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PREFACE 

Thi• Training Paper 1• offered for the guidance of meteor­

ological. personnel in preparation for the release by the Bavy 

of Tranaosonde• {Tran.a-oceanic-•onde constant 1eve1 balloons) 

on a routine basis, commencing in the spring of 1957. In­

cluded 1D the text is a description of the basic principles 

of the Transosonde, the types of data derived therefrom, and 

a discuaaion ot the practical. utilization of these data tor the 

purpose of improved weather anal.yaia and forecasting. 
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THE APPLICATIOB OF ROUTINE TRAKSOSONDE DATA TO .ABALYSIS Alm FORECASTI1'G 

INTRODUCTION 

The long-range Navy Conatant Level Balloon• (CLB) or Tranaoaondea are 

designed to float approxiaately along a conatant height or conatant preaaure 

aurface in the ataoaphere. Thia ia accoapliahed by means of a ballaat •Y•t­

activated by a barometer attached to the balloon train, ballast being releaaed 

when the environmental preaaure exceed• a predetermined value. The Tranao­

aondea are also equipped with radio transmitters which broadcaat aeteorolog­

ical intelligence and serve aa a signal aource for their positioning by radio 

direction finding (RDF) techniques. 

Collaencing in the late spring of 1957, Tranaoaondes aet to float at 300 

ab. (30,000 feet) will be released from Japan on a routine baaia. The rate 

of release of the balloons will be dependent upon the difficultiea involved 

in their launching and tracking, but it is probable that (on the average) 

there will be, at any one time, about four Tranaoaondee at 300 ■b. in the 

eector of the hemiaphere between Japan and Europe . 

The following information will be available at 2-hour intervab from th• 

prelillinary Tranaoaonde flighta: 

(1) The moat probable'poaition of the Tranaosonde. 

(2) The radius of the circle (centered on the moat probable
position) within which the Transoaonde ia actually located. 

(3) The preaaure at vbich the Tranaosonde is flying. 

At a later date it is expected that additional information, auch •• t-perature 

and hlaidity, will become available from the Tranaoaondea. 

OPERATl<&\L PROCIDURB 

Poaitioning - Each Tranaoaonde will carry a radio tran•itter aet to 

operate for 15 minutes every two hours at alternate frequencies of 6, 13, and 

19 megacycles. The intercept• of RDF bearing• on these signals will serve to 

poaition the balloon every two hours, barring poor radio propagation condition■, 
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aircraft emergencies, etc. Previous Transosonde flights were tracked in a 

highly satisfactory manner by the Federal Collnunications Commission (FCC) 

network of RDF stations. Subsequent flights will be tracked chiefly by the 

Navy RDF network. 

The accuracy of the position fixes is a function of the number and prox­

imity of RDF stations and the angle of intersection of the bearings. In order 

to provide an estimate of the accuracy of these fixes, the radius of the cir­

cle (about the moat probable position) within which the Transosonde is actually 

located will be determined from the area of intercept of the bearings. As 

will be shown later in the text, these radii provide the means for estimating 

possible errors in the CLB velocity and velocity derivatives. 

Flight Pressure - The pressure data telemetered from the Transosonde 

should not be neglected since, in addition to the relatively short-period 

vertical oscillations of the balloon due to intermittent release of ballast, 

there is a tendency on long flights for the balloon to ascend to higher 

elevations with time. Thus a Transosonde set to fly at approximately 300 mb. 

when released from Japan may have a mean floating pressure of 250 mb. upon 

its approach to Europe. This problem of ballast release requiring 

less bouyancy for a full volume balloon is currently under investigation 

by the Naval Research Laboratory, but until.a solution is obtained care should 

be taken that the Transosonde data utilized may, justifiably, be applied to 

the 300-ab. surface. 

Coding and Transmission of Data - The basic information to be obtained 

fraa the preliminary Transosonde flights includes the most probable position 

of the CLB (to the nearest 1/10 of a degree of latitude and longitude), the 

radius of the circle (about the most probable position) which includes the 

actual position of the CLB (in units of 20 nautical miles), and the pressure 

at which the CLB is flying (to the nearest 4 mb.). These data will be for­

warded to the collection center at Honolulu for coding and entry on the con­

ventional meteorological circuits and should be available to interested 

parties in the United States within 2 hours after Transosonde transmission 

tiae. For those requiring additional information about the code form and 

the aethod of transmission of data, reference may be made to Appendix 1. 
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TRAJECTORY _CONSIDERATIONS 

The Transosonde Trajectory - The successive position fixes of the CLB 

trace out a trajectory which closely corresponds to the trajectory of an air 

parcel constrained to a similar altitude or pressure surface. The CLB tra­

jectory cannot, however, be considered as the quasi-horizontal projection of 

the three-dimensional trajectory of an air parcel because, in general, there 

is a shear of the wind in the vertical. 

In January and February 1956, as a pilot operation, 16 successful 300-ab. 

Transosonde flights were made from Oppama, Japan. The mean positions of these 

Transosondes after 6, 12, 24, 48, and 72 hours are shown in Figure 1. After 

72 hours, so few of �he Tranaosondes were still in the air as to make a mean 

position highly unrepresentative. Surrounding each of the aean positions in 

Figure 1 there is a circle of such a radius as to encompass two-thirds of the 

Transosonde positions at that tiae. Thia gives a crude picture of the differ­

ent directions and rates of travel of Transosondes launched at different tiaes. 

Coaparison of Trajectory and Streaaline - In the atmosphere, where the 

pressure systems generally move eastward with time, conditions are not in a 

steady state and consequently streamlines and trajectories do not coincide. 

The streamline wavelength (L ) and amplitude (A ) may be estiaated from the
s s 

trajectory wavelength (L ) and amplitude (A ) through use of the approxiaate 
t t

equations 

L . v - cL , A . v - cA (1)s V t s V t 

where C is the speed of the system (positive eastward) and Vis the aean 

zonal component of the speed. For eastward aov•ent of wave-shaped pressure 

patterns, the trajectory wavelength and amplitude are greater than the 

streamline wavelength and amplitude. As an example, in Figure 2 is a com­

parison of a portion of the trajectory of Transosonde flight 36, with a con­

tour drawn for the middle time of the trajectory segment. If it ia aaa'l.m.ed 

that the contour represents a streamline (no cross contour flow), then one 

may determine frca the figure that the ratio of trajectory and streamline 

wavelength and amplitude is about 3:2. Substitution of this ratio in equation 

(1), with V equal to 60 knots, yields a value for C of 20 knots, which in this 

case is very close to that estimated from successive maps. Conversely, if 

https://aaa'l.m.ed
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one baa some knowledge of the speed with which the syst• ia aoving eastward, 

then one may estimate the contour wavelength and amplitude £rem the trajec­

tory wavelength and aaplitude. 

Trajectory Extrapolation to S00 ab. - Since S00-mb. aapa are more 

widely used than 300-mb. maps, it would be deairable to utrapolate the Trana­

osonde trajectories to 500 mb. In general, there 1• little turning of the 

wind with height in the layer 500-300 mb. and therefore the wind direction 

obtained from the trajectory at 300 ab. ia a good approximation to the wind 

direction at 500 mb. Conaequently, the trougba and ridges at 500 ab. ahould 

be well delineated by the Transosonde trajectory at 300 ab. However, the 

variation of wind apeed with height is often very large in the 500-300-ab. 

layer. It is illogical to uae the theraal wind equation to extrapolate the 

speed downward, since, at least over the oceans where the extrapolation would 

be most useful, the temperature field is even leas well known than the pres­

sure field. The only suggestion offered here is to aaauae a linear change of 

speed between surface and 300 mb. and from this to pick off the 500-ab. speed. 

Obviously, the errors in such a procedure may be great. There 1• little doubt 

that the usefulness of Transosonde data is considerably impaired becauae of 

the restrictions preventing flights at levels below 30,000 feet. 

ESTIMATION OF THB VELOCITY ARD VELOCITY ERROR 
FR<M CONSTANT LEVEL BALLOONS 

The Velocity - The moat probable value for the speed of the Cl.I, and 

hence for the wind speed, ia obtained.by dividing the (straight line) dis­

tance (S) between position fixes by the tiae (t) it takes the CLI to aove 

this distance. Thu• the wind apeed (V) is aiven by 

V • S/t, (2) 

and its value may easily be computed "in the head" by a method presented in 

a subsequent subsection entitled "Suggested Coaputation and Plotting Proce­

dures". 

The moat probable value for the direction of •ov•ent of the CLI, and 

hence for the wind direction, is obtained from the direction of the atraiaht 

line connecting the position fixes. 

https://obtained.by
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COMPARISON OF CONTOUR (STREAMLINE) AND TRAJECTORY (FLIGHT 36) 

FIG. 2 

SPEED AND DIRECTION ERRORS AS FUN CTION OF RADII OF 
CIRCLES (re) WITHIN WHICH CLB ACTUALLY LOCATED. 

FIG. 3 
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The Velocity Error - In addition to knowledge of the most p obable wind 

speed and direction, it is desirable to obtain an estimate of the 

r

possible 

errors in these quantities. Such an estimate may be obtained f om the adii 
of the circles (centered on the most p

r r

robable position fixes) within which 

the CLB is actually located. For example, let the adius of this circle at 

fix O be given by 0r c while that at fix 1 is given 

r

by 1r c (Pig. 3). If the
actual position of the CLB can be anywhere within these ci

the 

rcles then, while 

most p obable distance. t aveled by the CLB in the time interval (t) is 
given by S, 

r

the distance could 
r

vary from S - 0rc - 1
The efo e, f om equation (2), the possible e

r S + 
maximum 

c to r + . 

r r r rr

0 c 1rc
or in wind 

V) would be given by 

speed 

(A M 

(AV)M • (
r

: 
r

) . (3) "! o e l c

In Figu e 3 the p obable wind di ection is given by the st aight 

line connecting 

r

the position 

most r

fixes O and 1, 

r

but if the actual location 

r

of the 

CLB may be anywhere within the circles of radius 0r c and 1r c,  then the wind

may have any di ection intermediate to that ep esented in the figu e by 

lines A-Band C-D

r

. Expressed mathematically, 

r

the 

r

maximum possible 

r

er o

by 

r in 

direction (AQ) would be given 

r

rc lr-1(o 
(A 9)M • +- tan S 

c) • (4) 

M 
+ 

There is a ve y small p obability that the CLB would be located in such 

extr•e positions 

r

within the 

r

ci cles of adius 

r

0rc  and 1r c. Probably of much

g eater impo tance 

r r  
r fo

speed and direction not 
r the purpose at hand is the estimation of the e o s in 

exceeded 90 pe cent of the time, ather than 
rr

the 
r

max­

imum possible errors. In order to obtain 

r

an estimate of 

r

the errors not 
exceeded 90 percent of the time, it is necessary to carry through some sta­

tistics (Appendix 2). Here we merely state the result that, ass\Ding the 

distance between position fixes is large compared to the ci

(S 

rcle radius 

>r ), and that the actual CLB positions are normally distr
C 

ibuted within 

these circles, 90 percent of the time the error in speed ( AV)90 (knots) is 

satisfied by the �nequality 

(5) 
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and 90 percent of the time the error in direction (�9) (degrees) is satis­
90 

fied by the inequality 

(6) 

where r and r are the radii of the circles (in nautical miles) about the0 c 1 c 
position fixes involved in the determination of the velocity, t is the time 

interval (in hours) for which the velocity is evaluated, and Vis the aean 

speed in knots along the trajectory segment. A table which yields the errors 

in wind speed and direction not exceeded 90 percent of the time for code 

values of r and r is Presented in 0 C 1 C 
a subsequent eubsection entitled

"Suggested Computation and Plotting Procedures". 

Time Interval for Velocity Calculations - It may be noted frca equations 

(5) and (6) that the error in wind speed and direction is inversely propor­

tional to the time interval (t). Therefore, other things being equal, the 

longer the tiae interval for which the wind speed and direction are evaluated, 

the more accurate their values. However, the longer the time interval the 

more 811loothing is performed, and the less representative of the true wind is 

the calculated wind at any point. Moreover, the assumption that the straight 

line distance between two position fixes actually yielda the distance trav­

eled by the CLB becanes crude in regions of curved flow as the tiae interval 

becomea longer. 

When considered frcm the standpoint of operational procedure, the shorter 

the time interval for which the velocity is computed_ the better, owing to the 

time lag involved between being able to compute the CLB wind and the time to 

which this wind refers. Por example, if a 4-hour average wind is computed, 

one must await determination of the CLB position at, say, 1400 GMl' in order 

to compute the CLB velocity at 1200 GMT, while if an 8-hour average wind is 

computed one must await determination of the CLB position at 1600 Qff. It is 

desirable that the Transosonde data referring to synoptic map times be avail­

able to the analysis centers no later than the conventional rawinsonde data. 

At present, that would mean that these CLB data should be available within 3 

hours after synoptic map time if they are to be included on maps based on 

first tran8Dlission data, and within 5 hours after synoptic map time if they 
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are to be included on maps baaed on second transmission data. Since approxi­

mately 2 hours will elapse between Tranaoaonde transmission time and the 

receipt of the Transosonde·data in North American analysis centers, and aince 

it may be anticipated that the transmission time for conventi�l rawinaonde 

data will be decreased in the near future, it appears probable that the 0200 

and 1400 GMT Tranaoaonde positions would be the last to reach the analysis 

centers for inclusion on the appropriate synoptic map. Consequently, if it 

is deemed important to have the Tranaosonde velocity at synoptic map time 

included in the analysis, then it appears neceaaary to limit to 4 hours the 

time interval for which the velocity is computed. 

The question arises as to whether the velocity computed for a 4-hour time 

interval is sufficiently accurate for meteorological purposes. Baaed upon 

previous Transoaonde flights, which were tracked by the FCC, the 4-hour aver­

age velocity does appear to be sufficiently accurate, since, using the values 

of r determined by the FCC and substituting these values in equations (5) and 

(6), we find that on the average 90 percent of the time the errors in speed 

and direction do not exceed 10 knots and 10 degrees respectively. Thia cal­

culation, of course, assumes that the FCC estimate of their position accuracy 

is correct. So that the reader may judge for himself the reliability of FCC 

fixes, Figure 4 shows the velocity computed for overlapping 4-hour time inter­

vals along the trajectory of Tranaosonde flight 36. Also included in this 

figure are the possible speed and direction errors (i.e. errors not exceeded 

90 percent of the tiae) as determined from the values of r through equations 

(5) and (6). The speed errors are shown by the dashed barbs on the end of the 

wind arrows, while the direction errors are shown by the cone-shaped lines 

emanating from the position fixes and bracketing the wind arrows. 

The Navy RDF network presents much larger values for r than does the 
e 

FCC, as based upon the Transoaonde flights from Japan in 1956. Based upon the 

degree of separation of the FCC and Navy fixes while tracking the saae bal-

loon, this conservatism may be juatified. Since subsequent Tranaosonde 

flights will be tracked chiefly by the Navy RDF network, the use of a 4-hour 

time interval may not be appropriate in the future as it was in the past. Time 

alone will indicate the accuracy with which the Navy RDF network can function, 

and consequently, the tillle interval for which the velocity should be computed 

from Transosonde flights. 

• 

• 
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Suggested Computational and Plotting Procedures - For the purpose of this 

subsection, it is assumed that the evaluation of the velocity for a 4-hour 

time interval will prove feasible. The changes in the computational proce­

dure, if it becomes necessary to use a 6- or 8-hour time interval, are minor, 

and will be indicated in this text. 

Utilizing a 4-hour time interval for the computation of the speed from 

Transosonde flights, we find that the speed is given by 

V • 15S (7) 

where Sis the distance (in degrees of latitude) traveled by the Tranaosonde 

in 4 hours, and Vis in knots. If the speed is computed for a 6- or 8-hour 

time interval, the coefficient 15 in equation (7) is replaced by 10 and 7.5, 

respectively. The multiplication by 15 "in the head" is most easily accom­

plished through multiplication by 10 and then by 10/2, and the sUIIIBing of the 

results. Thus, if the CLB moves the equivalent of 12.4 degrees of latitude 

in 4 hours, the speed along this segment of the trajectory is found to be 

V • 15 x 12.4 • 10 x 12.4 + (10/2) x 12.4 • 124 + 62 • 186 knots 

Thia value of the speed should be plotted as a conventional wind barb at the 

intermediate fix, with a direction parallel to the straight line between the 

two position fixes bracketing this intermediate fix. This procedure is illus­

trated in Figure 5. In moat cases the distance traveled by the CLB in 4 hours 

can be obtained with sufficient accuracy fran the fixes plotted on the synop• 

tic map, since with map parallels at l•degree intervals and with the aid of 

dividers, the travel distance may be estimated to within 2/10 of a degree of 

latitude, which, for a 4-hour time interval, corresponds to a speed error of 

only 3 knots. 

The possible errors in wind speed and direction (i.e. the errors not 

exceeded 90 percent of the time) as a function of the radii of the circles 

(r ) within which the CLB is actually located, are not easily computable, and 
C 

therefore Table 1 gives these errors as a function of the code 
. 

figure for r 
C 

and the mean speed along the trajectory segment (V). Table 1 is valid only 

for velocities computed for a 4-hour time interval; if the velocity is com­

puted for a 6- or S•hour time interval, the numbers in the body of the table 

 should be multiplied by 2/3 and 1/2 respectively. The table is set up so as 



TABLE I. - SPEED AND DIRECTION ERRORS FOR FOUR HOUR TRAVEL TIME 
OF CLB AS FUNCTIONS OF RADII (re ) OF CIRCLES (CENTERED ON 
PROBABLE CLB POSITION) WITHIN WHICH CLB IS ACTUALLY 
LOCATED.  

� (Code figure) 
I 2 3 4 5 6 7 8 9 

5 5 10 10 15 20 20 25 2'.:25 I

10 10 15 15 20 20 25 2'.:30 2 

1 5  1 5  15 20 25 25 2'.:30 3

15 20 20 25 25 2'.:30 4 

5 

6

7 

8

9 

20 25 25 

25 30 

30 

SPEED ERROR (NEAREST 5 KNOTS) 
NOT EXCEEDED 90% OF TIME 
FOR GIVEN re -

30 

30 

30 

35 

2'.:30 

2'.:30 

2'.:35 

2'.: 35 

2'.:40 

r (Code figure) 
I 2 3 4 5 6 7 8 9 

5 5 10 5 10 5 15 10 2010 2010 2515 30 15 30)5 I 
0 0 5 0 5 5 5 5 5 5 5 5 10 5 10 5 10-1n 

10 5 15 5 15 10 20 10 2510 25 15 30 15 3515 
2 

5 5 5 5 5 5 5 5 10 5 10 5 10 5 10- 10 
15 10 2010 2010 2510 3015 3015 35�5 3 
5 5 5 5 5 5 10 5 10 5 10 5 ,o-,o 

2010 25 10 2515 3015 3515 35]0 
4 

5 5 10 5 10· 5 10 5 10 10 ,o-,o 
2515 30 15 30 15 3520  35]0
10 5 10 5 10 10 10 10 10-,0 

30 15 3515 352040}0 
6 

10 5 10 10 10 10 15-10 
V = 15o IOO 3520 4020�OJO IKNOTS I 7)150 200 10 10 15 10 1570 

4020 45JO 
8 

DI RECTION ERROR (NEAREST 5°) .NOT 15 10 15-10 
EXCEEDED 90% OF TIME FOR GIVEN re  45;:?5
AND GIVEN MEAN WIND SPEED (V). 9

1 5-IO 
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to give the errors in speed and direction to the nearest 5 knots and 5 degrees, 

respectively. 

A possible way of representing the errors in wind speed and direction is 

presented in Figure 5. The same method is also applied in Figure 4. Specif­

ically, the error in wind speed not exceeded 90 percent of the time is given 

by the dashed barbs on the tail of the conventional wind arrow, while the 

error in wind direction not exceeded 90 percent of the time is given by means 

of V-sbaped lines emanating from the position fix and bracketing the most 

probable wind direction with the calculated angular deviation. 

It is suggested that three overlapping 4-hour average velocities be plot­

ted on the most recent synoptic map. Thus on the 1200 GMT map would be plot­

ted the 1200, 1000, and 0800 velocities (or 1100, 0900, and 0700 1£ odd hour 

fixes are transmitted) as determined £ran the Transosondes, as well as the 

corresponding errors in wind speed and direction (see Fig. 5). This allows 

for an estimate of the change in Transosonde velocity with time without devi� 

ating too far from synoptic map time.* If desired, and if time permits, the 

0200 (0100), 0400 (0300), and 0600 (0500) GMT velocities (previously not 

available) may be computed and plotted on the previous (2400 GMT) map in order 

to complete the trajectory. 

ESTIMATION OF THE GEOSTROPHIC WIND FIELD 

FRClf �SfANT LEVEL BALLOONS 

The Contour Spacing - For the purpose of conformity with conventional 

analysis, it may be desirable to estimate the contour spacing from the Transo­

sonde data. The simplest procedure, and the one reconmended here, is to 

assume that the wind (V) derived from the CLB trajectory also represents the 

geostrophic wind (V ), in which case the contours will be drawn parallel to 

the CLB wind with the appropriate geostrophic spacing. Thus, since the geo-

strophic wind is given by • 

g dz 
(8)Vg = 2.0, sinq, dn 

* However, since a conmon fix is involved in 4-hour average velocities 
4 hours apart, this change with time may be fictitious. 
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where g is the acceleration of gravity, ,0, is the earth's angular velocity, 

f is the latitude, and dn is the distance apart of contours drawn for height 

intervals of dz, we obtain (assuming V • V)g 

�= � (9)V�n� 

giving the spacing of 400-foot-interval contours (dn) in degrees of latitude 

for a given wind speed in knots and a given latitude. Nearly all meteorolog­

ical analysis charts have a geostrophic wind scale which may easily be utilized 

to yield dn graphically. Consequently no table is presented here of the con­

tour spacing as a function of wind speed and latitude. 

An estimate of the error cOIDlli.tted by assuming the CLB velocity to equal 

the geostrophic velocity may be obtained from previous Transosonde flights. 

Neglecting friction and the vertical advection of velocity, it was found from 

these flights (650 cases) that the mean absolute value of the angle of indraft 

(the angle between the contours and the wind) is 11 degrees while the mean 

absolute value of the difference between speed and geostrophic speed is 18 

knots (at 300 mb.). Since in almost all conceivable cases it is the wind 

field which should be known with precision, not the geostrophic wind field, it 

is probable that, despite the fairly large geostrophic deviations at the 300-

mb. level, the assumption that the wind is equal to the geostrophic wind is 

reasonable when one is passing from the wind to the geostrophic wind (but 

certainly not vice versa). However, if for some reason the above ageostrophic 

values are too large to be tolerated for the purpose of constructing the 300-

mb. height field from Transosonde data, then one may go to the (approximate) 

equations of motion to obtain a more accurate picture of the geostrophic wind 

field at this level (Appendix 3). One of the drawbacks of this more precise 

procedure, at least from an operational point of view, is the fact that the 

geostrophic wind field is obtained from CLB accelerations which, for suffi­

cient accuracy, must be computed at least over an 8-hour time interval. Con­

sequently, taking into account the transmission time, the geostrophic field 

can be computed only from those CLB position fixes which are nearly 8 hours 

old. 

Height of the 300-mb. Pressure Surface - It would be of great help in the 

analysis of the geostrophic wind field if the height of the 300-mb. pressure 
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aurface at the poaition of the Tranaoaonde were known in addition to the con­

tour spacing. By equating the change of kinetic energy of the CLB and the 

change of potential energy due to cross-contour flow, it can be shown that 

(neglecting friction and the vertical advection of velocity) part of the 

change of the height of the 300-mb. surface following the CLB is given by 

2 2
-(V - V )

1 0 
(10)Azl • ------------- ,

2g 

where 6z is the height change of the 300-mb. surface at the position of the 
1 

CLB due to the change in speed of the CLB from v to v , and where g ia the
0 1

 

acceleration of gravity. Putting this equation into more usable form we 

obtain 

(11) 

where 6z is the height change in feet for given speed changes (in knots). 
1 

Unfortunately there is another term which contributes to the change of the 

height of the 300-mb. pressure surface at the position of the CLB. This term 

involves the local height change along the trajectory and is given by 

(12) 

which can only be approximated from trajectory data. Since the value of the 

integrated local height change along the path of the CLB is usually positive 

to the east of ridges in the presaure field (assuming eastward movement of 

the pressure systems) and negative to the east of trougha, the CLB is gener­

ally located at a larger value for the height of the 300-mb. surface after 

completing its southward movement than after completing its northward move­

aent, regardless of the change of speed along the trajectory. No attempt to 

take into account the local height change term (6z ) can be particularly 2
auccessful; however, an approximation of its value can be obtained by assuming 

that the pressure systema move zonally without amplification and that there­

fore (aubatituting from the meridional component of the geoatrophic wind 

equation) 
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t2 az 
Az2 f= t1 at dt (13) 

where C is the speed of the pressure systems (positive eastwards) and v is the 

meridional component of the velocity (assumed equal to v ). Putting this 

equation in more usable form we obtain 

Az2 ~ .5oc v sincp
----.--- ,,,,- (14)
12 hours (knots) ' 

giving part of the height change following the CLB in terms of feet per 12 

hours for mean values of the speed of the 'pressure system eastward (C), the 

mean meridional component of the velocity (v), and the mean latitude ( • ) 

during the 12-hour period. In the practical utilization of equation (14), v 

may be obtained from the trajectory data, whereas C must be estimated from 

successive Transosonde flights or given a reasonable value by some other 

method. For example, if during the past 12 hours v • -40 knots and C • 20 

knots at a mean latitude of 43 degrees, then Az :::::: 300 feet for the 12-hour 2
period. For comparison, if during the same'l2-hour period the speed of the 

CLB decreases from 90 to 40 knots, then A z :::::: 300 feet. Therefore, in this 1 
case, if the CLB started out at a position where the height of the 300-mb. 

pressure surface was 30,000 feet, then after 12 
° 
hours the contour through the 

position of the CLB would be estimated to have a value of approxtmately 30,600 

feet. 

Conversely, if one knows the height of the 300-mb. pressure surface at 

the beginning and end of a trajectory segment, then by subtracting the 

height change ( Az ) due to the change in CLB speed between the trajectory 1
extremities, one may estimate the mean value of the local height change along 

the trajectory . 
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ESTIMATION OF THE VERTICAL VELOCITY 

FRc»it CONSTANT LEVEL BALLOONS 

Procedure - The mean vertical motion along the Transosonde trajectory 

(W) may be determined from the formula (assuming adiabatic flow) 

W = 
_ d.T/dt (15)

rp-r 

18 

where dT/dt is the change of environmental temperature with time following the 

CLB, is the process lapse rate (usually assumed to be dry adiabatic atr  
p -

300 mb.) and r is the mean lapse rate along the trajectory segment. As yet, 

temperature data are not available from the Transosondes, and will probably 

not be available for some time, so that the practical utilization of equation 

(15) is dependent upon extrapolation of radiosonde temperatures to the posi­

tion of the Transosonde. In addition, radiosonde data must be used to obtain 

an idea of the mean lapse rate ( 7) along the trajectory segment. Therefore, 

it is only practical, at present, to evaluate the mean vertical motion over a 

trajectory segment of 12 hours duration, and then only in regions of good 

radiosonde data. Putting equation (15) into usable form we obtain 

W• (16) 

where Wis the mean vertical motion in centimeters per second, T - T is the 
1 0 

difference in temperature (in degrees Celsius) at positions of the CLB 12 

hours apart, and a is the ratio of the lapse rate to the dry adiabatic lapse 

rate (1° C/100 meters). If the temperature at the position of the CLB becomes 

warmer, there is descending motion over that portion of the trajectory, and 

vice versa. The errors in extrapolating temperatures to the position of the 

CLB are more serious than errors in the positioning of the CLB by RDF tech­

niques. As can be seen from equation (16), for a mean lapse rate along the 

trajectory equal to 3/4 the dry adiabatic lapse rate (a good mean value at 

300 mb.), an error in extrapolated temperature of 1° Celsius will introduce 

an error of 1 centimeter per second in the mean vertical velocity over a 12-

hour period. 
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cail'ARISON OF TRANSOSONDE DATA WITH 
CC!WEN'l'IONAL UPPER-AIR DATA 

Method of Presentation - Previously in this text the Transosonde data 

have been presented without regard to their agreement or disagreement with 

conventional rawinsonde data. The purpose of this section is to make such a 

comparison and, in particular, to illustrate some of the advantages of data 

obtained from Constant Level Balloons with respect to conventional upper-air 

data. 

Segments of the trajectories of Transosonde flights 27 and 36 are shown 

in Figures 6 and 7 respectively. In these same figures are also plotted the 

conventional rawinsonde data and contour analysis made at the Weather Central. 

Each map segment corresponds to the midpoint of the trajectory segment it 

covers, and is separated from adjacent segments by arbitrary straight lines. 

The Transosonde data are presented in a form previously described in this text, 

with the addition at the position fixes of the pressure at which the CLB is 

flying (in parentheses, to the nearest 10 mb.; i.e., 7 • 270 mb.), and with 

the addition at alternate position fixes of numbers representing the height 

of the 300-mb. pressure surface at the position of the CLB, as estimated by 

the method discussed in the section dealing with the geostrophic wind field. 

The dashed contours represent the geostrophic wind field estimated from the 

trajectory data by this technique, while the solid contours represent this 

wind field as obtained by conventional techniques. 

Discussion of Transosonde Flight 27 - Figure 6 shows a portion of the 

trajectory of flight 27. On the map segment of 0300 GMT, February 4, 1956, 

the Transosonde trajectory indicates a ridge in the pressure field south of 

the Aleutian chain which is not apparent in the conventional analysis. This 

is hardly surprising in view of the lack of radiosonde data in this area plus 

the absence of the wind at Ship P (50°N, 145°W). (However, it was the height 

of the 300-mb. pressure surface at Ship P that was used to estimate the 

height of this surface at the CLB position at 0700 GMT, February 4, and from 

this anchor point the heights at other positions along the trajectory were 

estimated from equations (10) and (14).) 

In the next 12 hours the height at Ship P rose 240 feet, thus confirming 

the presence of the ridge to the west. In addition, the 1500 GMT, February 4 
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Transosonde wind suggests the existence of a rather deep trough off the Oregon 

coast. Computation of the height change by means of equation• (10) and (14) 

indicates that the height of the 300-mb. pressure surface is some 400 feet 

less than that assumed by the conventional analysis at this 1500 GMT position. 

If one scales off (from the Weather Central analysis) the geostrophic wind at 

the 1500 GMT position, a 45-knot wind from the west is obtained, whereas the 

Transosonde data show that the wind is actually 115 knots from the north­

northwest. This represents a vector error in the wind eatimation (if the 

geostrophic wind were utilized as the true wind) of 100 knots at a point only 

300 miles from the coast. 

On the map for 0300 GMT, February 5, the 300�mb. heights for 1500 GMT, 

February 4 are plotted in parentheses. Note that, for example, the height at 

Medford (MFR) fell 700 feet in the 12-hour period preceding 0300 GMT, Febru-

ary 5, a reasonable value when the contour pattern estimated from the Transo­

sonde trajectory 12 hours earlier is considered (dashed contours), but probably 

quite unexpected from the conventional analysis. It is likely that in this 

case the forecast for certain Oregon and Washington stations would have been 

considerably improved through knowledge of the 1500 GMT, February 4 Transosonde 

wind. 

Discussion of Transosonde Flight 36 - Figure 7 shows a portion of the 

trajectory of flight 36. On the map segment for 0300 GMr, February 16, 1956, 

the Kodiak (K0D) wind is in poor agreement with the 2100 and 2300 GMr, Febru­

ary 15 Transosonde winds. This discrepancy may be due to a large value for 

the local velocity change in this area. Farther east, on the 0300 GMr map, 

the Transosonde indicates wind speeds near 150 knots. Note that there are no 

rawin data available at 300 mb. in this whole belt extending from Kodiak to 

Great Falls (GTF), so that an estimate of the wind in this area would be 

dependent upon the geostrophic assumption if only conventional data were 

available. 

On the 1500 GMT, February 16 map segment the Transosonde shows what must 

be a rather narrow ribbon of high wind speeds north and south of Boise (BOI). 

The Boise rawin did not come in, the Burns (BN0) pibal reac e only 27,000 

feet, and the Nevada pibal stations did not attain 300 mb., so that the exist­

ence of 150-knot winds in this region too could only have been implied froa 
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the geostrophic assumption using conventional data. Farther south, the 140-

knot wind indicated by the Bishop (BIH) double theodolite appears representa­

tive, and note how well the 125-knot wind obtained from the Transosonde at 

1500 GMT fits between the 140-knot Bishop wind and the 110-knot Santa Maria 

(STH) wind. This example shows the usefulness of CLB winds even over land 

areas where the problem is usually not lack of observation stations but the 

difficulty in obtaining data (particularly wind data) at the 300-mb. level 

under jet stream conditions. 

Route Errors in the Wind at 300 mb. - For flight purposes, it is the 

accuracy of the wind along the whole flight path that is important, not the 

accuracy of the wind at one particular point. In order to obtain an estimate 

of the route errors introduced by conventional methods, the mean speed along 

the entire trajectory of Transosonde flight 36 was evaluated and compared 

with the mean geostrophic wind speed along this same trajectory as obtained_ 

from the Weather Central analysis. The mean Transosonde wind along the 

13,000-nautical mile path was 101 knots while the mean geostrophic wind from 

the Weather Central analysis was 79 knots. Presumably, the reason the speed 

differences do not cancel out is due to flight 36 being embedded near the 

core of the "jet" where it might be expected that the conventional analysis, 

through smoothing, would consistently underestimate the wind strength. 

SUMMARY 

The primary purpose of this paper has been to give field meteorologists 

some idea of how to use the routine Transosonde flights soon to become avail­

able; in other words, to give them a "feel" for this new and somewhat differ­

ent type of information. Therefore, this paper has dealt solely with the 

highly practical problems of the Transosonde data - how to use them? What 

do they mean?, etc. There has been little mention herein of the important 

meteorological research results available from this new atmospheric probe. 

For those interested in a broader outlook concerning the Constant Level Bal­

loon, and a discussion of some of the scientific findings therefrom, a list of 

references is appended • 
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It is likely that the future of the Transosonde will be largely dependent 

upon the success of the routine series of flights c011111encing in the spring of 

1957. Therefore, it is only reasonable to ask that the field meteorologists 

give this technique a fair trial, carefully weighing the advantages and dis­

advantages of the system, so that finally a consensus may be obtained concern• 

ing the applicability of Transosondes to the probl• of weather analysis and 

forecasting. 
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APPENDIX 1 

Transmission of Data - According to present plans, the most probable 

position of the Transosonde and the radius of the circle (about the most 

probable position) within which the balloon is actually located will be 

determined within 15 minutes after Transosonde transmission time. This in­

formation, plus the flight pressure of the CL�, will then be fed into radio 

teletypewriter circuit Oat Honolulu when gaps occur in the regular trans­

mission schedule. The data designator UT will be used to identify messages
* 

containing Transosonde data. Upon arrival in San Francisco the information 

will await a gap in land-line circuit O for teletypewriter tranamission to 

analysis centers. It is estimated that the information will be available to 

all interested parties in North America within 2 hours after Transosonde 

transmission time • 

Transosonde Code Form - The full code form for transmission of Transo­

sonde data is as follows: 

8/9IIIr YQL LL LL L GG hhPPP OTTUU (lddff) (2L"L"L"L") (4/3H H H H )
c a a a  o o o  a a o o  d d d d  

where: 

Group 8/9IIIrc 

8 indicates Pacific area Transosonde release, 9 Atlantic area release. 

III is the balloon release number. 

r ia the radius of the circle within which the CLB is actually located
C 

(r is reported in units of 20 nautical miles and describes the position
e 

circle about the point reported for LL L and LL L) 
a a a o o o 

• * Subject to WMO approval 



Code Figure Nautical Miles 

0 0 
l 20 
2 40 
3 60 
4 80 
5 100 
6 120 
7 140 
8 160 
9 180 and above 

Group YQL LL 
a a a 

Y is day of week (GMT), (1 • Sunday, 2 • Monday, etc.). 

Q is octant of globe (0 • 0°W - 90°W, 1 • 90°W - 180°W, etc., in 

Northern Hemisphere). 

LLL is CLB latitude position in tenths of degrees.
a a a 

Group LL L GG 
0 0 0 

LL L is CLB longitude position in tenths of degrees.
0 0 0 

GG is GMt time of observation to nearest quarter hour (for 

observation time within 7-1/2 minutes of quarter hour add 

25 to hour time, within 7-1/2 minutes of half hour add 50 

to hour time, within 7-1/2 minutes of three quarters hour 

add 75 to hour time.) 

Group hhPPP 

hh is true altitude of pressure surface in thousands and hundreds 

of geanetric feet. 

PPP is pressure altitude of CLB in whole millibars. 

Group arruu 
0 is group indicator figure. 

TT is temperature in whole degrees Celsius (add 50 for negative 

temperatures). 

UU is relative humidity (tens and units). 

Group lddff 

l is group indicator figure. 

dd is wind direction in tens of degrees. 
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ff is wind ■peed in knots (add 50 to direction if speed exceeds 

100 knots). 

Group 2L"L"L"L" 
a a o o 

2 is group indicator figure. 

L"L" is latitude in degrees to which the mean CLB wind applies.
a a 

L"L" is longitude in degrees to which the mean CLB wind applies.
0 0 

Group 4/3H H H Hd d d d 

4 indicates positive D v.alue, 3 negative D value (D • Z - Z •
p

actual CLB height-pressure height). 

H H H H is D value in feet. 
d d d d 

The preliminary Transosondes to be released from Japan in the late spring 

of 1957 will carry neither radio altimeters nor temperature or humidity meas­

uring devices. Therefore, hh in the fourth group will be replaced by XX, the 

4/3 group will be omitted, and the group with the 0 designator will be omitted. 

Furthermore, at the present time, it seems unlikely that groups lddff and 

2L"L"L"L" will be included in the mesaage. Therefore, the preliminary message
a a o o 

forms will probably be of the type 

8IIIr YQL LL LL L GG XXPPP. 
c a a a o o o 

For example, the message 

80014 22354 66753 XX287 

means that Pacific release Transosonde flight 1 on Monday at 0330 GM1' is 

floating at 287 mb. with a most probable position at latitude 35.4°N, longi­

tude 166.7°E and with an actual position within a circle of 80 nautical miles 

radius centered on this most probable position • 
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APPENDIX 2 

Batimation of Errors in Wind Speed and Direction • For the purpose of 

simplifying the estimation of the possible errors in wind speed and direction 
obtained from Constant Level Balloons, it will be assumed that the errors in 

speed are solely a function of errors in position fixes along the direction 

of flow (direction S) while the errors in direction are solely a function of 

errors in position fixes normal to the direction of flow (direction N). This 

is a reasonable approximation as long as the distance between fixes (S) is 

large compared to the radii (r ) of the circles (centered on the position fix) e 
within which the CLB is actually located. It is then assumed that the actual 

positions of the CLB follow a normal distribution along these axes such that 
68 percent of the actual CLB positions lie along the axe• within C1 r of the

0 
position O and within 

C

C1 of the position 1 (see Pig. 3). On the basis ofr1
the normal distribution, and 

C

the assumption that 99 percent of the CLB posi• 

tions fall within the circles of radius r 
C

, it can be shown that a 1' • 
C 

r 
C 

/2.6*. Since the standard error of the difference (S) between two quanti•

ties is the square root of the sum of their standard errors, we have 

(17) 

Now 

(18) 

since the time interval (t) is known relatively accurately, and therefore 

substituting for the standard error of position as estimated from r ,
C 

* Brooks, c. B. P., and N. Carruthers, Handbook of Statistical Methods in 
Meteorology. London, H. M. Stationery Office, 1953, p. 196. 
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.4j(orc)
2 

+ <1rc)
2 

(19)t 

where a is the standard error of the speed. Of more significance for the 
v 

purpose at hand is the speed error exceeded only 10 percent of the time 

(1.6 a ), and we obtain
v 

• (20) 

In an analogous fashion, since 

(21) 

where N is distance normal to the direction (S), we may write 

29 

(22) 

where a is the standard error in direction. Consequently
ij 

36 l<orc> 
2 2 

+ <irc> 
(23)Vt 

Equations (20) and (23) give, respectively, the speed error in knots and 

the direction error in degrees not exceeded 90 pereent of the time for values 

of r expressed in nautical miles, time intervals expressed in hours, and 

mean speed expressed in knots • 
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APPENDIX 3 

Estimation of the Deviation of Wind Speed and Geostrophic Wind Speed -

Neglecting friction and the vertical advection of velocity, the normal equa­

tion of motion may be written 

(24) 

where Kit is the trajectory curvature, d9/dr is the angular velocity, � is 

latitude, fl is the earth's angular velocity, Vis wind speed, V is geo-

strophic wind speed, and i is the angle of indraft (the angle between wind and 

geostrophic wind, assumed positive if the flow is toward low pressure). For 

the values of angle of indraft generally found in the free atmosphere, cos i 

remains very close to 1, and we may, with little approximation, write the 

normal equation of motion in the form 

V dQV-V (25) 
g = - 2 fl Sill(p dT • 

Putting the equation into usable form (d9 in degrees, d T  in hours) we obtain 

.03 V dQ (26)
v-v = 

g Sill(p dT • 

Thus, for a mean wind speed of 60 knots at a latitude of 43° , a direction 

change of - 40° (anticyclonic turning) in 8 hours will correspond to a wind 

speed 14 knots greater than the geostrophic wind speed. 

Estimation of Error in Speed Deviation - In order to determine the possi­

ble error in the value obtained for the deviation of wind speed and geostrophic 

wind speed, we proceed as in Appendix 2 with the recognition that the largest 

source of error in its determination lies in the estimation of the angular 

velocity d9/dT • Thus, since 
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, (27) 

where T is the time interval between directions of the CLB used to estimate 

the angular velocity and 0 and 0 represent the standard errors in these9 91 5
directions, we obtain by substituting from equation (22), (assuming Vis con• 

stant along the trajectory segment) 

(28) 

where r and r are the radii of the circles around those positions frca 0 c 2 c 
which e is 

1 
determined and r and r are the radii of the circles around4 c 6 c 

those positions frca which e is 
5 

determined. Finally, substituting from 

equation (25), we obtain 

3l. 

(29) 

giving the error not exceeded 90 percent of the time for the difference 

between speed and geostrophic speed (in knots) as a function of the time in­

terval t (in hours) between fixes used to estimate the CLB direction, the time 

interval T (in hours) between directions used to_, estimate angular velocity, 

the radii (r
C 
 ) of the circles (in nautical miles) around those position fixes

utilized for the detenaination of the angular velocity, and the latitude �-

In this text it is recomnended that t • 4 hours, T • 8 hours, and therefore, 

if r bas a value of 40 miles around all those fixes utilized to estimate the 

angular velocity, at latitude 43° , 90 percent of the time the error in V - V 

will not exceed 4 knots. 

Estimation of the Angle of Indraft - Neglecting friction and the vertical 

advection of velocity, the tangential equation of motion may be written 

dV 
2 !l sintp V sin i ,dT = 

(30)g 



where � is the rate of change of speed and the other parameters have the 
meaning indi�ated at the beginning of this Appendix. Solving for the angle 

of indraft (i) and putting the equation in usable form (d T in hours), we 

obtain 

. -1 1.9 dV
i = sin ( ) (31)Vg sinq, dT • 

32 

For example, if the wind speed at latitude 43• increases by 40 knots over an 

8-hour time interval (d-r • 8) and the mean geostrophic wind along this tra­

jectory segment is 60 knots, then the mean value of the angle of indraft along 

the trajectory segment is 13° , with the wind cutting toward low pressure. 

Estimation of Error in Angle of Indraft - In order to determine the 

possible error in the value obtained for the angle of indraft we proceed as 

previously with the recognition that the largest source of error in its deter• 

mination lies in the estimation of dV
dT. Thus, since 

(32) 

where T is the time interval between speeds of che CLB used to estimate the 

rate of change of speed, we obtain by substituting from equation (19) 

(33) 

where r0  and c 2rc  are the radii of the circles around those positions from 

which v is determined and r1 4  c and r6  are the radii of the circles aroundc 
those positions from which v is determined. Finally, substituting from 5 
equation (31), we obtain 

1•6 ai = Vg tr sinq» \/(Ore) + <2rc) + (4rc) + (6rc) � � sin-1 ( 1.1 / 2 2 2 2> (34) 

giving the error of the angle of indraft (in degrees) not exceeded 90 percent 

of the time as a function of the time interval t (in hours) between fixes 

used to estimate the CLB speed, the time interval T (in hours) between 



33 

speeds used to eatimate the rate of change of speed, the radii (r) of the
C 

circles (in nautical miles) around thoae position fixes utilized for the 

determination of the rate of change of speed, and the latitude � .  Again, 

uaing t • 4 hours, T• 8 hours, and assuming all values of r are equal to 
C 

40 miles, then at latitude 43° with a mean geostrophic wind speed along the 

trajectory of 60 knots, 90 percent of the time the error in the angle of 

indraft will not exceed 4° . 


	The Application of Routine Transosonde Data to Analysis and Forecasting
	CONTENTS
	PREFACE
	INTRODUCTION
	OPERATIONAL PROCEDURE
	TRAJECTORY CONSIDERATIONS
	ESTIMATION OF THE VELOCITY AND VELOCITY ERROR FROM CONSTANT LEVEL BALLOONS
	ESTIMATION OF THE GEOSTROPHIC WIND FIELD FROM CONSTANT LEVEL BALLOONS
	ESTIMATION OF THE VERTICAL VELOCITY FROM CONSTANT LEVEL BALLOONS
	COMARISON OF TRANSOSONDE DATA WITH CONVENTIONAL UPPER-AIR DATA
	SUMMARY
	REFERENCES
	APPENDIX 1
	APPENDIX 2
	APPENDIX 3



