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1. Introduction

On 31 August 1974 (Julian Day 234) aiid 15 September 1974 (Julian 
Day 258), the NCAR Electra and the NOAA RFF DC-6 flew L-shaped patterns 
roughly along and crosswind at several levels in the vicinity of the 
U. S. Coast Guard Cutter DALLAS. On both occasions, the DALLAS 
Boundary Layer Instrument System (BLIS) was operating: on the former 
day, in the profiling mode, and on the latter day, in the fixed level 
mode. The suppressed and relatively uniform conditions that occurred 
on both days provided an excellent opportunity for comparison of data 
from the three systems.

Measurements of wind, temperature and mixing ratio are compared 
and, in general, the agreement is good. However, there are small 
biases which must be removed in the final analysis. With care, one can 
remove these biases, and at the same time get a rather complete picture 
of the variation of the planetary boundary layer in both space and 
time, as will be shown in the latter part of this paper. No detailed 
description of instrumentation appears here. The interested reader 
may find this information in the GATE Aircraft Plan, and from the 
authors.

2. Flight Patterns

The fair weather L-shaped (5B1) flight pattern, flown on the 31st 
of August and the 15th of September, are shown in Figures la and lb, 
respectively. Alignment of the legs, in both cases, is roughly along 
and across the wind. The levels of the pattern were set after consul
tation with the DALLAS: hence the flight levels on the 15th were set 
to correspond to the altitudes of the fixed level sondes.

* The National Center for Atmospheric Research is sponsored by the 
National Science Foundation.
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The times, heading, and altitudes of each level for each aircraft 
can be extracted from Figures 2 and 6. The alert reader may have noted 
that the DC-6 headings and leg length do not correspond exactly to those 
in Figure la. Because of its lower speed, and a commitment to fly 
L-patterns in the vicinity of the METEOR the DC-6 legs were shortened 
to 20 nm. Its headings were modified for better alignment with the wind.

3. Data Reduction

a. Aircraft data

The aircraft data used here were extracted from the computer 
printout available in Dakar. This output, available for each U. S. 
aircraft, listed once each ten seconds, a number of parameters 
describing the meteorological conditions and aircraft position. For 
the Electra, each number represented a one-second average, while the 
DC-6 data were "instantaneous" readings. These data were in physical 
units obtained from preliminary calibrations and simplified equations.

Considerable scatter existed in the uncorrected wind profiles for 
both days, which were constructed from averages over each leg (for leg 
times, see Figures 2 and 6). This scatter was removed by assuming 
that error along the aircraft axis is entirely due to true airspeed 
bias, and that the error normal to the aircraft axis is from neglect
ing the sideslip angle in the simplified wind calculations. Both types 
of error remain roughly constant in magnitude, and reverse in sign 
for reverse heading.

For the Electra, in a right handed coordinate system with the 
x-axis pointed forward along the fuselage and the y-axis pointed 
90 degrees counterclockwise looking downward on the aircraft plane, 
the corrections were as summarized in Table I.

Table I

True Air Emperical Sideslip
Aircraft Date Speed Bias Angle Correction

Electra 31 Aug. .9 m/sec 1 .0 m/sec

15 Sept. .9 - . 2

DC-6 31 Aug. 1.85 -1.4

15 Sept. .6 1 .2

Further, some bad points in the Electra wind profile, which had 
"glitches" uncorrectable. from the Dakar data, are not included in the 
plots.

No corrections were attempted for temperature and mixing ratio 
data. Mixing ratios were computed from the temperature and dewpoint
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r
(for the Electra, the "Left hand" dew pointer, and the "Fuselage 
Temperature"), using the Goff-Gratch formula for vapor pressure 
(List,1963).

b. BLIS data reduction

i. Fixed level data (15 September)

The September 15 data was recorded from three sondes, fixed 
at about 350, 640, and 940 m, at a rate of once each 4 seconds.
Temperature and mixing ratio data represent lh minute averages, taken 
from the center of each of the 10 five-minute periods for which the 
Electra was closest to the DALLAS. Wind speeds were averaged over 
the entire period of the aircraft flight pattern and were not corrected.

Temperature and pressure values for each sonde were corrected 
by interpolating between pre-flight and post-flight calibrations. For 
the top sonde, deployed at 940 m, the shift in pressure with time was 
so severe (about 40 mb in four hours) that the values were meaningless, 
so instead, we determined the pressure by first finding the difference 
between pressures of the top two sondes at initial deployment, and 
then subtracting the difference from the pressure of the lower sonde.

ii. Profile data (31 August)

The 31 August data are from a single sonde, deployed through 
seven profiles, with the first ascent at 1438 GMT and the final descent 
ending at 1800 GMT. Each profile traveled from deck level (approximately
10 m) to 1000 m, at a rate of slightly less than 1 m/sec. Wet and dry 
bulb temperatures were corrected for the lag time of the sensors, on 
the order of 20 seconds, using the uncorrected profile and the sonde's 
rate of travel through it. In addition, spurious isothermal layers, 
caused by crosstalk between resistance and capacitance oscillators 
in the sonde, were removed assuming linear variation between the 
top and bottom. Sonde pressures were corrected using the same pro
cedure as for the fixed level mode. Wind speeds are, again, uncorrected.

Pressure altitudes were computed from corrected sonde pressures 
for both days using an algorithm based on the NACA standard atmosphere 
which duplicates the pressure-altitude relationship on the Electra 
and DC-6 computer output:

Z = 44307(1 - (P/1013.25),19°284) (1)

where Z is the altitude in meters, and P is the sonde pressure in 
millibars. Since this formula assumes a surface temperature of 
288°K, as opposed to the GATE surface temperatures of around 300°K, 
it underestimates the heights in the GATE environment by about 4% - 
but recall - it does so for both the aircraft and the BLIS.
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4. Results - 31 August

Weather conditions on the 31st were suppressed, with maximum cloud 
tops during the pattern estimated at about 6000 feet. Cloud base was 
reported by R. Grossman on the Electra as uneven. Aircraft films 
suggested that the cloudiness was decreasing with time. A few isolated 
clouds produced rain which reached the sea surface, but no significant 
rain was encountered by either aircraft. These showers tended to be 
in the eastern part of the pattern, where cloudiness was slightly 
greater.

The observed temperatures and mixing ratios from the two aircraft 
and the BLIS appear in Figures 2 and 3. Each point in the Figures 
represents an average over a single leg of the L, the times of which 
are given next to the corresponding letter or number at the top of 
Figure 2. Temperature and mixing ratio readings for the two aircraft 
show good agreement: the DC-6 measurements shown by the lettered 
triangles in Figure 2, are about 0.5C warmer and 0.6 gm/kg drier than 
the Electra measurements, shown by the numbered circles.

BLIS temperatures in Figure 3 are averaged over the entire period 
(1438-1801). They agree almost exactly with those of the Electra, 
except at the 900 mb level, where the BLIS is about .7C higher. BLIS 
mixing ratios seem spuriously dry, especially at the higher levels.

Figure 4 shows the components of the wind, in convectional 
synoptic coordinates, with the U and X axis pointing east, for both 
aircraft. Even though some, scatter remains (all of the sideslip could 
not be removed assuming a constant value, and inertial navigation 
system-induced errors still remain), at no time do the differences 
between aircraft winds exceed one meter/sec. The BLIS-derived wind 
speed, which appears in Figure 5, falls at the center of the scatter 
of the V-component, which is, on this day, essentially the average 
wind speed.

5. Discussion - 31 August

The temperature and mixing ratio profiles in Figures 2 & 3 are 
fairly typical of those found in the tropics in suppressed conditions. 
The aircraft data indicate a mixed layer depth between 400 and 550 m; 
with the BLIS we can pinpoint the depth at about 450 m. Cloud base, 
from aircraft films was about 100 m higher.

We can determine the space variation for this day by comparing 
the averages for the eastern (roughly north-south) and western (roughly 
east-west) legs of the pattern. Figure 2 indicates that the air was 
warmer and drier on the western part of the pattern by about .15-.2C 
and .2- . 8  gm/kg. The warming and drying to the west suggests a cloud 
base (CCL) increase of up to 50 m, with more clouds in the east.
The greater cloudiness in the east is consistent with observation; the 
change in cloud base was too small to be observed.
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r
Time variation at most levels appears to be very small; however, 

the aircraft data do suggest a very slight warming with time. As 
evidence of this fact, note that the DC-6 measurements, which were 
made at a later time than those of the Electra, are warmer and drier 
than those of the Electra. This difference is slightly greater for 
those legs flown two hours after the Electra than for the legs flown 
about an hour later. This is in agreement with the observed decrease 
in cloudiness with time.

Although the space variation may be sufficiently large to be 
taken into account in fine-tuning of intersystem differences, the time 
variation probably is not. In support of this statement, the aircraft 
BLIS measurement differences for roughly corresponding times (taking 
the BLIS values to be an average from 4 profiles centered around the 
time of the aircraft value) revealed essentially the same differences 
as one obtains from comparing Figures 2 and 3.

6 . Results - 15 September

Conditions on this day were even more suppressed than on the 31st, 
with no rain sighted. More cloudiness was reported in the western 
part of the area, where cloud base was reported as slightly lower than 
in the East. The BLIS was operating in a fixed level mode, with sondes 
at 355, 645, and 940 m, for the duration of the aircraft flight pattern.

The average temperature and mixing ratio profiles from the two 
aircraft appear in Figure 6. As in Figure 2, each point represents 
the average over the time indicated next to the corresponding letter 
or number at the-top of the page. The location of the pattern appears 
in Figure lb. The aircraft show excellent agreement at the levels for 
which data are presently available, with the DC-6 measurements only 
.3C warmer and .2 gm/kg drier than those of the Electra. The BLIS 
data, for the levels at which both aircraft have data, shows no 
appreciable change during the time the aircraft flew them, so the half 
hour time lag between aircraft will not make a significant difference 
in the apparent differences between the systems. Winds are shown, in 
coordinates with the X-axis pointing east, in Figure 7. Again, the 
differences in wind for a corresponding leg are less than 1 m/sec.

BLIS and aircraft measurements are compared in Table 2. Here, 
we use data from the east-west legs of the "L" pattern, since these 
legs are upstream from the DALLAS. Temperature differences are .7C 
or less, and mixing ratio differences for the 355 and 940 m levels are 
.4 gm/kg or less; but there is a 1.3 gm/kg discrepancy at 640 m. Agree
ment in wind speed measurements from the BLIS and the Electra, from 
Table 2, is rather good. Note that the Electra average wind speeds 
were not extracted from Figure 7, which displays average wind components.
We would expect the average wind speed to equal the magnitude of the 
average wind vector only for winds of constant direction. The good 
agreement between the aircraft average wind vector at 355 m in Figure 7 
and the average wind speed at the corresponding level in Table 2 
is traceable to this constancy in direction, as is the good agreement
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between the winds in Figures 4 and 5 for August 31.

TABLE 2

Comparison of Temperature, Mixing Ratio, and 

Wind Measurements from Electra and BLIS

H E I G H T  T I M E  T E M P E R A T U R E  M I X I N G  R A T I O  W I N D  S P E E D  M I X I N G  R A T I O

(m) (GMT) (°C) (gm/kg) (m/sec) (for m a t c h e d  times)

E l e c t r a BLIS E l e c t r a B LIS E l e c t r a BLIS E l e c t r a BLIS BLIS

355 1 400-

1407

1230-

1600

22.9 23.2 15.4 15.8 3.6 3.4 15.75

640 1 305-

1313

II II
21.2 21.2 1 2.0 13.6 2.1 2.6 12.95

940 1 3 2 1 -

1329

II II
19.4 20.1 11.6 11.9 1.0 1.4 12.0

7. Discussion - 15 September

The temperature and humidity profiles for 15 September, like 
those for the 31st are typical of suppressed conditions. The well 
mixed layer extends to about 500 m, with cloud base at about 600 m.
The cloud base height, which is about 50 m higher than that for the 
31st, is related to the relative dryness of the air: mixing ratios 
on the 15th are about 1 gm/kg lower than those for the 31st.

Both aircraft and BLIS data show a deepening and moistening of 
the mixed layer with time. Changes were most pronounced around 500 
to 600 m, where the air became progressively cooler - and especially 
more moist - with time. Accounting for this trend in the BLIS data 
led to a marked improvement in the agreement between aircraft and BLIS 
humidity data at 640 m, as seen from the last column in Table 2. 
Matching of BLIS and aircraft times had no effect on the temperature 
differences.

Figure 6 shows that the western, east-west leg of the "L" pattern 
is about .2 gm/kg more moist than the north-south leg. No detectable 
temperature change exists, however. Based on a rough estimate with an 
adiabatic chart, this can mean up to a 50 m difference in cloud base 
(LCL), and indeed this is reflected in the cloud-schematic constructed 
by Moncrieff, which appears in Figure 8.

Wind data showed far more variation on the half-hour to hour time 
scale, than it showed any trend. In fact, as seen from the time series 
of the BLIS winds in Figure 9, there are variations of an order of a
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half hour to an hour, with amplitudes equal to that of the total wind. 
There are variations corresponding to these features in temperature 
and mixing ratio, but of much smaller amplitude. Based on a sketch by 
M. Montcrieff, who was flying on the Electra, there are a number of 
possible explanations: roll vortices, whose presence is suggested by 
cloud lines in the western part of the pattern, and which may be too 
weak to reach the LCL in the eastern part; some sort of transverse 
wave motion, which is at least occurring higher up, as revealed by the 
altocumulus in Figure 8; or, perhaps, convection cells. The aircraft 
data are currently too coarse to resolve this question.

It is interesting to note that these excursions have a significant 
effect on the wind average from the BLIS: for example, removing one 
of the three more spectacular excursions, results in a reduction in 
the average wind over an hour of .5-.7m/sec, and over the entire three 
and one half hour period, a reduction of the average at each level by 
.2 m/sec.

8. Conclusions

A comparison of preliminary data from the Electra, the DC-6 , and 
the DALLAS boundary layer instrumentation system (BLIS) for two fair 
weather days in GATE, 31 August and 15 September, shows that the 
instrumentation in general is in good agreement. Temperatures from 
the three systems, after matching in space and time, agreed to within 
less than a degree Celsius, and mixing ratios, with the exception of 
the sonde used on the 31st of August, within less than 1 gm/kg. Air
craft were in agreement to within about 1 m/sec, with the BLIS winds 
agreeing to this tolerance or better - and on the 31st of August 
actually falling at the center of the aircraft "scatter".

These two days are used as examples to show how these two types of 
platforms can be used together to present a more complete picture of 
the planetary boundary layer than either one used singly. Aircraft 
can present an excellent picture of the variation in the horizontal, 
from the scale of the flight pattern, down to turbulence scales when 
the gust probe data is used, as well as fluxes in the horizontal and 
vertical. The tethered balloon, on a profiling day, can provide much 
higher resolution vertical profiles on which important features, such 
as the top of the mixed layer, cloud base, or maxima in the wind 
profiles, can be spotted with accuracy limited mainly by statistical 
sampling. Further, the balloon can follow the time evolution of the 
profile far better than the aircraft: the time for one BLIS profile 
is 20 minutes, the time for an aircraft profile, in the flight patterns 
discussed here is almost ten times that long. On a fixed level 
operation day, the BLIS provides a continuous picture of the profiles, 
and "sees" turbulence and convective structure in much more detail in 
the horizontal and the vertical.

Reference

List, Robert J., 1963: Editor of Smithsonian Meteorological Tables, 
Washington, Smithsonian Institution, p. 340.
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Figure 1. Approximate flight tracks of the NCAR Electra and NOAA 
DC-6 for (a) 31 August, and (b) 15 September 1974.
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ELECTRA AND DC-6 31 AUGUST 1974
DC-6 (a)ELECTRA o ) ELECTRA (cont.)

RUN START FINISH HEADING RUN START FINISH HEADING

1 143850 144340 64 9 160230 160850 60

2 144710 145400 148 10 161230 161910 150

3 145850 150510 320 11 162350 163010 330

4 150750 151430 240 12 163340 164000 240

5 151900 152600 56 13 164620 165140 60

6 152900 153540 150 14 165530 170440 150

7 154020 154640 330 15 170600 171550 60

8 155030 155710 240

RUN START FINISH HEADING

A 155030 155600 60

B 155900 160430 160

C 150740 161400 340

D 161610 162130 240

E 162450 163010 61

F 163220 163740 160

G 164150 164640 340
H 164930 165520 240
I 175140 175710 69

J 175840 180410 161
K 180720 181200 342

L 181530 182010 252
M 182420 182910 44

16 17 18 19 20 21 22 23 24 25 26 27 

TEMPERATURE (°C)

10 I I 12 13 14 15 16 17 18 

MIXING RATIO (gm/kg)

Figure 2. Temperature and mixing ratio profiles for the Electra 
and DC-6 for 31 August. The points in the figure 
represent averages over the times at the top of the 
figure next to the corresponding letter or number.

- 1 0 -



Z 
(m

et
er

s)
 

Z 
(m

e
te

rs
)

GATE INFORMATION BULLETIN No. 7 25 June 1975

DALLAS BLIS 31 AUG 1974 1438-1801 PROFILING MODE

TEMPERATURE (°C) MIXING RATIO (gm/kg)

Figure 3. Temperature and mixing ratio profiles for the DALLAS
BLIS for 31 August, averaged over seven profiles, from 
1438 to 1801 GMT. BLIS was in profiling (POP) mode.

ELECTRA AND DC-6 31 AUGUST 1974
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Figure 4. Wind components for 31 August. The points in the figure 
represent averages over the times next to the correspond
ing letter or number at the top of Figure 2. -11-
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Figure 5. Wind speed profile for the DALLAS BLIS, 31 August,
averaged over seven profiles, from 1438 to 1801 GMT. 
BLIS was in profiling (POP) mode.
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ELECTRA AND DC-6 15 SEPTEMBER 1974
ELECTRA (©) ELECTRA (cont.) DC-6 (a )

RUN START FINISH HEADING RUN START FINISH HEADING

1 1252 1302 180 9 1437 1446 180

2 1305 1313 270 10 1449 1458 270

3 1321 1329 090 11 1503 1512 090

4 1332 1340 0 12 1514 1523 0

5 1348 1358 180 13 1527 1536 180

6 1400 1409 270 14 1539 1547 270

7 1413 1422 090 15 1551 1600 090

8 1425 1433 0

RUN START FINISH HEADING

A 1223 1236 180

B 1238 1248 270

C 1251 1302 090

D 1304 1314 0

E 1316 1328 180

F 1330 1343 270

G 1346 1400 090

H 1402 1414 0

1 1419 1429 180

18 19 20 2!  22 23 24 25 26 27 9 10 I I 12 13 14 15 16 17 18 

TEMPERATURE (°C) MIXING RATIO (gm/kg)

Temperature and mixing ratio profiles for 15 September.
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Figure 7. Wind components for 15 September. The points in the

figures represent averages over the times at the top of 
Figure 6 , next to corresponding letters or numbers. -13-
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9° 00’ N j— Cu line sighted around 
1440. Developed 
more on later 
runs.

8° 50'

Cumulus organization developed 
during day. Evidence of single 
line on 12:20 photo. Best 
developed at about 1500.
Weak organization.

8 30’ HP. 

s!i° a.

Altocumulus with tops at about 
4 km. First seen on initial 
leg. Dissipated by breaking 
into smaller scale perpendicular 
bands and cells around 1330. 
Oriented approximately along 
4 km wind direction.

L
23° 00' 22° 50' 22° 40'

_L
22° 30' 2?° 20' 22° 10' 22 °  0 0 '

Figure 8. Schematic diagram of cloud organization on 15 September.
The drawing is adapted from a sketch by M. Montcrieff, 
who was flying on the Electra.
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Figure 9. Time series of wind speed from the DALLAS BLIS. Each 
point represents a 2.3 minute average. The system was 
in fixed level (FLOP) mode.
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INTRODUCTION

This discussion outlines the processing steps used by CEDDA to reduce 
radiosonde data recorded at sea during GATE by Beukers Laboratories Incorpo
rated (BLI) systems aboard the GILLISS, DALLAS, and OCEANOGRAPHER and the 
NASA Mississippi Test Facility (NfTF) system aboard the RESEARCHER. Some re
sults of this processing from the DALLAS and OCEANOGRAPHER during Intercom
parison Periods I and III A'and early Phase I are presented. The OCEANOGRAPHER 
Phase I data has a special significance since the VANGUARD, equipped with a 
high precision tracking radar, lay nearby and simultaneously tracked many 
OCEANOGRAPHER radiosondes. We have direct comparisons of VLF and very accu
rate radar winds. An example of VANGUARD winds and some preliminary conclu
sions about the accuracy of VLF winds are given below.

A considerable amount of controversy has been associated with the BLI 
system, especially the VLF winds. Our experience has been quite limited, 
but some outlines of the final picture are beginning to emerge. All flights 
logged by the operators on the GILLISS, DALLAS, and OCEANOGRAPHER as having 
been tracked during all three Intercomparison Periods were recoverable from 
tape and processed. Many of these, including all taken by the GILLISS and 
those during Intercomparison Period II by the OCEANOGRAPHER were discarded 
because the radiosonde was furnished by another ship and the correct baro- 
switch, thermistor, and hygristor calibrations were not available. Generally 
speaking, the quality of the met and wind data was good. The accounting of 
the 35 scheduled OCEANOGRAPHER-VANGUARD flights during early Phase I is much 
less satisfactory. The OCEANOGRAPHER experienced many BLI system hardware 
problems. Of the 35 flights, 17 can be compared from the magnetic tape data 
although a few more may be recoverable by manually processing strip chart 
data. Two were lost because of BLI hardware failure before launch, 3 from 
a failure of the VANGUARD to write a digital tape, 1 from sonde failure, 3 
from attempts to use Omega, and 9 from an inability on our part to recover 
sufficient data from the OCEANOGRAPHER magnetic tape. The quality of both 
the met and wind data was significantly lower than that taken during the 
Intercomparison Periods.

At this writing (May 1975), no RESEARCHER data has been processed. 

PROCESSING JOB STEPS

Both the BLI and MTF data must pass through similar job steps. The basic 
input data telemetered from the radiosonde and processed sufficiently in real 
time to be written digitally on magnetic tape consists of:

1 . pressure, temperature, humidity, and reference frequencies each 0.8 
seconds

VLF or Omega phase measurements each 10.0 seconds. The job steps 
described below accept this and other supplementary data to produce 
an archive data record consisting of:

a. time from launch - t (seconds)
b. pressure - p (millibars)
c. height - z (geopotential meters)
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(

d. temperature - T (degrees Celcius)
e. temperature error - Oj (degrees Celcius)
f. specific humidity - q (grams H2oAilogram moist air)
g- specific humidity error - Oq (grams H2oAilogram moist air)
h. wind u component - u (meters/second)
i . u component error - au (meters/second)

j • wind v component - v (meters/second)
k. v component error - av (meters/second)

The 11 data appear beginning with launch level pressure and at each pressure 
level exactly divisible by 5 millibars thereafter to the end of the flight.
Z, T, q, u, and v represent our best estimates at the corresponding pressure 
level. T and q are based upon 0.8 second data spanning 5 millibars centered 
on the pressure level, u and v are based upon the 10 second Omega or VLF 
phase data spanning 120 seconds centered on the pressure level. All are de
rived by least squares fitting a second order polynomial to the span of data 
and using the polynomial value at the pressure level as the archived value. 
While not rigorous averages, T and q may be approximately visualized as esti
mators of 5 millibar averages and u and v as estimators of 1 minute averages.

The error estimates aT , a^, au , and av are proportional to the square 
roots of residual variances from polynomial fitting. As such they are a 
measure of randomness and do not reflect any systematic or bias errors. We 
have no data by which we can evaluate the reality of oT and On, but in view 
of their small magnitude (commonly a few tenths of degrees ana a few hundredths 
of grams/kilograms), we expect systematic errors will exceed random errors 
when comparison data is available. From the OCEANOGRAPHER-VANGUARD inter
comparison data presented in detail below, au and av are quite realistic.
Since these error estimates are quality estimates of the data and are being 
used as data quality and validation flags, users of GATE upper air data must 
make the effort to understand their significance.

It is also important to note that the processing software is designed 
for production; i.e., to process a large number of flights at one time. As 
a consequence, extensive coding exists to ensure that as nearly all flights 
will be processed to conclusion so that specific flight-by-flight difficulties 
can be clearly identified from the output and are of a type which can be cor
rected by subsequent job steps and if an error condition, leading to either 
normal or abnormal program termination, does occur the Processing of subse
quent flights can proceed. The volume of data handled in one job step, 
commonly 30 or 40 flights, requires extensive file management capability.
The software is not suitable for handling flights on an individual basis.

BLI data processing consists of 5 job steps.

I Tape Reformatting

Several raw data tapes are stacked on a single reformatted tape with a
modified file structure to simplify subsequent processing and to provide
a working copy of original data. All BLI header and data records are 
unchanged.

-18-



(

GATE INFORMATION BULLETIN No. 7 25 June 1975

II Primary Production

The reformatted tape is the principal input. Supplementary input files 
included manually recorded data such as launch time, burst time, baro- 
switch setting information, serial numbers, etc.; ship boom surface data 
to provide the first archive level and to initialize thermistor and hy- 
gristor lag corrections; ship navigation data for computing differential 
VLF or Omega winds; velocities of propagation between Omega tmasmitters 
and the GATE area as a function of time of day and bi-weekly period; and 
corrections to the operators time initialization of the BLI mag tape data.

The principal outputs are hard copy processing diagnostics and informa
tive messages and a magnetic tape. Aside from system messages describing 
processing access to the supplementary files and conflicting data messages, 
the hard copy output of most interest to this discussion are the Omega/VLF 
phase plots and SNR quality flags output each 10 seconds and the results 
of matching the observed baroswitch pattern with the known pattern. The 
magnetic tape contains, for each flight processed, the archive data at 
5 millibar intervals and scratch records containing all the data used 
to compute winds at each 5 millibar level.

Since the primary production is the most important processing step and 
is designed to process from raw data to an archive product, the steps 
taken should be detailed. Met data processing consists of the following 
steps:

1. Correction of p, T, and RH frequencies by the smoothed 2000 Hz refer
ence.

2. Extraction and smoothing of the 1000 Hz reference frequency from the 
p frequencies.

3. Detection of baroswitch contact leading edges and contact type from 
the pressure frequencies. Contact types are defined by transitions 
from 1000 to 1200, 1400, or 1600 Hz and should occur in a known se
quence throughout the flight.

4. Computation of thermistor and hygristor resistances from the T and 
RH and smoothed 1000 Hz reference frequencies using frequency-to- 
resistance transfer equations.

5. Computation of temperature from resistance-to-temperature transfer 
equations for various thermistor lot numbers and the factory cali
brated resistance at 30°C.

6. Computation of RH from a resistance-to-RH transfer equation and 
the factory calibrated resistance at 33% RH.

7. Editing of temperatures and relative humidities to remove wild data 
and other outliers (Ref. 1).

8. Contact numbers, types, and factory calibrated pressures are merged 
with the observed contact types and times from (3) above and a cor
respondence between time and pressure established at each contact.
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9. Logrithmically interpolate pressure between contacts to establish 
a pressure at each 0.8 second interval.

10. Compute radiosonde ascent rate using the equation:

p(dz/dt) = - (dp/dt)gQ

p = density (kg/m3)

z = geometric height (m)

t = time (sec)

p = pressure (Pascal)

gQ = 9.80 (m/sec2)

11. Lag correct temperature using the equation:

Tc = tt (dT/dt) + T

T^ = lag corrected temperature (°k)

XT = 9.77/ (p dz/dt) 0A3 (sec)

T = uncorrected temperature (°k)

t = time (sec)

12. Lag correct the hygristor temperature by solving the equation:

T„ CdTHC/dt) . Thc ■ Tc

TH(, = lag corrected hygristor temperature (°k) 

t h = 36.0/(p dz/dt) (sec)

Tc = lag corrected thermistor temperature (°k)

t = time (sec)

13. Correct relative humidities above 33% for temperature dependence of 
the resistance-to-RH transfer equation used in (7) above.

14. Correct RH for the hygristor temperature using the equation:
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RHc = corrected relative humidity (%)

RH = relative humidity from (14) above (%) 

Tp£ = lag corrected hygristor temperature (°k)

Tc = lag corrected thermistor temperature (°k)

e (T) saturation vapor pressure at temperature 
T (Ref. 2) (P;(Pascal)

15. From p, Tc , and RHC computed above, compute specific humidity q 
and geometric height. (Ref. 3)

No corrections have been applied for radiational heating or cooling of 
the thermistor or hygristor, nor for any variations in the resistance- 
to-RH transfer equations for different hygristor manufacturing lot 
numbers, nor for transfer equation temperature dependence below 33% RH.

The basic ideas and algorithms used in wind data processing are de
scribed in reference 4. This reference focuses upon elliptical geo
metry while the primary processing uses hyperbolic geometry. In either 
case, the winds computation algorithm requires estimates of VLF or Omega 
transmitter phase errors. These are obtained by first converting phase 
to radio range as described in the reference, then least squares fitting 
a second order polynomial (Ref. 1) to 390 seconds of phase data (40 10 
second frames), successively eliminating outliers and recomputing the 
polynomial coefficients until no more outliers are detected. The error 
estimate Oj of each radio range Rj is the following expression:

a.
3

O2 + (R. - R . ) 2 
J J

N
a2 = (1/(N-3)) Z (R - 

j = l 3

ao, ai, &2 are the final polynomial coefficients

t. = time 
3

Baroswitch Corrections

Based on a review of the hard copy output from the primary processing job 
step and the met data strip charts recorded at sea, flights with incorrect
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or incomplete baroswitch contact identification and sequencing are cor
rected by reprocessing with software identical to that used in the primary 
processing step above except for having provisions for introducing spe
cific baroswitch sequencing instructions for each flight.

IV Met and Wind Data Reprocessing

Based on a review of the transmitter phase plots and SNR quality words 
output by the primary processing, transmitter phase jumps and outages 
or other erratic behavior are identified and their time or range of times 
of occurrence coded on punch cards. Using the tape created by the primary 
processing and updated by the baroswitch correction job step, the following 
reprocessing steps are taken.

Met data is corrected by accessing the 5 millibar archive data records.
When Op > 1.0°C, temperature is flagged. When Oq > 0.99 g/kg or 
aq/q _> 5.0 or RH > 100% humidity is flagged. Flagged met data is inter
polated when possible. The flight is truncated if extrapolation at the 
top of a flight is required. If temperature is interpolated, specific 
humidity is recomputed. If either temperature or humidity or both is 
interpolated, all subsequent heights are recomputed. All heights are 
converted to geopotential meters.

Wind data is corrected by accessing the scratch records containing all 
data used to compute winds

1. Correcting transmitter jumps identified in the punch cards and re
computing affected winds hyperbolically if possible.

2. Identifying transmitter outages from the data on punch cards and re
computing winds

(a) hyperbolically if there are still three or more transmitters 
functioning

(b) elliptically if only two transmitters are functional

(c) delete winds if none or one transmitter is functional

V Manual Review and Data Validation

We have not yet subjected any flight data to this step. However it will 
consist of providing to the reviewer, in addition to met and Navaid strip 
charts and other manually recorded information taken at sea and any hard 
copy output from prior job steps, a plot similar to Figures 1, 2, or 3 
of T, q, and wind speed and direction; a listing of the 5 millibar archive 
data, and a detailed plot of T, q, and u and v with estimated error bands.
The reviewer will be permitted to alter data in one of three ways:

1. Correct by interpolation

2. Delete by reporting as missing

3. Flag by reporting as questionable

- 2 2 -
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He must document his action by reference to real time or processing hard
copy and is subject to the following rules:

Pressure - Delete challenged and all subsequent pressures or recom
mend complete reprocessing of the flight

Height - Examine p, T, and/or q

Temperature and humidity - Flag in the vicinity of inversions or 
other regions where interpolation would introduce un
realistic smoothing, correct when interpolation between 
adjacent acceptable values is realistic, extrapolate at 
the top of a flight if feasible, or delete at the top 
of a flight as a last resort. In practice, deletion will 
be confined to temperature at the tropopause.

Wind - The following sequence of choices, in priority order, will 
be taken:

1. If u ± 2au (or v ± 2av) spans a realistic value, leave 
u and ou (or v and ov) unchanged.

2. If the ± 2a span is insufficient because a is too 
small and the u (or v) value is questionable but not 
outrageous, flag by increasing a to a maximum.

3. If both of the above fail and u (or v) has been recom
puted because of a transmitter outage or phase jump, 
correct if the span of interpolation would not exceed 
120 seconds, otherwise delete.

PRELIMINARY INTERCOMPARISON RESULTS

Figures 1, 2, and 3 show data plots of 5 millibar data for OCEANOGRAPHER 
flight 4436 (Intercomparison III A), OCEANOGRAPHER flight 4080 (Phase I), and 
VANGUARD flight 5080 (Phase I, OCEANOGRAPHER 4080 met data), respectively.
These are all examples of good flights.

At this time, we have processed 7 OCEANOGRAPHER-VANGUARD pairs from 
Phase I. From these, both the wind error estimates derived from the random 
scatter of VLF phase data alone and the actual difference between OCEANOGRAPHER 
and VANGUARD wind estimates are available at each level. Squaring, summing, 
dividing by the number of levels, and square rooting produces average error 
estimates and RMS differences for both u and v for these seven flights. This 
data is presented in Figure 4 with the least squares line forced through the 
(0, 0) intercept. The slope in 0.984, nearly unity, indicating that the wind 
error estimates furnished as part of the archive data are quite realistic.

As a comparison piece, Figure 5 is the data plot of the poorest of the 
OCEANOGRAPHER flights, 4083. The corresponding VANGUARD flight is not shown 
because it is monotonously similar in quality to that shown in Figure 3. The 
data points in Figure 4 corresponding to 4083 are (5.2, 9.0) and (11.6, 14.3) 
for u and v respectively. The level-by-level OCEANOGRAPHER-VANGUARD differences
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and OCEANOGRAPHER error estimates are plotted in Figure 6 for the u component 
only. The v component data is similar and was not included to avoid cluttering 
the lower left hand corner. Note, however, that all OCEANOGRAPHER data between 
840 and 530 mb was flagged by the criteria given above in the manual review and 
data validation job step and is not included in the scatter diagram. Excluding 
this data had the effect of increasing the average error estimates and decreasing 
the RMS differences, although the changes were not drastic.

Table I lists the average estimated errors, RMS and mean differences for 
all 7 flights.

Table I

Flight

4062

Average
Estimated

Error
(m/s)

2.24

2.61

RMS
Difference

(m/s)

3.09

3.64

Mean
Difference

(m/s)

.77

-0.50

4080
1.88

2.26

2.18

2.57

0.15

-0.26

4081
5.28 

5. 33

4.61

5.14

-0.63 

1.00

4083
9.00

14.30

5.24 

11 .65

-1.40

1.57

4086
2.66

2.28

4.14

3.33

0.09

0.06

4088
2.31

2.37

3.20

3.26

0.00

0.05

4091
u

v

3.91

4.20

6.63

7.40

1. 12

-0.98
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FIGURE 4
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