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"1. intr~Juction

2. Tar%%et S~e]c,-ction

The se].cc’~(~ Ik~’e:7;t for’ the exper’im~nt, is the rm~it~ size,
isolatc~ ~t~cellular’ storm. ~s 1~:~t, ~,~s cho~n for

- this ent~ ty (~-m ~ r~d~ ly ide~tiFi~ by a s~rm t.r~c~r~

- the ~redi~m-si z(.:d cmv~ctive c,.~r~plex is aL~st al~mys
pre, sent on s convoctive day t, hJs supplyJ r~ r~any
opportunities

- histmr":i.c~l studies ind!.cate that the ~e].cctcd t>arget is
sJ~ific>~nt in te.~ of ~in produ’ction Jn the Ne].spr,oit
c-zrem (Rc.;Fer~.nce 2).

- the c, onvective c(]nplex is ]aO_%4e enoA=~; to provide a lor%~r
!astir~7 ~mur.t:e of suTJercoo]e,~, ~.~i~:r t.~n C~mt go]rod J.n the
kTPL,EX l cJ.ouds (i{eLh-,,rence 3).

Rarztmization is rec~,,ofg~d.~x] as the only ~].iabie (:u~~ 
~my ex~xm~nt~ p~bi~s, and ~s ~en adop~ in the
desi~ff~ of the He]s[.)m~t e~lo~ak)ry ex~ri~nt. ~nce~m
al~t ai~ft-p~Juc~J ice ~lrticles ~d their ~ssible
efg~ts on untm~t~ s~rTm i~ ~ a t~ ~,my

ar~:~ysJs, the no s~x]/~plo ~d no scab/no ~nple (z{~es
b~vo b~n c~bi n~J ~cauil~) of the i~ sLze of the
set.

SJ.nce the rw,~r’~Js~Jred va~niables that, r’.r[.~:[ht be exi~tctcd
to ~fi~:t a ~i~ ~la~ c~~ a~ not ~:~,.~% tbJ.s
first ~dc~ffz(M e~>r.h<ent: is exp]o~betff. ]:e distJr:cLJcri
~tw~n an e~!or~k)r’y a~..d a con~Jr~:~bcr%’ ex~rL~ent is
Jm~rt~mt. ~]re of the g~.;r~ztes of an expl
ex~x~r~entq~i pb~se
- k) deter~fEne those sLt<mtio~s Ln ~.~]ick ~::<:<ilr~: ~,r].l 

~ mo~ effk{tJ.ve

- tz) icientify the st~]:l~)st r~<itm (and other) r,:es~mnse
va~iab!es

- to ~}Lq a cl~r~m unders~:ndJr~ of’ c].oud j}ysics and
cloud p~esses.

Id(:~Aly, the e~].or}:~1~3g5’ [:.~mc v~] ]. idenbi.£y

e~:r’~nt.

h. ]~tm ~mlysis

Pa(~r~ &t~ ~ acqui.~:g by ~imi~ t:he ~elsi)r’,.~it 5
~(~%r, t~der c~pu~m ,:cnsrc.i in a volt~:e squall ~Kle.
e].evatLon ~uence aklc~.~{ ezcquisiticn of :h~ f~ within
e~] ~t£ar vo].ux~ ~:r,:Je:t honizanta]].y by the 10 tm ;30
~ ~a~r’ mm~ ri~s ~.d ver’ti~s3.] v by a stuPfhce 20
atx)ve ~.~n ~<] level. The ~,~ ~t,e~.~>:d,eJ video ]’P~. the
~kd~’ ,~,~Js st~r~] C~, l~]etJ.c ~]~) azld ar~ysc£,:] LQ the

(i) The ~4w vJ.dc<, ~.ms d~i~:d ~ disk.
(ii) A pr~$~-~ ~].].c{ "$I~-~" t~s tks~] t:) pz~::.ss the

stx]~m prolm~r ties.

s~[~ tY~]£~s ~ b~: a~15sJ.s of the stoEa pro~erties.

Fob the Jdentifli~£ c~se t,r~-~<~, an addit, JG~.~l ]1 pr~z~rties
~~ G{~cl,~lat~J t.~J.ch ~[g’s ke}~ t~ the app!i~ble s(~/no
~] d~isicn t~.

Six "Gzy" proof’ties art~ a[ ~o c~put,~J and :=s~]
m-~ke~rize the ex~rin,mG], day. In([c~tiG~{ oF biases
t[~.[t m:[~Jlt ~is~ f’~rl a series of "h’{d (L~s" should ~’~
~],z~l.{~ by these prmp~ri,~e.:.~. 2&<)additJ.or~l @W p~r’ties
(a ~mJ~u~e of cloud bua)?-msS’ and surface moist~me)

(iv) ~ tr~icks ::~ ident, ifLed by piottJn[; aLl
tracks close tx) the tr~ck }:],o:; of the ~i~,]et 8,t the t.L~e

of t:,he s’,~)~m c:e~ t~ck ~ms acMeved o~ce the
off the air~r~-~’t t~sp:,nder’ r~ett~.r~l ~,{th bhe mJ.dmr’

Ln the 19~/85 s~son. Zedve of the L9 ’,-e~
!~,v~ 37 tr:acks for" J~"ther’ a~al.y~ds, 16 sc<.:(i ard 21

@ert:-~Jn tK-:(tk~ and st,orrs t,mrc :e,]::£ted fbr t~e

(i) No ai~ft t~c]~g: It ~,ms forth at the outset
that stm~ t~cks cct~d rmt he ~m~b~a::(~/y identiffi~J
witYnout ~r~rT.~t t~ck i~br’.~aticn. ~r~tticr~ wer~
s~ wttii the r~<srd~Z oF the atr~:mflt., t.~ms~r.der
~nd r>~dar’ @~t~z could ~>e r~::,~efl sJzmAt~ne:J_~ly.

40



This v.~s achieved by 26 October 1984.

(ii) D~y too active: Some days that produced widespread
storm activlty were deleted frcm the, analysis for
re~_so~s. On such days, the storm tracking pro~
produced hug~ track propert±es as the tracking
progr~ne picked up storms that merged into squall lines
that s~,,ept tb~ou~n the area. Looking for a potential radar
s,?.eding si~ature on such days is probably unre’~JListic.
Secondly, inc].uding these days in the analysis produced
biases in the control properties. All days on ~4nich the
cumulative 3 de~9"ze area-time integral exceeded 2500 km
’.or were thns not £ncorporated ~n this analysis.

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

(iv) Seeding~ at the wrong temperature: The operations
plan calls for s~=eding between -10 and -15.degrees C. On
12 Nov~,;ber 19~, the .real time display of static
te~.,.perature ~s not available to the cr~ and seeding
was conducted at around -25 d~s C.

5. Statistical Analyse~s

For the 16 se~d and 21 no seed cases, the follc~-~ing
statistics were calculated for each of the 73 track
properties:

-
- m~xJ~
- arithmetic means
- geometric means
- s~mndard deviations
- skeaness
- inte~-prr~perty correlatio~ls (73x~3)

The test statistic for each of the above was defined as
the (s~ed) mL.nus the (no seed) difference.

Tne significance of the differences v~s dete~nined
using s[~_nds_~d re-randomization tecbm_iques (Referente 5).
Difference distributions were generated by rmndomAy
drawing 16 pseudo seed cases oat of the 37 csse pool
usLng the ,same randomization scheme used for the real
draw. If p % of the differences calculated by the
re-randomization are equal to or more extreme than the
values obt ~ained in the real experiment, then p % is an
appropriate ~m~ure of the unlikeliness of the actual
result.

For example, if <he difference in mean cloud heights
between the seed and no seed cases falls within the top
(or bottcm) 50 differences calculated from 1000
re-. ~-andomizatJons then p v~.ll be equal ~m or greater
than- 95 percent (or less than 5 percent).

6. PrelimAnary Results

Pre!J~.,/ results ~hile not highly si~aificant show
trends in the di~.~tion of :
(i) Seeded stonr~ producing more radar-estinmted
rainfall tban umseeded storms
(ii) Seeded storm.s averaging stro~r reflectivities 
3 de~T~s

"REVIEWED"

Table 2: Scme Trends in the Analysis to date.

Property Change. P(°/0) Statistic
No Description (%)

31 Femn 3° rain flux 30. I 85 Gecm. Mean
46 ~kmn 3° reflectivity 2.7 94 Arith. Hean-.

(iii) Differences between seed and no seed time-dependent
preperties (Table 3). Here decision ti~ is that time 
~fnich the pilot of the Lear jet .receives a ~’~=ed/no se~ed
decision from radm~.

Table 3 : T~me - depe~.~ent Pnoperties.

No iZToperty Chan~_~
(%)

~/0 Statistic

59 M~x. rate of increase in
Fe~s 5-30 rain after
decision tJme 854 91

63 F~. ~’~’~be oY J.~ ..... ,~".’.~’~
~ ~ f!~ 5-~ ~
~r d~is~on t~ 7~ 89

It is usually sdvisable to construct plots of the
properties tbat appe~r to be responding to trea*a<.ent,
ix) ~oard ~.nst being led astray by quJ.r½~ in the
distribatio~s (~F~ss outliers, etc). Ccmpe~mtive cunulative
sec~d/no seed distributions of properties %6, and 63
are sh~-m in Figs. ] and 2.

Another comparison of interest is the seed versus no s~ed
t£~e from decision to nmxin~rn rate of incree~se in ~r~ss
(Fig_-.. 3 ). Alth~%gh the p statistic does not show
significance, the s~ distribution of tbAs variable peaks
e_fter the decision time, ~ereas ~e no seed pe-~3<s before.
This sort of analysis s~sts that a closer look at these
and other trac~ properties as they relate to the o.~_set
of seedi~ may provide useful imsights into the physical
c~s acconrpan~dmg treatment.

The correlation difference analysis ,.,~ay be (even mere
reve~lJ9g in te.<ms of changes in physical processes
between the seed ~nd no seed cases. PrelimJrary res~!ts
are presented in Tables 4 ~_nd 5 be!o~,s:

Table 4 : Changes in Correlation of Volume vs b’~ss

Preperties Correlations

No Description Seed No Seed Season P(%)

12 ~vem Volune 0.90 0.98 0.98 O
36 M~x Mass
14 Vol T£,~e Integral 0.98 0.99 0.99 I
38 Y~ss " "

Table 5 : Comnges in Correlation of Areavs RainFlux

Properties correlations P

No Descriptions Seed No Seed Season (%)

23 Mean 3° arem 0.93 0.98 0.96 3
31 ~.,~an 3° ~afLn flux
46 ~eanDBZ at 30 0.35 0.85 0.83 3

22 3° .~eatime J.nte~al
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"]he s’.~---------------~<~m correlation.s sho~n in Table 4 m~d 5 are obtained
frcm 1478 non-c;~se ston~ tmad4s collected throt%~hout the
season, and differ little frcm the corres~]onding rm.n-seed
t~.ck corre!atioms, lending support to the nob~d seed/no
s<eed differemces.

Since storm ~:e~sses are. comB~ from

Z = 2.03 x 104 MI"67 (1)

ard ~Ln f].uxes from

1.6
Z = 2(~ (2)

b#leY~,~, :

X is r~-]c2-~r ~ef:l~tivity (~ 6/ m 3 

M is ~mss (~s / m3 
R is ~dn ~te (~r)

the cl~nges st&%est t~mt s~w.Jing is affecting either the
~-adar-~eam~’ed ref].ec%ivities or the storm vol~es and areas
(wh!.ch are delg~ited by the 30 dbz contour). Prelimi~-m’3,
evidence (increases in meem dbz at o) s uggest t he f urrier.

In s~.mn}~3~, the r~su].ts of .one ~on’s sc~edi=~=, sue~st

SeedJm,~ is tendJ.~g tm produce more ~ar-estin~.{ted
ra] n£~fLl from slz)~s with h~er 3 de-~Fee
r~flectivi ties.

(iii) Se~w]i~ is e~fectir~g stomm ref].ectivities, indi.ca[~d
by c~angyes in vo!~e/...~ss and ~in flux/ar~ correlat!.oms.

7. Disc~Ission

Cer~.~inl, y, or_e of the ~ar~es of an expio,~..ator3~ expergnent
is to develop ..measu~mm.nt techniques. One of the .~in aJ~
of the c~rent ex.~m;riment is to develop meth(~s of measuring
~cktr respo.,~]~cs to glaci.egenic seeding of medi~n-size
mclticeKhfLa~ storms. Initial results ~ promis£~g.
Additiom~l work .;..s rc~Lred in the foll,c~drg

8. Conc].usions

P~limAnary results Jr.,dicate t.~at one of the goals of this
experiment, the .~m;e.~nition of" secMir~_~-ir~duced cbar~es in
ract, ar-{mmsured sto~n properties, c~an be achieved, it is
extY<~m~.ly ]_.’npert:{mt at this stage., t.hat:

- the experiment continue for at l~ast another s(-~n
- the experimental desi69n r~.~m~in ~nc~_nged.
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Fig. 1 : C~mulative comparison of ~ 3 deice
~adar refectiv~.ties of .%eed versus no
s~ si~r~r~,.
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Fig. 2: Cu~J].ative ccm.~risc~ of :~xi.<u< r~tes
of incre.~u~e in 3 de..~<ee rain fluxes,
5-30 m/nutes after ~.-..ed-~o s..~..d decision.
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Fig.3 : Distribution of .~.~im.]n r~tes of
increa_se in st~o.r.~ mass with
respect to. m~sd-no seed d~J.sic~.
times.
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