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The prec ipitation Physic s Project is a coopera tive re search
project directed and coordinated by the Meteorological Branch with
the active 'participation of the National Research Council and the
assistance and interest of a num.ber of ot~er agencies .. The Project
is aim.ed at discovering fundam.ental knowledge of the m.echanism.s
of precipitation as well as the possibility of its artificial m.odifi­
cation.
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ABSTRACT

Du~ring.!'pesurnmers1959to 1963, ?- proje,Ct; of cloud seeding
combined with physical studies of precipitation mechanisms was
operated in western Quebec. A major part of the project was
devoted to the task of testing the effect of seeding synoptic scale
weather systems with silver iodide using a randomized cross­
over technique with two separated test areas.

This paper outlines the rules of the experiment as they were
defined before commencement of the project. The sufficient
conditions for cloud seeding are defined and their application in
the field operations are discussed. The necessary conditions for
acc eptanc e of a seeded stormfor the evaluation are also defined
and their application discussed. Comments are made on some
of the details of techniques required to meet the rules.

Details of statistical and physical design, operation and re­
sults of the evaluation are presented in other reports of this
series.
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RESUME

Durantles etes de 1959 a 1963$ un projet d'ensem.enc'em.ent
des nuages com.bine avec des etudes physiques des m.ecanism.es
de la precipitation a ete m.is en oeuvre dans I' ouest du Que bec.
Une partie im.portante du projet C onsistait a contr-oler I' effet de
l' ensem.encem.ent avec de l'iodure d'argent, au hasard suivant
la technique de plan croise, de system.es m.eteorologiques a
echelle synoptique dans deux aires experim.entales distinctes.

Les auteurs exposent les reg1es de I' experience telles
qu' elles ont ete determ.inees avant Ie debut du projet. I1s enonc ent
les conditibns propices a l' ensem.encem.ent des miages et traltent
de leur application dans les ope ration s sur place. Les conditions
necessaires a l' acceptation$ aux fins d'evaluation$ d'une tem.pete
au cours de laquelle les nuages ont ete ensem.ences sont aussi
de£inies et les auteur s traitent de leur application. lis font des
observations relatives aux details des techniquesnecessaires
pour satisfaire aux r~gles.

Les details relatifs au plan statistique et au plan physique,
a I' ope ration et au_x re sultats de1' evaluation sont pre sente s dans
d i autres rapports de la pre sente se rie.
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1. Introduction

As part of a continui.ng studyon the physics of clouds and pre­
cipitation, a proje~t called the Precipitation Physics Project was
operated in the fiel'dby the Meteorological Branchfrom 1959 to 1963
inclusive. The project was conducted in the western section of the
Province of Quebec, and invo1 ved extensive measurement of physical
parameters both on the ground and in the air. In addition, a pro­
gram of cloud seeding was carried out, to help in the study of pre­
cipitation mechanisms and to make an assessment of the effect of
cloud seeding. Previous reports in this series have presented the
physical design and operation of the project (1), the design of the
statistical analysis technique used in evaluating the effects of the
cloud seedi.ng (2), and the results ofthe statistical evaluation of the
cloud seeding tests (3). A' summary of the design and operation of
the project and the results of the statistical evaluation have also
been given in apaperbyGodson, Crozier and Holland (4). The pre­
sent report gives the detailed storm acceptance and evaluation cri­
teria used in the project, and in doing so provide s background in­
formationand some of the philosophy underlying the project, cover­
ed only sketchily in the earlier reports.

The cloud seeding tests and physical me,asurements of the Pre­
cipitation PhysiCs Project were carried, out on synoptic scale
weather systems. When a suitable weathe<system c~ossed the test
areas, cloud seeding with silver iodide was conducted by aircraft
upwind of one of the te st areas selected b,Y a random choice while
the other area served as a control area. Suitable weather systems
wer~. considered to be organized cloud systems such as those asso­
ciated with a front, low or trough. Indications that the system was
likely to affect both test areas approximately equally and evidence
of the operation of an active precipitation mechanism were required
before cloud seeding was carried out. Other criteria laid down for
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seeding suitablEty ).nvolved suitable cloud. wind and temperature
conditions. and we:ee stt'i.ctlyobserved. The unit for seeding and
f01' evaluation was the storrn, with a 24-hour separation between
seeded storrns maintained in order to ensure separation of rain­
fall data. MeasureITlent of rainfall at the ground during pas sage
of the storm p::'ovided the basis for evaluation of the effects of
seed ing. The actual de sign and operation of thE; project in the field
and the ITlethod of statistical evalua.tion have been described in the
repo1:ts (I), (2) :ceferred to above, and wHl not be repeated here.

The p:resent paper io ccm:t-i.ned to discussion of the conditions
or criteria ur'!der which seeded stoTms "\ve:t'e cons~.dered acceptable
for evaluation. It will be seen that the conditions neees sary for
acceptance of a storm for eva1.1JatioOl and the conditions sufficient
to permH seeding to be ca::o:ried m".t are the same, differing only in
their ti.me and condit·i.ons of appEcation. Application of the criteri.a
is obviously more difficu.lt unde:c field conditions than under the
conditions which prevail c:h1.:ring a:'1alysis. However, the crite:cia
were adhered to as strictly as possible under both sets of condi-·
tions, and it was found neces sa:r.y to reject seeded storms because
of the seeding a.nd evaluation crHe:r.'ia on only three occasions, des-,
cribed mO:t'e fully in Section 7.

The conditions necessary fOT acceptance of a storm for evalu­
ation andtheir applicat-Lonare discussed in Sections 6 and 7 of this
report, while the condhions sufficient ror seedi.ng to be carried out
are discus sed in Sections 4 and 5. The co:ntrols exercised in order
to enSUI'e an unbias sed selection and analysis of the storms are
also discus;3ed in these sections of ,the repO'J::t. A brief review of
the method of storm selection and the cloud seeding program 'is
provided in Section 3, while Section 2 deiines the tenDs!! stormll ,

~~storrn rainfalPu, HstornJ.dura.tion" and ilcontamination il in the par­
ticular context used ln this report.

In the 'proce s s of maki.ng the definit'!.ons referred to above and
defining and desc:rlbing the storm acceptance a4d evaluation cr·i.­
teria. this repol't also effect·i.·vely lays down the ilrules of the game~9

insofar as the statistical aspects· of the cloud seeding evaluation
at'e concerned. This is anessentialpart of all experiments of this
sort in order to ensure complete objectivity and freedom. from bias.
These, rules must be {and were} laid down prior to commencement
of the pt'oject and strictly a.dhered to dudng the subsequent years
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of operation and evaluation. The rules are as objective as possible
and leave very little room fo:n subjective decision. This report
provides for the record the strict procedures used in the operation
and evaluation of the project.

2. De£i.nition of Terms

For the purposes of this investigation a number of terms were
used with special connotations so:rnewhat different from norm.al
usage. A H storm" was considered to be an organized cloud system
accompanied by an area of rainfall discernible in the synoptic sense,
while !I storm rainfalP! for each test area was defined as the rain,­
fall measured in that area during the duration of the storm. While
these definitions are not far removed from at least some conven­
tional uses of the terms, the restrictions placed on the meaning of
Ii storm durationiV gave very special meanings also to the terms
n storm" and Ii storm ra'!.nfall li

• A s will be seen in the sections which
follow, certain re str'ictions were placed on the storms selected for
seeding and accepted for evaluation. Restrictions on the type of
storm being seeded, the nature and extent of the clouds, the tem­
perature range and the wind conditions under which seeding would
be carried out were imposed inorder to ensure a valid, controlled
experiment. Restrictions on the definition of the duration of the
storm for the purposes of the projectwere ~mposed in order to en­
sure separation of each seeded storrn froITl every other storm and
in order to ensure complete objectivity in the selection of storm
rainfall data and comparability of storm rainfall in the two test
areas. To ensure separation of the rainfall of one seeded storm
from other storms, seeding was not carried out unless 24 hours
had elapsed since the end of the preceding storm. In the' evaluation
procedure, separation of storm rainfall, comparability of storm
rainfall in the two testareas and objectivity in abstracting the storm
rainfall" from the total rainfall data were achieved by adoption of
the following definitions and rules:

(1) Storm periods were defined in ter'ms o£rnulti:ples.of'. ';,'
consecutive regular 12-hourly precipitation intervals,
0800- 2000 and 2000,- 0800 local tiIne,consistent with the
times of measurement of rainfalL

(2) The !idura tion of a stormH or n storm duration" was
defined to be the same for both test areas and to be the
same as the period for which storITl precipitation was
measured.
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(3) The period for which storITl precipitation was ITlea­
sured was defined to be ITlade up of one or ITlore con­
secutive 12-hourly regular observation periods 0800­
2000 and 2000-0800 local tiITle, corresponding as closely
as possible to the passage of the weather systeITl in
que stion.

(4) The actual tilne of beginning of rainfall in anystorITl
period was required to be in a regular 12-hourly obser­
vation pe'riod different froITl that containing the actual
ending of rainfall in the preceding storITl period.

(5) The actual tilne of ending of rainfall in any storITl
period was required to be in a regular 12-hourly obser­
vation period different froITl that containing the actual
beginning of rainfall in the succeeding storITl period.

(6) The actual beginning of rainfall in both test areas
was required to be in the saITle or adjacent regular 12­
hourly observation periods.

(7) The actual ending of rainfall in both test areas was
required to be in the\saITle of adjacent regular 12-hourly

'observation periods.

\
Strict adherence to these objective criteria was ITlaintained in

order to ensur,e that the storITl precipitation could be separated froITl
the precipitation of preceding and succeeding storITls, that the tiITle
of, beginning, duration, and tiITle of ending of the lI s torITl rainfall"
in one test area would not be greatly different froITl those in the
other, and to ensure cOITlplete objectivity in the abstracting of
It s torITl11 rainfall data. SiITlilar strict criteria were iITlposed re­
garding the separation of storITlS when conducting seeding opera­
tions, (see Section 4) so that no difficulty was experienced in sep­
aration of the actual rainfall of one seeded storITl frorn the next.

The terITlS llcontaITlination" and tl contaITlinated lt a's u~ed in this
paper are also defined, so as to avoid possible confusionas to their
ITleaning. These terITlS as used in this paper refer to the situation
where silver iodide ITlateri.al aiITled at the target area is considered
.because of wind conditions (allowing a ten-degree angle of disper­
sion on either side of the ITlean wind direction) tohave reached SOITle

e·
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parto£ the intended control area. In this case. "contamination"of
the control area is said to have occurred or the control area is
said to be "contaminated".

3~ Some Details of Technique

In the operation of the Project in the field it was neees s;ary to
maintain a constant watch of the weather in and around the test

~ areas on a 24-houT basis and to alert the ope;raHonal team in ad­
vance of impending suitable storm situations for seeding. A fore­
cast group was assigned the weather watch duties. The group

'.\ ,worked in association with a nearby' Forecast office of the National
,,"';F:orecast System which provided advice and assistance when re­

quested. This assistance was provided solely in the interests of.
saving manpower and the final analysis and p!'ognosis of the weather
system reste~ with the Project forecast and control group who were
well versed in the conditions which were regarded suitable for
seeding as laid down i.n Section 4. In order to set the seeding oper­
ation in motion, a forecast of "suitable conditions" was required
approximately 3 to 6 hours in advance. A final decision to seed
was mandatory about 3 hours in advance if the seeding aircraft
was to be placed in the area at the rn.ost suitable time (i.e., as sern.­
bly of crews, aircraft and instrumentation check, fuelling, enroute
flight, time,) etc .. , consumed 3 hours time}.

Choice of Area to be Seeded

The choice of the area to be seeded was determined by a l'an- ­
domizing technique •. A person having no interest in or assoc.iation
with the Project was selected form Departmental staff. The per­
son selected was is sued with the following instructions. A sample
of 50 numbers was to be selected fr·c,m the table of randomnurn­
bel's in Snedecor (5), pages 10-13. The only cstipul'ati'on,was.that
the sample should not be seriously unbalanced as to the number of
odd and even numbers. Seeding instructions we!'e detennined by
letting even numbers represent "seed North Area" and the odd
numbers represent Hseed South Area". A table of instructions as
to the area to be seeded on each mission was prepared using the
first number of the random sample for ·seedi.ng d'ni's.sTon lInumbeT
one, the second number for rn.is sion number two, and: so on.' The
table of instructions was used to type individual instructions to the
Project Flying Officer on sepaTate sheets marked Precipitation



- 6 -

Physics Project, year, number of the seeding and area to be seed­
ed. The instructions were sealed in a set of envelopes marked
with the same information except for the area to be seeded. A dup­
licate set of envelopes was prepared at the same time as a safety
measure and the se were all sealed in a separate large envelope to­
gether with a single copy of the table of instructions. All other
copies of the random sample, table of instructions, and any other
references were destroyed. The package of 50 sealed instruction
envelopes was passed to the ProjectFlying Officer. The duplicate
envelopes and the table of instructions were left in the sealed en­
velopes and retained on a Divisional file. The Project Flying
Officer was therefore the only person with ready access to the
seed ing area instructions, and he maintained the se under his control
throughout the season, returning the unused sealed envelope s to
the Project Office after completion of the field season. A new list
of random numbers and instructions was drawn up each year.

Decision Regarding Seeding

The decision as to whether seeding was to be conducted was
left to the Project Control Officer, who was the Project"Meteorolog­
ist in almost all instances. This decision was made by careful ex­
amination of all the synoptic weather information and forecasts
available, experience, and consultation with the Project Flying
Officer, who was already in the area of seeding. A radio com­
munication link was available bet\veen the Project Control Office
and the ProjectA ircraft doing the seeding. The final decision was
dictated largely by the existing weather conditions in the area as
reported by the pilot, and their agreement with the conditions as

. set out in Section 4. Forecast skill was thus required to get the
air'craft into the area during suitable weather conditions, but the
actual seeding was only carried out if the observed weather con­
ditions were verified as sufficiently suitable. The Project Control
Officer was not aware at any time during the seeding as to which
area the aircraft was to seed. The seeding was begun and ended
on a consultation basis between Control Officer and Flying Officer;
These decisions were based mainly on existing weather conditions,
and') in the case of termination, on expected developments within
the flight endurance time of the aircraft. The Control Office also'
provided the Flying Officer with a weather watch for safe conduct
of flight.
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Seeding Fli.ght Altitude and Pattern

As has been explained elsewhere (l), a priITle consideration
in control of the experiITlent was to place the seeding ITlaterial at
the position where it was hypothesized to have a physical effect
and in a location where any effect would be ITleasurable. Two
priITle controls of the experiITl ent were, therefore, the altitude of
the seeding aircraft and the seeding track.

The seeding aircraft was d~rected to conduct seeding at an
altitude where the teITlperature was -SoC. TherITloITleters on the
aircraft were used for this seeding altitude deterITlination, al­
though for £light planning purposes a forecast of the -SoC altitude
was provided. Operational restrictions on SOITle occasions did
not perITlitseedingat this alti.tudeand seeding wasthen conducted
at slightly higher teITlpe:ratu:res. The aircraft, however, was
sufficiently close to the -SoC level that it was no probleITl to d€:­
terITline that clouds in the seeding area did, in fact, reach theo .
-5 C leveL

Strict control of the aircraft on the seeding track was also
required. Special navigati.on systeITls and equipITlents were used
for thi s purpos e along with the norITlal techniques and exi sting
facilities. An accurate posi tion was, therefore, known at all tiITles
and the aircraft seldoITldeviated froITl the prescribed tracks while
seeding. Seeding was conducted on a path nOTITlal to the wind
flow, thi rty ITlinutes of wind flow upstreaITl froITl the nearest point
of the target area Wigure 2 (ii]. The length of the flight path,
including ITliniITluITl turning radius turns upwind at each end of the
path, corresponded to the projection of the target area upstreaITl
into the flight path. For winds of 230 0 and 310 0 , the flight paths
were shortened on the end nearest the control area so that ten
degrees of diffusion of ITlaterial froITl the wind direction would not
"contaITlinate'" the control area 'figure l(i]. When winds fell to
10 knots or less, the seeding flight was changed to two inside
squares of 4 and 12 nautical ITlilesr,¢spectively <::~oncentrically

located in sid~~.·t~:'e target boundariesl!'igures 1 (ii,i)' and}l .

1'11.e seeding ITlaterial was "'released upwind froin the target
area:W'here the effect is to be ITleasured. With a ITlciv..ing cloud
syste'ITl, tiITle was, therefore, allowed for the seeding' ~aterial
to i'eatt wi thin the cloud and the effects of ahychange in predp'i­
tatjon to be transITlitted t.o the gr~und where the effect was being
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(iii) WIND- DIRECTION VARIABLE
VELOCITY ~IO Kts·

( Inside Square Track)

Figure 1
Schematic Diagram of Typical Seeding Flight Tracks
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Figure 2

Sample Page from "Tow Lines for Seeding Flights" for a Wind Direction of 300° (T)
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AIRCRAFT TRACK - LIGHT WINDS (10 kta. or leaa)
Le. DOUBLE INSDE SQUARE TRACK
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Figure 3
Seeding Track and Coordinates for Wind Velocities of lO Knots or Less
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Virginiatown, Upper Air Station

o

Figure 4
Precipitation Physics Project Areas of Operation
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measured. The allowanc e of thirty minutes was based on earlier
experiments by Warner and Twomey (6) and the application of
these results to later experiments by Adderley and Twomey (7),

The exact seeding track was dete~'rnined by the area to be
seeded and the existing winds at flight altitude during seeding.
Special rawinsonde observations and an airborne Doppler radar
navigation system provided, the wind information 0 The :a:i.!'c r,ai1t
was flq~~n on a path consistent with the existing wind and changed
reglli~'rly whenever wind'c;hanges of.± fO degrees Ol' .± 5 kts oc­
curre,d. A table of HTow Lines for Seeding Flights" was drawn, ' '

up prior to commencement of the Project, giving [Ol' both the
No rth and South Areas the geographical coordinates ofthe North
Turnirig Point (No T.P. ) and the South Turning Point (S; T. P. ) for
each wind direction (in 10-degree intervals)from 220 to 320 cl.:e-,
grees and for each wind speed (in 5 kt. intervals) from 15 to 50
kts, A page of the table of tow lines is given in 'Figure 2. The
prescribed trackfor winds of 10 kts orless is shown in Figure 3.
This table allowed the Project Flying Officer to adjust the air­
el"art flight qu.ickly during operations tocha:nging conditions of
wind. .,

The fOl'egoing paragraphs have reviewed the need for strict
~ . .

control measures on the operations of the field experiment, and
have provided the detail of some of the techniques and controls.
Successful ev.aluation is very dependent on, and greatly assisted
by, adequate control of the experiment. Great care is required
in categorically defining the experiment and then following the
rules and establi shed procedures 0 The experiment i s further de­
fined, by Section s 4, 5, 6 and 7, which desc ribe the suffici ent at­
mospheric conditions,required before operations wereconsidered
fea sible and the nec es sal' y conditions applied to determine the ac-
ceptability olstorm$ for evaluation. '

'" "

'4. The Sufficient Conditions for Conducting Cloud Seeding Op­
erations

Theneedfor being as objective as possiblein acloud seeding
evaluation experimentwas realized and stres sed during the design
ofthe Project. The,criteria for sufficient storm and cloud condi­
tion.s whi'eh would warrant a seedin'g operation were, therefore,
define'd before beginning the e~periment. These conditions were
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felt to be reasonable from the standpoint of design and operational
considerations discussed more fully elsewhere (1)(2). The suf­
ficient conditions required before cloud seeding would be con­
ducted were stated as' follows:

(a) The storrn system should be an organized
cloud system accornpanied by an area of rainfall
discernible in the synoptic sense, crossing or
expected to cross both target areas, and in the
synoptic. scale not: giving any reason to believe
that the system would a:ffect the two test areas
differentl y,

(b) Clouds m the system should cover at least
50% of the seeding track at flight altitude or just
above £light altitude.

(c) Clouds should be at least 3000 feet thick.

(d) Clouds should extend at least to the level
where the temperature fall s to - SoC.,

{e) The starIn system should show some sign
that an active precipitatL.m mechanism is in op­
er3.tion in 80rne clouds.

(f) The winds in the levels between 5000 ft. and
30,000 ft. should lie bet-'Neen 2300 and 310°, or
be \ .:s:;;;10 knots if lying outside these limits.

(g) The precipitation from the 11 storm'! to be
seeded should be separable frorn the p:cev:ious
1' s torrnif and from the succeeding "storm", using
the defirl':"»;'CI:ll and criteria £or"storm" and
tlstorITl duration" given in Section 2,

A few comments on the sufficient Gondi tions can be made'by
"'lay of clarificati.on. It was felt horn the beginni.ng that storms
which obviously affect the two areas differently in the synoptic

. scale would not provi.de a trne test of seeding. Since the area of
study wa.s chosen to be a region of concentration of SUmITiey storm

'\1,

'\.,.:
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tracks, such differences were a real pos sibility. If synoptic dif­
ferenc'es could be forecast before seeding pccurred, seeding of
such stornls was not atternptec1. (If synoptic differences were
suspected by the eval'uation tearn after seeding took place, such
storrns were rejected before any knowledge of which area was
seeded was obtained, as indicated in Sections 6 and '1), The nJain'
aim of condition (a)' was to exclude any storrr1 which would ob­
viously introduce spurious effects or tend to dilute any seeding
effect in the san'lple .. An example of this type of situation would
be a front which crossed only one area.

Precipitation can only forro. in the atmosphere if there is surf:"·

ficient moisture to produce the water particles. Further, the
particles will only survive and groM;' in the atmosphere and :reach
the ground 1.£ the environnleht is suffidently moist and populated
with other cloud particles. There are rrlinirn.urn clOlle] dirnensions,
therefore ,\-vh ich will allo'l,':/ precipitation development and thus, by
inference, production of a H1easurable effectfrOlYl cloud seeding,
Conditions (b) and (c) recognize these facts. Since the effect of
seeding is being rneasured by rneans of an areal rainfall estimate
over an area of 32 n. n}iles square with a seeding path varying
frore 30 to L!:O n. aliles, to require that at least half the seeding
track be covered with cloud does not seern an unreasonable con­
dition:to in-,pose. on the operation. It is certain that the vertical
depth of the cloud is significantandtheminimumthickness critical
in the rainfall production p'l'ocess. This is adequately elerxlOn­
strated by Mason (8) ahd Fletcher (9). The mi.nin1urnil']:d,(::hn:~ss

is 2.1so dependent on other characteristics such as liqL~ic1 water
content, cloud base terrlperature, etc. In selecting a JTIinixnUlTI
thickness condition, itis, therefore, only possible to :c!hoosesoJYre
reasonable value. There are guide lines for this choice in the
scientific literature from both observationa;niIL theor',y;;. Addel"ley
and Twomey (7), basing the-,ir d~C:ision on seime,earlier experi­
rrients with indivlduaLclodds, recognized the i}eed for thick clouds
in their cloud'seeding in the Snovi,'yMountains;' Ludlam"s (10) study
of the coalescence of cloud'otoplets in showers indicated a criti­
cal depth of between 1. 5 and 2 knJ for production-"ef showers.
Mason and Howorth (11), in their study of stratifOI'lYl cloud ob­
servations, found that rain/snow fell only from clouds of thick­
ness> 3300 ft. (1 km. ), continuous rain only from much thicker
clouds, while no rain fell from clouds of depths < 1500 ft. Other
similar studies are reVIewed byMason (8). Selection of the m,ini­
mum cloud thickness of 3,000 ft. a's a condition of the experim.ent
seems reasonable and perhaps slightly conservative.
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In sHver iodide cloud seeding experim.ents, it is generally
assumed that the silver iodide acts as a' freezing nucleus and
initiates the Bergeron-Findersen precipitation process. If such
is the case, then temperatures at least in the top of the cloud
must be sufficiently cold to allow the silver iodide to act as a
freezing nucleus. The threshold temperature of silver iodide has
been determined by several scientists (12) (13), to be of the order
of -4

0
Cto -SoC. Condition(d), therefore, insures thattempera­

tures in the seeded cloud are suitable for action of this rnechani sm.

Condition (e), was imposed for various reasons. The interest
in the Project was to determine the effects on rainfall of a cloud
system. It was, therefore, apropo3to have the cloud system in
an active stage. Experience prior to and du.ring the Project also
showed that the absence of rai.nfall in the synoptic BC.ale cloud
system was a reasonable indicator that the clouds were not '" su:£:-

'ficient" [L e. condition (b). (c) and (d}Hkely not fulfille4].o Sim­
ilar criteria have been used in other experiments to indicate
suitability for seeding. Battan and. Kassander. (l4),: for instance,:,
found that an atrrlOspheric moisture indicator (precipitable water)
could be used effectively by itself to indicate the occurrence of
clouds suitable Lor s,eeding. The statistical procedures set up
would also not handle cases of zero precipitation in either area.
The sensitivity of the experiment would also be increased using
larger storm rainfalls. 1. e .• lower percentage standard error·
in -the rainfall determination.

Condition (f) was a requirement based on the wish to keep
the control area free from an y seeding material during the .seeding
period. and was governed by the geometry of the seeding areas
and seeding track as outlin ed in Section ,3.

Condition(g)was an analysis requirement. It was necessary
to be able to separate the storm: rainfall. if preceding or suc­
ceeding storms did not 'overlap•. this could be done quite objec­
tively. If there was an overlap and no seeding had taken place in
the overlapping storm. the result.,wC\-snot too serious. The
storm period couldb~ lengthened:..i~'i·~~~iu9-~ the complete!:'ainfall
period with only a possible dh~tio:dofeffect. Overlapping seeded

. , . _' \ ~ -"I' • •

storITlS could not be tolerated ina·randomi.zed, experiment.
ot: .,
',"'

" '

';'
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5. Application of Sufficient Conditions in Practice

While the sufficient conditions for the conduct of cloud seed­
ingopera tions were carefully selected and defined as described in
Section 4, it was not always possi.ble to be absolutely strict:in
their application. Aside froITl theprobleITls which were encountered
in aircraft operation and associated equipITlents, there were also
probleITls with the weather. During storITl conditions the weather
was generally changing rather quickly, and even with the good COITl­
ITlunications available, the process of observation, analysis, fO:te~

casting, operational planning and cont:col was not instantaneous,
and a great effort was required to keep the operations ITlatched
to the existing weather conditions. Nevertheless, during opera­
tion s the" rules II of the expe riITlent we re adher ed to as u:on:sis fenHy
and as ri.gourouslyas field conditions would perITlit at the tiITle. 1£
violations of the rules occurred, such; as by ITliscalculation or
poor fOl"eCasts, the evaluators who ITlade the final appraisals and
applied the necessary conditions for acceptance of a seeded stonn
for evaluation (without knowledge of which area was seeded) would
eliITlinate these storITlS as unsuitable. (See Sections 6 and 7).

Action by Seeding Agency

The seeding agency was an integral part of the Project field
teaITl. -The overall field teaITl was directed by the Project ITlet-,
eorologisttwho also ,conducted .; the.: ITleteorologioaL operation of
weatheT watch, analysis, prognosis, operational planning and final
direction and control of the seeding operation. The Project Flying
Offic ere onduc ted the ai r borne seeding operati on on the in sUucti on
and advice ofthe ProjectMeteorologist, following set procedures
and rules defined at the outset of the Project.

M-3teorologists at the Proj ect Control Office ITlonitored the
daily weather charts independently using as ITluch of the National
For.ecast SysteITl facilities as possible. A daily advisory was is­
sued in the early ITlorning of each day to all operational person­
nel, giving the likelihood of a seeding operation being conducted
within the next 24 hours. Operational personnel planned their
daily activities accordingly. InterITlediate advisories were issued
if seeding operations were expected or pending.
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When conditions appeared likely to be suitable to conduct
seeding operations, using all informationavailable from the fore­
cast system, special charts prepared by the Project team, special
observations provided for the Project, etc., the Project Met­
eorologistdetermined whether the sufficient conditions(a) to Ud
(Section 4) were fulfilled or made a best estimate as to when the
conditions would be fulfilled. The meeting of'"criteria (a) and (g)
was determined solely from the regular synoptic and other met­
eorological reports available to the Project Meteorologist and
was \L'1iquely determined prior to departure of the seeding flights.
Determination of whether the other criteria (b) to (f) inclusive,
were met contained input from both the general meteorological
situation as known to the Project Meteorologist and from obser­
vations of the seeding aircraft personnel on reaching the target
areas, with the aircraft inp·ut the deciding factor. In practice,
criterion(g)wasmetby ensuring that no stormwas seeded unless
there had been a period of 24 hours without precipitation since the
previous seeded storm, When it was decided that all these con­
ditions (a) to (g) were met or likely to be met, the Project Met­
eorologist declared the storm to be a suitable case. This de­
cision was usually required 3 to 6 hours in advance of a storm in
order to place the aircraft into the area when conditions were
suitable. This wa.s particularly critical when storms of only 3
to 6 hour s duration were expected to affect the area, This de­
cision wa s made without any knowledge as to which area might
be selected for seeding,

When this decision was made, the Project Flying Officer was
bri efed on the meteorological aspects of the operation, provided
with a full scale flight briefing for safe conduct ofthe flight, and
issued instruction s as to the time the flight should be over the
target area, a.nd any other specia.l procedures or tasks. The
Officer was also provided '.AI ritteninforIUl. tion on the expected du-

o
ration of the storm, the altitude of the -5 C level( the flight alti-
tude). the forecast wind speed and di rection at the p:i:'oposed flight
alti tude, and an yother pertinent information. A copy of the in­
formation form provided is illustrated in Appendix 1( a).

At this point the Proj ect Flying Offic er determined the "Areal!
to be seeded by drawing the appropriate sequential envelope. The
lIArea. ii to be seeded was not di sclosed to any other personnel who
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didI).otneedto know; the exceptions wereusually only the co~pilot

and navigator. A flight plan was drawn up based on the seeding
instructions and the required seeding track, which, in turn, was
deterITlined froITl the "Area" to be seeded, the wind speed and di~

rection, and the table of tow lines. The aircraft then proceeded
to the target area according to the instructions.

The Project Flying Officer, on reaching the seeding track,
adjusted the flight altitude, ifnecessary, to correspond as closely

o
as possible with the -5 C teITlperature level, and, based on ob-
servations m.ade over the length of the seeding track, assessed
whether the sufficient conditions (b) through( f), (Section 4), were
fulfilled. The relevant weather inforITlation was passed directly
to the Project Meteorologist by direct two-way radio. If all con­
ditions were fulfilled, the actual seeding operation was begun.
Care was still exercis ed in not disclosing which ilArea" was being
seeded. Winds were ITleasured regularly and the seeding track
adjusted accordingly.

If the sufficient conditions were not ITlet, the situation was
discussed by the Project Flying Officer and Meteorologist, using
the new inforITlation provided by the aircraft on the spot. Usually
two possibilities were presented. This 'reconnoitre phase could
often deterITline that it was highly unlikely that sufficient condi­
tions would be ITlet with this storITl. For exaITlple; a front ITlight
be clearly defined by the <;:loud arid weather, with no significant
cloud reaching or likely to reach the required altitude, or the
winds ITlight already be outside the liITli ts defined by condition (f),
Section 4, with the synoptic analysis providing no hope of theITl
backing or veering to within the suitable liITlits. In this case,
the seeding atteITlpt was abandoned. The reITlaining possibility
was that while conditions were not presently suitable, there was

. g,P',C3c1':~;!J;'::e;i~~iqn:i;;-~o·jexp;ee~ttthatl,tl)..~:y~w0ll:ld::ib:ip.'rov.·e;;\,.h,e'i"~~.~ the ,frontal
cloud had not yet reached 'the area-; or winds had not yet swung
to the suitable direction. In thi s ca se, the flight held to the seeding
pattern and ITlonitored the weather, beginning seeding if condi­
tions becaITle suitable, or abandoning the seeding if they did not
or if the liITlit of flight endurance was reached.

The seeding was continued as long as the sufficient condi­
tions were ITlaintained; seeding was discontinued ifweather condi­
tions becaITle unsuitable or if other operational requireITlents
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demanded cessation. If the aircraft endurance was exhausted and
conditions were still suitable, the aircraft returnedto the opera­
ting base, re£uelled~ and returned to continue seeding. Occasion-'
ally, suitable storm conditions did persist beyond the endurance
limit of the aircraft.

Occasionally, the wind direction during the storm period
hovered around the limits of acceptability, i. e., 230 0 and 3100 .
In this special case, if the winds shifted to 220 0 or 3200 while
seeding was in progress, the seeding track wa.s shortened ap­
propriately to maintain the control area free of seeding material,
and, the seeding continued for a period of one hour. If the wind
had not then returned within prescribed limits, the seeding was
terminated. A seeding was not initiated~ however, with these
wind directions.

Strict control and adequate documentation of all phases of the
operation were maintained. Suitable logs recorded all the op­
erational and weather information,. The Project Meteorologist
maintained a record of all pertinent information on operations
and transactions as well as original weather charts, weather ob­
servations and data. The inf1ight information and observations
were recorded on forms by the Project Flying Officer [Appendix
I (bU, the Instrument Technician [Appendix I(cij~ theAir Weayher'
Observer [Appendix I (dil~ and the Navigator (in 1963 only) LAp­
pendix I (e)]. The forms were designed to insure that certain
required information would be record~d~ but left scope for re­
cording other information as it occurred.

It is beyond the intent of this paper to elaborate in detail on
the operational problems encountered during the conduct of this
experiment, but a few further comments are worthwhile. The
positioning 0'£ the aircraft in the target area at the correct time
to satisfy the operatingcriteriawas adiffic:ult butnotinsurmount­
able 'task." It did require a consid~rable expenditure of time, a
great number of personnel and a good deal of care and diligence.
The use of aircraft in experiments does require an additional
amount of patience and expertise, as those familiar with this
technique of experimentation will know and testify.

The statistical nature of the experiment implies repetition
and sampling. In general, the larger the sample, the more ac­
curate and reliable the result. Each sample in the experiment

\~



- 19 -

was acquired at a considerable cost, The application of the suf­
ficientconditions inpractice and the design of the experiment took
these facts into accoUnt. There 'Nere few cases missed during
the period of operation of this experiment.

Information Provided Evaluator

At the completion of each year's field operation, data on the
storms seeded and on the operations were gathered together to
evaluate and determine whether in fact the storms and the actual
seeding had met the necessary conditions fOI" acceptance as a
seeded storm case. The necessary conditions are detailed in Sec­
tion6. The case history and all pertinent observational and op­
erational information were collated by the Project Meteorologist,
who at this point in time might have (and probably had) become
aware of which IlArea" had been seeded. A second investigator
(Meteorologist) associated with the Project, but with -no active
contact with the field operations, no knowledge of which "Area"
had been seeded, and without reference to the networ,k precipi­
tation data, served as the "Evaluator" for storm acceptance pur­
pos es.

The following information wa s provided to the Evaluator for
each seeded storm:

(i) the storm code number, the date and time
of the seeding (btit no information as to the
"A rea" seeded),

(ii) a description of the synoptic situation, to­
gether with synoptic analyses, tephigrams,
special charts., intermediate hourly weather
observations, and in general, all available
synoptiC data;,

(iii) an approximate time of the beginning a'ndl
ending of the storm period det;e'rmiihjedd~r'O:rn'_

the synoptic information as available in the
fi eld,

(i v) the altitude at which seeding was conducted,
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(v) the flight information and observations
made on clouds, temperature, M',in'as"
etc., garnered from the inflight report
forms,

(vi) a note on operational problems encoun­
tered (if any), i. e., reason for partial
seeding, late flight, early termination,
equipment malfunctions, etc.

The information provided to the evaluator consisted mainly
of the records obtained during the field operation on a routine
basis and, therefore, posed no particular problems of supply.
Later information which for various reasons, was not available
at the time of the operation was also provided. Care was taken
to screen the records before provision to the evaluator to insure
that no information was made available which would point toward
the seeding of one particular Area.

6. The Necessary Conditions for Acceptance of a Seeded Storm
for Evaluation

The criteria for acceptance o~ a seeded storm for evaluation
were the same as the criteria outlined in Section 4 as the sufficient
conditions for conducting cloud seeding operations. Briefly, these
required that the storm system be an organized cloud system ac­
companied by an area of rainfall discernible in the synoptic sens e
crossing both target areas in such a way as to give no reason to

-. expect that the system would affect the two areas differently; the
clouds of the system were required to be atleast 3,000 feet thick
negr the seeding altitude, to have tops extending to at least the
-5 C level, to cover at least 50 per cent of the seeding track, and
to show signs of an active precipitation mechanism; in addition,
the winds we're required to be such tl}at the silver iodide or clouds
treated with silver iodide would not move over the control area;
a final requirement was that the 71 s torm lf precipitation as defined
in Section 2 should be separable from the previous and succeeding
"storms". The' reas ons governing the establishment of these
criteria have been di scussed in Section 4.

The differences between the above criteria as sufficient to
permit seeding and as necessary for acceptance of the seeded
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storm for evaluation were mainly in, the method of application.
Obviously, it was not always possible under field conditions to
adhere rigidly to the criteria, and at times, it was necessary fo
proceed wi th the seeding and determine later whether the storm
was suitable for evaluation. In determining whether a seeded
storm was acceptable for evaluation, the acceptance criteriawere
adhered to strictly sO as to ensure objectivity and freedom from
bias. In order to avoid possible bias on the part of the seeding
team, the evaluation was conducted independently by an evaluator
who had not taken part in the seeding operati ons. A desc ription
of the method of application of the criteria in determining ac­
ceptance or rejectipn of a seeded storm for evaluation is given
in the section which follows.

7. Application of the Necessary Conditions

The data recei.ved by the. evaluator from the seeding agenc y
for analysis (as outlined in Section 5} consisted of the number
identifying the seeded storm, the date and time of seeding (but
not the area seeded), a description of the synoptic situation to­
gether wi th all available regular synoptic data. the approximate
time of beginning and ending 'of the storm period as determined
from the synoptic information available in the field, the seeding
level, pertinent flight information and aircraft observations,b'u:t
110t the aircraft position as this would give away the location of
the seeded area. No informa tion conside:;:ed likely to reveal the
location of the seeded area wa s provided to the evaluc~tor. The
rainfall and other meteorological data collected by the special
Project network installed in the test areas were also not made
available to the evaluator until after he had made his determina­
tion of whethe l' a storm was acceptable for evaluation using the
other factors, as itwas feared that possible bias could be intit'o­
due ed by knowledge of thi s information too early in the evaluation.
Asan additional precaution, the Project network data were also
not made .avallable to the seeding team during operations of the
project in the field.

The evaluator proceeded first to verify whether each seeded
storm fulfilled the criteria laid down as necessary for its ac­
ceptance for evaluation. The firstfive criteria. i.e. (1) that the
sto'rm system be an organized cloud system accompanied by an
area of rainfall discernible in the synoptic sense, crossing both
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targ,et areas in such a way as to give no reason to expect that the
system would affect the two areas differently; (2) clouds at least
3, 000 ft. thick near the seeding altitude; (3) cloud tops to at least
_5 0

C; (4) clouds covering at least 50 per cent of the seeding track,
and (5) showing signs of an active precipitation mechanism, were
verified through study of the regular and special synoptic meteoro­
logical data available (excluding the Project raingauge network
data) and the ai reraft reports. If any of these five necessary con­
ditions were not fulfilled, the storm was rejected as a case for
evaluation. In actual fact, only one of the seeded storms was re­
jected on the basis ofthe first five criteria. >:< The sixth criterion,
that the winds would not carry seeded clouds or seeding material
over the control area, was verified by plotting the aircraft seeding
track and the mean wind over the areas on a chart and determining
geometrically whether lYcontamination" would resulL Since the
aircraft track was changed WhenE;\!er the '!iiind changed, a separate
COITlputation was made whenever the aircraft track was changed.
The best estimate of the mean wind from 5 to 30 thousand feet over
the test areas was obtained for each aircraft track from the' rawin:"
sonde observations taken at Virginiatown, mid'Nay between the
two test areas and just to the West of them (see figure 4). The
mean wind was determined by averaging the 6, la, l~, 18 and 25
thousand foot level winds obtained from the Virginiatown rawin­
sonde or rawinsondes corresponding most closely in time to the
ITlean time of the airborne seeding. A rawin was usually avail­
able for the mean time or withini 3 hours. Applying the mean
wind to the aircraft seeding track and allowing a ten-degree angle

, of dispersion on either side of the mean wind, a geoITletrical de­
terITlination was made 'as to whether any " con taITlination" of. the
control area would result. It wa's found that in a nUITlber of cases,
the ten-degree angle of dispersion intersected a portion of the
c,ontrol' area. The degree of 1f contamination" in most cases was

':< In alIj three storlTIS out of 48 seeded were rejected because
of failure to meet the seven acceptance criteria, All of these
storms were seeded inadvertently, largely through failure of
communications or other operational difficulties. In the storm
referred to above, the clouds failed to meet the sufficiency
criteria. In the other two storms rejected, wind informa~ion

later discovered to be incorrect led to the cond1..1.ct of seeding
which could have had little effect on either the taTget area or
the controL
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slight, so it was decided not to reject the Hcontarninated" cases
but to place theITl in a separate category and analyse theITl sep­
arately. Accordingly, situations in which there was no "con­
taITlination Yl were labelled Category A while those with SOITle Yl con ­
taITlination" were labelled Category B. Of the forty-five seeded
storITlS accepted for evaluation, thirty-nine were found to be in
Category' A and six in Category B.

The next step was to exaITline the rainfall data froITl the Pro­
ject raingauge network for each seeded storITl ITleeting the first
five criteria, to deterITline whether the storITl rainfall data could
succes sfully be separated. Hourly rainfall amounts for each of
the sixty stations of the raingauge network were tabulated ona
single chart and the criteria outlined in Section 2 were rigidly
applied. Starting with the actual tiITle of seeding and the estiITlated
tiITle of beginning and ending of rainfall in the test ar eas provided
by the seeding agency, the evaluator,delineated the storITl periods
and abstracted the storITl rainfall according to the rules laid down
in Section 2. To review those rules briefly, itwas insisted that
the " s torITl durationi! be the saITle for both the test areas, that
the actual tiITle of beginning of rainfall in both test areas be in
the saITle or adjacent regular l2-hourly observation periods, that
the actual time of ending of rainf all in b()th test areas Ineet thi s
saITle criterion, and that the actual beginning of rainfall in any
storITl period be in a regular 12-hourly observation period dif­
ferent froITl that containing the actual ending of rainfall in the
preceding storITl period. CA siITlilar criterion was applied to the
ending of rainfall in any storITl period;) The regular l2-hourly
observation periods referred to as the units of which the storITlS
were cOITlposed were 0800 to 2000 and 2000 to 0800 local tiITle.
Since these criteria had also been observed during the conduct of
seeding operations, no difficulty was. actually experienced in
separating the rainfall of succeeding storITls, and no';; seeded
storITlS had to be excluded froITlevaluation for this cause.

Once the seeded storITlS had been fomid to satisfy all the 'cr:i·­
teria for acceptance for evaluation, the storITl rainfall data for
each storITl were abstracted froITl the total data, following the
rules and definitions for" storm", "storITl rainfall!' and" storITl
duration" as outlined in Section 2. Missing data were' interpolated
by linear interpolation aITlong adjacent gauges.
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Subsequent steps in the evaluation procedure involved com­
putation of weighting factor 8 £01' each gauge, weighted mean areal
rainfall by area for each storm, determination of an index of the
effect of seeding and the statistical s'ignificance of the index.
These procedures have been described in papers by Derco (15).
Godson, Crozier and Holland (3) (4), and Holland and Crozier (2),
and will not be repeated here.

8. Conclusion

This report has pre sented the detailed storm acceptance and
evaluation criteria. used in the Precipitation Physics Project, a
five-year field prograIYl of cloud seeding conducted in western
Quebec, ailned at evaluation of the effect of cloud seeding with
8ilver iodide on the ra infan of synoptic scale weather systems.
In pre senting these criteria, the report has documented the rule s
of the experiment as they were defined prio!:' to the commence­
ment of the project, and has also provided background information
and some of the philosophy underlying the projectbut not covered
in earlier reports. A detailed account of procedures used in the
application of the criteria in the operation and evaluation of the
project has also been given, including details of technique re­
quired to meet the rule.s of the game, such as special restrictive
definitions for such terrns as " s torm" and " s torm rainfall". These
so-called 1t rul es of the game" are an essential part of all sta­
tistical experiments of this sort, and are required in order to
ensure complete objectivity and freedomfrorn bias in the experi­
n~ent. These rules, established prior to commencement of the
experiment, were strictly adhered to throughout its duration, and
permitted very little opportunity for subjective decisions.

The conditions judged su££icient for the conduct of eloua
seed ing have been outlined and their application under field con­
ditions have been discussed. The reasons for the adoption of
these criteria have been reviewed.. The conditions considered
necessary for acceptance of a seeded stornl for evaluation have
been shown to he es sentially the same as those sufficient for con­
ducting seeding, differing only in the strictness with which' it was
possible to apply them. The methods u!?ed in application of the
sufficient criteria have been discussed.
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The results of the evaluation of the effect of the cloud seed­
ing, and details of the statistical and physical design and operation
of the projecthave been presented in other reports in this series
(3), (2), (1).

APPROVED,

J. R. H. Noble,
Director,
Meteorological Branch.
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