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PREFhCE

This report was initiated upon a request from the Commander , Detachment 16 ,
9t h W~ ,ither Squadron , Lt Col James H. Wood . Impetus behind the request was the

-. k ’s ir e  t . ’ investigate Combat Control Team (CCT) procedures for taking mean
t’i~~~.’ Ct 1 V t  wind (MEW) observations in support of paradrop operation . These prc-
ce.~u r e s, r.~r the most part , are specified by MACR 3 3 .
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INTRODUCT ION

This technical note documents a study to compare mean effective wind velocities from
6WS (MOB) dual theodolite pibal data with those obtained by MAC Combat Control
Teams (CCT). Dual theodolite pibals were scheduled concurrently with CCT runs at
three—hour intervals beginning at 0000 LST. Additional concurrent pibals were
scheduled at 15—minute intervals twice daily from 0215-0300 and 1415—1500. Concur-
rent runs were also taken 10 and 30 minutes prior to all scheduled paradrop missions.
The study was conducted between 28 March and 2 April 1977 at the Marrion Drop Cen-
ter , Dyess AFB , Texas.

Prior to the study, it was decided that the 6WS (MOB) team would release 30-gram
balloons separately from , but simultaneous to , the CCT 10—gram balloon releases.
This was done so that independent results could be obtained without having the
CCTs deviate from standard equipment or procedures. At all times , distance from
the points of release (6WS and the CCT) was 1000 feet or less.

The two methods of obtaining mean effective winds (6WS and CCT) are discussed in
Chapter 1. In this chapter we have documented pertinent equations so that they
might be easily referenced for future studies of this nature . Chapter 2 discusses
the analyses of CCT measurement errors . We attacked the statistics from several
different vantage points in order to glean the most information from the rather
limited data sample . Perhaps the most relevant findings are those associated with
CCT speed measurement error . Chapter 3 discusses the impact of time lag between
CCT measurement and actual drop time. Chapter 4 contains methods which might be
used to approximate the mean effective winds using observed surface and flight
level (1000 ft) observed winds. It is hoped that such approximations might lead
to a routine method for spotting mean effective wind observations having a large
error. Finally, Chapter 5 concludes this report.
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CHAPTER 1

DATA REDUCTION

1. The Mean Effective Wind (MEW) is defined as the mean integrated wind through a
given layer of the atmosphere . It is the vector wind which will result in an air-
borne parcel’s displacement when the parcel ascends or descends through the layer.
Mathematica~.ly this wind is defined as (5):

MEW = ~.~~
2V (z)dz Equation 1

where H = Thickness of the layer
= Base of layer

= Top of layer

2. Combat Control Team procedures for computing the MEW from the surface to drop
altitude require that the vertical and azimuth angles be read, from a hand-held
Brunton compass, when the balloon theoretically reaches the drop altitude. The
vertical angle at which the balloon is observed is then converted to a mean speed
(based on the constant ascent rate tables given in MACR 3-3) and the azimuth angle
is used directly as the mean direction (magnetic) through the layer.

3. Since it is possible to calculate height directly from dual theodolite read-
ings, MEWs from 6WS (MOB) data were computed as follows:

a. Balloon heights were computed from dual theodolite data, using computer
processing.

b. Using the computed heights, angular data from the balloon release site
(Station A) were linearly interpolated between known levels to the drop height
(1000 feet in most cases). 6WS (MOB) dual theodolite readings were taken every 20
seconds, consequently the interpolation to obtain the 1000 foot angular data was
usually made between layers 200 feet thick or less. Examination of the data
between the layer below 1000 feet and the layer above 1000 feet indicated that
this method of interpolation was accurate.

c. Once the interpolated azimuth and elevation angles, ~ and 8, respectively,were determined at station A , the MEW was computed as follows:

MEW~ = ~~~~~~~~~ 
(tan8) (kts) Equation 2

where

.592 is a conversion factor from feet per second to knots.

T Time required for balloon to reach drop altitude , H (seconds).

H — Drop altitude height (feet).

e = Elevation angle at time T (degrees).

4. Appendix I lists the individual mean effective winds observed by 6WS (MOB)
(dual theodolite) and CCT members (Brunton Compass).

1
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CHAPTER 2

DATA COMPARISON

1. Dual Theodolite Accuracy. For the purpose of this study , dual theodolite
measurements are assumed accurate. The reason being that the time increments
used to compute mean effective winds to 500 or more feet were generally in excess
of 50 seconds. A study by Butler and Duncan (4), indicates that velocity errors

C 
from dual theodolite readings are less than one knot and six degrees for time
increments of 50 or more seconds.

2. Significance Tests. All but one of the significance tests in this report are
Student t tests. The one departure was a test which uses the general binomial
probability equation . Student t tests were chosen because our study uses data
samples of limited size and unknown population means . In this chapter we test the
significance of the CCT errors (departures from the dual theodolite MEW). In
chapter 4 we test the significance of the CC? error as compared to the errors
generated using a simple estimation formula derived by the British Meteorological
Office.

3. Average MEW 28 March—2 April. The average mean effective wind for the 72 dual
theodolite pibals talcen was 16.4 knots; this is mentioned because it indicates
the strength of the winds during the period of the study. A similar study con-
ducted by the AWS/Directorate of Aerospace Sciences, 1971 (1) , utilized 83 pibals
and obtained an average MEW of 11.6 knots. The relevance of the strong winds
observed at Dyess will be discussed later.

4. Ascent Rate of the 30—gram Balloon. The average ascent rate of 6WS pibals
was 582.23 feet/mm . This constitutes a considerable departure from the 750 feet/
m m .  ascent rate published in the MACR 3—3 tables for 30—gram balloons. It was
possible the 6WS balloons were not being weighted properly, but checks indicated
the procedures were correct. If ascent rates observed by the Dyess study are
accurate, this difference is significant in that a balloon assumed to be at a
height of 1000 feet would only be at 776 feet. The MEW consequently , would be
computed for a considerably lower altitude than that assumed. This may, or may not,
result in a considerable wind speed error, depending upon the vertical profile of
the wind. This is mentioned as the 10—gram balloon normally used by combat con-
trollers is very difficult to keep sighted when the MEW exceeds 20 knots. A
30—gram balloon , being larger, would be more visible.

5. MEW Speed Errors. Errors were analyzed as CCT deviations from the 6WS (MOB)
computed MEW. The following definitions apply to the given statistics:

Mean Error = 
~~~~~~ 

Equation 3

Mean Error i N  g t
Magnitude = z I~V~j Equation 4

1=1

1 N
R.M.S.E. = —~~~ ~~~V1

2 
Equation 5

where : N — Number of MEW comparisons
LW = MEW (6WS) — MEW (CCT); (Direction and speed are compared

independently)

It was noted earlier in this study that the greatest majority of speed errors took
the form of combat controllers underestimating the mean effective wind . Further-
more , it was stated that CCT measurement error increased as the mean wind speeds
increased. To illustrate this point, we have grouped our mean winds (as measured
by dual theodolite) into 3 speed ranges. These speed ranges , 0< IMEW~ <l3 kts ,
l3< MEWI<19.5 kts and IMEWI’19.5 kts , were chosen because each categoiy contains a
nearly equal distribution o? pibals. A change in the middle range of only + 1/2 kt
would have increased the mid-range count by 10 pibals. This would have coni~ as aloss of 5 pibals each to the low and highest s eed ranges. Items a, b, and c
below int’licate CC? measurement errors in these speed ranges. In addition , items
a, b, and c contain Student t tests ~or significance of the CC? error (8). The

2 
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test hypothesis was that the CC? error would reduce to zero ( i . e . ,  equal the MEW)
given an infinite number of pibals. M can be seen, the probability of this hypo-
thesis fails at the 1 percent level of confidence (t01’2.8). That is , the CC?
errors are clearly not related to chance.

Item d below , contains an error assessment for all speed ranges and a quantifica-
tion ot the degree of CCT underestimation (positive error). Perhaps the most sig-
nificant elements in item d are the two ratios which show that CC? underestimation
occurred in 53 or 74% of all observations and accounted for 85% of all the errors.
Regarding the former percentage , if the CC? errors were non—biased and normally
distributed , there would be an equal likelihood of underestimation and overestima-
tion of the MEW. That is. the probability should be .5 for making either a positive
or negative error. However , if we substitute our number of positive errors into the
general binomial probability equation (8k, we find that the probability of achieving
our error distribution is only 2.5 x l0 . Consequently, we must conclude that CC?
errors are not normally distributed and that a positive bias exists. The reason for
the bias is unknown.

a. MEW speed range 0< IMEW I<l3 kts:

Mean Error Magnitude 1.9 kts
R.M.S.E. 2.6 kts
Number Observations 25
t(24) 3.58
P(CCT — MEW) < .01

b. MEW speed range 13 kts <IMEW I 19.5 kts:

Mean Error Magnitude 3.1 kts
R.M.S.E. 3.7 kts
N umber Observations 23
t(22) 3.92
P(CCT MEW) < .01

c. MEW speed range >19.5 kts:

Mean Error Magnitude 5.8 kts
R.M.S.E. 7.2 kts
Number Observations 24
t(23) 3.86
P(CCT = MEW) < .01

d. All Wind Speeds.

Mean Error: 2.4 kts
Mean Error Magnitude: 3.6 kts
R.M.S.E.: 4.3 kts
Ratio: Positive error to mean magnitude (total) error: 0.85
Ratio: Numbe r of observations with positive error to

all observations: 0.74
Number of observations: 72
t(71) 7.3.
P(CCT = MEW) < .001

e. The above statistics indicate that wind speed affects CC? results . The
following comments are offered .

(1) There appear to be two likely reasons for the increase in CC?
measurement error when the mean speeds increase. First, during high winds the
balloon is extremely difficult to see with the naked eye after a short period of
time. Second, with high mean winds (low elevation angles), small angular measure-
ment errors result in large velocity errors. These reasons often show up coinci-
dentally. They can, however , be unrelated . For example, the first may only be a
balloon recognition problem , while the second can result from an irregular movement
of the compass.

(2) It is not understood why the CC? derived-MEWs are lower than the
actual MEWs; however, this tendency has two important ramifications

:3
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(a) Insofar as the aircrew is concerned , the largest error in MEW
observations would occur when the CCT reports the MEW in the 13—19.5 knot range.
This is definitely within paradrop operational range. Further , if the error occurs
at night , as did four out of the five soundings with errors greater than 10 knots.
then the surface wind usually would have quieted (2). Consequently, the only
indica tion of strong winds and possible error would be the aircraft doppler winds.

(b) If MEW underestimation is universal and not just a local pro-
bl~ m , d rop zone studies which are based on CCT measurements are l ikely to be
. if te ct e d. They will likely be over-opt imistic in forecasting an expected frequency
of favorable drop winds.

~~~. MEW Direction Error. In genera l , errors in threction were not si gnificant.
~‘he mean error in direcET~~ was 6.0° with an R.M.S.E. of 8.0°. It was noted that
ccr members most often reported winds to the nearest 10° and in some cases to the
:~ o t : c s t  5°. Therefore, the error falls within the range of report. No significant
ditection bias was noted . Of the 72 soundings 12 were in error 10 degrees or more
an5t three were in error 20 degrees or more.

“. Combined Effects of Speed and Direction Errors. The effect of speed and
direction errors is additive to the displacement of the parcel away from the drop

zone . Given a true mean effective wind (MEWt) and an observed value (MEW0); the
resultant wind vector (Vr) that will act to displace the parcel 

away from the drop
zone is given by:

Vr = {(MEWt)
2 

+ (MEWQ)
2 

— 2 (MEW t) (MEW0) COS 5~~ Equation 6

where ~ = azimuth error.

To obtain the final positioning error , mul tiply ‘
~r 

by the time durinq which the
parcel is acted upon by the mean wind and project tha t distance in the direction
of ~~ . Note that this e r ro r  is only the error caused from miscalculatinq the true
MEW . Errors originating from improperly conceived parcel ba llistics and parachute
deployment characteristics are not considered in this note. Therefore , based upon
our average error of 3.6 knots , a mean speed of 16.4 knots, an5l 6° direction error
we find an average resultant vector of 3.9 knots. Assuming a 30—yard positioning
error tor each knot speed error (1), we find an average error of 117 yards . When
the MEW speeds are greater than 19.5 knots , however, the average directional error
was 7° and the average speed error 5.8 knots. Based upon a mean speed in the
above range of 23 knots and a CCT underestimation of the winds , the resultant vector .4is 6.3 knots , thus yielding a 188—yard positioning error. In addition , assuming a
normal distribution for this speed range , the R.M.S.E. indicates approximately 32
percent of errors may be expected to exceed 7.5 knots or 226 yards. In other words ,
high winds Ire likely to result in large ‘~fl~ errors and correspondingly large para—drop displacement errors.  An inspection of surface wind climatology for Dyess J~FB
reveals that this was not an extraordinarily windy period . As mentioned earlier ,
the average MEW for the period was 16.4 knots . The corresponding average surface
wind was 7.5 knots and climatology tells us that surface winds for Dyess are 10 kts,
11 kts, 12 kts , 11 kts and 11 kts respectively for February , March , April , May and
June. It appears , therefore , that large measurement errors should be expected at
Dyess in the late winter and spring.

4
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CHAPTER 3

EFFECTS OF SHORT TERM TEMPORA L. VARIATIONS I N  WIND SPEED

To answer the question of “How representative is a MEW that was observed ten
minutes prior to drop time?’ , two one-hour blocks i~’ re scheduled each day
(0215-0300 and 1415-1500) with runs at 15—minute intervals in each block . We also
used data from MEWs taken at 20-minute intervals preceding paradrops. The vari-
ability f a c t o r  may then be expressed as variations for soundings  separated by 20
m i nu tes or less.

a. The avera ge MEW for all soundings with a data t < 20 minutes was 16.2 knots.
This differs from the total mean speed by less than 1 knot and is felt representa-
tive of the entire data base. The average short-term variability was found to be
1.7 knots with an R.M.S.E. of 2.1 knots . This compares f a v o r a b l y  with the
theoretical ~ .M.S.E. of 1.8 knots obtained using the formula R.M.S.E. = (1.5 +
0.1 MEW)x (t)~ (1). Consequently, we used this formula to compute an R.M.S.E. for
a t en -minu te  i n t e rva l  ( t i ne  of f i n a l  p ibal run taken pr ior  to paradrop) and found
an R.M.S.E. of 1.3 knots. If we consider the total variance in MEW to be the sum
of the variances due to observational error ~nd short term wind variation (1) wehave:

R.M.S.E. (All speeds) = ((3.6)2 + ( l .3)2)
½ 

= 3.8 knots
R.M.S.E. (V > 19.5 knots) = ((7.2)2 + ( l . 3 ) 2)½ = 7 . 3  knots

Using these values in equation 6, we find the resultant positioning vector increases
sl i gh t l y to 4.07 knots (122 yards) and 7.62 knots (229 yards). This represents an
increased drop positioning error of five yards for all wind speeds and three yards
for speeds greater than 19.5 knots . Thus, errors in estimating mean e f f e c t i v e  wind

• have a much larger impact upon positioning errors than do the short-term variations
in the wind.

5
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I r u t o m e s t L u ; ;  that f o r  our data , the estimation formulas did out-perform the CCT
measured MEWS jfl every speed ran ge. Additionally, unlike the CCT measurements , the
estimation technique showed no apparent tendency for overestimating or under-
estimating the true MEW . Whereas CCT measurements had a 74% positive error r at i o
lunderestimation ) our computations with the estimation technique resulted in an
overall positive ratio of only 55%.

(3) Usefulness as a check against CCT c ; ’ror .  Since  MAC must be ready to
conduct  paradrop operations on a globa l basis , it n;ust be acknowledged that the
o tt i n L it i O n  f o r m u l a  mi ght  riot prove accurate d u r i ng  different times of the year , or
at different locations. Ibowever , when analyzed with the data on hand , it worked
well. Moreover , c o m p u t a t i o n  is relatively easy and quick. After a short explana-
( i o n , our  o t f i c e  s t a f f  was able to make the compu ta ti ons , in less than 30 seconds ,
w i t h o u t  the aid of pencil  and paper.

b. The Martin Study. A secon d borrowed estimation technique was extracted
from a study by Martin et al , using the instrumented 14004 ft television towers at
Oklahoma City OK and Cedar Hill TX (7). The derived MEW approximation equations
were best fit curves to the tower data . The tower dat~u , in turn , were obtained
from several wind instruments located at various levels on the tower. The regres-
sion eguations (approximation formulas) were of the form MEW = a0 + a1V6+a2V1050.Separate equations were derived for four time frames during the day , and
for different months of the year. Our test data were verified against April
equations which was the closest month listed to the Dyess data . The results were
not as favorable as the British Method and are listed below .

(1) MEW Number of Estimation Formula CCT
Speed Range Observations R. M. S. E. R, M. S. E.

O ’IME W I -l 3 kts 20 5.2 kts 7.2 kts
13.fMEWT<19.5 kts 21 5.1 kts 3.7 kts
MEW ! 19.5 kts 21 3.0 kts 2.6 kts

All Speeds 62 4.5 kts 4.3 kts
Mean Error Magnitude : 3.3 kts

(2) Significance and Usefulness. The mean error magnitude of 3.3 kts is
27~ - jii:.r tot than the British method. The R.M.S.E.s were greater than the British
method t h r o ugh  a l l  ranges  01’ speed , and greater than the CCTs for all ranges but
the highest speed . Because o f  this , and the difficulty of having to use more than
one set of’ approximation equations , this method was deemed not as suitable to CCT
ot t e r at  ions as the British method .

c.  Direction Estimation. As a method of estimating mean direction , we tested
t h e  British method of subtracting 9 degrees from the 1000 ft wind . We also tested
the closeness of the 1000 ft wind direction to the mean direction . We found that
using straight 1000 ft wind directions gave the best results for wind speeds
greater than 13 kts. ‘rhe results follow :

1000 ft 1000 ft Wind Dir
(1)  MEW Number of Wind Direction Minus 9 Degrees

Speed Range Observations R.M.S.E. R.M.S.E.

0. ~MEW~~~l3 kts  21 26.8° 25.5°
l3~~ MEWf<l9.5 kts 21 1.70 8,8°

MEW ! ~19.5 kts 20 1.9° 8.6°
All speeds 62 15 .7° 16.5°

(2) Signifi~ anco. As can be seen , for speeds greater than 13 kts , MEWs
were estimated nearby as accurately using the 1000 ft wind direction as when
measured by dual theodolite pihal. For light winds (MEWs less than 13 kts) ,
directions were quite variable , hence the 1000 ft direction did not closely
approximate the mean .

7

‘ -  ‘—— - - ------ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—



CHAPTER 5

CONCLUSIONS

1. During this study , 72 dual theodolite pibals were compared with CCT mean m l
tive wind measurements, Resultant data were viewed from several different .
approaches to help us better understand the nature of the procedural errors which
might result from CCT observational methods. The data were also helpful in determin-
ing the accuracy of the two previously prepared objective MEW estimation techniques .
The following points summarize our findings.

a. The most significant error made by the CCT was in measurement of speed.
During this study the preponderance of the speed error resulted from an under-
estimation of the true mean effective wind . Recall that we assumed the dual
theodolite data correct. If so, the systematic underestimation of the mean wind
can presumably result in aircrews performing drops into what they feel are suitable
winds , when in actuality the winds are marginal or beyond limits.

b. Errors in measuring the mear~ direction were found to be within the limitsof reported values and are considered neglig ible . Similarly, temporal changes in
the wind speed were found most often to have little effect on the displacement of
the dropped parcel.

c. Two approximation techniques were presented . Of the techniques , the
British method fit the Dyess wind speed data quite well. Mean direction was best
approximated for speeds above 13 kts directly from the 1000 ft wind direction .

2. Whether the results of this study are applicable to other times of the year ,
or different locations , is open to question . The data sample is relatively small
and time—compressed. However , despite the size and time limitations , this study
agrees quite closely (where comparison is possible) with the findings of the AWS
Special Study of 1971 (1). As a consequence, our findings that CCT error increases ,
with increasing wind speed suggest relevance to different times and locations.
Finally , since errors made during high wind situations are potentially large ,
further research appears needed to develop methods of providing systematic checks
for CCT observations. The mean effective wind approximations provided , indicate
such checks are likely to exist.
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Appendix I
OBSERVED MEAN EFFECTIVE WINDS

6WS COMBAT CONTROL TEAM
DATE ! (DUAL THEODOLITE) (BRUNTON COMPASS)
LOCAL TIME *DIR/SpD **DIR/SPD

28/1900 222/19.5 210/15
1921 223/18.1 220/14
2030 238/28.9 220/15
2 112 246/31.1 240/ 18
2217 268/24.0 260/13

29/0000 294/21.2 290/2 1
0215 313/11.0 300/09
0245 314/7.7 310/05
030 0 308/6.8 310/06
0600 142/6.7 120/06
0900 107/9.5 100/10
1200 210/ 14.2 200/ 13
1415 223/23 .5 215/ 19
1430 226/28.2 210/30
1445 237/24.2 235/23
1500 254/25.1 225/13
1800 261/26.9 245/27
2030 347/11.0 320/12
2050 004/6.5 350/07

30/ 0025 012/11.4 350/ 13
02 15 344/ 16.6 330/11
0230 340/16.9 330/13
024 5 339/ 14.5 330/11

30/0300 334/12.9 330/11
0605 357/ 12.6 350/12
0846 359/6.4 360/10
0906 023/4.3 010/08
0921 027/7.2 010/15
1.201 029/9.8 020/11
1415 038/8.5 030/05
1430 057/8.0 037/08
1445 042/5.8 005/08
1500 — 

‘ 025/ 07
1800 040/ 10.8 030/ 13
1830 045/11.2 030/11
1850 047/12.5 040/13
1940 082/12.7 070/12
2000 085/ 11.8 07 0/ 12
2030 — 070/ 12
2120 104/15.7 090/13

31/0001 116/16.6 100/14
0215 111/20.1 090/13
0230 107/ 18.9 100/ 15
0245 103/19.3 090/16
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6WS COMBAT CONTROL TEAM
DATE! (DUAL THEODOLITE) (BRUNTON COMPASS)
LOCAL TIME *OIR/sPD **DIR/SPD

0300 097/20.3 090/16
0600 090/17.8 080/21

31/0902 085/14.6 070/14
1201 104/14.7 100/11
1415 1.12/ 12.7 100/07
1430 115/15.4 110/10
1445 120/14.0 105/19
1500 121/16.4 110/07
1800 132/20.1 120/14
2040 140/14.7 130/13
2056 139/16.3 120/16
2150 142/14.3 130/13
2315 150/19.1 130/18
2350 151/19.6 140/23

01/0001 153/20.0 130/19
02 15 169/28.7 160/18
0230 173/28.1 160/19
024 5 173/26.7 170/18
0300 172/23.4 160/15
0900 208/18.3 190/16
1200 — —
1415 — —
1430 — —

1445 207/18.3 195/23
1500 213/ 19.8 190/13

01/1800 205/21 .6 200/ 19
2100 — —

02/0000 292/24.6 280/19
0215 304/20.7 270/20
0230 307/19.7 280/21
0245 303/18.7 300/18
0600 297/ 15.5 280/ 16
0900 292/ 13.0 280/ 10
1200 321/5.7 285/05

* 6WS (MOB) Observed True Direction

** CCT Observed Magnetic Direction

A1-2
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