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Abstract

On the baels of winds from four shot days of CASTLE, that part of the
veriability of the computed fall-out intensity patterns due to the variability
of the winds is investigated. An extreme case from SANDSTONE is also con-
sidered. The tentetive operational conclusions are drawn that: (1) Low level
winds are quite likely to be the critical ones for ceses of rapid marked
changes in fall-out intensities; furthermore, such potential extreme cases
ought to be recognizeble. This importance of the lower winds may influence
choice of level for the weather reconnaissance flights. (2) Single point wind
runs, vhile probably adequate for medium range fall-out computations, ere
inadequate for ranges of the order of the Eniwetok-Bikini distance, A map
with reepect to the expected hot line is presented, giving a best estimate of
the three-hour variability due to winds in fall-out intensity. Such a vari-
ebility represents the error of a three-hour persistence forecast from the

last wind run prior to shot time -- this should be an upper 1limit to the actual

foreceast error,



1. Introduction:

During weapons tests, weather forecasts eare made at various intervals,

An early planning forecast may be 24 or 48 hours before shot time, Hovever,
it 18 generel practice that repeated wind measurements be made throughout

the perio@ Just preceeding the shot, and the final decision i1s generally made
on the basis of & balloon released two or three hours before shot time. Thise
is because it takes the order of an hour or more for the balloon to go up

and for the results to be transmitted, because some time 1s involved in meking
the decieion an& because the shot 18 deleyed some minimum period efter it hes
been "put on," In fact, then, & forecast of the order of three hours is the
key one -- the one which is used for the ultimate decision., It is of interest
to examine the reliability of such forecasts.

Crowson (1549) made & study of the wind varisbility in the Eniwetok
Island erea., He used a set of 25 wind runs taken during a 30-hour period of
Sandstone as & basis for his study. He concerned himself primarily wiih the
effect of this wind variability on such things as aircraft operations, It is
obviously of interest to people concermed with fall-out forecasting to repeat
such a study, interpreting the wvariability of the wind in terms of the result.
ing varisbility of the fall-out patterns.

A first look at Crowson's data turned up an alarming result, 1llustrated
in figure 1, In that figure at the top, the height-time lattice for the 1L0O
Bikini time wind run ie shown; in the bottom, the corresponding lattice for
the wind run made one hour later is shown. These two were not chosen because
the discovered result was anticipated; rather, they were simply the first two
of a set of three consecutive one-hour runs from his data chosen for a first
preliminary look., It will be noted that due almost entirely to a shift in

the winds in the lowver levels (below 13,000 to 15,000 feet) the situation
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Figure 1: Hodogrephs (heevy solid line) and height-time lattices (1ight solid
and broken lines) for Marshsll Island winds during e dey in ipril:
(£) at 1400 local time, (B) at 1500 locel time.
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changes from one in which the pollution liee concentratedlalong a radial line
from shot point, ylelding & very narrow, high intensity fall-out pattern, to
one in vhich the pollution ie spread out over fairly large areas, The activity
falling in corresponding boxes of the lattices i1s the same for a given device;
the changes in area and/or overlappings of esuch lattice boxes during the one-
hour peribd imply marked changes in the intensities of the depositions which
vould have occurred, The moment this potentially tremendous variability in

the fall-out pettern over one hour was discovered, preliminary qualitative
1nves£igation of Crowson's data was dropped and an immediate decision vwas made
to make a quantitative investigation of the wind variability of fall-out
patterns. It turned out, unfortunately, that Sandstone data in suitable form
wvas not availeble. In Crowson's paper the winds are shown graphically and

can be picked off from his small scale figure only with greet difficulty and &
loss in accuracy. Furthermore, the precise date is omitted from his article,
and it has been impossible to verify the highly probable fact that his investi-
gation vas concerned with a shot day, Obviously, we are not interested in the
general variebility of the winds in the Marshall Islands:area but, rather, in
the variabilities during"shot" weather, Accordingly, it was decided to use
wind runs from shot days of Operation Castle, which were available.

In the sections below, the results of computations of fall-out patterns
from such vind runs are presented., -The intent 18 to determine the variability
over a typical three-hour period on a shot day. The assumption is that the
veather forecasters can do as vell or better in their forecasting than a three-
hour persistence forecast, Buch & forecast for the last three hours would have
an error measured by the wind variability we ehall discuse. Accordingly, this
variability will be an upper limit to the wind forecast error. The results

are presented below largely in terms of standard deviations. The odds are that (;(
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the standard deviation will be exceeded one time in three and will in tum
exceed the error two times in three, Should decisions be desired on a higher
confidence level th;a.n tvo out of three, it is a simple matter to translate
these results -- one uses appropriste multiplying factors on the standard
deviations,

One o1".her question can be readily studied in terms of‘.the computational
results obtained below, That is the question of the suitability of the use
of one point winds for fall-cut. In figure 2, a map of the shot day for Bravo
is shown, This is a map of winds at the 10,000 foot levelgprepared at the Oahu
Research Center (Dean and Ohmstede, 1955)., It will be not;d that these winds
at Bikini and at Eniwvetok are radically differeant both in é.iroction and speed,
It may very well be that such space varistions of the Vind; in a given map
level are 1llusory for our purposes, We are interested in:a. sort of weighted
wind throughout the atmosphere, and it is certalinly probable that such vertically
meaned winds will be much simpler in their spatial variability then will be
the vinds at any particular level, Indeed, it may well ba that such weighted
mean winds through leyers should be the mapped and forecas‘t; quantities for
fall-out purposes. More to the point of issue here, it may well be that such
maps would not show very great variability over comparatively short distances;
80 that the results from, say, Bikini and Enivetok, some 200 miles apart, would
be essentially the same. This has been implicitly assumed iﬁ most fall.out
work to date, in which fall-out forecasts for ranges of 200 miles have been
based upon one point winds, We shall discuss this assumption below,

2. The Computations:

The wind desta available from Castle included from three to five wind runs

to 50,000 feet at three-hour intervals centered on each of the six shot times,
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with added runs at eix-hour intervals for times extending :o plus or minus

nine hours, Accordi_ngly, this level has been chosen &s the top of a synthetic
atomic cloud for which the fall-out pattern has been repeat:‘edly computed and
its variability due to the wind variations determined. 'rh;;s represente & cloud
vhich reaches through most of the troposphere -- & level of 55,000 feet,

being fairly typical for the tropopause, In what follows, v;hile ve shall refer
to these things, for example, as the "pattern for Bravo", it must be emphasized
that ve here Just mean the pattern based upon winds to 50,000 feet taken on
the day of Bravo. This pattern, for a cloud which reaches only 50,000 feet,
will correspond roughly to one for a _65 KT explosion and is clearly much
different from the actual Bravo event, So, too, for the other patterns we

got. Thus, in no case is it valid to compare our patterns to actuall fall-out
occurring during.: Castle,

For this work we are interested in measuring that part of the variability
of the fall-out patterns which results from the variability of the winds, In
order to do this, some fairly reslistic fall-out model is necessary -- it is
not necessary that this be & precisely correct one. 5o long as it.is a good
approximation and is used consistently, the variability resulting will be a
reasonable measure of that variability due to the winds. Because of convenience,
we have here used the card deck representing the IBM TOl electronic computer
procedure for getting the fall-out used during Teapot. This is a little
obsolescent in terms of the latest agreement on activity distribution, etc.;
however, as has been noted these slight departures from more recent practice
are not significant for our purpose here,

For each chosen wind run, a machine forecast was made whose ocutput was

fall-out intensity at each point of an array of points at the intersections of Q



15 radial lines speced 8° apart and a set of p§m1101 11nee; spaced 10 miles
apart and orthogonal to the central cne of the chosen radil. As has been
mentioned ebove, a bomb cloud which reaches 50,000 feet corresponds rouéhly
to one resulting from an explosion vhose yleld was 65 KT. Assuming this wae‘
all fiesion yleld, the fall-out intensities of the patterns computed are to -
be Interpreted roughly as follows: one unit corresponds to 13 Roentgens Hex
Bowg at meter level (RjS), infinite dose. Coincidentally, one unit intensity
occurred 10 miles out from ground zero along the hot line for the Bravo H-
hour winds, For purposes of gcaling to other veapons, perhaps this unit
might be more convenient, In any event, it will certainly be more convenient
to assume a fiesion ylield of only 50 KT so that our intensity unit is 10 RHM,
infinite dose,

The computation scheme involves a guess at a good choice for the central
ray of the grid. It happens that this guess was rather badly made by the
author for several of the clouds. In particular the Yankee fall-out pattern
éomputed wvas po far off to one side Qf the array that it wes felt vorthwhile
to repeat the computation with a second, more intelligent, choice for the
central line ofvthe array. The two results were in general agreement but were
somevhat different. This provides a measure of the differences which ensue
simply because the intensities were computed at difrerent grid points, That
ie to say, the differences are entirely computational and not due to vind
varisbilities or any change in model. The camparison between the two results
is shown in figure 3., It will be noted that the standard deviations of the
fall-out inteneitiee for the Yankee shot were in the range of 0.2 to 0.25

units and that the differences in the two computations (with different central / O
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lines) were about 0,10 units
over about 1/3 the area of - \
computation, It may be added
that the Yankee standard 010
deviations were, in general,
smaller .t.ha.n.thoae computed

for the other shots, The
difference between these two j

computations for the Yankee

shot 18 & measure of computa-

— e ]

tional accuracy of the scheme; . Figure 3: A comparie&fh_? of the results obtsained
' computing the Yankee fall-out with

this 18 probably not percen- : an 075° center line (dotted) and -
vith & 1052 center 1ine (dot-dash).’

=

tually so great in general. We
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can take 0,10 as a fair guess at the absolute computationa;%. uncertainty.
Standard deviations of the fall-out intensities for q;ch of the four shots; .
Bravo, Koon, Union, and Yankee were computed. The compuu;?.iona for Romeo and
Nectar winds were not completed since bad initial choiceé t\jere mede for the
centrel line of the computational grid and time was not avéilable for a re- -
computation, Standard deviatiomne of these fell-out inteneitiea vere eatimated
at each point within the first 40.mile renge for which data; was aveilable. The
standard deviations vere estimated as being the square roo'l:. of the sums of the
squares of the differences between consecutive fall-out iﬁféenaity values
computed for the particular grid i)ointa. This estimate or?‘ithe standard devia-
tion for values in sequences ie Justified by atatisticians}(aee Hald, 1952). '
The work was done with winds from the Eniwetok area -- thefrecords there were
much more complete -- in every case except for the H-hour ;1tua.tions , for that

case computations were aleo made with Bikini wind data in (}rder to settle the ) t
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question of the validity of one point wind fall-out computations, The results

"are presented in the next section,

3. Results:
The Bravo situstion was the first worked with and was the ome most

completel& hapdled. In figure 4 are shovn the 0,10 unit intensity lines for

the fall-out at each of four times, three hours apart, This is a rough picture

e

of the sort of variabllity !

to be expected, Whether there ', N / '
¢

is enything systematic there
or not, I leave for the

reader to judge. In any
event, if there is, pre-
sumably the forecaster

would detect it and take 1t

into account., We have said,
above, that the forecaster

should do as well or better
than simple persistence fore- o 10 20.

casting. We here take the ' MILES f

our limiting one in estimating

forecast error; hence, this Figure 4: The 0.10 unit lines for the
fall-out petterns at the
variability over three hour : indicated times of Bravo day.

periods shown in figure L is the sort of thing we may regard as & limit to the

accuracy of three hour forecast fall-out patterns, so far as vind effects are

involved.
A more quantative picture is given in figure 5. For the preparation of ’ 9/
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that figure, fall-out patterns were computed for each of tﬁo times shown in
figure 4 and the three pairs of wind runs seperated by three-hour intervals
vere used a8 the basis of an estimate of the variability o? the pattern at
each grid point. The resulting map of the standard deviations is shown in
figure 5. On the basis of the (E+9, E+3), (H+3, H-3), (H, H-6) wind peirs,
a correspénding msp of the standard deviation over six-hour periods was pre-
pared using the Bravo Eniwetok area winds, This is presented in figure 6.

Both maps of the standard deviation of fall-out intensity have a shape
typical of all that were prepared for this investigation, This shape is one
vhich is quite reasonable, It is bi-modal, there being & maximwm of variability
on either side of the basic fall-out pattern. Thus, should the fall-out
pattern shift a bit to the north, there would be & region of maximum change
at the northern_edge where there have been increases and a.eecond region of
maximum change at the southern edge where there have been decreases, There ‘
18 a general relative minimum of variability Just elong the hot line of the
basic pattern.

Suprisingly enough, the magnitudes of the standard deviations of both
the three and the six hour standard deviations were found to be about the
same, This was not anticipated but will be of use to us below. In both
instances, varisbilities of the winds resulted in standard deviations of the
order of 60 to 70% of the fall-out inteneity ai ten miles out on the hot line,
In terms of our bomb model, this corresponds to 60 to 70% of a 10 R#ﬂ, infinite
dose (for & 50,000 foot, 50 KT fission yield cloud). The interpretation,
then, is that ve can assume the odde are two to one that the three-hour vari-
ability and, 80, the vind forecast error will not exceed this 6-7 Fjjf and that
the greatest variabilities will occur 10 to 20 miles out from ground zero and

S to 10 miles on elther side of the hot line., More detailed interpretations
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discussed in figure 8, below. That figure, discussed in the section on con-
clusions, represents a mean of the three-hour standard deviations computed for
all four ghots. Each was computed as was the Bravo one and the results wvere
combined in terms of coincidences of the minimum between the bi-modal maxima
(that 18 to say, in terms of coincidences of the mean hot lines).

In order to get at the question of the reliability of the use of & one-
point wind run for the forecast over great distances (say 200 miles), the H-
hour Bikini and Eniwetok fall-out patterns were plotted seperately for each
of the four wind cases, The results are shown in figure 7. In each case, the
0.10 unit isolines have been drawn for eech shot, together with isolines at
multiples of 0.25 units, The 0,10 and 0.50 isolines have been extended around
the shot point. This extension was done simply by eye, there being no data
computed closer then 10 miles from shot point, The patterns for the Bikini
vinds are in all cases shown as the solid lines; those for the Eniwetok winds
in all cases are shown as the dotted lines.

It will be seen that in the case of the Bravo shot it turns out that the
vind difference, mentioned in the discussion of figure 2 back in secion 1, vas
indeed not significant for fall-out purposes. It turns out that the mean winds
through 50,000 feet on that day were eassentially the same so far as the sorts
of fall-out petterns to which they led for both Bikini and Eniwetok, However,
in the case of Koon we find that the generally wide pattern discovered on the
basis of the Eniwetok windes narrowe and, hence, intensifies when computed
from the Bikini winds, Thie difference could well be a significant one, In
the cases of Yankee and Union, the wind patterns computed are fairly similar

in both size and intensity but are oriented elong sufficiently different
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azimths as to result in eignificant error vere one used gér the other loca-
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tion, It seems obvious that with three of the four cases {all but Shrimp
unsatisfactory, the use of one-point winds for fall-out estimates at phces
8o widely separate as Bikini and Eniwetok is highly questiomable.

It 18 true that this practice has seemingly worked in the past, but let

us consider whether or not this is really so.

Clearly the use of one-point winds is adequate for the protection of close
in installations (or of personnel on shipboard standing off shore). Butl for
distant points it may be questioned whether any significant improvement over
pure chance has occurred. Remember that for some 200 years, Spanieh ships
passed through the area on the route between thes isthmus of Panama and the
Philippinnes and' all this time failed to discover most of the Gilberts, Mar-
shalls or Carolines! Another i1lluestration of the great distances (end small
land areas) involved is the fact that a hurricane (no inconsiderable object)
can be completely lost between islands (cf, the Greenhouse experience),

Perhaps random shooting initislly toward the void to the north will miss
the outlying "targets" as often as they have been missed in the past (say
nineteen times out of twenty), but operations are tending to involve more and
more shote and, further, for political reasons ve must make stremuous efforts
to avold getting any more hits. A 5% chance may be too much to take,

4, Conclusions:

The marked shift in the fall-out situation during the one-hour period
11lustrated in figure 1 from Crowson's date represente & sample of the sort of
thing that can happen. We aﬁall later discuss probabilitigs in terms of the
standard deviations. This extreme case must be remembered:aince it should
not simply be & mere matter of words when we say there is one chance in three, \

one in tventy, or what have you of exceeding the intensities that we shall plot




and discuss, EBowvever, there is one encouraging aspect to this extreme situa-

tion. A little thauéht vill show that this eort of bodily moving parallel to

itself of the major part of a hodograph is the sort of thing which can lead to
the most seriocus changes in fall-out intensities over & ehort. period of tims,

Two points should be made,

In the first place, the potentiality for such a situation is scmewhat
recognizable in advance, Thus, the upper part of the 1500-hour hodograph,
figure 1(b), coneists of winde already more or less lined up, This , then, can
be brought into a "hot" situation by changes in only a small part of the
atmosphere, On the other hand, a continually curving hodogxnph wvould require
a whole complex of changes, & priori less probable simply Becauae of the
multiplicity of "Just right" (or is 1t "wrong") changes required to occur
simultanecusly. - Conversely, given a hodograph such as the narrow, "hot" one
of figure 1(a), which might be into an acceptable sector for fall-out, one
wvould be aware that a change in a limited layer at the bottom of the atmosphere
could spread the activity over a wide area, From either point of view, the
situation is recognizeble and the possibilities for a radical change will not
have been ignored (this is not to guarantee that the forecast'will be correct).

In the second place, the most likely situation in which changes in the
vind through a limited atmospheric layer would result in great changes in
the fall-out is the sort shown in figure 1, i.,e. it is one wherein the relevant

changes occur in the lower part of the atmosphere, Thue, though 1little of the

activity is initially in these layers, they become most important for the fore-

cast, Since, after all, every particle fells through, and is influenced by

the lover winds, this is not an unreasonable result, It is a fortunate one.

Since more observational information is generally available for the lower \0\

level weather meps than for the higher ones, the forecasts for these lower
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levels ought to be the more reliable ones., Also, there 1s£an operational

consequence to be noted,

It may be more suitable to run the reconnaissance aircraft at low and

intermediate rather than at very high (for aircraft) levels even though
initially the significant activity is mostly in these high levels. This will

Please the aircraft maintainence peopls,

Turning now from Crowson's data to the computations of this note, a
second operational conclusion emerges, From the comperisons of fall-out
patterns computed from simultaneous Bikini and Eniwetok winde (figure k), 1t
seems reasonable.to conclude that one should not ignore the spatial variation
in the winds existing at the time of the shot in making forecasts for places
as far as 200 miles apart., Probably one-poinf yinds mey be used for close in,
say the first hslmiles, but for greater distances, it would be desirable to
take the initial spdatial variability into account, This may well require a
greater time for the preparation of the forecast decision, At this point we
call upon the suprisingly similgr orders of magnitude of the three and six
hour standard deviations mentioned above in the discussion Bf figures 5 and
6. Since the three and six hour periods are essentially similar, if the
additional three houre would enable the forecasters to use the last avallable
analyzed map and so to take into account the spatial variability, this may
vell be more desirable than to sacrifice this opportunity in order to gain
three hours,

Finally, in order to help pecple in making decisions on forecasts of
fall-out, the map shown in figure 8 should be of some use. This is an estimate
of tha three hour standard deviations besed upon the shot day vindé’for Bravo, ilj:)
Koon, Union, and Yankee, This figure is to be interpreted as follows: for a C/

50 XT fiseion yield cloud reaching to 50,000 feet, the standard deviations of

M . A - 1 . Y
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Figure 8:
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The mean of the Brevo, Koon, Union, end Yenkee three-hour stenderd
deviation of fell-out intensity. The intensity unit is 10 Roentgens
at meter level infinite dose and the distence circles are at 12
miles intervals from ground zero for & 50,C00 foot, 50 KT fissiou
yield device, See text for 1nterpretation end sceling to clouds of
other heighte and fission yields.
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the fall-out intensity due to variations of the wind over a three-hour period
are as shown, For other yields, the intensity units, i.e, the labels of the
standard deviatiodhiso-linea, are to be multiplied by the factor Y/50, where
Y is the actual fission yleld in KT; for other cloud heights the distance
markings, i1.e., the scale of the map, change by the factor H/50, where H 18
the cloud-height in 103 feet, Thie ecaling law should be applied cautiously
to clouds resulting from very big devices, since these standard deviations
due to wind variebility have been computed upon the baeis of one-point wind
fall-out plots, end ve have already seen that these should not be reliable
for distant fall-out, Further, there is no assurance that the variability of
the tropospheric winds, here meesured, is a valid measure for the variability
of the stratospheric winds, This letter reaervatioﬁ is not too important a
one; since obviously the very esmall sample of situations examined is by far a
gréater limitation upon the -reliability of our conclueions, It might also be
remembered that a purely computational uncertainty of ¥ 0.1 unit occurs.

With these limitations end scaling lawe in mind, we return to the
interpretation of figure 8. The standard deviations there plotted are a
measure of the upper limit of wind forecast accuracy, assuming, as we have,
that the forecasts are as good or better than persistence forecasts. This
means that for a 50 KT, 50,000 foot cloud, the iso-lines as plotted will be
exceeded by the three-hour persistence wind forecast error about one time in
three. If the lebels of the iso-lines are doubled (i.e. if we look at twice
the standard deviations) then these nev values will be exceeded by the three-
hour persistence wind forecast error only one time in twenty.

It should be emphasized that these conclusions are with respect to the

wind errors only; they do not take into account errore due to faulty estimates

of yield or cloud dimension or to failure of all clouds "to be alike." A
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comment or two on these errors, although not within the eﬁsential scope of
this note, may not be amiss, ZErrors of decision due to faulty estimates of
the fiassion yield.éhould not be serious, The change in the fall-out psttern
due to a change in fission yield is a proportional change in the dose intensi.
ties; the possible range ought to be essily considered during the shot decision
briefing.' Changes in total yield lead to changes in cloud geometry; hence,
possible effects due to errors due to this source are not so easily considered.
However, in principle, there is no reason the F,0.P,U, cannot prepare three
predictions: one for the moet probable, one for the maximﬁm, and one for the
minigum eetimated yleld. These would involve different seis of winds, In |
practice, limitations in number of personnel may make such a full preesentation
unfeasible, Errors due to failures of all clouds "to be alike", i.e. to
satisfy the basic premise upon which fall-out forecasting is based cannot now
be prevented, At best, if such errors occur in any significant sense, we can
only hope to learn to understand why clouds differ and then to treat only each
of the various categories as "being alike,™
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