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ABSTRACT

_ The repert descrives the cloud data and scme of tlu research
results of Project k.5, Task Group 3.1, Task Ferce IIT. A ratiemal
classifisatien of trepical cleuds characteristic ef the Central Pacifie
Ocean is attempted; fifty-twe eoloured phetographs of ocearis cleuds are
reproduced as & foundation fer & tropical eleud atlas; and the topic of
ocumulus precipitation is treated at some length, Then follews a dis-
cussien of the techniques necessary to any attempt to forscast the
novement and transfermation ef atamic elewds in low latitudes, the ehief

attention being paid to events fellowing the first six hours after the

© explosiens, A method of computing vertical motiens in the free atmos-

Phere is deseribed and spplied. The report concludes with a chapter
of recommendatiens.
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CEAPTER &

DISCUSSIOR AND RECCMMENDATIONS

k.l XEVIEW

8o far as future weapon testing in the Marshall Islands area is
cemsernsd, the enly parts of this report that are of interest concern the
meteorelogical cenditions governing the motion of ateomic cleouds, and the
possibility of ferecasting cloud and precipitation immediately before
and for seme time after atomic explosiens. The topics upon which recom-
mendations can be made therefore are those comnected with the observations,
analysis snd ferecasting of the field of motion and those which bear on_
the detectien and forecasting of extensive sheets of thick altestratus,
sccompanied by rain,

belsl Comparison of the Artificial with the Natural Cloud

Experience during (reenhouse suggests that up to about six
hours after the explosion the atomic cloud may be regarded as & large and
leng-lived cumulus, This means that the chief deformative fields lie in
the vertical planes and that the most important part of those fields con-
sist in the successive vertical profiles of the horizontal camponent of
the wind which the eloud meets during its translation. As with the cumulus
these flelds result in & "shear® of the cloud. The translation of the

cloud is at the same time sufficiently approximated by neglecting the

vertical motions of the ambient and included air and computing the dis-
7
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~ placements of individnal portions of the eloud, level by level,
After sbout six hours, however, the appreximatiens are meo lenger

valid. Diffusion of the cloud particles has led te the spread ef the

mass and the defermative tmtudlhumtemﬁdddltrdnm
led to large relative displacemsnts of the cloud elements. At this stage
the separate cloud portiens move in differeat parts of the teotal field of
motion; their fature pesitions therefors have te be semputed ome by ems amd
the p;uitilon of the mhole cloud estimated threugh a synthesis ef these
separate ecalculations.

hole2 Precipitatien and Comvestion ef Radiesctive Naterial Wy
Natural Cleuds

The general cenclusion ef Chapter 2, as far as the immediate
purpose is concerned is that the most frequent raini ia the Narshall
Islands fall from cumuli whose effective eloud thickness exceeds 5000 ft, ,
- Most of the eumuli yield small mmounts of rain, in shewers lasting net
more than & few mimutes. As agents which could colleet and precipitate
material from a radiocactive cleud in the second phase (over six hours
after the explozion) therefere they would be imeffective, They would
have to reach into upper regions of vai-y high particle meintraﬁonl,
so far not attained, in order to constitute bazardous natural collectors,
On the other hand, if hifh concentrations of radiosetive
material existed im the middle atmosphere (say, between 15,000 and 20,000
£t) and at‘/the same time an upper flow similar to that after Easy test
occurred, hazardous precipitation might occur, In the first place the
upper horizontal deformation fields would concentrate the material along
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an axis ¢f stretch, which also, analysis shows iz & region-in which alto-
stratus is mest likely to occur in thiek widespread sheets (see Figs.
2,32-35) with rain, not only frem the altostratus itself but also from
tall cumuli and cummlonimbi penetrating it. The latter would be effective
contminsters, since rain is much heavier from the cumulonimbus and cumulus
cengestus prevailing im these sitwaticns, '

kele3 Yorecasting Natural Cleud Cover

It becomes spparemt from section hel.2 that the forecasting
of natural ecloud eover and precipitation might be impertant in future test
programs. The difficulties of sccurste forecasting have been sufficiently
emphasized in Chapter 2, Fortunately the types of clouds likely to be im-
portant are those with which synoptic analysis can deal: that is, widespread
sheets of altestratus-altocumulus asseciated with majer disturbances in
elther the lewer atmosphere (typheons snd tropical storms) or the upper
(upper level eyelenss and troughs im the westerlies), The attack en the
forecast problem then is through the analysis of the field of motion,

helok  Forecasting the Field of Motion

We finally arrive at the conclusion that the most important
forecast in any futwre eperstion must be that ef the changes in the field
ef motion at all levels in the troposvhere over the Marshall ialmdl. Froa
_this forecast weuld be derived the prognoses ef -ths successive positions and
shapes of Ath. stomic cleud, the concentration of material at varicus levels
within those shapes, the transport upward or dowmrard ef previcusly detected
maclei of comcentration through atmospheric motions amd independently of
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fall-out, and finally the precipitatisn of the material on to the surface
by natural elouds,

k.2 RECOMMENDATIONS

The following recommendations are made on the basis ¢f the meteorc-
logical results of Project 4.5 alone, Since persomnel on the project have
only partial kmowledge of variables which must sericusly qualify the
recommendations the latter are advanced in a very temtative manner indeed,

k.2,1 Forecasting Atomic Cleud Movement

During the first phase of the cloud movement (up to six howrs
after the explosion) the present Radex ncthbés, based upon spet winds at
the point of detonation, are as successful as may bs expected. More refined
methods would probably not improve the forecasting sppreciably,

During the second phase, however, trajectory m@lytia using
complete anslyses ef the field of motion at sll levels wp to 10,000 fest
above the highest point to which the cloud is expected to attain is essen- -
tial if the cloud is to be follcwed with any success, It is recommended
that diagnostic and prognostic stresmline maps together with the derived
vertical motion maps be mads the basis of any future trajectory analysis
aiming at accurate tracking of the cleud during the seccnd phase,

Since it is new kmown that vertical motions whieh in the
mean may be as large as L em/sec ean cocur over large ureas of the Marskall
Islands, the possibility of large vertical displacememts of parts of the
oloud during the second phase should always be considered. It is recosmerded
that further work on vertisal motion analysis be associated with any future
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progrm and that account be taken of this component of “the motion in

trajectory snalysis, Advantage should be taken of the fact that the cloud
material is an atmospheric tracer, to check the results of the vertical
motion amalysis and prognosis. This would be of inestimsble valus in
msteorological research, ' | .
If possible, checks on dummy trajectory forecasts should be
nads before suy astusl test., This eo.uld be very simply effected by the
Telsase and tracking of a eemstant level balloon from the test island,
say, every secema dxy. Forecasting personnel would by this means have
8 lgnger seriss of echecks on their trajectory analyses and forecasts than
has been possible. On Greenhouse and previons tests, it a.eem,‘ the only
ehocking possible ocecurred during the mest intense part of the Operatien,

ke2,2 Operationsl Forecasting

In addition to the forecasts of movement and transformation
of the ecloud, which is the main preoccupstien of this report, there weuld
be on any ruture test, the need for normal operational fc;recuting, such
a3 was carried rau at Eniwetok during Operation Greenhouse., But facilities
adequate to conduct trajectory ferscasting weuld also be sdequate for nor-
mal operational forecasting., It suffices, then, to treat the facilities
that would be required to conduet the type of forecasting previcusly oute
lined,

It is clear that the results and methods described iu this
report depend on two factors: an adequate reporting network and sufficient
knowledge of tropical meteorology to make accurate a.mﬁ:nu' and prognoses
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from the reports. Accurate analyses and progucses wltimately depemd en
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advances in knowledge obtained through research. The only data se far this
obtained from the Tropics that are of & caliber spproaching those required oasi
for research are those derived from the weapen testing projects in the time
Marshall Islands, The routine reports from the troplcal Pacific utiliszed snd
by the Air Weather Service in day to day forecasting are not adequate for wer«
even simple forecasting fer air transpert eperations in lew latitudes. None tes
of the methods of streszlise analywis desoribed in this report, for exampls, . Tep

can be applied to current maps of the tropical Pascific « there is not

enough data. The importance of Operaticn Greenhouss, therefore, from a tat:
meteorolegistts point of view, far transcends its immediate objest. Those the:
responsible for the metsorological planning of the Operatien were asutely Gre
awars of this and elaborate precsutions at those levels were taken to des
preserve the data when it should be collected and to ses that its accuracy

and the frequency of observation attained to the highest standards. But,

1t must be noted, this ideal was mot immediately present in the censciousness

of all persoms in ATU 3.4.5. The abrogations of the original pregram which

were noted im Chapter 1 were in some cases made arbitrarily and without

considering thelr effects not only on the research projocta ornniud

as units of Task Growp 3.1 but on the very activities that ATU 3.&.5 was

constimted to perform. It is strongly recommended that if tntnre tests 2:
occur, control be exsrcised from sbovs over lower operational echslons Bed
to ses that tho primary meteorological missions are not hustru:g by arbi- hea
trary decision and that the immense value for research of the meteorological bat

data collected during the eperation is kept in mind by all personnsl at all times.
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L | It is impossible t.o n.z:;l;co('“sog’?l c:f 't.fgé computations described im

this report using Crossroads or Sandstone data, For the type of fore-
red casting described, the Greenhouse network represents a minimum. This some-~
times failed - partly to the cumberscme communications system (see Chapter 1)

od - snd partly because the original plans for the frequency of observations
‘or wers not carried out by Task Group 3.h. It is recommended that in future
¥one tests the full Greenhouse network, as originally planned and including
apls, reperts from Truk and Ponape be regardsd as a minimum requirement.
If a2 higher ordesr of accuracy in the estimates and cempu~ j
tations and consequently & "safe” margin for the forecasts is required,
ose then a network slightly more extensive, though not more dense than the
1y Greenhouse stations would be needed. The following would constitute a
desirable net:
acy Bikar or Utrik Ponape .
Eniwetok Truk
¢, Wake Mams :
Ewajalein Nanumea or Funafuti
wsness Majuro Canton Island
Bikati or Tarawa Kapingimarangi
hieh _ Nauru Guam
Kusaie Midway
Palmyrs French Frigate Shoals
Johnston Nandi
Iwo Jima Henderson Field or Munda
Hcaolulu Rabaunl

Some of these stations already have facilities for obtaining rawinsonde
data; the others would have to be equipped, so that winds to maximum
heights could be observed four ﬁnes per day. The stations in the southern

i~

hemisphere are necessary, if it is desired to follow the complete pertur-
Zical

bations that pass from east to west across the region; these perturbations
all times,

5001984



do not ceass abruptly at :heoguator, ﬂ,:_sy ',onrl:p the equatorial easter-
lies in both hemispheres (11, 28, 30, 32).

In any future operation the same mumber of weathsr recomnxis-
sance patrols would bs required; however, the administrative precedures Wy
means of which the flight plans would be nt‘up would have to be more
flexible than thoss that obtainmed on Greenhouse., It sbould be pessible to
vary the tracks to be flown at least twelve hours before take—eff and te
do this by the most direct channsl between the responsible meteorvlogists
and the Cemmander of the Reconnaissance Squadren. Cloud photography om
flights, which lie entirely cutdide a previeusly defined eperatienal area,
should be permitted for research purpeses. s

Finally, the opportunity that an Operatiom of the Greemhouse
type provides for research on trepical clouds and precipitation should be
grasped. In particular, much more use should be made in the field of radar

-~

observations of cleud and precipitation. All statiens should be equipped

with radar and provision mads for ebtaining photographs or drewimgs ef
the scops at regular intervals and as a routine weather observatien,



