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EDITOR'S PREFACE
\

5 This study was undertaken at the direction of the Commander, 6 iilg,and
: presents a brief but excellent summary ol the early history of the rocketsonde
program and existing and anticipated requiremants for rocketsonde data.

The
authors also set forth their suggestions on wnat, in their opinion, must be
implemented if the requirements for rocketsondz data arc to be adequately

. served in the future,

TSI

¥While the actions uggesved in this study and the con-
clusions rcached by the authors may be siwr.l..r to those held by other person-
nel, both military and civilian, involved v the overall rocketsonde progranm,
A the publication of this report should in

: the authors'

ceoptac)

» way be construed as establishing

findings as being the offict.1 Air ‘eather Service position on

: the future requirements and recommended .~ anges of the Rocketsonde program.

} This report contains solely the views ar. findings of the authors and its puv-
lication olfers the reader only an insi, 1t into the corplex rocketsonde efiorts

3 of the meteorological commnity,

LAVRENCYE BERRY
iditor




£
-
b

»

i
b
5
&
i
1

ERPSRLER e

ST AL TN

ey T

T

NI A AL

T T e ey

CRLY e DIt r

USAFETAC TN T2-6 June 1972 -

PURPOSE

From its very beginning the meteorological rocket network has been primar-
ily a network of opportunity, both spatially and temporally. This was due to
the inltial requirements being for direct support to larger missile systems.
As the accumulated data base enlarged and the requirements expanded, it became
apparent that & more synoptically-oriented network was the most practical ap-
proach to satisfying existing demands. In 1968 the first efforts were made to
orientate the network temporally. This study resulted in the establishment of
launch schedules which varied for each station depending on its latitude and
the time of the year. Spatial distribution was not considered because of the

limited data base available and the lack of other facilities to support mete-
orological rocket stations,

In spring 1971, the Commander of the 6th Weather Wing directed his staff
to conduct a study of the proper spatial and temporal distribution of the mete-
orological rocket network. This study, completed in November 1971 by 6th
Weather Wing staff personnel, has two advantages over the 1968 study: a better
data base from which to work, and the avalilability of more locations for in-
stallation of meteorological rocket stations if deemed necessary.

pe
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EDITOR'S PREFACE
i}

This study was undertaken at the direction of the Commander, 6 uig,and
presents a brief but excellent summary of the early history of the rocketsonde
A program and existing and anticipated requirements [or rocketsonde data. The
' authors also set forth their suggestions on what, in their opinion, must be
implemented if the requirements for rocketsonde data arc to be adequately
served in the future. #While the actions suggested in this study and the con-
clusions rcached by the authors may be similar to those held by other person-
nel, both military and civilian, involved in the overall rocketsonde program,
the publication of this report should in no way be construed as establishing
the authors! (indings as being the official Air ‘ieather Service pasition on
8 the future requirements and recommended changes of the Rocketsonde program,
This report contains solely the views and findings of the authors and its pub-

lication oi'fers the reader only an insight into the complex rocketsonde efiorts
3 . ol the meteorological community.
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AN INVESTIGATION Ti1'0 THE PROPER SPATIAL AND TENMPORAL REQUENCY
OF THE METEOROLOGICAIL ROCKETSONDE NETWORK

History

During ilorld War IT, sounding balloon technology was improved to provide
routine measurement of the atmosphere to 100,000 feet. Iubsequent to this era,
the artificial satellite provided similar capabilities for the region above
500,000 f'eet. The meteorological rocketi was developed to eliminate the obvious
data void between these two systems. Initial meteorolorical rocket soundings
were conducted with rather large off-the-shelf missile systems immediately
after Yorld War I7. 1In the early 1950s, the first exploratory meteorological
missile system was developed. This system used an existing Army rocket wmotor
(LOKI) with a charf-filled dart, depleying a chai.” cloud at approximately
200,000 feet. Although the reliability of tihe wind and density data derived
from radar tracking of this chaflt cloud was limited, this system did act as a
filler until high eltitude sensor development could catch up with existing re-
quirements. In the late 1950s, the ARCAC (the first truly meteorological
nissile system) wuas developed by the US Mavy. With this new system we could
measure temnerature, winds, and, indirectly, obtain density with accentable
reliability. ‘The ARCAS became the prime vehicle for the high altitude meteoro-
logical obsurving program until the late 1960s. Once the capability to con-
duct these measurements was available, the entire scientific commanity insisted
on not only mec- data, but also a better distribution ol measurements geo-
graphically. “rom this nced evolved the USAS Rocketsonde Network Program,
iater named the Air ‘orce Environmental Rocket Sounding System (AMSRSS). Be-
cause support to the large nriissile systems had the overriding priorities ror
these data, the Initial stations of this network were located on the Atlantic
Missile Ranre (l~ter named Zfastern Test Kange), Pacific Missile :ange, Fglin
AtB, Wallops Island HMissile Jdange, and PFort Churchill Ifissile Range. As sys-
tems and lusisticel support became available, the network was expanded to
satisfy specilic requirements. There has been extensive cooperation between
all Federal ggencies from the beginning of this program; in the mid-1970s,
most of the J‘ederal agencies involved in conducting meteorolegical rocket pro-
grams joined the AFERSS, thereby making this, in fact, an actual <ederal Co-
operative ietcorological Rocket Network (CMRIN).

Although the network had a rellable missile system to accomplish its mis-
sion, it was hampered by the relatively higch cost of this system (ARCAS). In
1967 a signiticant engineering breakthrough was realized with the development
of an instrument for the previcusly-mentioned LOKI system. The t'irst large
purchase oy these systems was made in 19€8 at a cost o 3858 each, thus

1
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‘ .
realizing a savings of approximately $1400 per system over the ARCAS. During
the same period, it was determined that we could decrease the launch frequency
at each station. This was possible because the variability of the atmosphere
at a particular station depended, largely, upon its geographic location and
time of year. These two actions resulted in a program budget reduction of ap-
proximately 50% with no degradation in the program quality. The instrumented
LOKI (PWN-8B) system has now become the primary vehicle of the AFERSS.' For
many years we were unable to acquire all the required data to 100 km, due’ to
the excessive cost of rocket vehicles. In 1970, with thg availability of the
relatively inexpensive Viper Dart system, we commenced nigh altitude sensing at
five stations weekly. '

1

Air Force Cambridge Research Laboratories is now conducting a qualification "

and standardization program on a Super LOKI system. This systém will perform
all mefeorological rocket requirements at approximately one-half the present:
budget. With this system we will have one motor which will launch the non-
transponder 60-km payload, the transponder 60-km payload, and the 100-km pas-
sive spherc, ‘

Meteorological Rocket IData Requirements

The scientific community has profited greatly from metedrological rocket’
observations. The literature contains nwnerous articles on such phenomena as
"stratospheric warming"” or "26-month cycle of high altitude equatorial winds’
in which meteorological rocket observations contributed significantly. As a
result, the meteorologist has been able to gain some basic knowledge on ithe
interactions hetween the very high atmosphere and the lower atmosphere. ' In
this way, the forecaster has been given an additional teol to improve his fore-
casts both for the lower and upper atmosphere. The rost important and direct
uses made of meteorological rocket data, however, are related to the missile
and satellite operations. In support of missile/satellite cperations the
meteorological rocket data are used for planning, go-no go decisions, vehicle
design, and vehicle performance assessment. The most important atmospheric
parameters needed for this support are density and winds.

When ballistic missiles and orbital space vehicles re-enter the high at-
mosphere, an ionized plasma sheath builds and surrounds the re-entry vehicle.
These sheaths are persistent through a large percentage of the re-entry phase
and, because of their electrical properties, are extremely detrimental to Ehe
propagation of electromagnetic energy to and from the vehicles. Radio per¥
formance is often impaired to the point where actual communication "black-oute"
occur. The ionized wake or the re-entry vehicles, as well as the electrémag—
netic energy emitted by the vehicle, changes the cross-sectional signature to
such an extent that tracking radars are often unable to accurately fix the

R
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' vehicle's position in space. Since the range of frequencies of this induced
electrohagnetic radiation covers a broad band of the spectrum, including the
visible portion, the consequences of the atmospheric -vehicle interactions on

cefense systems ithat use electromagnetic technlques in tracking and targecting

LL"
are obvious.
§

) Gufdance=systems'used in ﬁissilés are of varirus tynes, 211 of which are
susceptible‘to wind effects, All guidance systems'are of a .ynamic character
. and are. sensitive to resonance. Thus, wh le it: is nezessary to predict the
| " wind profile as a function of altltude for guidance computations, it is also
vital to have gust data sc as to account for the various wind loads imposed
upon a missile system. These data are needed in +he form tnat will present
oscillatory wind Neriatlons that the missile will encounter rather then the
probability of a single ex1stence of a wind or gust magnitude at varicus aibi-
] h tudes. closed loop stab;llty character*stlcs in the guidance system may %e
such that when the controlled system is coupled with the bending modes, the
" resultant deflecticns can be driven to considerably larger amplitudes th:n
those due to discrete gusts in the vicinity o% maximum dynamic pressure,  Guid-
ance systems estatlish requirements for wind data at much higher altitudes than
those from stru:tural consideration. At altitudes above main-engine burnout,
there may éxist marginal Qampﬁng at frequéncibs very close to the low rescnant
Trequency of the rigid body. Pitching motions may .be built up in this situa-
‘ tion by rcpeated application of random winds, This motion determines the con-
trolled requlrements at second stage separation and ignition which often occur
at altwtudes greater than 100 000 feet. Wind requirements needed for trajec-
h tory error anelvsis vary consnderably. One of the fmportant factors for tra-
1cctory calculations is how does -the wind deviate as a function of time and
: space. "or tfaaectory calculations there appears to be sufficient dynamic

pressure up to altltudes of 200,000 feet to establish wind requirements to this
altitude. ' !

‘The efrects of atmosphcrlc dens;ty on space vehigles, boty aserodynamic and
ballistwc, are many and varied. Aerodynamlc pressures that occur during the
I flights of ballistic and aerqdynamic vehicles are functionc of the ambient
atmospheyic density and its variability in time and space. .1 the ambient
density actually encountered by a ballistic missile during the boost phase is
higlier than the assumed value, the dynanic pressure and resultant stress on
" the vehicle will be pronort*onately hlbhbr. These dynamic stresses can place
Toan 1nvolerable burden on structural desisn capabilities. Atmospheric density
also affects the re-entry perfouvmance of rissiles in a variety of ways. The
most deirimental of these eflects are on the range und fuzin, of the warheads,
which can result in excessive errovs in the Circulsy rrror Probability (CEP).
Therefore, accurate ambient dendity data are rejuired over the ‘entire range of

Ul
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the missile to help reduce these CEP errors to permissible limits. As weapons
systems become more refined, the probability of their attaining high Mach num-
bers in the se. 3ible atmosphere will be increased. Thus, an accurate pre-
launch similation of aerodynamlc heating may be required to preclude heat
damage to the vehicle and nose cone during the boost phase.

Boost-glide vehicles are aerodynamic. Therefore, atmospheric density will
have a variety of effects upon them, including the following influences:

a. Heating of the glider and booster during launch and boost.
b. Structural integrity due to aerodynamic pressures.

¢. Range of the orbital vehicle,

d. Altitude damping rate.

e. [light level maneuver margin.

f. Performance characteristics,

If the density at given altitude is higher than programmed for a given boost
trajectory, the heat transfer rate into the vehicle will be higher by an
amount determined by the ratio of the actual density to the assumed density
rai. 2d to the 0.8 power (assuming turbulent flow). ior examnle, if the actual
¢ 'ty were 50% greater than assumed, the heat transfer would be 38% higher.
.nére.ore, amoient density values with an accuracy of 2 to 3% are required to
calculate the actual aerodynamic heat transfer rates into these oost-glide
vehicles, )

The maneuver margins for glider re-entry are functions of atmospheric den-
sity. 1If, at the time of injection, the actual density profiles are less than
assumed by 10 and 50%, the maneuver margin will be reduced by 7 and 35%, re-
spectively. Similar deleterious effects on glider 1ift will be encountered if
the deviation {rom assumed density is on the plus side. These density varia-
tions can be tolerated if they are known beforehand and a suitable trajectory
is programmed. However, results can be disastrous if the flight trajectory is
programmed to intentionally approach the temperature limit, assuming a 10%
deviation, and the glider encounters a 50% deviation. !llorizontal variations in
atmospheric density can have similar restrictive effects on the maneuver margin
if they are not known. The net effect of not having accurate ambient density
measurements below 400,000 feet is to seriously degrade the design capabilities
of the boost-glide vehicles by forcing the test engineers to program an over-
estimation of ambient atmospheric conditions.

In addition to safety of flight considerations, ambient density data are
also needed in conjunction with on-board glider measurements to determine
boost-glider performance characteristics such as the 1lift and drag coeffici-
ents, stability derivatives, and aerodynamic heating parameters during the test

4
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phese of development. In this connection, accurate ambient density data are
necessary to confine the uncertainty in {light test data to the vehicle per-
formance rather than to the environment. Hor boost-glicde vehicles, then, it
can be concluded that prediction of ambient atmospheric-density data or realis-
tic density design criteria will be required to above 400,000 feet at the
launch site, at the orbital injection point, and along the re-entry path,

Another cxample may be citea as to why better knowledge of the ambient
density is required to levels above 300,000 feet. C{onsider the weight-drag
ratio or ballistic coefficient cf a re-entry vehicle. This coefficient appears
in each missile design and performance consideration, and is defined as W/CA
where ¥ is vehicle weight, A is the vehicle cross-sectional area, and C is the
drag coefficient, which is directly proportionel to density. Test engineers
have determined that the error in the ballistic coefficient can not exceed 10%
if test objectives are te be achieved, Jff an errcs in density must be con-
servatively estimated as 30% in the absence of exact data, this 10% accuracy
for the ballistic coefficient can never be achleved. %Yo decrease this value
to permissible limits will require specirtic measurements of ambient density to
100,000 feet to an accuracy within 3%.

vor support of satellite operations, density forecasts and observations
are neceded at «&l1 altitudes at which the aerodynamic drag has a signilicant
effect on satellite orbits and re-entry trajectories. The accuracy of density
data derived from observations of changes in satellites ephemerides is degraded
because of vhe assumption necessary in the derivations. Direct density meas-
urements on a real-time basis are thereiore needed to develop nccessary fore-
casting techniques.

In summary, it has been shown that ambient density data to 400,000 feet
and an accuracy of plus or minus 35 are needed. Thesc accurate density deta
are required in the analysis of tesv {light performance in order to confine
{ihe uncertainties of the test evaluation to *“he vehicle hardware rather than
to the environment. The penalty {or not satisfying this requirement for ac-
curate density data cen be delineated as follows:

a. Excessive aerodynamic heating of boost-glide vehicles that can linit
the vehicle's performance or, in extreme cases, lead io vehicle destruction.

b, Continued inability to properly assess the effects on high periormance
missiles during the boost phase.

¢, Continued uncertainty in man's knowledge of co..stants and coefficieats
that are deusity dependent.

d. Continued inability to properly assess the atmospheric eoffects on clec-
tromagnetic blackouts so that these effects can be overcone.

L4
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e. Continued inahility to properly track and assess a re-entry vehicle
during the test phase because of electromagnetic wake effects that inhibit
tracking.

f. Continuved inability to properly assess the range and fusing of re-entry
warheads.

Spatial and Temporal Frequencies to Satisfy Current and Anticipated Requirements

when the Cooperative Meteorological Rocket Network (CMRN) was established
in 1959, data requirements, as stated in the previous section, had not dictated
specific sampling frequer-:y «.r station location. Tn most instances, location
had been a case of sitir |, where possible and sampling when time and personnel
permitted. Meteorolog: .al rocket-launch locations had been established at
existing test ranges, previously chosen with safety and security as the primary
censiderations. Hence, launch locations are on coasts, in deserts, and in
other sparsely populated areas., Temporally, launches were scheduled for local
noon (plus or minus 3 hours) and 1-5 times a week. This frequency was in-
creased whenever special data were needed in support of missile launches, sys-
tems testing, scientific investigations, etc. Scheduling launches at local
noon was the best compromise possible to achieve a near synoptic network. Al-
though 1t was desirable to have some launches conducted at night, this was not
possible at most network stations due to economic constraints.

In an attempt to answer the sampling frequency question, the Scientific
Advisory Group (SAG) of the Interdepartment Committee for Applied Meteorologi-
cal Research conducted a survey of rocketsonde data customers (1970). The
consensus was that there is a need for increased horizontal coverage. Specir-
ically, increased coverage was needed in the polar and southern latitudes.

The latter could perhaps be covered by further expansion of the Experimental
Inter-American Meteorological Rocket Network (EXAMETNET), which provides a
Southern liemisphere extension of the CMRN and provides for exchange of data
between member countries and with the CMRN. Two other selected general areas
in need ot better coverage were east of Greenwich to the mid-Pacific and with-
in 5 degrees either side of the equator. Additionally, it was proposed that

6-10 stations be established along an arc of longitude from the Arctic to the
Antarctic.

The results of the SAG survey regarding temporal variations specified
change from the present near-local-noon launch to a rotation throughout the
day. This rotation would result in three benefits to the scientific and mil!-
tary communities, One would be the enhancement of the study of atmosphleric
tides and diurnal variations. Also, we would be able to unbias our climatclo-
gies which are currently based on measurements taken at near maximum heatiny
times. With unbiased climatologies and more information on tides ani ifarnal

é
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variations, belter support could be provided to test programs. Lastly, our
ability to identify and track stratospheric warmings would be greatly improved;
perhaps leading to a better understanding of this stratospheric event and its
impact on tropospheric weather.

From the SAG survey we have compiled a list of suggestions for improvement
of our rocketsonde network; the question now is "is tais enough or too imch"?
To answer this question we must examine the data to determine wave lengths,
wave speeds, wave amplitudes, and wave frequencies of the meteorologicul param-
eters. Once this information is available, we can determine a minimum array
of observing stations which can optimally define density waves above 30 km.
USAFETAC Report 3913 presents density date for 30-, LO-, 50-, and 60-km levels
in a format easily adapted to visual und statistical interpretation. Since
density is the most important parameter between 30-€0 km, we shall attempt to
answer the poscd question Tor density alone and allow temperature and winds to
fall into place through inference. A statistical pilol study of one month's
data (May 1968) for a single station (Cape Kennedy) was initially performed.
Cane Kennedy data for the month of May were chosen lLieca.se of the completeness
of observations. Reports rom other .xonths and stations of the AFERSS and the
CMRN contained too many dats gaps. For the subject morith, 207 of the data were

"nanutacturc ™

by extrapolation and linearization technigues. all stations

and months had been used, ‘his figure would easily have increased to 50%, and
at GC km, as high as 60X,

Tables 1-4 show the results of a harmonic analysis of the May 198 data.
The rankings are by percentaye of the variance explainct (PVE). Enough har-
monics were totaled to explain not less than 90% of the variance.

May 1968

TABLE 1 (30 km) T, 8 2 (40 km) TABLE 3 (50 k) TABLE 4 (GO km)
HAR P(days) PVE(#) HAR P(days) PVE(%) HAR P(deys) PVS{%) .lnRk P(days) PVE(S)

5 6.2 38,55 4y 7.8 40.20 1 31.0 32,55 2 15,5 hc,7°
g 3.4 14,16 1 31.0 18.47 3 10.3 24,59 1 31,0 1€.06
7.8 12.34 2 15,5 1.15 5 6.2 19.88 5 6.2 8.93

6 5.2 T7.ho 3 10.3 6,02 2 15.3 ¢.b1 3 10. 7.3
3 3.3 7.33 12 0.6 5.03 7 L, *.5) h 7. (.34

13 2, 3.88 15 2.1 L6 10 2.6 5.17 7 h.h 5,05
10 3.1 3.53 5 5.2 3.00 9 3.4 2,70
12 2.8 2.87 7 oy 2.52 10 3.1 2.36
2 3.9 2.31

1 SSAFETAC weport 5913, June 1970 (urpublished).
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P
If Table 1 is compared to 2, 3, and 4, ‘the obvious question is "what hap- i
pened to the 1lst and 2d harmonics"? A partial answer could be that since the

2 1st and 2d harmonics were waves with very low amplitudes at 30 km, they could
easily have been lost in the noise, or stratonulle which often exists near that
2 level., To investigate their behavior €ven further, two addltional’ months'

. (February and July 1970) data were analyzed. Tne results are. shown in Tables
2 5-12. In the July 1970 data, the climb of 'the 1st harmonic from fifth place
? at 30 km to first place at 40, 50, and bo km was not as Uramatic as in the '
pilot data. However; it is interesting to note that the iebruary 1970 data
have the 1lst harmonic in first place at all levels. Thele is an obvious in-
ference which could be made concerning the seasonal occurrence of the strato-
null at 3C «m, but the data samp{e is too‘smal% ?o actually state iF. :

3

1 February 1970 .« P
TABLE 5 (30 km) TABLE 6 ' (40 km) TAELE 7 (5Q km)  TABLE 8 (60 kn)

HAR P(days) PVE(%) HAR P(days) PVE(%) HAR P(days) PVE(%) HAR P(dayg) Pd;j%l
1 23.0 53.21 1l 28,0 82,16 1 28.0 50,44 1 28,0 g4 .29

’ 2 b0 10.76 7 4.0 3.28 2 1k.0  25.77 .
3 4 7. .14 9 3.1 2. gg E ‘9.3 8.11 ' .
" 6 h.7 91 11 2.5 : 7.0 '6.57

14 2.0 4,59 4 7.0 1 75 ;

3 9.3 3.72 ; ' \ .

12 2.3 3.19 ) !

5 5.€ 2.54 , !

July 1970 ' : :

TABLE 9 (30 km) TABLE 10 (40 km) TABLZ 21 (50 kh) TABLE 12 (ﬁé ki)

]
HAR P(days; PVE(/%) HAR P(days) PVE(%) HAR P(days) PVE{(%) HAR P(days) PVi(%) .
4 7.5 30.29 1 31.0 59,50 ,1 31.0 6h,16 1 31.0 €7.88

S ALl o it s aabdbiton i e

3 10.3 24,93 ? 10.3 14,85 2 15.5 13.86 2 15.5 20.37
2 15.5 14.37 ! 7. 11.75 3 *10.3 1l.51 Y 7.8 G.80"

1 5 6,2 1.6 5 6.2 416 4 7.8. 2.2 :

: 1 3l.C 6.83 . . . .

ﬁ 9 3.4 3.32 ' i

1 '

E To obtain an overall ranking, the PV3s for each harmonic per level were.

¥ totaled. The results are listed in Table 13 (ng 1968 data Aniy). The re-

sults of the 1970 data were not included in Table 13 even though the first g
five harmonics were, as in the pilot study, the most important. Roughly Sqﬁ

of the 1970 data was "manufactured” through linearization; consequently, the

PVEs for the first few harmonics are undoubtedly inflated, e.g., see rable 3
where the lst harmonic is credited yith a PVE of 94.29%.

? Willis 'ebb, private communicustion, 1972,

8 ' i
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! d ’ . ’ |
! TABLE 13 ‘ '
; ; ’ MAY 1968 HARW)NIC.} : '
: , : : .
- HARHMONICS PERIOD (davs) WAVELENGTHS (km)
5 . 6.2 : 1000
; v :31,0 1 4000 '

: 2 15.5 2400
Y - 7.8 . . ' 1300
1 3 10.3 1600

]

' Referring to Table 13, the second place harmonic (1lst) with a period of
31 days can probvably be attrlbutod to the 27-day sun cycle and, hence. is very
real. The 2d, 3rd, and &ith harmonics, with wavelengths ranging from 1-2400 km
' and perlods f'rom 7 to 15. 5 days, can prooably be attributed e the. short and
mediug ave, related to tropospheric systems.  An inspection of the accdmpany;
:ing tronouphqzic analyses lldentified systems passing Cape Hennédy at intervals
of 14, and 15 days.. The $th harmionic has wavelengths In ~he very unstable:
range of 800- lOOO km , It is probably aeéociated with weak frontal waves or |
' fast moving gravity waves. Of this list, only those wavelengths which could’
| ' be dirnctly attributed to sun cycle, and synoptic-senle tropospheric systemg
were chosen for tohsideration. These agre harmonics 1-U with periods ranging
from 31-7.8 days and Nuvqlengths varying from MOQ0-13dﬁ km., With estimates of
the wavelengths in hand,‘the problem now isito afrange &a network of statlons
to properly detect, defline, and, perhaps, for f{luture cdonslderations, provide
F&récast lead time with respect to the wavelengths of' interest.' The numerical
rélationships used velow were taken from & report prepared by the Panel on
Small $cale Observational Requirements (POSSOR). The POSSOR determined that to
detect a wave of lqngth L, thé distance, :d, between equilateral triangularly-
arranged ovserying sites wopld have to he d =L, To insure 'that the detectrd
1 wave would be defined, the relationship 4 = 1/21, would have' to be sat:sfied.
Lusﬁly, in order to meet the forecast lead-?ime criterion, d = 1/3L would havo
to be met. Table 1l shows these relationships for the chosen harmonics; they
are jliustrated graphically in Fﬁgure 1, '
A ! ' .
' TABLE 14 !

t ' STATTON DISTANCES

HARMONIC  PERTOD (davs) d=L (km) ' d=1/2L (km) 4=1/3L (km)
1 31.0 | . 4000, " 2000 1300
' : P2 15.5 2406 1200
‘ i 7.8 1300 €50 500

1 3 10 3. 1600 809 500
| ' ~ .
éonsiderﬂns the three network condiiions mentionpd above, it becomes apnarent

that the existing rocketsonde station network of North America has sufflcient
1
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density to detect and define the long-

est waves (5000 zm range); the fur- ”.wo' m..m" ' ' |
thest distance between launch sites

being nearly 2400 km (reference #ig- 4000
ure 2). Ihe station complex of
Canadea, Alasika, and Greenland almost
has tihe¢ necessary density to satisfy
the third condition of forecast lead
time. (n the shorter end of the tooo
spectrum (L = 1600) only a few sta-

tions nairs even come close to ful-

£illing the distance requircments for
definition while most of the network,

once gaain, con detect a wave. These

pairs are (1) Pt. Mugu-White Sands

Missilc Range, (2; Primrose Lake-Fort
Churchill, and (3) Cape Kennedy- figure 1. Station Distances Versus
Wallops Island. Fach of these pairs Wavelengths.

have 4 ™ 1000 km; ooviously, this

network does not satlisfy criterion 3 for forecast lead time. Just to properly
define these short waves over North Americe, elight stations would have to be
added to the exicting CMAN. “our of these would have to be in the Canada-
Greenlend area, and the other four within the continental United Statles. These
agditions would increase the CMRN by more than 60%,

3000

DISTARCE

ot

FORECASY

1000

1000 2000 3000 4

WAVE LENETH

Applying the POSSOR arguments to the SAG-soliclted suggesticn of 6-10 sta-
tions along an arc of longitude would nroduce a station array capable of de-
tecting and defining waves of the L = 4000 km range. Definition of the shorter
wavelengtns would require a station density of at least 15 per longitudinal
ar~, Jo summarize, a netuork of rocketsonde stations in an equilateral tri-
angular contiguration, each station d = 800-1100 km apart, would detect and

de”in iaves of length L = 1600 km, or greater, and provide forecast lead time
f'9r waves longer than 2800 km.

‘The hypothetlical existence of the network brings us to the next imnortant
question which is hew often should we sample this 30-km slice of atmosphere.
Presently, the NWSAR Environmental Rocket Jounding System (USAFEKRSS) averages
< launcaes per week. This figure can vary from 1 launch per week duri.us the
sumrer to as many as 5 per week iduring spring, fall, and winter. Therc ‘r

also sone dependency on latitude with the northernmost stations firiug more
rrequently, but still within the stated rates.

Investigation of the map series accompanying ETAC Report 5913 produced the
augh estimate »ff 3 mps as the average speed of density waves, 1t nmst be

i
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added that the paucliy of data and resultant analysis smoothing probably makes
this averaze sp.ed too slow; however, we can use this figure in another POSSOR
equation to produce o minimum observational frequency figure. POSSOR reasoned
that the tine interval between observationg, t, should be not less than the
time it tanes for the subgect wave to travel past o single station., I we con-
sider waves S0 2600 km and the 3-mps figure, the relationship,

. 1600 xe.

’ 3 mps X 24 hr da™*
produce a ainimum time interval of 0 days. As previously mentioned, the cur-
rent nuiwork firing frequencies equal or exceed this interval., Acenrding to
the data compiled by Willls Webb®, even the rapid spread ol "Explosive Warm-
ings" can be adequately tracked by time Intervals of 2 days. The CMRH (and
other locations around the world) generally go on & 5 per week firing schedule
during occurrences of this stratospheric phenomenon. Although this paper does
not address the samplinr {requency required to ctudy dlurnal variations, it
can be inferred that onv additlonal launch per day (nicht) would catisfy this
requirement. All of this suggests that our present bnmp ing frequencies are
adequaie and that the major problem lies with the nunbgr ot' stations. Once the
spatial requency incrcase requirement is met, the scientific and military
comrunities will have an Lacreased data base to meet present reguirements and
the [lexivbility to respond to future requirements.

Conclusions Concerning the Optimum Rocketsonde Network Configuration

Berorce we construct the "ldeal' rocketsonde network, we shall touch on two
major limitations to c¢xpansion of the existing configuration, namely, arca and
economics. There 1ls an arcal llmitation because of the requirement tor a very
large tract of land for each launch location. Meteorological rockeis require
a range »f at leact 80 km in length with at least %00 ki of clear area cncom-
pessing the launch point. Additionally, 90 degrees of arc r'rom the point of
launch are needed. ‘The slze ol the resulting area would be approximately
10,000 sq km. This consideration alone, aside from safety factors, requires
establishment of launch locations in sparsely populated areas.

The economic limitation is the more important of the two; it restricts
scientiric and engineering advances required to increase the number or rocket
soundin: locations. To have full siting rreedom, we would need either a total
destruct mechanism on the rocket motor or development of a stable booster with
a circ' iar error probability of a few hundred feet., These are not new ideas;
they arc very feasible. Space Data Corporation (manufacturer of the Super
10KI) has done work in woth arcas and has test flown boosters of voth types.

f sebb, Will

i Structure of the Stratosphere and Mesdsphere. .Y, Acadenmic
Press, 1966

S
’
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AFCRL has a formal program for development of a stable booster for the Super
LOKI. Personnel limitations are also only a matter of economics. Expansion
of the training program at Vandenberg could accommodate the necessary manpower
requirements for network enlargement. In essence, sclence and technology can
g meet tne demands; only lack of funding bars the way to accomplishment.

=

With the major limitations behind us, we can now construct the expanded
rocketsounding network. ‘igure 2 (distance in kilometers) shows the continen-
tal North American porticn of the existing CMRN. The distance between loca-
tions illuminates the lack of & sufficieni observing network along POSSOR-
suggested lines. Pigure 3 shows the CMRN in addition to existing launch loca-
tions; some of which are irregularly used and others which are not used at all.
From this array wec can put together a better network without incurring the ex-
penses of construction., Green River, Copper Harbor, Resolute Bey, Paint Barrow,
and lilgh Water could be incorporated into the network to produce the configura-
tion shown in Iigure 4. {reen River is an Army locatioun and is ave lable for
immedlate occupancy; the USAF would have to supply only the hardware. High
- Water and Resoliute Bay belong to Canada and would require more work and some
sort oi international agreement. Copper larbor is owned by the University of
Michigan; an agrecement would have to be reached between school officials and
the USA®. Point Barrow belongs to the United States. With little r2gard f{or
arcal or economic limitations, a quasi-optimum observing network would look
somethiing like Figure 5. Theoretical launch sites (elght) are indicated by £s;
their uprroximate locations are as follows:

CRL v

, a. 12°N, 120°W, near Victorla Island in the Beaufort jea.
b. G63°N, 107°4, south-central lorthwest Territories.

1 ¢. O1°N, 70°W, Cap Hopes Advance, Quebec,

. d. 54°N, 128°4W, coastal British Columbia.

e. 42°N, 1ali°W, near Cape Mendocino, California.

t. &6°N, 108°4, near DRillings, Montana.

g. UO°N, 91°W, north of St. Louis, Missouri.

3 h. 30°N, 93°W, Louisiana coast west of New Qrleans.

In an effort to make the recormended configuration compatible with existing
locations, it #as necessary to sacrifice the "d = 800-1190 km" ‘igure in
several instances.

What has been suggested 1s an improvement of the best "network" in the
R world. To improve the worldwide network would require many more locations and
many willions of dollars. In a preceding section, "Metcorological Rocket
hata ...," we state the source of requirements for these data. 1t is highly
unlike.y that the demand to better detfine this portion of the atmosrhere will

12
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diminisn in the future; in all probability, it will increase. It 18 not sug-
gested here that the world be criss-crossed by this type of network. Perhaps,
because of the suspected conservative nature of density above 30 km, only a
well sampled portion of the globe would be sufficlent to infer density rela-

{onshins for the rest of the atmosphere. 7The EXAMETNET and either one of the
Poles could ve likewise expanded to form the other half of a detailed network
over roughly 1/3 of the globe.

It is assumed that in the future the United States will have the capabili-
ty Cor indirect sensing of most of the atmosphere., But during the current
development stage, corroborative "ground truth" data will be required. <‘he
meteorological rocket 1s the only efficlient system currenily available to pro-
vide Lhese data up to 650 ka.
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LIST OF USAFETAC TECHNICAL NOTES

Title

Interim Instructions for the Use of the National lieteorolo-
gical Center Air Pollution (APP) Products (AWS distri-
bution only) (AD-718966)

A Reprint of Use of FOUS (Detailed PE Guidance) (AWS distri-
bution only) (AD-719866)

Superseded by USAFETAC TN 72-3

Diurnal Variation of Summertime Thunderstorm Activity over
the United States (AD-724645)

Preliminary Verification of AFGYC Boundary-layer and Macro-
scale Cloud-iferecasting lodels (AD-725738)

Use of Extrapolation in Short-Range Forecasting (AD-729022)

Glossary of Spanish, French, Germen, English Selected
Climatological and Metoorological Terms (AD-731554)

A Prediction liethod for Blast ifocusing (AD-732765)

Determination of Maximum Emission Rates to Heet .iir Quality
standards (AD-733505)

A Rosume of Short-Range Forecasting Techniques {AD-731162)

ilumerical Proprocessing of Rawinsonde Position Vectors
(AD~732205) (Limited di.stribution only)

Clock-Hour/Instantaneous iainfall liate Relationshins Appli-
cable to the Eastern United States (AD-733580)

A Guide for the Editorial Preparation of Technical Reports
for Publication by Hq Air ‘jeather Service (AWS distri-
bution only)

A Survey of Availability of llurricane/Typhoon Packages and
Associated Data (AD-736451)

Listing of Seminars Available at AWS Wings (AWS distribution
only) (AD-736452)

A Selected Annotated Bibliography on the Tropopause (AD~738594)

A Selected Annotated Bibliogranhy of Environmental Studies
of Italy (1952-1971) (AD- )

An Investigation into the Proper Spatial and Temporal
frequency of the Meteorological Rockatsonde ifetwork
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Date
Feb 71

Mar 71

Apr 71

Jun 71

Sep 71

Aug 71

Sep 71
Aug 71

Sep 71
Oct 71

Dec 71

Jan 72

Jan 72

Feb 72
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May 72

Jun 72




