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NOTE

This paper originally appeared as an appendix to RAND Report R-218,
which {s classified and therefore not widely available. It 1is being

issued separately at this time, June 1, 1956, at the request of the

U. 3. Alr Force.



DETAILED ANALYQIS OF SYNOPTIC WEATHER AS ORSIBVED FROM PEOTCGRAPHS TAKEN
ON TWO ROCKET FLIGHTS OVER WHITE SANDS, NEW MNEXICO, JULY 26, 1948

By J. Bjexrknne
Department of Meteorology, University of California
at Los Angeles

THE FRONTAL CLOUDS

In the composite pictwre from tho highest wltitude of V-2 No. %0 (PFig. 1),
a strip of flat clowd (sctually altostratus and altecumilus) can be seen in
the northwest quairant, extemding from the Rio Grende 300 mi west to l.agstaff,
Arisona. That clond ctrip can be identified as being the remnant cload of
the trailiug end of a cald front fros the cyclone; north of the Great Lakes
in Fig. 2. The eutline of the main areas of alto cloud end cirrws clouwd as
seen from the highest levels of the rocket flights has been entered on the map
in this figure.

In the Rio (rande valley, the southern sharp edge of the alto cloud sheet
is located near Secorro, Nev Maxico, while the more irwegular northern edge
lies about 50 mi farther wpriver in the regieon south of Albwquerque, Nev Mexico.
The front cloud is thin, sbows holes and crecks at many places, and does not
seam %0 give any frontal precipitation. HNeverthsless, the strip of frontal
dlowd marks an important air-mass limit becveen subsident polar air to the
north and partly thundery tropieal air to the south.

Presumably also of frontal origin are the cirrus clouds, vhich can be
seen to extend in & tone near the Mexican border parellel to the strip of
altostratus—altocumius. The tone of cirrus ryems to come to an end over

soutiivastern Ariwona.
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LEGEND FOR FIG. 1

Composite picture covering the soutivest and northwest quadrant,
as seen from the V- near 6C mi elevation (about 11:05 A.M., M8T,
July 26, 1348), and another composite picture covering a north-to—south
strip from Wyoming to Mexico, as seen from the Aerobee near 70 mi elevation
(about 9:50 A.M. MST, eame day). Official U.8. Bavy—John Hopkins Univepsity
(APL) photograpn.

Identification numbers in the upper composite (V—2) are ae follows:
(1) Mexico; (2) Qulf of California; (5) Lordsburg, New Mexico;
(4) Pelocillo Mountains; (5) Gila River; (6) 8an Carlos Reservoir;
(7) Mogollon Mountains; (8) Black Range; (9) San Mateo Mountains;
(10) Magdalena Mountains, (11) Mount Taylor; (12) Albuquerque, Nev Mexico;
(L°) 8andia Mountains; (14) Valle Grende Mountains; (15) Rio Grande River;
and (16) S8angre De Cristo Range.

Identification numbers in the lover composite (Asrobee) are as follows:
(1) Mexicoj (2) Texas; (3) Rio Grande River (note that this is indicated in
three places); (4) Ciwdad Juarez, Maxico; (5) Kl Paso, Texas) (6) Biggs
Field Arnv Air Base; (7) Pranklin Mountains; (8) Bouthern Pacific railroad,
vith highway alongside; (9) Organ Mounteins; (10) Tularosa Basin; (11) V-2
and Aerobee launching sites; (12) Base Headquarters, White Sands Proving
@rounds, Kev Mexico; (13) 8an Andres Mountains; (1k) White S8ands National
Mon.ment area; (15) Alamogordo Army Air Pield; (1t) Alamogordo, New Mexico;
(17) Twlarosa, New Maxico; (i°) Bacremento Mountains; (19) Malpais, or
ancient lava beds;(20) test site for the firszc stomic bomb; (21) Albuquerque,

Nev Mexico; and (22) areas of Wyoming.
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For the readsr vwith access to the cemplete sequence of pilstures taken
from the Asrebes (firing time 9:147 A;l., MST) and the V-2 (11:103 A.N., MBT)
the detailed description of the frontal—cioud cirrus, altocumilus, anu alto-
stratus on pages 10 through 12 may be useful. The study of the pictures
from lov altitude in conjunction with those from the higher altitude is a
halp towvard the right interpretation of the unfamiliar look of clouds from
60 % 70 miles elevation.

The distributicn of the rial cloud, visz., altocwmulus, altostwasus,
and cirrus, can be understood from an inspection of the maps of upper vinds
io 7ig. 3. The line of convergeace, marking the front, goes through Nev Mexioco
on the 14,000-ft map Jusi vhere the strip of alto cloud is seen on the composite
photogreph in Fig. 1. Wiilc there is & general afflux of tropical air to tae
line of convergence at 8000 ft, the flow picture is more complieated vcu'l of
the froat at 14,000 ft, ¢wing te the splitting up of the subtropiecel high
inte two cells, one Over northern Mexi:oco and one over the Mexican Qulf. West
of the Mexican high, the tropiocal air continues to flov towvard the front, thus
kbeeping the strip of alto clowd, from Flagstaff, Arisons to the Rio Grande,
Darrov and wvell defined. PFarther east, the tropiocal air partly branches off
southverd around the Mexiocan high, and wvhat there is available of frontal
clswd vill be thinning cut and spreading over & large aresa (such as that shown
by the northeast-quadresat pictures).

The cirrus zone through southeru Arizone and Bev Mexico 1ies along & line
of convergence between nurtherly and sasterly vwinds on the 30,000-ft map.
This lins of coanvergence at 3G,000 ft is not the seme &8s that shown at 14,000

ft between the co.d high over Utah and the varm high over northern Mexico.
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Already at 18,000 ft (not reproduced), the ool'c. bhigh Laa disappeared, and farther
up the wrnm high is found to tilt northwvestward 20 28 10 be centered ove:
northwesteyn Nev Mexico st 30,000 ft. ‘The origin of the cirrus probably mst
be sought over the fromt a dxy or tvo earlier, vhen it must have had the usual
high build-wp of clowd typical of reiny fronts. The light northerly winds 0o
the east of the 30,000 ft high-pressure center must have separated the airrus
from the stugnating frental altocumlus strip over northeen Bev Maxioo and
herded them into the zone of ccuvergance betveen northarlies and esstwrlies ut
tha Msxican border. The vestwrd views therefore shov the cirrus and alto-
cemilus in tvo pareallel i10unes separated by a cloudless space wvhoee vidth is
150 to 20 miles. The eastwvard views, on ths other bead, cover an area where
in tb~ distance the altocwmmlus is &rifting southward rs "prefrontal clowd”

wvith gbout the same forwvard edges as that of the cirrus.



THE AJR-ASS CLOUDS '

The cumull and cwmlonimbi are eagy to recogaize from any rockst elevatioan.
They form prefarably over mountain renges, vhereas the large desert flats
remained cloudless at the time of the rockst flights. There is quite a
noticesable grovth of all cumuliform clowl in the interval betveem the taking
of the Aerobee pictures (9:47 A.M.) and the V-2 pictures {11:03 A.M.). Of
particular intereet is the 4ifferent cloud grewth in the polar air aerth of
the front and the troplical air to i{ts eouth and 2180 the Aifferent cwmliform
activity in the various parts of the tropical air.

The cwmuli north of the front are rather flat, aven vhere they feed co
the thermal oconvection ovir the 14,000 ft pesks of the Rockies nerth ef Burango,
Color=do. HNo anvils are to be seen over the entire ares north of the frunt.
8¢uth of the fivnt there are several cwmionimbi, and the cumili shov a
tendency towvard narrov tover formation (mest clearly seen in the southwest
harizon), vhich may have led *w anvil forms later in the 4xy. The strongest
convective activity is seen over Mexico and the vestern odge of the Ariscna
pliteau from the border to Flagstaff. Bcattered thundershovers were reported
over that area at 1130 MST and more genersl thunderstorms &t 1730 MBT. Yo
cumuloniabl can be seen, and no thunderstorms vere reported éuring the day over
the low-lying western part of Arizona and wbat can be seem of California
beyond. Nev Mexico has tovering cumuli and a fev cuemlonimdbi over the moumtain
ranges close to the front, but the greateai part of the state south of the front
{s clowdless apart from the bend .. cirrus alcag the Mexican border (which may
hide some cwrnulus underneath). In the eastern skies, cumlus activity is

very sparse. Ko cumilus heeds are peen to pierce the altoovemlus level, except
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at great distance sastward. That local development can prodably be identified
with the shovers reported at Abilene and Fort Worth, Texas (A0 to 500 miles
avay), later in the day. The southeast quadrant, fiich is free of altocusulus
and cirrus, except for the neardy aresa, shovs only mmell and scattered cumuli.
No shovers occurred in that 4irection éuring the day.

The great variation of clondiness and cloud form along a west—to—oeast
profile (Pig. b) south of the front can be understood as the result of the
"cell structure® of the sub—tropical belt of high pressures. Parthest west,
the Pacific anticyclone is in its normal position over the ocean; a warm
continental anticyclone can be seen in the maps of wper vwinds from 10,000 ft
upvard, vith {ts axis tilting from western Texas at 10,000 ft to northw stern
Nevw Mexico at 30,000 ft. JFipally, a third anticyclone is located in lov layers
over the Gulf of Mexico. The air of the Pacific anticyclone forms a ghallov
cold vedge invading the California coastsl strip, and the air of the Gulf
anticyclone forms a deeper modsrately cold wedge covering most of Texas.
Between the two cold wedges, the "continental tro- ical air” of the middle
anticyclone occupies widening space with increasing elevation.

The lov cloud of the Pacific anticylone is knovn 0 be only of stretus
type. Above the stratus, the air is kept very dry through sinking. The air
of the western end of the Gulf anticyclone lies ‘n a wedge shape under that
of the warm continental anticydene. The ﬂ.orpix'xg boundary suwrface betwveen the
tvo air masses (both tropical) is at the same time charecterisad by the change
from southerly vinds belov to northerly winds above. That feature in the vind
field 18 found at 14,000 ft at the Taxms coast and tilts dowvan toward 8000 ft
in the region of the highlands of ~estern Texas and northern Mexico. The air
space belov that tilting surface of discontinuily is above freezing tempersture,

80 that even at the Texas coast no cuxplate anvil-capped shover clouds cean form.
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Looking toward the Gulf anticyclone from the roocket (to the right of the
eastward cirrus on the pictures) very fev cusmli are seen, and they are all
of moderate sise, as can be expected from Pig. b.

The middle anticyelone cell in Pg. 4, being waxmer than those to the
vest and east, occupies videning spmoe vith height, and the cumsulus towers in
that space are not hindered in their grovth by air-mass boundaries. All the
high—seaching cumuliform clouds seen from the rocket dbelong to that warmest
subtropical ocell of high pressure. The greatest density of cuwmmuliform cloud
is observed over the northern Mexican highlands wbere moist tropical air from
the south i{s injected belov Lhe level st which the varm antiagyclone begins to
appear (see the 8000—ft map in Fig. 3). PFrom that main region of cumulus
activity, & narrov branch of high-—reeaching cumaliform clowd exteads along the
mountain renges at the vesterm edge of the Bonore and Arirona high plateeau
(a favoreble region for convection, because of slope cireulations between the
vestern lov lands and the high plateau). Parther esst, inside the same anti-
cyalone (southern Nev Mexico), the cumulus activity is weak or absent. This is
prooably owing to the fuoct that the lower levels have beer invedad by polar
air (see the 8000-ft map, Fg. 3).

Right along the frontal strip of alto cloud from Flagstaff tc the Rio
Grande, the convective activity is favored end breaks through the alto level
to form anvil tops. The mnre diffuse ocontinuation of the front east of the
Rio Grande is not associated vith any cumulonimbus formetion for severel
hundred miles. The distant cumulonimbus formetion towexrd Abllene, Texas, is
probably at the front or just to the south of it. The oonverging flov at 8000 ft

(Fig. 3) in that region seems to justify the cumulonimbus formation there.
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The tilt of cumuli can be seen to indicate an increase of vesterlies vith
height in the polar air toward the far northern edgs of the clowd pansrems.
The shape of the cumull closer to the north side of the front indicates very
1ight wvinds and little change of vind vith height. Bouth of the front, the
cumuli drift from the west and dissolve downvwind from the mountain renges
over vh'‘:h they were formed. The tilt of the Arizona camlonimbi shows o
slight increase of southerlies vith height, and the anvils of the cumlonimbi
over Maxico, due seuth of the rocket, shov increasing essterlies vith height.
These wind shears observed through cloud tilts would indicate temperature
decrease both northwvard, westward, and southvard from the rocks=t side. This
i{s corroborated by the radiosonde temperatures in the middle and uppexr
troposphere measured in the morning and in the aening of the launching day.
Actual y, the launching took place in a wvarm upper anticyclone, Big 3prings,
Texas, being the warmest place at}OOnbvithnanoc. From the center of
the upper wvarm higli, the cumulonimbi in all directions should be seen to tilt
toward the right. ‘he distant cumulonimbi due east do not reveal any definite
tilt, but apparently they are located anly a vpry little ecst of the warmest

point.
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In owmary; tv usy W/mkct pictures add a considsrabhle
amount of interesting informetion to the ordinary weather-aap anilysis, and
in additien, that the accumulated knowledge from the maps helps ne in the
nev problem of interpreting mqvi_n froxi high-level roeket pictures. %the
question as to hov much of the smynoptic picture can be derived from the
rocket photographs alone has been treated in the main bedy of the report..
It may be added that although in the present paper the ordinary surface and
upper—«ind maps had to be used to a great extent to arrive at the total picture,
accumulated experience from several analyses by joint rocket and cenventiooal
methods would make it possible tc¢ arrive at the right analysis by rocket pictures
only.

The rocket pictures will certainly ehov all fronts quite wall. The
froaot discussed in this paper wag & very weak oms, but its existence is clearly
revealed by the "frontal arrengement” of alte and cirrus clouds over several
bundred miles. Repested pictures at ’htir intervals or lees over vide areas
would in most cases entablish the contini.iy in time and space of each front
almost as vell as is done by conserutive veather maps. BSeme difficulties may
be anticipated vhen the background for the upper clovd ‘s not so dark'as that
provided by the earth. If the ground is covered vith nev smov, fog, or uniform
lov sheet clouds (stretus), it may et timcs he Aifficult te discern the
pattern of medium and upper cloud against the baskground cf equal whiteness.
Bowever, it occn b2 expected that this white background will never te emtirely
devoid of a structure pattern of its own wvhich would present some contrast to
the upper cloud. Moreover, the shadov of upper cloud thrown uypon the lower
cloud would certainly help to give a sterecsoopic viev of the froatal cloud
systoms .

—%
This {information has since bean published in §. K. Ureenfields, c
Yotther Ovservation from EBxtreme Altitwds, The RAND Oorporetion, Paper E‘?SI,

Pebruary 15, 1956 (Unclassified).
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The vind direction at ground level would be well shown by the smoke from
cities or from isclated big factories. The vind at the cumulus level can de
cbserved cleearly over h'lly country, vhere the hills are sourcn regicms for
trails of downvind cumuli. Over entirely flat countyry, that type of wind
observation might fail; but the t{lt of {ndividual cuwamli would ahov the
direction of the shear of the wvind whieh in lov levels wuld shov the
direction of the wvind itself after ocorrection with the knowmn relationshipe
between vind and vind shear in the friction layer. Where there are eumulo-
nimbi, the wind-shear observations are available up to aboxrt 30,000 ft, and
these give the very useful indication of the direction of the harisontal
temperature gradient (° to the left of the wind—shear vector in the northern
hemisphere). In the usual middle-latitude pictures, the vioad shears would be
much stronger and eagier to observe than in the case considered in this paper
and would mainly point out the normal tropospheric decrease of temperature
polevard. Deviations from that @&ue—northward direction of the horisental
tempereture gradient would shov the locaticn of cold and vars tongnes, vhich
is one important feature of the turee-dimensiocnal synoptic pictamre.

The everlasting shortcoming of the synoptic analysis by roekst pictures
alone lies in the fact that no quantitative picture of the pressure field is
obtained. Omly indirect, and very uncertain, guesses can be made regarding
the depth of lowvpressure centers and the change with height of the horizontal
pressure gredient (from the wind shears). But even in this problem, accumilsted
eryperience might help. The observabdble change from an open—-front wave to an
ocalmded vortex (in & time succession of pictures) would tell about the
intensifiecation of the corresponding lovworessmas center and i{ts growvth wp

to the higher layers. Or, as another example, the “steering” of a small
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cyclone by the circulation system of a larger one mAy be synthesized from &
coverage of pictures in time and space. The implication concerning the pressure
fiald should then be that the cyclone providing the ocenter of steering must
be 8 o00ld—core one having & greater depth of its pressure ctenter in higher
layers, whereas the steered cyclone should be a warm—care shallov one having
a moderete present pressure minimm vith potentialities for deepening.

A detailed dssoription of the cirrus and the alto cloud as seen on
Aerobee pictures (9:47 A.M., MBT) and V=2 pictures (11:103 A.XN., MBT) is

as follows:

CIRRUS (COUDS — SEEN FRON VARIOUS ELIWATIONS

A good viev of the cirrus from belov is afforded by the Aerobee
pictures 3, 4, and 5 (wvestward), 10 and 11 (eastward), 12 and 13 (south—
vard), and 1b, 15, and 16 (vestvard). There is no eirrus in the
northern sky. The next eastward vievs in 21 and southeastward in 22
sh.ov patches of altocumulus under the rockut level, the cirrus still
being above. The folloving pictures, 25 through 27, shov the traversing
of the cirrus level in viewvs changing sloyly from southwest to west—
northwvest. The cirrus has a flat top. Pictures 28 through 34
(northwestward) shov some small patches of distant cirrus imbedded in
haze. VWith a temporary rocket apin opposite to that observed in the
beginning of the flight, pictures 36 throwgh 40 give vestward views of
nesarbvy dense cirrus seen frum above. Next, the viewvs change back from
wvest past north to east, vhers the eastward part of the cirrus sone is
nov seen from ebove 1n.p1cturu A6 through 58. The bars horizon, which

preeummably marks the tropopause, is still well above the cirrus. In
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plctures 59 and 60, the next southeastward vievs tovard the sun,
the haze horizon is sharp and probatly rct far from the level of
the rocket. The eastward and neerdy part of the cirrus zone can
also be seen in pictures 72, 73, 74, 86, 99, 100, 113, 114, 127,
188, 1k1, 142, 1k3, 156, 157, 170, 171, 184, 185, 198, 199, 242,
213, 2%, 231, and 232, but no vestward viev is available because
of the orientation of the rocket.

In the V=2 pictures, the cirrus vegins to appear on picture 220
at the left edge of the west-northvest oriented viev. Pictures 35,
56, and 37 are oriented more due vest and shov mu of the cirrus,
stil]l extending from the left edge. The following pictures turn =:0Te
northwsard, avay from the cirrus. In 56 through 60, the cirrus soue
to the eagtward is seen, already belov ths rccket leval. In 91 through
)4, & corresponding view of the westward part of the cirrus sone is
seen, very much like the composite view from the maximm altitude.

t

The nearby and distant parts of the western cirrus are seeun again

in 117 through 121, 1k6 through 149, 17M through 178, and 201 tlsough
208, and the eastarn cirrus is seen in 215 through 219 and 227, 228,
and 229 (end of film).

There is a noticeable Adifference in the apparent whitsness of
the eastvard and vestward cirrus vhen seen fyom above. With ‘he sun
in the southeastern quadrunt, the cirrus in ths east offers a bdettar
light reflection than that in the west. The cirrus toward the sun is

ng white as the vater clouds (altocumulus and cumulus) below, vhereas

the cirrus in the west appears greyish in compexison.
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ALTOCUMULUS AKD ALIOOSTRATUS — FROM VAKIOUS ELIWAYIONS

In the Asrobee pictures looking northward across White Bands, the
frontal strip of altocwumulus ocan be faintly seen through the haxe in
pictures 8, 18, and 15. In 21 and 22 there are nearby patches of alto-
cumulus belov the rocket. In the northwestward vievs of 30 through 35,
some distant patchy altocumulus is seen, vhich must belong to the
front. The same appears more cleerly in Ml through M. Bast of the
Rio Greande, in Mk and k5 the altoewmilus is also found, but in small
patchy shests. In the east-nort.east viev in 46, altocumilus sheets
are seen in the distant left and cirrus in the near right. The same
Ywveep along the frontal altocumlus from wvest pass, north to east—
noriheast 18 seen in 52 through 58, 66 fhrowgh 72, and 80 through 85.
With increasing height of the roaket, extensive distant sheets of
altocwmilus appear toverd the east and northeast (85), at one place
tovard the east pierced by ocumulus heads. The higher pictures from
the Aerober add nothing essential to the sbove survey of alto clouds.

The first frontal alto cloud in the V-2 pictures becomss visible
behind the cwmilus of the Black Range on picture 30 but disappeers,
owving to the turn of the rocket after 36. They reappear on 38, vhere
a cumulonimbus is also seen to pilerce the flat sheet of altocwmulus
at the right edge of the photograph. The same cumilonimbus is seen
in 48 and 49. The altocumulus nov extends across the Rio Grande,
vhere it had a break in the Aerobee pictures 5/h hr before. The

contious altocumulus belt nov ends 50 miles east of the Rio Grands,
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and tovard the northeast oaly distant altocumilus ean be seen. The
northeastvard viev from higher levels, in pictwres 79, 80, 129, 130,
158 through 160, 186, 187, 188, and 223 through 238, shove wvidaly
scattered altocumiug but in lees amownt than on the Asrodbee pictures.
The cumulus head piercing the altocumulus on Aerobes picture 8% has
daveloped a largs anvil (center of V-2 pictwre 226).

In contrast to the uncrganized, videly scsttered altocwmlus in
the north-east quadrant, there is an crderly srrengement of altocumlus
and altostretus in the northwest qwadrent long that part of the front

extending vest of the Rio Grande. '



