 13. 18.
LAd AL XS 21. 18. 19 18e 17« 17.
22. 19, 7. 18. 17. i7. t7.
18, 17. tS. 17. 17. 16 16
17. 160 15. 17. 16. 16« 16.
15« 15. 8. 16. 16, 16 16,
te, 1s. 13. 15. 1S5 15. 16

.5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

= N WD o @

UPDRAFT (m s~ 1)

W oy

[ et
o (o]

® o

— N W (o))

CLIVUD IASE

TIME (min) TO 10 dBZ FIRST ECHO

*Ehese 10.6 8a1 6.5 Se? Se2 4.9
15.3 1.9 Be56 Tel 5.3 Se3 Se3
1S5.3 11.6 9.5 8.0 71 66 Ge3
16.5 13.2 11.1 Pe5 Be.5 8.0 7.7
17.9 13.7 12.5 10.8 9.8 9.2 9.0
2056 17.3 14.9 13.0 11.9 11.2 11,0
27.3 23.4 20.5 18.0 166 15.9 15.8
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEPEEREEEL S 2.0 1.6 13 1a1 1.0

crsene 3.0 1.9 16 1.4 1.2 let
4.4 2.7 1.9 1.7 1.5 13 1.3
3.6 246 240 149 1e7 145 1.5
3.6 2.7 2.2 2.1 19 1.7 1e7
3a7 3.0 245 25 242 2e1 2.1
4.3 3.8 3.2 3.3 3.0 2.8 2.9
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

. SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

P 0EENEEERES 20. 20. 18. 18. 18.

sabess 21. 18, 19. 18, 17. 17.
22. 19. 17, 18 17. 17. 17.
18 17. 15. 17. 17. 16. 16
17. 164 15. 17. 16. 16. 16,
15. 15, 18, 16. 16. 16. 16,
14, 18, 13, 15. 1S. 15. 16,
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)




[
(=]

UPDRAFT (m s™1)

=AW o (o]

UPDRAFT (m s~})
=y mNWR O 0 5

UPDRAFT (m s™ )

- NWwhAR O

SCED WITH 1.3)2-05 G/7%)

10 X ADIJATIC wATER CONTCNTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

-56-

sesese 7103, 3857, 4376. 3792. 3438. 3239. A]O
weesss 5950. 35164, 3I74P. 3320. 3037. 28843, ',,, 8
e
6299. 4686e 3780. 3156. 2315. 2600. 2390, ~ 6
. &=
aa15. 3501. 2921. 2a96. 2249. 2099. 2032. =4
3564. 2702. 2859. 2123. 1927. 1809. 1762. Q 3
2713. 2268, 1949. 1701. 1556. 1471, 1843, =4
1790. 1523. 1313, 1179. 1088. 1033. 1029. 1
-5 a g 10 15 20 25
CLOUO BASE TEMPERATURE (OC)
SEEDING EFFECT
LOWERING (m} GF FIRST ECHO
peesssssseres 545, S515. 403, 345. 33a. 10
seeees 707. 8al. A4l6. 338. 293. 290. “ 8
w
764. 467. 325. 326. 273. 243. 244. E 6
'—
407. 299. 227. 2al. 208. 189. 194. -
294. 231. 181. 198. 173. 159. 165 x 3
200. 167. 136. 1S53. 136. 126. 133. 5 2
117. 103. 87. 101. 92. 86. 92. 1
-5 g 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
Lo-o---ooooa 10. 1t. 10. e 9. 10
sessss 11, 3. 10. 9. 9. 3. Tm 8
1. 9. Aa. 9. 9 9. 9. ~E§» 6
—
3. 8. T. a. a. 8. 9. -
8. 7, 1. 9. 8. a. 9. x 3
7. 7. 7. 2. 3. a. 8. s 2
6. 6- 5. . 8. a. a. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

OF SALT 2 AT J.0 <M ARQVE CLOUD JAST

TIME (min) TO 10 dBZ FIRST ECHO
s 12.3 9.1 7«3 63 Se?7 Sed
*eeeha 12.9 9.5 Te9 59 6e3 6.0

17.5 13.0 10.5 8.8 7.8 Te2 6.9
18.4 18.6 12,2 10.4 Fed 8.7 8e5
19.3 16.1 13.7 111.8 10.7 10.0 9.8
22.6 18.9 16.2 14,2 13.0 12.3 12.0
29.7 25.4 2242 19.6 181 17.3 172
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.
ESEXSXEERERES 1.0 .9 7 .5 b
rEEses 1.5 «9 -9 .7 -6 5

2.1 l1e3 .9 -9 -8 «? 7
1.7 12 9 le0 9 -8 .8
1.6 1.3 1«0 1.1 10 -9 9
1.7 le8 1e1 1.3 lel 1e1 101
1.9 1.7 1.4 1.7 1S 1«4 I;S
-5 -0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LA A AL 2 AL 2] 10. 11. 10. 9. 9o
(2227 Y4 11. 9 10. Qe Qe 9
11. 9. 8. 9. 9. 9. 9«

Se 8. Te 9 8e Be e

T Te 9. 8o [- 19 9.

Te Te Te B Be 8. 8e

6o 6 6. Be 8e Be Be

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

p-00




10

UPDRAFT (m s™1)

=NWwE ;M [+

[
(=]

UPDRAFT (m s™%)

=N W N &

[
(=]

UPDRAFT (m s™1)

-—NwWwdD =)} x

-57-

SEED wlTH 1.939E=-06 G/9M3 IF SALT 2 AT 0.0 K% ASBIVE CLAUD HASE

10 X ADIAATIC WATFR CONTENTS

HEIGHT (m) QF 1C dBZ FIRST ECHO

Stesvesesess SI04. A73I%. 4076. 3I6RI. 3457,
tssses 58431, 4945, 4078. 3559, 324S. 3083,
5330« 3330. 4025, 3396. 320d. 2772. 2657.
4r29. 3729+ 3093. 2667. 2397. 2233. 2164,
3791« 3073, 2597. 2264. 2050. 1922. 187S.
2368« 2392, 2052. 1810. 1653, 1561« 15349,
1371« 1603, 1%300. 1251. 1154, 1100. 1092,
-5 a 5 I0 15 20 25

[0
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
lsssseescesns 150, 1SS. 119. 102. 107«
seEses 176 11le 126, 99. 87« 92,
1RA3. 113. 80. 96 . 79 Tle T7.
93. T1. SSe T70. 60, 55 61,
67 S48, 43 STe 50. 46. 52,
4S5. 39. 32. 44, 39. 36 41,
26. 28. 20. 29%. 26, 24, 29.
-5 0 5 10 15 20 25

CLOYD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

(A2 XTI TT Y 2a 3. 3. 3. 3.
sscas e 3. 2e 3. 3. 3. 3.
3. 2. 2. 3o 3. 3. 3.

2. 2e 2. 3. 2. 2. 3.

2. 2. 2. 2. 2e 2. 3.

2. 2. 2. 2. 2. 2. 3.

1. 1. 1. 2. 2. 2. 3.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s 1)

UPDRAFT (m s™1)

PO P (=] o

UPDRAFT (m s™1)

P o ©o

b g
o o

[y
o o

MW (o]

TIME (min) TO 10 dBZ FIRST ECHO

serReEstesey 9.8 . 7.9 68 . Se.3
$24508 13,5 10.3 8.5 T8 6.8 6.4
19¢1 18.0 112 9.4 Baed TueZ 7Teoa
19.7 15.5 12.9 Ilel 10.0 9¢3 9.0
21e1 17e¢1 18e8 12.6 11.84 19.7 10.s
2349 19.9 17¢f 15.1 13.8 13.0 12.8
31e2 26,7 23e3 20.8 19.2 18+3 18.2
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
2EREEREEEE RS 2 -3 2 2 2
XSS EER Y3 .2 3 .2 .2 .2
.5 .3 .2 .3 .2 .2 o2
.a .3 .2 .3 -2 -2 -3
'Y -3 o2 .3 .3 .3 -3
Y3 «3 3 3 3 3 3
. .e .3 .5 .t s .5
-5 .0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

V SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

(2 FI T3S Y 2. 3. 3. 3. 3.
sssese 3. 2. 3o 3e 3. 3.
3. 2. 2. 3. 3e 3 3.

2. 2. 3. 2. 2. 3.

2. 2e 2« 2e 2. 3.

2. 2. 2. 2. 2. 2. 3.

| e 1. 2e 2e 2. 3.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




—
(=]

UPDRAFT (m 5°})

=NWPR o @

]
(=}

UPDRAFT (m s~ 1)

0N W S &

[
o

UPDRAFT (m s~1)

N WS (=)} <]

SEED wiTH 1.90E-07

/%43

-58-

1e) X ADINATIC WATER CONTENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

0
sseecssscsos

[
|
|
sssvss 6634,
i
i
i

%41,

i 5139.

4911. 3722,
3349. J126.
27907, 2326

, 1894, 1524,

6034,

S50a2.

4095,

3141,

2635.

208t .

1318,

4363. 4179,

4180+ 136343,

1478, 3077.

2728. 2849,
2313.
1343, 1686.

2093.

1276« 1176,

3768.

3319.

2833.

2280«

1962,

1592.
112t

3557.

361,

2723.

2216.

1919.

1S569.
1117,

-2 0

g

IC IS5

20

25

CLQUD BASE TEMPERATURE (OC)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHO

fseseesrecese 19, 22, 17. 14. 16
ssesee 22, 18,  18. 14. 12. 1a.
22. 1a.  10. 14. 1l. 10. 12.
1. 9. 7. 10. 8. 8. 9.

8. 7. S. 8. 7. 6. 8.

Se S. .. 6. S. S. 6.

3. 3. 3. .. a. 3. ..

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

XX RS XYY Y] Qe Q0. [ I O Qe
so0ses 0. Ce Oe Oe Qe 0.
[ Oe 0. 0. [\ Co C.

de O. O. Qs Oe [+ 1 Oe

O. [<JY O. Oe 0. O.

Oe O. 0. 0. O Q.

Qe Oe Oe Os Oe Oe 0.

-5 0 5 10 15 2 25

CLOUD BASE TEMPERATURE (°C)

10

UPDRAFT (m s~ )

— N W o

10

—PNWH [ [o]

UPDRAFT (m s~ 1)

et
® o

UPDRAFT (m s 1)

~RNwhd O

3F SALT 2 AT 0.0 XM ABOVE CL3JD BASE

TIME (min) TO 10 dBZ FIRST ECHO

sesesestesss 10,1 8.1 7.0 Se3 5.9

ssseee 13.8 10.5 8.7 7e6 6.9 6.6

19.6 183 tl.a 9«7 8.5 7e9 76

20.0 153 13.1 1l1e4 10.2 9.5 9.2

21e8 1703 18.5 12.9 1146 10.9 10.7

24.2 20.2 17.3 15.4 14.1 13.3 13.1

316 27al 2346 21e3 19.6 1847 1846

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EESEREESEEES .0 0 -0 .0 .0

(21 2% ¢4 .0 -0 .0 0 0 «0

ol -0 -0 «0 0 .0 0

-0 -0 «0 0 0 0 «0

-0 .0 .0 0 -0 -0 -0

-0 -0 el 0 -0 el

0 .0 -0 .l -l ol .l

-5 .0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

*EBRRRRPESES Oe Oe Qe Oa O
(2222 O. Ce Oe Oe Oe Oe
4 Oe Oe O. Oe Oe O. Oe
0. Qe Qe Oe Oe Oe Oe

[ O. Oe Oe Q. Oe O.

0. Qe Qe [ 2% Oe Qe Os

0. Oa Qe O. Oe Qe Oe

CLOUD BASE TEMPERATURE (°c)




[
o

UPDRAFT (m s~ 1)

HFNWPR oy O

o
(=]

UPDRAFT (m s™1)

=N WP [=)) (o]

Pt
(=]

UPDRAFT (m ™)

=t N GO [ [o+]

SEED WITH 1 30E~04 /743 1% SALT 2 AT 2.0 KM AS0V:

HEIGHT (m} QF IG dBZ FIRST

103 X ADITATIC 4ATVER CONTENTS

ECHO

-590-

seess e

7361

4321,
3355.
2312,
1396

6653,

3152.

33%9%.

3132.

2430.
1620

¢6ssssacssce 0051,

5054,

4104,

3147,
2540.

2084,

1320.

1433, A194,.

4196+ 3555.

3391. 3037.
2736« 2%456.
2320. 2099,
1853. 1691.
1279. 1180,

3781.

3330.

2842,

2287.

1967,

1596,
1123,

357t.

3173.

2733.

2228,

1926,

1575,
1120.

UPDRAFT (m s™?)

N A 0

-5

a

3

10 13

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHO

S CERERLETEE

(24 222

2.

2e

le

2e 2.

2 le

2.

1.

| 3

1.

le

le
[

2.

te
1.
le
3

UPDRAFT (m s~ 1)

PN WP (=5} (-]

-5

0

5

10 15

20

25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

10

Pd
o

esescssesens 0 [ 0. 0. 0. 10
Camn)
—
(XXX T XY [ [ 1 Oe O Oe O ’ 8
w
0. 0. 0. ° 0. 0. 0. E 6
.—
0. 0. 0. 0. 0. 0. 0. <4
0. 0. 0. 0. 0. 0. 0. x 3
0. a. 0. 0. 0. . 0. % 2
0. 0. 9. 0. 0. 0. 0. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

CLIUD UBASE

TIME (min) TO 10 dBZ FIRST ECHO

csssseassrss (0.1 8.t T«0 53 6.0
(323 X1 139 t0.5 Be7 Teb 669 6eb
19.6 14.3 11.% 9.7 8.6 Te9 Te5
20a1 15.8 131 11.4 10.2 9.5 9.3
214 17.4% 14.7 129 117 10.9 10.7
24.3 20.3 17.8 15.4 181 13.3 13.1
31.6 27.1 23.7 21.3 19.7 18.7 18.7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEREEREEEERS .0 «0 -0 0 .0
LT L 1] T -0 -0 -0 -0 «0 0
«0 .0 .0 .0 .0 -0 -0
Y .0 -0 .0 «0 =0 0
«0 .0 .0 «0 -0 -0 -0

«0 .0 «0 «0 .0 -0

«0 0 «0 «0 -0 .0 -0

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

*EEXRSEEERES Oe 0. Oe Oe Oe
(22 13 1 0. O. Oe 0. O 0.
0. 0. 0. O. 0. Oe O.

O. 0. [ 2% O. [- 2% O

0. . Oe O [- 2% Oe

0. O. O« 0. O Oe 0.

0. 0. 0. 0. Oe 0. 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s™1)

UPDRAFT (m s™ 1)
=HN WP (2) [04]

=NWPA N

UPDRAFT (m s™1)

- NWwH_ Y

[—
o

=
(=)

—
Q

SFED <ITH 1.J232-02 5743 )IF

-60-

SALT 2 AT

1e) X ADIJATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

«3 KM aABOVI

6551 4647, 3599,

5351« 3337. 3212.

i
i

4213. 32381. 2701,

3159. 2522. 21487,

2629, 2140. 1883,

2067. 1717. 1499,

1329+ 1272, 1990,

3153.

27713,

2352.

1905.

1649.

135S.
1003.

1730.

2777, 2502. 2355

2365. 2238. 2129.

2121« 1981, 1859,

1599. 1533,

1508. 1402. 1363.

1250« 1172. 1147,
943,

894 . 882.

-5 0 S

10

15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
LOWERING {m) OF FIRST ECHO

Feesesesrers 23340 1737, 1419. 1231, §203.
|
sesees 2719, 1844, 142S5. 1192, 10938, 1045,
284S. 1912. 1405, 1130, 967. 902. 375.
!
:IGGA. 1273. 1001, 833. 728. 690, 681.
i
1228. 992 797. 672, S92. 566, 5643.
846. T1a. 585. 498, a8t . 425. 429,
468. 49S. 331. 277. 241, 231. 23%.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sessesssstee 39. 36. 34. 34, 34.

2s0sss 41. 36. 34, 33. 3. 33.

I 40. 37. 33. 32. 3. 32. 32.

!

I Ja. 3a. 3z, 30. 30. 30. 3t.

I

l 32. J2. 3o. 29. 284 29« 29.
2%. 29. 28, 27. 26, 27. 27.
25. 25 23, 22. 20. 21. 21.

CLOUD BASE TEMPERATURE (°C)

10

UPDRAFT (m s™1)
S = NW P [ o0

—NwWe [)} o]

UPDRAFT (m s~1)

10

UPDRAFT (m s™1)

=NWwsS O

CLOUD 3ASE

TIME (min) TO 10 dBZ FIRST ECHO
11.1 7.7 6e2 Se3 4.6 4.2 3.9
ti.1 8.2 67 5.8 Sel 4.7 4.4
11.7 9.0 7.5 6546 Se9 Ses 5.2
13.2 10.5 8.9 7e9 T2 6.7 6.8
14.6 11.9 10.2 9.2 8.8 7.8 Te6
172 13.3 12.5 113 10.9 9.8 9eb
23.8 20.4 18.2 15.7 15.7 13.9 14.7
-5 0 5 10 15 20 5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

SEESEEERREES 3.3 2.9 2453 2.1 2.0
sEEERS Se7 3.8 3.0 2.5 23 2.2
79 Se3 3.9 3.1 27 2«5 244
69 Se3 3.5 3.0 2.9 248
6.8 Se5 3.7 3.3 3.1 3.1
Tel 6.0 4.9 4.2 37 3.5 3.6
7.8 Se? SeS 4«6 8.0 Je8 4.0
-5 0 5 10 15 2% 25
CLOUD BASE TEMPERATURE ("C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
sesseseEbEsse 39. 36. 34. 38, 3.
sesess 4l 36. 3e. 33. 33. 33.
40. 37. 34. 32a 31. 32. 32.
34. 34, 32. 30. 30. 30. 3te.
32. J2. 30. 29. 28. 29. 29e.
29. 29. 28. 27. 26, 27« 27
2S. 25 23. 22 20. 2te 21
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

P-08




[
o

UPDRAFT (m s™1)

~NWP o (o]

[
o

UPDRAFT (m s~1)

N WR [, o]

—
o

UPDRAFT (m s™1)

_NWwaE o o

SECD #ITH t.20E-03 3743 NF SALT 2 AT

1.0 X ADIRATIC WJATER CONTENTS

HEIGHT (m) QF 10 dBZ FIRST ECHO

-61-

terssr SS51L. 4307, 3632. 3132. 2869. 2710. 10
-
—
6454, 3006. 3707. 3175. ?312. 2555. 2429. luw 8
e
4989. 3731. 3090. 2587. 2400. 2205. 2113, ~6
—
- .
3523, 2374, 2433. 215%. 19ad. 1804. 1738, EE 4
2939, 2420. 2076. 1351. 1690. 1574. 1530. ga 3
2325. 1925. 1676, 1510. 1390. 1305. 1278, > 2
1532+ 1339, 1199. 1393. 1026. 977. 965. 1
-5 0 &5 I8 15 20 25
. 0
CLQuD BASE TEMPERATURE (°C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
sasessesesss 1747, 1259, 1013, 91a. 864. 10
-
esssse 2051. 1349. 1023. 3846. TT7. T4S. - 8
w
2118, 1812, 101S. B805. 682. 633. 622. E 6
—
1195, 927. 715. 588. 509. 485. 482. l& 4
868. 712. S64. 470. 410. 3934. 396. Eg 3
583. S06. 409. 344. 302. 292, 298. 55 2
314, 277. 222. 181. 1S3. 148. 1S56. 1
-5 @ S5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

ssseesseness 29. 26, 24, 28, 2a. 10
o)
-
seeeses 3. 27. 26. 23. 23. 23. ' 8
7
30 27 2s 23 22 22 23 E
. . . . . . . E 5
—
25. 2a. 23, 21. 2. 21. 22. :; 4
23. 23, 21. 20. 20. 20. 21. x 3
20, 21. 20. 19. (8. 18. 19. 8 2
17, 17.  16. 18, 13, 13. 18, 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

*5 KM AHNVC CLIUD 3ASE

TIME (min) TO 10 dBZ FIRST ECHO

(XXX T2

9.2 7.2 6.1 5.3 8.3 4.5
13.8 9.6 Te7 646 5.9 Se3 Sel
13.7 10.4 8.5 TeS 6e7 6.1 S.?
1S.1 12.0 10.1 9.0 8.1 7.5 7.3
16.6 13.4 115 10e3 9.4 Be7 8.5
194 1640 18.0 12.6 116 10.9 10.6
2644 22.5 20.0 18.3 1741 16e3 16.1
-5 0 5 10 15 20 25

0
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

FEEKEES TSR ER 2.9 2.1 1.7 1.5 14

SEREEE 4.3 28 2e1 1.8 le6 1«6
S.9 3.9 2.8 2.2 1.9 1.3 1.7
5S¢0 349 3.0 244 241 2.0 2.0
4.8 4.0 3.1 2.6 23 2.2 2,2
3,9 4.2 3.a 2¢9 2.5 2.8 2,5
Se2 846 3e7 3.0 246 2.5 2.6
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

*EEEEESEERE R 29, 26a 24, 248 e 24.
EXT Y Y] 31. 27. 24. 23. 23. 23.
30. 27. 25. 23. 22. 22 23
25. 24. 23. 21. 21. 21. 22.
23. 23, 21. 20, 20. 20. 21.
20. 21. 20. 19. 18. 18. 19.
17, 17, 16 ‘18, 13. 13. 14.

CLOUD BASE TEMPERATURE (°C)




—
o

UPDRAFT (m s~1)

MW oy

10

UPDRAFT (m s~ 1)

—NWa N

b
(=}

UPDRAFT (m s™?)

--NwWwH o &

SEC) WITH 1.303L-08 G/U3 OF SALT 2 AT

-62-

5 KM Ad0OVE CL3UD BASE

1.0 X ADIJATIC WATER CONVENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

sesess ba71. 4923, 2097. 1564. 3207. 3023. ,_\10
7816, S310. 2198, 3561. 3136, 2847. 2703. ' 8
e
5749, 8250. 3471. 2997. 2672, 23848. 2344, ~ 6
. e
al12. 3223. 27t0. 2392. 2152. 1993. 1926, EE 4
3352, 2696. 2300. 20a3. 1859, 1733. 168S. ga 3
2590. 2123. 18a5. 1656+ 1521. 1429. 1400. S 2
1732. 1473, 1303. tt183. 1106, 1053. 1042, ‘ 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°G)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
reeseersssse 1130, 794. 632. 575 SS0. 10
H’\
sseses 1336, B8S8. 637, 522, 485. 472, ' 8
1313, 933, 63S5. 495. 416. 395. 391, E s
-
711. S573. 4a3a. 3SS. 305. 295. 299. EE 4
505. 437. 340. 279. 241. 235. 242, Eg 3
333. 303. 280. 198. 171. 168. 176. g; 2
165. 154. tt7. 9t. 74. 7l. 79. 1
-5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE (~C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
SXXIT T TYER) 19, 16. 1Se 1Se 1S. 10
eesses 20, 17, 15. 14, 15. 15. 'Tu, 8
19. 18. 15, 18, 13.  1s. 15, E 6
.—-
(T8
15«  15. ta.  13. 12. 13.  13. < 4
13. 1s8.  13.  12.  1l. 12+  13. x 3
1. 12, 12, 11.  10. 11. 11. g; 2
9e Do Be Te 6o [- 29 7. l
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

TIME (min) TO 10 dBZ FIRST ECHO

senese 10.8 8.2 6.8 S.9 S.3 S0
16.3 11.1} 8.7 7.2 6.5 Se9 Se6
16.0 11.8 Fe5 8.3 Ted 6.8 6.5
171 13.4 11.3 9.9 9.0 83 3.0
18.6 15.0 128 113 10.3 9.6 G
215 17.7 15e¢% 13«3 12.7 119 1t.7
28.9 2445 217 19.8 184 17.6 17.48
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SESRBEEESRE K 1.9 1e3 l1el 1.0 9
*EeneS 2.8 | %] 13 le1 1.0 1.0
3.7 245 1.8 1.4 1.2 | IS lel
3.0 2.4 1.8 1.5 1.3 12 12
2.8 2.4 1.9 1.5 1.3 1.3 1.3
248 2.5 2.0 1.6 18 ) ¥ ) 1«5
2.8 2.6 2.0 1.5 1.2 1.2 1.3

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LSS BOREIEE 19. 16e 15. 15a 15
*seeEN 20. 17, | 579 14. 15. 15.
19 18. 15,  18.  13.  1a.  1a.
15. 15e 14, 13. 12. 13. 13.
13. ta. 13. 12. 11e 12, 13.
1l. 12. 12. 11, 10. 11. 11e
9. e Be Te 6o 6o Te

CLOUD BASE TEMPERATURE (°c)
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UPDRAFT (m s~1)

=N WHE O (¢}
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=]

UPDRAFT (m s™1)

=N WA =)} o]
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UPDRAFT (m ™)
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SEED WITH 1.))E~-05 3/743 I SALT 2 AT D.5 KM A0V CLOUD IASE

1«7 X ADIHATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST

ECHO

free oy

[essesse

5542,

4557,

3674,
27913,

13a7,

7S07%.

6027

aT7ase

3549,

2938

2309.
1573,

352T.

3566

382a.

2950.

2399,

1990,
1383.

4531.

I91Se

3277.

25883.

2209.

1779.
1254,

3910.

3226.

2907.

2329.

2003.
1629,
1161,

3513.

3t09%.

2664,

2159.

1870.

1532,
1105,

3307.

2749,

2550.

2088.

1820.

1503,
1098.

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING {m) OF FIRST ECHO

(X2 2 2 23

5322.

266,
133,
115.

43,

CEsEsEEEREESSE

523.

a07.

251.
138,
122.

53.

526.

389.

281 .

188,

141,

9% .

37.

359.

283.

21Se.

149,

112,

75.
26«

285.

231,

181.

128,

96«

63.
20.

269«

223 .

179.

129

99

6Se
19.

266«

225.

184,

137.

106.

72.
23.

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

ssesseesrese 9 Te Te 7e Te
¢sso0 e 9. Be Te 6. Te Te
L 8. Te 6o 6. 6. Te

6. Te Se Se 6. (-2

Se 6o S Se Se 6e

LY Se Se LY LX) LY Se

Je 3. 3. 2e 2e 2e 2e

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-11

UPDRAFT (m s 1)

" UPDRAFT (m s~ 1)

=N W (=)} [0 <]

UPDRAFT (m s~1)

=NWR oy &

10

[
(S

—
o o

~Nwh O

TIME (min) TO 10 dBZ FIRST ECHO
(X121 12.5 9.2 7.6 545 Se9 Se5
“xsssk 12,6 9.7 B3e2 Tel 65 Gel

1842 13.2 10.6 9.1 Bel Tet Te1
19.0 18.8 12.3 10.8 9.7 9.0 8.7
20.4 164 13.9 123 11.1 10.4 10.1
2323 1922 16,6 14.8 13.5 12.8 12.5
30.8 2662 2341 209 1923 18.4 18,3
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TG F.E.

EEEEEEEEEETSE -2 Y- 5 o4 Y 3
EREEEE 1.3 -8 6 5 S .5
1.4 1.1 .8 .6 .5 o5 .5
1«1 1.0 .8 6 oS .5 .6
1.0 1.0 .8 .6 .5 .S .6
1.0 1.0 .8 .6 .5 .5 '
.8 .9 .6 .8 .3 .3 .t

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

(XTI T YT 1] 9e Te Te Te Te
tEeeES 9. 8. Te Ge 7a Te
7. 8. 7. 6. 6e 6e 7.

6o Ge Se Se Se 2%

Se Se Se Se Se 6o

4. Se Se L 4, LX3 Se

3. 3. 3. 2. 2e 2. 2.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s™1)

UPDRAFT (m s~ 1)
_Nws o o]

W [« (o]

UPDRAFT (m s~})

—-_NwsE O ®

—
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o

-64-

SEED wITH 1.30E-0% G/7VY IF SALT 2 AT 0.5 KM ASQVT CLOUD BASFE

Lad X ADIATIC WAYEP CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

A X RS2 R RN X}

ssceee 5515,

637d. 3065,

a777. 37a3.

3327. 3995.

239S5. 2a409.
139%. 1613,

5933.

4969,

30423,

3109,

2612.

2067,
1315,

a4a310.

4136,

3346.

2707.

2299,

1941,

1276.

131

3606,

3049.

2431

2081 .
1681.
1177

3717

3279«

2802.

2260.

1948.

1535,
1122,

3504 .

3118.

2689.

2193,

1903.

1561,
1113,

-5 0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

¢rsess0sssss 121. 80. 65 65 69.
A AR ] 2 131, 87. 62. 51. 53. S7e
93. 89. 61, 46, 39. a1 . 45.
4S. S3. 39. 30. 26« 2B e 32.
32%. 37. 29. 22 19. 20. 24.
18. 23. 18. 13. 11. 12 14.

7. Be 6e 4. 3. 3. 3.

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING GF FIRST ECHO

sess0eseset e 2. 2e 2. 2. 2.
ssesee 2. 2 1. I Y 2e 2.
[ 2e | 1. le te 2.

| 1 1. 1 le e 1.

te le le 1 le le 1le

le 1 1e 1. le le 1e

0. te Oe Q. [+ Y [+ 2% O

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

10

)

-1

(7]

- UPDRAFT

UPDRAFT (m s~1)
NIERYRYS

PN WP o [o-}

UPDRAFT (m s~1)

8

© o

—-_Nwha O

TIME (min) TO 10 dBZ FIRST ECHO

SEResEEEENESE 9.9 3.0 6.9 6e2 Se.8
*3468s  13.6 10.3 8.6 7.5 6.8 65
19«4 141 11.2 Fe6 8.5 7.8 75
199 15.6 13.0 11.3 10.1 9.4 9.1
21.3 17.2 14.5 12.8 11.6 10.8 10.6
24,1 20.1 17.2 153 13.0 1342 13.0
315 27«0 23.6 21«3 19«6 18.7 18.6

CLOUD BASE TEMPERATURE (°cC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

et
o

EEEEREEERSLE -2 el sl ol ol
£4E e 3 2 -l ol ol vl
.3 2 .2 el et ot ol
2 2 .2 -l el el el
.2 .2 e2 el ot -1 .l
.2 2 -l Y -l ol ol
.l -l el -t -0 -0 el

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

sEEFRSCEEOES 2. 2e 2e 2é 2.
(I 1 XYY 2. 2. te le 2. 2.
1. 2. 1. le le i. 2e

1. 1 le le le le le

1 1 1e le | le la

e 1 | I 1 le le le

Oe 1a Oe 0. O. O. O

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s™1)

- W [«)} [0
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(=)

UPDRAFT (m s~ 1)

=-NwWwhs N 0
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SEEN AI[TH 1.2305~07 G/v3 07 SALT 2 AT 0.5 KM ADOVE CLIUD HASE

1.0 X ADIJATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

sss0te 6A39,

7953. S5ta3.

a313. 379a.

3354, 3128.
2911. 2a2A.

1336. 1626,

sessessseess A039F,

S04S.

4098.

3143,
2637.
2083,
1320.

4891.

4t91.

3aaz.

273a.

2319.
1852.

3183,

3651.

3083.

2454,

2098 .
1691.

377a.

3325.

2838.

228S.

1966.
1596.

1279. 1180, 1123,

3564.

3167.

2729.

2221,

1924,

1S7s.
1121,

-5 0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

SR ESERREN 15. 10. 8. 3. Qe
LTI Y ¥ 17. 10 Te 6 Te Te
10. t1. 7. Se Se Se 6o

Se Se 3. 3. 4.

3. 3. 2. 2. 3.

2. 3. 2. le 1. 2.

le | le O« O. 0. Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CeENESEEEESETDSE Oe [+ Y O. Oe Oe
LA L LN O« [ O. O. Oe Oe
0. Oe 0. 0. Oe 0. 0.

0. Qe O. [» Q. [ Y

0. O. [ Oe 0.
0. 0. 0. Q. O.
0. . O. - 0. 0. 0.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~ 1)

" UPDRAFT (m s~ 1)

PN W > O

UPDRAFT (m s~ %)

N W 2 (23} (3]

10

[
(=

[
o Q

[ YN

TIME (min) TO 10 dBZ FIRST ECHO

teseeseseses 10,1 8.1 Te0 63 Se9
sseses 13.8 10.5 8.7 76 Ge9 6.6
196 14.3 11e4 9.7 8.6 7.9 Te6
20e1 15«3 13.1 11.4 10.2 9.5 9.3
21.8% 174 143.6 12,9 11.7 10.9 10.7
2443 20.2 17.4 1S.4 14.1 13.3 13.1
316 27.1t 23«7 21.3 19.7 18.7 19.7

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEESEEEEREES 0 «0 Y 0 .0
xaneke 0 .0 .0 «0 0 .0
.0 -0 0 .0 «0 -0 -0
-0 -0 -0 -0 .0 «0 -0
0 -0 0 -0 -0 0 «0
0 .0 0 -0 -0 -0 -0
«0 -0 -0 -0 -0 0 «Q

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CEEEEEEECE NS 0. O. Oe Oe Qe
*EeeRe 0. Oe Oe O. 0. Ce
Oe Oe Oe Oe Oe 6. Oe

[+ 1% 0. O. Oe [ 0. Oe

Oe O [ Qe Oe Oe Oe

0. O. Oe Oe O. Oe Oe

Oe O. O. Oe Q. O. [ 19

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)




UPDRAFT (m s~1)

UPDRAFT (m s~1)
N WP o [o')

=N Wh =)} oo

UPDRAFT (m s™?)

=RNwh O ©®

—
o

[
o

et
(=]

SSEN 4I1TH 1 .30C-08
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G743 35 SALT 2 AT 0.5 KM ABOVT C_3UD JASE

1.0 X ADIBATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

PEEBELEREESE

jsse s e 6655,

T)62« S152.

4322, 3A09%.

3957. 3132,
2313. 2431,

1397. 1626.

5052.

5055.

4105.

31a7.

2540.

2084 .
1420.

4939,

4197.

3491.

2737.

2321.

tBSa.
1280.

3195,
3657.
3oar.
;G57-
2100.

1692,
1180.

3J781.

I3n.

28a2,

2289.

1968.

1597.
1124,

3s72.

31743,

2738,

2225.

1926

1575.
1121,

-5 0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

2 22T EYIE 2T ] 2a le le le le
senbew 2. 1. 1. 1a le 1.
le le 1. | le } 1.

1. le [ O. Ce 0.

0. 1 [ 29 0. Qe [+ 8

0. ] Oe 0. Oe O. Oe

O ] 0. 0. 0. Oe Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

ss888s0enss O. 0. O. 0. O
ssskss [+ Y 0. Oe Ce 0. O.
o O [+ 29 O. Oe [+ Y Q.

(] [ Q. % [+ Y 0. 0.

O. Oe O. O. G 0. [

Q. ] 0. 0. 0. Oe 0.

0. LY Qe [ Y [+ 1Y [ 2% 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

UPDRAFT (m s 1)

" UPDRAFT (m s~ 1)

N WP N

UPDRAFT (m s™ )

=NWR oy

= —
(=] [}

p—
©® o

= Nwa O

TIME (min) TO

10 dBZ FIRST ECHO

PEESEESEELES 10.1 8e1 Te0 6e3 60

sEEEe 13.9 10.5 8.7 Teb Ge9 Beb

19.6 14,3 1l.4 9.7 Bes6 79 76

20.1 15.8 13.1 11.4 10.2 9.5 9.3

21.4 17.4 1847 12,9 117 10.9 10.7

24.3 20.3 173 15.4 14,1 13.3 13.1

31.56 27.1 23.7 21.3 19.7 18.7 187
5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

EEERREEEEEE K «0 0 0 «0 -0

sreres -0 -0 -0 .0 0 .0

o0 Py 0 0 o0 .0 0

«0 0 -0 .0 -0 0 0

«0 0 0 0 0 «0 o0

0 a0 -0 «0 ) 0 «0

0.0 «0 ] 0.0 «0 00 «0

5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

PEEESERSRRES O. Oe O Oe 0.
4080 Oe O. [ Oe Oe 0.
[ 2% [ 2% Q. 0. Q. b. [

Oe Oe O. 0. Oe Oe Oe

0. O. 0. 0. O. O. 0.

O. O. 0. 0. 0. 0. O.

Oe Qe Q. O. Qe Oe Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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SEED wiTH 1.2)E-02 G743 IF SALT 2 AT (.0 KW ABOVI CLIUD HASE

143 X ADIIATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

A322. a750. 3304%. 3261. 2981. 2609. 2472.

5397. 4056. 1326, 2999, 2580. 2358. 2248.

4357. 3378. 2438. 250S. 2265« 2093. 2011.

3399. 2573. 2303. 2071. 1902. 1781.

1615,
1427,
1442, 1361, 1265. 11774 1123,

1727.

2792. 230%. 2022. 13482. 1710. 1575.

2254, 1917, 1714, 1587. 1493, 1401.

1669. 1119,

-5 0 5 10 15 20
CLOUD BASE TEMPERATURE (OC)

25

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

sssesesssses 2245, 1530. 1315« 1173. 1101,
¢seess 2630, 1730. 1309. 1078a. 974. 927.
2596, 177%. 12693, 987. R23. 7SJe 723,
1514, 1128, 8344. 566, 555, S07. 498,
1365. 823. 518s 480. 390. 353. 352.
565%. 514, 370. 267 198« 170a 175.
227. 145, 59. 1Se. 3. le 2
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
tsceocesere 3r. 33. 3le 3. .
sestos 3. Ja. 31. 29 2%, 29.
3R, 3. 3. 28. 27. 26 26a
3. 30. 27. 28, 23. 22 ;Z-
23, 26. 23. 21 19. 18¢ 18.
23. 21, 108. 18, 124 1la 11.
12. 9. L te 0. Oe O.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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TIME (min) TO 10 dBZ FIRST ECHO

114 7.9 6.3 S.o 3.8 4.3 4.1
11.5 8.5 6.9 6.0 Sso 4.9 4.7
12.1 9.4 Te9 Te«0 63 Se3 S.6
13.8 1l.1 2% Beb T«9 Ted T2
15.5 12.8 11.2 10.2 9.5 9.0 8.8
18.8 16540 183 13.2 12.4 11.9 11.7
27.8 287 22.7 21.1 19.6 18.7 18.7

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEEEEEEEEE 3.7 2.7 2.2 2.0 1.3
*EEKES S8 3.6 2.7 2.2 2.0 1«9
75 4.9 3.5 2.7 2.3 2.1 20
6.3 4.7 3.5 28 2.3 2e1 2012
Se9 8.6 38 2e7 2.2 240 20
55 Qe3 3.1 2.2 te?7 led 1«5
3.8 2.8 1.0 .2 0 «0 -0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CEEEEEEENEEX 37. 33. 3t. 31. 31.
(A2 177 39 34. 3. 29 29. 29.
38. 3s. 31a 28. 27« 26. 26.
3. 30. 27« 24, 23. 22 22
28. 26. 23. 21 19. 18, t8.
23. 21. 18. 144 12« 11, 11.
12 9. 4. | B8 O. Oe [+ 1%

CLOUD BASE TEMPERATURE (°C)
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SEED 4174 1.,90E-03

1ed X AXIYATIC WATER CONTENTS

HEIGHT {m) QF 10 dBZ FIRST ECHO

10 |***ee 5635. ss13. 3733, 3278. 2967. 230s.
-
)
'm 8 6615. 4723, 3816. 3287, 2917. 2664. 2536,
=3
~ 6 | Store 3972, 3219. 2818, 2538. 2343. 2209.
'—
!-L -
§ 4 3773. 3015. 2578. 2302, 2105. 196B. 1907.
g 3 || 3123. 2577, 2240. 2026. 1371. 1765. 1721,
3 2 | 2393. 2103. 1870. 1716. 1602, 1526. 1499.
T i 1793, 1571, 1807, 12739, 1180. 1124. 1121.
-5 0 5 10 15 20 25
(o]
CLOUD BASE TEMPERATURE ( C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
10 *eeseererress 1541, 1158, 217. B15. 768.
-
T 8 |*eerrs 1333, 1240, 916. 7a1. 663, 635,
7
E 6 | 1362. 1231, 887. s7a. 550, S00. ass.
'-— .
2 4 | tos0. 78s. s70. a35. 352, 320. 318,
=3 3 71a. SS5. 600. 296. 229. 203. 206.
% 2 Al5. 323. 214. 138. 90. 71. 77.
1 10a.  S6. 13, 2. 0. 0. 0.
-5 i 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

Pl
o

*ssssessenss 27. 24 . 22 22. 21 .
-
—
lm 8 [eeeree 29. 2s. 22, 20. 20, 20.
=
-~ 6 23. 25, 22. 19. 18. 18. 18.
'—
L
:E 4 22. 21. 19, 16. ta, 18. 1a.
ac 3 19. 1. 15 13. 11. 10. 1.
a.
> 2 ta. 13, 10. 7. Se a. 5.
1 5. 3. 1. o. 0. 0. 0.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s™1)
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UPDRAFT (m s~1)
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Q

UPDRAFT (m s~ 1)
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—_MNWwR N

3/7M3 UF SALT 2 AV 1.0 KM ABOVE CLOJD HASE

TIME (min) TO 10 dBZ FIRST ECHO

xsbses 9.4 Ted 662 Se5 4.9 407
13.8 9.8 7.9 68 6ol 5.5 Se 3
14,2 10.8 8.9 7.8 7.0 6e5S 62
15.7 12.56 10.7 9.6 8.8 8.2 ;.j -
17.5 18.3 12.4 11.3 10.4 9.8 9e
20e8 176 1S.6 143 13.4 12.7 12.5
29.9 26.2 23e5 21«3 1947 18.7 18
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

FEEEASEEEER 267 1«9 1e5 l.a 1.3

*EEEEE 4.0 2.6 1.9 1.5 1.0 I.BL
5.4 3.6 2eS 1«9 15 1.8 13
4.4 3.3 2.4 1«8 1.5 1.3 1.3
4.0 3.1 2.2 1.6 13 lel el
3.5 2.7 1.8 lel 7 6 «b

1.7 .9 .2 0 -0 .0 o0
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEEESANEO RS S 27, 28, 22 22. 21.
(I 1 1] 29. 2S5 22. 20. 20. 20.
28. 2Se. 22. 19. 18. 18. 18.
22. 21. 18, 16e | 14, 14,
19. 18. 1S. 13. 1l 10e 11.
18, 13. to. Te Se L Sa
5. 3. 1le O. [+ 2% Oe [

CLOUD BASE TEMPERATURE (OC)
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SEZED WITH 1.09F-048 5743 NF SALT 2 AT 1.0 KM ABOVE CLODOUD BASE

10 X ADIQATIC «“AVER CONTENTFTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

esssse 6593, 5024. 8190. 36S51.

s08060 5326, 4300. 35058. 3230. 2944. 2793.

S39d. 4374+ 3588. 3Ill13. 2738. 2570. 23643«

2514,
2189,

4235« 3351« 2339. 2286+ 2135. 2068.

3493. 2935. 2%a2. 2003,

1670a
1372. 1616« 1319. 1279, 1180. 1123,

1890. 1843,

27264 2283. 2002. 1912, 1'S82. 1558.

1121

5 0 5 10 15 20
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

25

3296« 3109.

10

..1)

(72}

m

UPDRAFT

N W P

8

LOWERING (m} QF FIRST ECHO
ssessssssees 1029, 701l. 545. 486. Cba.' la
®sesse 1230, 755. 540. 428. 387. 375. "'.? 8
w
1165, 779. Si8. 375. 300. 273. 270. E b5
‘.—
S73. a450. 310. 223. 171. 153. 1S7. x4
369. 298, 198, 132. 92. 79. B8a. o 3
187. 1e8. 83. a2. 21. 1S5e 17. o 2
>
25. 10, 2. 0. 0. 0. 0. 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
ss0sesescsee 17, 18, 13. 13. 13. 10
¢esses 13,  15. 13. 12. 12. 12. < 8
)
16.  1S5. 13. 11. 10. 10. 10. E 6
—
12.  12. 10, 8. 7. 7. 7. %4
10, 0. 8. 6. a. .. a. x 3
6. 6. a. 2. 1. 1. e 2
i. le 0. 9. o. 0. 0. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

TIME (min) TO 10 dBZ FIRST ECHO

ssesss 11,0 8.4 T«.0 Gal S5 Se2

ssesee 11.3 9.0 7«6 67 Gl Se 58
16«4 12.1 10.0 8.6 Te7 Ta1 S8
17.7 18,0 11.8 10.5 9.5 8.9 Beb
19464 1Se7 13.6 12.2 112 10.5 10.2
22.7 19.0 16.7 1561 13.9 13.2 13.0
312 2669 2326 213 19.7 18.7 ISLJ
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

CEEERESEREER 17 1.2 -9 o8 .8
tsexes 246 1.6 lel .9 8 -]
3.2 2.2 ted 1.1 -8 8 -8
2.4 1.9 1.3 .9 7 «5 o?
2.0 1e7 1.1 7 S X3 -3
1«6 1.2 .7 -3 .2 ol el

Y .2 .0 «0 0 0.0 «0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

XS REEEES SR 17. 14, 13 13. 13.
P T 1] 18. 1S, 13. 12. 12. 12.
16a 1S. 13. 11e 10« 10. 10«
12 12. 10. Be Te Te Ta
10 10. 8e Be 4 LY 8e

(- 13 6e 4, 2e le le | 3

le 1. [ Oe Oe O Oe

CLOUD BASE TEMPERATURE (°C)
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SEEY WITH 1,00F~095 (/Y3 0OF SALT 2 AT 1.0 KM aA8Qv:

1.0 X ADIIATIC WATER CONTFNTS

HEIGHT (m) OF

10 dBZ FIRST ECHO

-70-

CLIUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

tesses 7621, 5607. 4602. 3975. 3581, 3374. 10
-
—
svsess £127. 4743, 3986. 3493. 3181. 3022. .m 8
1<
5686. 4839, 3908. 3353. 2986. 2750. 2638. ~ 6
[o.
. T
4539, 3639. 3045, 2672. 2811. 2243, 2181. é 4
37s2. 3038, 2585, 2291, 208l. 1953, 1910. E 3
2370. 2396. 2069. 13439« 1639. 1595 1573. > 2
1398, 1675, 1420. 1280. 1180+ 1124, 1121. 1
-5 4} 5 10 15 20 25
(4]
CLOUD BASE TEMPERATURE (7 C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
sesasenreess 246, 289. 220. 201 199. 10
-
ssesss  S3a. 312, 212. 164. 1S51e 153. 7 8
)
at7. 318. 197, 13a8. 102. 93, 97. E 6
'—
183, 162. 103. 66. 46. a40. A4a. :_l: 4
105. 9a4. SS. 31. 19. 15. 17. o 3
a3.  3S. 16, -8 3. 2. 2. a 2
oD
3. 1. 0. 0. 0. 0. 0. 1
-5 0 5 10 15 20 25

(22222 12.7 9.3 77 &b 6.0 Seb

X2 X2 Y] 12.8 9.9 8e3 T3 646 6.3

18.5 13.4 10.9 9«3 Bel Teb Te3

19.3 1952 12.7 111 10.0 94 Pl

20.8 15.9 18.4 12«7 116 10.9 1046

23.9 20.0 17.2 154 14,1t 13.3 13.1

31.6 271 23.7 21.3 19.7 1847 1847
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

B REREEE TR K P 4 5 -8 3 P

cxEtes lel 7 X -3 «3 «3}

12 9 S Py 3 3 3

«8 %4 4 3 2 .2 o2

6 'Y-1 3 .2 ol ol ol

3 »3 el ol 0 0 PY-]

Y] 0 «0 0.0 0.0 0.0 0.0

.5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

cesessesvste 7. 6o S. Se 6e 10
——
—
ssess e Qe 6o Se LIS Se Se ' 8
7))
6. 6o Se LYS 3. 3. .. E 6
—
a. .. 3. 2. 2. 2. 2. é 4
3. 3. 2. 1. 1. 1. 1. % 3
1. 1. 1. 0. 0. 0. 0. o 2
a. a. °. 0. 0. °. 0. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

P I TS L 2 Te 6o Se Se 6o
*Es8eE 8e G Se L XY Se Se
Be - 1Y Se LT 3e 3. L

L 9 LY 3. 2 20 2. 2e

3. 3. 2e 1. le

le 1. 1 Y O. 0. Oe Qe

Oe 0. Oe Ow Oe Oe O.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s’1) UPDRAFT (m s’l)
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UPDRAFT (m s~ 1)

DN WS =) o

SEED wITH 1.02-06 4/7M3
1e2 X ADIJIATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

Ssescessscss 3951, 4334, 4152 3742. 3I531.
¢se9s¢ ASAJ. 49948, 4159, 3628. 3303. 3LaS.
6396, S5094. 4070. 3470, 3071. 2828, 27t18.
arT9%, 3773. 3132. 2728.-2651. 2283. 2219.
3993 3113. 2633. 2317. 2098. 1966. 1925.
2908. 2427. 2083. 1953. 1691l. 1597. 157S5.
1996, 1626+ 1320. 1280. 1180« 1128, 1121,
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE {°C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
sassvestesee 92. S57. 43. ala 42.
**s0es 109, 61l 39. 30. 28 30.
6T. 59 3S. 224 16« 15. 16.
27« 27. 16. e Se 6o
| 1e., 4e 2. 2.
Se 1e O. O. O.
0. [+ 29 O. Oe Oe
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
eoscssevees 2. te I 3 le le
sssesnse 2e 1e te 1. le le
| 3 1. le L 3 le le 1.
le 1e le [} O« O.
O. Oe O. 0. O. [+]
[ 0. 0. Q. O O. 0.
Qe 0. Qe 0. Oa Oe C.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s~ 1)
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UPDRAFT (m s~ 1)

b DN QO () [o-]

UPDRAFT (m s™ 1)

[
® o

—NW ()}

N5 SALT 2 AT 1.0 KM AS0VE CLIUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

TESEESEES RS 9.9 Bet 69 6.2 Se9
sEasey 13.6 10.4 8.7 Te6 6.9 665
19.4 1.2 11.3 95 BeS Te9 751
20.0 15«7 13.0 11.4 10.2 9.5 Qe
21e3 1723 14.6 129 11.7 10.9 10.7]
24.2 20.2 17.4 1S« 11a.1 13.3 131
3156 2741 23.7 21«3 197 18.7 18,7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEEKECREEER 2 ol ol -l el
seesse .2 -l el el ol ol
.2 .2 ot .l 0 0 .0
el el -l .0 0 -0 cQ
el ol 0 .0 -0 0 0
-0 -0 -0 «0 -0 -0 -0
0 -0 0.0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LRSS SR ECEE 2. te 1e le 1a
x5sese 2e le le le le le
1. le | | 1. | B | 8

le 1. te Oa Oe Oe O

0. 0. Oe 0. O Oe - 2%

Oe Oe Oo [ [» 1 Oe O

0. Oe O O Oe Oe Oc

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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SEED 4ITH 1 ,20F=~0T7 5/7M43
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1.0 X AJIBATIC WATER CONTENYS

HEIGHT (m) OF 10 dBZ FIRST

ECHO

(XA XA AN NN ]

tseesr 6544,

7956« Stab.

4323, 3733.
3856. 313t.
2712. 2430.

1897. 1626.

6333,

5049.

3102,

3146.

2639.

2084,
1420,

4394,

41248,

3390,

2736

2321.

1854,
1280.

2856

4191. 37277,

36594. 3328.

3N%6. 2841,
2287.
19613.
1S97.

2100.
1692,
1180. 1124,

35693.

3171,

2733.

22235.

1926.

1576,
1121,

-5 0

5

10

15 20

25

CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

P (esnesessrane 11, Te S Se Se
ssP el 13. Te 4. 3 3. 3.

7 7 4. 2. 2 2 2.

3. 3. 2. le le le le

2. 2. le Qe Oe 4] 0.

1. 1. Oe O. Q. 0. Oe

Oe [+ 29 [ 0. O. Q. 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sssesstesee s 0. 0. O. 0. O.
ss000s Qe Qe O. Oe Q. Oe
Oe O« O Oa Oe a. e
O. Qe O. O. Oe 0. (4]
O. Qe O. Oe [+ 2 O 0.
0. Oe O. 0. Oe Oe 0.
0. [+ 1Y 0. O. O O. O.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)
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UPDRAFT
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UPDRAFT (m s~ 1)

UPDRAFT (m s~1)
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~NWH O

IF SALT 2 AT 1.0 KM ANOVE CLOUD HASE

TIME (min) TO 10 dBZ FIRST ECHO

PEERELEEREES 10.1 Bet 7.0 6.3 59
setsas 13.8 105 8.7 7«6 69 6.6
19«6 13.3 11.4 9.7 846 Te9 Teb
20.1 t5.3 13.1 11.58 10.2 9.5 93
21.4 17.8 18.7 12.9 L1+a7 10.9 10.7
2443 20.3 17.5 15.5% 141 133 13.1
31.6 27.1 23.7 21.3 19.7 18.7 1847

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEEEELEOESE =0 «0 0 -0 «Q
seeEne «0 .0 0 0 o0 0
«0 «0 0 .0 «0 -0 «0}

.0 .0 .0 .0 .0 .0 .0

-0 -0 -0 «0 .0 .0 -0

«0 «0 0 0 0.0 0 000

0.0 0.0 0.0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

sesesERBERESE Oe Oe Oe O. 0.
rasess 0. 0. Oe [ 2 Oe Oe
Ce Oe [+ 1S Oe - X% O. O.

0. 0. O. 0. O Q. Oe

O. O. Oe Oe Oe Q. Qe

0. 0. O. 0. Oe Q. 0.

G. Oe 0. Oe O. O. Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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SEEN #iTH 1.07E-08 /43 OF SALT 2 AT 1.0 XM AROVI CLIUD BASE

1+ X ADINATIC WAVER CONVENTS

HEIGHT (m) OF

10 dBZ FIRST ECHO

¢esssseseese 6052. 4390, 4195, 3782, 3573. lo
-
—

sseese 6655, S0S55. 4197, 3557. 3331. 3173, 'm 8
1=

7062. S152. 84105. 3492, 3038. 2843. 2734. ~ 6
.—
. L

8322, 3903%. 3168, 2737. 2857. 2288. 2225. § ]

3357. 3132. 2540. 2321 2100. 1968. 1927. o 3
a.

2913. 2331. 2088, 1H4S4. 1692, 1597. 1575. > 2

1397. 1525, 1320. 1280. 1180. 1128. 1121, 1

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

CESESIEE SRS R 1le le 1 le I
P
sseene le le le [+ Oe 0. 'r
wy
1. 1. °.  o. 0. 0. o. E
e
0. O. O [ 29 0. O. Q. :E
0. [ 1Y O. O. O. O. DD-
[ 1 Oe Oe [ Oe 0. S
0. De 0. De O 0. O.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

secesssstses Oe Qe 0. Qe G.
el
~—
ssseee Ce O. Os O Na 0. ]
v
0. Oe G. [ O. O. 0. 5
[
O. Oe 0. 0. Oe Ow 0. t;
0. 0. . 0. 0. 0. 0. e
0. 3. a. ° 0. 0. 0. s
N. 0. O G. Qe Y
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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TIME (min) TO 10 dBZ FIRST ECHO

$E25EEE666E: 10,1 8.1 7.0 6.3 6.0
teb e 13.9 10.5 Be7 76 6.9 6.6
19.6 13.3 1l.a 9.7 8.6 Te9 76
2001 15.8 13.1 114 10.2 9.5 9.3
2148 17.4 148.7 12.9 117 10.9 10.7
2443 2043 17.4 15.4 18.1 13.3 13.1
316 27.1 23.7 21.3 19.7 18.7 13.7

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

XSRS EEN RS -0 -0 0 0 .0
22 1311 .0 .0 -0 -0 0 «Q
.0 .0 «0 .0 .0 .0 .0

«0 0 «0 -0 -0 0 GaD

-0 .0 0.0 0«0 0.0 0.0 0.0

-0 -0 0«0 0.0 0.0 0.0 0c0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

*EEKEBEEES R 0. O. O Oe 0o
*ekene Oe O Oe Oe Oe 0.
Oe O. O [+ [- 2% Oe 0.

Oe Qe Oe Oe O 0.

0. Oe 0. 0. Co

Oe 0. 0. Qe O. 0.

[ 2 O. 0. 0. Oe Oe 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s 1)

UPDRAFT (m s 1)
N WP N (o]

N WS (=} [oe

UPDRAFT (m s~ 1)

N W [+)} [ee]

10

10

—
o
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STT) AiTH 1.02E-N2 5743 OF SALT 3 AT 2.0 KM ABOVE CLIUD 9ASE

1.3 X ADIBATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

5036,

4193,

333S.

25At.

2160.
1703,

1162.

3324.

3277.

2721%.

2132.

1407,

12433,

1000.

3133,

2731,

2303,

1832,

1566.

1262,
383.

2550.

2247,

1917,

1543,

1327

1078.
761.

2258 .

2003.

1721

1396.

1206.
984.
69%.

2106« 2035.

1873. 1825.

1623. 1587.

1325. 1306.
1149. 1138,
942, 938,

673 676

-5

0

5

10

15

20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

CEEREREEESEES

sssess 3377,

3579.

2241.
1697,
1210,

73a.

2430.

1659,
13245,
987.
627.

2929%.

2325.

1302.

1315.

107s.,

822.
S37.

2340,

1951.

1S575.

1195.

99%a.

776,
519.

1937.

1655

1367.

1062.

894.

708.
481

1676. 1538.

1454. 1350.

1220+ 1147,

963. 919.
819. 789.
655, 637,

451. 44S5.

-5

0

5

10

15

20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

I X I YT Y] 48. 48 46, {4, 43.
0000 St L L 46. 45. ad. 43.
S2e AT7. a4, 45. as, 43. 42.
a5, 44, 42, 84, 43, 42, 41.
A4, a2, 4l 43, 43. 42 L3
2. a1, 39. 42, 42 al. 40.
39 3%. 3R. at. 41. 40. 40.

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s 1)

UPDRAFT (m s~1)

—Nw X

UPDRAFT (m s™1)

=W oy ®

10

[
[=

et
© o

= NwWwH O

TIME (min) TO 10 dBZ FIRST ECHO

8.4 6.4 S.2 4.3 Je.8 3.5 3.4
8.7 6.8 Se7 4.7 4.2 3.9 3.8
9.0 Teb - % ) 5.3 4.8 4.5 e
10.8 8.9 Teb 6.4 S8 55 Ses
12.0 10.0 8.7 Ted 67 6e s 63
14.2 12.0 10.5 9.0 8.2 7.9 7e8
19.4 1667 14,7 1247 11.6 11.2 11.3

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

EX X222 1222 4.9 39 3.2 2.8 246
L3122 7«0 2.8 4.1 3.4 3.0 2.8
10.2 6.7 S.0 4.4 3.8 3.4 3.2
9.3 7.0 - 5.5 Se0 4.4 4,0 3.8
Qed T4 6.0 Se5 5.0 405 de4
10.1 8.2 6.9 6eS 5.9 SeS Se3
12.2 104 9.0 8.6 8.0 75 Tes

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

FESSES 0BRSS 48, 48. 46a 44, 43.
62888 St. 46 46, 4S. A8 . 43.
S52e 47 44, 45. 4. 43 42.
46, 44, a2 48, 43. 42 41,
44, a2, 41. 43, 43. 42 4l
42. 41, 39. 42, 42 4l. 40.
39. 39. 38. a1, L3 Y 40 . 40.

CLOUD BASE TEMPERATURE (OC)

P-22




UPDRAFT (m s™1)

— N W (=] (oo}

UPDRAFT (m s~ 1)

=-_NwWs o o]

UPDRAFT (m s™ 1)

=N W [+,} (o]

p—t
o

[
o

—
o

SEED wITH 1,)05~03 3743 IF SALT 3 AT 0.0

te) X ADIIATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-75-

5443. A684. 1768. 1083. 2723. 2524. 2426. 10
Camn
L]
S199. 1961. 3257. 2701. 240S. 2248, 217d. 'm 8
1S
3102, 3289, 2726. 2291. 2057. 1933. 19382. ~ 6
}—
- [T,
3067. 2512. 2149. 1830. 1659. 1571. 1542. :E 4
7543. 2115. 1827, 156A. 1428. 1358. 134a1. 2 3
1)88. 1677. 1364, 1266+ 1159+ 1108. 1101. 5 2
133%. 1143, 1015. AB6. Bi7. 786. 787. 1

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

*ssstesesess 202835, 1808, 1473, 1258, 1147. lg
-
—
tseess 2595, 1799. 1897. 1252. 1088. 100S. . 8
w
2351. 1908. 1383. 1201+ 103l. 910. 8S3. E s
'—
1755. 1239. 999. 907. 798. 718. 683. =4
1315. 1017. 813, 7S8. 672. 610. 586+ = 3
929. 754. 621. S88. 533. 489. a7S. o 2
S61. 478. 406. 39a. 364. 333, 33a. 1

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

esessessessse 33, 37. 35. 33. 32. 10
E
—
seenss 40, 36 36. 34. 33. 32. [ ] 8
w
a2, 3r. 3a. 3a. 33. 32. 31. E 6
=
35. 3. 32, 33. 32, 3t. 3. < 4
38, 32.  31. 32. 32. 31. 30. x 3
32 31. 30. 32. 31. 31. 30. 8 2
0. 29. 29, 31. 31. 30. 30. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-23

KM AfIOVI CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

10.7 7.8 6.3 Sel 4.5 4.2 4.0
10.8 8.3 6.8 Se6 S.0 4.7 4.5
1l.4 9«0 7«6 6.4 Se7 Sed 5.2
12.8 10.5 9.0 Te6 6.9 6.5 6e8
14.1 11.8 10.1 8.7 T+9 7eS Ted
165 14.0 12.2 10.5 9.7 9.2 9.2
2243 19«1 169 18.8 13.6 13.% 13.1

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEXEEREEERLE 3.8 3.0 2.5 2.1 1.9
EX F3 T 2 Seb6 37 3.1 2.6 2.3 2.1
8.2 Se3 3.8 3.3 2.9 2.5 208
T3 Sed 4.2 3.8 3.3 3.0 208
7.3 S.7 4.5 4,2 3.7 3.4 3.3
Te7 63 Se2 Q.9 4.3 401 4.0
9.3 8.0 6.8 6.6 6.1 Se6 S.6

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEESESEE B EEE 38. 37. 3Se. 33. 32.
ettt 40, 36. 36. 34, 33. 32.
a2, 37. 3a. 3a. 33. 32. 3.
36. 3a. 32. 33. 32. 31. n.
34, 32. 31. 32. 32e 3t 30.
32. 3. 30. 32. 31. 3. 30.
30. 29. 29. 3t. 31. 30. 30.

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s 1)

UPDRAFT (m s 1)
[y RS- [)) [ee]

_NWH o 0

UPDRAFT (m s 1)

~NwH o o]

10

10

10

SEZD) #ITH §1,008-0a

-76-

1.0 X ADIDATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

3/M3 OF SALTY 3 AT 0.9 KM

sbkeses S571.

62148,

4332,

3531.

2309
2250

1500,

2468 3e

3757.

2971.
2803,

1995,

1284,

4384, 3573. 3139. 2893, 2767.
3758. 3115. 2763 256;. 2469,
3121 2628. 2355. 2203. 2136.
2342, 2039.-1591- 1785. 1747,
2063. 1783. 1624. 1541. 1516,

10649. 1435, 1315« 1255. 1243,
1137, 1900. 923. 887. 887.

-5

0

5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

ssseser e 1563. 1317. 1057, B89. B807.
ssevse 2316, 1297, 1083. 89S. 767. 706
2231« 1396. 984, 864, 733. 630, 598,
1232, 929, 706. 648, 566 S03. ar73.
J419, 723, 572. 537. 476 427 . 410.
563, 536 435. 419, 377. 342. 332.
396. 338. 2na., 280. 257. 237 234.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

(22X X2 XN 28. 27. 2S5 e 28, 23.
sssees 30. 26 26, 24. 23. 22.
32. 27. 24, 25. 23, 23. 22.
27. 24. 22. 24, 23. 22. 22
25. 23, 22. 23. 23. 22 21.
23. 22. 21. 23. 22, 21. 21.
21. 2t. 20. 22. 22 21. 21 .

CLOUD BASE TEMPERATURE (OC)

ARNVE CLOUD BASE

UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

—NwW P o @

UPDRAFT (m s~ 1)

— P W N <)

10

ot
o

10

o«

= NWes O

TIME (min) TO 10 dBZ FIRST ECHO

exne 9.3 7.3 6.0 S5e2 4.8 46
13.1 9.7 7.8 6e5 Se.8 Se3 Sel
13.4% 10.4 8.7 Te3 65 Sel 5.9
14,8 12.0 10.2 Be.7 7.9 Tet 73
16.2 13.4 115 9.9 9.0 Beb6 8.0
18.8 15.A4 13.7 12.0 1.0 10.5 10.43
25.0 21.5 189 16.7 15.4 14.8 13.8
-5 0 5 10 15 20 25

(o]
CLOUD BASE TEMPERATURE ("C)
SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

CEEEEEEEE TS 28 2.2 1.8 1«5 1.3

SRR 4.2 2.7 243 19 1«6 1«5
6.2 3.9 2.7 28 2«0 1.8 1.7
5.3 3.9 269 2.7 2.4 2.1 2.0
S5.3 4.0 3.2 3.0 26 2.8 203
Se5 4.5 3.6 35 3.1 2.8 248
646 Se6 4.7 8.7 4.3 4.0 3.9

.5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

seens st sens 28. 27. 25e 26, 23.
[T X123 30, 26 26. 24« 23. 22
32. 27. 28 . 25. 284 23. 22
27. 24. 22, 2a. 23. 22. 22.
25. 23. 22. 23. 23. 22. 21.
23. 22. 21, 23. 22 21. 21.

21. 21 20. 22. 22 21. 2t

5 0 &5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

p-24




UPDRAFT (m s~1)

=_NwWe o (o]

UPDRAFT (m s™°)

N Wb [+)} [e0)

UPDRAFT (m s™})

N wWH (2] x

10

[y
o

[y
o
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12 X ADIRATIC #ATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

esseee (543, 5003. a043. 3531, 3237. 3079.

[a—
o

797%. 5352. 3255. 3511. 3097. 2862. 2T74a3l.

S612¢ 4271 3506. 2943, 2631. 2452, 2369.

4019« 3224, 2722, 2331. 2106 1991. 1933.

327%. 26A4. 2297. 1986« 180S5S. 1703. 1676.

UPDRAFT (m s1)

- N WP o o

2503. 2193« 1825. 1593. 1459, 1389. 1373.

1657« 1421+ 1252. 1125« 1021 9380. 978B.

-5 0 5 10 15 20
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

25

LOWERING (m) OF FIRST ECHO
sssccssesrss 1085, 982, 665. S45. 649a. 10
Cam
ssveee 1305, 800. 6B7. 560. 470. 831, < 8
w
1351, AQ33. 600. S4s. 857. 391. 365. E 6
.—
B08. 577. 426. 406. 351. 307. 292. =1
587. 449, 3a3. 336. 295. 260. 2SI. o 3
40S5. 328. 260. 261. 233. 203. 203. % 2
240. 205, 169. 174, 159. 144, 143, 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sssevscssens 17. 17. 16« 14. 18, 10
P
—
sessse 20, 16. 16. 15. 14, 14, s 8
n
21 ¥7. 15 16. 15 18. 13, E 6
'-—
17.  1S. 1sa. 1S, 1a. 13, 13. '&' 4
15.  te. 13, 1s. 18,  13. 13. x 3
14, 13, 12.  18.  14.  13.  13. 8 2
3. 13. 12, 1a. 13. 13, 13. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

P-25

SEED #ITH 1.000-95 G/4¥)3 NF SALT 3 AT 0.0 K% ARODVI CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

sEenae 10.9 8.3 6.7 Se9 Se.s Set
158 11.1 8.9 7.3 65 6.0 Se?7
156 11.9 9.7 8.2 T3 6.8 6.6
167 13.4 11.3 97 8.8 843 Bel
182 14.9 12.8 11.0 10.0 9«5 9«3
20e9 1745 152 133 12.2 11.6 11.8
2746 237 209 18.4 17.0 163 16.3
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SSEEBE LS L SRS 1«7 les 1.1 -9 B
se*esEk 2.7 1.7 1% 1e2 1.0 -3
4.0 2.5 1.7 1.5 1«3 lel 1.0
3.3 2.3 1.8 1.7 1«5 13 102
3.3 2.5 1.9 1.9 1«6 1.4 1.8
3.4 2.7 2.2 2.2 1«9 1.7 1.7
4.0 3.4 2.8 2.9 2.7 2448 2.4

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SESEKEBEESE 17« 17« 16« 14, | LY
sesses 20. 16, 16. 1S5 14. 14.
21. 17. 1S. 16. 1S« 14. 13.
17 1S5e. 13. 15« 14. 13. 13
1S5. 14. 13 | 144 13. 13.
14. 13. 12. 14. 14, 13. 13.
13. 13. 12. 18, 13. 13. 13,

CLOUD BASE TEMPERATURE (°C)




10

UPDRAFT (m s~ 1)

=N W P o (oo}

10

UPDRAFT (m s~ 1)

=RNWH o 0

10

UPDRAFT (m s™1)

_— N W =) [00]

-78-

SEZD 4ITH 1.29E-06
te X ADIMATIC AATER CUONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

esnsse 7598, 5512, 4S0s, 3398, 3550. 3361.

ess e 6075. 4723, 3885, 3408. 3132. 2989.

S417. 4770, I860. 3245. 2985. 2676. 2578.

a339. 3555« 297S5. 2555. 2301. 2157.

1857.
1508.
154t. 1353. 1202, 1110. 1063« 1059.

2100.

3511. 2943, 2502, 2171. 1970, 1819,

2745, 2293. 1990. 1737. 1589. 1488.

1799,

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

sseseseesOse  Qal, 386. 297. 232. 212.
ssss0 s 580. 332. 313. 250a 200. 185,
587 383. 246. 246, 203. 166« 157.
3a2. 245, 173. 183. 156, 131. 126,
245, 189. 138. iSt. 130. 111, 108.
163, 137. 104. 117. 103. 89. 88.
98. 85. 67. 78a 70. 61, 62

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

esssetsvsess Te 8. Te 6e 6o
sseese 9 Te Te Te 6. 6o
9. 7. 6. Te. Te 6e 6

Te Ge S5 Te Ge 6 6o

Ge (- S 6e 6 -] 6o

Ge 6. S He -39 [ Ge

Se Se Se G 6o Se X3

-5 0 5 10 15 2 25

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

—NwWH S O

UPDRAFT (m s~ )

[
o

[
[y YR - an 0 O

[
e o

-NwWwh O

3/43 7IF SALT 3 AT 0.0 KM AfJOVF CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO
221 T2 12.7 9.4 7.5 6.5 Se9 Se6
ssEees 12,7 9.8 8.1 Tel 6.5 6.2

178 13.3 10.7 9.0 8.0 Tes Te2
18.7 14.8 12.5 10.6 Ge b 9.0 8.7
20.1 163 13.9 12.1 10.9 10.3 10.1
22.9 19.1 165 18.5 13.2 126 12.8
30.0 25.7 22.6 20.0 18.5 17.7 17.7
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.
EEEXEEEESESE 7 .6 5 X -8
e 12 -7 -? S -8 o8

1.8 1.1 7 -7 6 S £y
1.4 1.0 7 -8 6 3 oS
1.4 lel 8 £X-) 7 -] ’x-]
l1=4 lel 9 1.0 9 7 o7
1.6 1.8 lel 1.3 1.2 1«0 1.0
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SESEE GBS Te 8a Te Be 6
(22211 9. Te Te Te Ba 6o
Ve 7e Ge Te Te Se (. 2%

Te 6o Se 7e 6o 6o 6o

6o 6. Se. 6o 6o Ge Ge

6. 6. Se 6. 6o Se 6o

Se 5. Se 6o 6o Se 6o

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-26




10

UPDRAFT (m s°1) UPDRAFT (m s~ 1)
ES [y AN -] [«2) o

=N P [«,} o

-
[=]

UPDRAFT (m s~ 1)

R - =] [¢-]
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SEZD #ITH 1202E-07 5743 OF SALT 3 AT 0.0 KM A30VZ CLIUN BASE

10 X ADITGATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

sesserssteer 3953, 390S5. 4132. 3736. 3530.

eseses 5537, 4992, 3129. 3503. 3292, 3137.

5931l. S5070. 4059. 3433, 30484. 280%. 2702.

4755« 3752. 311S. 2697, 2424. 2262, 2199%9.

3309. 30935. 2613. 2283, 2072. 1946. 1904,

238). 2404, 2065. 1823, 1670. 1579, 1557.

13479, 1610. 1803, 1263. t165. 1112. 1108,

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

(A S NS R R 22X 36 . B6e 6484 47 - 43,
sesese 119 64, 69 53. 40. 38
133. T7e 47 . Sa, 43. 33. 32.
68. a9, 33. 40. 33. 26« 26.
49, 383. 26. 33. 28« 22 22.
33. 27T 20a 26 224 18 18,
19« 17. 13. 17 15« 13. 13.
5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT

PERCENT LOWERING OF FIRST ECHO
ssseesesscee 1e 2e 2e e le
cosven 2. 1e 2e le le 1e
2. le le 2. le 1e le
le 1e 1 le le le 1.
le le le le le H 1e
le 1 1 le le le ls
1e ie 1le e 1e 1le 1.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

—_— 0N W (o))

UPDRAFT (m s~ 1)

— N WP [« (o]

UPDRAFT (m s™?)

N W [+ o]

10

[
o

10

TIME (min) TO 10 dBZ FIRST ECHO

EEEEESEEESSES 9.9 8.0 6.9 6.2 S.9
sessee 13.6 10.4 8.6 TS 69 S5e5
19.3 13.1 11.3 965 8.5 7.8 7e5
19.83 15.6 13.0 11.2 101 e 9.2
21e2 17«2 185 12.7 1125 10.83 10.5
24,0 20.0 172 15.2 13.9 13.2 13.9
3143 2628 23.5 21.0 19.4 18.5 18.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEREXEL LS EEK P P el -l el
sssese .2 ol .l .l ol ol
.8 .2 ol 2 .l o1 ol
-3 .2 ol .2 el .l el
-3 .2 o1 .2 .2 .1 ol
.3 .2 .2 .2 .2 .2 .2
.3 .3 .2 -3 -3 2 .2

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

[ E XTSI 22 2] le 2. 2e le le
st 2. le 2. le | 3% le
2. 1. 1. 2. te le te

1. 1 1. te le 1. te

le 1 1 le 1e le 1

1. 1 te 1. le te te

1. t. | XY | Y le ) I e

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)
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SEED wITH 1L.70E~08 3/M3 NIF SALT 3 AT 0.0 KM AHOVE CLIUD HASE
1«0 X AYINATIC WATER CONTENTYS

HEIGHT (m) OF 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
Alo teeseseseses 5044, 44390, 3184, 3777, 3568, A]_O seessesseess  10.1 Be1 7.0 6.3 S.9
'_"m 8 loreses 5543, s0as. a190. 3651. 3327. M70. '_'.m 8| *e2res 13.8 10.5 8.7 7.6 6.9 6.5
E 1S5
~ 6 | 70%3- Stea. a100. 3e86. 3083. 2839. 2731. ~ 6 19.6 18.3 11.4 9e7 B8.6 T.9 7.6
e . C
T 4 |e315. 3795. 31es. 2733. 2453. 2285. 2222, =4 2041 15.8 13.1 11.4 10.2 9.5 9.3
O 3 | ss2. 3129. 2037, 2317. 2097. 1965. 1924, 2 3 21.4 17.8 14.7 12.9 11.6 10.9 10.7
D 2 | 2909. 2623, 2032. 18S51. 1689. 1595. 1573, 52 24.2 20.2 17.4 15.4 1a.1 13.3 13.1
1 | 199s. 1525, 1819, 1273, 11784 1123. 1119. 1 31.6 27.1 23.7 21.3 19.6 18.7 18.7
-5 0 5 10 15 20 25 -5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
LOWERING (m) OF FIRST ECHO - REDUCTION IN TIME (min) TO F.E.
10 fsreeseceeece t9. 10. 7. Sa S. 10 [resserescsrs .0 .0 .0 .0 .0
'-..cn 8 sesean 18, 7e 8. 6. Se 4. '_l. 8 ek 0 «0 -0 «0 0 .0
E 6 15. 3. Se 6. Se 4. 4. E 6 -0 -0 -0 -0 -0 -0 =0
- —
< 4 3. 6. a. s. a. 3. T4 .0 .0 .0 .0 .0 .0 -0
o
o 3 6. 3. a. 3. 3. 3. g 3 .0 N .0 .0 -0 .0 -0
22 a, 3. 2. 3. 3. 2. 2. o. 2 .0 -0 .0 .0 -0 .0 0
1 2. 2. le 2. 2. 1. 2. 1 -0 -0 -0 -0 -0 -0 «0
-5 0 5 10 15 20 25 -5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO PERCENT REDUCTION IN TIME TO F.E.
10 [eeaesoresces 0. 0. 0. 0. 0. 10 |essssensnees . 0. 0. 0. R
'm 8 ses00s Oe 0. O. 0. 0. 0. .T(n 8 sEneas 0. Oe O, Oe Oe Oe
‘E’ 6 0. 0. 0. 0. 0. 0. 0. E 6 0. 0. 0. o. 0. 0. 0.
T —
= 4 2. o 0. 0 o. o. 0. % 4 0. 0. 0. o. 0. °o. o.
I~ 3 o 0. 0. 0. o 0. 0. x 3 0. o. 0. 0. 0. 0. .
S 2 0. 0o 0. 0. 0. 0. % 2 O. 0. 0. 0. 0. 0. 0.
1 n. a 0- 0. 0. 0. 0. 1 0. 0. 0. 0. o. 0. 0.
-5 0 5 10 15 2 25 -5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE ("C)
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SEED wITH 1.33E=~92 5743 OF SALT 3 AV

10 X AJDIYATIC WATER CONFENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

5 KM AHOVE

SIR3e 34935. 3172. 2737. 2354, 2225. 2086.

4839, 33a6, 27T4. 2617, 2185. 1995. 1482,

3599« 2735. 2349. 2071. 1886. 173S5. 16a8.

2731. 2192. 19382, 16480. 1545. 1434. 1374,

2298, 1373, 1626, 1463, 1354, 1265. 1218.

1322, 1516« 1333. 1211. 1130, 10648« 1032.

1279. 1096. 985. 91t. 863, 825. 808.

5 0 &5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

séssesessses 2381, 2153. 1742, 1557. 1487.
s$essse 3311. 22A2. 1779 1472. 1337 1292.
3483, 2368. 1757. 1321, 1202. 1108. 1087.
2092« 1%503. 1265. 1057, 212. 854« 8S1.
1563. 1259. 1014, B858. 7TaG. 703. 709.
1091 915. 7S52. 643. 562. 533. Sas.
617, 530. 435. 368. 317. 300. 313,

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

esss00000ess a8. 44 42, 4l. 42.
s580e 50. 45. 2. 40. 40. a1,
49, 6. 43. 4tle 39. 39. 40«
a3, L ¥ 40, 39, 37. 37. 38.
4l. 40« 38. 37 36. 36. 37.
37. 3d. 36. 35. 33. 33. 35.
33. 33. 31. 29. 27. 27. 28.

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT

NGO P

UPDRAFT (m s~ 1)

UPDRAFT (m s~1)

—NwWwhH oy 0
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-
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CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

9.0 65 Se3 L5 401 3.7 3.5
9.3 7.0 Se8 S0 46 4.2 3.9
9.9 Te7 6.5 5.8 Se2 4.8 4.5
11.4 Q.1 T.8 70 6.4 6.0 Se?
12.7 10.4 9«0 Bel 7e5 7Te0 6.8
15.2 12.6 11.1 10.1 9.4 849 8e6
213 1843 16.8 15.2 14.4 137 13.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME {min) TO F.E.

ERLFEEEREEES 4.8 36 2.9 2.6 2.5
sEEEEE 69 4.8 3.7 3.1 2.8 2.7
De7 646 4.9 3.9 3.3 3.1 3.0
8e7 [ %4 53 3.4 3.8 3.6 3.5
8.7 7.0 Seb 4.8 de1 3.9 3.9
el 7.6 63 Set 4.7 H.4 4.5
10.3 8.8 Te3 6a1 5.3 Se0 Se2

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

EEESELES TS S 48 . 44, 42. 41. 42,
(X F 2311 50. asS. a2, 40 40. 41,
49, Ab. 43, 41 39. 39 40s
43, 42, 40. 39. 37 37. 38.
41, 40, 38. 37 36 36. 37.
7. 38. 36. 3s5. 33. 33. 3S.
33. 33. 3. 29. 27 27 28

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s™1)

UPDRAFT (m s~ 1)
[y SRR (@)} [0 0]

N W =)} [o0]

UPDRAFT (m s™1)

- NwWH [=)] (o]

10

10
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SEZD 4ITH 1.77E-03 G743 OF SALT 3 AT
1.) X ADIHATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

5422, 3753. 3904. 3251. 23938. 2627. 2a70. 10
-
i
5867, 3025, 3297. 2854. 2564. 2344. 2218. ' 8
£
4297, 3307. 27o7. 2426. 2200. 2028, 1933. ~ 6
'._.
. L
3210. 2568. 219a. 1951, 1788+ 166%. 1600. =4
2668. 2175. 1841. 1687. 1556. 1457. 1209. E 3
2394, 1732. 1527, 1383. 1286. 1213. 1181. o2
1343, 1235. 1105. 1013. 961. 919. 903. 1
-5 0 5 10 15 20 25
o
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
LOXERING (m) OF FIRST ECHO
seeseseessss 2229. 1640. 1301. 1155. 1103 | 10
-
—
sesses 2631. 1759, 134a. 1094, 987. 956 s 8
wn
2766. 1346. 1339. 1065. B888. 815, 802 Es
—
1613+ 1233. 95a. 787. 669. 624, 625. L‘:‘ 4
1189, 957. 759. 63S. 544, 5Sll. S18. g 3
819. 689. SS8. 471, 406, 384, 394. QD- 2
453. 391. 315. 261. 219. 206. 218. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sesss0esseene 37. 3a, 31. 3l. 31.
—
—
sevsee 40, 3S5. 32. 30. 30. 30. |
(%]
E
39. 36, 33. 31. 29. 29. 29. ~—
—
[V
33. 32. 30. 29. 27 . 27. 28. <t
31. . 29. 27. 26. 26. 27. %
28. 28. 27. 25. 24 28, 25. g;
24, 248 . 22. 20. 19. 18. 19.

CLOUD BASE TEMPERATURE (°C)

10

—NW P ()]

¢S KM APBOVI C_DUD RAASE

TIME (min) TO 10 dBZ FIRST ECHO

114 7«9 63 Sed 4.8 4.4 4.1
11.6 8.4 6.9 59 Se3 4.9 8.6
11.9 9.2 T.7 67 6e1 Se6 Sed
13.4 10.7 9.1 8.1 78 6.9 67
14.8 12.1 10.4 P8 8.6 8el 78
17.4 14.5 127 11.5 10.7 10.1 9.8
2441 206 18.4 17.0 150 1S5.3 15«0
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
(22T 322 2388 79 3.7 267 2e2 1«9 1.8
*EEEEE 5.5 3.7 2.8 23 201 2.0
Te?7 S.1 3.7 3.0 2e5 2.3 2.2
Ge?7 Sel 4.0 3.3 28 2e6 206
6.6 Se3 4.2 3.5 3.0 28 209
GeB Se7 3.5 3.9 3.4 32 3.3
7.6 6.5 5.3 4.4 37 3.4 3.6
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

2ELRRERBEEES 37. 34, 31. 3l 3t.
*eeesy 40. 35. 32. 30. 30. 30.
39 35. 33. 31. 29. 29 29.
33. 32. 30. 29. 27 . 27. 28.
3l. 3l 29. 27. 26 26a 27«
28« 28. 27, 25 28, 24 . 25.
240 24, 22. 20. 19. 18. 19.

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s™1)

UPDRAFT (m s™ 1)
N W P o [o5}

=_-NWHd Y ®

UPDRAFT (m s~ 1)
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10

10
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SEED WiITH L.JJ)E-Os
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G/M3 NF SALT 3 AT 0.5 KM ABOVI CLOUD DASE

1«0 X ADITATIC WATER CONVENTS

HEIGHT (m) OF 10 dBZ FIRST

ECHO

teeeee S5a5, 4420,

6596, 4726, 3797,

5039. 3914. 3160.

3593. 29248. 28A3,

3332. 2360. 2117,
2355. 19538. 1707.

1500 1367. 1219,

3731.

3295.

3257. 2907.

2752. 2483.

2193.
1391.
1540.

2007.
1739.
1428.

1118, 10S1.

2986,

2655.

2288.

1867.

1628,

1348.
1004,

2B06 .

2513.

2182,

1798.

1576

1313,
989.

-5 0 3

10

I3

20

25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

LOWERING (m}) OF FIRST ECHO
sssecsxtessse 1534, 1160, 900, 796 T67.
-
—t
sesess 1950, 1259. 941, 750. 677. 662. '
: 7
2028. 1339. 945. 740. 604. S555. 553. E
'.—
1139. 876. 664. 539, 450. 421. 428. :E
426, #72. S523. 430. 36il. 340. 350. ﬂcf
SS8., 476. 378. 314. 264. 249. 262. o
297. 259. 202. 161. 129. 120. 132.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

ssssestscene 27. 24, 21e 21. 21.
-
-4
tseses 29, 2S. 22 21, 20. 2Ll. ]
w
=
29. 26e 23. 21le 20. 20« 20. —
©
28, 23. 2. 20. 18. 18. 19. <
21, 21a 20. 19. 17. 17 18« Eg
17. 20, 1A. I7. 16. 16« 17. S
16, 16. 1. 13, tt. 1la 12.

CLOUD BASE TEMPERATURE (°cC)
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10

10
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TIME (min) TO 10 dBZ FIRST ECHO

LR 222X ]

9.4 Tes 6.2 Se5 S0 4.7
13.7 9.8 T-9 6.8 6.l SeS Se2
14.0 10.6 Bed Te6 5.9 6.4 6e1
15.3 12.2 10.3 92 8.4 7.8 Ta5
16,8 13.7 11.8 10.5 9.7 9.0 8.3
19.6 153 14,2 12.8 119 11.2 10.9
2607 228 2043 18.6 175 167 16.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEREEREE RS 2.7 1.9 1«5 13 1.3
cEsREE 4.1 246 2.0 le6& | P 1.4
Se6 3.7 2.6 2.1 1.7 1.5 15
4.7 3.7 2.3 202 '-1e9 1«8 1.8
4.6 3.7 2.9 2.4 2.0 1.9 1.9
Q.7 4.0 3.1 246 2e2 2.1 2e2
4.9 4.3 3.4 2.7 2.2 2.0 202

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CEEsEERE USSR 27« 24, 21a 21 21e
*eRbEE 29. 25 22. 21. 20 21.
29. 26. 23. 21. 20. 20. 20.
24, 23. 21. 20. 18e 18. 19
21. 21. 20. 19 17. 17. 18.
19« 20. 18. 17. 16e 16. 170
16. 16 13. 13. 1tle 11. 120

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m ™)

~NGHR o, [s9}

UPDRAFT (m s~ 1)
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UPDRAFT (m s™1)
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SEED WwiTH t.006-05 G/M3 OF SALT 3 AT 0.5 KM ASUVE CLOUD BASE

1«0 X AQINATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

ssess 6527. S08a, 3197. 3575. 3320. 3t1S.
7399, 5422, 4292. 35a3. 3229. 2943. 2783,
iSSCZ. 4328. 3542. 3262. 2747. 2527. 2310.
4166+ 3275. 276%. 2430, }209. 205%. 1978.

3392, 2736e 2341. 203t. 1906, 1784, 1723.
260%. 2159, 1875, 1636, 1557. 1469. 1433,

1747, 1490, 1322, 1207. 1127. 1076. 1063.

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m} OF FIRST ECHO

sssessrerses (010, 693 521. 462. 453.

seeses 1235, 763. SS5S. 429. 389 392.

1221 82S. S64&. 439. 381. 316 325.

656+ 526 Jes., 308. 2a88. 23%. 247,

465« 395. 299. 240. 193, 183 198,

305« 2734 210 168. 135, 128. 142,
149. 136. 99. 73 S53. 48. 58.

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

tesestseseee 17. 14. 12. 12« 13.
ss0 Qe 19. 1S. 13. 12 12« 12.
17. 16. 14, 12. 11. 11. 12«
14, ta. 2. 1t. 10. 10. tte
12. 13. 1le. 10. 9. Ye 10.
19, 1t 10. 9. B8e 8e e
B 8. Te 6. 4. 4. Se

UPDRAFT (m s~ 1)

.5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

UPDRAFT (m s~1)

— N WP a

UPDRAFT (m s~1)

P N D N [e-]

10

Y
(=]

10

(=)

- NW P (=)]

TIME (min) TO 10 dBZ FIRST ECHO

sssese 11.0 B.a 7.0 6e1 55 Se2
16.7 11.3 8.9 7.6 6e7 6ol S.8
16.2 12.0 9.8 8.5 Te6 7.9 6.7
17.4 13.6 11.5 10.1 9.2 8.6 8.2
18.8 15.2 13.0 11.6 10.6 9.9 9.6
217 1820 156 140 13.0 122 1240
291 2848 22.0 20e1 1848 17.9 17.7

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

CEEEEEEREES S 1.7 12 .9 .8 8
LA 222 2] 26 te6 1.2 9 .8 8
3e4 2.3 1.6 1e2 .9 -9 -9
2.7 2.2 1.6 1.3 1.0 1.0 1.0
2.6 2.2 1.7 1.3 1.1 1.0 lel
2.5 2.3 1.7 1.8 1e1l 1.1 1.2
2.5 23 16 1.2 ' &9 -8 1.0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

sssess st 17. ta. 12. 12 13.
seenes 19. 1S. 13. 12 12. 12
17. 16, 14, 12, 1le 1. 126
14, 14, 12, ti1. 10. 10. tte
12. 13. 11 10. De 9a 10
10. | 3 Y 10. 9e Be B 29
8. 8. Te 6o L% .. Se

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s™1)

- Nws [=)} oo

UPDRAFT (m s~1)
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UPDRAFT (m s™1)
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SEED WwITH 1.02Z-9A G/M3 IF SALT 3 AT 0,5 KM AROVE

140 x AIIBAYIC #ATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-85-

essvse 579, 5641, 521, 2005. 3610. 3389. 10
tesess 6134, 4751« 3PR6. 3503. 3139« 3019. r;v, 8
1=
6614+ 3414. 3536. 3331. 2965. 2729. 2608. ~ 6
’_
. L
14596. 3595. 3002. 2627. 2373. 2207. 2132. EE 4
3702. 2932. 2532. 2239. 2038. 1908. 1856. E 3
2816, 2337. 2013. 1800. 1653, 1559. 1530. S 2
1956. 1585. 1394, 1263. §170. 1115. 110Y. 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
*sesseesrese 313, 270. 191. 173. 184a. 10
eserse 519, 308. 212. 158. 143. 155. '5—\ 8
"
483, 335. 219. 161. 120. 118 126. E 6
—
227. 206. ta6. 11l. B84, Bl. 93, 4
155 150. 108. B83. 62« 60 7le Eg 3
97. 99. T1. Sa. 39, 38. as. a 2
=
a1,  at. 26. 17. 11. 9. 3. 1
-5 o 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
tssssessssse Te 6o Se Se Se 10
sso e A. Be Se L XY L 1Y Se Pr 8
w
6. 7. S. S. .. .. Se E 6
’—
S. Se Se . 3. 4. . 'j(" 4
.. Se .. . 3. 3. . Eg 3
3 a. 3. 3 2. 2. 3 8 2
2. 3. 2. 1. 1. 1. 1. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

P-33

CLOUD 3ASE

TIME (min) TO 10 dBZ FIRST ECHO

(2231 12.3 Fe 8 T7 67 6.0 S.6

seeees 12.8 9«9 83 Te3 66 6.3
184 13.4 108 9.3 842 Teb6 To2
191 15.0 12.5 10.9 9.9 9.2 8.9
20.6 16.6 18.1 12.4 11.3 10.6 10.3
23.5 19.84 16.8 15.0 13.8 13.0 12.7
30.9 26.4 23.2 21.0 19.5 1B.6 18.5
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEXXEAEXEES & -7 o4 -3 3 3
sERTORE 1.1 -6 .a 3 «3 -3
1.2 .9 6 s 3 3 a
-9 9 -6 -1 3 3 c8
-9 -8 1) 5 3 -3 -d
.8 8 6 Y 3 .3 o
.7 -7 -3 3 -2 -2 2

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CESREEEANEOE Te 6 Se Se Se
*essee Be Ge Se L XY LX) Se
6e T» Se Se LY} 8o Se

Se Se L 3. 4. 4.

e Se L 3. 3. So

3. 4e 3e 3. 2. 2. 3e

2e 3. 2. Te le le te

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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SEED A1TH 1.939F=07 3743 JF SALT 3 AT 0.5 KM ABUVE CLIUD BASE

19 X ADI9ATIC #ATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST

ECHO

6390,

arar.
3933.
2399,

1891,

AEAEAXTEELEN LR ]

6558,

S5091.

3764,

3105,

2815,
1621.

53976,

5000.

4J€6.,

3123,

2622,

2071,

13L7.

4842,

4161,

3364,

2719.

2308,

1846,
1278.

4164,

3632.

3Jo68.

284434,

2091.
1696,
1179.

3753.

3303.

2824.

227S.

1959.

1592.
1123,

3539.

3ta6.

2712.

2209.

1915.

1567
1119.

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING {m) OF FIRST ECHO

erssEestEEEY TT. a8, 32. 30. 34.
sseese S9. 56. 37. 2Se 24, 28.
73. 62 39. 28. 19. 19. 23
36. 37. 2S. 18. 13. 13. 16,
24. 25. 13. 13. e 9 12.
14. 16. 11. 8e Se Se Te

! Se 6. 4. 2. 1. t. 2.
-5 4 5 16 15 20 25

€LOUD BASE TEMPERATURE (OC)

SEEBING EFFECT
PERCENT LOWERING OF FIRST ECHO

seesssEOsse le | % le 1. 1.
seeses 1. le te le | I 1
l. le 1. 1. le 1. e

| Y 1. Te 1. 1. | 1.

1. 1. le 1e O 0. 1.

0. 1. le O, [+ Y Q. 0.

0. Ne 0. 0. 0. Oa O.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

TIME (min) TO 10 dBZ FIRST ECHO

10 ssesesereses 10.0 8.1 6.9 6.3 Se9
-
—d
L}
w 8 sess8s 13,7 10.4 8.7 76 6.9 6.6
~ 6 198 131 11.3 9.6 8.5 7Te8 7.5
'._.
L
§ 4 199 1547 13.0 113 10.2 9.5 9,2
I~ 3 21.3 17.3 184.5 12.8 11.6 10.9 10.6
o 2 2342 2041 17.3 1544 18.1 13.3 13.1
1 31.5 27.0 23.5 21.3 19.6 18.7 18.7

UPDRAFT (m s™1)

UPDRAFT (m s~1)

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

10 SEEEBEEEEEIESX .l .1 .l 0 ol
8 |sansse .2 ol .1 .1 o1 .t
6 .2 .2 o1 o1 .l .l ot
4 1l .2 .l ol el ol a1
3 .t .1 ol el o1 o1 ol
2 .l .1 .1 .l .0 «0 o1
1 el .t ot -0 .0 .0 «0

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

10 .tt.ttt‘..;‘ le te 1e te le
8 XY L] te le 1. le | te
6 1. 1. 1. e e 1o 1.
4 1. 1. 1. 1. 1. 1.
3 1. 1. 1. 1. 0. 0. le
2 0. 1. 1. 0. 0. 0. 0.
1 0. 0. 0. 0. 0. 0. 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-34




10

UPDRAFT (m s~1) UPDRAFT (m s~1)
E; = NWHR o o0

- NwWwh [«,} (o]

[
(=]

UPDRAFT (m s™°)

—_NWR OV ®

SEID ¢ITH t.0JdE-24
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G/M3 DT SALT 3 AT 0.5 KW AROQVZI CLIUD BASE

10 X AOQINATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

tesessssrser 6045, 4985. 4192. 3T779. 3569,
*ssene 6645. 50489, 4198, 3655. 332%. 3171,
7055. S14a6e 310t, 3a89. 3086. 28at. 2732,
a319. 3796« 3145, 2735..2Q56; 2287. 2223.
3854. 3129. 2633. 2320. 2099. 1967. 192S.
2911. 2429, 2083, 18%3. 1691. 1S596. 1575,
1396« 1526« 1320. 1279. 1180, 1124, 1121,
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
sssesoseseee 9. Se 4. 3. 4.
¢essss 11. X3 L 2 3. 3. 3.

8. Te L 3e 2a 2e 3.

4. 3. 2 I | I 2.

3. 2. } Y le | 3 1.

2. | I | Y le 1le 1.

- | 3 0. Oe O. Oe 0.
-5 0. 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

“eeesessesee O. 0. Oe O. 0.
sessee Oe O. Oe O. Oe 0.
0. 0. Oe Oe 0. 0. 0.

0. Oe Oe 0. Qe 0. 0.

Oe [ Qe 0. 0. 0. 0.

Oe % O. O 0. 0. Q.

0. 0. 0. 0. [ Y 0. 0.

=5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s 1)

- NwWP (=2 T e o]

[
o

[
(=]

UPDRAFT (m s~ 1)

=W oy

10

UPDRAFT (m s~ 1)

~=MNDwhs O

TIME (min) TO 10 dBZ FIRST ECHO

sERERCEREERSE 101 8.1 7.0 5.3 5.9
(2227 13.8 10.5 8.7 Teb 6.9 6.6
19.6 14.3 11.4 D7 8.6 Te9 7.6
20.1 1S5.8 13.1 118 10.2 9.5 9.3
21le4 17.a 147 129 117 10.9 10.7
2443 2042 174 1S.4 16,1 13.3 13.1
31.6 2741 23.7 213 19,7 18.7 18.7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REBUCTION IN TIME (min) TO F.E.

EEERCEESEERE .0 «0 0 0 -0
EEERES -0 -0 «0 0 -0 .0
.0 .0 .0 .0 -0 .0 N
-0 -0 0 e0 7 4,0 -0 o0
«0 .0 -0 .0 -0 -0 o
-0 -0 0 -0 -0 .0 o0
-0 -0 0 .0 -0 0 20

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN'TIME TO F.E.

*EEBESSECEREE O. 0. Oe Oe [
csssen O. Oe [ 2 O. Oe Oe
0. Q. Q. 0. Oe O O
O. Oe Ce Oe Oe [
0. Oa Q. Oe Oe 0o
O. 0. Oe 0. ~0Oe 0. Go
Oe O Q. [ _*0. Oe [ 2
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




10

UPDRAFT (m s™1)

—RNWS o o]

10

UPDRAFT (m s~ 1)

N W =, -]

—
o

UPDRAFT (m s™1)
N WS [, oo

SEED wIT* 1.07€-02
1e0 X ADIMATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-88-

5513, a0l9. 3293. 2961. 2581. 2356. 2217. ,-\10
a5889. 3373. 2902, 2353. 23234, 2140. 2027. Tm 8
3732, 293a. 250e. 2236. 2059. 1915. 1829. E 6
—
. L
2387. 2359. 2061, 1872. 1748. 1647. 1538. g 4
2366. 2061. 1829, 1582, 1586. 1508. 1462, E 3
2322. 1739, 1573. 1872, 1805, 1350. 1319. o2
1Sat. 1395, 1295. 1230. 1166« 1118. 1113, 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
teerrseenres 2761, 2029. 161S. 1826. 1356. 1G
sssess 3138, 2154, 1685, 1333. 1192. 1148. '_.' 8
w
3333. 2220. 1501. 12S6. 1029. 928. 905. E ()
—
1935, 1442, 1087, B86S5. 709. 64al. 637. 2 4
1391. 1072, 811. 639. 518. 461l. 464, "D‘ 3
891, 693. S510. 382. 287. 247. 2S6. % 2
356. 2a81. 125, S0. 14, 6. 8. 1
-5 0 5 10 15 Zg 25
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
Y Y EIRYYY Y Y a5, ale. 38. = 1- 1 38. 10
sesses aR. 43, 39, 36. 36. 36« 'ru, 8
a7, a3, 39. 36. 33. 33. 33. E 6
—
s0. 39. 35, 32. 29. 28. 29. w4
36. 3a. 3t. 28. 2a. 23. 24, 2,‘ 3
31, 29. 24, 21. 17. 15. 16. % 2
19, 15. 9. a. 1. 1. . 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

3743 IF SALT 3 AT 1.0 XM ABOVE CL3UD BASE

TIME (min) TO 10 dBZ FIRST ECHO
9.2 6.7 5.5 4.8 4.3 3.9 3.7
96 Ta2 6.0 Se3 4.8 4.5 4.2
10.4 8e1 7.0 602 Se? S.3 Sel

12.0 9.8 8.6 7.8 Te3 69 6.6
13.7 11.4 10.2 9.3 8.8 8.4 Se1
16.9 14,5 13.1 123 1147 112 11.0
25¢7 2341 2146 205 194 18.6 18.5
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEEEREEEE SRR Q.6 3.4 2.7 2.4 2.3
[T T3 T4 6.6 4.5 3.9 2.8 2.5 2.9
9.3 6.2 4.4 3.5 2.9 246 2.5
8.1 6.0 4.5 3.6 3.0 2.7 2.7
77 6.0 4.5 3.5 2.9 2.6 2.5
7.8 S8 4.3 Je2 2.8 2.1 2.1
S5.9 4.0 2.1 -8 -2 ol -l

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEEIRIBE SRS 46, L3 38 38. 38,
tevese 48. 43, 39. 36. 36. 36.
A7, a3, 39. 36. 33. 33. 33.
40. 38. 3S. 32. 29. 28, 29.
6. 34, 3t. 28. 28, 23. 248,
31. 29. 24, 2t . 17. 1S« 16.
19. 1Se 9. L XY lae 1. 1e

CLOUD BASE TEMPERATURE (°cC)

P-36



[
o

UPDRAFT (m s~ 1) UPDRAFT (m s~1)
E; N W S o [e+]

—N W [+)} o

u—y
[

UPDRAFT (m s™1)

BN WS (=)} [00]

SEED #4ITH 1.20Z-03 5793 15 SALT 3 AT 1,0 KM
1.0 X ANIATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-89-

A30VI CLOUD 3ASE

6977. 3377. 3IF19. 3I364. 30083, 2742, 2583,
5518, al33, 3816. 2976. 268R. 2871. 2334,
438a6. J336. 2909. 257S. 2354, 2186« 2990.
31359. 2721. 2356. 2]21-‘(969. 1851. 1786,

2930. 2347. 2065. 1884, 1764. 1672, 1623.
2279« 1738, 1736, 1618« 1532, 1467. 14335,

1633. 1297, 1374. 1269. 1178. 1123. 1120.

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

sesescssssss 2135, 1526. 1187. 1040. 990.
——
-
ssesse 2508. 15379. 1222. 969. 860 A31. !
7]
2517. 1707. 1196, 917. 734. 6S56. 644, 5
}—
1463. 1080. 792. 614. 488. 437. 439. '-<'-
1227. 785. 575. 437. 336. 296. 303. ch
634, 4AT7. 339, 236. 160. 13%. 14at. %
214. 130. a7. 10. 2. 1. 1.
-5 0 5 10 15 Zg 25
CLOUD BASE TEMPERATURE ( C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
Cesesssceecs 3S5. 3le. 28 . 27, 28«
-
i
sseses 3B, 32, 29. 27. 26. 26. '
7]
37, 33. 29, 26. 2a. 23, 24, E
'—
39.  29. 25. 22. 20. 19. 20. &
27, 25. 22. 19. 16. 15. 16, %
22.  20. 16. 13. 9. 8. %
1t. 8. 3. 1. 0. 0.

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~ 1)

— PN W A [, o0

10

[
o

—PNW =)} [« ]

10

o}

— WA (o]

TIME (min) TO 10 dBZ FIRST ECHO

11.7 8.l 6.5 Seb S.0 4.6 4e3
11.7 8.6 7e1 6.2 5.6 Se.1 4.9
12,4 96 8.1 Te2 65 6a1 S.8
13.0 11.3 9.8 8.8 8.2 T7 T4
1S.7 13.0 11.5 10.5 9.8 9.3 9.0
19%.0 1662 18e5 135 1248 12,2 12.0
28,0 28.9 22.9 212 19.5 18.7 18.7

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

EEEEREE RN EES 3.6 2.5 2.0 1.7 le?
sekep e 5.2 3.4 245 2.0 1.8 1«7
7.3 4.7 3.3 25 20 1.8 1.8
6.1 4.5 3.3 246 2.0 1.8 1.
Se7 8.4 3e2 264 te9 1e6 1.7
Se3 4.1 2.8 2.0 1.3 1.1 12
3.6 2.2 -8 2 -0 -0 -0

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

XSLEBEEEEE RS 3S5. 31. 28. 27. 28.
tEsens 38. 32. 29. 27. 26, 26e.
37. 33. 29. 26. 240 23. 24.
30. 28. 25, 22. 20. 19. 20.
27. 25« 22« 19 16a 1Se 16.
22. 20. 16e 13. Qe Be Qo
it1. 8. 3. le 0w Qe Oe

CLOUD BASE TEMPERATURE (°c)




10

UPDRAFT (m s~1)

N W (e, o

10

UPDRAFT (m s~1)

=N W (=] (e <]

p—t
[}

UPDRAFT (m s™1)

N W (=) [e+]
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SEED WITH 1.,3)E~04 G/7M3 OF SALT 3 AT 1.0 XM ABOVE CLIUD AASE

1ed X ADIUVATIC wATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

6759,

5192.

3829.

Jt13s.
2526,

1436.

sessee 5773,

4323,

3949,

3069%.
2519.
2139,
1533,

4530.

3910.

3293.

2632.

2285.

1902.
1312,

3337.

3370.

2889.

235S.

2069.

1748S.
1278,

3400.

3020.

2623.

2169,

1923,
1633.
1180,

3091«

2770.

2431

203S.

1813.

1558,
1123

2907.

2625,

2323.

1964,

1766,

1525.
1121,

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
sssvesess00s 1523, 10S3. 795. 691, 666.
s$essos 1329, 114S. AHA28. 637, S62. S550.

1372, 1235. 813. 603. 465. 412. 412,
994, 733. S15. 2383, 288. 253. 261.
673. 513. 355. 2S3. 177. 150. 161,
387. 292. 182. 109, S9. 43. S50.

91 43. 9. le O. 0. Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sesseTOGEIEES 25« 22, 19. 18. 19.
sesove 27. 23. 20. 17, 17. 17.
26 23. 20. 17. 15. 1a. 15.
2t . 1% 16. 18, t2. 11. 12,
17. 16 13. Ile Be 8e Be
13. 12, 9. Ge 3. 3a 3.
Se 3. 1. O Q. 0. Qe

CLOUD BASE TEMPERATURE (OC)

[
o

UPDRAFT (m s~1)

—NWPH o

—
o

UPDRAFT (m s~%)

N WA (<)) o]

10

UPDRAFT (m s™1)

- NW P (o)

TIME (min) TO 10 dBZ FIRST ECHO

*sse8s 9.6 Teb6 G Se7 Se2 4.8
l4.1 101l 8e1 7.0 6.3 5.8 S.5
4.8 11.0 9.1 8.0 T3 6.8 65
16.0 12.8 11,0 9.8 9.0 8.5 B2
L1747 18e6 12.7 11aS 1027 10a1 9.8
21.1 17.8 15,9 14.5 136 13.0 12.7
J0el 2648 23.5 21e3 1947 18,7 18,7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEEEERBEE TS 25 1«8 13 1.2 lel
SE8884 3.8 2.4 17 1e3 1.2 1a1
Se2 3e3 23 1e7 13 lel 1.1
4.1 3.1 2.t 1e6 12 lel 1o
3.7 269 2.0 lea 10 8 -9
3.2 2.8 15 -9 3 -8 o8
1.5 %4 ol -0 -0 -0 .0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

(T RII YL TR EE 2 2S5. 22. 19« 18. 19.
stetee 27. 23. 20. 17 17. 17.
26 23. 20, 17« 1Se 14, | 3-8
2le 19. 16 18, 12« tl. 12.
17. 16 13. 11. 8e 8. 8.
13. 12. 9. 6o 3. 3. 3.
Se 3. 1e Oe Qa O O

CLOUD BASE TEMPERATURE (°C)




10

UPDRAFT (m s~1)

=W o (o]

[
o

UPDRAFT (m s™1)

N W [,} [e2]

—
o

UPDRAFT (m s™1)

=N W [=)] o]

SEED #1TH 1.0JE-05 /743

1.0 X AD[IATIC JATER CONTENTS

HEIGHT (m} OF 10 dBZ FIRST ECHO

-91-

¢seses H759. S143, 8298, 3768, 3412. 320S.

Ssesse 5541, 43IV7. 3738, 3327, 3043. 2880.

5790« 4453, 326G1. 318l. 2865. 2648. 2531.

4297, 3403. 2989, 2561. 2339, 2189.

1923.

211S.

3526« 29753. 2381, ?223. 2043, 1874,

2749. 2310. 2023, 1327. 1681, 1590. 1567.

1377. 1619. 1419. 1280, 1180. 1124. 1121.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
s0ese0sOEsES 905, 596, az2a, 370. 368.
-
¢seeve 1116, 559. aSs. 331, 289. 294, ',"
7]
1373, 593. 4aa. 311. 223, 195. 204. 5
l_
525. 397. 2S9. 176. 118, 100. 110. ':(-
331. 257. 159, 93. 57, a5, 52, g
164. 121. 60. 27. 11, 7. %
19. 7. 1. 0. 0. 0. .
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

*seessssesne tSe 12. 10, 10. 10«
Camn
—l
“sesee 7. 13. 1. 9 9. 9. 1
(%)
1S. 1a, 1. 9. 7. 7. 7. E
[
1. 1o, 8. 6. s. . s e
? B 6o LXY 3. 2. 3. %
s. 3. 1. 0. 1. &
1 0. O. [+ Y 0. O. 0.

CLOUD BASE TEMPERATURE (°C)

P-39

UPDRAFT (m s™})

—_NwWwh oy ®

10

o
N W [« R o

—
[oe] [an)

— WS O

OF SALY 3 AT 1.0 XM ABOVI CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

cxexvs 11.3 8.6 7e2 6.3 Se?7 5.3

sx886s  g1.5 9.2 T-8 6.9 6.3 6.0
16.6 12.40 10.2 8.8 BeD Te4 T.0
17.9 142 12.0 10.7 Ge? 9.1 8.8
196 1640 13.8 12.4 113 10.7 10.5
22.9 19.2 16.9 152 13.0 13.3 13.1
31e3 27e0 2347 213 19.7 18.7 18.7
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME {min) TO F.E.

EEREEEEESEEE 1.5 1.0 Cx 4 6 b
EETaEE 2.3 1.4 .9 %4 .6 5
3.0 1.9 1.2 9 6 S 6
2462 1.7 la1 .7 -5 -
1.8 1.8 -9 -5 3 .2
1e4 1.0 S 2 el ol ol
3 el -0 -0 0 0.0 -0

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

FELESERE SRS 1S. 12« 10. 10a 100
tsases 17. 13. ile e Se 9.
15. ta. 11. 9. Te Te Te
11. 10. 8. 6e Se 8o Se

9. 8e 6o L XY 3. 2. 3o

Ge Se 3e le le Oe o

le Q. Q. Oe Oe Oe Oo
o

CLOUD BASE TEMPERATURE (°C)
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SEED WITH 1.U3F-06 /43 UF SALT 3 AT 1.0 KM AROVE CLOUD BASE

1.3 X AJDINATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

ssssse 7783, S5715. 4685. 4061. 3665. 3448, 10
sesses 6226, 8B22. 4050. 3561. 3244. 3082. Tm 8
64713, 4905. 3962. 340t. 3031. 2794. 2679. £ 6
. =
4570. 3676. 3076. 2695. 2433. 2269. 2202. § 4
3771. 3%02. 26048. 2303. 2091« 1962. 1918. E 3
2879. 2406. 2075. 1850. 1691, 1596. 1575. > 2
1994, 1626. 1420, 1280, 1180. 1124. 1121. 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (%¢}
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
€sesssnerres 313. 206. 133. 116« 12S. 10
sseses 430, 233, 148, 9;. 84. 93. rr 8
v
353. 248. 143. 91. S7. 48. 5S. E 6
—
152. 125, T1. 82. 24. 19. 23. E(L 4
86. 70. 36.  18. 9. 7. 8. e 3
38, 2s. 10. a. 1. 1. 1. % 2
2. 1. 0. 0. 0. 0. 0. 1
-5 0 5 10 15 Zg 25
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
ssssssaseere 6e ., 3. 3. 3. 10
seeese 6. S. 4. 3. 3. 3. T(n 8
Se Se 3. 3. 2. 2. 2. 5 6
e
3. 3. 2. 2. ' 1. . < 4
2. 2. 1. 1. 0. 0. 0. e 3
1. 1. °. 0. 0. 0. % 2
Oe Oe 0. O. O. Oe Oe 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

TIME (min) TO 10 dBZ FIRST ECHO

ssesee 13.0 9.5 7.8 6.8 6.1 Se7

see0ss 13.0 10.0 8.4 Tea 6.8 6.8
18.6 13.6 11.0 9.4 8.4 7.8 Tead
19.5 15.3 12.8 11.2 10.1 9.5 9e 2]
21.0 17.0 14.5 12.8 11.6 10.9 10.7
24.0 20«1 17.3 1S5S4 14«1 13.3 13.1
31.6 271 23e7 213 1947 18.7 18.7
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

ERREEREINRESR .6 3 .2 .2 o2
SEEELE 9 5 3 .2 .2 .2
1.0 «? -8 3 2 .1 .2
6 S 3 .2 ol -l -l
S .d .2 el -0 0 0
3 el «0 -0 0 «0
=0 «0 .0 0.0 0.0 0.0 C.0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

ESRERBERSSES He L2 3. 3. 3o
cessny 6. Se A, 3. 3. 3.
Se Se 3. 3. 2. 2. F

3. 3. 2. 2. 1. 1. 1.

2. 2. 1. 1. 0. 0. 0.

1. 1.7 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-40




UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

DN WP (=)} o)

UPDRAFT (m s 1)

)W o o

—
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[
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SEED wilTit 1.,03E-07 5743 NF SALT 3 AT 1.0 X9 AYOVI

163 X ADIBATIC #ATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

ssssssecsere 5935, 32359, 3170. 3763. 3I554.

ssesss 6532, 5019. 4176« 3I544. 3320. 316t.

7211 Sl13e 4033, 3379. 3081. 2837. 2727.

4332, 3792, 3138. 2732. 24Sa.

2319.
1853,
1896, 128%0. 113%. 1124,

2286, 2223
1926,

157Se.

3346. 3123. 2636, 2099, 1967.

2909, 2428+ 2083, 1692. 1597,

1626« 1420, 121.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

sEstesE eSS 57. 33. 20. 17. 19.

ssesee Ta. 38. 22. 14. 124 14.

S53. 40. 22. 13. Te 6e Te

21. 18. 10. Se 3. 2 3.
1le Qe L XY 2e le |

0.< 3. le O O0a Oe Oe

0. Oe O. [ Y Q. 0. O.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

s0sc0000000e 1. 1. Ce 0. 1e
sssene te | 3% le Oe Oe Oe
1. le 1. Qe Qe 0. O.
0. Ce 0. Oe ]
0. O. Oe Oe
Oe O. Oe o Oe [ 2%
0. Oe O. Qe 0. [ Y Oe
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)
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UPDRAFT (m s 1)

N W (=)

UPDRAFT (m s™°)

—NWP h o

UPDRAFT (m s~ 1)

DWW =)} (o]

[
=]

[
(=}

10

CLOUD DBASE

TIME (min) TO 10 dBZ FIRST ECHO

SESEERsEE RS 10.0 8.1 7.0 6.3 5.9
sPxsE 13«7 10.5 8.7 Teb 6.9 6.6
19.5 1442 11.3 Q7 Beb 7.9 7.5
20.2 1S5.9 13.1 11.4 10.2 9«5 93
2.4 17.3 14.6 129 117 10.9 107
24.2 20.2 17.4 1S5.4 14.1 13.3 13.1
31.6 27.1 23.7 21.3 19.7 18.7 18.7

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEEEEEEXEREE el ol -0 0 -0
*EEEE S 2 ol -0 -0 -0 «0
el ol o1 .0 .0 .0 °0
el ol -0 «0 -0 «0 o0
-l ol -0 =0 -0 -0 -0
-0 0 «0 «0 X ol X4
-0 0.0 .0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
lttttlt‘t‘t? Y le Oe Oe le
skseee tle e le Oe Oe Oe
1. | 1. 0. O. Oe Oe

[ 2% Oe Oe Oe Oe Oe [

0. [ 2 0. 0. O. Oe 0.

Oe Oe O O. Qe Oe Oe

O. 0. 0. 0. 0. - 2% 0.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s~ 1)

=NWHSE o o]

UPDRAFT (m s~ 1)

DN WA =) [o0]

UPDRAFT (m s™%)

— N WD =)} (o]
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o

10

—
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SCE) #1TH 1,004-09 /743 OF SALT 3 AT 1.0 KM ABOVE CLIOUD HBASC

1.3 X ADIWATIC #ATER CONTENIS

HEIGHT (m) OF 10 dBZ FIRST ECHO

TIME (min) TO 10 dBZ FIRST ECHO

sorsessvenss 50487, 3337, 3193. 3780. 3571. 10 e eeksssers 10.1 8e1 7.0 663 6.0
-
—
sssees 6633, 5052, 4196, 3656. 3330. 3173. 'm 8| eesess 13.9 0.5 8.7 7.6 6.9 6.6
7058. S149, a103. 3491, 3037. 28a42. 2734, ~6 19.6 14.3 11.a 9.7 8.6 Te9 7.6
'—
. [T
4920. 3799, 3147. 2737. 2057. 2288. 2225. é 4 201 15¢8 13e1 114 10.2 9«5 9.3
3356, 3131. 2640. 2321. 2100. 1968. 1926, E 3 21e4 17.4 1827 12.9 1.7 10.9 10.7
2312. 2331. 2084. 1858, 1692. 1597. 1576. 5 2 23.3 20.3 17«3 15,4 14.1 133 13.1
1397. 1626, 1420. 1230, 1180, 1124, 1121. 1 31.6 27.1 23.7 21e3 19.7 18.7 18.7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

ssassseeReE R Se a, 2. 2. 2e 10 SEEEREBBEE RS 0 «0 .0 «0 %]
-

seesse 2. a. 2. 1. te 1. S 8 |eevons .0 .0 .0 -0 -0 .0
w

6. a. 2. 1. 1. 1. 1. E 6 .0 .0 .0 .0 -0 .0 .0
—

2. 2. 1. ie 0. 0. ° ‘;(‘- 4 .0 .0 .0 .0 .0 .0 .0

. 1. 0. 0. 0e 0. o = 3 .0 -0 .0 .0 .0 .0 .0

0. 0. 0. 0. 0. 0. % 2 -0 .0 .0 «0 0.0 0.0 0.0

0. 0. 0. 0. 0. 0. 1 0e0 0.0 0.0 G40 0.0 0.0 0.0

-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

sesseessesen 0. 0. 0. Oe ' 10 |#esssrssnsee O ' 0. ' '™
-

tescee o. 0. 0. 0. 0. 0. T8 [evenee 0. 0. 0. 0. 0. 0.
7

0. 0. 0. 0. 0. 0. 0. E 6 6. 0. 0. 0. 0. 0. 0.
.—

0. 0. 0. 0. 'R 0. 'R "<"' 4 0. 0. o. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0 % 3 0. 0. 0. 0. 0. 0.

Oe 0. 0. Oe 0. 0. % 2 0. 0. 0. O. 23 0.

9. a. 0. 0. 0. C. 0. 1 0. 0. o. 0. 0. 0. 0.

-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

CLOUD BASE TEMPERATURE (°C)
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SESD 41TH 1 .I%E-02 G743 OF SALT 4 AT 0,0 K™ ABOVI CLIOUD 3ASE

1.0 X ADIJATIC #ATER CONTENTS

HEIGHT (m) QF 10 dBZ FIRST ECHO

3377« 3317. 2355. 23S59. 2102. 1970. 1913, 10
e
i
3630. 2939. 2494, 2081. 1865 1757« 1720 'u, 8
3001« 2457, 2110. 1777. 1603. 1513« 189S, S 6
|_
- [T
2309, 1929, 16A1, 1431. 1300, 1239, 1229, EE 4
134%. 1633. 1433, 1232. 1123. 1074, 1070. [ ] 3
[«
1536+ 1312, 1160. 1000, 916, 880. 881. D 2
1052 910. 812. T06. 650. 623. 633. 1

CLOUD BASE TEMPERATURE (%€)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHG

¢esssessrsss 3194, 2532, 2094. 1813. 165S5.

se6ss6s 3717. 2361. 2117. 1793. 1575« 145S.

4362+ 27J7)s 1996 1715« 1485. 1325« 1239,
2313« 1972, 1367. 1306. 1157. 1049, 996.
1917, 1498, 1202. 1090 977. 89%. 856.
1377, 1119. 92s. 854. 776, 717. 69a.
3945, 717, 608 S5S74. 530. 497. 488.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

UPDRAFT (m s~ 1)

=t
(=]

—~rNwWws oy

¢ses000ss00e S53e S52. S0. a3, 46, 10
Camn
sseses 56, S). SO. 49, 4T. 4a6. '_,' 8
7
58. S2. 49. 49. 4a8. a7. as. E 6
—
S2. #9. a7, 43. AT7. 46s 45. : 4
S0. a9, a6, AT. A4T7. AS. as % 3
AT. 4K, a4, a6, 46. 4S5. 4a. Es 2
S, .. a3, s, a5. ae. aa., 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢C)

P-43

TIME (min) TO 10 dBZ FIRST ECHO

7.3 Se? 4.8 3.9 3.5 3.3 3.2
Te7 6el S5e2 4.3 3.9 3.7 3.6
8.3 6.8 5.9 4.9 4.5 4.2 4.2
9.6 8.0 7.0 60 Se4 Se2 Sel
10.8 9.1 8.0 68 6e2 60 Se?
12.8 10.9 9.7 8.3 Te6 73 73
175 1542 135 1148 1083 1045 10.6

CLOUD BASE TEMPERATURE (°C
SEEDING EFFECT

)

REDUCTION IN TIME (min) TO F.E.
[eesssrescens Se3 462 3.5 3.0 2.8
LR 222 Te? Se3 4.4 3.7 3.3 3«0

11.3 Ta5 55 4.8 4.1 3.7 3.4
10.5 7.8 6.t 5.8 8.8 4.8 2,2
106 Be3 6.7 6.1 Se8& 5.0 4.8
11e5 9e3  7e7 7Tel 645 6.0 S.8
18e1 11.9 10.1 9.6 8.8 8.3 8.1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

(222112 Y3 2 Y 53, 52. 50. 48
L2 2211 S6a Sle. S0e 49« a7.
S8 S2. 49, 49, 48 47
S52. 49. 4a7. ABe 47, 46.
50. 48. 46, aT. 4Ta 4S.
47 46 . Aq, 46, 46, 45
45. 44, 43. 45, 4S5, 48,

L6e

46«

4Se

45

400

L X
LGe

5 0 5 10 15 20
CLOUD BASE TEMPERATURE (°C)

25




UPDRAFT (m s~ 1)

UPDRAFT (m s™1)
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SEED @fT4 1.07C-03 5743 IF SALT 4 AT 0.0 KM ANQOVE CLOUD 8ASE

1.0 X ADITATIC WATER CONTENTYS

HEIGHT (m) OF 10 dBZ FIRST ECHQ

S7le. 4283. 3513. 2915. 2589. 2419. 2329. A]_O
aSA2. 3683, 3085. 2557. 2289. 2143. 2083. T,,, 8
3737. 3005. 2555. 2171. 1959. 1846. 1807. ~ 6
—
- [
2921. 23338, 2019. 1737. 1580« 1500. 1480« é 4
234A. 1970. 1713. 1488. 1360. 1297. 1286. 2 3
1339. 1565, 1378, 1202. 1105. 1059. 1056« 32
1243. 1073, 956. 98al. 778. 750. 754 1
-5 0 5 16 5 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
LOWERING (m) GF FIRST ECHQ
ssessesssese 2540, 1975. 1506. 1372. 1284, 10
®eesss 3012, 2011. 1641, 1369. 1189. 1091. < 8
o
3326. 2189. 1551. 1321. 1129. 997. 928. E s
—
2002. 1467, 1129. 1000. 877. 738. 74S. "<"' 4
1509. 1153, 922. 833. 739. 671. 640 g 3
1074. 866+ 706. 652. 587. 538. 520. a 2
654. 552, 464. 438. 402. 378. 367. 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
sesssressten a42. 40. 38. J6. 35. 10
sso e 45 40. 39. 37. 36. 33. ':1n 8
.7, a2, 3s. 38. az. 35. 34, 5 6
—
a2, 39, 38. 37. 36. 34. 33. ll<" 4
9. 37, 35. 36. 35. 34. 33. % 3
37. 36. Ja. 35. 35. 34. 33. g; 2
Ja. 34. 33. 3a. 3a. 33. 33. 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

TIME (min) TO 10 dBZ FIRST ECHO
9.5 Tt 5.9 4.9 4.3 4.0 3.9
9.8 Teb 6.3 Se3 4.8 4.5 4.3

10.4 8.3 Tel 6.0 Seb St S0
11.3 Qa7 8es T2 6.6 63 6.2
13.0 10.9 9.5 8.3 Ta6 Te2 7.1
15¢3 130 11.5 10.0 9.2 8.8 B.8
20e7 1749 1549 13.0 13.0 12.5 12,6
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEREAEREREES 4.2 3.3 2.7 2.3 2.1
(2T 221 6.3 4.2 3.4 2.9 245 2.3
9.2 60 4.3 3.7 3.1 28 2.6
8.3 6al 4.7 442 3.7 3.3 3.1
8.4 8.5 Sel 4.6 4.1 37 3.6
8.9 Te2 Se9 Sed 4.9 445 4.3
10.9 9.2 T7 73 6.7 6e.2 6.1
-5 0 5 10 15 2% 25
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
[ EX 2122 Y S 42, 40 38. 36. 3S.
sEEees 4S. 40. 39. 37. 36. 3s.
aT. 42, 38. 38e 37. 35. 3s.
42, 39. 36. 37. 36. 3s. I3e.
39. 37. 35. 36. 35S 38, 33.
37. 36. 4. 35S 3S. 3a. 33.
34, 34. 33. Ja. 34. 33. 33.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-44
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UPDRAFT (m s™1)

~NWe o [e]

UPDRAFT (m s™1)
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SCEN wiT¥H 1.03E-0a8
1.0 X ADIMATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

G743 0F SALT 4 AT 0.0 KM ABOVZ

7237« 5151« 8140, 3419, 3019. 2791, 2681,

3733. 4329. 3560. 298S. 25659, 247S. 2393,

4365 3525« 2964. 2522, 2268, 2127. 2071.

2006. 1822,
1713+ 1566,

3305. 2707. 232a, 1724+ 1693,

2725« 2271. 1971, 1488. 1470,

2117« 1793, 1S78. 1330. 1268

1316, 961. 890. B859%.

1212« 1205

1222. 1986, 857

5 0 5 1@ 1I5 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHO

ttesessessss 1914, 1871. 1177. 991. B892,
sssess 2323, 1496, 1213, 999, 855, T81.
2593%. 162%. l1al. 970, 820. T16. 663,
1519. 109a. 823. 731. 635, S64. S32.
1131, 961 . 669, 607 534, 480. 457.
796. 637. Sil. Aa7s. 424, 385, 371.
430, 404. 33S5. 313. 290. 267« 262.
-5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
tsssese00s0e 32. 30. 28. 26 25.
tsseve 3S. 30. 29%. 27. 26 2S5,
37. 32. 28. 28. 27. 25e. 28 .
3. 29. 26 27e. 26. 2S. 248 .
29. 27. 25. 26. 25 24, 28 .
27. 26 25. 26. 25. 24. 24,
25. 25 24, 25 2S. 23, 23.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-45

CLOUD AASE

TIME (min) TO 10 dBZ FIRST ECHO

10 1241 Beb 6.9 Se? 5.0 &7 8.5
Ll
—l
'm 8 11.9 9.0 7.a 6s2 5.5 Se2 5.0
e
~ 6 12¢8 948  Be2 740 6.3 5.9 S.8
'—
("
g:‘ 4 138 11.3 9.7 8.8 F.b  T.2  Tel
E 3 15«1 12.6 10.9 9.5 8.7 8.3 Be2
> 2 17.6 1449 13e1 11.5 1046 10e1 1040
1 23.6 20.4 18.1 16.0 14.8 18.3 14.3
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

t
SEEEEEEEREES

10 3.2 2.5 2.0 1.7 1.5

".“A G freenes 4.8 3.1 2.5 2.1 1.8 1.5
[ ]

E g 7e2 845 3.2 2.7 2.3 2.0 1.8
'——

:—: 4 6.3 4.6 3.4 3.0 2.6 2.4 2.2

g 3 6.3 8.8 3.7 3.4 3.0 2.7 2.5

a 2 6.6 Se3 43 3.9 3.5 3.2 3.1

1 8.0 5.7 546 Se3 4.8 4.5 4.4

-5 0 5 10 15 2% 25

CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

10 CEEECEES R R ES 32. 30. 28. 26, 25.

""A 8 |#seeee 35, 30. 29. 27. 28. 25.
wn

E 6 37. 32, 28. 28. 27. 2S. 26,
'.—

e | 31, 29.  26. 27. 26. 25. 26,

g 3 29. 27. 25. 26. 25. 24. 26,

% 2 27, 26. 2s5. 26. 25. 2a. 28,

1 2s. 25. 2a. 25. 2s. 2a. 23,

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s'l)

UPDRAFT (m s~1)
—NW P (5] o

=N WA [=2 ]

UPDRAFT (m s 1)
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SEED 4ITH 1.33E~05 G/43 OF SALT a4 AT 0,0 KM AJQvVeS

1.7 X ADIHATIC YATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-08-

esesee 0121, A777. 3907. 3828, 3137, 3006, 10
5937. 5086. 4071. 3395. 3006. 2788. 2679. 'Tm 8
5240, 8051. 3363, 2853. 2555. 2386. 2314. £ 6
—
- L.
3793. 3073. 2617. 2259. 2046. 1929, 1888. § 4
3100. 2563+ 2211. 1925. 1755. 1663. 1637. 2 3
2386. 2012. 1759, 1585. 1418. 1352, 1340. 52
1532. 1362, 1207. 1073, 993. 95a. 955, 1
-5 0 5 1@ 115 20 25
CLOUD BASE TEMPERATURE (°G)
SEEDING EFFECT
LOWERING (m) QF FIRST ECHO
cssssreneess 1276, 981. 772. 635, 567. i 10
eseres 1611. 984, 503, 652. 547. 496. 'Er‘ g
o
1823. 1103. 743. 639. 533. 457. 421. E g
'—
1029. 723. 531, 478, 4ll. 360. 337. "<"" 4
757. 569. 429. 396. 345. 305. 290. x 3
S27. 419. 326. 309. 274. 245, 235, o pa
315. 264. 213. 207. 187. 170. 166, 1
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
sssersessene 21. 20. 18. 17. 16. 10
essses 24, 19, 19. 19. 16, 16, Tm 8
26, 21. 18. 18. 17. 16. 15. S 6
21 E
« 19. 17. 17. 17. 16. 1S. < 4
29. 18, 16. 17. 16 16. 15. x 3
18 17,  16. 17.  16.  15.  15. % 2
17. 16+ 15, 16. 16+ 15. 15, i
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

C_JUD HASE

TIME (min)

TO 10 dBZ FIRST ECHO

LR 2 24 2]

10.2 8.0 6eS Se?7 Se2 S0
13,5 10.5 8.5 Tel 63 5.8 5.6
14,6 11.3 9.3 Te9 Tet 646 Geb
15.8 12.8 10.9 9.0 BeS 8.0 Te9
17¢2 13+2 12.3 10.7 9.7 9.2 91
199 168 146 12.9 118 11.3 11,2
2604 2247 20e! 17«9 1605 15.9 15.9

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

t
EREEEEEREEEE

2e1 1.6 13 la1 .9

SES RS 3.4 2.1 17 1.4 1et 1.0
Sel 3.1 241 1.8 leS 13 1e2
4.3 3.0 262 240 1.7 1.5 | Y
.2 3.2 2.8 2.2 1-9 17 16
44 3.5 247 2.6 2.3 240 2.0
5.3 4.4 3.6 3«5 3.1 2.8 2.8

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

CLOUD BASE TEMPERATURE (OC)

EERESEEEESES 21. 20. 18. 17. 16.
(X222 24, 19. 19 18 16« 160
26. 21, 18« 18. 17« 16e 1Se
21, 19,  17. 17 17. 16 1S.
20. 18, 16 17. 16« 16. 15«
18. 17. 16 17. 16 15 15.
17, t6. 1Se 16. 16. 15. 15

P-46
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UPDRAFT (m s~1)

=RNWPL o o

[
o

UPDRAFT (m s~ 1)
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b
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UPDRAFT (m s™%)

DN W [«)] (]

SEED «ITH 1.20E-05

3743 OF SALT & av

-99-

0.0 KM AHOVE CLOUD BASE

1«0 X ADIBATIC WwATER CONVTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

*ssees 7216. S433.

LA AR N

6093,

4297,
3a75.
2650,
1741,

S319.

4593.

3437,

2950.
2224,

1497

458a.

3753.

2398.
2839,
1932,
e« 1321

4398,
3ror.
317S.
250!--
2126

t702.
1173,

is18.

3339.

2828.

2257.

1932.

1559,
1089.

3485,

3076,

2629.

2122.

1825,

1482,
1044,

3310.

2945,

2539.

2063.

1791.

1865,
1043,

10

UPDRAFT (m s™1)

et DN ) [=2 B e o}

-5

0

5

10

15 20 25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHQ

CEFELESEESER

521.

(X2 X223

I71.

525.

392.
263.

156.

833,

550

353,
282,
207.
133%.

472,

3s2.

249.
201.
152.

99.

493,

401,

3t7.

236.

196,

152.
102.

378.

318,

260.

200.

168,

133.
91.

297.

256.

214,

163,

143,

115.
a0.

263. §

230.

196.

157.
135.
t10.

78.

o
(=]

UPDRAFT (m s~ 1)

—NWHa gy

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (%c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

*esesssessnes 10, 10. 9. Be Te 10
cesves 13. 9. 10, 9. 8. 7. ",‘A 8
w
18, 11. 9. °. 8. 8. 7. E 6
’_.
1 10. 8. 9. Be 7. 7. L<Ll: 4
10. 8. 8. 8. 7. 7. % 3
9. 7. 8. 8. 7. 7. % 2
8 T 8. 8. Te 7. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

p-47

TIME (min) TO 10 dBZ FIRST ECHO

(X2 X33 12,0 9.1 73 6.8 5«93 Se5

sestee 12601 9.5 79 7«0 6.8 6.1
16.9 12.8 10.4 8.8 Te9 Te3 Te1l
17.9 13.3 12.1 10.8 P4 8.8 8e6
19.3 15.8 13.5 11.8 10.7 10.1 1%2.0
221 13¢5 1641 18.2 13.0 12.4 12.2
29.0 23.9 22.0 19.6 1841 17.4 17.5
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME {min) TO F.E.

SREEERERERES 1.0 .8 6 - X
LEEEESE ta7 1.0 -8 o7 13- S
27 1.6 1.0 9 7 .6 5
22 1.5 1.0 1«0 o8 -7 -?
2e1 1e6 I Y lel 9 -8 -8
2.2 17 1.3 1.3 l.1 1.0 9
2.6 22 1le7 1«7 1.5 13 1.3

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

TEEEERNEOS SR 10, 10e e B8e Te
ST Re 13. Qe 10. e Ba Te
14, 1. 9. 9. 8. 8. 7e
1. 10. 8. 9. 8. Te Te
10. Be 8. Be Te Te
9. Te Be 8« Te Te
8. 8 Te 8e Be Te Te

CLOUD BASE TEMPERATURE (°C)
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SEED wilTH 1.20Z-Q07 G/743 F SALT 4 AT 0.0 XM ABOVE CLOUD BASE

1.0 X ADIBATIC WATER CONTENTS

REIGHT (m) QF 10 dBZ FIRST ECHO

TIME (min) TO 10 dBZ FIRST ECHO

eSO SOEEES 9.9 Ta9 6.8 6.2 Se9
s38s8¢  13.4 10.3 8.5 TeS 6.8 6.5
18.9 13.9 11.2 9.5 8.4 7.8 7.5
19.5 15.5 12.9 1.2 10.0 9.4 9.1
20.9 17.0 14.43 12.6 11.4 10.8 105
23.7 19.8 17.1 1Se1 13.8 13.1 12.9
31.0 26.6 23.3 209 19.3 18.4 18.4

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

s5xes0EeI0SE 53909, A76T. 4104, 3713, 3Sla. 10
'-"-\
*exess 6aal. 4945, 4098. 3580, 3274, 3123, 'm 8
680a. SO12. 2028. 3313. 3025, 2794. 2690. E 6
=
4587. 3710. 3091. 2678, -zaoa. 2250, 2189. é 4
3760. 3062. 2598. 2272. 2059 1935. 16896, a 3
2346. 2379. 2950. 1816, 1659, 1571. 1550 % 2
1857. 1594, 1398. 1254, 1158. 1106. 1103. 1
-5 0 5 1I& 15 20 25
CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT
LOWERING (m) QF FIRST ECHO
EsEREEIESEL S 143, 124, 92. 67e 59 10
«sesse  215. 109, 100. 77. SS.  s2. ':"\ 8
w
259. 181. Bl. 79. 63. 48,  4s. E 5
l—.
135,  91. S7. S9. 49. 38. 36, %4
97. 70. as5. 49. 41l. 33. 31. ﬂof 3
67. 52. 35. 33. 33, 26. 2s. a 2
D
39. 32, 23.  26. 23. 19. 18. 1
-5 0 5 10 15 Zg 25
CLOUD BASE TEMPERATURE ( C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
sesssssscnsse 2. 3. 2. 2. 2. 10
‘22 RL Y] 3. 2. 2. 2e 2. 2 ._|‘ 8
w
4. 3. 2. 2. 2. 2. 2. E 6
—
3. 2. 2. 2. 2. 2. 2. :-t 4
3. 2. 2. 2. 2. 2. x 3
2. 2. 2. 2. 2. 2. 5 2
2. 2. 2. 2. 2. 2. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

cexseerbeen e 2 2 2 ol ol
L2221 .4 2 2 .2 ol ol
X4 X 2 2 .2 -l el

6 s 2 o2 .2 o2 o1

S5 -8 -3 -3 a2 2 02

-4 .3 -3 3 2 o2

- 5 .l -4 .8 3 3

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

2S5 0ERERES 2e 3a 2e 2e 2.
[ 222221 3. 2 2e 2 2 2e
4. 3. 2. 2. 2. 2. 2.

3. 2. 2. 2. 2. 2.

3. 2. 2. 2. 2. 2a

2. 2. 2. 2. 2. 2. 2.

2. 2. 2 2. 2. 2. 2.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

pP-48
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SEED WITH 1.00E-08 G/743 OF SALY 4 AT 0.0 KM ADOVI CLOUD OBASE

1«0 X AJIBATIC WATER CUNTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

tscosssssees H£016. 4375S. 4Ll 34. IT74. 3566,
xeeeee 5602%. 5043, A1ARS5. 3648. 3325. 3169,
7330« S135« 4096+ 3432. 3080. 2837. 2729.
4306+ 3789. 3l41. 2730.-2351. 2283+ 2221
3335, 3123 2635. 2315« 2095. 1963. 1923,
2905« 2425. 2080. 18BaA9, 1688, 1594, 1573.
1392. 1622. 1818a 1276+ L1177. 1122, 1119
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHQ
sEseesEsNES 17. 1S5. 11. 8e Te
sesess 27. 13. 13. Ge T 6

33. 18 10. 10. B8e 6o Se
17. 1le. Te 7 Ge Se L XY
12. Qe 6e Ge Se LY 4
Be 6 LTS Qe 3. Ja
Se L XY 3. 3. 2e 2a
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
Csse986sbess O [ 29 O Oe 0.
ses e Ce Qe [+ 2 Qe Oe 0.
Oe O O. 0. Oe 0 0.
0. [« 1Y 0. Oe Oe [ [ Y
O O. 0. Qe Oe O.
Oe Oa O. Oe Ce [+]
Qe 0. [+ 1Y O. 0. Oe
-5 0 5 10 15 20 25

P-49

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s 1)

— NW S ()]

UPDRAFT (m s~1)

Pt NP N

UPDRAFT (m s~!)

N WP [, [«<]

10

[o
(=]

10

TIME (min) TO 10 dBZ FIRST ECHO

SEEEEEGEEE TR

t0.1 8a1 7.0 6.3 5«9

*eeee¢ (3.8 10.5 8.7 Teb 6.9 6a6
195 14.3 1tl.a 9.7 Be6 7.9 7«6
200 15.8 13.1 11.4 10.2 9.5 9.3
21ed 174 1446 12.9 116 10.9 10.7
2402 20.2 17.3 15.4 14.1 13.3 13,1
315 27.0 23.6 21.3 196 18.7 18.6

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEREEESEERR .0 «0 -0 .0 .0
LRI E T3] el -0 0 0 -0 -0
-1 0 .0 -0 .0 -0 0

.l -0 -0 -0 -0 -0 o0

ol -0 0 -0 -0 -0 -0

-l ol .0 -0 o0 -0 .0

-l PS | -0 el -0 «0 -0

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LSS EEBBNEE Oe 0. Oe O. Oe
LY YT Qe O. - 28 O O. Oe
O. [+ 29 O Oe Qe Qe Oe
0. Oe Oe Ce Oe Oe Oe
Qe Q. Oe Oe Oe Oe '
Oe Oe O 0. Oe Oe [ 1Y
Oe Oa Oe 0. 0. Oe Oe
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




10

UPDRAFT (m s™1)

~NWPPS o (o]

10

UPDRAFT (m s~ 1)

N WA (=] (0]

[
[}

UPDRAFT (m s™1)

-_NwWwha o (o]

-102-

SEED #ITH 1.00E-02 5/7%3 OF SALY &4 AT

1.0 X ADIRATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

aAS511. 3458. 2975. 2504. 2269. 2090. 196S.

3794+ 2991. 2528 2219, 202S. 1877. 1774,

3999, 2506« 2185« 1905, 1751. 1634. 15SS.

2395, 1552. 1440.
2027.

1624.

1996. 1729. 1354.
11938,

1012,

1299

1705. 1498. 1356. 1266, 115S.

1393, 1235. 1129« 1061 982.

1016, 860. 320. 792, 776.

1153. 92s.

5 0 5 10 15 2Q0 25
CLOUD BASE TEMPERATURE (°c}

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

*sssseseeess 3179. 2387, 1927. 1692. 1608.
22568 3656. 2532, 1979, 1633. 1455. 1400,
3365« ?2648. 1960. 15A7. 1337, 1209. 1179.
2428+ 1815« 1%320. 1185. 1018. 933. 926.
1830« 1427, 1142. 965. 834, 770. 772.
1299. 1143. 85S0. 725. 630. 58S5. 594,
739. 610. a97. 420. 360. 333. 345S.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

raxsssesannse S3. 49. 46. 45, 45.
Al S5 50. aTe 45 L T 48 .
56 St. 48. 4S. 43, 43. 43.
S0. 48. a5, 43, 41. 41 42.
47, 46« 43, 42, 40. 39. 40.
aas, a3, at. 39. 37. 37. 38.
3%. 383. 35. 33. 30. 30. 31.

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s™1)

- DGO (<2 0 = ]

—
o

—~
)

UPDRAFT (m 5™ 1)

=W gy M

—
o

UPDRAFT (m s 1)

(o]

N W [=)]

eSS KM ABOQVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

7.5 5.8 4.8 2.2 3.8 3.5 3.3
7.9 6.2 Se3 2.6 4.2 3.9 3e7
8.6 7.0 6.0 Se3 4.9 4.5 4.3
10.0 8.3 Te2 6.5 6.0 Se6 S48
11.3 Fe5 8.3 7.5 Te0 6e7 6.8
13.5 11.6 10.3 948 8.8 8.4 8e2
193 169 15.4 183 13.7 13.2 12.9
-5 0 5 10 15 20 25
0
CLOUD BASE TEMPERATURE (" C)
SEEDING EFFECT
REOUCTION IN TIME (min) TO F.E.

L EEEERREREEES Se3 4.0 3e2 2.8 247
sEERES Teb Se«3 4.1 3.4 3.0 2.9
11.0 7es Set 4.4 3.7 3.4 3.3
10.1 Te6 5.9 4.9 4.2 3.9 3.9
10.2 Te9 63 S« 8.6 4.3 4.3
10.7 8.7 Te1 6.0 S.3 4.9 Ce9
12.3 10.2 8.3 7.0 6.0 Se5 So8
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

sEEBEERR LR 53 49, 46, 45, 85,
sEEsee 55. 30. AT, 45. 44, 446,
S6. Sla 48. 454 43, 43 43,
50. 48. 4S5, 43. 4l 41, 42,
47. 46, 43, 42, 40. 3%. 80«
as, 43. ale. 39. 37« 37. 38.
39. 38a 3Se. 33. 30. 30. 3.

CLOUD BASE TEMPERATURE (°C)
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o

UPDRAFT (m s~ 1)
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UPDRAFT (m s~ 1)
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UPDRAFT (m s~ 1)
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SEED #41TH 1.N0E-03 3743 NF SALT 4 AT
1.0 X ADIIATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-103-

5457« 4379« 3531e 3082, 2732« 2S11l. 2307.

4797+ 3673. 3072, 2673. 242S. 2234. 2128.

3331. 3052. 2587. 2282. 2084. 1943. 1856.

2900. 2395. 2)60. 1840. 1698, 1597. 1538.

1357.
1140.

2426« 23234 1771e 1595. 1481. 1401.

1919. 1631. 1443, 1312, 1228,

925.

1170.

1337 1167. 1053, 97S. 8%1. B76.

UPDRAFT (m s~ )

PN WS [« T » -]

5 0 &5 10 I8 2C¢ 25
CLOUD BASE TEMPERATURE (e}

SEEDENG EFFECT
LOWERING {(m) OQF FIRST ECHQO

sssssssxarer 2522, 1348. 1463« 1271. 1206. IO
-————
ssenss 2364, 19d4, 1520. 1233, 1088. 1046 ﬁr 8
wp
3232. 2101. 1519. 1210. 1004. 900. B78. E &
—
1923. 1416, 1088. 897. 75%. 692. 687. "-ji i 4
1431. 1194, 969, 726, 619. 567. 570. g 3
995. 799. 642. S42. 464. 427. Aa3s. o 2
560. 459. 367. 305. 255. 233. 245, 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

[
o

scevsssnanss a2. 39. 3s. 34. 3a. 10
——
—
ssssee a5, 33, 36. 3a. 33. 33. sy 8
w
46. al. 37. 35. 33. 32. 32. E 6
—
40. 37. 35. 33. 31. 30. 3. "é 4
37. 35, 33. 31. 29. 29. 30. o 3
3a. 33, 31. 29. 27. 27. 28, 8 2
0. 28. 26, 2a8. 22. 21. 22. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-51

«5 KM ABOVZ CLIUD 3ASE

TIME (min) TO 10 dBZ FIRST ECHO

9.8 Te2 5.9 Sel 4.6 4.2 3.9
10.0 Te? 6.4 Se6 Sel 4.7 LY S
10.6 8.5 Te2 6.3 Se8 Ses Se2
12.1 9.9 B8e6 7«7 Tel 6.7 64
13.5 11.3 9.8 8.9 8.2 7.8 Te3
16.0 13.6 12,0 10.9 10.2 9.7 9.5
22e3 195 176 162 154 1%.9 14.6
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

(EEEEEEEBERES 4.2 3.1 2.4 2.1 2.0
EakEER 6e2 4.1 3.2 206 23 262
9.0 5.8 4.2 3.8 2.8 2.5 2.4
8.0 5.9 4.5 37 3.2 2.9 29
7.9 6a1 4.8 4.0 3.4 3.2 3.2
Be3 6.7 Se3 45 3.9 3.6 3.6
9.3 7.7 6el Sel 8.3 3.9 4ol

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
*ESEEEBE GRS 424 38. 35. 34, 34.
sea80e 4S. 39. 36. 34. 33. 33.
46. al. 37. 3S. 33. 32« 32.
40. 37. 35. 33. 31, 30. 3.
3r. 35. 33. 3. 29. 29 30.
34, 33. 3t. 29. 27. 27. 28.
30. 28« 26a 24. 22« 21. 22
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s~ 1)

UPDRAFT (m s™1)
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UPDRAFT (m s™ )
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SEED WITH 1.J0E-08 G/7M3 OF SALT & AT 0.5 KY ABOVE CLOUD BASE

1.0 X AJIAATIC JATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

TIME (min) TO 10 dBZ FIRST ECHO

Ta1d. S209. 4158. 3538. 3149. 2882. 271S. 10 12.4 3.7 6.9 5.9 Se2 4.8 4.5
5357. 4377. 3585. 3095. 2782. 2565. 2433, .m 8 12.2 9.1 7.5 6.4 5.8 Se3 Sel
4561. 3S571. 2994. 2622. 2380. 2212. 2114 \E’ 6 12.7 9.9 8.3 T3 6.6 6.1 5.9
',_
3382. 2753%. 2362. 2099. .1927. 1809, 1744, E(; 4 141 11.5 9.8 8.7 B.0 7e5 7+3
2801, 2325. 2018, 1810e 1673. 1579. 1531. 2 3 156 12.9 1142 1041 9.3 8.8 8.5
2190. 1954, 1631, 1a78. 1377. 1310. 1278. > 2 18,3 1Sa.4 1'3.6 123 115 10.9 10.7
1502. 1306, 1172. 1080. 1020. 98l. 966, 1 250 2148 195 18.0 17.0 16.3 16.1
-5 0 5 10 18 20 25 -5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°G) CLOUD BASE TEMPERATURE (°C)
SEEDIRG EFFECT SEEDING EFFECT
LOWERING (m) QF FIRST ECHQ REDUCTION IN TIME (mim) TO F.E.
*axsessrerecs 1395, 1353. 1047, 900. 858. [ 10 sssrsereene 3.2 2.3 1.7 1«5 l1e8
[seesee 2279, 1870, 1103. B876. 767. TA2. ";? 8 eseese 4.7 3.1 2.3 1.8 1.6 15
wp
2502. 1582. 1112, 870. 708. 630. 620. E & 649 4. 3.1 2.4 2.0 1.8 1.7
1441+ 1036. 786. 638. S530. 479. 481 E 4 640 a.a 3.3 2.7 2.2 2.0 2.0
1056« B807. 622. 512. 427. 389, 396« g 3 5.9 4.5 3.5 2.8 2.4 242 262
723. S77. 453, 376. 31S. 287. 297. % 2 6.0 4.8 3.8 3.1 246 2.4 2.5
394. 321, 248s. 200. 160. 148. 1SS. 1 646 S5e3 4.1 3.3 2.7 2.4 2.6
-5 0 5 10 15 20 25 -5 0 5 10 15 2% 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (C)
SEEDING EFFECT SEEDING EFFECT
PERCENT LOWERING GF FIRST ECHO PERCENT REDUCTION IN TIME TO F.E.
st etsases 31. 28. 25a 24, 24, 10 EEEEEREEESES 31. 28, 2Se 24, 24,
'_.A
EAXE T 3a. 29. 26. 2a. 23. 23. ] 8 |eevsee 3a. 29. 26. 24, 23. 23.
[7,)
35. 3. 27. 25. 23. 22, 23. 5 6 3S5. 3. 27. 2S. 23. 22. 23.
.._
30. 29, 25. 23. 22. 21, 22. 2 4 30. 28. 2S. 23. 22. 21. 22.
27.  26. 264. 22, 20. 20. 21. % 3 27. 26. 28. 22. 20e. 20. 21.
25. 2a. 22. 20. 19. 13. 19. % 2 2s5. 2a. 22. 20. 19. 18. 19.
21. 20. 17. 16. 14, 13. 148, 1 21, 20. 17. 16 .14, 13. 14,
-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)

P52
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SEED #ITH 1.00E=-0S /743 07
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SALY 4 AT 0.5 KM ASOVI CLOUD BASE

1.0 X AUISATIC WATER CONFTCNTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

7798.

S3a8.

3373.

3175.
2456a

156t

ssesss 6173,

5095.

4095.

3117,
2613,
2069.
1437,

4796. 4022. 3585, 3231.

4097,

339 .

2552.
2254,
1810.
1284,

3398,
2946.
2334,

2011.
1633.

2657.

2140.
1850.
1515.

1176« 110S.

3119« 2866.

2463.

2004,
1743,
1438,
1060.

3037.

2715.

2352,

1933,

1691.

1805,
1046,

-5

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
s¥esesssteee 1257, B68. 650. S51e 535.
*ssess 1551, 959, 7T00a 539. 455. 460.

1716+ 1057. 714. 586. 431. 379. 3B2.
949. 683. 495. 394. 317. 288, 293.
633« S19. 386. 310. 250, 225. 236.
457. 363, 278. 221. 177. 159. 171
236 189. 137. 103 76 6Se TSe
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

ses s seEENROe 21 18, 1S5« 15« 15.
ssssse 23. 19. 17. 15. 14. i4.
24 . 21. 17. 16. 148, 13. 14.
20. 18, 16. 14. 13. 12 13.
18. 17. 1S5. 13. 12. 1le 12
16. 15. 13. 12. 10. 10. Ile
12. 12. 10. 8e 6o 6e Te

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

UPDRAFT (m s~1)

— NOW - [« S o <]

UPDRAFT (m s~ 1)

~_~NWA gy @

= —
2] (=]

[
© o

N W A =)}

TIME (min) TO 10 dBZ FIRST ECHO

sEsese 10.3 8.0 6.7 Se9 Se4 Sel
13.8 10.6 Be5 T3 665 6.0 Se7
18.9 tl.2 9.4 8.2 Ted 63 605
16.1 13.0 1le0 9.8 ' 8.9 Bea Sel
17.6 4.5 12.5 112 10.3 9.7 9.4
20.5 17.2 1S.1 13.6 126 12.0 I11e7
27.7 23,0 21.4 19.6 18.4 177 17.4
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEETS LT RS 2a1 1.4 lel -9 «9
LR 22 2 1 3.3 2.0 1.5 lel 1.0 1.0
8.8 249 220 1eS 1a2 1e1 et
4.0 2.8 2.1 16 1.3 1.2 ic2
3.8 29 2el 1e7 led 1.2 1.3
3.8 3.0 23 1.8 leS 13 1o&
3.9 3.2 23 le7 13 et 1.2

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEXEEBEEESE S 21. 18 1Se 15. 1S.
(2273 1] 23. 19. 17 1S. 14, 14.
24, 21e 17e. 16« 14. 13. 14.
20, 18. 16« 14, 13. 12« 13a
18. 17. 1Se. 13. 12. 1t. 12
16. 15. 13. 12. 10 10. 11,
12. 12. 10. 8. 6e 6. Te

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s~1)

UPDRAFT (m s~ 1)
=NWP o o0

=W N o

UPDRAFT (m s™1)
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SIED WITH 1.7E~-06
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53743 OF SALT 4 AT 0.5 KM ABOVI C.IUD 3ASE

1.0 X ADIUATIC #ATER CONTENTS

HEIGHT (m) OF 1Q dBZ FIRST ECHO

sseeee 7272. 5450. 3894, 3918, 3552, 333S. ‘—\10
sesses 5367. 4605. 3384. 3a31. 3140. 2973. ':L, 8
6209, 4635. 3777. 3251. 2910. 2689. 2570. E 6
—
- o
4374, 3876. 2926. 2569. 2331. 2177. 2103. EE 4
3544, 2392. 2473, 2194. 200S. 1885. 1832. EE 3
2711. 2269. 1972. 1769. 1630. 1543, 1513. S 2
1398, 1S58. 1375. 1249, 1i61. 1109« 1102. 1
-5 @ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEOING EFFECT
LOWERING (m) QF FIRST ECHC
erxsssssersae 503, 396. 278. 230, 238, 10
sssses  739. aS0. 314. 225. 191. 201. '§r~ g
w
855. S1d. 328. 241. 178. 153. 165. E 6
E—
aa8. 325. 222. 168. 126. 111. 122. EE 4
313. 2a0. 167. 128. 95. B83. 94. &« 3
202. 162. 113. 8s. 62. sa, 63. Eé 2
93. 73. 46. 30. 19. 15. 19. 1
-5 0 5 18 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
Ty 10. 8. Te 6. 7. 10
cssees 12. 9. Te 6e 6o 6o 'T 8
w
12, 10. 8. 7. 6. Se 6 E 6
9 9 7 6 s s 6 e 4
- . - - - - <
a 8. 6. 6. 5. .. S. x 3
7. 7. Se S. N 3. 4. S 2
5. a. 3. 2. 2. 1. 2. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

TIME (min) TO 10 dBZ FIRST ECHO

L T2 TY 12.1 9.1 7.5 65 5.9 Se6
L5588 12.2 9.6 8.1 Tel 6.5 62
17.2 12.9 10.5 9.0 8.1 7.5 Tel
18.2 138.5 12.2 10.7 9.7 a1 8.8
19.7 16.1 137 12.2 11,1 103 1062
22.6 18.9 16.a 14.7 13.5 12.9 12.6
30.1 259 22.9 20.8 19.4 18.5 18.4
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REDUCTION EN TIME (min) TO F.E.
EEEEEERRKEES 1.0 -7 -3 Y ) -3
sEEREe 1.6 9 .7 S s .8
2.4 1.4 9 -7 5 X S
1.9 1ed -9 X4 33 5 5
1«7 13 .9 7 S 5 5
1.7 1.3 9 7 - o -
1.5 12 8 5 3 2 3
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
EEEESEEERSRAK 10. Be Te Ge Te
escens 12, 9. 7e 6. 6. 6o
12. 10. Be Te Ge Se 6e
% 9 Te G Se Se 6o
Be 6. Ga Se 4 Se
Te Te Se Se LY 3e De
Se L X3 3. 2. 2e e 2.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

P-54
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SEED wITH 1,.90E-07 5/743 NF SALT 4 AT
1.0 X ADIBATIC WATER CONTENTS

HEIGHT (m) QF 10 dBZ FIRST ECHO

sesssesessre 5916, 4805. 4lal, 3733, 3523.
268840 6464, 4955, 4132. 3618, 3296, 3133,
6362, S030. 3033, 3442, 3054, 2814, 2701.
4T723. 3726+ 3101. 2706--2636. 2263. 2201.
3799, 30739+ 25064 2297. 20834 1954, 1909.
2871+ 2397. 2063, 1839. 1682, 1589%9. [565.
13A0. 16148, 1313, 1275. 1178, 1122. 1118.
-5 0 5 10 15 20 25

. (v
CLOUD BASE TEMPERATURE ( G}
SEEDING EFFECT
LOWERING (m) QF FIRST ECHG
secoesesesxs 137, 85. 55 L2 S0.
sssesx 193, 100. 56, 44 35. 41.
201. 123, 72 50. 3a, 28. 33.
100. 75 az. 34, 23. 20. 23
68, Se. 3a. 24, 17 14. 17.
42 34. 22. 15e 10 Be 11.
17. 13. Te 4. 2. 2. 3.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

srsssoscrree 2e 2e le le le
s0ssse 3. 2. 2. Le 1.
3. 2e 2 le la 1la 1e
2e te te le | Y 1.
2a le 1. e 1. le
1. 1. le 1. 1. | 9
le 1e 0. 0. Oe O O.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-55

0e5 KM ABOVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

10 tesss0sse00e 9.9 3.0 6.9 6e2 5.9
—
—t
.m 8 *¢ee2e 13.5 10.3 8.6 7.5 6.9 6.5
E 6 19.1 13.0 11.2 9.6 BeS 7.8 7.5
=
< 4 19.7 15.5 12.9 11.3 10.1 9.5 9.2
o 3 21e1 171 1445 2.8 11.6 10.9 10.6
> 2 23.9 20.0 17.2 15.3 14.0 13.2 13.0
1 31.3 26.9 23.6 21.3 19.6 18.7 18.6
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
" REDUCTION IN TIME (min) TO F.E.

10, EEEREEXEREEK 2 el el ol ol

"';"A g [[sssese .t 2 ol ol ol ol
o

E 6 .6 .3 .2 ol o1 -l el

L—- 4 8 3 .2 el .1 o1 o1

< .

g 3 .t .3 -2 o1 .t -1 -1

a 2 .3 -3 .2 .l .t o1 ol

1 o3 .2 ot .l .0 .0 -0

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

10 (XIS TSRS T 1] 2. 2. e le

""A 8 [eosves 3. 2. 2. 1. 1. 1e
7

E 6 3. 2. 2. 1. le t. 1.
—

L<IE 4 2. 2. 1. 1. e 1. 1.

C!Qf 3 2. 2. 1. 1. 1. 1. 1.

% 2 1. 1. le t. e 1. 1e

1 te le 0. 0. Oe Oe Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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HEIGHT (m) OF 10 dBZ FIRST ECHO
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SEED wWiTH 1,00E-08 G/7¥3 OF SALT & AT 0.5 KM ABOVE CLOUD BASE

X ADIBATIC WATER CONTENTS

TIME (min) TO 10 dBZ FIRST ECHO

sessssrstese 5037. 4880, 41839, 3IT77. 3I567. 10 sasssssssse 10,1 8.1 70 6.3 5.9
-
-t
tsesee 6633. S044. 4190. 3653. 3328. 3I170. 'm 8 ssssse 13.8 10.5 8.7 7.6 6.9 66
=3
7033. S138. 8097. 3486. 3084. 2840. 2731. S 6 19.6 14,3 11.4 9e7 8.6 79 7+6
—
- [T
4811. 3792. 3132, 2734. 2854. 2286. 2223. é 4 20.0 15.8 13,1 11.4 10.2 9.5 9.3
3849. 3126. 2636. 2319. 2098, 1967« 192S5. QD. 3 21.4 17.4 1.6 12.9 11e7 109 10.7
2909, 2427, 2082. 1852. 1691, 1596. 1574. = 2 24,2 20«2 17.4 154 14.1 13.3 13.1
1395, 1625, 1420. 1279. 1180. 1123, 1121, 1 31.6 27.1 23.7 21.3 19.7 18.7 18.7

CLOUD BASE TEMPERATURE (°6)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

CLOUD BASE TEMPERATURE (OC)

sesesenseens 16« 10. 6e Se 6o 10 EXFEUSRINEESR .0 .0 -0 0 Y]
-

sssses 24, 12, 8. S. a. Se 2 8 eerrss .0 .0 .0 «0 .0 .0
w

28. 1S, 8. 6. a, 3. a. E 6 o1 -0 .0 .0 -0 -0 .0
—

12. 9. 6. a. 3. 2. 3. : 4 .0 -0 .0 .0 .0 o0

8. 6. 4. 3. 2. 2. 2. ﬂcf 3 .0 -0 .0 .0 00

a. 2. 2. 1. 1. 1. a 2 .0 .0 .0 .0 .0

1. 1. 0. 0. 0. 0. 1 .0 .0 .0 .0 «0 -0 .0

-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

PERCENT LOWERING OF FIRST ECHO

SEEDING EFFECT

CLOUD BASE TEMPERATURE (OC)

PERCENT REDUCTION IN TIME TO F.E.

massestreese 0. 0. 0. O. 0. 10 [sesersercnse [ 0. L8 0. 0.

-
-4

hsseesy 0. 0. 0. c. o. 0. 1 8 |eeeses 0. 0. 0. 0. 0. 0.
w

o. 0. 0. 0. 0. 0. 0. E 6 0. 0. 0. 0. o. o. 0.
...—

0.  o. 0. 0. 0. o. 0. = 4 0. 0. 0. 0. o. o.

0.  o. 0. 0. 0. 0. x 3 0. 0. 0. 0. 0. 0.

0. n. 0. 0. 0. Oe a 2 0. o. 0. o 0. 0

S . .

0. 0. 0. . 0. 0. 0. 1 0. o. . 0. 0. 0. 0.

-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

CLOUD BASE TEMPERATURE (°C)
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SEED #iTH 1.32E8-02 3793 JF SALT & AT 1.0 K9 ABOVZ CLOUD BSASE

1¢) X ADITATIC WATER CONTENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
4563, 3533. 3V11. 2648, 2413. 2237. 2110. 10 7.8 6.0 5.0 .4 4.0 3.7 3¢5
—

L ]
3942. 3132. 2668. 2371. 2182. 2037. 193a. 'Ih 8 Be2 6.5 Se6 4.9 4.5 4.2 4.0
E
3253 2671. 2320. 2090%0. 1944. 1832. 17S53. — 6 91 Ted 6.4 Se8 Sed Sel a9
=
25371e 2172+ 1926e 1765 -l563. 1583, 1530 <r 4 10.7 9.0 8.0 Tea 6e9 Geb 6Gat
2221e 1913. 1722. 1597. 1518. 14583, jaleG, g 3 12.3 10.6 9.6 8.9 8.4 8a1l Ta9
1848, 1632, 1498, 1411, 1356, 1313, 1286. % 2 1564 136 1245 11e8 11e3 110 10.7
1345. 1323. 1256+ 1204. 1155. 1114. 1108, 1 2401 22,1 20.9 20.1 193 18.6 18,5
-5 0 5 16 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

Sssssssse8x 3043, 22364 1T782. 1545. 1463, . Ia gcttttttntcac S.1 3.7 3.0 2.6 2.4
ssesss 3525, 2388. 14927. 1476« 1293. 1241, ";:-‘ 8 g‘ttt‘t T3 5.0 3.8 3.1 27 2e6
oun
3800. 2332. 1786+ 18402, 1144. 101 981. ‘_E’ 6. 10.6 6'o9 5.0 3.9 3.2 23 27
2252+ 1629+ 1221 972. 795. 704. 695, ighl-l: 4'_ 9«8 6.8 Sel 4ol 3.3 2«9 249
1636« 1219. 918. T724. 582. 510. 511, § 3 9.1 6.8 Se1l 4.0 3.2 2.8 2.8
1065 799. $S86. 443, 335. 283. 290. 2 2 8.9 67 4.9 3.7 2.8 24 204

451. 298. 165. 75« 25. 10. 13. - 1 7«5 Se0 27 1.3 .8 2 .2
-5 0 5 10 15 20 25 -5 0 5 10 15 Zg 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE ("C)
SEEDING EFFECT SEEDING EFFECT

PERCENT LOWERING OF FIRST ECHO PERCENT REDUCTION IN TIME TO F.E.

2868008000 50 46, 42, a1. 4l 10 A Ad A Al LY L 3 S0. 46. Q2. 41, Sle

sss 60 S3e aT. 48, 40. 3%. 39 TA 8 sesEee 53. 47 . . 40. 39. 39
w

Sa. a8. es. 40. 37. 36. 36. E 6 5. 48. 44.  a0. 37. 36. 36.
._

A7, a3, 39. 6. 32. 3. 3. L<""' 4 47, 43. 39. 36« 32 3. 31.

42. 39. 35. 31. 28. 26 27. OO: 3 82, 39. 5. 3. 28. 26, 27

37. 33. 28. 26, 20. 18. 18, % 2 37 33. 28. 248, 20. 18. 18.

28. 1. 12, Ge 2. le | 39 1 24, 18. 124 6. 2 le 1.

-5 0 5 10 15 20 25 -5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

CLOUD BASE TEMPERATURE (OC)
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SEED «ITH 1.99F-03 G/7M3 OF SALT 4 AT 1.0 KM AROVE CLOUD AASE

1ed X ADIMATIC WATER CONTVENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

65023« 3362, 3657.

49ad. 3325. 3203.

3390+ 3205. 2743,

3064. 2552,
2215,
1850. 1678.

2236.
26043, 1970.

2122«

1599. 1339, 1347,

3168, 2860. 2633. 2%90.

2813. 2563. 2382, 2263.

2445, 2253. 2114. 2024.

2028. 1894. 1797.
1629,
1437,

1736,

1809. 1704, 1583,

1S564. 1490, 1406«

1260, 1176+ 1123 1119

-5 0 5

I 1§ 20 25

CLOUD BASE TEMPERATURE (°Q)

SEEDING EFFECT
LOWERING (m) OQF FIRST ECHQ

sesxeessssns 2397,

s*sses& 28131, 1853.

3073« 1948. 1362.
1759« 12493,
1253,
791

299.

912,
917. 670.

580. 406.

178, 7%,

1722. 1336. 1143, 1083,

138S. 1095. 950. 91lt.

1047. 835. 72%. 710,
709.
S513.

289.

563. 491. 489.
334,
169.

2.

396.
20t .

33%.
160«
20.

4. le

-5 1] 5

10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

AT TR T Y VY 40. 3Se 32. 30. 30.
sssses a3, 3z.’ 33, 30. 28. 29.
aa. 38, 33. 30. 27. 26, 26«
36. 33, 29. 26. 23. 21. 22.
32. 29. 25. 22. 19« 17. 18«
27. 24, 19. 16. 12, 10. 1t
5. 1. Se 2. O 0. 0.
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

10

UPDRAFT (m s™°)
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[
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UPDRAFT (m ™)
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TIME (min) TO 10 dBZ FIRST ECHO

100 74 6al Se3 4.8 4.4 4.2
103 8.0 6.7 Se9 53 S0 47
111 8.9 Teb 6.8 6e3 Se9 Seb
12.8 10.6 9.3 8e5 Te9 TeS Te2
14,5 12.3 10.9 10,0 9.5 9.0 8.8
17.7 15.4 14,0 13.0 12«8 12.0 117
26.6 24.1 2248 21.0 19.6 18.7 187
5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME {min) T0 F.E.
EEEEREEERERE 8.0 209 262 1«9 18
2232 7] Se9 3.9 2.9 23 2.0 1.9
8¢9 Sed 3.8 29 23 2.0 2.0
Te3 Se2 3.8 3.0 243 240 20
Te0 Sel 3.7 208 2e2 1.9 1e9
6.6 4.8 3.4 2.8 17 13 led
S0 3.0 t.2 3 el 0 «Q
-5 0 &5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

(231211211317 A0, 3S. 32. 30 30.
seeenn 43, 37. 33. 30. 28. 29.
LY 38. 3. 30. 27. 26e 26
36. 33. 29, 26, 23. 2% 22.
32. 29« 2S. 22, 19. 17. 18.
27. 24. 19, 16. 12. 10. ite
16, 1la Se 2e Oe Oe O.

CLOUD BASE TEMPERATURE (OC)
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SEED #4I1TH 1.00E-04 G743 0OF SALT 4 AT 1.0 KM ABOVE

ted X ADINATIC WATER CONFTENTS

HEIGHT (m) QF 1@ dBZ FIRST ECHO

75923 5343. 3278, 3655« 3265+ 2996. 2824. 10
Ly
-
6919. 4503, 3709, 3219. 2906. 2690. 2553. ' 8
1S
ar722. 3716. 3139. 2771. 2532. 2366. 2264. -~ 6
—_
- Lo
3539. 2910. 2524. 2269. 2103. 1987. 1919. < 4
2969. 2497. 2200. 2002. 1871. 1761« 1731. g 3
2379. 2054. 1848, 1702. 1604+ 1535. 1506. > 2
1733. 1551. 1403. 1277. 1180. 1124+ 1121. 1
-5 0 5 10 15 20 25
o
CLOUD BASE TEMPERATURE (G)
SEEDING EFFECT
LOWERING (m) OF FIRST ECHO
SeEESOReRsee | T7TT7S. 1236 931. 7TBG6. 749, 10
-
®ssese 2129. 13a7. 979. 7S5l. 642. 621. < 8
on
2381. 1437. 967. 721. S556. 477. 47l E s
F—
1283. 391. 623. 468. 354. 301. 306. 2? 4
883. 635. 440. 319. 228. 187. 196. g 3
S38. 377. 240. 152. B88. 62. 70. g 2
159.  7?5. 18. 3. 0. 0. 0. 1
-5 0 5 10 15 20 25

CLGUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

csessNEEIEES 29, 2S. 22. 21e 21a
P )
seesss 32, 27. 23. 21. 19« 20. <
wv
=
33. 28, 24. 21. 18- 17. 1T. E
'—
27. 23,  20. 17.  18. 13. 1&. 2
23« 20.  17. 14+ 1t. 10. 10. o
18. ts. 12. 8. Se .. 4. %
8. 5. 1. °. 0. 0. 0.

CLOUD BASE TEMPERATURE (OC)

P-59

10

~Nws o

CLOUD AASE

TIME (min) TO 10 dBZ FIRST ECHO

1227 Be 9 Tel Gel Seb S0 4a7
12.5 - AN Te? 67 6el Seb Se3
13.1 10.3 8.7 Te? 7«0 6eb 6e3
1.7 12.1 105 FeS 8.8 8.3 8.0
165 13.9 122 1le2 10.4 Ve - .Y
19.8 171 15.4 182 13.4 12.8 12.5
29.0 2549 23.4 213 19.7 18«7 18.7
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
XSRS EERERES 3.0 2a1 16 1«3 12
(2 FET T 4.5 2.8 20 1e6 1e3 13
65 4,0 207 260 15 13 13
Se.3 3.7 2:56 200 1S 13 o3
449 3.5 24 1e8 13 1e0 lel
4.4 3.1 20 13 Y 4 oS o6
246 1«3 3 0 0 Y} o0
.5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

EEXEEEEREEE S 29. 25. 22e 2le 21l.
(32212 32. 27 23« 21le 19 20.
33. 28. 24. 21. 18. 17. 17.
27. 23. 20. 7. 14, 13. 16,
23. 20. 17 1s. 11. 10. 20«
i8. 1S. 12 8o « Se . 8e Qe

- Se le Oe Ow Oe Co

CLOUD BASE TEMPERATURE (°C)
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1.0 X ADINATIC WATER CONTENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

-112-

*eesss 6315, 4912, 4131, 3650. 3333. 3135. 10
-
—
7284. 5226+ 4213. 3612, 3231. 2977. 2821. 'm 8
|
5512. 4236. 3325. 3080. 2791. 2597. 2433. ~ 6
|_
. [T
4024, 3262. 2797. 2493. 2290. 2155. 2082. :zt 4
3331. 2770, 2813, 2175. 2011, 1903. 1853 E 3
2627. 22a4. 1987. 1806. 1672, 1585. 1561, > 2
1846, 1610. 1313, 1279. 1180. 1124. 1121+ 1

CLOUD BASE TEMPERATURE (%c)

SEEDING EFFECT
LOWERING {m) OF FIRST ECHQ

ssess ke 1141, 759, 545. 449, 439, 10
esssss 1831, B842. 586. 427. 355. 354, ".'A 8
w
1SS51. 917. 580. 412. 297. 285. 2Sl. E 6
—
798. S539. 350. 244. 167. 133. 143. 5; 4
526. 362. 226, 145. 88. 65. 7a. Doﬁ 3
286. 187. 97. 48. 20. 12.  14. % 2
St.  16. 2. 0. 0. 0. o. 1
-5 a 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
lssssensssess 19. 16. 13. 12. 12, 10
aevere 21, 17, 18.  12. 11. 1l. '_.': 8
22, 18. 18. (2. 10. 9. 9. E 6
*—
17. 18, 1. 7. 6e 6. 2 4
18, 12, .. 3. .. DO: 3
19. 8. S. 3. 1. 1. 1. g 2
3. 1. 0. 0. 0. o. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

SEED 4ITH 1.27E-05 G/¥3 OF SALT & AT 1.0 KM ABOVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

A A Al 10.5 8.2 6.9 6al 5.6 5.2
15.2 10.9 8.8 TeS 67 6e2 Se9
15.3 11.8 9.8 866 Te8 Te2 69
168 1346 11.7 10.8 9eS 9.0 8.7
18.5 15.4 1344 121 1142 10.6 10.3
21.9 18.7 15.5 1561 13.9 13.2 13.0
30.8 2648 23.6 213 19,7 18.7 18.7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REQUCTION IN TIME (min) TO F.E.

EXEEEEESRER S 1.9 1e3 9 o7 o7

(233331 3.0 1.8 1.2 .9 -7 %4

4.3 2.5 1.6 1.1 -8 -? 7

3.3 2.2 1.5 1.0 -7 .6 6

249 2.0 1.3 .8 'S -4 ot

2.4 1.6 -8 .l .2 el ol

8 .3 -0 0 -0 0.0 0

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

PI2ECLERERESE 19, 16 13 12« 12

seesES 21. 17, 14, 12, 1. it.

22. 18. 14, 12. 10. Qe 9

17« 14. 1l. Qe Te 6a S

148, 12. 9. Ge LY 3. Qe

10 8. 3. le 1.
3. 1e O. 0. Ow O. 0.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

P-60
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SEED 4ITH 1.00E-06 3/743 0OF SALT & AT 1.0 KM ASOVI CLOUD BASE

1.0 X ADIBATIC WATER CONTENTS

HEIGHT (m) OQF 1@ dBZ FIRST ECHO

ssesee 7405, 55a47. 3578« 3993. 3623. 3406,
soseee S932, 4698, 3969, 3508. 32148, 3D88B.
6352. 4750. 3878. 3346, 2996 2772. 26S6.
a30a. 3587. 3028. 2565. 2416. 2259. 2191.

3561. 3705+ 2S57S5. 2287. 2084. 1957. 1913,
2825. 2331. 2065. 1847. 1689. 1596« 1573«

1989. 1525. 1820+ 1280. 1t1180. 1128, 1121,

5 @ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHO

ssessssasese 507, 312« 203. 159 167 .

sse2ss 57S. 357 229. 149, 118, 126.

Tii. 403. 227. 146, 91. T0. 78.

328. 2173. 1200 T2. 4l. 30. 3Se

196, 127. 6Se 34, 16. 11. 13.

87. 50. 19. Te 2 le 2e
Be 2e 0. 0. Oe Oe Oe

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

MEESESEOIIESTSE 8e 6a Se Se Se
2T EY Y 10. Te Se L XY 4. L XY
10. 8. Ge LX) 3. 2e 3e
Te Ge 4. 3. 2. le 2e
Se L 2. le - le 1.
3. 2. 1e 0. 0 ]
0. 0. 0. O o 0.

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~ 1)

UPDRAFT (m s 1)

— DN W o

UPDRAFT (m s™1)

—rowdH oy

10

P
[en]

10

[0}

- NwW S (=)

TIME (min) TO

10 dBZ FIRST ECHO

cssess 12,3 9.2 Te6 6.7 60 S5e7
cekeEs 12,5 9.8 8.3 Te3 6.7 6a8
17.6 13.2 10.8 9.3 8.3 Te7 Ted
18.7 14.9 12.6 11l.1 10.1 94 9.1
20+3 167 14,3 12,7 11.6 10.9 10.6
23e5 19.8 7.2 1S5.4 14a1 13.3 131
31e5 27al 2347 213 1947 1B8.7 18.7
-5 0 5 10 15 20 25
0
CLOUD BASE TEMPERATURE ("C)

SEEDING EFFECT
REDUCTION IN TIME {min) TO F.E.

. [reeenserense

-8 .5 -3 3 3

*ExEEK 1.9 -7 5 3 2 o3
2.0 lel Y] -4 3 2 2
14 -9 .S 3 2 ol ol
lel .7 -4 .2 ol ol ot

x4 -4 .2 el -0 «0 0

el .0 -0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

*EFEERRSE RS 8e Ge Se 4o So
ssshs 10. Te Se LY 4e L XS
10. Be Ge L XY 3. 2a 3.
Te Se LX) 3. 2e te 2e
Se Se 2o } le le 1o
3 2. e .0e Oe Oe Q.
0. O. 0. O O Oe 0>

CLOUD BASE TEMPERATURE (°c)




10

UPDRAFT (m s™ 1)

=W o (=<}

10

UPDRAFT (m s~ 1)

N WS (=3} @]

[
(=)

UPDRAFT (m s~1)

0N W [~)] o]
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SEED WiTH 1.00E-37 3/43 NF SALT 4 AT 1.0 K% AHOVE CLIUD RASE

13 X ADIHATIC WATER CONTENTS

HEIGHT (m) QF 1@ dBZ FIRST ECHO

sesEss20dsen SIS0,

jpsssre 6507, 4980

6315 S072. 406S.

47652, 3762« 3129.

3824. 3112. 2631.

2900. 2324, 2082,

1896. 1626. 1420.

3332. 4161,

3157. 3634,

3468. 307S.

2727. 2452
2317. 2098.
1853. 1692.

1230. 1130«

3757.

33143,

2833.

2283,

1967.

1597.
1123,

3544 .

3154,

2723,

2221.

1925.

1575.
1121,

-2 0 5

10

15 20 25

CLOUD BASE TEMPERATURE (°9G)

SEEDING EFFECT

LOWERING (m) QF FIRST ECHG

29.

treEsseeRERE 103. 58, 34, 26.
esessr 128, 69. a1. 24. 18. 21.
148, 82. 31. 24, 13. 10. 11.
61. 33. 19. 10. de 4e
33. 20. 9e L XY 1. 2.
13, Te 2e 1. O. O. Oe
¥ O. 0. 0. Oe 0. 0.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

AT RLITY L) 2. le 1. le le
jressss 2. 1. t. | 99 1. 1.
2. 2. te te O. Ow Oe

le le 1. O O. [ X% Oe

le 1. Oe Qe o Oe O.

O. O. [ . Q. 0. 0.

0. O O. . O. O. Oe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

10

-1)

w

UPDRAFT

—DNW S

UPDRAFT (m s~ 1)

—NwW [«)]

UPDRAFT (m s™})

8

=
[=]

—RNWH oy

10

TIME (min) TO

10 dBZ FIRST ECHO

teeseIERSERS 9.9 8.1 6.9 6.3 Se«9
s 3.6 10.4 8.7 Te6 6.9 6.6
192 13.1 11.3 9.6 8.5 Te9 Te6
198 1547 13.0 1l.8 10.2 9.5 9.3
212 173 18.6 129 117 10e9 10.7
24,2 20.2 174 15.3 14.1 13.3 13.1
31e6 2701 237 2143 197 18.7 18,7

CLOUD BASE TEMPERATURE (OC)

SEEDENG EFFECT
REDUCTION IN TIME (min} TO F.E.

SEEEREEERRRSE 2 el ol -0 .0
L2 21T 2] -3 el el -0 .0 «0
) .2 ot ol «0 0 .0
3 o2 el .0 -0 0 «0
.2 ol .0 -0 .0 -0 «0
el -l .0 .0 0 -0 0
-0 -0 .0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEIESE S GO 2e le 1. le le
ooy 2. le Lte 1le 1e le
2. 2. | 8 le [ Qe 0.

| le 1e Oe Oe 0.

1. Oe 0. Q. Oe

0. O. O. 0. O. [ 2%

Qe Oe Oe Oe Oe O. O.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

P-62




o
(=)

UPDRAFT (m 5™ 1)

=ENWP @ @

UPDRAFT (m s~ 1)
= mRNWS O 0 5

UPDRAFT (m s~1)

=NWwH N
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SEED WllH 1.J0E~-08 G743 OF SALY & AT 1.0 KM ABOVE

1«0 X ADIBATIC WATER CONTENTS

HEIGHT (m) QF 1@ dBZ FIRST ECHO
tsrseresssss 5)4l. 4988, 2192, 3779. 3I570.
skases 639, S048. 3193. 3655. 3330. 3I172.

70346. S5133. 4101. 3489. 13086, 2842. 2733.

4815. 3796. 3146 2736-'5‘56. 228d. 2225.

3353« 3130. 2639. 2321. 2100, 1968, 1926.

2912« 2430, 2084, 1858« 1692. 1597. 1576,

1397. 1626. 1420. 1280. 1180, 1124. 1121

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE ("G}
SEEDING EFFECT
LOWERING (m) QF FIRST ECHQ
LRI XIS P LY 12. Te N 3e 3.
ssssen 17, 8e Se 3. 2. 2e
17. 9. S 3. le 1. 1le
7e LY 2. le le 0. O.
4 2. | I O. O. Q.
le 1 Ce [ I Oe De Oe
O. O. Q. Oe 0. Oe Qe
-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT LOWERING OF FIRST ECHO
sssssesstens Oe Ce Ce Q. Oe
ses00e 0. O« Oe Oe Oe O.

Ce 0. O. Oe Oe Oe Oe
Oe. Q. Oe O. [ Y Oe Oe
Q. C. O Oe Qe O. Oe
Q. 0. 0. L 0. [ 1 Qe
Q. 0. Oe Oe Oe Oe
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

UPDRAFT (m s™ 1)

= PNowWw (=)}

UPDRAFT (m s~ )

— N W [« ) T o ]

UPDRAFT (m §°1)

- WP (s} [s°]

=t
[an]

10

CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

sesesseseess [0.1 8e1 7.0 6.3 S.9
«*ss8¢ 13.8 10.5 8.7 76 6.9 66
196 14.3 11l.s 9.7 Be6 79 Tab
20.1 15.8 13.1 11.4 10.2 9.5 93
21.4 17.8 14.7 12.9 11.7 10.9 10.7
243 203 174 15.3 14.1 13.3 13.1
31.6 271 23.7 21.3 19«7 18.7 18.7

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTTAGN IN TIME (min) TO F.FE.

i
EEEREEEE NSRS

-0 .0 -0 -0 0

EEEEES «0 -0 -0 «0 0 -0
0 -0 -0 o0 -0 0 D

0 .0 -0 «0 0 «0 o0

«0 -0 -0 -0 -0 -0 w0

.0 «0 -0 0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SE2EEEERRERE 0. Oe Oe O. Oe
*8584E Oe O. Oe Oe Oe O
Oe Oe 0. Oe Oe Qe Oe

Q. O. 0. Oe Oe Oe Q.

[ 2 0. O Oe O. Oe Oe

[ O 0. Oe Oe O Oe

0. Oe 0. Oe Ce Oe Qe

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)




UPDRAFT (m s™1)

UPDRAFT (m s™1)
HNWP o o

=N QB [=)} o)

UPDRAFT (m s~ 1)

=NwdHd & ™

—
o

10

[
o

SECT ¥wIiTH 1.00E-02

G/M3 OF SALT 3 AT
«5 X ADIJ3ATIC WATER CONTENTYS

HEIGHT (m) OF 1€ dBZ FIRST ECHO
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ssessd 7934, 5576. 4132, 3545. 3210« 302Se 10
-
i
*ss¢6s 5203. 4577, 3620. 3113. 2847. 2704. 'u, 8
E
6817. 43i9. 3818. 3033. 2650. 244T7. 2345, S 6
-
- L
4629« 3572« 2947. 26406. 2130. 1988. 1927. 25 4
3705« 2955. 2483. 2053« 1932. 1721 1679, EE 3
2808. 2307. 1973. 1654. 1389, 1408. 1385, > 2
1345. 1560. 1360. 1159, 1053. 1006+ 1001, 1

CLOUD BASE TEMPERATURE (%)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

XSRSV EssnBEREBErCNEEES J358]1, 2735.

202 sreernaenss 3856, 2844. 2293. 2006.

ss5ss202208¢ 3906. 2818. 2230%. 1868. 1573,

*sss¢e 3552, 1973. 165S5. 1313,
1122,
9062.

626.

2380, 1436,

3912+ 2503. 1926. 1585. 1365. 1206«

229%. 1691 1321.
1205. 98a3. 772« 703. 648.

1197. 1058. 953.

816.

2336. |

UPDRAFT (m s~ 1)

=NWHR gy @

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

=
(=]

(A AR AR T2 SRR YL L 2T 50. 46, 4as, 10
L)
—
88800000000 00000 52. 43, a5. A3. ' 8
w
sesereses s 50. 48, 46 . 43e 42. E 6
—
sssens 50. 45, as. aa. a2, at. :E 4
Sle 46. 42. A4, 43. 4l. 40, g 3
AS.  a2.  80. 42. 42. a0. 39, S 2
a0. 39. 37. a0. 40. 39. 38. 1
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

0.0 XM AROVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

s 13,2 9.3 7«0 59 Sed S.0

sososs 12.9 97 Te5 6.5 5.9 Seb
18.9 13.4 10.6 - P Teb 6.8 6.5
19.3 14.9 12.3 10.0 8.9 8.3 8.0
20e6 1624 1348 114 10.2 9«6 9.3
23.4 19.2 16.4 13.8 12.% 117 115
308 2640 22,7 193 176 16.8 16.7
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

FEECR R SRS ELEEREE R G LSS 59 4.6 3.9
EESELEBSELRERERE AL 8.0 Se9 4.8 4,2
*REDEEFAEERR 10.6 7.8 62 S5e2 4.6
s*eees  14.9 9.9 8.2 6.9 6.0 Se5
217 13.9 10.1 Be.8 7e6 6?7 662
191 1a.i 11.0 10.0 8.8 79 75
20.1 164 13.6 12.9 11.7 10.8 10.4

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

SESE2BSEESRREENEENEEERES S0. 46, 44,
EEEERBESSPREREE RS 52 48. 45. 43.
(2 XTI 2I T2 2] Y] S50, 48. 46. 43. 42.
sesge 50. 45. A4S, a8, 42. 41
Ste 46. a2, a8, 43. 1. 40.
4S5, 42, 40a 42, a2, 40e 39.
40. 39. 7. 40. 40. 39. 38.

CLOUD BASE TEMPERATURE (°C)

P-64




UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)
=NWPR o 2]

— 0N W [ (o]

UPDRAFT (m s 1)

- N WS [+ o

=
(=)

10

[
o
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SECDO o1TH 1.00E-03 G/M3 OF SALT 3 AF 9.0 KM ABOVE CLOUD BASE

5 X ADISATIC WATER CONVYENTS

HEIGHT (m) QF 1@ dBZ FIRST ECHO

sseeasssssre 59397, S5131. 4294. 384a5. 3590.

ssesesscrsse 5721, 43187. 3742. 3391. 3197.

l
I
1
l

| #ss08¢ 5931, 4576+ 3640. 3I161. 2899. 2762.
i

S664« 4256. 3470. 2850« 2519. 2380. 22S7.

43427. 3482, 2399. 2417. 21S6. 2017. 1960,

3287. ?6381. 2282. 1932. 1731. 1642. 1609.

2112, 1337« 1219. 1162, 1152.

178a. 1553.

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING {m)} OF FIRST ECHQ

EEEELPEEE S LG4SR ESEEEEE 2792, 2100, 1770

tessses et anasstss 3089, 2215. 1748,

1S14.

Sssssessstes 3048, 2216, 1720. 1415. 1257
ssssse 2358, 1855. 1530. 1266, 1084, 988, |
3190s 1977. 1310« 1222. 1041. 909, 842,
1815+ 1316. 1012, 919. 806 719. 678.
938. 759. 623, 598, 537. 492. aza.

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

sssccses0sesesstesrstnse 39. 35. 33.
Fesessssssesetsses ate 37. 38, 32
AT ETITY ¥ ¥ 40. 38. 35e 33. 31.
TYTY Y] 40, 35. 3Se 33. 32 30.
a2, le6. 33. 33. 33. 3. 30.
36. 33. . 32. 32. 30. 30.
. 30. 29, 31. 31t. 30. 29.

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~ 1)

UPDRAFT (m s 1)

N O B N

UPDRAFT (m s™7)

[
o

=
=MW gy 0 9

[
oo o

— PN W R (o]

TIME (min) TO 10 dBZ FIRST ECHO

L0080 EEE 11,7 8.6 Te2 Geoa 6.0
EEEEEE SRS 6 t1.9 9.1 Te8 Tel 6e?7
EEREES 16.5 12.7 10.1 Be8 81 T-7
23456 17«8 1425 119 1045 9.8 9.4
24.6 193 16.1 13.8 12.0 11.2 10.9
274 22.3 19.0 161 185 13.7 13.4
3502 2947 259 223 203 19.4 19.2

CLOuUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEESXEESEEERRSLERSE RS S 8,7 3.5 3.0
EXEEEEELEEE SR SRS R 6.4 446 3.5 3.2
EXCEEBEEESESE 8.5 642 4.8 3.9 Je5
*5skk (1.9 Te7 64 5.3 4.5 Lol
17.7 11.0 7.8 6.8 Se8 Sel .7
1S5a1 11.0 Be 4 77 6e7 6.0 5.6
156 1227 10.43 9.9 9.0 82 Te9

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

AT T Y T T P Ty 39. 3s. 33.
ERESEEEEERE DGR RRS L3 Y 37. 3a. 32.
FESEENERE0S S 0. 38. 35. 33. 31.
essee e 40. 3S5. 3Se 33. 32. 30.
a2 36. 33. 38, 33. 3. 30.
6. 33. 31 32. J2a 30. 30.
31. 30. 29. 31. 3. 30, 290

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)




UPDRAFT (m s~ H)

UPDRAFT (m s~ 1)
=MNGHA N [a¢]

e N O [«,] o0

UPDRAFT (m s™ 1)

=-NwHs O

=
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10

[
S

-118-

SEZD WITH 1.00E-08 G/13 OF SALT 3 AT 0.0 XM AROVE CLOUD BASE

«5 X ADIBAVTIC WATER CONTENTS

HEIGHT (m) QF 1@ dBZ FIRST ECHO

CELEESREELESCEENEE 5096 II0T . 4427, 4094,
i

sssssssbetss 5845, S139. 4330« IBBG. 3634,
sesess 7197, S5346. 4213, 3632+ 3306. 3129,
68486. 4975. 3I9R1e. 3264. 2874. 2656« 23549,

5196« 4305, 32989. 2754. 2451« 2234. 2209.
377S. 3036. 2576« 2189. 1971. 1854. 1810.

2381« 2002. 1738. 1505. 1374. 1307. 1292.

5 @ § 10 1I5 20 25
CLOUT BASE TEMPERATURE (%)

SEEDING EFFECT
LOWERING (m) QF FIRST ECHQ

a2 0250880020 2337, 1627. 1254. 1077.

s tese 2277, 1642. 1249. 1008, 890

$354%% 2143, 1346+ 1116« 91lle 768« 697.
2821. 1454, 1010. 88S5. 746. 643, 593,
1327« 952« 718, 662. 576. 508. A77.

669. S4al. 438. 426« 383. 347. 333.

CEEEEESEEEREERERLIERESINNIRSE 2078, (513. 1266,
i

-5 0 5 1 15 Zg 25
CLOUD BASE TEMPERATURE (C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SEEESBLLEBESERSNEEEEESER 29. 26 . 24.

A AL ST FE YT 31. 27. 24, 23

0088000008 30. 28. 26. 23. 22.

i d 30. 25. 25, 24 22e 21.

32. 27. 23. 28, 23. 22. 2t .

26. 24, 22. 23. 23. 21. 21.
22. 21 . 20. 22. 22, 21 21 .

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~ 1)

= N [« T o )

[
o

—
(=]

UPDRAFT (m s=H)

=N W a ™

UPDRAFT (m s~1)

[
(o] o

W N

TIME (min) TO

10 dBZ FIRST ECHO

*EEL0EEEESERGRESS S 10.2 8.3 7.2 5.8
*esess ettty 183 10.7 9.0 8.1 Teb
s8880¢ 20,0 148 1le7 10.1 9.2 8.7
28.5 20.7 16.6 13.6 12.0 11,1 10.6
28.9 22.2 18.3 1Se3 13,6 12.7 12.3
31.5 254 21.5 182 164 15.4 15.1
39.7 33.4 29.0 25«1 2249 21.8 21.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SELBEAEEENEAEEREERESEREE 3,5 2.5 2.1

‘EEEERERERRERERRIES 4.9 3.4 2.6 2.2

|

tEEEERERERS R 63 4.6 3.5 2.8 2.5

LS 2T 2 9.0 Se5 8.6 3.8 3e2 2.9
13.4 Bel Se6 4.9 4.1 3.6 3.3
11a1 7«9 6.0 5.5 448 4.2 4.0
11.2 9.0 743 Tel 6.4 Se.8 5.6

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LEESFXSEEPRE L RN R LR 29. 26. 24,
EEEXESEEIEE SR EEER R 3. 27. 28 . 23.
LRI RS 222222 % ] 30. 28.. 26« 23 22.
L2211 30. 25. 25. 24. 22. 21.
32. 27. 23. 24 23. 22. 21
26. 24 . 22. 23. 23 21. 21.
22. 21. 20. 22. 22. 21 21e

CLOUD BASE TEMPERATURE (OC)




UPDRAFT (m 5™ 1)

UPDRAFT (m s™1)
HFNBP g @

DN WP [=)} o]

UPDRAFT (m s™1)

N W (=] (o2

=
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STED wlTH 1.00E~0S G/M3 OF SALT 3 AT 0.0 XM aAgOv:=
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5 X AJIBATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

i
sssenssecens
!
;oo.oc 572%.
633S5.

427S.

4533,
3a07.

' 2644, 2213,

i
(AXEAN AR R N AR LR

6163,

2494,
3592,
2861.
1914,

tesssssrssassesses 71434,

S919.

4787.

3667.
3077.
2434,
1668 .

5725 4990, 4568.

4909.

4085.

3211,

2729.
2187.
1518.

4357.

3690.

2951,
2532.
2050.
1441,

4041,

3468.

2315,

2437.
1994,

1e21.

-5 0

5

J0)

15 20 25
CLOUD BASE TEMPERATURE (%G}

SEEBENG EFFECT

LOWERING (m) OF FIRST ECHO
*2EEEEC2ER S EE SS9 PEESS 1 360. 956« T92.
i
ssessrsessaesstesr 1S557. 1049, 733. 670.
peasssssssss 1360. 1069. 795. 625. SSl.
peesess 1395, B833. 7i3. S574. A73. 429,
1582« 920. 617. 562. 468. 395. 364,
827. 591. 433. 417. 360. 312. 293.
406, . 261, 267. 239, 213. 20S.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

tesessrirnes

pessee 20.
Fd XY 17
t6. 19
13. 13.

pssssssssencettons

19.

16.
14,
13,
12.

r.“...t..‘.‘...‘.t..‘.t

21.

18.

16.
1S5e
1S.

) T

19.

16,

1S.

15.

14,

18,

16.

1Se

14,

14,

14,

13.
13.

15

| 3

14,

13.

13.

13.
13

-5 0

5

10

15

20 25
CLOUD BASE TEMPERATURE (°C)

[
(=}

UPDRAFT (m s™ 1)

N W - (23 o ]

[
(=]

g
(7]
£
=
=3
= 2

1

10

e}

UPDRAFT (m s~1)

DWW [=)]

CLOUD ODASE

TIME (min) TO

10 dBZ FIRST ECHO

CUEEEE S S ESSESEEB RS 11.9 9.5 8.3 Teb
SEEEFLELERLEEEGEE S 123 10.2 91 - 2% 3
*EECEREEEERE 17,1 133 11.3 10.2 9.6
LR A S L] 23.9 18.7 153 13.4 12.3 11.7
33eS 252 20.5 17«1 15,2 14,1 13.5
35.5 28.4 23.8 203 18.2 17.1 1646
88.1 3649 31e9 27.7 25.3 24.0 23.7

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REBUCTION IN TIME (min) TO F.E.

LEEERLEEEE IS EEEE LSRR RS 2.3 1.6 1.3
EEELESEEE SR EEELER S 3.2 2.2 16 1.8
TSR ETEERESE 4at 3.0 2.2 1e7 1.5
EEEERS S.8 3.5 3.0 204 2.0 L.8
B.8 Sel 3.8 3.1 2.6 2.2 2.0
69 4.9 3.6 3.5 3.0 2.6 2.4
6.8 5.5 8.4 4.4 4.0 3.5 3.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEEECLEEE LS REECEESEBEEES

S80S EEBESEEEEESES

sEesCErRONESE
sseess 20.
2t. 17.
16. 15.
13. 13.

19.

16.
14,
13
12.

21.

18.

16.
15.
1S.
14,

19.

18.

16.

15.

15

14,
14.

16.

1Se.

14,

14,

14,

13.
13.

1S.

18,

14,

13.

13.

13.

130
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20

25

CLOUD BASE TEMPERATURE (°C)
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SEED WITH 1400E-06 G/M3 OF SALYT 3 AT 0.0 KM ABOVE CLOUD BASE

«5 X ADIOATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

i
|
EXXEIXI YTV
2
isesss® 6502,
691le 5060
4756+ 3748,

2385S. 2406,

6993

4981.
4057.
3119.
2072.

SESEEEEEEIA0EFEREE G726,
\

5354,

AOS!--
3382.
2662.
1811.

sss st beRsases Rt RSO EEE KHAAQT,

5473.

4518,

3526.
2986.
2385.
1650.

5524

A797 .

3043,

3219.

2756

2227.
1562.

S010.

4416,

3777

3057.

2642,

2159.
1537,

-5 0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

SEPEEERENTL SR REORERESRERY 6383, 421. 350.
sseEEssEsancrirer TS50, 484, 333. 295.
¢ss36422088¢ 630, S502. 363, 272. 242,
seesss 622. 3a5. 328. 259. 205 188.
706+ 399. 252. 257. 21le 171. 159.
346. 250. 17a. 189, 161, 135. 128,
16Se 138. 104, 120. 107. 92a 90«

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SEEEE S 050 00000000k RS 9 Te Te
PEECEBESLEEREESEES 10. 8. 7. 6o
se0s880800s0 8. 9. Te 6o -
tonsse 9e 6e 7e Te 6o 6.
e 7 be Te Te [- 1Y 6e
Te 6o S. Te 6o 6e - 3%
Se Se Se Ge 6o 6a 6e

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s™1)

e POW D o
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o
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UPDRAFT (m s™})

UPDRAFT (m s~1)

—y CYRP o
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oo

- Nw A [o)]

TIME {min) TO 10 dBZ FIRST ECHO

SESEEEEBERE RS EEREEECES D 10.7 9.2 8.4
XSSP EEERS008E (0,0 11.8 10.0 9.2
EEEEEEERORER 19.4 13.9 12.5 11«2 10.5
*s%88  27.1 208 169 18.7 13.4 12.7
38.48 28.1 22.5 1848 16.6 15.3 18.7
39e6 312 2640 22.2 19+9 18B.6 18.0
48.1 40.1 34.5 30.2 27.5 26.0 25.6

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEEREES LS KSR L RS RE kb RS let o7 b
SEERERCEXRERERE XS 1.6 1.0 7 .5
*ESEEEXIRNES 1e7 lesd 1.0 8 7
*EsRes 2.6 1.4 ) 9% 101 9 28
3e9 2.2 1.4 1.4 1e2 9 .9
2.9 2.1 1.5 1.6 1.3 lel la1
2.7 23 1.7 2.0 1.8 15 1.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SESREEIERLEELEE LSRR S ESSS 9 Te Te
EEESLEERNCEEEEIER S 10. 8e Te 6o
EEPSSVEERERE 8. 9. Te 6e 6.
sesaee %9 Te Te Se 6o
9. Te Te T [ 6o
7e Ge Se Te 6. Se 6e
Se Se Se -9 6. 5. 6.

CLOUD BASE TEMPERATURE (OC)

P-68
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SEED w(TH 1.00E~-07 G/7M3 OF SALT 3 AT 0.0 KM ABUVE CLOUD BASE

5 X ADIBATIC WATER CONVTENTS

HEIGHT (m) QOF 10 dBZ FIRST ECHO

teossrscscesressecsnseses 59433, 58583, S5287.

€808t e0sesresess T303. 5850« 5069+ 4649.

sssessssres 7369, 5732« 4801. 4259. 3968

3728.
3151.
2512.

sssose 5996, 5260. 2306 3382. 3205

7472+ 5378. 4261. 3582, 2892, 2768.

S035. 3948. 3261. 2809. 2333. 2260.

3%13. 2517. 2156. 1908 1733, 1635. 1608.

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT '
LOWERING (m) OF FIRST ECHO

LI X2 S Y Y Y R 2R T Y 143, 87« Tae
S04 EEEIESIEOSS 174, 107. Tle 62.
sssesssesess 124, 114, 30. S6e Sle
*sesbe 128. 66. T4 57« 42 40.
145, 80. 48, S57. 465, 3S5. 33.
67 50. 33. a2, 35. 28a 27.
3. 27. 19. 27« 23. 19 19.

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SECESEPIEELELESSAISEIERSES 2. le le
06esEsSCIRENEIGOESE 2 26 1. 1e
*eEsEEses e 2. 2 2. ie le
essoes 2 le 2 e 1e | Y
2. le 1. 2. te e le
| I 1e le 1 le | 3 1a
te te 1. 1. 1e 1. le

CLOUD BASE TEMPERATURE (°¢)
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TIME (min) TO 10 dBZ FIRST ECHO

L6 ESRECE LSNPS HEELEESERE 11.6 9.3 38

SESEEEREBESEEREE S 152 12.2 10.6 97
*Ssestretse 20.8 159 1343 118 11.0
E 2 2311 2%.1 21.9 17.9 15a.5 14,1 13.8
41.5 29.9 23.7 19.9 17.5 161 15.8
42.90 32.9 27.2 23.4 20.9 19.2 18.8
S50e3 4149 359 31.7 289 27.2 26.3

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEEFESEEREEEE SRR E TS FRR S 2 .l %)
CEELEXESRISEE SRR & 4 .2 -l ol
EEEXEEELR S SR 3 3 2 2 ol
*EEEIS o5 -3 3 2 2 02
B b 3 -3 -3 2 02
Y- 8 3 -4 3 2 2
5 Y 3 X 2 Y 3 «3

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEXESC LS E RS EEEL LA SR EBEE S 2. le 1o
SO CRERSSERENS S 2 26 le le
*esEsESSEREE 2 2. 2. le le
sse ot 20 1. 2 le le le
2e 1e e 2a | Y le |
| 1. le 1e le le 1o
1. 1. 1. e le le lo

CLOUD BASE TEMPERATURE (OC)




UPDRAFT (m s~ 1)

~NWP o

UPDRAFT (m s~ 1)

N WS =] [0}

UPDRAFT (m s~1)

N WP ()] [0¢]

—
o

10

SEEN WITH 1.00E-08

eSS X ADIJATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO
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sesecscecvsontsssorsssess 7068, 5935, S3I52. 10
-
i
seetsBISREOISIEIRAISIE 7456, 5945, 5132, 4703, I(n 8
ssssesssssss 7609. SA42. 4871. 4303. 4013, ~6
—
- (1
sssess 7109, 5319, 4371. 3778. 3413%. 3241. ;§ 4
7600. S449., 4303. 3632. 3192, 2923. 2798, Ee 3
S394. 3992. 3290. 25846. 2543. 2353. 228a4. o 2
3046. 2500. 2174, 1928, 1754, 1651« 1624, 1

CLOUD BASE TEMPERATURE (%€}

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

UPDRAFT (m s~ 1)

—rowd o

CEEBE LS L EECENERNIREGERS S 17, 10. e
SE620B008PECSOORBS 21, 13, Be Ze
sss0s8s0000 e 14, 14, 10. Te -3
ssnte s 15. - D Te Se
17. 9 Se Te Se Se 4,
8e 6o L Se 4. 3. 3.
LY 3a 2. 3. 3. 2a 2.

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

S063060000000008000000Css Qe Oe Oe
_—
—
es000 0800000000800 O Oe Oe Q. ]
(%]
SessEOLBIIGILITS o [+] E
. . O. 0. 0. —
—
ssesos [+ [+ 29 Qe O. Oe L<"
O. Q. Qs [+ G. %
0. o 0. 0. 0. 0. 0. a
Oe Q. O. Oe O. O. 0.

CLOUD BASE TEMPERATURE (OC)

10

10

=N W P =)}

3/7M3 OF SALT 3 AT 0.0 KM ABOVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

EESEEECSEEESSESSESEE S ESR 11.8
SEEXR S EE LSRR RS QLS 15.5 12«4
tsseeesEsEss 211 1642 135
288368 29.6 22.2 18.2 157
42.2 30.3 23.9 20e2 17.7
42.5 33.3 27.4 23.7 21.2
S0.8 42.3 36.2 32.1 29.2

9.9

10.7

12.0

18,2

16.2

19.6
27.5

8.9

9.8

1le1

13.5

15.5

19.0
27.1

-5 0 5 10 15

20

25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

SEEREETRLEREEEEEESRREREE 0 .0 0
EEEESSLFENEEE SRS LR «0 .0 .0 0
SEESRE NSRS 0 0 0 -0 0
L2 1L 317 ol «0 .0 -0 0 .0
ol a1 -0 «0 -0 -0 .0
-l -0 .0 -0 .0 «0 «0
el -1 -0 o1 -0 -0 0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO

F.E.

SEREEBELIEEREEEOSEREE Oe
FSEEOEEENEEE SRS S Oe O
PESEEEEEIGEE Oe Oe Oe
LA X T Y] O Oe O. Oe
Oe O. Oe [ 2% Oe
O. Oe Oe O. Q.
Oa O. Oe Qe Oe

0.

0.

Oe

O

-5 0 5 10 15

20

25

CLOUD BASE TEMPERATURE (OC)
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SECD #41ITH 1.00F=-02 5743 OF SALT 3 AT 5 KM AHOVE CLOUD 3ASE

e3 X ADIIATEC

WATER CONTVENTS

HEIGHT {m} OF 10 dBZ FIRST ECHO

sesrssesenes 56079. I1a47.

ssssee 6301, 4711. IBTE.

7233« 4948. 3850. 3250.

48S56. 3623. 2989%. 2575.

3330. 301). 2521. 2207.
2339. 2360. 2017. 1739,

1347, 1624, 1322, 1295,

3340.

3372,

2870.

2311.

1997.
1636.
1193,

3367. 3069.

2990, 2750.

25754 239t

2101« t973.

1830. 1731.

1513. 1sai.
1120, 1081.

-5 0 S 10

15

20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

SEELESEEEIL PR EELBEE S S EE 3246, 2578 2291 .
_
¢sesanesnsseiss e 3599, 2586 2150. 1961, 'r
w
¢sesesssasas 3773. 2606. 2011. 1740 16523, ,Ei
—
sesese 3a96. 2346. 1804. 1474, 1323, 1272. 5;
3737. 2449. 1787. 1333, 1200« 1097, 1071, gg
2163. 1638, 1277. 1063. 911. 849, 843, gs
1103, 919. 753. 646. 563. 534. S45.
-5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE ("C)
SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO
2002860000 0000200000 00 46 43. 43.
C
—
2040800508008 0000 a8, 43. L Y- 42. |
v
sssseesesEn e 49, LY P9 L3 40. 4le .Eé
[
¢sss0 0 49, 44, at. - 39. 39. 39. :;
49. a5, a1, 39. 38. 37. 38. e
42.  a1. 39, 37. 36. 36. 37. 55
36. 36. 35. 33. 32. 32. 34.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s1)
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TIME (min) TO 10 dBZ FIRST ECHO

THEEEEBEEESE

943  7e5 6.8 5.6 S.i

csssse  13.1 9.8 8.1 7.0 6.2 Se7
2001 13.5 (0.7 9.0 8.0 7.2 5.J
202 151 12.4 10.7 9.6 8.8 8o
21.6 167 14.0 12.3 1tlel 10.2 9,
2445 19.7 168 14.9 13.6 12.6 12.
32.5 27.1 23,7 21.4 19.9 18.7 18,

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

3.5]

EEEERESECESREEEEE G LSS R Se8 4.3
ESREBEXSEBBEEESES S TeS Se & 4.5 Sal
S ESHEEE 10,5 Te2 S5«6 4.8 4.5
L2 222 Y] 18.6 9.8 7e5 6e1 SeS5 Se3
20.8 13.6 9e9 8.0 67 6a1 60
18.0 13«6 10.6 8e9 Teb Tel 7.0
18.4 15.3 1256 10.8 9.4 8.9 9.1

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEESEC SRS ESSOREREEEEGE - 46, 43. 030
EEEEEEETREEEEECEES [8. 43, 42 02
(LI TTY LY YTy 49, as. 4l 40. 4la
(X2 Y22 49. LT TS at. 39. 3% 39.
49. 4S5. al. 39. 38 37. 38.
a2, 41. 39. 37. 36. 36. 3%
36.  36. 35. 33, *32. 32. 36

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s 1)

UPDRAFT (m s~ 1)
N W [«))] [0 o]

=N WP o ™

UPDRAFT (m s™°)

N WHR (=] @

[
o

10

—
(o]

SEED wiTH §.00E-03 G/v3

OF SALT 3 ATV
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«5 X ADIAATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

sessvesessss 7337. S42%.

¢sssscrerese S7S3. 4630.

sessss 5013. 3509. 3333,

SI¥17. 4322, 3503. 3002.

4611+ 3535. 2935. 2553.

3419, 2733. 23)22. 2051,

2213+ 1844, 1610. 1839,

4565.

3975.

335%.

2678.

2300.
1869«
1342,

3934,

3517.

3010«

2437.

2111.

1732.
1261«

3629.

3236.

2801.

2297.

200a.

1659.
1223.

-5 0 5 1IC

15

20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m} QF FIRST ECHO

sessssessescssranErssses 2520, 1961, 1732.
sreseneesesrsessee 2347, 1982, 1622. tava,
ssssesresses 3014, 2022. 1525. 1305. 1219,
s8sss¢ 2301. 1928, 1378. 1107 987. 949,
3006. 1923. 1373, 1086, 897. 816. 797.
1683. 126S. 971, 800. 673. 629. 628,

836. 699, 5664 482, 415. 393. 403,

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

PP 0450000000 000800000 36. 33. 32.
C0%0 008000000000 ¢ 38. 33. 32. 31.
seevscessnse 40. 35. . 30. 30.
¢stsne I9. 38, 31. 2% 2% 2% .
39. 35. 32. 30. 28. 28. 28.
33. 32. 29. 28. 27 2T« 27.
27. 27. 26. 2S5, 24, 28 o 25.

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s°1)

UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)
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«5 KV AHOVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

SESSESEEERRS 11.7 9.0 76 65 6.0
*8s6seessses 12,0 9.6 8.3 7.3 6.7
$5086e  16.7 12.8 10.7 9.3 8.4 7.8
24,7 18.0 14.6 12.5 1t.2 10.2 96
25.6 19.6 16.3 14.2 12.8 117 11.1
28,5 22.8 19.4 17.1 15.6 14.8 13.8
369 30.7 26.8 24.2 22.4 210 20.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEFEZFEERTSEREE SRR BEE S 4.2 3.3 209
SEERESEERELEENER RS 59 4.1 3.4 3.1
CEEAREEERRES 8.4 S5e6 842 3.6 3.8
EE 22 22 117 Teb Se7 446 4.1 4.0
16.7 10.7 Teb 6.0 S.0 4.5 43
13.0 10.5 8e1 6.7 S5e6 Se2 S5e2
139 11.7 9.4 80 6.9 6.5 67

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CESIFEEEEREEAEERASENEBES 36. 33, 32.
EESEIERPENEREESER S 38. 33. 32. 31.
SEEEIERES S SR 40. 3S. 31 30. 30.
sessne 39. 34. 3le 29 29. 29.
39. 35 32. 30. 28 28. 28e
33. 32. 29, 28. 27. 27« 27.
27. 27. 26, 25. 24 . 28, 25.

CLOUD BASE TEMPERATURE (°c)
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SEED WiTH 1.905E-08 (/U3 OF SALT 3 AT

-125-

«3 X ADISATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

«53 KM A3QVZ

P EEFES S ELERNOGTESSE 30T,

ssescskeesss 68688, 5380,

eeesss 7237, S5380. 4300.

7156+ S5038. 4012. 3407.

5398, 4059« 3333. 2879.
3911. 3095. 2618, 2298.

287%e 2058. 1790. 1607,

S270.

455t «

3813,
3019
2582,
2086.
taad3.

4557. 8129.

400t. 3670.

3407. 3164.

2743. 2584.

236T. 2243,

1933. 18Sa.
1394. 1355.

-5 0 5 10

15

20 25

CLOUD BASE TEMPERATURE (°c}

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO

L EEE RS EREEEEETE 2006,

*ee s s Esens 2243, 135K,

#eeess 2090. 13t4. 973.

2219+ 1401. 975, 760.
1191, 903. 680. 553,

570« 485, 386« 32a.

1306,

1068,

765«
615.
460,
274,

rress L saraee e reresEnss 1316, 1388. 1231,

1138« 1041,

903. B8SS.

68l. 661,
559« 553.
428. 433,
260. 272,

-5 0 5 10

15

20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

LEEEEUS LSS ESEECIESEEESES 26. 23. 23.
e EOCEEIESICESISIERSE 28. 24. 22. 22.
s6sss0008ss 29« 25. 22. 2t. 21
s860se 2% 25. 22. 20. 20. 20.
29. 26 23. 21 19. 19« 20.
23. 23. 21. 19. 18« 13. 9.
19. 19 18. 17. 16. 16. 17.

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~ 1)

UPDRAFT (m s 1)

ey CYSP- ) [ J » <]

UPDRAFT (m s'l)

~NWA oy @

fod —t
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CLOUD BAASE

TIME (min) TO

10 dBZ FIRST ECHO

SECEEELIESEEREEEESE 10.7 8.8 7.6 6.9
sexkstse st 14,3 11.2 95 B.3 Te6
*esese 20,2 14.9 122 10.6 9«5 8.8
29.8 210 16.7 18.2 12.6 114 10.8
300 2245 18.5 1660 183 13,2 12.5
3246 258 218 19ef 17.4 161 15.5
A1e3 34.3 298 26.8 28.7 23.2 22.6

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EREEEREEESREE SRS EEEEREREE 3.0 243 2el
EEE SR ERBEERRERER S 4.4 2.9 24 2.2
SESESECEE RS 6e2 20 3.0 245 2.8
EEessn 8.7 Se5 401 32 248 2.8
12.23 Te8 Sed $e2 3.8 3.1 Jel
.9 Te5 5.7 L XY 3.8 3.6 3.5
9.5 8.1 6.8 Sed 46 4.3 4.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
TIME TO F.E.

PERCENT REDUCTION IN

EERELEESES LSS LR AESE S 26. 23. 23.
EESELREIEERELET O 28, 24, 22. 22
TEEOESEKEEESR 29. 25. 22. 21 e 2t.
*xesee 29 25 22. 20« 20. 20.
29. 26 23 21e 19. 19. 20.
23, 23. 2t . 19. i8a 18. 1%,
19. 19. 18. 17« 16, 16. 17

CLOUD BASE TEMPERATURE (°C)
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SZEN WITH 1.J0E~-05 G/M3 3IF SALT 3 AT 0.5 KM ABOVE CLOUO BASE

eS5. X ADIBATIC wATER CONTENTS

HEIGHT (m) QF 1Q dB8Z FIRST ECHO

00 &S SENEEOESINGS

(I NSRRI 2 22 ]

ssbeeetsasssd 6199,

sesese 5792, 4524,

6266+ 4592. 3724,
4417. 3455. 2895.

2740. 2268« 1960,

74713,

6163.

4968,

3300.

3193.

2533.
1754,

S383.

S119.

4254

3343.

2847«
2290.
1614,

S110. 3602.
4463. 4074,
3780, 3500.
3028. 2848,
2605.'2073-

2120. 2033,
1516« 1476,

-5 0 5

10

15

20 25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
eSS ESERLRsERB OB ESINESSES 1103, 835, 758.
tsssrnsresestesnesr 1313, 833, 677 637
ssssssasssssr 023, 383. 626. S34. S19.
ssssse 1332, B02. S579, 4d4t. 3I9%. 397.

13S1. 966. 584. 446. 350. 3I21. 329,
684, S43. 39A. 318. 257. 241, 253,
310. 279. 21S. 177, 143, 137 151.
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SsE0LOEEIIEESLSOIGEISIENES 16. 13, 18,
sssrrseeOOENt OO ONS ‘18, | & 13 14,
4606600000000 19. 1S, 13. 12. 13«
sss00s 19« 1S5. 13. 12. 12. 12.
18« 16 l1a. 12. 1l. 11. 12.
13. 14, 12. 1. 10. 10. 1te.
10. 11, 10. Qe 8. Be 9.

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s'l)

UPDRAFT (m s~ 1)

UPDRAFT (m s~})

— PN WP [« [oe]

[u
()

[
N W (=) 0 O

—
0 o

W e (o)}

TIME (min) TO 10 dBZ FIRST ECHO

S4B EEAEESESCEEE 12,5 10.0 8.5 T.7
[ AX IR EI YL Y T 12.8 10.7 9.3 8.5
ssessssseres 17.2 13.8 11.8 10.5 9.7
L X2 Y 2] 24,1 18.9 15.8 13.9 12.6 11.9
3848 255 207 177 15.8 14.5 13.7
36.8 28.8 24,1 21.1 19«1 177 16.9
35.7 37.7 32.7 292 26.9 25.3 24,6

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

[ YTy YT 1.8 l1e8 1.3
FFREELEELREEEEEESS 2.7 1e7 1.3 1.3
EEXBEEEREEES 4.0 2.5 17 1.5 18
(1222 ¥4 Se5 3.3 2448 1.8 1+6 1«7
7.5 4.8 3.2 2e5 le9 1.8 1.8
Se?7 4.5 33 2.7 2a1 2.0 2.1
Se2 4.7 3.6 2.9 2.4 2.3 2.5

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEELEERESETIEEEELEEERRSS 16. 14, 14.
EEEFSRREBESRE RO S 18. 14. 13 14,
IR YT Y Y] 19. 1Se 13. 12« 13.

sesene 19 1S5. 13. 12« 12. 12
18, 16, 14. 12. 1le 11 12«
13, 18. 12. 11. 10 10. 11.
10. t11. 10. 9. 8. 8. 9.

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

p-74




UPDRAFT (m s~1)

=N W (=] x

UPDRAFT (m 5™ 1)

=NWE ;o

UPDRAFT (m s™1)

HNWwRAR O O

—
[

s
o

[
(=]

SEED WITH 1.00€-06 G/43 OF SALT 3 AT

-127-

¢S5 KW AHOVI CLOUD DASE

«5 X AUISAYIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

|

CEEEEREREE RS

ss26¢% 56559,
7Tt16. S510S.
4868. 3784,
2952. 2442,

7023.

500S.
4081,
3143,

415S.
3470.
2735e.
2102. 1873.

;.‘.C“Ot“‘“.t.‘.‘t..t‘ 6654,
}tﬁttt....t.‘...tt 6934. 5637,
5501« 4646,
3623.
3072.

2458.
1713.

561S5.

4876,

4109.

327s5.

2808.

2273.
1611.

5039,

4443,

3803.

3082.

2669,

2188,
1574.

-5 O

5

10

15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

teeEsteesErBIR e EseE 431, 331. 321.
EEEEELERE LS EECEEEE 542, 321. 264. 267.
eseEsSs e 600, 355 235. 206. 216.
zes88¢ 565, 322. 224, 161. 149, 163.
S01. 35a. 228. 169, 125, 119 132.
234, 2tae. 150. 116. 88. 86« 99.
98. 101. 74. S8 43. 43. S2.

CLOUD BASE TEMPERATURE (°cC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CEESEFLEIBSHFELAEREER GG S 6o 6o G
C )
—
CEOFEEESEEESESE IS Te Se Se 6e ]
w
CEFOEESREER N E
8. Ge Se Se Se ~—
’_
esesse Be 6o Se 4. a. Se :;
7. 6. Se Se a. s. o
S. S. 5. a. A, 4. 9
3. 4. 3. 3. 2. 3o 3.

CLOUD BASE TEMPERATURE (°c)

UPDRAFT (m s™1)

= N WD S 0

UPDRAFT (m s™1)

~rRws oy

10

[
[~

—
© o

- NwW S (=)}

TIME (min) TO 10 dBZ FIRST ECHO

FEEBEESSEECEEEL LS LSS LS 1,1 Des Bed
LEEEEERELEEEEELE2E 13,4 (le7 10.2 9«3
*EE2e eSS S S 1945 1Se3 12.9 11.4 10.5
2e¥28s 2743 20e9 173 15.1 13.6 12.8
39«5 2804 22.7 19.3 17.1 15.6 14.3
40.6 315 2642 22,8 20e5 19«0 18.2
4942 40.7 3520 31.2 2846 2649 26.2

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEEEEEFREREEREEXRB SRS R

SREEEERXEEEEE R ERE

EEEXERTEEEES
tEese 2.4
2.8 2.0
1.9 18
1.6 1.7

1.7

13
1.3
13
1.2

le1

1.0

1.0
1.0

«?

o7

.7

-7

7

o7
7

-6

6

6

-6

o7

7
-7

.S

5

1Y

7

7
8

9

-5 .

0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

EEE2SEEL A SR OERREREREE Se 6o 6o
EXE02SESSSEB SRS EESE Te Se Se 6
sEsstcEREERS 8. 6o Se Se Se
(A X221 8e 6o Se LY 4o Se
Te 6. Se Se 4 4. Se
Se Se Se 4. 3. .. 4.
3. L 3. 3. 2e 3. 3.

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s~1)

UPDRAFT (m s~ 1)
N WP [} N

=N W [=)] (o]

UPDRAFT (m s™ 1)

— N WM =)} o}

[
(=]

[
o

[
o

SEED wiITH 1.00E~07 G/7¥3 0OF SALT 3 ATV

-128-

«5 X ADIAATIC WATER CONVENTS

HEIGHT {m) OF 10 dBZ FIRST ECHO

seercseEsresasatgdasssdss TOO09, 5885, 5297,

sesses0eseseenese 7375, 5902. S092. 4553,

setesssssssss 7509, S791. 4840. 4278. 3977,

sseees 7015+ S5267. 4340. 3758. 3398.
2907,
2347,

1647 .

3214,
2777.
2269,

7535. 5393. 4268. 3510. 3176.

S066. 3959. 3267. 2932. 2533,

3036« 2527. 2168. 1922. 1750. 1618.

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

EEEREBCSSRFE SR ESAEEE LSS 76. 60 63, }
s2EeeRBLSESE EEEss 101, 56e 47« S52.
Ssssssbsnes 114, 6S. 40. 36. 42.
cssets 108. S99 40. 27 26 3.
A2 66 4le. 29. 21 20 . 25.
36. 39. 26, 2%. 14. Y 18.
ta. 17. t2. 9. 6o 6o 8.

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SECEOSECCLIVIELESRSOSNOIESESE 1e le 1e
6808 SGCICEIEBEIETDS le le 1e 1e
sssestsstone te 1e le te le
XII1IY) 2. le te le te fe
1. te 1. | I 1. le le
1. le 1. 1le | S te 1.
O. le 1e 0. Oe 0. 1.

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

= NwW (o)} (o]

UPDRAFT (m s 1)

10

ot
N W [+ O ©

[
© o

=NWAR O

«5 KM ABOVE CLOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

[ R I E XSS 2 2 22223122222

tt.7 S.8 8.

8

XSSP EEEESETIOIS 15,4 12,3 10.6 9.7
sesesasssere  20.9 16.1 13.4 11.9 1140
35886 29,2 21.9 18.1 15.7 14.2 13.4
41.9 33.0 23.7 20,1 17.6 16.1 15.4
4202 3340 2742 2346 21e1l 19.6 18.9
S50.6 42.1 36.1 3240 292 27.5 27.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EXRESSXEERESEBEEESEEB R R % -1 el ol
SEBEBESEESE AR R EL & .2 el ol el
SEEFEEEEERES 3 .2 el o1 ot
L2 12T S 2 2 -l el ol
S -4 2 2 -l -l el
3 -3 2 2 ol -l Y3
2 3 .2 ol el ol ot

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

SEEESEBPSCESERIEEENS RS 1e le 1.
LEESPEEEER L SR EBEEE | 1e le 1
(2221 Y Yy 1e le 1. 1e le
setses 2. 1. 1 3 Le ie | B
1. le 1 te te le | Y
le 1. le 1. te 1.
Oe le 1. 0. O. O. 1.

CLOUD BASE TEMPERATURE (OC)

P-76




UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)
N W () o

=N W [+)] o]

UPDRAFT (m s~1)

—RNwH &

[y
o

10

[u—
(=]

SEECD #ITH | ,00F=-04 G/v3 OF SALT 3 AT 25 KM

5 X ADIARATIC WATFER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

-129-

AB0V:

TEEsEER S EEERE LGN ERSe s 7IT77, STIO, S535].

SEEEEEEELLEEEEETEE 7265 5I51e 9138 4705

ssssrseeeses 7610. 5349, 4376. 4311. 4014.

skesss 7112, 5320. 4375. 3782. 3421,

2925.
2350,

3252,

7508. S451. 3304,
3291.

3043, 2542. 2174. 193%. 1756.

3636. 3195. 2799.

5098. 3994, 2849, 2545. 2285.

1653, 1626«

[
o

UPDRAFT (m s™1)

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

— DN WD (=) (o]

CRECEELSFCEEE AR AESEREROR 8. Te T 10
-

CEEES AP LS SRS 11. Ge Se 6o 'r 8
- w

ssessesssnse 13, 7. 4. 4. S. E ¢
—

sesses 12, 7. 4. 3. 3. a. '2 4

9. 7. Sa 3. 2. 2. 3. e 3

4. a. 3. 2. 2. 2. 2. % 2

2. 2 le le 1e le te l

-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

UPDRAFT (m s™1)

SEELEERIAESENILEEEE S SRS 0. O [
€204 0SsE0ERSESES O O. Oe O«
€ssssersk00 e 0. 0. O. Oe 0.
ssaese O. 0. O« O Q.
0. 0. 0. 0. Q. [ 18
0. 0. [+ P [+ O. Qe O
0. Oe O. 0. Oe Oe O

CLOUD BASE TEMPERATURE (°c)

P-77

—
® o

- NwWwH O

CLIUD YASE

TIME (min) TO 10 dBZ FIRST ECHO

CHEFSEELEEREETERTREREESE ] ,.8 9.9 8.9
EEESSEBEEELEEEEEE S 156 12.4 10.7 9.1
sSesr e s 21,1 1602 1325 12.0 1142
2682 E 29,6 22.2 1B8.2 1S5.8 18.3 13.95
423 3063 23.9 2062 1747 162 1S5.5
42,5 3343 274 237 212 19«7 19.0
S0.8 42.4 36.2 322 293 27.5 27.1!

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

FESEEEEEEEBEREEEE SRR EXESE 0 0 0
SRR EEEREEEREK -0 -0 -0 0|
SXEERBEREE S .0 0 .0 -0 -0
(221214 ol -0 0 -0 «0 0
-0 -0 «0 -0 «0 0 o0
«0 .0 -0 -0 «0 -0 0
«0 -0 -0 «0 " .0 0 0

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

LEEEES LS4 ERE SSRGS SRS Oe [ 18 0.
SEEEELES RS ASES S Oe Oe Oe 0.
SEsFCEEEEEESE O O. Oe [+ 2% O
st Oe O. Oe O. O. Oe
Oe Oe Oe Oe O. Oe O.
Qe Oe Oe Qe Oe Oe Q.
0. 0. Qe O Do Oe O

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s~1)

UPDRAFT (m s™1)
NP (23] [o5]

N W [, o

UPDRAFT (m s™1)

—NwsHLs o ©

[
(=]

10

b
o

SEED WITH 1.005-02 G743 OF SALT 3 AT 1.0 XM AROV=I
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«3 X ADIHATIC WwATER CONTENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

tssabeseeers S715, AST7, 3923. 3343, 3147,

*eesss 6433, 4813, I970. 3461. 3078. 2836.

7834, 5018. 3964. 3360. 2979, 268S. 2500.

3103. 2701. 2a39.
2350.

1963.

5301. 375S. 2233. 2105.

4324+ 3136+ 2559, 2146.

1818.
18434,

1983, 1886.
1636,

2182, 1524, 1332, 1347,

3094, 2516+ 2181. 1703.

1831l 1646,

5 © &5 IC 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHQ

EESEEICIEEELER RS LSS 2RE I 62, 2497 & ZZIA.:

Esensss et 3506. 2497. 2061. 1875,

ssossxessert 3660. 2496. 1901. 1629, 1519.

*sse8s 3359, 2224, 167%. 134S. 119t. 1140,

3593. 2312. 1650. 1289. 10Sl. 943. 91S.

6St.
280.

2007. $482. 1113. 888, 728. 658.

908. 712. 530. 407, 312. 272

-5 0 5 10 15 28
CLOUD BASE TEMPERATURE (~C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

25

EEEE5500EE0CSEESIIELSFOIISETE 4S. 42. 41.
SE8PEEBS0EPIERGESSS 47. 42, 40. 40.
*sossessene LY: 43, 39. 38. 38.
srEPe S a7, 42 3a. 36. 35 35.
47. a2 38. 3S5. 33. 32« 33.
39. 37. 34, 3t. 29. 28. 28.
30. 28, 24, 21 . 18. 16. 17.

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~ 1)
== (=)
Q — N W a0 o

—=NWwh oy @

UPDRAFT (m s™1)

10

UPDRAFT (m s™1)

- NW A (o]

CLCUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

(XIS I TTYEY VT 9eS 7e6 6.5 S.7 5.2

*6s26e (3.4 10,0 8.3 Ta2 6.4 Se9
2047 13.9 11.0 9.3 Bel 7eS 6.9
20.8 15.6 12.9 11.3 102 9.3 8.8
22e4 175 1349 1321 119 110 10.5
258 21.0 182 16.4 152 14.2 13,6
3547 305 27.4 25.4 24,1 23.0 22.s

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

SEEEFERAEERER SR EB SR AT R 53 402 37
EEEEEEEEEBRRTEE KSR Te3 S5.2 4.3 3.9
S8 XEEEESE0E 10,2 609 53 4.5 42
*seerss 14,0 9.3 7.0 Se6 S.0 Va8
20.0 1t2.8 Qa2 7e2 Se.8 Se2 So01
1647 12.3 93 T4 Ge1 S5 S04
15.1 11.9 8.8 6.8 Se2 8.5 407

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEERLNCEESEEIERREOEERELE 4S5, 42, 4l a
LS ECHEEEEESESRBRS 47, 42a 40. 40,
SEXEEEBRE S S 48. 43. 9. 38. 38.
seenen 47 a2, 38. 36. 35« 35.
a7, 42. 38e AS5e 33. 32. 33.
39. 37. 34. 3le 29, 28e 28.
30. 28. 24, 21. 18, 16. 17.

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s°!)

UPDRAFT (m s~ 1)
—rNwWH o o]

HNWA o ®

UPDRAFT (m s~ 1)

- DN W =)} o

Y
Q

[
(=]

10
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S X ADIDAYIC WATER CONFENTS

HEIGHT {m) OF 10 dBZ FIRST ECHO

Essseseessre 7154. 5516« 4643, 4057. I596.

8022388388 54962. 4T13. 3057, 3596« 3311.

*ss6e% 65155, 4719. 3936« 3455. 3103. 2895.

6075« 4447, Jit7. 2793.

3062.
2872,

J116. 2554. 241l1.

4759, 3665 2683. 2433,

2033,

2248« 2139.

3570. 2878. 2208« 1901. 1828,

203S.

2397. 1814. 1667. 1568. 1495. 1460,

5 ©0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C})

SEEDING EFFECT
LOWERING (m) OF FIRST ECHQ

Tesrsesre s EErt et terer 2442, 1883,

1664.

1800,

SEE0 4 XSRS EERNERA2Re 2759, 1900, 1S544%.

*essestorens 2904. 1920. 1425, 1207+ 1124.}

*eeexe 2577. 1709, 1264, 992. 870. a83s5.
2859+ 1793. 1247, 956 764. 679, 662.
1532« 1120. 822. 643, S14, 460. 459,
653 509. 362 264. 188. 157. 166,

CLOBD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CALEEENC LSS SEREEEENE 3a, 32. 31.
SeserbEEIOEEEIRESE 37. 32. 30. 30.
sE00C0ROEREE 39. 33. 29. 28. 28.
¢ssses 38e 32 29. 26« 25. 26.
39%. 33. 29, 26. 24. 23. 248,
30. 2%, 2S. 23. 20. 19. 20.
21. 20. 17. 14, 11. 10. 10.

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

N WP o

UPDRAFT (m s°})

mNWwhR gy

[
o

—
o]

10

(o]

— PN WS ()]

SEED WITH 1.J0E~-03 G/%3 OF SALT 3 AT 1.0 KM ABOVE CLIJD HASE

TIME (min) TO 10 dBZ FIRST ECHO

ESSEELGEEEEE 11,9 92 T7 68 Ga2

SESSEESEEBEE 12,2 .8 8.5 Te5 69

*8686x 17,1 13.1 10.9 9.6 8.6 B8s0
2523 18.5 1S.1 13.0 11.6 10.6 18.0
26.3 20.4 17.0 14.9 13.5 12.5 119
29.8 24,0 20.6 1848 169 1548 1S,
39e9 339 30.2 278 26.1 24.9 2a,

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

2.9

EREEEEEERASRCEREE SR L EERE 3.1 3.1
EEELEESRREIRREEEES Se7 40 3.2 249
SEEBEEEEEEREE 8.1 Se3 4.0 3e4 3.1
(2 22 22 11.2 Tetl S5e3 Gel 3.6 3:95
15.9 10.0 6.9 Se3 N2 3.8 307
12.8 93 6.8 Sed 4.3 3.8 3e8
10.9 8.5 6.0 L XY 2 3.1 2.6 248,

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
EES08SECEEEEEES SR SESEEES 34. 32 3.
(I XTTTI 22222222 % 37. 32« 30. 30.
SHESCSEEERES 38. 33. 29. 28. 28«
XYY TS 38. 32. 29. 26. 2S. 26.
38. 33. 29. 26. 24. 23. 2s.
30. 28. 2S5. 23. 20. 19. 20.
21e 20« 17 16, 11. 10e 10«
-5 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s~ 1)

--NwWwHdL N

UPDRAFT (m s 1)

—_NwWwe o o2}

UPDRAFT (m s~ 1)

=N WP [¢)] (o]

—
o

—
o

[
(=]

SEFD 4I[TH 1,00S5-~0s

-132-

3743 OF SALTY 3 AT 1.0 KW ABOVZ

«S X ADIBATYIC WATER CONVENTS

HEIGHT (m) QF 1Q dBZ FIRST ECHO

ssesssbsssbesrees 6494, 5345,

sssesssessce 5999, S5467. 4628,

846068 7331. S5491. 4497. 3I905.

7340, S5159. 4122, 3312. 3124,

5550« 4184e 3452, 2999. 2703.

2752.
1973.

4058. 3233. 2441. 2233,

2650. 2233. 1799. 1677,

4623, 419.

4074. 3737,

3496. 3243.

2848. 2685.
2490. 2368.
20848, 2004.

1592, 1557.

-5 0 5 10 1I5

20 25

CLOUD BASE TEMPERATURE (%G}

SEEDING EFFECT

LOWERING (m) GOF FIRST ECHQ

sessEessceErEnasseesEnss 741, 1321. 1170
teseacE s e Essee 2009, 1329, 1066, 974.
ssssssesssss 2133, 1359. 976. 819. T71.
*4904¢ 1964, 120S. 868, 661. S75. 560.
2067. 1275. 857. 640, 495, 437. 434,
1043, 76S. 542, 410, 313. 277« 283.
409, 310. 202. 133. 80. 61. 70,

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

PERCENT LOWERING OF FIRST ECHO

SEECIFEI0LE LS ERISESERESR 25« 22 22.
L I Y T Y EY Y] 27, 22. 2t . 21.
saeeseescere 28. 23. 20. 19. 19
ssss0e 28. 23. 20. 17 17. 17.
2T7. 23. 20. 13. 1Se 15. 15.
20. 19%. 164 14, 12, 12 12.
13. 12. 9e 7. Se L XY L

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

PN WS N

[
o

poud
o

UPDRAFT (m s~ 1)

N W [+)) (o]

p—
o

UPDRAFT (m s~ 1)

(oo}

—_owRs o

CLDOUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

SEEEBECEIETEEEESESE 10.8 8.9 Te?7 7.0
SE0s00088%2  14.56 11.4 9.6 8.5 7.8
*ss8%e 20,7 1S5.3 12.5 10.8 9«7 9.0
30406 215 17e2 14.6 13,0 1149 11.2
30«8 2342 1942 167 15.0 13.3 13.2
3348 2649 22.9 20«3 18.6 17.4 167
4842 3742 32.9 3040 279 265 25.9

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EXEEXEEEEFESE LSS EBE R 29 2.2 1.9
FEXRESSESEEEBERRRE 4.2 2.8 2.2 2.0
CEREEEEEEEES 5.9 3.8 27 2.3 2.1
SRERRE 8.2 S.0 36 2.8 2«4 2.3
115 Tet 4.8 36 27 2.4 2.4
8.7 64 4.5 3.4 246 23 2.4
6.7 Se2 3.5 262 13 1«0 1.2

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEEELEEELPEBELELEIERES RS 25. 22. 22.
EEEESERSASEENEENES 27 . 22. 21 21,
SESEBEEREBES 28. 23. 20. 19. 19.
tsss0e 28. 23. 20, 17« 17. 17.
27. 23. 20. 18. 15e 1S5. 1S5S.
20e 19 16« 14, 12« 12« 12«
13. 12, 9. 7. Se .. 8.

CLOUD BASE TEMPERATURE (°C)

P-80
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SEED 4ITH 1.00F~05 G/43 OF SALT 3 AT t.0 KM AQOVE CLOUU DBASE

5 X ADIDATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

CEISEFEESEENCEEBING 7566, 5053, 5172. 4557,

EEEESE XSRS EN RS 65247, S190. 4527. 4134,

tsccsssskese 6303, 50S58. 4336. 3859. 3574.
*srss¢ 59166 25264 3895. 3435. 3119. 2936,
6417, 4711. 3332, 3298. 2950« 2709. 257S.
4552+ 3579. 3016. 26548. 2410. 2243. 2153.

2379. 2410. 2103, 1893. 1739. 1642. 1612,

5 0 &5 10 15 20 25
CLOUD BASE TEMPERATURE (%Y}

SEEDING EFFECT
LOWERING (m) OF FIRST ECHG

EEEEELECERESE RS SR LESESRE (032, T74. T03.

Sseseevesr e s ss e 1229, 7T68. 612. S77,

sesekbsserre 1315, 798, S84, 456. 4435,

ssesés 1208, 7T01. 485, 350. 305. 309.

1200« 747 A77. 341. 247. 218. 226.

550« 419. 278. 197. 137. 118. 129.
171 133, 72. 38. 17. 12. 15,

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°€)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

CEEOS4ESHPE R L AN EEEEEERES ISe 13. 13.
SENCRIEESEESEER R 16. 13. 12. 12.
(X2 XS 2222 L] 1Te. 14, 1le 11. 1.
sesees 17. 13. il. 9 e 10.
16. 14, 1l. Qe B8e Te 8.
11. 10. 8, Te Se Se Se
6 Se 3. 2. | le | IS

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s~ 1)

UPDRAFT (m s™1)

—NwW o O

UPDRAFT (m s %)

—=Nwh oy ®
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—
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= NWHS O

TIME (min) TO 10 dBZ FIRST ECHO

AEEEECELSESSEEEETE 12,6 10.1 8.6
S50 EEEEEEERSSE St 13,0 10.8 Q9.s
FEXERERSH08E  1T.5 18,1 12.0 (0.7
*ekese 28,7 19.3 162 14.3 13.0
356 2642 21.3 18.3 16.4 1S.1
37.9 29.89 2S.1 22.1 20.1 18.7
48.0 40.2 3S.1 31eS5S 29.0 27.4

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

I P T T Y Y 1e7 1e3 1.2
CEEEEERESEXREEESE S 246 1.6 13 1e2
*EERSEEEEERE 3e7 22 1a5 13 1e2§
SEEERSE 5,0 2¢9 2.0 1.5 13 103
67 Se2 246 1.9 148 1e2 1e3
4.6 35 203 1.6 1el 10 1el
2.8 22 1.2 Y.} 3 2 -2

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

EEBEEEKE LTRSS ESET SRS 15« 13. 13.
EEERESE LR EES LG EEE 16e 13. 12. 12.
CEESER OSSR G 17. 14, 1le 11. 1l.
csenee 17. 13. 1ne. L X3 Ye 10.
16. 14, 1te [- 28 - 2 Te 8.
| § I 10 Be Te Se Se Gc
Ge Se 3. 2. le le te

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
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SCED wiTH 1.00E-06 G743 OF SALT 3 AT 1.0 KM ANBOVE CLOUD SASE

5 X ADIAATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

SPesobRdsaesbEtsOOERERSEST K703,

ECCIEESICETEROISE

ssesessessss 7106

sseser 65652, 50743,

7215. 5188. 4150.

4944, J864. 13214,

3014. 2515 2163.

6996.

5563.

4215.
3534,
2801.
1326,

5684.

3697.

3678.

3129.
2517.
1754,

5657.

4919.

4159.

33390.

2867.

2336.
1652a

S079.

3886,

3853 .

3140.

2733

2256.
1625.

-5 0 5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHO

CEEVEEXR LSRR ERCE LSO EEEED

EEREEEISCEBEEBESES

sssss88208%S S183.
sssess  372. 252,
402. 270« 159.
158 134. 80.
36 29 12.

480.

293.

163.
105.
S0.
Se

383.

274.

183.

107.

68.

30.
2e

2383.

221 .

155.

9S5.

60.

2Se
1.

281 .

225.

16S.

105.

68.

31.
2.

-5 0 5

10

15

20

25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

SESSESESTSSESOISOSOTSE

(AT XTI Yy Iy Te
sosees e Se
Se Se a,
3. 3. 2
1. te 1.

ESEIEELBESL 400 H0SESSEN

6o

Se

O N W &
« o o @

Se

Se

Se

L XY

4.

3.

2.

le
O

Se

Se

-5 0 5

10

15

20

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s™ )

—t NP =)} e~

[
[22]

UPDRAFT (m s™1)

N WP [« [4¢]

—
o

UPDRAFT (m s~1)

[o]

= N W~ [=)]

TIME (min) TO 10 dBZ FIRST ECHO

EEEEPSLELERXEE R EESRES S

EEEROEEFRREESESB RO &

*XEEEESEEEER

19.7

ses¥xe 27,7 21.1
40.1 28.8 23.1
41.2 32.2 26.8
S0.2 41.9 36.1

14.6

155

176
19.6
23.3
32.1

tt.2

11.8

13.0

153

17.3

21.0
29.2

9.4

10.2

11.6

139

15.9

19.5
27.5

Be5S
93
10.7

131
15.2]

18.
271

-5 0 5

10

15

20

25

CLOUD BASE TEMPERATURE (OC)

SEEBING EFFECT
REDUCTION IN TIME (mim) TO F.E.

FPEEBEEEERRESREESEBEEREE R

EEESES SRS R EEREEEDR

SEEEREEREEER 1.4
XEEVEE 2.0 1.1
2.2 1.5 9
1.3 lel X4
-6 - .2

1.0

-7
-6
-t

el

-6

6

-d

T3

.2
«0

5

-5

4

-4

-3

2
-0

5

5

£33

a8

-4
3

-0

-5 0 5

10

15

20

25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

EEARSSERCLERESETE SR ESEES

CEXBIREESE S GOSN ES

eSS ESOR SR Te
sseens Te Se
S Se 4a
3 3. 2e

te 1. | 39

6.

Se

a.
3.
2.
0.

Se

Se

L XY

3.

2.

Se

4o

L XY

3.

2.

| Y
O

s.
| se
..
3.
2.

|
0.

-5 0 5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)
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SEED 41TH 1.00E-07 G/7M3 OF SALT 3 AT 1.0 KM ABQVE CLIUD BASE

5 X ADISATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

essxss 7041,
7557 Sala,
5080. 3973.
3046. 7540,

528S.
4284,
3283.
2174,

sbssessssnees 7532,

seeseses eSO SERESETE 739>,

S807.

4354

3624.
2845.

1930.

CEEEEPE L ICEERESSEEFESESSE 7021,

5913a

4852,

« 3769.

3188,
2543.
1756«

5396.

S103.

4290.

3410,

2919.

2358.
1653,

5309.

4670.

3991.

3229.

2792.
2283.

1626.

-5 0

5

10

15

20

25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

LOWERING (m) OF FIRST ECHO
SESEEBETEEEEE LS EEREERACERE 64, 49, SZ-;
EEERLEE LT AL R SR RS 8a, 43, 35. 40.
560506020000 92. 49, 28. 23. 28.
sk 82. 3t. 25. 16. 13. 17.

61« 24, 24. 15. 9e 3e 10.

22. 20, it Te LS 3. 4.

Se 3. | I I Oe O O

-5 0

5
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

10

15

20

25

TEECEEESANES

sesese le
1le [ )
Oe 1.
Ne 0.

0SS EEEE SN EEES SN

le

le
le
O.
O

CEEASEENRS O SSLENFSEREED S

le

le
O

[

|

Oe

0.

O
O

-5 0

5

10

15

20

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s™%)

UPDRAFT (m s 1)

PN W o 0

UPDRAFT (m §=1)

N W [2)) 2¢]

= —
o o

[y
® o

=Nwha

TIME (min) TO 10 dBZ FIRST ECHO

FEEESEBEEBCEECE RS RS CREE SR 11.7 9.8 8.
FEESERERASEECREEEE 1S.4 12.3 10.6 e
setessecrens 20.9 16e1 13.5 11e9 111
28886 29,3 22.0 18.1 157 14.2 13.

4240 30e1 23.8 20.1 177 16.2 15.

4243 33a]l 274 2347 212 19«7 19.
S0e8 4243 362 32.2 2943 276 27.]

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

EEEEEEEEEERNER L SR LR E SRS ol ol ol
EEELLCEPREBEEEE LS 2 -t ol ol
EEESEEEREEER 3 ol .l -l -l
sUkEeE -3 .2 ol 3 ol el
3 -2 ol ol el -0 ol
2 -2 el -l 0 -0 0
ol ol -0 0 -0 -0 0

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

SEESCSSESERESEP LR LS ENDE le S 1e
(22T 222222 7] te le ile 1e
(AT I EZ L T | Y le le le 1le
*ee0ss 1le e le Oe Oe 1.
le 1. le Oe Oe Oe Oe
0. Ie 0. 0. O 0. 0.
0. O. 0. O. Oe Qe [ %

CLOUD BASE TEMPERATURE (°C)
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«5 X ADIHATIC WATER CONTENTS

HEIGHT (m) OF 10 dBZ FIRST ECHO

ssecesssatEss st sss 7078, 5940. 5355.

FEEOCEICELIEILRRPES TA6T7. 5953, S136. 4705,

sesvsaseeess 7613. S8S1. 4877. 4312, 4016,

tsseee 7115, S5322. 4377. 3783,

4306,

3423, 32a3.
2801.

2286.

5458, 3637.
2850.

2176, 1931. 1627.

7511, 3196. 2926.
2361

1654«

5099. 3996. 3292. 2546,

3349, 2S413. 1757,

5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°G)

SEEDING EFFECT
LOWERING (m) OF FIRST ECHG

SEISEELEEEEIE L LB EERR S 7e Se Ge
ssseersrsassbeinne 9. Sa L Se
ST EEBSECERS 10« Se 3. 3. 3
ssses e 9. Se 3. 2. 2e 2e
6. Se 3. 2 1. 1. t.
2. 2 1 | O Oe 4]
Oe [+ Y O. 0. O. Oe .

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT LOWERING OF FIRST ECHO

6658080805080 8 082SR RS O. [ 0.
sSEENIEEISISERSOIOS Oe Oe Oe Os
ss0esetscess Oe Oe Oe Oe Oe
ssse0 s 0. OCe [+ 2% Oe Qe [+ 29
0 0. 0. o. 0. O 0.
0 0. 0. Q. 0. [} 0.
0 O 0. Q. o Oe 0.

.5 0 5 10 15 20
CLOUD BASE TEMPERATURE (°c)

UPDRAFT (m s~ )

—Nw S

[
o

[y
(=]

UPDRAFT (m s~1)

= DN W P N [e-]

UPDRAFT (m s™1)

10

o

=N WA (¢)]

SEED wiTY 1420E=-09 /M3 TF SALT 3 AT 1.0 KM a80VT CLIUD BASE

TIME (min) TO 10 dBZ FIRST ECHO

SEEEEEEEEGRLOSEEB4688584 (1.8 9.9 Be
SXEEEESESEE XIS ES 156 12.4 10.7 9.
Eex2be0e5es 21,1 $16.3 13.5 12.0 11l.
sssses 29.6 22,2 1842 15.8 14.3 13.
4203 3043 23.9 20e2 1748 16.3 15.
825 333 274 2348 212 19.7 19.
50.8 42,8 36.3 32.2 2943 27.6 27.1

-5 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

EEEXEEERELISELEEEBSEERE N -0 .0 -0
BB LS SR LA S ERSES «0 0 «0 «0]
LA EEEREEE .0 0 0 0 0
*EEEE 0 -0 0 «0 o0 00
«0 .0 -0 «0 «0 «0 «0
.0 .0 .0 «0 -0 «0 20
0 -0 0 -0 0.0 0.0 0.0

-5 0 5 10 15 2% 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

CEVBEBISELS SRR EEERERR O. 0 O.
SESSCEERASESRTRERSY Oe Oe Ow [+ 1Y
*ESEEEEE SRS Oe Oe [+ 19 Oe O
sEs08s Ce O O Ce Oe Oe

O« 0. O. Oe Qe

[ 2% O - 2% 0. O. O.

0. 0. C. 0. [} 0. 0.

-5 0 5 10 15 28 25
CLOUD BASE TEMPERATURE (~C)

P-84
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UPORAFT (m s™1) UPDRAFT (m s~1)

UPDRAFT (m s™1)

-139-

SALY 2 1.0N0E-02 G/7v3 SALT 2 1<00E-03 G/M3
ADINATIC #ATFR CONTENTS ’ ADIUBATIC WATER CONTENTS
SEED AT 0.0 X4 #4HEN CLOUD IS .5 KM TALL SEED AT 0.0 K4 WHEN CLOUD IS <5 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
gl1o-0 8.5 75 7.0 ees 6.0 —~ 3 12,0 10,0 Bu5 7.5 T.0 7.0
'

11. 0. 8e5 8.0 TeS T hdd 13.0 . - . . -
g|11es ro-o . s s 6 11.0 9.5 9.0 8.5 8.0
g |10 12es 11.0 10c0 95 ous - 4 |!5-5 135 12.0 11.0 105 105
3| 1e-s tees 13.0 12.0 1105 1100 '; 3 |80 1ec0 1ac0 135 125 125
2| 20.5 18.5 1605 155 1500 1a.s ox 2 | 23-0 20.5 18.0 17.0 1605 1620
1] 3¢-5 295 27.5 25.5 24.5 2e.5 =Y 1]3°-° 323.0 30.0 28.0 2605 2.5

0 5 10 15 20 25 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (O€} CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT SEEDING EFFECT
REBUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (min) TO F.E.
gl *-5 3.0 2.5 2.0 1.5 200 8 2.5 15 145 15 1.0 1.0
6l +-0 25 25 20 15 s ‘o | 25 15 tes 1eo 5 1.0

=
g| *5 30 25 20 2.0 1.5 — 4] 3° 20 1.5 1.0 100 -5
3| s 4.0 3.0 2.0 1.5 200 lé. 3 3.5 245 2.0 .5 .5 .5
2] 7.0 a5 ec0 3.0 2.5 2.5 gr 21 %35 25 25 1.5 1.0 100
1] 8.0 7.5 5.0 4.0 3.0 2.0 % 1 3¢5 8.0 245 1.5 1.0 000
0 5 10 15 20 25 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c) CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl 3t 2. 25. 220 19, 2s. —~ 8 17.  13. 15. 17. 13. 13,

'

26. . 23. 20. 17  17. w 16 12. 1. - 6o ..
6 20 E 6 10 11
4] 20- 1s. 9. 7. 7. s, — 4 16 13.  11. 8. 9. S.
3| 23- 22. 19. 16, 12. 15. :f 3 16. 14, 13. ‘% 4. &o
2| 2s- 200 20, 16 12 a5, o 2 16 1l. 12+ . B8e 6. Zo
1} o 0. 15, 1a. a1 8. S 1 8. 1. 8. Se te To

0 5 10 15 20 25 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)

T-01




UPDRAFT (m s~ 1)

UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

SALT 2

1.00E-08 G/M)

ANIAATIC WATER CONTENTS

SESD AT Je) KM WHEN CLOUD

ts

«S KM TALL

TIME {min) TO 10 dBZ FIRST ECHO
8 13.0 1t.0 9.0 8.5 8.0 7.5
6 1.5 12.0 10.5 95 9.0 9.0
4 170 13.5 13.0 1;.0 11.0 Li.0
3 200 17.0 15.0 13.0 13.0 13.0
z 255 2240 1945 18B.0 1t7.0 17.0
1 32.0 36.0 32.5 29%.5 27.5 26.5
0 2 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEOING EFFECT
REDUCTION IN TIME (min) TO F.E.

8 leS S 1«0 P3-1 0.0 5
6 1.0 S S S 0.0 0.0
4 1«5 1.0 S OO0 S Ce0
3 15 15 1.0 0.0 0.0 0«0
2 2.0 1.0 10 S S 0.0
1 5 1.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E
8 10. Qe 10« 6o Oe S
6 [ LY Se Se Qe [+ Y
4 B S 8, Oe 44 Oe
3 Be 6. O Qe [+ 28
2 % Se 3. h Y Oe
1 1a 3. Qe [+ 39 Qe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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UPDRAFT (m s~1)

SALT 2

1.00E-05 G/M3

ADIDATIC WATER CONTENTS

SEED AV 0.0 XM wHEN CLOUD IS

S KM TaLl

TIME (min) TO 10 dBZ FIRST ECHO
8 14.0 11.5 10.0 9.0 8.0 8.0
6 15.5 12.5 1.0 10.0 9.0 9.0
4 18¢0 15+5 135 12.0 115 (1.0
3 21.0 18.0 16.0 14.0 13.0 13,0
2 27.0 23.0 20.5 18B.5 17.5 17.0
1 42.5 3740 32.5 29.5 27.5 26,5
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

—~ g o5 0.0 040 0.0 0.0 040
’
wn
E 6 0.0 0.0 0e0 0.0 0e0 040
— 4 e5 060 0.0 0.0 0.0 0.0
'-<'—' 3 .5 S 0.0 0.0 0.0 0.0
gb 2 eS D040 0.0 0.0 00 0.0
% 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
—~ 8 3. ' 0. 0. 0. 0.
'
w 0. 0. 0. . - .
& 6 o 0 0
— 4 3. Oe o 0. O Os
: 3 2, 3. 0. 0. 0. 0e
% 2 2. Oe 0. 0. 0. 0.
% 1 0. 0. 0. 0. 0. 0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

T-02



UPDRAFT (m s™?) UPDRAFT (m s™1)

UPDRAFT (m s™1)

SALY 2

1.00E-06 G/M3

ADLATIC «#ATFR CONTENTS

SEED AT 040

KM WwHEN CLOUD IS <5 KM FALL

TIME (min) TO 10 dBZ FIRST ECHO

8 14.5 115 100 2.0 3.0 8.0
6 155 125 11.0 10.0 9.0 9.0
4 13.5 155 13.5 12.0 11.5 11.0
3 215 195 1640 18.0 13.0 13.0
2 27.5 23.0 20e5 18s5 17«5 17.0
1 42a5 3740 32.5 29«5 275 26.5

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

8 0«0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
3 De0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
l 0.0 0.0 0.0 0.0 0.0 0.0

0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E
8 0. 0. 9. 0. 0. 0.

6 0. 0. 0. 0. 0. 0.

4 0. 0. 0. 0. 0. 0.

3 0. 0. 0. 0. 0. o.

2 0. 2. 0. o

1 0. o. 0.

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

T-03
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UPDRAFT (m s~ 1)

UPDRAFT (m s™1)

=W P oy

SALT 2

1.00E-07 G/M3

ADIABATIC WATER CONTENTS

SEED AT 0.0 KM WHEN CLOUD IS

S KM TaLL

TIME (min) TO 10 dBZ FIRST ECHO

N W N

8

— 8

—

UPDRAFT (m s~

N WS

[=)]

145 11.5 10.0 9.0 8.0 8.0
1S5 1245 11.0 10.0 .0 9.0
185 1Se5 1325 120 115 11.0
21+5 18.5 1600 14,0 13.0 13.0
27+5 2340 20.5 18.5 175 17.0
42.5 37.0 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 Q.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 C.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0«0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
Oe 0. 0. 0. O. 0.
O Ow O. Os O. O.
0. 0. [ Oe 0.
0. 0. 0. 0. (.29
0. [ 2 0. . 0e Oe Cc
O 0. o 3 Oe [ 0o
0 5 10 -15 20 25

CLOUD BASE TEMPERATURE (°C)



UPORAFT (m s™1) UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

SALYT 2 1 «00E-238 G/7v3
ADIBATIC WATFER CONTENTS

SEED AT 0.0 KM wHEN CLOUD IS

_142-

«5 KW TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 13.5 1145 13.0 9.0 8.0 8.0

6 155 125 11.0 10.9 9.0 9.0
1825 155 13.5 l;-o 11.5 11.0

g 2145 1845 160 140 13.0 13.0

2 27:5 2340 205 185 17.9 17.0

1 8245 370 32.5 29.5 275 26.5
@ 5 10 15 20 25

SALY 2

100E~02 G/M3

ADIBATIC WATER CONTENTS

SEED AT

eSS <4 WHEN CLOUD IS 45 XM TALL

TIME (min) TO 10 dBZ FIRST ECHO

UPDRAFT (m s™1)

- PNWw P S

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

8 Qa0 [s ) 00 0«0 0.0 0.0
6 Q.0 0.0 0.0 0«0 0.0 Qa0
4 0.0 Qe 0 0.0 0«0 0.0 0.0
3 0.0 0.0 0.0 00 0.0 0.0
2 0.0 00 0«0 0.0 QeO 0«0
1 0.0 0«0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 Oe O [+ 29 0. O [
6 Oe Oe Oe Oe Oe [+ Y
4 [+ 19 o o Oe Qe Oe
3 Oe 0. [+ ] Oe De Qe
2 [+ 2P 0 Qe O. Qe
1 Ce o Oe Qe [+ 2
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

95 7.5 7.0 6.0 Se5 5.5
10.5 8.5 7.5 7.0 605 6.0
12.0 10.0 9.0 8a5 T+5 TeS
135 12,0 105 9.5 9.0 8.5
160 1440 125 115 11.0 10.5
2465 205 185 16.5 15.5 155

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION. IN TIME (mim) TG F.E.

8
L]

on
= 6
-
<T,
S12
51

8

[«)]

UPDRAFT (m s~
=N WD

. Se0 4.0 3.0 3.0 245 245
Se0 440 3.5 3.0 2.5 3.0
6.5 5.5 8¢5 3.5 4.0 3.5
8.0 6¢5 5.5 425 4.0 45

11eS 9.0 840 7.0 6.5 65
1840 16.5 1420 13.0 12.0 11.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

3a. 35. 30. 33. 31. 31.
32. 32. 32. 30. 28. 33.
35. 35. 33. 29. 35. 32.
37. 35. 34. 32. 31. 35.
a2. 39. 39. 38. 37. 38.
42, 4S. 43. 44 LT 82
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

¥-06



UPDRAFT (m s~ 1) UPDRAFT (m s™1)

UPDRAFT (m s~ %)

SALTY 2

130C~-03 G/7M3

ANIAATIC WATSR CONTENTS

SESD AT

TIME (min) TQ I0 dBZ FIRST ECHO

3 KM #HSN CLOUD IS

REDUCTION IN TIME (min) TO F.E.

-143-

3 KM TALL

8 11.0 9«0 7.5 T.0 6.5 6.0
11.5 9.5 3¢5 9.0 7.0 7«0

6

4 13.5 115 10.0 ;.5 865 8.5

3 155 13.0 11.5 10.5 10.0 95

2 13.0 16.0 4.0 13.0 12,0 12.0

l 29.0 25.5 22.90 19.0 18.5 18.5
a 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

8 3.5 245 29 2.0 15 20
6 4.0 3.0 2=5 2.0 260 2.0
4 S0 KXY 3.5 2.5 3.0 2.9
3 600 SeS 4.5 3.5 3.0 3.5
2 9.5 70 6e5 Se5 SeS 5.0
1 13.5 115 10.5 105 9.0 Be0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 28 . 22. 25 22. 1% 25
6 26 28. 23« 20. 22« 22
4 27. 26. 26. 21le. 26« 23,
3 28. 30. 28 « 25« 23. 27,
2 35. 30. 32. 30 31. 29
1 32, 31. 32 36 33. 30.
0 S5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

T-0s

UPDRAFT (m s~ 1)

UPDRAFT (m s~1)

UPDRAFT (m s™})

SALTY 2

1 «02€E-04 G/M3

ADIBATIC WATER CONTENTS

SEED AT

«5 KM WHEN CLOUD IS

«5 KM

TALL

TIME (min) TO 10 dBZ FIRST ECHO

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

12.0 1i10.0 845 Te5 70 6.5

8
6 13.0 11.0 9e5 8e53 8.0 7«5
4 150 12,5 110 10.0 9e5 9.0
3 170 14.5 3.0 11.5 1140 10.5
2 210 1840 16.0 314.5 13.5 13.5
1 33+5 29.0 25.5 23.0 22.0 Zl.j]
0 5 10 15 20 25

REDUCTEGN IN TIME (min) TC F.E.

8 25 15 1e5 1.5 1.0 15
6 2.5 1.5 1S 15 10 1.5
4 365 3.0 205 20 20 200
3 4.5 400 3.0 25 2.0 2.5
2 65 Se0 4,45 400 A0 3.5
1 9.0 B8e0 Ta0 6.5 SeS5 S0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 17« 13« 15« 17 13 19,
6 16. 12 14, 1Se 11 17,
4 19 19, 19, 17« 17 18,
3 21e 22a 19. 18« 15 19
2 28 o 22 e 22 22« 23, 2ic
l 21a 22. 22e 22 20¢ 12a
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)



UPDRAFT (m s™1) UPDRAFT (m s~ 1)

UPDRAFT (ms™1)

_144-

SALT 2 1 «OVE=QS Grv}3 SALT 2 100E-06 G/43
ADINATIC WATFR CONTENTS ' ADIBATIC WATEQR CONTENTS
SEFD AT a5 KM wHEN CLOUD IS «5 KM TALL SEED AT «5 X4 WHEN CLOUD IS .S KM TALL
TIME (min) TQ 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
13«35 119 9.5 BeS TeS TaS 14.0 115 100 85 8.0 TS
8 8
6 18.5 12.0 10.5 9.0 8.5 B.0 l: 6 15.5 12.5 110 100 9.0 8¢5
195 1349 12.9 l;.Q 10.0 10.0 : 18.0 15.0 13.0 12.0 11.0 105
g 19.0 16.0 1.5 125 12.0 115 | T 4 21.0 18.0 155 14.0 13.0 1245
2 24.0 20.5 18.0 16.0 1545 18.9 g 3 26.5 22.9 i9.5 175 1740 16.5
37.5 32.5 28.5 265 25.0 248.5 E 2 4145 35.5 32.0 29.0 27.5 2645
1 51
© 5 10 15 20 25 0 5 10 15 20 25
CLAUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (mim) TO F.E.
1.0 «S S 5 5 S — P’S-1 0.0 0.0 S 00 -]
8 8
[ ]
1e9 .5 .5 1.0 .5 1.0 L] 0.0 0.0 0.0 0.0 0.0 S
6 6
4 2.0 1«5 1.0 1.0 le5 1.0 — 4 S S S O« 0 -5 S
3 2«5 2.5 1.5 1«5 1.0 15 L<'— -1 -3 S B0 00 S
2 3.5 245 25 25 2.0 25 gi g 1«0 S 1.0 1«0 5 5
1 S0 4.5 Q.0 3.0 25 2.0 &\ 1.0 15 S -] 0.0 Qa0
S5 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 7e 4, Se G Ge Ge — 8 3. [+ 39 Oe Se Oe Ge
6 6 L3S Se 10« 6a 11. '; 6 Oe Oe Oe [+ 29 [+ 9 6o
Ile 10. Te Be 13. Qe ~ 3 3. LY Oe LYY Se
g 12. 18, Qe 11 B 12. E g 2a 3. 3. Oe Qe Se
2 13, 1hle 12 1% 11 15. § 2 4, 2 Se S5e Jea
1 12. 12« 12« 10 9. 8 g 1 2 LY 20 2 Oe Qe
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°cC) CLOUD BASE TEMPERATURE (°¢)
T-06




UPDRAFT (m 5™ 1)

UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

SALT 2

1.07E-07 G/}

ADIUVATIC #ATER CONTENTS

SEED AT

«3 KM #HEN CLOUY IS

«5 KM TALL

TIME (mim) TQ 10 dBZ FIRST ECHQ
gfre-s tres 10-0 9.0 8.0 8.0
6 [lS.S 125 11.0 10.0 9.0 9.0
|
Q Ixs.s 1505 13.5 12.0 11.5 11.0
3| 2t-s 8.0 1s.0 1a.0 13.0 1300
Z}27-0 23.0 20.5 13.5 17.5 17.0
T[4?-5 365 32.5 29.5 27.5 26.5
i
0 5 10 I5 20 25

CLOUD BASE TEMPERATURE (°€)

SEEDING EFFECT
REDUCTION IN TIME (mim) TQ F.E.

;) 0.0 0.0 3.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 042 0.0 0.0 0.0 0.0
3| °-° 5 0.0 0.0 0.0 0.0
2 -5 0.0 0.0 0.0 0.0 0.0
1 0.0 5 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

PERCENT REDUCTION IN TIME TO F.E.

SEEDING EFFECT

8 0. Oe Oe Oe Qe 0.
6 0. 0. Oe Oe O O.
4 Qe Oe O Oe
3 0. [ [ 0.
2 2. 0. Q. O« O 0.
1 L 2 le Oe 0. Oe Ce

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

-145-

SALT 2

1.00£~-08

/43

ADIDATIC WATSR CONTENTS

SEED AT

«5S XM WHEN CLOUD IS

S KM TALL

TIME (min) TQ 10 dBZ FIRST ECHO

UPDRAFT (m s~ 1)
WS o o

— 8
.“I
6
EE a
=3
o,

S 1

r—:-\ 8

UPDRAFT (m s~
=N WD

145 1.5 10.0 9.0 8.0 8.0
1565 12.5 11.0 10.0 90 9.0
18e5 1565 135 12.0 1145 11.0
215 1845 16.0 14.0 13.0 13,0
27.5 23.0 20.5 185 17.5 17.0
8245 37«0 32.5 295 27.5 2645

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

0.0 0.0 0.0 0.0 0e0 0.0
Q.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 G.0 0.0 0.0
0.0 O« 0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E

O. 0. 0. Qe 0. O.

[ 2 O Oe Oe Oe Oe
Qe O. O. 0. O. 0.
0. O 0. O. O
0. 0. Qe [ 0.

0. 0. Oe 0. ]

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)



UPDRAFT (m s'l) UPDRAFT (m S'l)

UPDRAFT (m s‘l)

-146-

SALTY 2 1400Z~-02 G/M3 SALT 2 1432€E-03 G/743
AUIIATIC wWATER CONTENTS ADISBATIC WwATEQ CONTENTS
SCED AT 33 XM wHEN CLOUD IS 1.0 KM TALL SEED AT 0.0 XM WMEN CLOUD IS 1.0 XM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
110 9.5 E-) He0 TeS T«0 13.0 10e5 FeS 8.5 8.0 8.0
8 —_ 8
13.0 1145 10.0 9.5 9.0 8.5 'm 13¢5 125 110 10.0 9.0 9.2
6 e 6
16.0 18.5 13.0 12-0 1195 1il.0 =~ 17.5 1S5 13.5 12.0 11.5 11.0
4 19,9 t7.0 19.5 14.0 13.0 13.0 E 4 20.5 18.0 160 14.0 13.0 13.0
g 24.5 22,5 20.5 13.5 17.5 17.0 é 3 25.5 2340 20e5 18.5 17.5 17.0
1 42.0 365 325 29.5 27.5 265 E 2 42.5 37.0 325 29.5 27.5 25645
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (QC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim} TQ F.E. REDUCTION IN TIME (mim) TQ F.E.
3.5 2.0 1.5 1.0 5 1.0 l 1e5 1.0 .S 5 0.0 0.0
8 _— 8l
2.5 1.0 1.0 5 Q.0 5 .‘W 1.0 0.0 0.0 0.0 0.0 0.0
6 = b
4 .5 1.0 .5 0.0 0.0 0.0 : 4 1.0 0.0 0.0 0.0 0.0 0.0
3 .5 [ S 0.0 0.0 0.0 5 1.0 S 0.0 0.0 0.0 0.0
2 .0 «5 0.0 0.0 0.0 0.0 %, g 1.0 0.0 0e0 0e0 0.0 0.0
1 .5 5 0.0 0.0 0.0 0.0 [a 0.0 0.0 0.0 0.0 0.0 00
S 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 28 . 17. 1S 11a 6Ge 13, — 8 10, 9a Se Ge Oe O.
N
16. Be 9. Se 0. 6. (%] 5. o. 0. 0. Oe 0.
6 6
18, 6e 4. 0. 0. [ Se 0. 0. 0. 0. 0.
% 12, 8. 0. De E 4 0. Oe ' 0.
2 11, 2. Oe O § 3 Qe Qe O. O Oe
1 le 1e O. [+ 1Y [ 1Y [+ Y 2 2 Oe O 0. Oe 0. 0.
o1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
T-08




UPDRAFT (m s™1) UPDRAFT (m 5™ %)

UPDRAFT (m s™1)

SALT 2 1.00E-04 G/M43

ADIBRATIC WATER CONFFNYS

SEED AT 0e3 X4 wHEN CLIUD IS 1.0 KM TALL

TIME {min) TO 10 dBZ FIRST ECHO

8 14.0 11.5 100 90 8«0 8.0
6 19«5 125 110 10.0 9«0 9.0
¢. 19.5 155 13.5 l;oO 115 11.0
3 21.5 185 16.0 1.0 13.0 13.0
2 275 23.0 23%.5 18.5 17«5 17.0
1 42,5 37.0 32.5 295 27«5 265
O 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT

REDUCTION IN TIME (mim) TO F.E.

8 .5 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0

43 0.0 0.9 0.0 0.0 0.0 0.0
2 0.0 0.0 2.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

8 E R O. Oe 0o [ XY Oe
6 Oe Oe O. Oe O O.
4 Q ] Oe [ 2 Oe 0.
3 Oe O Oe Oe Oe 0.
2 De Qe 0. [ 0.
1 0. Oe O Oe O.

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

T-09

-147-

UPDRAFT (m s~1)

UPDRAFT (m s™%)

UPDRAFT (m s~1)

SALTY 2 1 «00E~-05 G/M3
ADIRATIC WATER CONTENTS
SEED AT 0.0 KM WHEN CLOUD IS 1.0 K% TALL

TIME (min) TO 10 dBZ FIRST ECHO

WS oV o

14.0 11.5 10.0 9.0 8.0 8.0
1565 1245 11.0 10.0 9.0 9.0

18s5 15.5 135 12.0 115 1t1.0
21e5 18.5 160 14.0 13.0 13,0
27«5 23.0 20.5 18.5 17.5 17.0
4245 3720 32.5 295 27.5 26.5

0 5 10 15 20 25
CLGUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (mim) TO F.E.

—~NWS oy

8 3. Oe Qe O [ Y ]
6 Oe 0. Oe Oe Oe Oe
4 O 0. 0. Oe O. Oe
3 Oe Oe [ O Oe O.
2 O. Oe Oe s Oe Oe
1 Oe Oe 0. Oe Oe [ 2

PERCENT REDUCTION IN TIME TO F.E.

5 0.0 0.0 0.0 0.0 0.0
0«0 0.0 G0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 00 -0
0«0 0.0 0.0 0.0 0.0 0.0
Q0.0 Ge.0 0.0 0.0 0.0 0.0
Oe0 0«0 0.0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s~ 1) UPDRAFT (m ™ 1)

UPDRAFT (m s™1)

AW P =)}

SALT 2

1e)0E=Jo G/43

ANISATIC #ATER CONTENTS

SEED AT Jed XM #HEN CLOUD IS 1.0 KM TALL

TIME {min) TQ 10 dBZ FIRST ECHO

= D) W ()] o]

18,5 t1.5 10.0 9.0 8.0 8.0
155 12«5 11.0 10.0 9.0 9.0
13.5 1S5 13.5 12.0 11.5 11.0
215 185 16.0 18,0 13.0 13.0
27.5 23.0 20.5 19.5 17.5 17.0
82.5 37.0 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (mim) TO F.E.

3
6
4
3
2
1

PERCENT REDUCTION IN TIME TO F.E.

8

0.3 00 0.0 Q0«0 0.0 G.0
0.0 Ned 0.0 0.0 0.0 0.0
0.0 Q9.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
Ge0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

Qe 0. O. O 0. Oe
L O. Qe Oe O. 0.
0. Q. 0. 0. 0. 0.
] O. Oe O.
o 0. Oe 0.

0. 0. 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

-148-

UPDRAFT (m s~ 1)

SALT 2 1.005=07 S/M3

ADIAATIC WATER CONTENTS

SEED AT 0.0 X4 WHEN CLOUY IS5 1.0 XN TALL

TIME (min) TO 10 dBZ FIRST ECHO

N W o 0o

13.5 11.5 10.0 9.0 8.0 8.0
155 12.5 11.0 10.0 9.0 9.0
1845 155 $3.5 12.0 11.5 11.0
21.5 18.5 16.0 4.0 13,0 13.0
27«5 23.0 205 18.5 175 17.0
8265 370 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (mim} TO F.E.

—~ g 0.0 0.0 0.0 0.0 0.0 0.0
[]
E 6 0.0 0.0 0.0 0.0 0.0 0.0
- 4 0.0 0.0 0.0 0.0 0.0 0.0
';_L: 3 0.0 0.0 0.0 0.0 0.0 0.0
gi 2 0.0 0.0 0.9 0.0 0.0 Ce0
% 1 0.0 0.0 0.0 0.0 0.0 0,0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
—~ 8 0. 0. 0. 0. O 0.
'
©n 0. 0. [ 0. 0. 0.
£ 6
— 4 0. 0. 0. 0. 0. 0e
L 3 0. 0. 0. 0. Oe Oe
% 2 0. 0. 0 0. 0. 0.
% 1 0. 0. 0. 0. 0.
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

T-10



UPDRAFT (m s™1) UPDRAFT (m s'l)

UPDRAFT (m s~})

-149-

SALT 2 1.035-23 G/u3 SALT 2 1.002-02 G/M3
ADIAATIC WATER CONTENTS ’ ADIHATIC WATER CONTENTS
SCED AT 2.0 <4 4HEN CLOUD IS 1.0 KM TALL SEED AT 1.0 KM WHEN CLOUD IS 1.0 KM TALL
TIME (mim) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
g tees t1es 0.0 9.0 .0 8.0 —~ 38 9¢5 BeO 7.0 6+8 Se5 5.5
6 15.5 12.5 11.0 10.0 9.0 9.0]° ' 6 105 9.0 B0 740 6e5 6.5
13
I 1845 15.5 13.5 12.0 11.5 11.0 : 4 125 10.5 9.5 9.0 8.0 8.0
3' 21e5 18.5 16.0 18+0 13.0 13.0 :_1: 3 1840 12.0 11e0 10.5 9.5 9.5
2| 27.5 23.0 20.5 18.5 17.5 17.0 Dci 2 | 17-0 15.0 140 13.0 1205 2.5
T 42-5 372 32.5 29.5 27.5 26.5 % 1|25 235 22.5 215 zoes 205
@ 5 10 15 20 25 ) 0 5 10 15 20 25
CLOYD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TQ F.E. REDUCTION IN TIME (min) TO F.E.
8 0.0 0.0 0.0 0.0 0.0 0.0 8 ‘ 5¢0 345 340 3.0 2.5 2.5
6l °-> ©°o o0 00 00 ouo "o gl s° 35 30 3.0 25 a2
=
gl o0 o0 0.0 0.0 0.0 0.0 — 4 6.0 5.0 4.0 3,0 3.5 3.0
3| 90 0.0 0.0 0.0 0.0 0.0 2‘3 7e5 645 5S¢0 3¢5 3.5 3.5
2| 0.0 0.0 0.0 0.0 0.0 0.0 g;z 10.5 B840 645 Se5 5S¢0 4.5
1] o0 0.0 0.0 0.0 0.0 0.0 '_3_-) 1] -0 13.5 10.0 8.0 7.0 6.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REBUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 9. 2. 0. 0. 0. 0. —~ 8 38, 30. 30. 33. 31. 31.
6 0. 0. 0. 0. 0. 0. '“' 6 32. 28. 27. 30. 28. 2s.
=3
4 0. 0. 0. ° 0. 0. : 4 32. 32. 30. 25. 30. 27.
3 0. 0. [} 0« 0. :(- 3 3S5. 35. 31. 25. 27. 27.
2 0. 0. 0 Oe [ g 2 38. 35. 32, 3o0. 29. 26.
1 . 0. 0. 0. 0. 0. % 1 38.  36. 31. 27. 25. 23.
0 5 10 15 20 25 )] 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
T=-11




UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s~!)

-150-

SALT 2 1 .00F-03 G/v3 SALT 2 1.00E-0a G/M3
ADLOATIC wATFR CONTENTS ADIDATIC WATER CONTENTS
SEED AT 1.0 KM WHEN CLOUD IS 1.0 KM TALL SEED AT 1.0 KM WHEN CLOUD IS 140 XM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 11.0 Ye0Q 7.5 7.0 6.5 6.0 — 8 12.5 10.0 8e5 7.5 7.0 7.0
6 12.0 10.0 9.0 8.0 7.5 7.0 ‘W 6 13.0 11.0 9.5 9.0 8.0 8.0
1=
180 129 10.5 10.0 9.0 9.0 : 4 15.5 13.0 11.5 10.5 10.0 9.5
4 1660 13¢5 12¢5 11e5 10.5 10.5 L 175 1540 13«5 12.5 115 11.5
% 19.0 16¢5 155 18,5 13.5 13.5 g:t 3 21+5 18.5 17.0 15.5 145 1a.5
30.5 27.0 24.5 23.0 22.5 22.0 E 2 34.0 300 27«5 25.5 25.0 24,5
1 51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (@C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT : SEEDING EFFECT
REDUCTION IN TIME (mim) TQ F.E. REDUCTION IN TIME (mim) TQ F.E.
8 3.5 2.5 2.5 2.0 1.5 2.0 —~ g 2.0 [} 1.5 145 1.0 10§
—
6 3.5 2.5 2.0 2.0 1.5 2.0 "” 6 2.5 1.5 1.5 1.0 1.0 x.ol
=
4 a.s 3.5 2.0 2.5 2.0 : 4 3.0 2.5 2.0 1.5 15 1.5
3 5e5 5.0 245 2.5 2.5 L& 4.0 3.5 2.5 1.5 15 1.5
2 3.5 6e5 4.0 4.0 3.5 g;g 6.0 4.5 3.5 3.0 3.0 2.5
1}]12-0 10.0 8.0 6.5 S0 4.5 % 1 8.5 7.0 5.0 6.0 245 2.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 2a. 22. 25. 22. 19, 25. —~ 8 14, 13. 1S. 17. 13 13,
6 23. 20. 18 20. 17« 22. lm 6 164 12, 14. 10. 11. 11.
E
4 2a. 23. 22. 17. 22. 18. : 4 L6, 16. 1Se 13. 13, 16.
3 26. 27. 22. 18. 19« 19, [T 3 19, 19. 16« 11. 12. 12.
2 31, 28. 24. 22. 23e 21. é 2 22. 20. 17« 164 17. 15.
1 28. 27. 25. 22, 18, 17, ?QS 1 20. 19. 15. 14, 9. 8.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
¥-12




" UPDRAFT (m s~ 1) UPDRAFT (m s~ 1)

UPDRAFT. (m s™1)

=NWe O

SALT 2

1e00F=-0% G/7M3

ADIHATIC WATER CINTENTS

SEED AT 1) KM 4HEN CLOU)Y [S 1.0 KM TALL

TIME {mim} TQO 1@ dBZ FIRST ECHO

8 135 11.0 .3 8.5 7«5 7«5

6 13.5 12.0 12.5 Fe5 3.0 8.5

4. 17.9 13.5 12,5 l;.S 10«5 10.S

3 19.5 16e5 185 13¢5 125 12.0

2 | 28+5 21.0 13.5 17.0 16.0 15.5

1 IJ7.S 33.0 30.0 28.0 27.0 26.0
o) 5 10 I5 20 25

=_-NwWws O (45]

8

1.0 - %] 5 S S
19 5 S 5 0.0 5
1«5 10 1.0 -3 1.0 5
2.0 2.0 15 S S 1.0
3.0 20 2.0 - 1.5 1.5
Se0 4.0 2.5 15 5 5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
Te LY Se 6e Ge 6.
Ge 4o Se Se Oe 6e
Be He Te Qe %« Se
e 11 LY 40 Be
11. kK 10e 8. De 9.
12. . Be Se 2e 2e
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°€)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

CLOUD BASE TEMPERATURE (°C)

-151-

UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

—
—

UPDRAFT (m s~

~NWPR vy @

SALT

2

1.002-06 G/M3

ADIBATIC wATZR CONTFENTS

SEED AT 1.0 XM WHEN CLOUD IS 1.0 KM

TALL

TIME (min) TO 10 dBZ FIRST ECHO

N W N

8

—_Nwa [=)]

135 115 10.0 9.0 8.0 7e5
159 12.5 11.0 10.0 9.0 9.0
185 1560 1345 12.0 11.0 11.0
215 1840 15.5 14.0 13.0 13.0
27.0 22.5 20.0 18.0 17.0 17.0
Q15 3640 32.0 29.0 27.5 26.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

i 0.0 0.0 0.0 0.0 0.0 5
0.0 0a0 D0 0«0 0«0 0.0
0.0 S 0.0 0.0 'S-3 00
0.0 S S 0.0 0.0 Oed

9 S oS 5 S 0.0

1.0 1e0 S S 0.0 0.0

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

O Qe Oe Oe Qe Ga

Oe Oe Oe e Oe Qe

e De Oe 8o Oe

3e h Y Qe Qe Oe

2e 2e 2e 3o 3e Qe

20 3. 2 2e Oa 0.

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s™1) UPDRAFT (m s 1)

UPDRAFT (m s™1)

-152-

saLt » 1.035-97 Gruy SALY 2 1.00E~08 G/u3
ADIIATIC #ATER CONTENTS ) ADIRATIC WATER CONTENTS
SEED AT Lo XM wHEN CLIUD [S 1.0 KM TALL SEED AT 1.0 K¥ WHEN CLOUD IS 1.0 XM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
13.5 11.5 10.0 9.0 8.0 B840 — 18.5 11e5 10.0 9.0 80 8.0
8 — 8
6 15.5 12.5 11.0 10,0 9.0 9.0 I; 6 15.5 12.5 110 10.0 9.0 9.0
13.5 15¢5 17.5 12.0 11.5 110 : 18.5 15.5 13.5 1240 1145 1140
g 21.5 18.0 15.0 18.0 13,0 13.0 [T 4 21e5 18.5 1640 14.0 13.0 13.0
2 27.0 23.0 20.5 18.5 17.5 17.0 2:: 3 2745 23.0 205 18e5 17.5 17.0
82.5 36+5 32.5 29.5 27.5 26.5 8 2 82.5 37.0 32.5 29.5 27«5 26.5
1 51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATHRE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim} TO F.E. REOUCTION IN TIME (mim) TO F.E.
340 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 040 0.0 0.0
8 —_ 8
6 0.0 0e0 0.0 2.0 0.0 0.0 .";‘ 6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0,0 : 4 0.0 0.0 0.0 0.0 0.0 000
3 0.0 «S 0.0 0.0 0.0 0.0 l;(l- 0.0 0.0 0.0 0.0 0.0 0.0
2 5 0.0 0.0 0.0 0.0 0.0 gi g 0.0 0.0 0.0 0.0 0.0 0,0
1 0.0 «5 0.0 0.0 0.0 0.0 o 1 0.0 0.0 0.0 0.0 0.0 0.0
o
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 0. 0. 0. 2. 0. Oe —~8 Oe 0. O Oe 0. Oe
6 a. 0. 0. 0. 0. 0. .; 6 0. Q. 0. Oe 0. O
0. 0. 0. 0. 0. Oe =~ 0. Oe 0. 0. Oe 0.
g 0. 3 0. 0. 0. E 4 0. O. 0. 0. Oe Oe
2 2. -] C. é 3 0. 0. 0. 0. - 18 Oe
1 0. [ Oe 2 2 0. 0. Oe [ 18 0. Oe
=
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (OC)
T-14




UPDRAFT (m s~ 1) UPDRAFT (m s~ %)

UPDRAFT (m s~ 1)

-153-

SALT 2 1 00E~02 G743 SALTY 2 1.005-03 G/M3
ADIIAYTIC WATER CUMTENTS ' ADIBATIC WATER CONYENTS
SEED AT 1.0 KM #HFN CLOUD [S 2.0 KM TFALL SEED AT 10 KM WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 1@ dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 11e3 10,0 9.0 8.5 8.0 7e5 —~ 3 13.0 11.0 9.5 9.0 8.0 8.0
6 13.0 115 10.5 10.0 9.0 9.0 |"’ 6 18.5 12.5 11.0 10.0 9.0 9.0
1=
4 16.5 18.5 13.5 12.0 11.5 11.0 : 4 17.5 15.5 13e5 12.0 11.5 11.0
3 195 17.5 16.0 14.0 13.0 13.0 5(-. 3 2140 18.5 15.0 14.0 13.0 13.0
2| 25:5 23.0 20.5 18.5 17.5 17.0 g 2 27.0 23.0 20.5 18.5 17.5 17.0
1] %25 37-0 32.5 29.5 27.5 26.5 % 1 2.5 3IT7.0 32.5 29.5 27.5 26.5
0 5 0 1% 20 25. 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E. REDUCTION IN TIME (min) TO F.E.
8 3.0 1.5 1.0 «5 9.0 .5 —~ g 1.5 .5 oS 0.0 0.0 0.0
6 2.5 1.0 «5 0.0 0.0 0.0 " 6l o 0e0 0.0 040 0e0 0.0
=
4 2.0 1.0 3.0 0.0 0.0 0.0 — 4 1¢0 0.0 0.0 0.0 040 0.0
3| 2 teo 0.0 0.0 0.0 0.0 . 5_(. 3 S 0.0 0.0 0.0 0.0 0.0
2| 20 0.0 0.0 0.0 0.0 0.0 ﬁaﬁgz e5 0.0 0,0 0.0 0.0 0.0
1] 2-©¢ 0.0 0.0 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl 2. 13. 0. ' 0. 6o —~ 8 10. 4. Se 0. De 0.
'
16. 8. Se 0. 0. 0. “ 6o 0. 0. 0. Oe Ow
6 : e 6
4| 6. 0 [ 0. 0 — 4 Se 0. 0. 0. 0. 0o
3 9 Se 0. [} [ 0. 2{- 3 2e 0. Oe Oe 0. [- 18
2 4 0. Oe [] Oe o g 2 2. 0. 0e . Oe 0. O
1 0 0. 0 0 0. [ o 0. 0. 0. 0. 0. 0.
o1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T=-15




-154-

SaLr 2 1.00E-N04 G/v3
ADIRATIC wATCR CONTENTS
SEZD AT 1.2 KM WHEN CLOUD 1S 2.0 KM TalLL

TIME (min) TO 10 dBZ FIRST ECHO

18,0 (le5 10.0 9.0 840 8.0

155 12.5 11.0 10.0 9.0 9.0

13.5 1t12.

13.5 (5.5 0 1.5 11.0
21.5 19.9 16.0 14.0 13,0 13,0
272 23.0 20«5 18.5 17.5 17.0
42,5 37.0 32.5 29.5 27.5 26.5

UPDRAFT (m s™1)
[ N - (o)) @ o]

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (minm) TO F.E.

S 0. 0.0 0.0 Oe O 0.0

-

~— 8

1

“n 0e0 0.0 0.0 0.0 0.0 0.0
s 6

N

— 4 0.0 0.0 0.0 00 0.0 0.0
"<'- 3| °-° 0.0 0.0 0.0 0.0 0.0
g 2 e5 0.0 0.0 0.0 0.0 0.0
% 1 0.0 0.0 0.0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

— 3. 0. 0. 0. 0. 0.
T 8

'

n 0. 0. 0. 0. 0w o.

s 6

S

— 4 o. °. 0. o. 0.

';<'- 3 0. 0. 0. 0. 0.

x 2 2. 0. o. 0. 0. o.
a

3 1 0. 0. 0. 0. 0. 0.

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

— 8 Oe Q. Oe Oe [+ 1Y Oe
4

]

L4 6 O [ 2 18 0. 0. Oe
e

S

— 4 0. 0. 0. 0. 0. 0o
[ [ )8 0. 0w Oe 0. [ 18
< 3

o 0. 0. Oe Oe 0. 0.
o 2

o 0. 0. 0. o. Oa Oe
51

ALY 2 1 .00E~-0S G/M3
ADIBATYIC WATER CONTENTS
SEED AT 1,0 XM WHEN CLOUD IS 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

—~ 3 1.5 11.5 10.0 940 840 8.0
l"' 6 15.5 12¢5 11.0 10.0 9.0 9.0
E
— 4 1845 1545 13¢5 12.0 115 11.0
: 3 21e5 18e5 16.0 18.0 13.0 13.0
ncﬁ 2 27.5 23.0 20.5 18.5 175 17.0
% 1 82.5 37.0 32.5 29.5 27.5 265
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
—~ g 0.0 040 0.0 040 0.0 0e0
[
wn . 0. - . . .
E 6 0.0 0O 0.0 0.0 0.0 0.0
— 4 0.0 0.0 0.0 0.0 0.0 0.0
l<'-| 3 0.0 0.0 0.0 0.0 0.0 0.0
noft 2 0.0 0.0 0.0 0.0 0.0 0.0
C:L 1 0.0 0.0 0«0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°cC)



UPDRAFT (m s~ )

UPDRAFT (m s~1)
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SALT 2 1.39E-06 G/43 SALT 2 1.00E-07 G/NM3
ADIDATEC WATER CONTENTS ADIMATIC WATER CONTENTS
SFEFED AT 1.3 KM 4HEN CLOUD IS 2.0 KM TALL SEED AT 1.0 KM WHEN CLOUD IS 2.0 X4 TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 14¢5 11«5 10.0 90 8.0 B.O —~ 38 14.5 11.5 1040 9.0 8.0 8.0
[
1505 12e5 11.0 100 9.0 9.0 ©v 15.5 12.5 11.0 10.0 9. 9.0
6 e b °
4 18.5 15+5 13.5 12.0 11.5 11.0 — 4 18.5 15.5 13¢5 12.0 11¢5 11.0
3 21.5 13.5 16¢3 180 13.0 13.0 : 3 21.5 18.5 160 18.0 13.0 13.0
2| 27-s 23.0 20.5 18.5 17.5 17.0 005 2 27.5 23,0 20.5 18.5 17.5 170
1[+2-5 37-0 32.5 29.5 27.5 26.3 % 1 42.5 37.0 32.5 29.5 27.5 2665
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (@é) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEOING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION. IN TIME (mim) TG F.E.
8 0.0 0.0 0.0 040 0.0 0.0 —~ gl 0.0 0.0 0.0 00 ©e0 0.0
6 0.0 0.0 0,0 040 0.0 0.0 "o 6 0.0 0.0 0e0 0.0 0.0 0.0
=
4 0.0 0.0 0.0 0.0 0.0 0.0 - 4 0e0 0.0 0.0 00 040 600
3 0.0 0.0 0.0 0.0 0.0 0.0 '-<'- 3 0.0 0.0 0.0 0.0 0.0 0,0
2| c0 0.0 0.0 0.0 0.0 0.0 g;z 0.0 0.0 0.0 0e0 0e0 0.0
1] ¢ 0.0 0.0 0.0 0.0 0.0 % 1 0e0 0.0 0e0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 0. 0. 0. 0. 0. 0. —~8 0. 0. 0. 0. 0e 0.
'
0. - . 0. Oe 0. v 0. 0. 0. 0o Oe 0.
6 [+] 1] E 6
4 0. 0 0. 0. 0. 0. - 4 0 0. 0. 0. 0. 0.
3 0. Oe 0. [\ )8 Oe [\ 18 :t- 3 Oe Oe Oe 0o Oe 18
2 o 0. 0. O Qe 0. g 2 0. Oe Oe Oe [ 1% Co
1 0. 0. 0. Oe 0. % 1 0. 0. 0. 0. 0. Oo
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°¢)
¥=-17
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SALT 2 1.00E-04 G/u3 SALT 2 1.00E-02 G/M3
ADIDATIZ WAYER CONTENTS ) ADIBATIC WATER CONIENTS
SFED AT 140 XM w9HEN CLOUD IS 2.0 KM TALL SEED AT 2.0 KM WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
—~ 8 18.5 115 10.0 9.0 8.0 8.0 — 10.5 940 840 75 7.0 6.5
- - 8
w 6 1525 12.5 11.9 10.0 9.0 9.0 n 6 12.0 10.5 9+5 BeS 8.5 8.0
E E
18¢5 15.5 13,5 12.0 115 11.0 18.5 13.0 12.0 115 11.0 11.0
E g 21e5 13.3 16e7 1840 13.0 13.0 E g 17.0 16.0 15.0 14.0 13+0 13.0
o 2| 275 2300 2.5 1mes a7es a7eo P 2 22.5 21.0 205 18¢S 175 17.0
= 1] 25 37.0 325 29.s 275 zes s 39.0 37.0 3245 29.5 27.5 26.5
o1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEOING EFFECT
REDUCTION IN TIME (mim) TO F.E. REDUCTION IN TIME (min) TO F.E.
— 0«0 0.0 0.0 0«0 0.0 0.0 o~ @l 340 2.5 2.0 1.5 1.0 1.5
- 8 — 8'
}
w G0 0.0 0.0 0e0 D0e0 0.0 w 3.5 2.0 1a5 1S «5 1.0
S e 6
— 4 0.0 0.0 0.0 0.0 0.0 0.0 A 4.0 2.5 1.5 .S .S
'2 3 0.0 0.0 0.0 0.0 0.0 0.0 "é 8.5 2.5 120 0.0 0.0
g 2] 0.0 0.0 0.0 0.0 o0 0.0 g;g S«0 2.0 0.0 0.0 0.0
% 1 0.2 0.3 0.0 0.0 0.0 0.0 %' 1 3.5 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
—~ 8 0. 0. 0. 0. 0. 0. ~g| & oz zee e e s
' i
« 0. . . . . 0. 7] 23, 16 18. 15. 6. 1.
& 6 ° ° o 0 - 6 3 1
0. o. 0. 0. 0. ] 22, 16 1. 4. 4. 0.
E g 0. ° 0. 0. Oe T g 21e 14, 6. 0. 0. o.
g 2 0. 0. 0. 0. 0. 0. ZE 2 18. 9 0. 0. 0. o.
% 1 0. 0. O. 0. 0. 0. g 1 e O. 0. 0. 0. [ 18
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T-18




UPDRAFT (m s°1) UPDRAFT (m s™1)

UPDRAFT (m s™1)

-157-

SALT 2 1e«00E~J3 G743 SALT 2 1.00E~04 G/M3
ADISATIC WATERQR COMTENTS ' ADIBATIC WATER CONTENTS
SCED AT 2.0 KM wHEN CLOUD IS 2.0 KW TALL SEED AT 2.0 K4 WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
g|12-2 o0 S5 8e0 7.5 7.0 —~ 3 13.5 11.0 945 B8e5 8.0 7.5
6 13.0 115 10.5 9.5 9.0 8.5 ‘o 6 145 1245 11.0 10.0 9.0 9.0
E
4 16.0 14.0 13.0 1:::.0 115 11.0 : 4 175 15¢0 13.5 12.0 11.5 11.0
3[rees 17-0 130 1eeo 13.0 13.0 l;('— 3 20.5 18.0 16.0 14.0 13.0 13.0
2| 200 2200 20.5 18.5 17.5 17.0 g 2 26e0 2340 20.5 18.5 17.5 17.0
1] 210 37.0 32,5 29.5 27.5 26.5 % 1 2.5 37.0 32.5 29.5 27e5 2645
0 5 10 15 20 2@_~ 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEBING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (minm) TO F.E.
gl 25 tes tes 1.9 S 1.0 — 8 1.0 3 .5 «5 0.0 .5
6 2.5 1.0 .5 S 0.0 .5 "o 6 1¢0 0.0 0.0 0.0 0.0 0.0}
=3
g| 25 1. .S 0.0 0.0 0.0 — 4 1.0 e5 0.0 0.0 0.0 0.0
3| 3-° 1.5 0.0 0.0 0.0 0.0 & 3 1.0 eS 0.0 0.0 0.0 0.0
2| 3.s 1.0 0.0 0.0 0.0 0.0 g; 2 1e5 0.0 0e0 0.0- 040 0.0
1] t.s o.0 o 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl 17- 13. s. 1. 6. 13, —~ 8 7. 4. S. Ge ' 6.
6 16. 8. Se Se 0. 6. "” 6 6e 0. 0. o. 0. 0.
1=
4 rs- 0. .. 0. 0. 0. : 4 Se 3. 0. 0. 0. 0.
3| te- 8, 0. 0. 0. 0. L<‘E 3 Se 3. Oe Oe 0a Qe
21 13- .. 0. 0. Oe % 2 Se 0. 0. Oe 0. 0.
1 a. 0. 0. 0. O % 1 Oe 0. 0. [ 18 0. 0.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
=19




UPDRAFT (m s™)
N D P 2] 04

UPDRAFT (m s™1)

UPDRAFT (m s™})

=ANWHR M

SALT 2

1.00E~05 G/7M3

ADIJATYIC w#AYER CONTENTS

SEED AT 2.0 KM wHEN CLOUD (S 2.0 KM

TIME (min) TC 10 dBZ FIRST ECHO

REODUCTION IN TIME (mim) TQ F.E.

=NWwH 0N =~}

PERCENT REDUCTION IN TIME TO F.E.

8
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raLL

1845 115 10.0 2.0 8.0 8.0
15¢5 1?5 11.0 10.0 9.0 9.0
185 159 1J.5 12.0 11.5 11.0
219 135 169 14.0 13.0 13.0
27«5 23.0 20.5 18.S5 17.5 17.0
3245 373 325 295 27.5 26.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

0«0 N0 0.0 0.0 0.0 0.0
0.0 Ne0 Qe0 0.0 Oe0 0.0
Nel 0.0 0.0 Q.0 0.0 0.0
0.0 0eQ 0.0 0.0 Q.0 0.0
0e0 [o < § 00 0«0 0.0 0.0
0.0 OO0 0.0 0.0 0.0 0.0
6 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

Oe Oe Oe Oe [ 23 Oe
[ R 0. O. Oe O. 0.
Ne 0. Oe 0. 0. 0.
Q0. Oe Oe 0. O« O.
O. O Q. 0. Oe ]
Oe 0. 0. [ 0.

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SALT 2 1+00E-06 G/M3

ADIBATIC WwATER CONTENTS

SEED AT 2.0 KM WHEN CLOUD IS 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

~ 8
[

w

£ 6
~ 4
< 3
22
51

8
1]

wp
E e
EE 4
=3
S1

— 8

—

UPDRAFT (m s
N WS

0.0 0.0 0.0 0.0 Qa0 0e0
0.0 0«0 040 0.0 0.0 0«0
0.0 0.0 Q.0 00 0.0 0.0
040 [+ %0 ] 0.0 0.0 0.0 0.0
0.0 00 0.0 0.0 0.0 00
C.0 Qe G0 OO " 0a0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

O Oe Ow Oe Qe Oe

Q [+ 2 [+] [ N Oe Oe
Ce Oe Oe Ow OCe Oe
Oe Qe Oe Oe Oe Os
O [+] Qe Qe Oe
Q. O [+ 29 O [ Y

6 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

18.5 11.5 10.0 9.0 8.0 8.0
1565 125 11.0 10.0 9.0 9.0
185 15e5 1345 12.0 1165 11.0
21.5 1845 16.0 14.0 13.0 13.0
275 23.0 20.5 18.5 175 17.0
8245 370 3245 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REDUCTION. IN TIME (min) TO F.E.




UPDRAFT (m s‘1) UPDRAFT (m 5-1)

UPDRAFT (m s~1)

-159-

SaLT 2 1.00E-07 G/43 SALT 2 1.00E-08 G/M3
ADIMATIZ wATER CONTENTS ’ AJDISATIC WATER CONTENTS
SEED AT 2,0 <M &HEN CLOUY IS 2.0 KM TALL SEED AT 2.0 KM WHEN CLOUD IS 2,0 XM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 13¢5 11e5 10+0 9.0 8+0 840 — 18.5 11<5 10.0 9.0 B.0 8.0
- 8
6 1525 12e5 110 10.0 9.0 9.0 ; 6 15.5 125 11.0 100 9.0 9.0
4 18.5 15.5 13.5 12.0 11.5 11.0 :4 1845 15.5 13.5 12.0 11.5 11.0
3|2 18e5 1640 14.0 13.0 13.0 :—( 3 21.5 18.5 16,0 14.0 13.0 13.0
9| 275 23.0 20.5 18.5 17.5 17.0 g 2 27.5 23.0 2045 18+5 175 17.0
1|22:5 37-0 32.5 29.5 27.5 26.5 a. 82.5 37.0 32.5 29.5 27.5 26.5
= |
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (oé) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min} TO F.E. REDUCTION IN TIME (mim) TO F.E.
0.0 0.0 0.0 0e0 0.0 040 — 0.0 0.0 0e0 0e0 00 0.0
8 8
.
6 0s0 0.0 0.0 0.0 0.0 0.0 : 6 0.0 0e0 0.0 040 0e0 0.0
g| o0 o-0 0.0 0.0 0.0 0.0 E a 0.0 0.0 0.0 000 040 000
3| o0 0.0 0.0 0.0 0.0 0.0 =.3 0e0 0.0 0.0 0.0 040 040
21 00 0 0.0 0.0 0.0 0.0 g!z 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 9. 0. 0e 0. 0. 0. —~ 8 0. 0. 0. 0. 0. 0e
[
0. 0. 0. 0. O Oe w 0. Oe 0. Oe 0. 0w
6 e 6
4 0. 0 0 0. 0. 0 — 4 0. 0. 0. 0. 0. 0.
3 0. [ 0. 0. 0. ] l&- 3 Oe 0. 0. Oe 0. 0.
2 0. ° ' 0. ° ooc 2 0. 0. 0. 0. 0. 0.
1 9. o 0. 0. 0 o 0. 0. 0. 0. 0. 0.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T-21




UPDRAFT (m s™) UPDRAFT (m s 1)

UPDRAFT (m s™ 1)

SALT 3 1.00E-02 G743
ADIHBATIC WATER CUNTENTS

SEED AT 0.0 X% wHFN CLOUD IS

TIME (min) TO 10 dBZ FIRST ECHO

-160-

¢S KM TALL

8 S0 Te5S 6.5 6.0 6.0 6.0 —
-~
§
6 10.2 0 3.0 70 TeO 7.0 w
=
- S
12.5 110 130 9.0 9.0 8.5 —
g 14.5 13.0 12.0 11.0 10.5 10.5 [V
1845 17«3 1S5 143.5 14,0 13.0 §
4 o
‘32.9 29«0 255 25.0 24.0 24.0 a.
1} =)
G 5 1@ I 20 25
pet

CLOUD BASE TEMPERATURE (°C)

REDUCTION IN TIME (mim) TQ F.E.

SALT 3 1.00E-03 G/M3
ADIRATIC WATER CONVENTS

SEED AT 0.0 X4 WHEN CLOUD IS

S5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

SEEDING EFFECT

\
4

10.5 9.0 75 T+0 65 645

8
6 11.5 10.0 9.0 B0 8.0 7eS
14,5 12.5 11-.0 10.5 10.0 1060
4 16.5 15.0 13.5 125 120 12.0
3 21.0 19.0 17.0 16.0 15.5 15.5
i 38.0 33.0 31.0 2865 275 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REDUCTION IN TIME (mim) TO F.E.

q 5.5 40 3.5 3.0 2.0 2.0 —
5.5 35 3.0 3.0 2.0 2.0 .“"’
& E
z 6.0 4.5 3.5 3.0 2.5 2.5 —
3 7.0 Se5 4.0 3.0 2.5 2.5 &
2} %° 6.0 5.0 4.0 3.5 3.0 no:;
1}10-3 8.0 T.0 a5 35 2.5 o
D
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
8 38, 35. 35. 33. 25. 25. —
-
35, 28. 27. 30. 22. 22. n
6 E
4 32, 29. 26. 25. 22. 23. —
3 33. 30. 25. 21. 19. 19. L
2 33, 26. 2a, 22, 20. 18. Z:(
1 2s, 22, 22. 15, 13. 9. E
)
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

8 4340 245 2.5 2.0 1S 1.5
6 4.0 2.5 2.0 2.0 1.0 1.5
4 4.0 3.0 2.5 15 1«5 1.0
5.0 3.5 2.5 1«5 1.0 te0
g 6.5 4.0 3.5 2.5 2.0 | T
1 4.5 2.0 1.5 1.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT ‘

PERCENT REDUCTION IN TIME TO F.E
8 28. 22. 2S. 22. 19. 19.
6 26 20. 18, 20. il. 17
22. 19 19. 13. 13. 9
4 23. 19. 16 11la 8. 8.
3 24, 17. 7. 14. 11. Qe
f t1. 1. Se 3. O. O
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s~ 1)

UPDRAFT (m s~1)
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SaALY } 1.YOE-Q4& G774} Sa_T 3 £ «03025-05 G/M3

ADINATIC WATEQ CONVENTS ADIJATIC WATER CONFVENTS

SEED AT 7.0 <4 WwHEN CLOUD> [S o5 K% TALL SEED AT 0.0 KM WwHEN CLOUD IS .5 KM TALL

UPDRAFT (m s~1)

CLOUD BASE TEMPERATURE (°C)

TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
12.0 13¢0 B.S5 B.0 ToS5S 740 — 13.0 (1.0 9¢5 845 B.0 8.0
8 — 8
6 13.0 115 10.0 9.0 8.5 8.5 .;’ 6 185 12.5 1140 10.0 9.0 9.0
P 15.5 13.5 12.0 11.5 11.0 11.0 :4 170 15.0 13,0 12.0 135 11.0
3 13.5 16.0 18.5 13.5 13.0 13.0 : 3 2040 1840 15.5 14.0 13.0 13,0
2 23.5 2149 19.0 17.5 17.0 17.0 g 2 26.5 23.0 20.5 18.5 175 17.0
1] e3° 36.0 3245 29.5 27.5 2645 o 4245 365 325 29.5 27.5 2645
S5 1
0 5 1@ 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEOING EFFECT
REDBUCTION: IN TIME (min) TO F.E. REDUCTION IN TIME (min) TO F.E.
2.5 1.5 1.5 1.0 5 1.0 — [ 145 S 5 5 0.0 0e0
8 —_ 8
. -2 . . . .S i .0 . . . . .
6 2.5 1 1.0 1.0 s E 6 1 0.0 0e0 0.0 0.0 0.0
4 3.0 2.0 1.5 .5 S 0.0 - 4 1.5 -5 «5 0.0 0.0 0.0
3 3.0 2.5 1.5 e5 0.0 0.0 g(- 3 1.5 .S S 0.0 0.0 0.0
2| %0 2.0 1es 1.0 «S 0.0 g; 2 1«0 040 040 0.0 040 0.0
1 S 1.0 0.0 0.0 0.0 0.0 % 1 0.0 e5 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT ‘
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl - 13.  15. 11. 6e 13, —~8 10, .. Se 6. 0. 0.
1
16. 8. 9. 10. 6. 6o w 6. 0. 0. 0. 0. Oe
6 £ 6
4| o 13, 1. .. .. 0. - 4 8. 3. 4. Oe 0. 0.
14, 14, 9. Oe 0. i Te 3. 3. 0. Oe 0.
g 15. 9. 7 Se 3. 0. gg 0. 0. 0. O. 0.
1 1. 3. 0. 0. 0. 0. o t. 0. 0. 0. 0.
51
0 5 10 15 20 25 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s~ 1)
=N W -

UPDRAFT (m s~ 1)

UPDRAFT (m s™1)

SALT

1.03F=-06 G/7u3

ADIOATIC WwATER CONTENTS

SESD AT 0.0 KM #ntEN CLOUD IS

TIME (min) TO 10 dBZ FIRST ECHO

8

REDUCTION IN TIME (nmim) TQ F.E-

=_NwWws o o

8 3. O O Oe Oe ]

6 Oe Oe ] 0o O Q.
3. N. Oe O. O. 0.

g O 0. 0. Qe

2 Oe [ [ 2 Oe

1 Q. O. Qe 0. 0.
0 5 10 15 20 25
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5 KM TaLL

14,0 1t.5 10.0 9.0 B.0 8.0
155 12.5 11.0 10.0 9.0 9.0
180 15.5 13«5 12.0 115 1l.0
2l1eS 18.5 160 14.0 13.0 13.0
275 230 205 13845 17.5 17.0
4225 370 325 295 275 265

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

5 0.0 0.0 0.0 [+ PN+ ] 0.9
Ce.0 0e 0 0.0 0.0 00 0.0
-5 0.0 0.0 0.0 Q0.0 0.0
Q0.2 0«0 0.9 Q.0 0.0 0.0
[« P+] 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~1)

UPDRAFT (m s™%)

—~
—

UPDRAFT (m s~

SALT 3

1.00E~-07 G/M3

AJIBATIC WAFER CONTENTS

SEED AY 0.0 XM wWHEN CLOUD IS

5 KM TFALL

TIME (min) TO 10 dBZ FIRST ECHO

N W P N

~RWR Y M

8

—NwhA o

0«0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
Q.Q G.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 G0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

0. Oe O. Oe Oe 0.
Oe O 0. Oe O. O
Oe 0. Oe O. 0.

o. Oe [ 0. O. 0.
O 0. Oe O. 0.

Oa o Oe Oe O« ]
0 5 10 15 20 25

185 11«95 10.0 9.0 8.0 8.0
155 125 11.0 10.0 9.0 9.0
1845 1Se5 13.5 12.0 11.5 11.0
21.5 18.5 16.0 14.0 13.0 13.0
27«5 23.0 2045 1825 175 17.0
42.5 37.0 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (°C)

SEEOING EFFECT
REDUCTION IN TIME (mim) TO F.E.

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s~ 1) UPDRAFT (m s~1)

UPDRAFT (m s 1)

SALY 3

1.00E-08 G743

ADIBATIC #4ATSR CINTENYS

SFED AT 0.) X4 ®HEN CLOUD IS
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S KM TALL

TIME (min) TO 10 dBZ FIRSY ECHO
8 14.5 115 139 9.0 8.0 8.0
6 15.5 125 110 10.9 9.0 9.0
4 183 1545 13.5 1;.0 11.5 11.0
3 215 1345 160 14.0 13.0 13.0
2 275 2320 2045 185 17.5 17.0
1 3205 3ITed 32.5 29.5 27.5 26.5
0 5 10 15 208 25

CLOUD BASE TEMPERATURE (°¢)

REDUCTION IN TIME (mwin) TOU F.E-

SEEDING EFFECT

g| °-0 9.2 .0 2.0 0.0 0.0
6 9.0 0.0 0.0 0.0 0.0 0.0
g| o0 0.0 0.0 0.0 0.0 0.0
3} ¢ 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.3 0.0 0.0 0.0
1| o.0 o0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E
8 0. 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0. 0.
4 0. 0. 0. 0. 0.
3 0. 0. 0. 0. ]
2 0. 0. 0. 0. O
1 2. 0. 0. 0. 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

T-25

SALT 3

1.00E-02 G/M3

ADIBATIC WATER CONVENTS

SEED AT

*5 KM sHEN CLOUD IS

«3 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

—~ 8 8.0 645 640 SeS5 5.0 5.0
'
= 6| 83 75 6.5 6.0 .0 ses
- 4 |10:5 90 8.0 7.5 7.0 6.s
:; 3 |11-s 105 9.0 8.5 B0 8e0
g 2 |4-0 12.3 11.0 10.5 10,0 9.5
55 1 20.0 175 1660 15.0 18.0 18,0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.
—~ gl 65 5.0 4.0 3.5 3.0 3.0
—+ i
u i
: Gl 7.0 5.0 45 40 30 3.5
— g 80 6.5 5.5 4.5 a5 aes
22‘ 3jro-e e0 7.0 ses s.0 500
S! 2135 1005 9.5 80 75 7.
2 1| 22-5 19.5 16.5 14.5 13.5 1205
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E.
—~ 8| 95- #3. 0. 39. 38. 3. ’
'
v 4Sa . - 80, . .
= 6 s a0 a1 ° 33 39
- 4| *3- %2, 4. 38 390 a1
:; 3 a7. 43. aa. 39. 38. 38.
§§ 2 49. 46. 46. 43. 43. &z,
g; 1 53, 53, Ste 49, 49, a7,
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)



UPDRAFT (m s~ 1) UPDRAFT (m s™ 1)

UPDRAFT (m s~1)
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SALT 3 1 20E~23 G743 SALT 3 1.00E-04 5/M43
ADIBATIC AATER CINTEFNYS * ADIBATIC WATER CONTENTS
SEED AT «S XM 4HEN CLOU)D IS «5 KM TALL SEED AT 5 K% WHEN CLOUD IS «5 KM TALL
TIME (min) TQ 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 e S 3eJ 7.0 HeS 6.0 S5 — 8 11.0 9.0 8«0 T«0 6e5 60
6 105 9.0 75 Te0 6.9 6.5 .m 6 12.0 10.0 9.0 8.0 Te5 T 0
=
12.0 195 9.5 é.S 8.0 B8e0 : 13.5 11.5 10.5 D5 9.0 8.5
g 135 12.0 10.5 10.0 9.5 90 L. 4 15.5 13.5 11.5 110 10.5 10.0
2 15.0 13.0 13.0 12.0 115 110 é g 19.5 17.0 145 135 125 1245
1 27.5 23.5 21.5 18,5 18,0 185 g 1 33.0 28.5 255 23.5 2245 2245
@ 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) : CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim)} TO F.E. REDUCTION IN TIME (min) TO F.E.
8 S0 3.5 3.0 245 2.0 25 —— 8 3.5 245 2.0 2¢0 leS 20
6 Se0 3¢5 3.5 3.0 25 2.5 .w 6 3.5 245 2.0 2.0 1.5 2.0
i
4 6«5 Se0 4,0 3.5 3.5 3.0 E 4 Se0 84,0 3.0 25 25 265
3 8.0 65 S5e5 4.0 3.5 4.0 g. 3 6.0 Se0 4.5 3.0 25 3.0
2 115 90 75 65 6.0 6.0 Q' 2 8.0 6.0 6.0 SeO S.0 405
1 15.0 13.5 11.0 11.0 9.5 B.0 % 1 De5 8e5 Te0 60 Se0 4,0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 34, 30. J0. 28 25 31 — 8 24, 22, 20. 22« 19 2Se
6 32. 2%, 32. 30. 28 28« 'm 6 23 20e 18« 20« 17« 22a
=
4 35. 32. 30. 29« 30. 27 . : 4 27 260 22. 21. 22 23.
3 37. 35 3%, 29« 27« 31 l; 3 28. 27« 28 21 . 19. 23
2 42, 39. 37. 3S. 34, 35. oz 2 29 26 29« 27. 29« 26.
1 35. 36. 38 . 37. 35. 30. g 1 22« 23« 22. 200 I8e 1Se
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
T=-26




UPDRAFT (m s™1) UPDRAFT (m s™%)

UPDRAFT (m s™1)

SALY 3

LeQOE=-US G743

ADISATIC <ATER CONTENTS

SEED ATV

«5 KM wHEN CLOUD IS
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«5 KM TaALL

TIME (min) TQ 10 dBZ FIRST ECHO
8v 12.5 192.0 Be5 TeS 7«0 T.0
6 !II.O 11.0 9.9 35 8.0 8.0
¢ ‘15.0 13.0 11.5 18-5 95 %5
3 175 153 13.5 12.5 11.5 11.0
Z 23.0 195 175 16.0 15.0 15.0
1 A0.0 34.5 30.5 28.5 27.0 26.5
a & 10 15 20 25

CLOUD BASE TEMPERATURE

REDUCTION IN TIME {min) TO F.E.

SEEOING EFFECT

(°c)

8 2.0 1.5 1«5 15 1«0 1«0
6 2.5 19 1.5 1«5 1«0 1«0
4 3.5 25 2.0 15 2.0 15
3 4.0 3.9 25 1«5 1eS 2.0
2 4,9 3.5 3.0 25 295 20
1 245 25 2.0 1.0 S 0«0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 184 13 15 17 13. 13
6 16a | -39 168 1Se Ile 11
4 1%« 1%5e 1S. 13 17« 18,
3 194 19. 16, 1le 12« 1S5
2 1. ° 15, 15 18 18. 12.
1 (- 3% Te 6e 3e 2e [ Y
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s™1)

UPDRAFT (m s™})

UPDRAFT (m s™1)

SALT 3

1.00Z~06 G743

ADIAATIC WATER CONTENTS

SEED AT

«5 KM WHEN CLOUO

1s

3 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

13.5 11.0 9.5 8.5 75 TeS

8
6 1445 12.0 10.5 9.3 9.0 845
4 170 14.0 12.5 11.5 105 10.5
3 205 17.0 1S.0 18.0 13.0 12.5
2 2660 22.5 20.0 (8.0 17.0 17.0
1 32e5 3645 325 295 27.5 26.5
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTTION IN TIME (mim) TC F_E.
8 i 1.0 -3 -5 .5 .5 -
6 1.0 .5 «5 S 0e0 3

1e5 1.5 1.0 5 1.0 -5
43 1.0 1.5 1.0 0.0 0.0 5
2 1«5 5 3] S S 0.0
1 0.0 -5 c.0 0.0 0.0 0.0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 Te 4o Se Ge Ge Ge
6 6e .. Se Se Oe 6o
Be 10. Te Se e Se
g Se 8. 6o 0. Oe 4o
2 Se 2. 2. 3. 3. 0.
1 0. le Oe O Oe T Ce
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s‘l) UPDRAFT {m 5’1)

UPDRAFT (m s~!)
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SALT 3 1.00E-07 G/43 SALT 3 1.002-09 G/u3
AVINATLIC SATER CONTENTS * ADIDATIC WATER CONVENTS
SEED AT 5 K4 wHEN CLOUD IS o5 KM TALL SEED AT .5 K4 wHEN CLOUD IS .5 KM TALL
TIME (min) TQ 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
140 11.5 10.0 3.5 8.0 8.0 13.5 11.5 10.0 9.0 8.0 8.0
! ~ 8
6l 153 12.5 11.0 199 9.0 9.0 '; 6 15.5 12¢5 1140 10.0 9.0 9.0
195 15.5 13¢5 12.0 11.0 11.0 =~ 18.5 155 13¢5 12.0 11e5 11.0
g 21.5 195 16.0 14.0 13.0 13.0 E 4 2145 18.5 16.0 18.0 13.0 13.0
2 27.0 23.0 20.5 1845 175 17.0 § 3 27.5 23.0 20.5 18.5 17.5 17.3
1 82.5 37.0 32.5 29.5 27.5 2645 2 2 42,5 37.0 32.5 29.5 27.5 26.5
> 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REOQUETION IN TIME (min) TO F.E.
5 0e0 0a.0 5 0.0 0.0 [ 9.0 0.0 0.0 0.0 0.0 .0
8 - 8|
0.0 0.0 0.0 0.0 0.0 0.0 .“” 0.0 0.0 0.0 0.0 0.0 0.0
6 = 6
4 0.0 0.0 0.0 0.0 «5 0.0 : 4 0e0 Ge0 0s0 0e0 0.0 0.0
3 0e0 0e0 0.0 0.0 0s0 0.0 IE<L 0.0 0.0 0.0 040 040 040
2 5  0e3 0.0 040 0e0 040 cz;g 0.0 0.0 0e0 00 0.0 0.0
1] °-° 0.0 0.0 0.0 0.0 0.0 g 1 0.0 0.0 0.0 0.0 040 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 3. O. 0. 6o 0. 0. 0. 0. 0. 0. 0. 0o
'—0’\ 8
6 0. [ 0. 0. 0. 0. '; 6 0. 0. 0. Oe 0. 0.
0. 0. 0. 0. a. 0. =~ 0. 0. 0. 0. 0. 0.
g O Oe Oe Oe Oe Oe t 4 Oe Oe O. Oe Q. Oe
2 2. 0. 0. 0. 0. § 3 0. 0. 0. 0.
1 0. 0. 0. 0. o. E 2 0. 0. 0. 0.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
t-28




UPDRAFT (m s 1) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

SALT 3

1)03E-02 G/ M3

ADIUAFIC 4ATER CONTENTS

SEED AT Ja) <M #HEN CLOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO
8 10.9 He% 7+5 Te0 7«0 7.0
6 1leS 10.5 9.0 8.5 8.5 8.0
18.5 13.3 12.0 l;.S 11.0 1.0
g 17 160 13¢5 14,0 13.0 13.0
2 23.0 2[:0 19.5 1845 175 17.0
l 800 36.3 32.5 29,5 27.5 2645
a 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION INX TIME (min) TO F.E.

8 445 3.0 2e5 20 1«0 1«0
6 4,0 20 200 1.5 S 1.0
4.0 25 | -1 P S 0.0
43 440 25 15 0.0 00 0.0
2 4.5 2.0 1.0 00 0.0 0.0
1 25 1.0 0.0 0.0 0.0 0.0
¢ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 31. 26 . 25 22 13« 13.
6 26 15 18 15« 6o 1le
4 226 16« ile L 39 L Y O
3 19« 16, Y [+ 29 Oe Oe
2 16 P S [+ [+ Y
l he 3. [+ 1Y Qe Oe [+ Y
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s™ 1)

UPDRAFT (m s™ 1)

UPDRAFT (m s™1)

SALT 3

1.20E~03 G/M3

ADIDATIC WATZIR CONTENTS

SEED AT 0.0 K4 wHEN CLOUD IS 1.0 KM

TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 11.5 1040 8.5 8.0 7.5 75
6| 120 115 105 ees s0 5.0
4 16.0 14845 13.0 12.0 11.5 11.0
19.5 17+5 15.0 14.0 13.0 13.0
g 25.0 23.0 20.5 1845 17.5 17.0
1 82.5 36.5 32.5 29.5 27.5 26.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REDUCTEON IN TIME (mim) TO F.E.
gl 30 tes 1es w0 .5 .S
6 2.5 1.0 -5 e5 0.0 0.0
gl 25 1o S5 0.0 0.0 0.0
2.0 1.0 0.0 0.0 0¢0 0.0
g 245 040 0.0 040 0+0 0.0
1] o0 «5 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
gl 2+ 13- 5. u. 6. 6.
6 e 8. s. Se 0. 0.
18. 6. a. 0. 0. 0.
g 9. 0. 0. o.
> 9. 0. 0. 0.
1 0. 1 0. 0. Oe 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

DN D (=]

UPDRAFT (m ™)

I IR ) [«

SALT 3

te300-08 Gruy

ADLIFATIC WATER CIUTENTS

SFED aTv

TIME (min)} TQ IQ dBZ FIRST ECHO

8 13.9 1.9 DeH 90 8.0 8.0

6 14.5 12.5 11.0 10.0 S0 9.0
175 1545 1365 15.0 11.5 11.0

4 209 13.5 16.0 t4.0 13.0 13.0

g 27.5 2343 205 1845 175 17.0

1 42,5 37.0 32.9 29.5 27.5 26.5
a 5 I0 15 20 25

REBUCTION IN TIME (mim) TG F.E.

8

PERCENT REDUCTION IN TIME TO F.E.

8

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

1«5 «S «3 [o 9+ 0.0 0.0
1.0 [+ P8 ] 0.0 Q0.0 [ e ) 0.0
1.0 0.0 Q9 0.0 0.0 0e0
10 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 0.0 0«0 0.0
QO«0 0.0 Oe0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

10. LY Se Oe Ce O.
6a Oe Oe Q. Oa C.
Se [ % 0. O. O. O.
Se 0. Qe Ce Oe O.
Q. O o 0. Oe 0.
Oe Qe O. Qe Qe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

0.0 KM #1EN CLOUD IS 1.0 KM TALL

-168-

SALT 3 1-00E~-0S G/M3

ADITATIC WATER CONTENTS

SEED AT 0.0 KM WHEN CLOUD IS 1.0 XM TALL

TIME (min) TO 10 dBZ FIRST ECHO

14.0 11«5 10.0 9.0 8.0 840
—
- 8
1
w 6 15.5 125 11.0 10.0 90 9.0
13
St

18.5 1S.5 13.5 12.0 115 112
= 4
. 21.5 18.5 16.0 18.0 130 13.0
§g 27 .5 23.0 205 185 17«5 17.0
QD_ 82.5 37.0 325 29.5 275 26.5
> 1

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (mim} TQ F.E.

— 8 -1 0.0 0.0 0«0 00 0.0
iy

o 0.0 0.0 0.0 0.0 0.0 0.0

E 6

— 4 G0 [+ Y ] 0.0 D0 00 0.0

[F 8 0.0 0.0 Q0.0 CeQ 00 Qe.0

ED:(; g 0.0 0.0 0.0 0.0 040 0.0

% 1 0.0 0.0 0.0 00 00 0«0

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

— 8 3. Oe O Qe Oe O
i

[74) Qe Oe O Oe Oe Oe

E 6

[+ 19 Oe Oe Os Oe Oe

E 4 Oe Qe Oe Qe Qe Oe

§ 3 0. 0. 0. 0. 0. 0.

QD_ ]? 0. 0. 0. 0. 0. 0.
|

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s~1)

-169-

SALT 3 1.J0E-0n G/w3 SALT 3 1.00E~07 G/M3
ADIRATIT #ATER CONTENTS ADIS3ATIC WAVER CONTENTS
SEED AT 7.0 <M aHEN CLOUD IS 1.0 X4 TALL SEED AT 0.0 X4 WHEN CLOUD [S 1.0 KM TALL
TIME {min) TQ 1Q dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 18.0 11.5 1.0 9.0 3.0 8.0 —~ g 138.5 11e5 10.0 9.0 B.0 8,0
o
15.5 12.5 11.0 10.0 9.0 9.0 v 1545 125 11.0 10.0 9.0 9.0
6 e 6
4 8.5 15.5 13.5 12.0 11.5 11.0 — 4 18.5 15.5 13.5 12.0 11.5 11.0
3 21.5 18.5 15.0 14.9 13.0 13.0 5(:. 3 215 18.5 15.0 14.0 13.0 13.0
2 }27.5 23.0 23.5 18.5 17.5 17.0 nD: 2 27.5 23.0 20.5 185 17.5 17.0
i ‘ 42.5 37.0 32.5 29.5 27.5 26.5 % 1 8245 37.0 32.5 29.5 27.5 2645
(0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (%cC) €LOUD BASE TEMPERATURE (°c)
SEEOING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TUO F.E. REDUCTION IN TIME (mim) TQ F.E.
8 .5 0.0 .0 0.0 0.0 0.0 —~ g i 0e0 0.0 0.0 040 0.0 o.of :
6 2.0 0.0 2.0 0.0 0.0 9.9 "o 6 0e0 0.0 0.0 0.0 0.0 0.0|
=
4 0.0 0.0 9.0 0.0 0.0 0.0 : 4 0.0 0.0 0.0 040 0.0 0.0
3] °-° 3.0 0.0 0.0 0.0 0.0 & 3 0eD 00 000 0.0 0<0 0.0
21 0.0 0.0 0.0 0.0 0.0 0.0 DD:iZ 0.0 0s0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0e0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT ‘ SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 3. o. o 0. O. o. —~ 8 o. 0. O 0. Oe o.
]
0. 0. 0. ' [ 0. u 0. 0. 0. 0. 0. 0.
6 : E 6
4 0. 0. 0. 0. 0. 0. — 4 0. 0. 0. 0. 0w 0.
3 0. [ 0. Oe :(- 3 0. 0. 0. 0. 0. 0.
2 0. o 2. O0a 0. OQ: 2 o. 0. 0. 0. 0. 0.
1 0. 0. 0. o. % 1 0. 0. 0. 0. 0. 0.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)




SALT VY

1e235-08 G743

ADIAATIC wATER CINTENTS

SEED AT 2.0 K% »a4EN CLOUD IS 1.0 KM TALL

TIME (min} TQ 10 dBZ FIRST ECHO

‘_..’\ 8 135 115 1Je0 90 B8s0 8.0
v 155 12.5 11.0 10.0 9.0 9.0
E &

— g 19.5 155 13.5 12.0 1.5 110
‘<'— 3 21.5 19.5 160 14.0 13.0 13.0
g 2 27.5 23.0 20.5 18.5 17.5 17.0
% 1 22,5 37.0 32.5 29.5 27.5 26.5
a 5 10 15 20 25

CLAUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

—~ g 0.0 0.0 0.7 0.0 0.0 0.0
.“" 6 0.0 0.0 0.0 0.0 0.0 0.0
=
: 0.0 0.0 0.0 0.0 0.0 0.0
'2 é 3.0 0.0 0.0 0.0 0.0 0.0
g 2 0.0 0.0 0.0 0.0 0.0 0.0
% 1 0.0 0.3 0.9 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E
—~ 8 0. 0. 0. 0. 0. 0.
]
dd 0. 0. 0. 0. 0. 0.
E 6
0. 0. 0. 0. Oe 0.
E g 0. 0. 0. 0. 0. 0.
005 2 0. 0. 0. 0. 0. 0.
% 1 0. 0. 0. 0. 0. 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s~1)

UPDRAFT (m s™})

—
—

UPDRAFT (m s~

SALT 3

1.00E-02 G/M3

ADIBATIC WATER CONTENTS

SEED AT 1.0 KV WwHEN CLOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 B8e0 70 6.0 SeS S0 Se0
6 9.0 8.0 7.0 545 6.0 60
110 9.5 8e5 8.0 TS 75
4 12.9 11.0 10.0 9.5 9.0 9.0
3 155 14,0 13.0 125 1240 115
% 23.5 215 21,0 20.5 20.0 20.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REQUCTION IN TIME (min) TO F.E.
8 , S5e5 Q¢S 4,0 3.5 3.0 3.0
6 65 8.5 440 3.5 3.0 3.0
TeS 6.0 S0 840 4,0 3.5
4 9.0 7«5 50 a4.5 440 800
3 12.0 9.0 TaS 8.0 5.5 5.5
% 19.0 15.5 €1.5 9.0 TeS 65
0 S5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 45 . 39. 40¢ 39. 38 38
6 42, 36. 36, 3S. 33. 33.
41 39. 37. 33. 3Se 32.
4 Q2. 41 . 38. 32« 3le 31.
3 aa, 39. 37. 326 31. 32.
f 45, 42, 35. 3le 27« 25a
. 0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s™ 1)

UPDRAFT (m s~ 1)

— 8 34, 30. 30. 28. 25 .

-1

UPDRAFT (m s

-171-

SALY 3 1«)0E-23 G/4)
ADL IATEC WATER CIONTENTS
SEED AT 1e) KW JriEN CLOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

Qe 3.9 T-0 6e5 6.0 Se5

6 t0.5 9.0 ded TS 7«0 6e5
4 12.5 11.9 9e3 9.0 8eS B.5
3 1837 125 11.5 105 10.0 10.9
2 1797 155 14.0 13.5 13.0 12.5
1 299 2553 2%.0 22.5 2145 21.5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min} T@ F.E.

8 S0 3.5 3.0 2.5 2«0 2.5
6 5.0 3.5 3.0 2.5 2.0 2.5
4 6.0 4.5 4.0 3.0 3.0 2.5
3 Te5S 6.0 8.5 3.5 3.0 3.0
2 10.5 Te5 6.5 Se0 3.5 4.5
1 14.0 1!.5 8.5 7.0 6.0 5.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

32. 28. 27. 2S. 22 28.

12. 29. 30. 25. 26 23.
35. | 3z2. 29 25 23. 23.
33 33. 32. 27. 26. 26.

—NwWws o

33. 3t. 26, 28, 22 19.

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

UPDRAFT (m s™1)

E )
—

7]
E

UPDRAFT (

hal\ado H O W

SALY 3

1.00E-04 G/M3

ADEBATIC WATER CONTENTS

SEED AT 1.0 KM wHEN CLOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

—RNwWHS o

8
6
4
3
2
1

11.0 9.0 8.0 7.0 65 65
12,0 10.0 9.0 8.5 7.5 TeS
18,0 12,0 11.0 10,0 9.5 9«0
160 13,5 125 11,5 11.0 10.5
2040 17.0 1S5 15.0 14.0 13.5
3265 2940 27«0 25.5 28,5 24,5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

[ 3¢5 2.5 2.0 2.0 1.5 1.5
3¢5 2.5 20 1.5 15 t.s:
8.5 3¢5 245 2.0 2.0 2.0
Se5 S50 3.5 2.5 2.0 2e5
7e5S 660 Se0 3¢5 3.5 3.5

1060 8.0 Se5 4.0 3.0 2.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

28, 22. 20. 22, 19. 19,
23. 20. 18, 15. 17. 17.
2a. 23. 19. 17. 17. 18,
26. 27. 22. 18 15. 1%
27, 26. 2s. 19. 20. 21.
26, 22, 17. 1a. t1. €.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s 1)

UPDRAFT (m s™1)

D [=,]

UPDRAFT (m s~})

(s S - [=,}

SALT 3

L «J05-05 G/ 43

ADLJATIC WATER CAONVENTS

SEED AT 1.0 <™ «4FN CLOUD [S 1.0 K% TALL

TIME (mim) TQ 1@ dBZ FIRST ECHO

(o]

=N W [=,]

[e+]

8

2e¢0Q 1e5 1.0 1.0 S 1.0
2.0 15 1.0 1.0 -5 1.0
3.0 25 1.5 1.0 leS 1«0
3.5 3.0 2«5 15 1.0 15
4,95 3.0 20 1«5 240 1e5
4.5 40 25 teS 10 5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
1 13 10 11, 6o 13.
13 12 e 10. Se 11,
16 e 16 11« 8e 13 Qa
16 t5 16, 1% B8e 12.
16 13. 10« 8e 11« 9.
1 9§ 1le Be L %Y 2a
0 5 10 15 20 25

12.5 10.0 Q.0 30 Te5S 7«0
13.5 11.0 1040 9.0 8e5 8.0
15«5 13,9 12.0 li.o 10.0 10.0
13.0 15.5 13.5 12.5 120 115
23.0 200 18.5 17.0 155 15.5
3%3.0 33.0 30.0 28.0 265 260
@ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s~1)

Te 8o Se 6e Oe 6
P e 8
L ]
L
w 6 . TS fe Se Se Oe [. XY
£
g
Ge L XY L Y9 44 Se
~ 4
(¥ Se 3. Oe OCe L
< 3
[a'4 Se 2e 20 3. 3. Oe
a ?
oo Qe le Oe Oe De Oe
o1

=NwWwPhR g ™

UPDRAFT (m s'l)

SaALT 3 1.00E-06 G/N3
ADIBATIC WATER CONTENTS
SEED AT 1.0 XY WHEN CLOUD IS 1.0 XM TALL

TIME (min) TO 10 dBZ FIRST ECHO

N W P (=2 I o o]

13.5 11.0 9.5 85 8.0 7«5

18,5 12.0 10.5 9.5 9.0 8.5
17.0 14.5 13.0 11.5 11.2 10.5
20.5 17.5 15.5 14.0 13.0 12.5
2640 22,5 20.0 18.0 17.0 17.0
825 3645 3245 29.5 27.5 26.5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (mim} TO F.E.

PERCENT REDUCTION IN TIME TO F.E.

1.0 .5 -5 e5 0.0 o5
1.0 -5 .5 «5 0.0 -5
1.5 1.0 .5 S .S .5
1.0 1.0 e5 0.0 0.0 -5
1.5 .5 .5 .5 «5 0.0
0.0 «5 0.0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°cC)

SEEDING EFFECT

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)

T-34



UPDRAFT (m ™ 1) UPDRAFT (m s™})

UPDRAFT (m s~1)

-_—Nwde N

SALT 13

130£-07 G/M3

ADIJATIC WATFR CONTENTS

SEED AT te) <Y 4HEN CLOUD (S 140 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

ENWR O (o]

REDUCTION IN TIME (min) TO F.E.

8
6
4
3
2
1

PERCENT REDUCTION IN TIME TO F.E.

8

13.5 115 Lt0.0 9.0 8.0 8.0
15«5 12.5 11.0 10.0 9.0 9.0
195 155 13.5 l;.D 11.5 11.0
21«5 18.5 15.0 14.0 13,0 13.0
27.0 23.0 20.5 1845 17.5 17.0
4245 365 32.5 29.5 275 26.5
Q 5 10 15 20 25

. o -

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

N0 0«0 Ve O 00 C.0 [+ 9+ ]
0e2 0.0 0.0 0.0 0.0 0.0
00 0e0 0.0 0.0 Oe0 0.0
J.0 0«0 0.0 Ce0 CeO GeO
-3 [+ PY¢ ] 0.0 0.0 0.0 0.0
00 5 0.0 0.0 0«0 0«0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

Oe Oe Oe Oe Ge O.
0. Oe Oe O. Oe Oe
Q. Oe O O. Oe Oe
o 0. Q. Ow 0.
2e [ 8 - 2% 0. 0.
O. 1. Oe Oe 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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TIME (min) TO 10 dBZ FIRST ECHO

8
[}

(2]

£ 6
— 4
< 3
a 2
51

SALT 3 1«00£-08 G/4u)
ADIDATIC WATER CONTENTS

SEED AT 1.0 K¥ WHEN CLOUD

14.5 11.5 10.0 9.0 8.0 8.0
155 12.5 11.0 10.0 9.0 9.0
185 155 1345 12.0 1145 11.0
21e5 185 160 14.0 13.0 13.0
2Te5 2340 205 1B.5 17,5 17.0
4245 3740 32¢5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

—~ 3 0.0 0.0 0.0 0.0 0.0 0.0
[]
"
E 6 0.0 0.0 0.0 0.0 0.0 0.0
- 4 0.0 0.0 0.0 0.0 0.0 0.0
l&. 3 0.0 0.0 0.0 0.0 0.0 0.0
ODC. 2 0e0 0e0 040 0.0 0.0 0.0
% 1 0e0 040 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT )
PERCENT REDUCTION IN TIME TO F.E.
—~8 Ou Oe 0. 0. 0. 0.
]
“” 0. Oe Oe Ce [ 29 0.
E 6
o. 0. 0. 0. 0.
E g 0. 0. Oe 0.
nc: 2 0. 0. 0e 0. 0.
% 1 0. 0. 0. 0. 0.
¢ 5 10 15 20 25

IS 1.0 KM TALL

CLOUD BASE TEMPERATURE (°c)




UPDRAFT (m s~1)
= NP [o)] x

UPDRAFT (m s~1)

UPDRAFT (m s~1)

= NwH o

SALF 3

1.00FE=-22

Q/us

ADIARATIC wATRI CONTENTS

SESD AT 1«d KM WHEN CLOUD IS 2.0 KM TALL

TIME {min) TO 10 dBZ FIRST ECHO

REDUCTION IN TIME (mim) TO F.E.

=—MNWH N o8]

8

345 2.5 2.0 15 S 1.0

4.0 2.0 1.0 5 0.0 -5

2.0 5 0.0 0.0 0.0

2.0 5 0.0 0.0 0.0

1.0 0.0 G.0 0.0 0.0

2.5 0.0 0.0 0.0 0.0 6.0

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

3. 22 20. t7. Ge 13.

26 16 Ge Se 0. G

19. 13. LX) G. Oe O.

16 1t 3. [ 2 Ce O.

15. 4. 0. 0. Oa O

6. Qe O O 0. [ 2

0 5 10 15 20 25
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12.0 9.0 3.0 75 7.5 Te0
115 105 10.0 95 9.0 8.5
1Sed 13¢5 13.0 12.0 11.5 11.0
13.0 16.5 15.5 14.0 13.0 13.0
23e5 2240 20eS5 1845 17.5 17.0
4040 37.0 32.5 2945 27eS 26.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s'l) UPDRAFT (m s™ 1)

UPDRAFT (m s~1)

= Nwh [}

WP o ®

SALT 3 120E~-03 G/M3
ADIBATIC WATER CONTENTS
SEED AT 1.0 K4 wHEN CLOUD IS 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

WS o o

1.5 10.0 9.0 8.5 8.0 8.0

13.5 12.0 11.0 10.0 9.0 9.0

165 13.5 13,
19.5 18.0 16.
25.5 23.0 20.
42.5 37.0 32.

12,0 11.5 11.0
14.0 13.0 13.0
185 17.5 17.0
2925 27.5 26.5

u n o u

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

3.0 1.5 1.0 £33 0.0 0.0

2.0 S 0.0 0.0 0e0 Q.0

2.0 1«0 0.0 Ce0 Oe0 0.0
240 -] 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0 0.0
0.0 C.0 0.0 Ce0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

oo

21 . 13. 10. Se Oe [ 2
13. L O Oe Oe Q.
. 6. O 0. [ Oe
9. 3e 0. O. Oe O
Ta Oe Oe [+ P Oe G
O Oe 0. Oe O O

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)



UPDRAFT (m s™1) UPDRAFT (m s~ )

UPDRAFT (m s~ 1)
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SALT 3 1.005-04 G/43 SALT 3 1.006-05 G/M3
ADISATIC wATER CONTENTS ADIUATIC WATZR CONTENTS
SEED AT 1.) <4 WHEN CLOUD IS 2.7 KM TALL SEED AT 1.0 KM WHEN CLOUD IS 2.0 KM TALL
TIME {min) TO IC dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
g 130 oo 100 940 8.0 8.0 —~3 13.0 11.5 10.0 9.0 8.0 8.0
6 18.5 12.5 11.0 10.0 9.0 9.0 ‘un 6 15.5 1245 110 10.0 9.0 9.0
|3
4 17.5 1545 13.5 12.0 11.5 11.0 : 4 18.5 15.5 13.5 12.0 11+5 110
3 2140 13.5 16e0 18.0 13.0 13.0 : 3 21.5 1845 150 180 13.0 13.0
2| 27-0 23.0 20.5 18.5 17.5 17.0 CIQ: 2 27.5 23.0 20e5 1845 17e5 17.0
1]22-s 37-0 325 29.5 27.5 265 % 1 82.5 37.0 3245 29.5 27.5 2645
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REBUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (mim) TO F.E.
8 1.5 «5 0.0 0.0 0.0 0.0 —~ g | .5 0.0 0.0 0.0 0.0 0.0
6 10 040 0.0 0.0 0.0 0u0 G gl °-° ©°.0 0.0 0.0 0.0 w0
=
g| o o0 0.0 0.0 0.0 0.0 : 4 00 0.0 0.0 0.0 0.0 0:0
3 e5 040 0.0 0.0 0.0 0.0 '2 3 0e0 0.0 0.0 0.0 0.0 0.0
2 e5 0e0 040 0.0 0e0 0.0 %; 2 0.0 0.0 0.0 0.0 0.0 0.0
1] o-0 o0.0 0.0 0.0 0.0 o.0 % 1 0.0 0e0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8| 1o- .. 0. 0. 0. 0. —~ 8 3. 0. 0. 0. 0. Oe
[
6e 0. 0. 0. 0. 0. w 0. [ 18 Oe Oe 0. 0.
6 M
4 Se 0. 0. 0. 0. — 4 0. 0. 0. 0. 0. 0.
3 2. 0. 0o 0. [ 78 l:t— 3 [ 18 0. 0. Oe 0. Oe
2 2. 0. oe O 0. g 2 0. 0. 0. 0. 0. %.
1 o. 0. 0. 0. 0. 0. % 1 0. 0. 0. 0. 0. 0.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
=37




UPDRAFT (m s™})
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UPDRAFT (m 57 %)

UPDRAFT (m s~ 1)

SALT 3 1.005-26 G/u3 SALT 3 1.00E-07 G/43
ADIBATIC WATER CINTENTS ADIBATIC WATER CONTENTS
SEED AT 1.0 XM WHEN CLOUD IS 2.0 KM TALL SEED AT 1.0 KM WHEN CLOUD IS 2.0 KM TALL
TIME (mim)} TQ IQ d¢BZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
Ta.5 11.5 10.0 9.0 8.0 8.0 18.5 11.5 10.0 9.0 8.0 8.0
8 -~ 8
155 1245 11.0 1040 9.0 9.0 ‘v 15.5 125 11+0 10.0 9.0 9.0
6 e 6
18.5 15.3 13e5 1240 11.5 11.0 ~ 18.5 1545 13.5 12.0 11.5 11.0
£l 5.5 18005 168.2 18.0 13.0 13.0 = 4 21.5 18¢5 1640 13.0 13.0 13.0
3 27.5 23.0 20.5 18.5 17.5 17.0 = 3 1.5 23.0 20.5 18.5 17.5 17.0
2 42.5 37.0 32.5 29.5 27.5 26.5 ™ 2 42.5 37.0 3245 29.5 27.5 26.5
I
; 51
b 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (03')} CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION: EN TIME (min)} TQ F.E. REDUCTION IN TIME (min) TO F.E.
3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0 0.0
g8 8
0.2 0ed 0.0 0.0 0.0 0.0 "W’ : 0,0 0.0 0.0 0.0 0.0 0.0
& = 6]
0.0 0.0 0.0 0.0 0.0 0.0 : 0.0 040 040 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 L 4 0.0 040 040 0.0 0.0 0.0
g 9.0 0.3 0.0 0.0 0.0 g,g 0.0 0.0 0.0 0.0 0.0 0.0
1| °° °© 0.0 0.0 0.0 0.0 2 0.0 0.0 0,0 0.0 0.0 0.0
S5 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
a- 0- 0. o- 0. 0. I 0. 0. 0. 0. 0.
8 ~8
'
0. 0. 0. 0. 0. 0. ) 0. 0. 0. 0. 0. 0.
6 E 6
°. 0. 0. 0. 0. 0. 0. o. 0. o. 0. 0.
43 0. 0. 0. 0. . = 4 0. . 0. 0. 0.
2 0. 0. 0. ° = 3 0. 0. 0. 0. o. 0
1 0. 0. 0. e 2 0. oe 0. 0. 0.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
1-3a




UPDRAFT (m s™1)

UPDRAFT (m s~1)

-1

UPDRAFT (m s
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SALT 3 1 00C=J% G773 SALT 3 100E-02 G/M3
ADIBATIC JATZIY CONTENTS * ADIBATIC WATER CONTENTS
SEED AT 1.2 X9 «HFN CLIUD IS 2,0 KW TALL SEED AT 2.0 KM WHEN CLUOUD IS 2.0 X9 TatLlL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
12.5 11.5 1049 9.0 8.0 8.0 — 9.0 8.0 7.5 7.0 645 6.0
8 ~ 8
6 15¢5 125 1140 10.0 9.0 9.0 l; 6 10.5 9.5 BeS 8.5 8.0 7.5
4 13.5 155 13.5 12.0 11.5 11.0 :4 13.0 1240 11e5 110 1140 10.5
3 21.5 13.5 1640 13.0 13.0 13.0 L 3 160 150 (4.5 1.0 13.0 13.0
2 27.5 23.0 20.5 18.5 17.5 17.0 % 2 21e5 200 195 18.5 17.5 17.0
1 42,5 37.7 32.5 29.5 27.5 26.5 o 37.5 36e5 325 29.5 27.5 26.5
5.1
0 5 10 15 20 2§_ 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUB BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (min) TQ F.E.
9.0 0.0 2.0 0.0 0.0 0.0 —~ © 55 3¢5 245 240 1.5 2.9
8 - 8
]
6 0.0 J.0 0.0 0.0 0.0 0.0 “E‘ 6 5.0 3.0 2.5 1.5 1.0 15
4 8.0 0.0 0.0 0.0 0.0 0.0 :4 S¢5 3.5 2.0, 1.0 -5 .5
3 0.0 0.0 0.0 0.0 0.0 0.0 2 3 5.5 3.5 1.5 0.0 0.0 0.0
2 9.0 0.0 040 0.0 0.0 0.0 g;z 640 3.0 1.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 % 1 S50 S 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 0. 0. o. 0. 0. 0. —~ 8 38. 30. 2s. 22. 19. 25.
6 o '] 0 0. 0. [} .; 6 32, 2e. 23. 1Se 11. 17.
0. 2. 0 0. 0. 0. = 30. 23. 15« 8. .. Se
43 o 0. 0. 0 [ ' E g 26.  19. 9. 0. 0. 0.
2 [} 0. 0. 0. 0. § 2 22. 13. Se 0. -
1 0. 0. ) 0. Q. nQ. 12. 1. NS 0. 0.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T-33




UPDRAFT (m's'l) UPDRAFT (m s™1)

UPDRAFT (m s~!)

RN W P [=,}

SALY 13

10033 G/7Y3

AD1 JATIC «ATER CIANTENTS

SEED AT

TIME (min) TO 10 dBZ FIRST ECHO

PN WP () (o]

REDUCTION IN TIME (min) TO F.E.

=NwWwH N [o¢]

PERCENT REDUCTION IN TIME TO F.E.

8

2,3 <M 44EN CLOUD IS 2.0 KM TatLl

13.5 9.0 3.0 7.5 7.0 7.0
12.0 1J.5 JeS 9.0 8.5 8.0
13.5 135 12.5 I;.S 11.5 11.0
175 167 1340 13,0 13.0 130
2245 215 205 18.5 175 17.0
43.5 373 32.3 295 27.5 2645
0 5 10 15 20 25
. o -

CLOUD BASE TEMPERATURE (" C)

SEEDING EFFECT

4,0 2e3 2.0 | %=1 1.0 1.0
3.5 249 15 1.0 S 10
Q.0 2.0 1.0 5 0.0 0.0
4.0 245 1.0 G.0 0.0 0.0
Sel 15 0.0 0.0 0.0 0e0
240 0.0 9.0 0.0 0.0 G0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

28. 22 20. 17 13. 13.
23. 16 13, 10. 6e 11.
22. 13. 7o 4. Q.

19. 1a. 6o Q. 0.

13. Te Oe O. O.
Se [ O. O Oe 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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SALY 3 1.0JE-04 G/43

ADISATIC wATER CONTENTS

SEED AT 2.0 X4 wHEN CLOUD IS 2.0 XM TALL

TIME (min) TO 10 dBZ FIRST ECHO

—~ 8 12.9 10.0 9.0 840 7.5 7.5
[
v 13.5 11.5 10.5 9.5 9,0 9.0
e 6
— 4 16.0 14.0 13,0 12.0 131.5 11.0
l-<l- 3 185 17.0 15.0 16.0 13.0 13.0
‘03: 2 24«5 225 20e5 185 17.5 17.0
Qo 82.5 37.0 32.5 29¢5 27.5 2645
S5 1
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REDUCTION IN TIME {mim) TO F.E.
— 2.5 1.5 1.0 1.0 S .5
—+ 8:;
. a
wp
E 6 2.0 1.0 s S 0.0 0.0
— 4 2.5 1.5 e5 040 0e0 0.0
l<'-’ 3 3.0 1.5 0.0 0.0 0.0 0.0
=3 2] 3.0 5 0.0 0.0 0.0 0.0
% 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

17« 13. 10, 11l 6o Ge
'_./'\ 8
'
v 13. 8. Se Se 0. 0.
g 6
S
— 4 14, 10« 8 e Oe Oe Oe
L 1s. 8. Oe 0. 0. 0.
§ 3 0 o
o 2 11, 2a Oe - -
o. 0. 0. 0. 0. 0. 0.
=2
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°cC)

T-40



UPDRAFT (m s™1) UPDRAFT (m s )

UPDRAFT (m s~ 1)
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SALT 3 1 .006£-09 G/M3 SALT 13 1.00E-06 G/M3
ADIGBATIC d4ATER CONTENTS ADIDATIC WATER CONTYENTS
SEED AT 2.3 K¥ WwHEN CLOUD IS 2.0 KM TALL SEED AT 2.0 <M WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 14.0 119 eH 9.0 8.0 8.0 — 14.5 1195 10.0 9.0 8.0 8.0
o 8
14.5 125 11.0 10.0 90 9.0 155 12.5 11-0 100 Q9.0 9.0
6 e 6
17«9 15«0 13.5 15.0 115 11.0 — 18.5 15.9 13.5 12.0 115 11.0
g 21.0 19«0 164,90 14.0 13.0 13.0 [T 4 2145 18.5 16.0 13,0 13.0 13.0
2 27.0 23.0 20.5 18.5 17.5 17.0 § 3 27.5 23.0 20e5 18,5 17.5 17.0
1 82.9 37.0 32.5 295 27.5 265 g i 42+5 37«0 325 29.5 275 265
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REQUCTION IN TIME (minm) TO F.E. REDUCTIQN IN TIME (min) TO F.E.
8 Py-1 9 5 Je0 0.0 0«0 — 8 0.0 0.0 0.0 [+ 9] 0.0 0«0
6 1.0 J.0 0.0 0.0 0.0 0.0 ‘m 6 0.0 0.0 0.0 0.0 0.0 0«0
=
4 1.0 Ps-3 0.0 Ge0 0.0 0.0 : 4 0.0 0.0 0.0 Qa0 D0 GO
3 5 -1 0.0 De0 0.0 0.0 lé 0.0 0.0 Qa0 060 0.0 Qa0
2. 5 0 0.0 0.0 0.0 0.0 %; g 0.0 .0 Qe O 00 0.0 0.0
]?_ Q0 .0 0.0 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0.0 00 0.0
@ 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 Je 4., Se Oe Oe Oe — 8 Oe Oe O Qe Oe Oe
i
6o Oe [+ I Oe [+ 3% Qe w Oe Qe Oe Oe Oe Oe
6 6
Se 3. Oe Qe Oe Oe Qe Oe Oe Oe Qe Qe
g 2 3. O Oe Oe Oe t 4 O Oe [+ 39 Ouw Oe Oe
2 2e O. Oe Qs Ce Qe § 3 Qe Oa Qe Oe [+ I Qe
1 Qe Oe O Qe 0. Oe 2 2 Oe [ % Oe Oe Oe On
=1
0 5 10 15 20 25 6 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
T-41




UPDRAFT (m s™}) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

SALT 3

1 «QUE=-IT7 G/Vv}

ADIDATIC WATEQ CONFENTS

SEED AT 2.3 <M aHEN CLOUD IS 2.0 Kv TALL

TIME (min) TC 10 dBZ FIRST ECHO

8 185 1145 112.0 9.0 8.0 8.0

6 15¢5 125 (1.0 10.0 9.0 9.0
18.5 15.5 13,5 15.0 11.5 11.0

% 21«5 195 16.0 14.0 13.0 13.0

2 275 23.0 205 18.5 17.5 17.0

1 325 3740 32.5 29.5 27«5 26.5
a 5 10 IS 20 25

CLOUD BASE TEMPERATURE (%C)

SEEDING EFFECT
REODUCTION IN TIME (mir) TQ F.E.

8 0.0 0.0 Q0 0.0 0.0 0.0
6 0.0 0.0 [+ I+ ] 0.0 0.0 0.0
4 0.0 Ce0 0.0 0.0 0.0 0.0
3 [V ] 0.9 3.0 [+ Y ] 0.0 0.0
2 O«0 [« ] 0.0 0.0 0.0 0.0
1 0.0 0«0 0.0 0.0 Q0 Oe0
6 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 O Oe 0. 0. O. [+ 2%
6 0. O. Qe [ 1 0. 0.
4 O O. O [+ Y Oe Oe
3 0. Q. 0. Ce O. Oe
2 Je O Oe Oe 0.
1 Oa [¢] Oe Oe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s~ 1)

=W gy M

UPDRAFT (m s~ 1)

-
—

UPDRAFT (m s~

= NwWwH

SALT 3

100E~03 G/M43

ADIDATIC WATER CONTENTS

SEED AT 2.0 <Y wHEN CLOUD

Is 2.

0 KM TYaLL

TIME (min) TO 10 dBZ FIRST ECHO

8

[=)]

N W (=2 B e o]

13.5 115 10.0 9.0 8.0 8.0
155 125 11.0 10.0 9.0 9.0
18¢53 1565 135 12.0 11.5 11,0
215 185 1640 14.0 13.0 13,0
2745 23.0 20.5 18«5 17.5 17.0
3245 37.0 32.5 29.5 27.5 26.S

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REODUCTION IN TIME (mim) TQ F.E.

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0«0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
O 0. Oe Oe Os O.
Oe O. 0. Ce 0w 0.
0. O. O. 0. 0. 0.
Oe 0. 0. I 0.
Oe O« 0. O.
O. Oe Oa Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m 571 UPDRAFT (m s™%)

UPDRAFT (m s~1)

SALT &
ADINATIC AATER CONTENTS

SEED ATV 0a) KM WHEN CLOUD IS

1.006-02 G743}

eSS KW TALL

-181-

TIME (min) TO 10 dBZ FIRST ECHO
8 8.0 TaS 6a5 6.0 SeS 959
6 Fe S 3.5 TS TO 6eS 6e5
119 105 Pe35 ;-0 85 BaS
4 18.0 12.5 110 105 10.5S t0.5
g 183.0 1665 15.0 18.0 14,0 14,0
1 315 29.0 26«5 255 250 25.0
0 5 10 IS 20 275
CLOUD BASE TEMPERATURE (%C)

REDUCTICON IN TIME (minm) TU F.E.

SEEODING EFFECT

8 65 4.0 35 3.0 25 245
6 6.0 2.0 35 3.0 245 245
Te0 5.0 4.0 3.0 3.0 2.9
45 TeS 6.0 S¢0 3.5 25 265
2 9.5 6.5 Se5 L %1 3eS 3.0
1 11.0 Be0 640 4.0 245 1S
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 4S5 . 3S5. 3S5. 33. 31. 31.
6 39. 32. 32. 30. 28« 28,
4 38. 32. 30. 25. 26 23.
3 35. 32. 3. 2S. 19« 19«
2 35 28, 27« 248 . 20. 18.
1 26 22« 18« 14, Qe Ge
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

T-43

UPDRAFT (m =)

UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

SALY a

1.00E-03 G/M3

ADIBATIC WATER CONTENTS

SEED AT 0.0 KM WHEN CLOUD IS

5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 10.0  8:5 7.5 7.0 6.5 6.5
6 110 9.5 8¢5 BeD Te5 7e5
13.5 12.0 11.0 10.0 9.5 9.5
4 1600 1845 13.0 12.0 11<5 11.5
3 21.0 18.5 17.0 1640 15.5 15.5
i 39.5 35.5 32.0 29.5 27.5 26.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.
gl ¢S5 340 245 200 1.5 1.5
6 4.5 3.0 2.5 2.0 1.5 1.5
L Se0 3.5 2.5 2.0 2.0 1.s
4 S¢S 440 3.0 240 l1e5 1e5
| g 6¢5 445 345 2.5 240 1.5
) 1 3.0 1.s 5 040 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 31. 26. 25. 22. 19.  19.
6 29. 28. 23. 20. 17. 17
27. 23. 19« 1Te 17. 1s.
4 26. 22« 19+ 14¢ 12e 12«
3 24 20, 17. 1a. 11, 9.
]? Te .. 2. 0. 0. 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m ™) UPDRAFT (m s™ 1)

UPDRAFT (m s™1)

NWH O

SALT &

ADIVBATIC

1.00E=J4 G/M3

4ATER CINTENTS

SFED AT

TIME (min) TO 10 dBZ FIRST ECHO

8 11.5 e AeS TeS 7«5 7.0

6 12.5 11.0 9GS 9.0 8.5 8.5

4 130 135 12.0 l;-O 11«0 10.5S

3 180 163 13.5 13¢5 13.0 13.0

2 23.5 22.0 19.5 18.0 17.0 17.0

1 3245 365 32.5 29.5 27.5 26.5
a 5 10 15 20 25

REDUCTION IN TIME (mim) TU F.E.

HMNWE o 2]

8

3.0 2.0 1.5 1.5 3] 1.0
3.0 15 1.5 1.0 .S 5
3.5 2.0 1.5 1.0 S 5
3.5 25 1e5 -5 0.0 0.0
4.0 1.0 1.0 .5 oS 0.0
0.0 5 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

21. 17. 15 17. 6e 13.
19. 12 18, t0. Ge 6o
19. 13. 11, 8e 4 Se
16. is. S 4. Oe Q.
15, 3. Se 3. O.
0. t. O Ce 0.

0 5 10 15 20 25

N.3 KM #HEN CLOUD IS

«5 KM

-182-

TALL

CLOUD BASE TEMPERATURE

SEEDING EFFECT

%y

CLOUD BASE TEMPERATURE (OC)

UPDRAFT (m s~1)

UPDRAFT (m s 3)

~NWP gy M

SALT &

1 .00E-05 G/M3

ADIBATIC WATER CONTENTS

SEED AT 0.0 KM WHEN CL OUD

s

S KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

N WD S

— 8

-4

UPDRAFT (m s~

—Nwd

(<))

12.5 10.9S 95 B8e5 80 840
13.0 12.0 10.5 9e5 9.0 9.0
17.0 1S«0 13.0 12.0 11.5 110
20.0 17.5 15+0 184.0 13.0 13.0
27«0 23.0 20+5 185 17.5 17.0
42.5 37.0 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.

E 2.0 1.0 .5 5 0.0 0.0

i .

! 1.5 5 3 -5 0«0 0.0
15 .5 -5 0.0 0.0 0.0
1.5 1.0 0«0 0.0 0«0 0.0

£33 0.0 0.0 Ce0 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT

(°c)

PERCENT REDUCTION IN TIME TO F.E.
144 Qe Se Ge Oe Oe
10 L 39 Se Se Qe Oe
Ba 3. Ao Qe Os Oe
Te Se Qe O. Oe
2e Oe Qe Oa Qe
O Qe Qe Oe De Qe
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

¥=08



UPDRAFT (m s™1) UPDRAFT (m s 1)

UPDRAFT (m s~ )

SALTY a 1 «ND0E-26 G/43
ADISRATIC WwATER CUNTENTS

SEED AT Q40 KM 4HEN CLOUD IS

TIME (min) TO 10 dBZ FIRST ECHO

-183-

«S KM TALL

8 189 1l1e5 10.0 9.0 8.0 8.0
6 15.0 12.5S 11.0 10.0 9.0 9.0
18.0 155 13.5 I-Z.D 11.5 11.0
4 2125 18¢5 1660 18.0 13.0 13,0
% 27«5 2340 20.5 18.5 17.5 17.0
1 4245 37«0 32.5 29.5 27.5 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

8 .S Q0«0 0.0 0.0 0.0 De0
6 S Q.0 0.0 0.0 Oe0 0.0
4 oS Oe O 0.0 0.0 0.0 0.0
3 Qe0 0.0 0.0 0.0 0«0 0,0
2 O«0 0.0 0.0 Q.0 0.0 040
1 0.0 0.0 Qe«0 0.0 0.0 0s0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E
8 3. [+ Oe Oa Oe Oe
6 3e [+ 29 Oe Oe Oe Oe
s Py [+ 39 o [+ [« 1Y Qe
g 0 [+ I Oe Qe Oe Oe
2 [+ I8 [+] [: 2 Oe Oe
1 Oe [« Y [+] [ I O Qe
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SALT & 1.00E-07 G/743

ADIBAYIC WATER CONTENTS

SEED AY 0.0 KM WHEN CLOUD IS

5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

— 8 14,0 11.5 10.0 9.0 Be0 3.0
DN .
19.5 12.5 11.0 10.0 9.0 9.0
E 6
g |18 155 135 a2e0 a1es w0
L g |2tes tees 1e.0 1ae0 1300 13e0
g 2 27.5 23.0 20.5 18.S 175 17«0
% 1 8245 370 32.5 295 27.5 265
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
—~ g «5 0.0 0.0 0.0 0.0 0.0
[ ]
w 0.0 0.0 0.0 - . .
- 5 0.0 0.0 0.0
- g| °° 90 o0 0w 0w o0
L 0.0 0.0 0.0 0.0 0.0 0.0
g; :2; 0.0 0.0 0.0 0.0 0.0 0.0
%' 1{ °° ©° 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
—~8 3. 0. 0. 0. 0. o.
N
w Oe Qe [ 2 Oe Qe 0.
E 6
6e 0. 0. 0. 0. 0.
4 9 0. 0. 0s 0. 0.
= g 0s 0. 0. 0. 0. B
g 1 0e 6. 0. 0. 0. 0c
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s~1) UPDRAFT (m s™1)

UPDRAFT (m s‘l)

SALT a

192238 G/}

ADIRATIZ 4ATER CINTENTS

SEED AT Ja0 XM sHSN CLOUD IS5 S5 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO
8 13.5 115 10.0 9.0 8.0 8.0
6 155 12.5 11.0 10.0 9.0 9.0
4 13.5 15.5 13.5 12.0 11.5 11.0
3 21«95 19.5 16.9 18,0 13.0 13.0
2 275 23.7 20.53 185 17.5 17.0
1 42.5 37.9 32.5 29«5 27.5 26.5

0 5 10 15 20 25

CLOUD BASE TEMPERATHRE

SEEDING EFFECT
REDUCTION IN TIME (mim) TQO F.E.

¢°c)

8 0.0 0.0 092 G0 [« P9 [+ Y1)
6 Q.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 [+ N ] 0.0 Q0.0 0.0
3 Q.0 0eJ 0.0 00 [« Y] Q.0
2 D0 0.0 00 Qa0 0.0 0.0
1 0.0 0.0 3.0 0.0 0«0 0.0
@ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 : Oe OCe Oe Oa Oe Oe
6 Oe Qe O Qe Oe O
4 [+ Y Qe Oe Os Qe O
3 [+ 2 O 0 Oe Oe Oe
2 Oe Oe Oe O
1 Oe o Oe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)

~184-

SALT o

1.00E-02 G/M3

ADISATIC WATER CONTENTS

SEED AT

5 KM wWHEN CLOUD IS

5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

=8
]

w
e 6
- 4
< 3
o 2
51
— 8
.W
6
EE 4
=03
oo
=1

U—CA 8

UPDRAFT (m s~
_RNwas o

T+0 6.0 5.5 Se0 4.5 4.5
8.0 7.0 6.0 60 SeS S5
95 8.0 75 Te0 6.5 6.5
11.0 9.5 8.5 8.0 7e5 Te5
13,0 115 105 10.0 9.0 9.0
190 1745 1545 184.5 18,0 13.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTIQN IN TIME (mim) TG F.E.

i 7.5 Se5 8.5 4.0 3.5 3.5
7e5 S.5 S0 4.0 3.5 3.5
9.0 7eS 6.0 Se0 5.0 545

10e5 9¢0 725 6.0 5S.5 Se5
13¢5 115 100 BeS 8¢5 840
23.5 19.5 17.0 15.0 13.5 13.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

52. a8, as5. aas, aa. YW
a8, as. as, s0. 39. 39.
a9, a8, s, a2, a3, 1.
49. 49. 47. a3, a2, a2,
53, S0. 49, a6, a9, a7,
5S. 53. 52. Sle a9, 49,
(0] 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

=06



UPDRAFT (m s~1) UPDRAFT (m s™1)

UPDRAFT (m s™1)

-185-

SALY a 1 «00E~0Q3 G/M3 SALT o 1«00E-04 G/7M3
ADINATI. 4ATSP CONTENTS ) ADIBATIC WATER CONTENTS
SFED AT «5 KM WHEN CLOUND (S 9 KM TALL SEED AV »S5 <M WHEN CLOUD IS «S5 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8.5 7.5 6.5 6.0 5.5 5.5 10.0  B8+5 7:5 70  6e5 5.0
8 - 8
9¢5  Ba5 745 Te0 645 6.0 ‘v 11e0 9.5 845 7.5 7.0 7.0
6 e b
11.0 10.0 9.0 8.0 7.5 7.5 =~ 13.0 11.0 10.0 9.0 B.5 8.5
4 13.0 11e0 1049 945 9.0 8.5 = 4 18.5 125 11.5 10.5 10.0 10.0
% 15¢5 13.5 12.5 115 11.0 10.5 = 3 19.5 17.0 ,15.0 14.0 13.0 12.5
23.5 28.5 22.0 20.0 19.0 19.5 . E 2 38.5 30.5 27.5 24.5 24.0 2440
1 51
0 5 10 15 29 Zﬁi 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TQ F.E. REDUCTION TN TIME (min) TO F.E.
6.0 8.0 3.5 3.0 2.5 2.5 g 45 340 2.5 2.0 1.5 2.0]
3 —_ 8
6.0 4.0 3.5 3.0 2.5 3.0 .W 8.5 3.0 2.5 2.5 2.0 2.0
6 = b
745 5.5 4.5 4.0 4.0 3.5 : 5.5 845 3.5 3.0 3.0 2.5
4 8.5 T7eS 640 8.5 8.0 4.5 L 4 7.0 6.0 4.5 3.5 3.0 3.0
g 120 945 8.0 7.0 6o5 6.5 g:(;g BeD 640 5.5 4e5 4.5 605
1|40 1205 105 95 Bes 7.0 & Be0 625 Se0 5S40 3.5 2.5
S5 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) ' CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
al. 5. 3s5. 33. 31. 31. 31. 26. 25. 22. 19.  25.
8 —~8
6 39. 32. 32. 30. 28« 33. '2 6 29. 268. 23. 25. 22. 22.
4 al. 35. 33. 33. 35. 32. ~ 30.  29. 26. 25. 26. 23.
40. 41. 38. 32. 31. 3S. = 4 33, 32. 28. 25, 23. 23.
g aa. 41, 39. 38. 37 38, fg( 3 29. 26. 27. 28. 26e 26
1| 3 e 2. 320 m. s 2 2 19. 18. 15. 7. 13. 9.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)




UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s™°)

SALT 3

1.00E~-05 G/7v}

ADIHATIZ #SATEN CIONTENTS

SEECD AT

«5 KM 44FN CLOUD (S

25 KM TALL

-186-

TIME (min) TO 10 dBZ FIRST ECHO

8 11.5 9.5 3.5 7.5 7«0 6495

6 125 103 9.5 8.5 8.0 7.5
13.5 12.5 11.0 16.0 9.5 9.5

g 175 150 13¢5 12.0 t11.5 11.0

2 23,0 2040 18.0 165 15.5 1S5

1 4145 3545 3240 2940 27.5 26.5
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

REBUCTION IN TIME (minm) TQ F.E.

SEEDING EFFECT

8 3.0 269 15 15 10 15
6 3.0 2.0 15 1e5 1.0 1«5
4 4.0 3.0 25 200 2.0 ) B%-1
3 4.0 35 25 2.0 1«5 2.0
2 4.5 3.0 245 2.0 20 15
1 1«0 15 - S 00 0«0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

PERCENT REDUCTION IN TIME TO F.E.

SEEDING EFFECT

8 2t 17 15. 17. 13. 19.
6 19. 16. 13. 1S5. ile 17.
4 22. 19. 19. 17. 17. 14,
3 19. 19. 16. 14. 12. 1S.
2 16. 13. 12 11, 1le e
1 2. L 2. 2 Oe O.

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

SALT o

1.00E-06 G/M3

ADIAATIC WwWATZR CONTENTS

SEED AT

«5 KM WHEN CLOUD IS

«5 KM TaALL

TIME (min) TO 18 dBZ FIRST ECHO

<8
l

= 6
- 4
= 3
[a'4
a2
51

—_ 8
.un
E 6
§§ 4
=3
s 1

—~ 8
6
4
3
2
1

UPDRAFT (m s'

13.0 10.S 9.0 8.0 7.5 7.5
14.0 12.0 10.0 9.5 8.5 8.5
165 14.0 125 11.5 11.0 10.5
20.5 17.0 15.5 140 13.0 13.0
265 23.0 2045 1845 175 17.0
82.5 3645 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (OC)

SEEDING EEFECT
REDUCTIQN. IN TIME (min) TC F.E.
| 1e5 1.0 1.0 1.0 .5 oS}
15 5 10 rs-] Py 5
2.0 1«5 1.0 'y-1 S Y3
1«0 1«5 S 0.0 0.0 0.0
1.0 0.0 0.0 0.0 00 0.0
00 S 040 0.0 D0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
10 9 10« 1le Ge 6a
10. 4, Qe Se Ge Ge
11 10« Te L 2 Qe Se
Se 8 3e Oe Oe Oe
L Y Oe O Oe Oe Oe
Qe 1e O Qe Oe Qe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

T-48



UPDRAFT (m s~ 1) UPDRAFT (m s™ 1)

UPDRAFT (m s 1)

SALT

L}

10035-07 G/7M3

ADIHATIC WATER CONTENTS

SEED AT

«5 KM wHEN CLOUD IS

-187-

«5 KM TaALL

TIME (min) TO 10 dBZ FIRST ECHO
8 18.0 115 10.0 B85 8.0 TeS
6 15.2 12.5 11.0 10.0 9.0 9.0
4 13.5 1539 135 1;.0 11.5 11.0
3 215 1%.5 160 13.0 13.0 13.0
2 275 23.0 20e5 18.5 175 17.0
1 4243 37.0 32.5 299 275 26.5
0 5 10 15 28 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.
8 Py 0«0 °~ 0.0 -3 De O Py
6 .- 0.0 0.0 0.0 00 0.0
4 [» Y +] De O 0.0 0.0 Q.0 0.0
3 0.0 [« P+ 0«0 Qo0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
1 Q.0 0.0 0.0 Q.0 9.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

8 3. 0. O 6o Oe 6

6 3. Oe Oe [ 2 [+ P O.

4 Qe .0- Ne O O. O

3 0. O. Oe O« Oa O

2 0. Qe 0. O.

1 0. 0. Oo 0. G.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

—~ 8 18.5 11«5 10.0 9.0 8.0 8.0/|.
l"' 155 12.5 «0 10.0 . .
E 6 11 9.0 9.0
— 4 185 15e5S 1345 120 11.5 11.0
:E 3 215 185 16.0 14.0 13.0 13.0
% 2 27e5 23.0 20.5 185 175 17.0
% 1 42.5 37.0 32.5 29¢5 275 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME (mim} TO F.E.
—~ g 0.0 0.0 040 0.0 0.0 0.0
[ ]
w»
E 6 0.0 0.0 0.0 0.0 0.0 0.0
— 4 0.0 040 0s0 0.0 0.0 0.0
2 3 0e0 0e0 0e0 0.0 0.0 0.0
g; 2 040 0e0 0e0 0.0 0o0 0.0
% 1 0.0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
—~ 8 0. 0. [- 18 0. Oe 0.
i
w Oe Oe 0. [ 0e 0.
6
— 4 0. 0. 0. [ 18 0. 0.
L 3 O 0w 0. Oe 0. Q.
§ 2 0. 0. 0. Q. 0. 0.
% 1 0. 0. Oe [ 18 [ 18 0.
0 5 10 15 20 25

SALY a

1.00E-08 G/M3

ADIJATIC WATER CONTENTS

SEED AT

«S KM WHEN CLOUD IS

«5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

CLOUD BASE TEMPERATURE (°c)



UPDRAFT (m s~ 1) UPORAFT (m s™1)

UPDRAFT (m s~1)

SALT 3

1 .20E=-02 G/v}

AOINRATIC 4ATERI CUNTENTS

SEED AT Do) KM JHEN CLOUD IS5 Le0 XKW TALL

TIME (min) TO 10 dBZ FIRST ECHO
8 9.0 AeS 7.5 790 6.9 645
6 11.0 10.0 9.0 8.5 8.0 8.0
13.5 125 11.5 l;u) 10.5 10.5
g 16.5 135 14.9 13.5 13.0 13.0
2 22.0 705 19.0 18.0 17.5 17.0
1 395 3640 325 29.5 27.5 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (@C)

8 Se5 3.0 245 2.0 15 1«5
6 44,5 25 2.0 15 1.0 1.0
4 Se0 3.0 20 1.0 1.0 5
3 Se0 3.0 2.0 S 0.0 0.0
2 SeS F-2%3 15 S 0.0 0.0
1 3.0 10 0.0 0.0 0«0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REODUCTION IN TIME TO F.E.
8 33 26 2S5 22e 19« 19.
6 29 20, 18« 15, 1le 11
27 19, 15 8e Qe Se
g 23. 16 13 Ao Qe Oe
2 20 . 11e. Te 3. Oe [+]
1 Te 3. Oe Qe Oe ]
0 5 10 15 20 25

SEEDING EFFECT -
REDUCTION IN TIME (min) TO F.E.

CLOUD BASE TEMPERATURE (OC)

-188-

RE UPDRAFT (m s™1)

UPDRAFT (m s™1)

UPDRAFT (m s™1)

SALTY &

1.00E-03 G/M3

ADIBATYIC WATSR CONTENTS

SEED AT 0.0 KM WHEN CLOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 11.0 95 B.5 840 75 7«5
6 12.5 11.0 10.0 9e5 9.0 9.0
15.5 14.5 13.0 12.0 11.5 11.0
4 185 17.0 155 13.0 13.0 13.0
3 25.0 225 205 185 17.5 17.0
% 42,5 3645 32.5 295 27eS 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.
8 3.5 2«0 15 10 S 5§
' |
6 3.0 1.5 1«0 S 0.0 0.0 ]
4 3.0 10 S Oe0 Ge 0 00
3.0 1S 5 0.0 0.0 0.0
g 245 - 0.0 0.0 Q.0 0e0
1 0.0 -3 Ge O 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
8 28 o 17« 1S5 11e Se G
6 19 12. Qe Se [ 7 Qe
16¢ Ge 4 . Oe Oe 0
4 14, 8e 3. Ow Qe Oe
3 . Qe 2e O Oe Oe Oe
]2' [+ 29 le Oe Oe Oe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s™1)

-189-

SALT 3 1.00E-08 G743 SALY & 1+00E-0S Grsm3
ANDIIATIZ. #ATER CONTENTS : ADIDATIC WATER CONTENTS
SEED AT Do <4 «MEN CLIU) IS 1.0 KM TALL SEED AT 0.0 KM WwHEN CLOUD IS 1.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 12.5 105 9.5 Be5 8«0 8.0 — 8 13.5 115 10.0 9.0 B0 8.0
6 13.0 12.0 119 10.0 9.0 9.0 'm 6 1595 12.5 11.0 10.0 Q9,0 9.0
E
17.2 155 13.5 12'.0 11.5 11.0 : 4 18.5 15.5 13.5 1240 11.5 11.0
g 20.5 135 16,0 13.0 13.0 13.0 &- 3 21 .5 1845 160 14.0 13.0 13.0
2 27+5 23.0 2065 18.9 175 17.0 % 2 2T eSS 23.0 20.S 18.5 175 17.0
1 42.5 37.9 32.5 29.5 27.5 2695 % 1 42.5 37.0 32.5 29.5 275 265
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E. REDUCTION. IN TIME (min) TO E.E.
8 240 12 S Py 0.0 0.0 —— 8 ! le0 0«0 0.0 00 00 0e0
6 15 .5 0.0 0.0 0.0 0.0 .“"’ 63 0.0 0.0 0e0 040 0.0 0.0
=
4 1«5 0.0 0.0 [ 0 0.0 0.0 : 4 [ PN ] 0.0 0.0 0.0 0«0 0.0
3 1.0 0.0 0.0 0.0 0.0 0.0 '-é 3 0.0 0e0 0.0 0s0 0.0 0,0
2 0.0 0.0 2.0 0.0 0.0 0.0 %; 2 0.0 0.0 0.0 0.0 040 0,0
1 0.0 0«0 0.0 0.0 040 0.0 % 1 0«0 0.0 0.0 0eC D0 0-0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 14, De Se Be Qe Oe — 8 Te Qe Oe Oe Oa Qe
[ ]
6 10. 4. [ 38 O O Oe ‘é' 6 O 0. O Oe Oe Oe
4 Be Oe Oe De Oe : 4 Oe [+ 29 Oe Oe O
3 O 0. Oe [: 38 (VI8 3 O 0. Oe [ 18 Oe 0.
2 De Oe Oe Qe % 2 Oe Oe Qe Oe Oe Qe
1 Oe e Oe O Qe [+ 29 % 1 [+ 19 Qe Oe Oe Oe Oe
0 5 10 15 20 25 0 &5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢) CLOUD BASE TEMPERATURE (°c)
T=-51




UPDRAFT (m s™%) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

-190-

SALT A& 1 205-04 G/7M3 SALTY o 1.00E-07 G/Mm3
ADIBATIC #ATER CIONVENTS N ADIAATIC WATER CONVTENTS
SEED AT 0,0 K% w4EN CLJIUD IS 1.3 KM TALL SEED AT 00 KM WHEN CLOUD IS 1.0 Ku TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
14.0 115 17.0 9«0 e 0 A0 18.5 119 10.0 9«0 8.0 8e0
8 8
155 12.5 11.0 10.0 9.0 9.0 .m 15.5 125 11.0 10,0 90 9.0
6 e b
19.5 155 13.5 l’2.0 L1.5 11.0 ~ 18.5 1545 135 12.0 115 11.0
4 215 18.9 16.9 13,0 13.0 13.0 tl: 4 21.5 18.9 16.0 14.0 13.0 13.0
g 275 23.0 205 18.5 17.5 17.0 &t 3 27.5 23.0 20.5 18.5 175 17.0
825 37.0 32.5 295 27.5 26.5 QD_ 2 42.5 37.0 32.5 29.5 275 2645
1 =1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REODUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (min) TO F.E.
5 [s N ] 0.0 Qa0 0.0 O« 0 0.0 Oe Q.0 0.0 0.0 0.0
8 8
0«0 0.0 Q.0 0.0 0.0 0.0 .m 0.0 0.0 0.0 0.0 0.0 0.0
& - 6
040 0.0 0.0 0.0 0.0 0.0 : 4 [+ X 0.0 Oe0 0.0 0.0 ¢-0
4 0.0 Ce 0 0.0 0.0 0.0 0.0 L. 0.0 0.0 0.0 0.0 0.0 0«0
% Ne0 0.0 0.0 0«0 C.0 0.0 g; 3 0.0 0.0 0«0 0.0 O0e0 0.0
l 00 0.0 0.0 0.0 0.0 0.0 2 2 0.0 0.0 O«0 0.0 0.0 0.0
S 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 3. Oe Qe Qe Qe O — 8 O Qe Oe O Oe Qe
6 Oe Qe Qe Oe Oe O .2 6 Oe Oe Oe Oe Oe Os
Oe [+ Y Oe Oe Oe Oe ~ Oe Oe Oe Oe Oe [+ 29
4 Oe [« 2% Oe [+ 29 Oe Oe t 4 [+ 1Y Q. Oe Oe Qs Oe
g 0. 0. 0. 0. 0. Z(: 3 0. O 0. 0. 0. 0.
1 0. 0. 0. Oe 0. E 2 0. 0. 0. 0. O. O.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
T-952




UPDRAFT (m s™1)

UPDRAFT (m s 1)

UPDRAFT (m s™1)

SEED AT J.J <M

3aLT &

1.00S~-09 G/m3

ADINATIC #ATFR CONTENTS

WHEN CLIOUD IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO
8 13.5 11.5 10.0 9.0 8.0 8.0
6 15«5 1235 110 10.0 9.0 9.0
4 13.5 15.5 13.5 l;-o 11.5 tl.0
3 21eS 185 160 14,0 13.0 13.0
2 27.5 23.0 20e5 185 17.5 17.0
1 4245 3Ted 32.5 2965 27.5 2645
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°€)

SEEDING EFFECT
REDUCTION IN TIME (mwim) TO F.E.

8 0.0 0.0 0.0 00 0.0 0.0
6 ?.o De0 0.0 [+ 1PN Oe0 0.0
4 Q.0 0«0 0.0 Qa0 0.0 O.0
3 0.0 0.0 0.0 0«0 0.0 [+ Y ]
2 0.0 0.0 0.0 D.0 0.0 0.0
1 0.0 Q0 Oe0 Os0 0.0 0«0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E
8 Qe Oe [» Y Qe O. Oe
6 Oe Oe Oe Qe Oe O
4 [+ 1Y Qe Oe Qe [+ 1Y
3 Oe Oe Oe O )
2 o Oe O Oe Oe
1 Oe Oe Qe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s~1)

—HNWR oy @

UPDRAFT (m s~1)

UPDRAFT (m s™?)

N WD ()] o0

SALT 4

1«305-02 G/M3

ADIJATIC WATER CONTENTS

SEED AT 1.0 KM WHEN CLOUD

IS 1.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO
TeS 65 SeS 5.5 Se0 Se0
8.5 TeS 6.5 6.0 6.0 Se5
10.0 9.0 8.0 8.0 75 7S
11.5 10.5 %S 9.0 9.0 8a5
14.5 13«0 12.5 12.0 115 115
2245 215 2140 20.5 20.0 19.5
0 5 10 15 20 25

MNWwR o o]

Te0 Ss 0 35 3«5 3.0 3.0
Te0 S0 445 80 30 3.5
8e5 65 55 8.0 440 365
10.0 8.0 65 Se0 4,0 445
13.0 10.0 8.0 BeS Se Se5
20.0 15.5 115 9«0 Te5 70
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
48, 43, 4S5, 39. 3a. 38.
49, 40 4l e 40e 33. 39.
46, A2, a1, 33. 3Se. 32«
47« 43, 8le 36 31, 35«
L% 49 43. 39. 35. 3a, 326
A4Ta 424 35 3t. 27 26
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REDUCTION IN TIME (mim) TG F.E.

CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s~ 1)
[y YR [=)]

UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

=N S (o)}

SALT a8

100E=03 G/M3

ADIRATIC WATER CONTENTS

SEED AT 1.2 KM WHEN CLOUD IS 1.0 KM TALL

8

TIME (min) TO 10 dBZ FIRST ECHO

9.0 Te5 65 6.0 6.0 S5
10.0 AeS Te5 7.0 7.0 6.5
11«5 10.0 95 ;.5 8.5 8.0
13.5 12.0 11.0 10.5 10.0 9«5
16.0 15.0 13.5 13.0 12.5 12.0
28.5 260 28.0 230 22,5 22.5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTIAN IN TIME (min) TO F-E.

—_NwWR (o]

8

SeS 440 3.5 3.0 260 2e5
Se5 4.0 3.5 3.0 240 2¢5
7.0. SeS 4.0 3.5 3.0 3.0
3.0 (- 7%} S0 3.5 3.0 3.5
11.5 8.0 7.0 SeS Se0 S0
14.0 11.0 8¢5 G5 S.0 4.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
38. 35 35. 33 25« 3l.
35 32. 32 30« 22 28«
3. 35 30 29 266 27«
37. 35 31 . 25 23« 27
42, 35. 38, 30. 29a 29«
33. 30. 26 22 18« 1S e
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)
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SALY 1.00E-04 G/M3

ADIBATIC WATER CONTENTS

SEED AV 1.0 XM WHEN CLOUD IS 1.

0 XM TALL

TIME (min) TO 10 dBZ FIRST ECHO

105 8.5 Te5 TeO 6.5 6.0
11.5 9.5 8.5 840 TS5 Te5
t3.5 115 105 95 9.0 9.0
15.0 130 120 11.0 110 10.5
20.0 17.5 160 18.5 14.0 14,0
335 295 275 26.0 2540 24,5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

REDUCTION IN TIME (mim) TQ F.E.

~ 8
]
w
e 6
— 4
=< 3
[= 4
o 2
51
- 8
[ ]
[72]
= 6
= 4
=C.
25!3
51

— 8

-

UPDRAFT (m s
—Nws

é 4.0 3.0 2.5 2.0 1.5 2.0
4.0 3.0 265 2.0 15 1.5
S0 4.0 3.0 2.5 2.5 200
65 5.5 4.0 3.0 2.0 245
7.5 S5 4.5 4.0 3.5 3.0
9.0 7.5 5.0 3.5 265 2.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT ‘

PERCENT REDUCTION IN TIME TO F.E.

28. 26e 2S. 22. 19 2S.
26. 2a. 23. 20. 17. 17.
27, 26« 22 2t. 22. 18.
30. ° 30. 25 21. 1S. 19
27. 2a. 22. 22. 20. 18.
21, 20. 1S. 12. Ve 8e
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
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UPDRAFT (m s71) UPDRAFT (m s71)

UPDRAFT (m s~!)

SALT & 130E-05 G743 SALT & 1<00E~06 Grsu3
ADLISATIC WAATFR CONTENTS ADIBATIC WATER CONTENTS
SEED AT 1«3 KV #HEN CLOUD IS 1.0 KM TALL SEED AV 1.0 KM WHEN CLOUD IS 1.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
12.0 10.0 BeS 75 7«0 6«5 — 13.0 1les0 9«5 845 TeS 75
8 — 8
6 13.0 10.5 9«5 B8e5 8.0 8.0 '; 6 18,5 12.0 10.5 9.5 9.0 8e5
13.0 13.0 11.5 l(;ls 10.0 9eS : 4 17.0 14.5 13.0 115 110 105
g 175 155 13.5 125 12.0 11.5 L 3 [20-0 17e5 1.5 a0 130 azes
2 23.0 205 189.5 17.0 16.0 160 g 2 2640 23.0 20.0 18.0 17.0 17.0
1 4%.0 33.5 31.0 285 270 265 o 42,5 36.5 3245 29.5 275 2645
o1
0 5 10 15 20 Zi 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REOUCTION IN TIME (min) TQ F.E. REDUCTION IK TIME (mim) TO F.E.
2.5 1.5 1.5 1.5 1.0 1.5 — 1.5 .5 .S .S S .S
8 —_ 8
"
[V ]
6 25 2.0 145 1.5 1.0 1.0 56 1.0 5 S S 00 S
a3z s 2o 1s as s —g| s 10 .5 .5 .5 .5
3 440 3.0 2.5 15 1.0 1«5 l‘él 3 15 1.0 S 0.0 0.0 S
2] %5 2.5 2.0 1.5 1«5 1.0 glz 1.5 0.0 .S .S «5 0.0
1] 25 2.5 s a0 S 0.0 o ] oo 5 0s0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT )
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl '7- 13- se T sl e ".8 10. 4.  S. 6. 6. 6.
i
16. 16. 18, 15. 11. 1. wv 6. a. Se S. 0. 6.
6 E 6
4 19. 16. 15 13. 13. 14, — 4 Be 6o L XY Se 4 Se
3 19, 16. 16, 11, Be 12. g—( 3 Te Se 3. Oe 0. .
2 16. 11. 10. 8e Fe G g 2 Oe 2a 3. Oe
1 G6e 7Te Se 3. 2e O. [a W le O Qe O Oe
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
r-5%
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UPDRAFT (m s'l) UPDRAFT (m s'l)

UPDRAFT (m s™1)

SALT o 1 c00E=-07 G/v3 SALT & 1.005-08 G/M3
ADIAATIC WATEQ CONTENTS ADIBATEIC WATER CONTENTS
SEED AT 163 xM wHEN CLOUD 1S 1.0 KM TALL SEED AT 1.0 XKW WHEN CLOUD IS 1.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
18.0 11.5 10.0 9.0 8.0 8.0 18.5 11.5 10.0 9.0 8.0 8.0
8 8
15.5 12.95 11.0 10.0 9.0 9.0 .V’ 15.5 125 11.0 10.0 9.0 9.0
6 g 6
18.5 159 17.5 1.200 11.5 11.0 e 18.5 15.5 13.5 12,0 11.5 11.0
4 21.5 13.5 160 14.0 13.0 13.0 E 4 215 1845 160 14,0 13.0 13.0
% 275 23.0 205 185 175 17.0 § 3 27.5 23.0 20.5 18.5 17.5 17.0
42.5 37.9 32.5 29.5 275 285 E 2 4245 37.0 32.5 29,5 27.5 265
1 51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E. REODUCTION EN TIME (mim) TO F.E.
- 0.0 0.0 0.0 0.0 G0 0.0 0.0 [+ PN+ ] 0.0 Qa0 0.0
8 )
G0 0.0 [+ 9+ ] 0«0 0.0 0.0 .m [+ Y +] 0.0 0.0 L P Qo0 00
6 = 6
0«0 0.0 Q.0 0.0 0.0 0.0 : [ 1Y 0.0 0.0 0e0 [ Y ] 0.0
4 0«0 G.0 Q.0 0«0 0.0 0.0 [ 539 4 0.0 0.0 0e0 00 OeO 0.0
g 0e0 0e0 0.0 0.0 0.0 0e0 é; 3 0e0 0.0 0e0 0e0 0.0 00
1 Q0.0 Q.0 0.0 0.0 0.0 0.0 E 2 0.0 0.0 0.0 00 0.0 G0
5 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 3e [+ 29 Qe [+ 1 Oe Qe Oe [+ 29 Oa Oe Oe Qe
HA 8
Q. Oe [+ 2 Oe [» Y [+ 2% 'U) [+ 29 O Oe Oe Oe Oe
6 e 6
Qe [+] [+) Oe Oe O Oe 0. Qe [+ IS Qe
43 Oe [+ 29 [ IS [» 19 [+ Y ’Ll—_ 4 Oe Oe Oe O [+ 29
2 [ Y Qe Oe Qe Oe é 3 Oe Oe O [+ 19 Oe
1 Oe C. 0. 0. 0. 0. 2 2 0. 0. 0. 0. Oe
o1
0 &5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°cC)
T=586
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UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s™1)

SALT & 1.002-02 G/43 SALT & 1.00E-03 G/M3
ADINATIC #ATER CONTENTS ADIBATIC WATZR CONTENTS
SCED AT 1«0 XM WHEN CLOUDY [S 2.0 KM TALL SEED AT 1.0 XM WHEN CLOUD IS 2.0 KW TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
gl o 8e5 BeO Te5 TeO0 740 —~ g 11e0  9¢5 90 8.0 8.0 75
6 1140 100 7.5 9.0 8.5 845 " 6 12,5 11.5 105 10.0 9.0 9.0
’ e
4 1820 13.0 12.0 12.0 11.5 11.0 : 4 16e0 14.5 1320 12.0 11.5 11.0
3| 17e0 1se0 15.0 18.0 13.0 13.0 :—( 3 19.0 17.5 1640 14.0 13.0 1340
2]22:5 21.5 20.5 18.5 17.5 17.0 g 2 24.5 2245 20.5 18.5 17.5 17.0
1] 300 37.0 32.5 29.5 27.5 26.5 % 1 42.5 37.0 32.5 29.5 27.5 26.5
0 5 10 15 20 25‘3’ 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REBUCTION IN TIME (min} TO F.E. REDUCTION IN TIME (mim) TO F.E.
gl s 3.0 2.0 1«5 1e0 1.0 —~ g 3.5 2.0 10 140 0.0 .5
et 3
3 R 1.5 1.0 .5 .S "o 6l 30 -0 S 0.0 0.0 0.0
=
g *+s 25 1.5 00 0.0 0.0 — 4 2.5 1.0 e5 0.0 0.0 6,0
3 8.5 2.5 1.0 0.0 0.0 0.0 '::'3 2.5 140 040 0.0 0.0 0.0
2] s-0 1.5 0.0 0.0 0.0 0.0 g:z 3.0 e5 0.0 0.0 0.0 C.O0
11 3-5 0.0 0.0 0.0 0.0 0.0 % 1 0e0 0.0 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
g 3¢ 26- 20. 17. 13 13. —~ 8 24 17. 10. 11e Oe 6.
[
6 29, 20. 18, 10. 6e 6e u 6 19. 8. Se 0. 0. 0.
e
gl 2% 15 11 0. 0. 0. : 4 14, 6. ‘. 0. 0. 0.
3 21, 18, 6. 0. Oe 0. ‘2<L 3 12. Se 0. Oe 0. 0.
2 18, 7. 0. 0. 0o 0. Qot 2 1. 2. 0. 0. 0. 0.
1 8. 0. 0. 0. 0. 0. % 1 0. 0. 0. 0. 0. 0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
T-57




UPDRAFT (m s'l) UPDRAFT (m s'l)

UPDRAFT (m s~ 1)
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SALT & 1.00E=-38 G/7v13 SALT a4 1.00E=-05 G/M3
ADIUATIC #ATER CONFVENTS ' ADIPATIC WATER CONTENTS
SEZD AT 1.0 XM WwHEN CLAUD IS 2.0 KM TALL SEED AT 1.0 <4 WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
125 105 Jed Fe0 8.0 8.0 18,0 115 10.0 S« 0 860 80
8 S8
6 14.0 1265 11.0 12«0 9.0 9.0 l: 6 15.0 12.5 11.0 10.0 9.0 9.0
17.% 15«9 13.5 l-ZoO 11.5 11.0 ~ 18«5 15.5 13.5 12.0 11.5 11.0
4 20.5 18.5 16.0 14.0 13.0 13.0 t 4 21.5 18.5 $6.0 140 13.0 13.0
g 2645 23.0 205 1.5 175 17.0 § 3 27.5 23.0 205 18.5 17.5 170
42¢5 37.0 32.5 2945 2TeS 286.5 2 2 8245 37.0 32.5 295 27«5 265
1 51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c) CLOUD BASE TEMPERATURE (°cC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (min) TQ F.E.
2.0 1.0 -1 0.9 0«0 00 — 5 0.0 0.0 0.0 040 [+ 294 ]
8 —8
1.5 0.0 0«0 0.0 0.0 0.0 'W 5 0.0 0.0 0eO 0.0 0.0
6 = 6
1.0 5 Ce0 0.0 0.0 0.0 : 4 0.0 Qa0 0.0 Q.0 0e0 0.0
43 1«0 Qe 0.0 [ Y+ 0.0 0.0 L [« P4 ] 0.0 0.0 0.0 0.0 0.0
21 1ee 0.0 0.0 0.0 0.0 0.0 é;g 0e0 0.0 0.0 0.0 0.0 0.0
1 0.0 00 0.0 0.0 Q.0 0.0 E' 0.0 0.0 0.0 0.0 [+ 1.} [ 1Y ]
S 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT SEEDING EFFECT ‘
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 144 Fe Se Oe Oe Oe 3. Qe Qe Qe [+ 9 Qe
HA 8
6 10, Oe Oe Oe O. Q. .; 6 3. Oe Ce Oe 0. Oe
Ja Qe O Oe Q. ~ 0. Oe O Oe O Oe
43 [+ Oe Oe Oe Oe 'l.: 4 [» IS Oe O. Oe Oe Oe
2 Ce O [« 29 Oe § 3 Oe O O [ Y Oe Oe
1 Oe [+ 2 Oe Ce Ce g f O [+ 8 Oe Oe O Qe
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
T~-58




UPDRAFT (m s~ 1)

UPDRAFT (m s~1)

UPDRAFT (m s~ 1)

-197-

SALT a 1.30€-906 G/43
ADIIATIC WATER CONTENYS

SEED AT 10 KM #HEN CLOUD IS 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 14.0 11.5 10.0 9.0 8.0 8.0
6 155 125 11.0 10.0 9.0 9.0
4 18.5 153 13¢5 12.0 115 11.0
3 2le5 18sS5S 1640 14,0 13.0 13.0
2 27.5 23.0 205 185 17.5 17.0
1 2325 3740 3245 2945 27.5 26.5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (win) TQ F.E.

8 -5 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 2.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

8 3. 0. 0. O. Oe [ ]
6 ] 0. ] O 0. ]
4 O ] O. ] 0. Oe
3 Q. o [+ ] Oe o ]
2 Oe o o Oa 0. 0
1 [ a Q. 0 0. C.

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s~1)

=N W P N o

Y PR S o @

UPDRAFT (m s~ 1)

—
-

UPDRAFT (m s~

SALT & 1.00E-07 G/M3
ADIBATIC WATER CONTENTS
SEED AT 1.0 XM WHEN CLOUD [S 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

18.5 115 10.0 9.0 8.0 8.0

155 12.5 11.0 10.0 90 9«0

185 155 13.5 12.0 115 11.0
2145 185 1540 14.0 13,0 13.0
27«5 230 20e5 185 175 1740
8245 3740 325 29.5 27.5 26.5

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REDUCTION IN TIME (min) TO F.E.

| 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
!

0.0 0.0 0.0 0.0 0.0 G0
0.0 0.0 0.0 0«0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.

8

—Nwa o

O. Q. O Oe O Oe
O. 0. Oe Oe Oe Oe
Oe 0. O Oe [ 2% O,
O 0. [: 1% Oe Ow Oe
Oe Oe O Oe Qe
0. O. Oe O. O

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
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SALT a 1.00E~08 G/v3 SALT a 1.00E-02 G/M3
ADIBATIC #aTFH CANTENTS ADIRATIC WATER CONTENTS
SFED AT Ll¢7 K% wHEN CLOUD IS 2.0 xM TALL SEED AT 2.0 XM WHEN CLOUD IS 2.0 KM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
— 8 185 1125 10.0 940 8.0 8.0 — 8.5 7.5 7e0 605 645 60
n - 8
w 15.5 125 11.0 10.0 9.0 9.0 0 10.0 9.0 8¢5 B.0 8.0 7.5
E 6 e 6
185 15¢5 13e5 12.0 115 11.0 =~ 12.5 115 11.0 11.0 10e5 10.5
E 4 21.5 18.5 16.9 14.0 13.0 t3.0 E 4 15.5 14.5 14.0 13.5 13.0 13.0
g g 27.5 23.0 2065 1%.5 17.5 17.0 g:t 3 20e5 20.0 19.5 18.5 17.5 17.0
% 1 42.5 37.0 32.5 29.5 27.5 26.5 g i 375 36e5 32.5 29.5 27.5 2645
0 5 10 15 20 25 0 5 10 15 20 25
CLOQUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDIRG EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (mim) TO F.E.
—~ 8 0e3 0.0 0.0 0.0 0.0 0.0 —~ g 6.0 4.0 3.0 2.5 1.5 2.0
."' 0.0 0.0 0.2 0.0 0.0 040 lm 5e5 3.5 2.5 2.0 1.0 1.5
s 6 e 6
— 0.0 0.0 0.0 0.0 0.0 0.0 : P 6e0 4.0 2.5 1.0 1.0 .5
g—( g 0.0 0.2 0.0 0.0 0.0 0.0 I&_ 6.0 3.0 2.0 5 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0 n:; 3 7.0 3.0 1.0 0.0 0.0 0.0
c 2 ao'?2
o 1] °-°¢ ©-° o0.0 0.0 0.0 0.0 o 1 5.0 .S 0.0 0.0 0.0 0.0
== oD
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT .
PERCENT REDUCTION IN TIME TO F.E PERCENT REDUCTION IN TIME TO F.E.
~ 8 0. 0. 0. 0. 0. 0. —~8 al. 35. 30. 28. 19. 2S.
' i
u, - - - L] L] - - - - -
5 6 0. 0a [ [ [} o ; 6 3s 28 23 20 11 17
0. 0. Oe 0. 0. 0. 32. 26. 19. 8e 9. Se
E g 0. 0. 0. 0. 0. 0 E g 28. 22. 13. .. 0. 0.
oc 0. 9. 0. ZE 25. 13. 0. 0. 0.
E 2 a2 12 1 0 o ° [}
= 1 Q. Oe 0. Oe % 1 . - - - . -
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
1-60




UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

-1

UPDRAFT (m s
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SALT a 1.00E-03 Gru3 SALT & 1.00E-04 G/u3
ADIAATIC WATER CONFENTS ADIBATIC WATER CONTENTS
SEED AT 2.0 XM wHEN CLOUD IS 2.0 K% TALL SEED AT 2,0 KM WHEN CLOUD IS 2.0 kKM TALL
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
19.0 8.5 8.0 Te5 7.0 6.5 — I1.5 9.5 Be5 8.0 T.5 7.0
8 ~ 8
6 115 1040 9.5 845 8.5 840 .;' 6 12.5 1140 100 9.5 9.0 8.5
12.0 13.0 12.0 11.5 11.0 11.0 : 4 15¢5 18.0 12.5 1240 11.5 11.0
3 165 15.5 15.0 14.0 13.0 13.0 2 3 18.0 16e5 155 1440 13.0 13.0
2| 22.0 21.0 20,0 8.5 175 7.0 noc 2 28.5 22.5 2045 18.5 17.5 17.0
1] 05 370 32.5 2905 27.5 2603 o 22.5 37.0 32.5 29.5 27.5 26.5
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IK TIME (min) TO F.E.
425 340 2.0 15 1.0 1.5 — 3.0 2.0 1.5 1.0 .5 1.0}
8 — 8
'
6 4.0 2.5 1.5 1.5 «5 140 ‘; 6 3.0 1.5 1.0 «5 0.0 .5
4 5 2.5 1.5 .S 5 0.0 : g 3° 1.5 1.0 0.0 0.0 o0:0
3| s.o 3.0 1.0 0.0 0.0 0.0 ';: 3 3.5 2.0 «5 0.0 0.0 000
2 2.0 .5 0.0 0.0 0.0 gi 2 3.0 .S 0.0 0.0 0.0 [ 29}
1| 2-° 0.0 0.0 0.0 0.0 0.0 % 1 0.0 0.0 0.0 0.0 0.0 0:0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REBUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl - 26- 2o 7. a3l a0 ~ gl 2+ 17- s 6e 13,
i
26. 20. 14, 1S. 6. 11. w 19. 12. % Se 0. 6e
6 26
26, 16.  11. 4. 4. 0. 16 10. 7. 0. 0. 0.
g 23. 15. 6e 0. 0. 0. {:g 16 11. 3. 0. 0. 0.
2| 20. 9. 2. 0. 0. 0. é 2 1t. 2. 0. 0. 0. Gc
1 S. 0. 0. 0. 0. 0. a. 0. 0. °. 0. 0. 0o
=1 ]
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T=-61




UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s~1)

SALT a L+ B0E-VUS G/M43

ADIJATIC 4ATER CCOCNTENTS

SCED AT 2,0 KM #4EN CLOUD IS 2,0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO
8 13.0 10.5 DeS 8e5 8.0 Te5
6 13,9 12.0 11.0 10.0 9.0 9.0
17.0 15.0 3.5 1.200 11.5 11l.0
4 20.5 190 16.0 14.0 13.0 13.0
g 265 230 20eS 18.5 175 17.0
1 32.5 37.0 32.5 29.5 27.5 26.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (@C)

SEEDING EFFECT

REDUCTION IN TIME (mim) TQ F.E.

8 15 13 S - 00 5
6 1.5 - Qe 0.0 Qe O 0.0
15 - 0.0 [s Y ] 0.0 0.0
43 1.0 PY- 0.0 0.0 Ga0 040
2 1.0 0.0 0.0 0.0 0.0 0.0
1 Qe0 0.0 Q0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
8 10 P Se Se Oe Ge
6 10 LY Qs Oe Oe O.
B8e 3 [+ Qe Oa [+ I
g S 3 4] Oe Oe O.
2 a4, [+] 0 Qe ]
1 Oa 0 0 Qe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

-200-

UPDRAFT (m s~ 1)

(ms™})

" UPDRAFT

—
—4

UPDRAFT (m s~

SALTY a 1.00E-06 G/M3
ADIBATIC WATER CONTENTS

SEED AT 2.0 KM wHEN CLOUD

IS 2.0 KM TVALL

TIME (min) TO 10 dBZ FIRST ECHO

8 1.0 115 10.0 9.0 8.0 8.0
6 150 12,5 11.0 10.0 9.0 9.0
18.0 15.5 13.5 12«0 115 110
4 21.5 18,0 16.0 14,0 13.0 13.0
3 27.0 23.0 20.5 18.5 173 17.0
i 42.5 37.0 32.5 29.5 27.5 2645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTIQON. IN TIME {min) TO F.E.
8 . 5 0.0 [o ] Oe0 0.0 0.0
6 ' S 0«0 00 0.0 Q.0 0.0
|
S 0.0 00 0.0 0.0 0.0
4 0.0 5 0.0 Oe0 Qe0 00
g -1 0.0 Qa0 0.0 0.0 0.0
1 OO 00 0.0 0«0 0.0 [ 1Y)
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)
SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E.
8 3. [» 9 Oe Oe Oe Oe
6 3. Ce Qe Oe Oe Qe
Je Oe [+ JY O Oe [+ IS
4 [+ P 3e Qe Oe Oe Oe
3 2e Oe O Oe Oe Oe
]2. Oe Oe Oe Oe Oe Oe
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

T=-62



UPDRAFT (m s~ 1)

SALT & 1 «00E-07 GsM3
ANIAATIZ wATER CIONTENTS

SEED AT

2.3 KM GHEN CLOUD (IS 2.0 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

8 1d.9 11«95 100 9.0 8.0 B0
6 155 125 11.0 10.0 .0 Q9.0
13.5 155 13.5 lé-o 11.95 f1.0

g 215 1%5 16.0 14.0 13.0 13.0
2 27«5 230 205 18.5 17.5 17.2
1 42.5 37.0 32.5 29.5 275 26.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

- REDUCTION IN TIME (min) TO F.E.

UPDRAFT (m s™1)

UPDRAFT (m s™1)

8 0e0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 Ce0
3 0.0 Oe0 0.0 0«0 0«0 Q.0
2 D0 0.0 0.0 [+ P90+ § 00 [+ PN+
1 0.0 0.0 0.0 0.0 [+ P+ 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
8 Qe Oe O [+ [+ 1Y [+ 2P
6 Qe Oe Oe Qe Oe Oe
4 Qe Oe [+ Y Oe [+ I Oe
3 Qe Oe Oe [+ 29 Qe Qe
2 [+] [+ I Oe [+ I 0
1 Oe Oe Oe Oe
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

T-61%
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UPDRAFT (m s~1)

UPDRAFT (m s™1)

UPDRAFT (m s™1)

SALT 4 1<00E~08 G/M3

ADIBATIC WATER CONTENTS

SEED AT 2.0 XM WHEN CLOUD IS 2.0 KM TFALL

TIME (min) TO 10 dBZ FIRST ECHO

8 1.5 115 10.0 GeO 8.0 80
6 15«5 125 11.0 10.0 9.0 960
4 18.5 15.5 13.5 12.0 115 11,0
3 215 18.5 160 140 13,0 13.0
2 275 23.0 205 18.5 175 17.0
1 42.5 37.0 325 295 275 26«5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME (min) TO E.E.
8 [+ P 0.0 0.0 0.0 0.0 00
3
6 0.0 [+ Y] 0.0 0e0 00 0.0
4 0.0 0.0 0.0 Oe0 0.0 0.0
3 0«0 0.0 0.0 0.0 GeO 0.0
2 0.0 0.0 0.0 0.0 0«0 0.0
1 Q0.0 0.0 0«0 00 0.0 0«0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
Oe Oe Oe [+ 1Y [+ S O
6 Oe Oe Qe O Qe O
Oe Qe Oe Oe Oa
g Qe Oe Oa Qe
2 Qe Qe Oe Oe O
1 O. Oe Oe [\ Y Oe Ce
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)



UPDRAFT (m s™1) UPRAFT (m s™1)

UPDRAFT (m s~ )

=_NWwH O

GALT 3

1.005-02 G/v3

ADIHATIC WATER CONVECNTYS

SEED AT

3600+ SEC SSEDING PULSE

.5 KM 4HEN CLOUD 1S

5 KM FALL

TIME (min) TO 10 dBZ FIRST ECHO

o]

LA AT R [=)]

=RNWwe N s ¢]

8

GeS Sed 4.9 JeS 3.0 3.0
70 Se«0 .5 400 3.0 3.5
8.0 665 S5 845 4,5 8.5
10.0 8.0 7.0 SeS S0 Se0
13.5 105 QeS 8.0 TeS TaS
2245 19.5 16.5 18.5 13.5 125
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
45. 33, 30, 39 38 38.
4S5 . 40« 41 . 40, 33. 39
43, 424 4l 38. 3% 41,
a7, a3, LY 39 39 38. 38.
49, 46 s a46. 43, 43, 48,
53. S3e S51. 49, 4% e 47
0 5 10 15 20 25

B.0 6e5 6.0 9e5 S«0 Se0
8.5 75 605 6.0 6.0 Se5
10.5 9.0 8.0 ;.5 7.0 6.5
11.5 10.5 FeQ 8.5 8.0 8.0
14.0 12+5 11.0 10.5 10.0 Fe5
2040 175 16.0 15,0 14,0 14.0

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

CLOUD BASE TEMPERATURE (°C)

-202-

UPDRAFT (m s™1)
—NWS O o

UPDRAFT (m s°})

UPDRAFT (m s~1)

—owsS o

=NWPH o M

SALY 3

1.00E-03 G/v3

ADIBATIC WATER CONTENTS

SEED AT

«5 KM WHEN CLOUD IS S5 KM TALL

3600. SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

9«5 8.0 7.0 65 6.0 SeS
105 9.0 7.5 7.0 6.5 6.5
12.0 10.5 95 Be5 8.0 8.0
135 120 10+5 10.0 9.5 9«0
160 14,0 13.0 12.0 11.5 11,0
2745 2345 215 18B.5 18.0 18.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REOUCTION IN TIME (min) TO F.E.

S50 3.5 3.0 2.5 2.0 2.5
¢ Se0 3.5 35 3.0 2.5 25
645 Se0 3.0 3eS 3.5 3.0
8.0 .S Se5 4.0 3.5 4.0
115 9.0 TS5 6.5 6.0 6.0
1540 13.5 11.0 11.0 9.5 8.0

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.

34. 30. 30. 28e. 25 31.
32. 28. 32. 30 28. 28.
3S5e. 32. 30. 29. 30. 27.
37. 35 38, 29, 27. .
42. 39. 37. 35. 34, 3S.
35 36. 34. 37. 3S. 30,

CLOUD BASE TEMPERATURE (OC)

T-64
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UPDRAFT (m s
P YRY

UPDRAFT (m s 1)

UPDRAFT (m s™1)

—row (<]

SALTY 3

1430508 G/M1

ADIRATIC #ATER CONTENTS

SEED AT

TIME (min) TO 10 dBZ FIRST ECHO

8

()]

REDUCTION IN TIME (min) TO F.E.

HNWH N [+~]

PERCENT REDUCTION IN TIME TO F.E.

8

«5 XM WHEN CLIYD IS
3600.

«5 KM TALL
SFEC SEEDING PULSFE

11.0 Ve O 3.9 7.0 Ga5 6.0
12.0 10.0 9.0 8.0 Te5 T.0
13.5 11e5 10.5 9.5 9.0 8.5
15.5 13.5 11.5 11.0 10.5 10.0
19.5 17.0 18.5 13.5 12.5 12.5
33.0 28.5 25.5 23.5 22.5 22.5

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

3.5 2e5 2.0 2.0 1«5 2.0
3.5 2.5 2.0 2.0 15 2.0
S.0 4.0 3.0 2.5 2.5 2.5
6.0 Se0 4.5 3.0 2.5 3.0
8.0 6.0 6.0 5.0 S0 4.5
9.5 3.5 7«0 6.0 Se0 4.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

SEEDING EFFECT

24, 22. 20. 22« 19. 2S5,
23. 20. 13. 20. 17« 22.
27. 26. 22. 2% 22. 23.
28. 27. 28. 21. 19. 23.
29. 26. 29. 27. 29. 26.
22. 23. 22 20. 18, 15.
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)

T-65

-203-

SALT 3 1.00E~05 G/v3
ADIBATIC WATER CONTENTS

SEED ATV «S KM WwHEN CLOUD IS

+S KM TALL

3600. SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

— 8 12.5 10.0 845 Ta5 7«0 7«0
FQA
13.0 110 9.5 8e95 860 8e0
£ 6
1S5S0 13.0 115 109 9.5 9.5
t: g 17«5 15.0 13.5 12.5 315 11.0
E§ 2 23.0 19.5 175 16.0 15.0 15.0
g l 40,83 348.5 30.5 285 27.0 2695
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
REDUCTION IN TIME {(mim) TO F.E.
—~ 8 2.0 1e5 1.5 1.5 1.0 1.0
]
wn 2.5 1.5 .5 .5 .0/
JE’ 6 1 1 10 1 0'
— 4 3«5 2«5 260 1S 2.0 165
:; 4.0 35 245 1.5 1.5 2.0
Egl % 4S5 3.5 3.0 245 25 2-0
% 1 25 2.5 2.0 1.0 S 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
— 8 14, 13 1Se 17« 13. 13«
i
0 16« 12. 14 1Se 11e B XY
£ 6
— 4 19, 16. 15 13. 17. 186
[T 3 19, 19 16. 11e 12. 1Se
§ 2 16. 1S5 15. 16, 14, 125
g 1 Ge Te Ge . IS 2e Go
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s™1) UPDRAFT (m s 1)

UPDRAFT (m s 1)

saLT 3

1 «00E~06 G/v3

AJIRATIC #ATEI CONTENTS

SEED AT

«5 KM WHEN CLOUD IS

3600,

-204-

«5 KM FTALL
SEC SEEDING PULSFE

TIME (min) TO 10 dBZ FIRST ECHO

135 110 95 8.5 TeS 7.5
8

13.5 12.0 10.5 9.5 9.0 8¢5
6

17.3 18.0 12.5 l;.S 105 10.5
g 20.5 17.0 15.0 14.0 13.0 12.5
2 26.0 22.5 20.0 18.0 17.0 17.0
1 4245 3645 32.5 29.5 27.5 26.5

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REDUCTION IN TIME (min} TO F.E.

8 1.0 P -1 S %1 P%-1
6 1.0 -1 Py «S 0.0 S
1«5 15 1«0 5 1.0 5

g 1«0 15 1.0 [ 90 [+ P ] S
2| 1es .5 .S s «5 0.0
1 0.0 S 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 7e LY Se 6. 6. 6o
6 6. L X3 Se Se Oe 5.
Be 10 Te L X 9. Se
g Se 8. 6o Oe Oe 4.
2 Se 2. 2e 3. 3. 0.
1 Q. le 0. 0. 0. 0.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SALTY 3

100E-07 G/u3

ADIBAYIC WATER CONTENTS

SEED ATV

¢S5 KM WHEN CLOUD IS

3600.

S KM TALL

SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

UPDRAFT (m s™ 1)

—=NWS oY oo

HNWP Y @

UPDRAFT (m s~ 1)

(0]

UPDRAFT (m s~ 1)

—Nw s o))

18.0 115 10.0 8eS 8.0 8.0
155 12.5 11.0 10.0 9.0 9.0
18.5 1S5 13.5 12.0 11.0 11.0
215 18.5 16.0 14.0 13.0 13.0
27.0 2340 20.5 18.5 17.5 17.0
4245 37.0 32.5 29.5 27.5 26.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REBUCTION IN TIME (min) TO F.E.

Y- [+ Y] Qa0 S 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0«0 0.0 G0 S 0.0
0.0 0.0 0.0 0e0 0.0 Qa0

5 0.0 0.0 00 00 0.0
00 0.0 0.0 Oe0 0.0 040

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT :
PERCENT REDUCTION IN TIME TO F.E.

3. Qe Qe (- 19 Qe Qe

Oe [+ P Oe Qe Qe Qe

[+ e De [+ IS L 39 Oe

O Oe Oe Os Qe Oa

2 O. Oe Oe Oe Oe

Oe Oe Oe O [» 9 [+ 1Y

0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

T-66



UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s™1)

-205-

SALT 3 1.00E-09 G/u3 SALT 3 1.00E-02 Gs/™m3
ADINATIC 4ATER COINTENTS  ° ADISATIC WATER CONTENTS
SEED AT +5 KM #HEN CLOUD IS .5 KM TALL SEED AT .5 KM wWHEN CLOUD IS .5 KM TALL
3600. SEC SEEDING PULSE 120. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
13,5 11.5 10.0 9.0 840 8e0 8.0 6.5 6.0 SeS 5.0 S0
8 —~ 8
6 15.5 12.5 11.0 10.0 9.0 9.0 I; 6 8.5 7.5 6e5 6.0 6.0 Se5
13.5 15.5 13.5 12.0 11.5 11.0 : 10.5 9.0 8.0 7.5 7.0 6e5
g 21.5 18.5 16.0 14.0 13.0 13.0 [T 4 1t.5 10.5 9.0 8e5 8.0 840
2 275 23.0 20.5 1B.5 17.5 7.0 fzz 3 18,0 12.5 11.0 10.5 10.0 9.5
1 42e5 37.0 32.5 29.5 27.5 2645 2 2 22e5 175 16¢5 15.5 14.5 14.0
o1
0 5 I0 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (GC) CLOQUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REODUCTIAON: IN TIME (minm) TO F.E. REOUCTION: IN TIME (mim) TO F.E.
0.0 0.0 0.0 0.0 0.0 0.0 — 6e5 S0 4.0 3.5 3.0 3.0
3 — 8t
6 0e0 0.0 0.0 0.0 0.0 0.0 ": 6 TeO Sed 445 420 3.0 3.5
4 0.0 0.0 0.0 0.0 0.0 0.0 : ) ; 840 6.5 S5e5 4.5 4.S 4.5
3 0e0 0.0 0.0 0.0 0.0 0.0 I:E. 3 10.0 8.0 70 5.5 Se0 S.0
2 0.0 0.0 0.0 0.0 0.0 0.0 ‘5' 2 t3.5 10.5 9.5 8.0 75 7.5
1} °-° 0.0 0.0 0.0 0.0 0.0 o 1 20.0 19.5 160 14.0 13.0 12.5
: I3
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
PERCENT REBDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 0. 0. 0. 0. 0. 0. —~ 8 asS. a3, 40, 39. 38. 38.
i
O 18 Oe 0. Oe 0. L] 4S5 40. ol a0, 33. 39.
6 e
2. 0. 0. 0. Oe 0. e3. a2, ale 38. 39. al.
43 O« 0. O« [+ XY Oe E g 47 43. 48, 39« 38. 36.
2 0. 0. 0. 0« 0. EE 2 49, 6. 5. 43, 43. Y Y8
1 0. 0. 0. 0. 0. 0. E a7, S3. 9. a7. a7, az.
51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (°C)
T-57




UPDRAFT (m s™%) UPDRAFT (m s™ )

UPDRAFT (m s~1)

-nNw (=]

SALT 3 100£-23 G/M3
ADISATIC WATER CUNTENTS
SEED AT 5 KM «4AFN CLOUD IS o5 KM TALL

TIME (min) TO 10 dBZ FIRST ECHO

[¢<]

Pt N D [,}

REDUCTION IN TIME (mim) TQ F.E.

=MNwWR N [8¢]

PERCENT REDUCTION IN TIME TO F.E.

8

-206-

120+ SEC SEEDING PULSE

Ye S 8.0 7«0 6.5 6.0 5.5

10.5 .0 Te5 7.0 645 6e5

12.0 10.5 9.5 ;.5 8.0 8.0
135 120 10.5 10.0 9.5 9.0
160 18.5 13.0 12.0 11.5 11.0
28.5

24,5 22.0 20.0 1IB.5 18.5

© 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

S«0 35 3.0 2.5 2.0 2e5

S.0 3.5 3.5 3.0 25 2.5

6.5 Se0 4.0 3.5 3.5 3.0
3.0 645 S5 4.0 3.5 4.0
1.5 8.5 7.5 6.5 6.0 6.0
14.0 12.5 10.5 9.5 9.0 8.0

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

3a. 30. 30. 28 2S . 1.

32. 28 32. 30. 28 28.

35. 32. 30. 29. 30. 27«
37. 35 34. 29 27. 31.
a2, 7. 37. 35. 34. 35.
33. 38, 32. 32. 33. 30.

0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

UPDRAFT (m s 1)

H

=NWwPR gy @

UPDRAFT (m s

—
-t

(7]
=3

UPDRAFT (

SALT 3 1.00E-08 G/7M3

ADIGATIC €ATER CONTENTS

SEED AT .5 K4 WHEN CLOUD [S

120.

5 K9 TALL

SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

—_NWS o o

8
6
4
3
2
1

11.0 9«0 8.0 7.0 645 6.0
12,0 10.0 9.0 8.0 75 7.0
135 111.5 10.S 9.5 9.0 8.5
15¢5 13¢5 115 11e0 105 10.0
195 17.0 14.5 13.5 12.5 12.5
33.0 29.0 26.5 23.5 22.5 23.5

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT
REDUCTION. IN TIME (min) TO F.E.

3.5 2.5 2.0 2.0 1.5 2.0
3.5 2.5 2.0 2.0 1.5 2.0
. S0 4.0 3.0 2.5 2.5 2.5
6¢0 5.0 4¢SS 3.0 2.5 3.0
840 6.0 6.0 S.0 S.0 4.5
8.5 8.0 6.0 6.0 S.0 3.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
24. 22. 20, 22. 19. 25.
23. 20. 18. 20. 17.  22.
27. 26. 22, 21. 22. 23.
28. 27. 28. 21. 19. 23.
29, 26. 29. 27. 29. 26.
20. 22. 18. 20. 18. 1.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)



UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

-207-

SALT 3 1.205=05 G/7M3 SALY 3 1«J0E-06 G/M3
ADIDATIC #AYSR CONTENTS : ADIRATIC WATER CONTENTS
SEED AT .5 KM #HEN CLOUD [S +5 KM TALL SEED AT .S KM WHEN CLOUD IS .S KM TALL
120. SEC SEEDING PULSE 120. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 12.5 10.0 3.5 TeS T7a0 7.0 —~ g 13,5 110 9.5 8.5 7.5 7.5
6 13.0 11.3 9.5 BeS 8.0 8.0 l"’ 6 18.5 12.0 10.5 9.5 9.0 8.5
| =3
4 15.0 13.0 11.5 10.5 9.5 9.5 :4 17.0 16.0 12.5 11.5 10.5 10.5
3 18.0 15.0 13.5 12.5 11.5 11.0 L 3 20.5 17+5 15.5 14.0 13.0 12.5
2 23.0 2040 17.5 16.0 155 15.5 2 2 2640 22.5 20.0 18.0 1T7.0 17.0
123 35.5 31.5 29,0 27.5 26.5 % 1 42.5 36.5 32.5 29.5 27.5 26.5
0 5 10 15 20 2% 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME {mim) TU F.E. REDUCTION IN TIME (mim) TO E.E.
8 2.0 1.5 15 1.5 1.0 1.0 —~ g 1.0 .5 o5 .5 5 .S
6 2.5 1.5 1.5 1.5 1.0 1.0 "" 6 1.0 -3 .5 -3 o.ob oS
E a8
g4 3.5 2.5 2.0 1.5 2.0 1.5 : d ‘ 15 1e5 1.0 .S 1.0 .5
3 3.5 3.5 2.5 1.5 1.5 2.0 l<f- 3 1.0 1.0 «5 0.0 0.0 .S
2} 25 3.0 3.0 2.5 200 1.5 giz 1.5 .5 S 5 «S 0.0
1l - 1.5 1.0 S 0.0 0.0 % 1 0.0 «S 0.0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
g| 13, 15. 17. 13. 13. —~ 8 7. 8. Se 6. 6. 6.
6 16, 12. 14, 15 11. 11. .‘" 6 6o 4. Se Se 0. 6.
e
4 19. 16, 1S. 13. 17. 18, : 4 8 10 7. 'Y 9. Se
3 16, 19 15 11 12. 15« l-qL: 3 Se S5e 3. 0. Oe I
2 16. 13. 15. 1a. 11. g 2 Se 2. 2. 3. 3. 0.
1.2 ' 3. 2. 0. 0. % 1 0. 1. 0. ' 0. 0.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T-69




UPDRAFT (m s™%) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

-208-

SALY 3 1N00C=07 G743 SALY 3 1.00E-08 G/M3
ADLIATIC JATER CINTENTS N ADIBATIC WATER CONTENTYS
SEED ATV »5 KM 4HEN CLOUD IS 5 XM TALL SEED AT +5 KM WwHEN CLOUD IS 5 KM TALL
120+ SEC SEEDING PULSE 120. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
1449 lle> 10.0 HaeS B0 8.0 13.5 115 10.0 %0 B8e0 840
8 8
6 1356 125 110 10.0 9.0 9.0 '(h 6 1S.5 125 11.0 10.0 9,0 9.0
=
1385 1595 135 12.0 11.0 11.0 =~ 18.5 15«5 135 12.0 115 110
4 215 135 16.0 l‘.q 13.0 13.0 E 4 21.5 185 160 14.0 13.0 13.0
3 275 23.0 20.5 13.5 175 170 é 3 27.5 23.0 20.5 185 17.5 17.0
2 4245 37.0 32.5 29.5 27+5 2645 E_ 2 42.5 37.0 32.5 295 27.5 2645
1 S5 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REOUCTION IN TIME (mim)} TO F.E. REDUCTION IN TIME (min) TO F.E.
o3 [+ s § 0.0 .S 0.0 0.0 0.0 Qa0 0«0 Oe0 0«0 0.0
g 8
DD 7«0 0.0 0.0 0«0 0.0 .m 0«0 0.0 0.0 0.0 0«0 Oe0
6 E 6
[« I } 0.0 0.0 Qe0 - 0.0 — 0.0 0.0 0.0 0.0 000 0.0
4 Q.0 0.0 0.0 0.0 0.0 0.0 (1 4 0.0 [» Y] Qa0 00 0.0 Q.0
g o e ] Qe O N0 0.0 0.0 0.0 g; 3 0.0 0.0 [+ Y+ ] 0.0 [» Y ] 0.0
0.0 0.0 0.0 0.0 [» Y] 0.0 8l 2 0.0 0.0 G.0 0«0 Qa0 00
1 > 1
0 5 10 15 20 25 0 &5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
. 0. Oe 6e Ce O Oe Oe Oe Oe Oe Oe
8 —~38
6 [+ 2% O Qe Oe [ Y O l; 6 Ov. Qe Oe O« Qe Oe
Q. Oe O Os 4 Q. ~ Qe Oe Oe [ Y (- % Oe
4 O Oe Qe Oe Oe Oe E 4 Oe Oa [+ 19 Qe Oe Qe
g 0. O é 3 O 0. 0. Oe 0.
0. 0. 0. 0. E 2 0. 0. 0. 0. 0.
1 51
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) | CLOUD BASE TEMPERATURE (°C)
T=-70




UPDRAFT (m s™1) UPDRAFT (m s™7)

UPDRAFT (m s™1)

—_Nwe o

SALT 3

L+202-32 G/MY

ADIIATIZ WATFHR CONTENTS

SECD arv

TIME (min) TO 10 dBZ FIRST ECHO

8
6
4
3
2
1

REDUCTION IN TIME (min) TQ F.E.

~NwWwh oM [a¢]

PERCENT REDUCTION IN TIME TO F.E.

8

60.

9 <M WHEN CLOUD IS .5 KY TALL
SEC SEEDING PULSE

8.0 6e5 60 5.5 Se0 S0
k P TeS 6«5 60 6.0 5.9
10.5 9.0 8.0 ;-5 T0 65
1240 105 9.0 8¢5 8.0 8.0
145 12.5 115 10.5 100 9.5
24.5 2045 165 16,0 15.0 15.0
© 5 10 15 20 25
CLOUD BASE TEMPERATURE (%C)

SEEDING EFFECT

GeS 540 43,0 3.5 3.0 3.0
Te0 Se 0 8.5 4.0 3.0 35
Ba0 6e5 Se5 8,5 3.5 445
Fe5S 8.0 T« 0 545 Se0 Se0
13.0 10.5 9.0 840 TS5 TS
18.0 1695 160 13.9 1.2.95 11.5
6 5 I0 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT

35 43. 40, 39. 38. 38.
45, 40. L3 40. 33. 39.
a3. a2, 41. 38. 39. ‘.
a4. 3. 4. 39. 38« 38.
a7. a46. L1 % 43. 43. L1
42, 45. 49. 460 4S5, 43.

g 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

r-71
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UPDRAFT (m s 1)

-1

UPDRAFT (m s

—
i

UPDRAFT (m s~

S
A

SEED AT

ALY 3 1.00E-03 G/M3
DIBATIC WATER CONTYTENTS
«5 KW WHEN CLOUD IS

60,

*5 KM TALL

SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

3 9.5 8.0 7.0 6.5 6.0 5.5
6|05 o0 75 70 65 eus
1240 10e5 9.5 8.5 Bed 8.0
4 18.0 12.0 10.5 10.0 9.5 9.0
g 1640 1845 13.0 12.0 11.5 11.0
1 29.0 25.0 22.5 21.0 19.0 19.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E.

8 ‘ Se0 3.5 3.0 2.5 240 ° 2.5
6 Se0 3.5 3.5 3.0 2.5 2.5
z 6.5 5.0 4.0 3.5 3.5 3.0
TeS  6e5 5.5 4.0 3.5 8.0
g 11.5 8¢5 TeS 6.5 620 640
1|13+ 12e0 100 ais ss 7.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT :

PERCENT REDUCTION IN TIME TO F.E.
g[ 3+ 30 oo 2e = il
6| 2+ o 22 3. . e
4 35. 32. 30. 29. 30. 27.
3| 3% - 3. w2 s
5] = 7. T 3. 3k 3k
] 32, 32. 3l. 29. 31. 26.
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°¢)



UPDRAFT (m s™1) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)
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saLT 3 1 <00E-04 G/43 SALT 3 1.005-05 G/M3
ANINATIC #4ATFI CONTENTS B ADISATIC WATER CONTENTS
SFED AT «2 KM wHECN CLOUD 1S eSS KM TALL SEED AT »S5 KM WHEN CLOUD IS «S KM TALL
60. SEC SEEDING PULSE 60. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
1.0 9.0 8.9 70 6.5 8.0 T2.5 10.0 8.5 7.5 7.0 7.0
8 <8
12.0 10.0 9.0 8.0 7.5 7.0 ‘v 13.0 110 9.5 8.5 8.0 3.0
6 e 6
1325 11.5 10.5 9¢5 9.0 8.5 ~ 1545 13.0 11.5 10.5 9.5 9.5
41 ... 13.5 11.5 11.0 10.5 10.0 = 4 18.0 15.5 13.5 12.5 11.5 11.0
% 1945 1740 15.0 18.0 13.0 12.5 = 3| 2a.s 20.0 18.0 16.5 15.5 15.5
3445 3245 27.5 28.5 23.5 2440 o 2 a41.5 35.5 32.5 29.5 27.5 26.5
1 51
0 5 10 15 20 Zi 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E. REDUCTIAN IN TIME (min) TO F.E.
3.5 2.5 2.0 2.0 1.5 2.0 | 2.0 1«5 145 145 1<0 1.0
8 — 8
3.5 2.5 2.0 2.0 1.5 2.0 Y 2.5 145 1e5 145 1.0 1.0
& = 6
5.0 4.0 3.0 2.5 2.5 2.5 : 3.0 245 2.0 15 2.0 1.5
4 5.5 5.0 4.5 3.0 2.5 3.0 T 4 3.5 3.0 2.5 1.5 1.5 2.0
% | 840 6.0 5.5 4.5 4.5 a.S §; 31 40 3.0 2.5 20 2.0 1.5
I | 8.0 5.5 5.0 S.0 4.0 2.5 ' 2 1.0 145 0.0 0e0 0e0 0.0
| 51
@ 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT )
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
g[ 7 2. zo. zz. 1. =s. 16. 13. 18. 17. 13. 13.
'—.A 8
6 23. 20, 18. 20. 17. 22. '2 6 16, 12. 18. 15 1. 11.
27.  26. 22. 21. 22, 23. =~ 16. 16  15. 13. 17. 14.
43 26, 27. 28, 21le 19 23, E 4 16. 164 16e 1te. 12 1Se
o 2o zs- 27 2e. ze. 26 = 3 15. 13.  12. 11.  1t. 9.
1] 1oe e se e s 9. . 2 2. A, 0. 0. 0. Oe
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
¥-72




UPDRAFT (m s'l) UPDRAFT (m s'l)

UPDRAFT (m s~ %)

-211-

SALT 3 10J)E-06 G/MU) SALF 3 100E=-07 G/M3
ADIBATYIC YWATER CONTENTS : ADIRATIC WATER CONTENTS
SEED AV a3 KM #HEN CLOUD IS «9 KM TALL SEED AT 3 KM WHEN CLOUD IS 5 KM TALL
60« SEC SEEDING PULSE 60s SET SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 13.5 11.0 9.5 8¢5 Te5 TeS — 8 1%.0 11.5 10.0 8.5 8.0 8.0
[
13.5 12.0 19.95 2.5 9.0 85 w 155 1245 11.0 10.0 9.0 Qe
6 e b °
17.0 14,5 13.0 l;.S 10.5 10.5 — 4 18.5 1S5 13.5 12.0 110 11.0
g 20.5 175 155 14.0 13.0 13.0 [T 3 21 .5 18.5 16.0 14,0 13.0 13.0
2| 28e3 23.0 205 180 a7es a7e0 g 2 27.5 23.0 20.5 18.5 17.5 17.0
1 42.5 37.0 32.5 29.5 275 26.5 % 1 42.5 37.0 32.5 29«5 275 26a5
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) , CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TQO F.E. REDUCTICON IN TIME {min) TO F.E.
8 1.0 .5 .5 o5 .5 .S — 8 .5 0.0 0.0 ¢S  0e0 - 0.0
6 1.0 .5 .S 5 0.0 -5 "o 6 0.0 0.0 0.0 0.0 0.0 0.0
=
gl s 1.0 .5 5 1.0 .S : a 0.0 0.0 0.0 0.0 «5 0.0
3| o oo «5 0.0 040 0.0 '-<E- 3 0.0 040 040 0.0 0s0 0.0
2| -0 0.0 0.0 »S 0.0 0.0 ODC; 2 0.0 0.0 0.0 0.0 0.0 040
1] 00 0.0 0.0 0.0 0.0 0.0 %'1 0.0 0e0 0a0 0.0 0.0 0.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT ’
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 7. .. S. 6e 6o 6o —~8 3. 0. 0. 6. 0. 0.
N
6. .. Se Se 0. 6e w 0. [ 18 0. O O. 0.
6 e 6
8e [- X9 q. Qe 9e Se Qe Oe Oe Oe LYY [+ 1Y
g s 3 0. 0. 0. E g 0. 0. 0. Oe 0. 0.
2 0. 3. 0. 0. o 2 0. 0. 0. 0. 0. Go
1 _ O Oe Qe O. 0. Oe % 1 Oe 0. O Oe 0. Oe
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T=-713




UPDRAFT (m s™}) UPDRAFT (m s 1)

UPDRAFT (m s 1)

-212-

SALY ) 1J0E=-08 G/7v} SALT 3 1 «00E=-Q2 G/M3
ADIBATIZ WATE? CINTENTS ADIBATIC WATER CONTENTS
SESV AT +5 K% wHFN CLOUD IS 3 KM TALL SEED AY «5 <94 WHEN CLOUD IS S KM TALL
60. SEC SEEDING PULSE 45. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
135 115 10.0 el 8.0 8.0 8.0 6aS 6.0 S5¢5 Se«0 S.0
8 =8
155 125 t11.0 10.0 Qe0 9.0 lcn 8.5 TeS 55 6.0 60 S5
6 c 6
19.5 155 13.5 lé.o 11«5 1;.0 =~ 10.5 9.0 BeO TS Te0 6.5
4 21.5 13«5 16.0 14.0 13.0 13.0 E 4 12.0 10.5 9.0 8.5 8.0 8.0
% 275 23.0 20+.5 18.5 17.5 17.0 § 3 14.5 13.0 115 10.5 10.0 FeS
32.5 37.0 325 295 27«5 2605 E 2 245 20.5 170 16.0 15.0 15.5
1 > 1
© 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min} TO F.E. REDUCTION IN TIME (min) TO F.E.
0.0 0.0 [+ Y] Q0.0 0.0 0.0 645 5«0 440 3e5 3.0 3.0
g 8
0.0 0.9 0.0 0.0 0.0 0.0 .W 70 S0 3.5 8.0 3.0 3.5
6 = 6
0.0 0.0 Q.0 0.0 0.0 0.0 -~ B0 6e5 5.5 445 405 8,5
4 . 0.0 0.0 0.0 0.0 0.0 0.0 t 4 9.5 8.0 Te0 SeS S0 Se0
g‘ 0«0 Qe 0 Qe 0 Oe0 0.0 0.0 é; 3 13,0 10.0 9«0 8.0 TeS TeS
1 0.0 [+ %] 0.0 0.0 0.0 0.0 2 2 18.0 165 195 13.5 125 11.0
SN
0O 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE ()
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 Qe Oe Oe Oe [+ )9 Ce 45 43, 40, 39« 38. 38.
—38
[+ 7Y [ Y Q. Qe Qe [ 1Y 'm 4S. 40, At 40 33. 39.
6 -6
O [+ IS [+ S Qe Oe Oe ~ 43, 2. 41 38. 39. 81
4 [+ Y Oe Oe Oe Oe Qe ’I: 4 444 43 . LY ¥ 39. 38. 38.
g 0. 0. 0. 0. 0. é 3 a7, 43, aa. a3, 43, Y
1 0. Oe O O Oe E 2 42, L 3-8 48. 46 . 4S5, 42
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
T=78




UPDRAFT (m s~ 1) UPDRAFT (m s™ )

UPDRAFT (m s 1)

SaLT

3

1 .Q0E-03

GrM3

ADISATIC WATEQ CONTENTS

SEED AT a3 KM aHEN CLOU)Y (S 5 KM TALL
35. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO

8 9.5 3.0 7.0 5.5 6.0 Se5
6 10.5 9.0 TeS 7.0 65 645
12.9 10.5 FeS 805 8.0 8.0
4 14.0 12.0 11.0 10.0 9eS 9,0
% 165 13,5 13.0 12.0 t1eS 11.0
1 29.2 25.0 23.5 210 19.0 20.0
© 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SEEOING EFFECT
RENUCTTON IN TIME (min) TQ F.E-

8 S5¢9 3.5 3«0 2e5 240 2¢9
6 S.0 3.9 3.5 3.0 2.5 2¢5
655 S0 8440 3.5 3.5 3.0
z; TeS 6.5 S«0 4,0 3«5 8,0
2 11.0 Be5 Te9 65 60 6e0
1 13.5 12.0 9.0 BeS B85S GeS
@ 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 34. 30 30 28 25« 31e
6 32. 28. 32 30 28 28.
4 3S. 32 30. 29, 30. 27
3 3S5. 35 31 . 29« 27 31.
2 40. 37. 37 3S. 34, 3S.
1 ?Z- 32. 28 2% 3le 25«
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

=75
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UPDRAFT (m s~1)

~NWPR o,

UPDRAFT (m §=*)

-
~—

UPDRAFT (m s~

= NWwa

SALT 3

1.00E-08 G/43

ADIBATIC WATER CONTENTS

SEED AT «5 KM wMEN CLOUD

15

«5 KM TALL

45. SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

— N W N

8

()]

1.0 9.0 8.0 7«0 65 6.0
12.0 10.0 9.0 8.0 75 7«0
13+.5 11.5 10.5 9.5 9.0 8¢5
16.0 13.5 12.0 11.0 10.5 10,0
19.5 17.0 15.0 14,0 13.0 13.0
34.0 31«0 27e5 25.0 25.0 24.0

CLOUD BASE TEMPERATURE (°c)

SEEOING EFFECT
REDUCTION IN TIME (mim) TO F.E.
© 3.5 245 2.0 2.0 1.5 2.0
? 3.5 245 240 2.0 1.5 2.0
? 5.0 4.0 3.0 2.5 2.5 2.5
| SeS5 5.0 8.0 3.0 2.5 3.0
8.0 6.0 5.5 4e5 4.5 4.0
BeS 6.0 S0 4.5 2e5 2.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
26, 22. 20e¢ 22. 19. 25
23. 20. 18. 20. 17. 22.
27, 26. 22. 21. 22. 23.
26. 27. 25« 21. 19. 23.
29,  26. 27. 26. 26. 24.
20. 16. 15 15. 9. 9.
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)



—
i

s

m

S

UPDRAFT

UPDRAFT (m s~ 1)

SALT 3 1 .00€E-05 G/43
ADIMATIC WATEY CONIENTS
SEED AT

35,

«5 KM WHEN CLOUD 1S

S KM TALL
SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

UPDRAFT (m s™ 1)

8 1269 10.0 35 TeS 7«0 7«0
6 13.0 110 e S Be.5 8.0 8.0
195.5 13.0 115 12).5 9.5 DS

4 13.0 153 1%3.0 12.5 115 11.0
% 23.5 20.5 18.0 165 1S5 15.5
1 4145 355 32.5 2945 275 26.5
C 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECT

REQUCTION IN TIME (min} TO F.E.

8 2.0 1e5 1.5 1.5 1.0 1.0
5 2.5 1.5 1.5 1.5 10 1.0
3.0 2.0 1.5 2.0 1e5
g 3.5 2.0 1.5 1.5 2.0
2 4.0 2.5 2.0 2.0 1.5
1 1.0 4 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 1a. 13. 15. 17. 13. 13.
6 16. 12. 14, 15. ) ¥ 11,
16. 164 15. 13. 17 14,
g the 16, 13. 1l. 124 15.
2 15. ti. 12. 11. 11. 9.
1 ‘2. LX) [ 0. O. [
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (OC)

214-

UPDRAFT (m s™ 1)

(m s~1)

UPDRAFT

SALTY 3

1.00E~-06 G/M3

ADIBATIC WATER CONVENTS

SEED AT

TIME (min) TO

«5 K¥ WHEN CLOUD IS

«S KM TALL
45. SEC SEEOING PULSE

10 dBZ FIRST ECHO

8 13,0 11.0 9.5 Bae5 TeS Te5S
6 15.0 12.0 105 9.5 9.0 8.5
4 175 185 13.0 11e5 .10.5 10.5
3 20.5 17.5 15«5 14,0 130 13.0
2 26.5 23.0 20.5 18.0 175 170
1 42,5 37.0 32.5 29 .5 27.5 28645
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E.
8 -1 Ps-1 Y- P S 5
6 5 5 5 .5 0.0 S
10 1.0 5 S 1e0 5
4 10 1.0 -1 0.0 0.0 0.0
; g 1.0 [+ 4] 0.0 -1 Oe0 0.0
1 0.0 00 Gs0 00 00 0.0
0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT

(°c)

PERCENT REDUCTION IN TIME TO F.E.
— 8 3. 44 Se Se Se Ge
iy
w 3 LYY Se Se O. Ge
e 6
Se 6a 8o Qe
l.':: g Se Se Oe Oe
§ 2 4a O. Oe 3. Qe
g 1 Oe O Oe [+ 2 Oe Qe
0 5 16 15 20 25
CLOUD BASE TEMPERATURE (°C)



UPDRAFT (m s™1) UPDRAFT (m s™7)

UPDRAFT (m s~ )

SALT 1% 1.00E-07 G/7v}
ADINATIC WATER CUONTENTS

SEED AT «5 KM WHEN CLOU) IS

«5 KM TaALL

-215-

TIME (min) TO 10 dBZ FIRST ECHO

45,

SEC SEEDING PULSE

18e9% 1165 10.0 BeS 8.0 8.0

8
1545 125 110 10.0 9.0 9.0

6
13.5 1S53 13.5 15.0 11.0 11.0
g 21.5 18.5 16«0 14.0 13.0 13.0
2 275 23.0 20e5 1395 17.5 17.0
1 42.5 37.0 32.5 29.5 27.5 26.5
0 5 10 15 20 25

8 [+ s ] [+ 9+ 0.0 a5 0s0 0.0
6 2.0 0.0 [+ P4 ] 0.0 0.0 040
0.0 [+ P+ ] 0.0 Je0 -1 0.0
g 0.0 Oe0 0.0 D40 [+ 7Y ] 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
1 O0-0 Qa0 0.0 OO 0.0 [ P ]
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 Oe Oe [+ 2% Ge Qe Oe
6 [+ 19 Oe Oe Oe O Oe
[+ 1 L I Qe Oe o [ Y
g [+ I Qe 0 Oe Oe Oe
2 Qe O Oe Oe O
1 i O Oe Oe Oe [+ 9
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°C)

SEEDING EFFECT
REODUCTION IN TIME (min) TQ F.E.

CLOUD BASE TEMPERATURE (OC)

T=-77

UPDRAFT (m s~1)

=1)

UPDRAFT (m s

UPDRAFT (m s™1)

SALTY 3 1+00E-08 G/M)
ADIBATIC WATER CONTENYS

SEED AT .5 KM WHEN CLOUD IS

«S KM TALL

45« SEC SEEODING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

14¢5 1145 10.0 9«0 8.0 8«0

8
6 1545 12.5 11.0 10.0 9.0 90
4 1325 155 135 12.0 11.5 11.0
3 215 1845 16.0 140 13,0 13.0
2 27«5 23.0 20eS 18e5 17.5 17.0
1 4245 3740 32.5 295 2T.5 26.5
0 5 10 15 20 25

CLQUD BASE TEMPERATURE (OC)

SEEDING EFFECT
REDUCTION. IN TIME (mir) TO F.E.
g 0.0 0e0 0.0 0.0 0.0 0.0]
6 l 0«0 0.0 0e0 000 0.0 o.o:
4 0e0 0e0 Qo0 0e0 0e0 C.O
. 0.0 0.0 0.0 0.0 0.0 0.0
g 0e0 0.0 040 O0e0 0e0 0.0
1 0e0 040 0e0 000 0.0 0.0

0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT

(°c)

PERCENT REDUCTION IN TIME TO F.E.
8 O Oe Oe Oe Oe Qe
6 Oe Oe Qe Oe Oe Oe
Oe Oe Oe Oe OCe Oe
4 [+ 29 Oe [+ 1 Oe Qe Ce
g Oe Oe Oe Oe Oe Co
1 Oe Oe Qe Oe Qe Ce
0 5 10 15 20 25

CLOUD BASE TEMPERATURE (°¢)



UPDRAFT (m s~ 1)
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UPDRAFT (m s~ 1)

UPDRAFT (m s~ 1)

SALT 3 1 «00E=-32 G/7v3 SALTY 3 Re00E-03 G/M3
ADINATYIZ «ATER CONTENTS AJIBAYIC WATER CONTENTS
SEED AT o5 K4 «HSN CLOUY IS .5 KM TALL SEED AT .5 K4 WHEN CLOUD IS .5 XM TALL
33. SEC SEEDING PULSE 30. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
8 8.0 645 6.0 545 5.0 S0 —~ 8 9e5S  Be0 Te0 6¢5 640 S.5
6 9.0 7eS 6.5 6e0 6.0 5.5 " 6| 195 90 8.0 7.0 6.5 ses
| =3
4 10.5 9.3 8.0 745 7.0 6.5 - 4 | '2-0 105 9.5 8.5 8.0 s.0
3| 12.0 10.5 9.5 90 e 80 ';<'— 3| 14-0 12.0 1.0 1000 9.5 9.0
2| 1ee3 13.9 115 1.0 1005 1000 % 2| 170 1s.0 13.5 1205 11.5 11es
1| 20-5 21-0 18.0 16.5 15.5 16.0 85 1] 29-0 25.0 23.5 2100 19.5 20.0
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (0C7 CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (min) TO F.E. REDUCTION IN TIME (min) TO F.E.
g| ¢35 50 3 35 30 3.0 —~ 8 S50 345 340 2.5 2.0 2.5
'
6 6.5 5.0 4.5 4.0 3.0 3.5 2 6| s:© 35 3.0 3.0 2.5 25
gl 50 o3 S 4.5 4.5 4.5 : 4 6.5 5.0 440 35 3.5 3,0
3| o5 80 65 5.0 as se0 : 3 7e5 6.5 5.0 4.0 3.5 4.0
2] 13.0 100 9.0 7.5 70 700 glz 10.5 8.0 740 6¢0 6.0 5.5
1] 18-0 15.0 14.5 13.0 12.0 1o0.5 % 1] 13-5 12,0 9.0 8.5 8.0 6.5
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
gl *s- 3. eo. 39, 38, 3. —~ 8 3a. 30. 30. 28. 25. 31.
gl *2- oo are wo 33 el ‘o 32. 28. 27. 30. 28. 28
E
gl *- s2e s 3. 39, . — 4 35. 32. 30. 29. 30. 27.
3| *e« 43 a1. 36 35, 38, ‘2 3 3s. 35, 3l. 29« 27. 31.
21 *7- a3. as.  al. 40. a1. g 2 38. 35. 3a. 32, 3a. 32.
1 2. a3. 5. sa, a8, 0. % 1 32. 32, 28. 29. 29. 2S.
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
1-78




UPDRAFT (m s™1)

UPDRAFT (m s~1)

UPDRAFT (m s~1)

SALT 3 1«00~V G/M3
ADLIAYIC wATEN CONVENTS
SFED AT 5 XM #HEN CLOUD IS

3%.

TIME (min) TO 10 dBZ FIRST ECHO

SEC SEEDING PULSE

-217-

«5 KM TALL

8 11.0 Ve Bed 7«0 65 6.0
6 12.0 10.0 2.0 B.0 TS Te0
13.5 11.5 105 ;-5 Q.0 8«5

4 15.0 1.0 12.0 11.0 10.5 10.0
% 195 1 7.0 15.0 1.5 13.5 13.5
1 34,5 30.5 2745 25.0 25.0 24,5
0 5 10 5 20 25
CLOUD BASE TEMPERATURE (%C)

SEEDING EFFECT

REDUCTION IN TIME (minm) TO F.E.

8 35S 2e5 240 20 1¢S5 200
6 3.5 245 2.0 240 1S 240
40 3.0 25 25 25
43 L X% 4,0 3.0 205 3.0
2 60 5.5 3.0 40 3.5
1 6e5S Se0 4.5 205 2.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 24, 22, 20 22a 19 25
6 23 20. 18e 20« 17« 22.
4 27. 26 22 F4 13 22« 23.
3 26, 28 . 25« 21 . 19 23,
2 2% 26 27 22« 23 21l
1 19, 18. 15 1S« Qe Be
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)

SALT 3 100E~0S G/M3

ADIAATIC WATER CONTVENTS
SEED AT

5 KM WHEN CLOUD IS

S KM TALL

30. SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

—~ g 12.5 10.0 Be5 B840 740 7.0
o
w 13.0 11.0 9.5 9.0 8.0 Ba0
£ 6
1565 13.5 115 10.5 95 9,5
t g 18.0 15.5 14.0 12.5 11.5 11.5
E:: 2 23.5 20.5 18.0 17.0 15.5 1S.
g 1 42.5 35.5 32.5 29.5 27.5 26.
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
REBUCTION IN TIME (mim) TO F.E.
—~ g 240 15 15 10 1.0 1.0
]
il 2.5 «5  leS . .0 .
E 6 1 1.0 1 1.0
— 4 3.0 2.0 2.0 1.5 2.0 1.5
'é 3.5 3.0 2.0 1«5 1.5 15
g; g 4.0 2.5 25 1«5 2.0 1.5
% 1 0.0 1.5 0.0 0.0 0.0 0.0
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
—~8 1s. 13. 1S. 11 13 13.
i
v 16¢ 12. 14, 10. ite 1t.
£ 6
4 16 t3. 15. 13, 17.  1se.
E 3 16 16+ 13. 1i. 112. 12.
§ 2 15 11. 12 8. 11, 9.
g 1 0. .. 0. Oe 0. 0.
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°c)
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SALY 1) 1 <QNE=-0Q G/} SALY 3 10%3€E~07 GsrN3
ANIAATIZ 4ATER CINTFNTS ADIBATIC WATER CONTENTS
SEED AV «3 KM wHEN CLOUD IS «S KM TALL SEED AT «S KM WHEN CLOUD IS «5 XM TALL
30. SEC SEEOING PULSE 30+ SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
~— 8 13.0 1162 9«5 35 8.0 TeS — 18.5% 11e5 10.0 9.0 8.0 8.0
W ~ 8
C 6 1520 12.0 10.5 9.5 9.0 8.5 ;’ g | 155 125 11.0 1000 s0 se0
= g |17 rees 130 11.5 10.5 10.5 : g | 1o 13- 13.5 1200 110 aneo
p 3205 17-3 15.5 ta.0 13.0 3.9 L 3| 2'+5 185 16.0 140 13.0 13e0
e 2| 285 23.0 2005 1as a7es a7e0 o 5 |27-s 23.0 z0.5 1ses a7es a7e0
% 1 42.5 37.0 32.5 29.5 275 26.5 % 1 42.5 37.0 32.5 295 27.5 265
0 5 10 15 20 25 0 5 10 15 20 25
CLQUD BASE TEMPERATURE (QC)) CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT SEEDING EFFECT
REDUCTION IN TIME (mim) TO F.E. REDUCTION IN TIME (min) TO F.E.
—~ gl - .S .5 .5 0.0 .5 —~ gl 00 0.0 00 0.0 0.0 0.0
-l — |
"; 6 .5 .5 s <5 0.0 .S ": 6§ 0.0 0.0 0.0 0.0 0.3 0.0
1.0 1.0 .5 5 1.0 .5 0.0 0.0 0.0 0.0 o5 0.0
E‘-: g 1.0 1.0 S 0.0 0.3 0.0 E z; 0.0 0.0 0.0 0.0 0.0 0.0
& 5] 1.0 0.0 0.0 0.0 0.0 0.0 g' 2| °0 o0 0.0 0.0 0.0 0.0
o 3| 0o 0.0 0.0 0.0 0.0 0.0 S 7| °° o0 0.0 0.0 0.0 0.0
o 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
SEEDBING EFFECT SEEDING EFFECT :
PERCENT REQUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
r-‘/'\ 8 3 L XY Se Be [+ 1Y Ga ’-\8 Oe Oe O Oe Oe Oe
' 'Tw
£ 6l > . 5. S. 0. 6. - 6 ° ° ° ° 0. °
5. 5. a. .. 9. Se 0. 0. 0. 0. . 0.
E g 5. Se 3. 0. 0. 0. tg 0. 0. 0. 0. 0. 0.
o .. 0. 0 0. 0. 0. = 0. o. 0. 0. 0.
g 2 K
> 1 O [+ 9 [+ 'Y Qe Oe % 1 0. 0. Oe [+ 2 Oe
0 5 10 15 20 25 0 5 I0 15 20 2?25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
¥-30




UPDRAFT (m s~ 1) UPDRAFT (m s™1)

UPDRAFT (m s~ 1)

-219-

SaLT 3 1.005-08 G/43 SALT 3 1.00E-02 G/M3
ADITATIC WATER CONVENTS * ADIRATIC WATER CONYENTS
SEED AT <5 XM 4HEN CLDUD IS +5 KM TALL SEED AT <5 KM WHEN CLOUD IS 5 XM TALL
30+ SEC SCEDING PULSE 15. SEC SEEDING PULSE
TIME (min) TO 10 dBZ FIRST ECHO TIME (min) TO 10 dBZ FIRST ECHO
145 115 10.0 90 8.0 8.0 8.0 6.5 6.0 S5 5.0 S.0
8 —_ 8
15.5 12.5 11.0 10.0 9.0 9.0 'cn 9.5 7.5 7e0 65 640 S5
6 e 6
19.5 15.5 13.5 120 11.5 11.0 =~ 11.0 9.5 8.5 8.0 7.0 7.0
4 21e5 18.5 1640 14,0 13,0 13.0 t 4 12.5 11.0 100 9.0 8.5 8.5
g 27.5 23.0 20.5 18¢5 17.5 17.0 § 3 150 13.0 125 110 1045 105
8245 37.0 32.5 295 27.5 265 8 2 28.5 23.0 20e0 18.0 16.0 17.0
1 > 1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (%C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
REDUCTION EN TIME (mim) TU F.E. REDUCTION IN TIME (mim) TO F.E.
0.0 0.0 0.0 9.0 0.0 0.0 © 665 Se0 4.0 3.5 3.0 3.0
8 —_ 81l
0.0 0.0 0.0 0.0 0.0 0.0 um 6.0 S.0 4.0 3.5 3.0 3.5
6 = 6
0.0 0.0 040 0.0 0.0 0.0 : z 7e5 6.0 5.0 4.0 4.5 4.0
43 0.0 0.0 0.0 0.0 0.0 0.0 n<.::.. 9.0 TeS 6.0 S.0 4.5 4.5
2 0.0 0.0 0.0 0.0 0.0 0.0 gig 12.5 10.0 8.0 7.5 7«0 6.5
1| °-° 0.0 0.0 0.0 0.0 0.0 o 180 14.0 12.5 115 11.5 9.5
=51 .

0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C) CLOUD BASE TEMPERATURE (°c)
SEEDING EFFECT SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E. PERCENT REDUCTION IN TIME TO F.E.
8 0. 0. 0. 0. Oe 0. as. a3. 40. 39 38. 38.

'_."\ 8
6 0. 0. [ 8 0. 0. 0. '; 6 39. 40. 36. 3S. 33, 39.
4 0. 0. O 0. O 0. ~ al. 39. 37. 33, 39. 36.
3 0. De 0. 0. O. 0. t 4 a2, 4. 38. 36. 3S. 3Se.
2 9. 0. 0. 0. o. 0. &t 3 AS, a3, 39. 1. 40. 38.
1 O 0. 0. 0. 0. 0. E 2 a2, 38. 38. 39. 42, 36.
S1
0 5 10 15 20 25 0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC) CLOUD BASE TEMPERATURE (OC)
T-at




UPDRAFT (m s'l) UPDRAFT (m 5'1)

UPDRAFT (m s~ 1)

SALY 3 1.00E~03 G/v3
ADIDATIC waATER CONTENTS
«5 KM WHEN CLOUD IS

SEED AV 5 XM TALL

15. SEC SEEDING PULSE

TIME (min) TO 10 dBZ FIRST ECHO

8 9.5 8.0 7.0 6e5 640 Se5
6 110 9.0 8.0 7.0 6e5S 645
4 125 10«5 9,5 ;-0 8,0 B8e0
3 13.5 12.5 1.0 10.9 95 95
2 1769 1S5S 18.0 13.0 120 11.5
1 29.0 25.0 248.5 21.0 20.0 20,0

0 5 10 15 20 25

8 S.0 345 3.0 265 2.0 25
6 -1 3.5 3.0 3.0 25 2e5
4 6.0 Se0 4,0 3.0 35 3.0
3 70 640 S50 4.0 3.5 3.5
2 12.0 TeS 665 Se5 S¢S Se5
1 135 .12.0 8¢0 B8e9 Te5 5.5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (°C)
SEEDING EFFECT

PERCENT REDUCTION IN TIME TO F.E.
8 IN. 30. 30. 28 e 29 31
6 29a 28, 27« 30. 28. 28,
4 32 32, 30. 25« 30. 27 .
3 33. 32. M. 29 27« 27«
2 36. 33. 326 30. 31 32.
1 .32. 32 25 29, 27« 29
0 5 10 15 20 25

CLOUD BASE TEMPERATURE

SEEDING EFFECT
REDUCTION IN TIME (mim) TU F.E.

(°c)

CLOUD BASE TEMPERATURE (°C)

-220-

SALTY 3 1.00E~04 G/M3
ADIBATIC WATER CONTENTS

SEED AT .5 KM W#HEN CLOUD IS

TIME (min) TO 10 dBZ FIRST ECHO

5 KM TALL
15« SEC SEEDING PULSE

S8
t

v

£ 6
— 4
< 3
a 2
51

1.5 9.5 80 7.0 665 6.5
12.0 10.0 9.0 8.0 75 Te5
14.5 12.0 10.5 9.5 9«0 845
165 1420 12.5 11.5 10.5 10.5
195 1740 150 18.5 14.0 13.5
38445 32.0 27.5 25.0 25.0 2S.0

CLOUD BASE TEMPERATURE (°c)

SEEDING EFFECTY

REDUCTION IN TIME (min) TO F.E.

— 8
oy
E ()
- &
<,
=} 3
[a '™
S 1

F;-\ 8

N

UPDRAFT (m s~
=Nwa

3.0 2.0 2.0 2.0 1.5 1.5
3.5 265 2.0 2.0 15 1«5
4.0 3.5 3.0 25 2.5 2e5
S.0 4.5 3.5 2.5 245 245
8.0 6.0 5.5 4.0 3.5 3.5
840 S.0 Se0 4.5 265 1«5
0 5 10 15 20 25
CLOUD BASE TEMPERATURE (OC)
SEEDING EFFECT
PERCENT REDUCTION IN TIME TO F.E.
2t 17. 20. 224 19. 19.
23. 20. 18. 20. 17. 17
22, 23. 22, 21e 22 23.
23. 24, 22, 18. 19. 19.
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