Verification of the numerous objective forecast techniques and the MHC
official forecast has been completed for the 1972 season. (Tracy. Sherrill)

Probability ellipses based on the official forecast direction of motion
are being accomplisheag,

A paper entitled, '"Changes of the Maximum Winds as Deducted Tram
Central Pressure Changes," is being prepared for tke ERL Technical Feport
series. (Michaels)

During the past quarter, data processing personnel participated in
STORMFURY Dry Run, 2 calibration flights, Hurricane Dawn flights, Project
Cloudl ine radar evaluation flight, flux studies flight, hydrophllic powder
seeding study flights and navigation evaluation flights. (Lewis, Pearce,
Michaels)

Mr. Billy Lewis was appointed Project Leader for the installation and
operation of a Univac 1108 computer in Miami, Florida. [(Lewis)

A grapnics program designed to display hurricare tracks with latitude,
longi tude, and speed as a function of time as well as tke presentation of
the storm track on a geographical map has been comoleted. (Foltz)

G. Contractors and Grantees

University of Miarmi, Professor Harry V. Senn

During the past guarter several RML personnel have participated in the
Project STORMFURY dry runm and cloudline experiments out of Jacksonville HAS
and Barbados, B. W. I. In addition, a test flight was made usirmg 39C and
hOC to determine the efficiency of the RML-supplied iso-scho contouring units
on. the AVQ-30 and APS-20 radars as well as to run other tests on the radars.
In general, the flights were successful in proving the applicability of the
IEC units in providing quasi-quantitative radar meteorological data, in
overcoming some of the misconcepticns which might have been limiting the use
and usefulness of these devices, and in comparing the AV(-30 and APS-20 radars
In a flight-weather situation. Recommendations for improvement of the RFF
radars and radar data based on these flights, are being drawn up,

These recommendations, along with an improved three-dimensional model
of hurricane orecipitation based on the three-storm data under study for the
Past year, are being completed and incorporated into the Final report which
Is Presently under preparation.

Massachusetts Institute of Technology, Professor Fred Sanders

Professor Sanders and Joan Gaertner worked on further development of tha
SANBAR model for prediction of hurricane tracks. We completed 3 series of
12~hour forecasts for the Atlantic-Gulf-Caribbean area for initial times at
1200 Mt September 7 through 0000 GMT September 13, 1971, thesa twelve times



MM EXPERIMENT T0 TEST THE MODIFYLNG EFFECTS OF HYDROFHILIC
FOWDER OH MARITIME CUMULUS CLOUDS

Filly M. Lewls and Harry F. Hawkins

Maticnal Hurricane Hesearch Laboratory
Kational Oceanic and Atmospheric Administration
Florida

Miami,

1, INTREODUCTION

For several vears, USSR scientists
Lave conducted weather modification experiments
desipmed to reduce or eliminate hail damage to
agricultural crops (Galvoromskii, et al, 1968 ;
Gayvorons«iy, er oal, 19707, tne of these
efforts was directed towards developing tech-
niques for dissipating cumulus congestus and
cemulonimbus clouds. 1f the natural dissipation
rate of the cloud could he accelerated, it was
helieved that there would not be sufficient time
for the cloud to produce hail which could reach
rhe ground in sizes or amounts large enough to
damage agricultural crops.

A basic hypothesis was developead by
the Soviet scienmtists toc account for dissipating
these convective type clouds. When the apex af
an unstable cloud is seeded by dispersing hydro-
philic powders in the repion of hoth maximum
updrafe and liquid water, hrdrophilic scavenging
of small water droplecs would lead te the forma-
tion of large water drops. As these combined
hydrophilic—water particles reach the level of
zero huoyancy and load the top of the cloud with
larger drops at an earller time in the cloud
cycle than would naturally ceeur, these larger
drops would begin to fall and to entrain alr.
The development of these processes could, it
was argued, lead to the formatiIon of a downdraft
in the unstahle cloud. Vaporization of raln in
the dry air beneath the cloud would tend to
weaken the vertical velocity field in the cloud.
Thus, once the downdratt equaled or exceeded the
updralt, the main portion of the cloud would
dissipate rapidly. The anvil or crystalline
portion aof the cleud, Lf present, would not be
affected by the process and shoeuld remain for
a ronsiderahle time after the active portien af
the cloud had dissipated. The seeding afent to
he used should range in size from 5 te 50 microms
and be dispersed at a rate of 1 to I kg per km
of clowd.

Portland cement was selected as the
hydrophilic agent to be used in Sovietr field
experiments. The cement was injected intao
cumulus conpestus clouds of 3000 to 4000 metoers
averare thickness, and thunderstorms of 10 km
in vertical development. The Sovlet scientists
found that the clouds dissipated in every case,
and they reported dissipation eof chunderscorms
af frontal and airmass origin was completed in
7 to 20 minutes after seeding in 5& out of 55
cases (Gmayvoronskiy, et al, 1970).

a5

The dissipation effects on these
thunderstarms were described by Gayvoronskiy
{1970} as "hecoming fibrous in structure and
began to split up Inte small portinns which
vaporized without significant precipitation.”

The clouds dissipated Lo 7 to 20 minutes; the
period of dissipation depending on cloud size and
stape of development. OCayvoronskiy (1970} has
stated that radar echoes of secded clowds showed
perceptible reduction in size and subseguently
disappeared.

Experiments at the Haval Weapoms Center
duplicated the USSR experiments in 1971 in con=
junction with the Naval Weapons fenter's Project
f, Field operacioms, conducted over the western
Gulf of Mexieca, lad to the conclusion that the
use of hydrophilic powders in a coarsely dispersed
aerosol greatly affecced growth rates af clouds 3
to 6 kr thick. Observers noted that 7 out of 13
clouds dissipated in 5 to 20 minutes. Two addi-
tional cleuds appeared to he adversely alfectad
by the sseding experiments.

2, CURRENT IMTEREST

A possible use of this form of weather
modification might be te reduce convective acciv-
ity in hurricanes, Lf the convective growth in
the "feeder" rainbands could Le reduced, the
hurricane' s structure might be materially alterad,
Tn order te evaluate the possible urility of
hydrophilic powders in dissipating ov reducing
convective activirty the Narional Hurricane
Pesearch Laboratory conducted several sceding
experiments in 1972 on maritime tropical cumulus
clouds in relatively undisturbed conditions.

3. PUYSTCAL CHARACTERISTLCS OF SEEDTHG
AGENT

The seeding agent used in Lthese exper—
iments was portland cement. The chemical formula
for this was: 5idg 22 8%, ALg03 - &M%,

Fegly - 3.7, CAD - f4.3T, 504 - 2.7%, MCO - n.9%.
The physical compesition was 2070 Wagner sur face
area with a mesh screen size of 12 micron.

4. DISPERSAL FQUIFMENT

The WOAA C-130 was equipped with a modi-
fied dropsonde chute used for dispersing the ce-
ment. The modification consisted of installing
a set of blades attached to a crank in tha center
of the chute. Several steel bars were ser into
the chute wall in such a fashion that the ratating
blades would cut open a plastic bap of portland




cement resting on them. The ocuter and inner
doors of the chute remained intact in order thac
che chute could be reloaded when the airerafe
was airborne. A pressure relief valve was
ipstalled to equalize the air pressure in the
chute with the aircraft cabin pressure so the
chute could be npensd when the airerafr operated
at altitude. The plastic bags placed in the
chute contained approximately 18 kg of portland
cement, and the contents of the bag were re
leased Into the air stream when the crank handle
was turned, The release rate was about 3 kg/lm.

The dispersal svstem was testad on
Qctober 6, 1972, and worked satisfactorily. Two
thunderstorms were each seeded twice during two
penetrat loms during the test flight. Visually,
the clouds appeared to alter their characteris--
tica by the formation of a rain shower about
3 minute= after the first seeding,  However,
there war no [ilming of these clouds by a chase
rlane.

5. THE DLIRG EXPERIMENT

The =seedinp experiment was designed
to use the wisual and radar observational capa--
pilities of the HNAA aircralt. As stated pre-
viously, the NOAA C 130 was used as the seeder
alrcraft, A KOAA DC-6 aireraft equipped with
clouwd acd roadar Cime-lapse 35 om cameras was
selected to monitor the seeded clouds,

The moniter aircraft flev an elonpated
owal pattern at a short distance from the seedod
clouwd. Eince the manitar aircraft was eguipped
with a cloud camera facing cutward on each side.
and an BHI -~ertical scanning radar which scans
2t rvight angle to the aireraft heading, the
cloud shauld be under almest continuous recorded
observation during each cloud experiment.

He

[he seeder aircraft was assipned com-
mand responsibility, and a metearologist sca--
tioned on the flight deck selected tarzet clouds,
Once the monitar aireraft was in its orbit at am
altitude of about 5 km, the sceder aireraft wauld
penetrate the active cloud tower at an altitude
of 3 to & km and an airapeed of 180 kts. The
dispersal of cement began ju=t after the entry
intos the cloud and continued until the 15 ks
were exhausted. Thus, it wes assured that the
cement was being released as the aircraft passed
through the active updraft of the cloud.

Tn an effort to obtain unbiased re
sults, a randomization table of seeding versus
non seeding of the clouds selected was tabulated
Prior to £light days. Four clouds per day on
two days, Dctober 11 and 13, 1972 were selected
for the 'seeding rums.” To insure that only
those persons acrtually turning the crank and
tabulating the seeding or no seed of the cloud
had knowledge of which clouds were actually
seeded, a large curtain was suspended ahout the
dropsonde area. Twa clouds were seeded on the
firat day and three clouds on the second day.
ThUTEEGTt. thers wiere data from five seeded
clouds and three wnseeded conteol clouds For
Waluation,

6. EVALUATINN OF THE EXPERIMENT

The cloud camera films for each cloud
were subjected to detailed examination. These
cloud films strongly lodicated that the lifle
cycles of the firaet and fourth clowuds on October
11, 1972 were similar, These twe clouds were
well organized and had active towers Farming on
the up-wind portion of the cloud. However,
neither eloud developed towers which reachad
above 6 km. during the periocd the clouds were
being ahserved.

Cloud | maintained its organizatlon
and continued to produce active towers after 15
minutes of ohservatlon. Even though cloud 1 was
penetrated by the seeder aircrafc 10 minutes afeer
the ohservation period bepan, the cleud was not
zeadead,

lleight finding 3 cm radar (RDR) film
was uned to construct plan view graphs of the
width of the issecho each time the chase plane
scanned the cloud while following its race track
pattern. The maximm and minimum heights af rthe
fsoeche tops were plotted along the axis of the
cloud. Unfortunately, the radar camera malfune
Cioned half way through the cloud 2 monitering
pericd on October 11, 1972, and did not function
again for the remainder of the flisht.

The radar data far cloud 1 on October
11, 1972 are shown in finure 1 and indicate thac
the radar isoecho area varted in width by ac

least 207 as the cloud drifted alans.  Towers
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remained below 20,000 Ft. (6 km) and renewed
activity became apparent upwind af the older
echoes by approximately 1930Z. The reason the
resurgent activity dees nat appeat in passes

3, 4 and B is that the flight track ovals termi-
nated short of the newer sctivity. The original
remaining cloud mass (in the radar iseoecha sense)
hind almost dissipated by 19432, The active
rowers Lpn clowd 1 which were produced 35 minutes
after ghservarions began (as seen in the cloud
Films) were being produced by the resurgent cloud
mzss and were not part of the arlginal partion

af the cloud.

Cloud & onm Nekaber 11, 1972 hehaved
similarly to clouwd 1 according to visual eval-
wation of the cloud film. The cloud towers
appeared to he very active at 2135Z. Little
if anvy change was ghserved in the cloud prior
to an actual seeding vun at 2140Z. The cloud
continued ro produce incipient towers hut shortly
thereafter stopped growing at 21442, Very litcle
of the cloud mass remained at 21472, and obser-
vation of the cloud was terminated hecause af
lack of activity possibly associated with the
seeding. In neither case [i.e. clouds 1 or 4]
wazs an anvil produced or visihle rain shower
ETUE

Clouds 2 and 3 en Cetocber 11, 1972
behaved gquite differently from clouds 1 and 4.
Bath clouds 7 and 3 were in the cumulus con

gestus stage when Yseeding" operations began,
ig., active towers reached 3 km in height, and
the tveo clouds developed incipient anvils alter
75 minutes of ohsecrvation.

Cloud 2 HDRE data in figure 2 shows
that the cloud isceche reached 4 or 9 km with

growth rates of at least 100 meters min., The
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Figure 2. Same as [lgurc 1 for c¢loud 2,
gotober 11, 1972
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width of these e¢chos varied as in clowd 1. Cloud
7 was seeded at 20102 and 20282, ¥either the
vigual nor radar film showed any decrease in
cloud activity after the first seeding. L]
visual effects became evident afrer the second
cepding (when the radar record terminared).

Cloud 3 was not seeded, and the cloud
film depicts an almost identlcal sequence of
events to those that hawve heaen described for
cloud 2.

Opn October 13, 1972, four tarpet clouds
were selected for randomized cxperimencacian.
The RDR plan plets for these four clouds are
depicted in figures 1. 4 snd 5. The towers of
clowd 1 grew Ereom heights af approximately 5 km
to & km in ahout 12 minutes. The resurgence of
cumulus towers seemad to occur about every 12 ta
15 minutes during the 43 minules the cloud was
being observed. The cloud was not zeeded during
this pericd, and an examination of tha
film did not revesl any events of
icance.

visual
unusual sipnif--

Cloud 2 was seeded on CTAVETSEs through
the length «f the cloud at 20082 and apain at
2187 . The center partion of the cloud develaped
rapidly at an approximate rate of 400 m/min.

This rare of prowth seemed faster than that vbh—
served In cloud 1 on the 13 October. Within L2
minutes after the firsc seeding and ? mlinutes
after the secand sceding, the radar isoecho Lops
had subsided from 8 km to 5 km. The radar isoecha
tad diminished in hath width and length.
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Same as figure 1 for cloud 4,
1972.

Cloud 3 was seeded at 21187 and 2130Z

had a radar history very similar to clowd 2.

Ba

Cloud 4 was seeded at 2152Z. The seceded
tower appesared on radar to bhe thicker and higher
than those of clouds 1, ? or 3. Withia 15 minures
the seeded tower on eloud 4 had subsided from its
maximem height by 307, and the clowd did por re-
sume any significant furcher growth, The derrease
in irtensity of the large single tower in cloud 4
after seeding was quite evident ro the eve and
wits recorded on the side cameras.

7. CORCLUSTONS ~

The problem of measuring the effects
of modification ¢ffores remains much the same:
namely, how does the sequence of events d4ffer In
the presence of modification agents from thase in
a8 natural sequence. From descripelons of earliar
experiments it was considercd possihle that the
course of events would he so drastically and mani-
tescly changed that no subclety would he required.
In retrospect it is clear that in the shearing
environment of these experiments cver the trapiceal
ccean nothing wery startling became oversowerinpgly
evident., Hence., it seems reasonable to conclude
that this is not an Infallible, overpowering tech-
nique that will gquench cumulus activiey in all
situations - at leas net when denloved on the
scale and approach used in EXDEY  ment.

Tn the other hand. thepe were supoes—
Liong in the data and definite lmpressions hy
some of the obscervers on board, rhat an seme af
the actual seeding runs wisihle effects were
achicved. These were not adequately decumented
by the means at hsnd under the eonditions that
prevalled. and the impressivns of parciclpants
are notocleusly unrelfable. The possibility re-
mains, that under the proper conditioms, this
technique may prove to be quite effective.  Ade-
quately documented evidence of the efficacy of
this technigue should be made awvailat

lable.
. BECOMMENDAT VNS

The experiments should be repeated wiLh
trapical maritime curwlus under conditions whers
the wertical shear in the wind is quite weak and
the production of swelling cumulus and cumulos
congestus 1s  more isolated.  The equipment should
Include calibrated PPI and RHT radars, side cam-
eras, flares for marking cloud entrances and, if
possible,. cloud physics instruments for measuring
changes occurring in the cloud along with the
necessary equipment for measuring vertical velaci-
ties.
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