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A Preliminary Report on the Quality of the United States 

GATE-B Scale Ship Automated Surface Meteorological and Radiation Data

Ward R. Seguin 

CEDDA/EDS/NOAA

1. Introduction

The surface meteorological and radiation data for the four U.S.
GATE B-Scale Ships Researcher, Gilliss, Dallas and Oceanographer 
for the three formal Intercomparisons were placed in the data archive 
in May. The processing of Phase III data for these same ships is 

complete and has been shipped to archive.

The Convection Subprogram has been carrying out Intercomparison 
analysis using surface data from the four U.S. ships and the 
meteorological buoy tethered to the German ship Meteor. The data 
sets being used are the 3 minute averages for the entire three three-day 
formal Intercoraparisons. A report on the results of these Intercompari

son analyses is planned for this Fall. However, in order to insure 
speedy distribution some of the more important early findings are 

presented here.

Tables 1 and 2 give the preliminary results of Intercomparison 
analysis of the U.S. ships and German buoy data. For temperatures 
and wind speeds, the three minute average ship data was subtracted 
from the corresponding buoy data. The differences were then averaged 
to arrive at the values in Tables 1 and 2. For the pressures, the 
ship data were subtracted from the Researcher Kollsman pressure sensor. 
Again the three minute averages were used and the differences averaged.

The Meteor buoy wind data were extrapolated to 10 meters above 
mean sea level using the log-wind profile law. No adjustments have 

been made to the U.S. ship wind data.

Two features of the Table are discussed below: the Researcher 
temperatures and the Rosemount pressures. In addition, the Dallas 
ship heading data and the radiation data for all of the ships is 
discussed. The latter material on radiation has been prepared by 
Mr. Dick Cram under the direction of Dr. Kirby Hanson of the Air 
Resources Laboratory in Boulder, Colorado.

2. The Researcher Temperatures

As Table 1 shows, the Researcher temperatures are from 0.5 to 1.0 C 
too cool in comparison with the German meteorological buoy. The other 
U.S. ships' data do not differ by as much as do the Researcher data.
Part of this large discrepancy has been traced to an incorrect scaling 
of Researcher temperature data from volts to scientific units.
Researcher temperatures should be increased by exactly 0.5 C. All 
of the processed Phase data will have this correction.
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F o r m a l  I n t e r c o m p a r i s o n  A n a l y s i s  M e a n  D i f f e r e n c e s *

Ship P e r i o d
Pr e s s u r e 

K o l l s m a n  Rose m o u n t
Wind

B oom
Speed

Mast

R e s e a r c h e r IC 1 ,__ .230 -.132 -.710
Re s e a r c h e r IC 2 — . 525 .008 - .376
R e s e a r c h e r IC 3 — .712 .127 .008

Gi l l i s s IC 1 -.293 - 1 . 1 9 .093 .471
G i l l i s s IC 3 -.242 -1.04 .207 .205

D a l l a s IC 1 -.252 -.011 - .500
D a l l a s IC 2 - .910 .749 .709 - .268

O c e a n o g r a p h e r IC 1 _ -.206 -.271 - .526
O c e a n o g r a p h e r IC 2 -.03 .476 .142 -.274

* The av e r a g e  w ind s p e e d  d i f f e r e n c e s  are c a l c u l a t e d  for the 
b uoy m i n u s  ship. The av e r a g e  p r e s s u r e  d i f f e r e n c e s  are for 
the R e s e a r c h e r  K o l l s m a n  m i n u s  the o t h e r  pr e s s u r e  sensors.

F o r m a l  I n t e r c o m p a r i s o n  An a l y s i s  M ean D i f f e r e n c e s  (buoy-ship)

T e m p e r a t u r e s

Ship P e r i o d Dry Bulb Wet B u l b  #1 Wet B u l b  #2 Sea Surface

R e s e a r c h e r IC 1 +  .598 + .457 + .460 + .845
R e s e a r c h e r IC 2 + .653 + .587 + .556 + 1.02
Re s e a r c h e r IC 3 + .577 + .555 + .506 + 1 . 0 5 0

G i l l i s s IC 1 - .052 -.158 -.119 -.009
Gi l l i s s IC 3 -.160 -.451 -.407 -.128

Dallas IC 1 - .054 - . 1 1 6 - .143 + .684
D allas IC 2 + .046 - . 0 7 5 - .064 + .409

O c e a n o g r a p h e r IC 1 + .108 -.081 -.136 + .234
O c e a n o g r a p h e r IC 2 + .095 -.069 * + .321

* T h is s e n s o r  was c o n v e r t e d  to a dry b ulb s e n s o r  d u r i n g  p h a s e  2. The 
dry b u l b  (buoy-ship) d i f f e r e n c e  was +0.081.
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3. The Rosemount Pressure Data

An analysis of the Rosemount pressure data indicates that the data 

contain short- and long-term drifts each having a magnitude of between
0.5 and 1.0 mb. Table 2 shows the magnitudes for the long-term drifts. 
The data from all sensors appears to drift toward lower pressures when 
compared with the Researcher Kollsman. The Kollsman sensor is believed 
to have remained stable throughout the experiment although this is still 
being investigated.

4. The Dallas

The potentiometer used on the Dallas ship heading gyro compass 

repeater had a very large dead band. The heading data between 320 
and 360 are lost because of the large degd band. This effect was 
not understood at the time the Intercomparison data was processed 
and archived. However, the time periods when the ship heading data 
appeared to drop out were tabulated in the Intercomparison documentation.

For the time periods during Phase III when the ship headings were in 
the potentiometer's dead band, the processed ship heading and wind 
direction data have been deleted from the Phase III data sets to be 
archived in August. However, a scheme is being developed whereby 
some of the missing ship heading data will be recovered. These 
data sets will then be placed in the archive in place of those 

archived in August, 1975.

5.0 INFORMATION ON QUALITY OF GATE INTERCOMPARISON RADIATION DATA FROM 

U.S. SHIPS

5.1 The following pyranometer measurements should be considered 

questionable until further study can be made:

a. Incoming Solar Radiation (K+)

1) Dallas, Intc. I&II
2) Gilliss, Intc. I

b. Reflected Solar Radiation (K+)

1) OCEO, Int. I - III
2) Dallas, Intc. I & II

The Dallas K+ and K+ data for Intercomparison I and II indicate that 
the recording system zero was suppressed. A zero suppression occurs 
when the true sensor zero (night reading) is less than the recording 
system zero. Since the recording system did not record negative voltages 
(or counts) it reached zero while the sensor was still receiving a small 
input.
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The Gilliss K+ data show a similar zero suppression during 
Intercomparison I but the problem had been corrected before Intercomparison 
III. The intercomparison data have not been corrected for the zero 
suppression and the most appropriate correction factor to apply to the 

data has not been determined.

The K-f' data for the Oceanographer show values which are as much as 
50% lower than data collected aboard the other U.S. ships. This may 

be due to the different types of sensors used to record reflected 
solar radiation or it may be a problem with the sensor aboard the 
Oceanographer.

Further study of the entire GATE data set may help resolve the 
problems listed above. Until definite solutions can be determined 
these data should be considered of questionable quality.

5.2 To eliminate the zero suppression problem discussed above, the 
recording systems aboard the U.S. ships were initially adjusted so 
that when the sensor reached zero input a small positive voltage 
(count) would remain in the recording system. Thus, at night small 
readings (zero offsets) were recorded. During the processing of the 

Intercomparison data the mean offset for each sensor was determined.
The mathematical transfer equations to convert recording system count 
values to engineering units were adjusted to account for this mean 
offset. There was a variation in the offsets of less than 1% of the 
daily mean value except in the cases where zero suppression occurred, 
but because of this variation a residual value remained as a represent
ative nighttime value after final processing of the intercomparison 
data.

5.3 Some hourly averages are based on only one or two minutes of data 
for the hour. This is an artifact of computer processing. These 
values are not representative of the hourly average and should be 
ignored. The number of samples (on which the hourly average is 
based) is included with the data set. The number of samples should 
be used, as mentioned above, to select representative hourly averages.

5.4 Table of instrument sensitivity values for processing of 
Intercomparison I, II, and III data:

Sensitivity

a) OCEANOGRAPHER (mv/calcm~2min-l)

1) K+ - Eppley No. 11538 7.26
2) K+ - Yanishevsky No. 1_

a) INTC I 10.13

b) INTC II 8.52

c) INTC III 8.00
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Sensitivity

a) OCEANOGRAPHER (mv/calcm^tnin-1 )

3) K+ - Eppley No. 12560 6.77
4) Net Radiometer No. 6964 21.15

b) RESEARCHER

1) K+ - Eppley No. 12159 6.91
2) K+ - Eppley No. 11079 7.13
3) Net Radiometer No. 6921 32.25

c) GILLISS

1) K+ - Eppley No. 12562 7.00

2) K+ - Eppley No. 12472 5.18
3) Net Radiometer No. 6988 18.31

d) DALLAS

1) K+ - Eppley No. 12502 6.64
2) K+ - Eppley No. 12316 7.49
3) Net Radiometer No. 7025 15.83

5.5 The sensitivity of a net radiometer can be determined in a lab under 

nearly ideal conditions or in the field where atmospheric conditions are 
quite variable. The net radiometer sensitivity can be determined in the 
lab from several measurements made over a short time interval. In the 
field, however, a much longer time period is required to minimize the 
random variations in radiation caused by changes in cloudiness, dust, 
water vapor, and other atmospheric variables and the state of the sea 
and its constituents. The sensitivities of the net radiometers aboard 
the U.S. ships are derived from the GATE intercomparison data. 
Consequently, less than 3 days of data were available to derive the 
Gilliss net radiometer sensitivity and a maximum of 9 days were 
available for derivation of the Oceanographer net radiometer sensi
tivity. A much more accurate and representative sensitivity can be 
obtained when the roughly 70 days of field phase data have been analyzed.

All intercomparison net radiation data should be considered tentative 
until further studies can be conducted of the sensitivity and charac
teristics of these instruments. If significant changes are necessary, 
a revised data set will be issued.

5.6 Data processing is continuing on the following intercomparison data 

sets:

a) Pyrheliometer - U.S. ships (OCEANOGRAPHER, RESEARCHER, and DALLAS)
b) Pyranometer - U.S. ship (VANGUARD)

Thesedata weierecorded on stripcharts and ire not part of the automated 
data recorded on magnetic tape.
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WIND OBSERVATIONS FROM THE 

U.S.N.S. VANGUARD DURING GATE PHASE I

by

John A. Young

Department of Meteorology, The University of Wisconsin, Madison 53706

1. Introduction

The U.S.N.S. Vanguard, a large N.A.S.A. satellite tracking ship, participated 

in all three phases of GATE with a small (8-10) meteorological crew. Its primary 

contribution was to provide a series of high resolution, accurate radar wind obser

vations in the B array. The quality of these observations was excellent, and they 

represent a uniquely useful data set for basic research and intercomparison studies 

The purposes of this note are (a) to present examples of the data illustrating the 

resolution and apparent accuracy of the Vanguard wind data and (b) to give insight 

into the natural variability of some wind features. An appreciation of these 

characteristics should be helpful to scientists utilizing the wind data either 

directly or indircctly.

Most observations were obtained by tracking a 10 inch aluminum corner reflector

attached to the train immediately below the balloon. The C-Band radar has a position

-4 -4
accuracy of about 2 yards in range and 1 x 1 0  to 5 x 10 radians in azimuth. The 

radar data was combined in the central data processing system with navigation data 

which utilized satellite fixes and an inertial unit. Three-dimensional balloon 

motion vectors (relative to a fixed point on the earth) were plotted at two-second 

intervals after having been filtered using a 20-second weighted mean (equivalent to 

about 100m in altitude). Low level resolution and early acquisition characteristics 

were improved in some rawin runs by the utilization of 100 gram balloons (515g lift) 

and decreasing ballasts provided by leaking milk cartons. During period C (see below) 

the median altitude for initial radar lock was 150m for rawins and 280m for rawin- 

sondes; the lowest altitude was 67 m. Median burst altitude for the rawins and 

rawinsondes was 45,000 and 96,000 feet, respectively.

GATE INFORMATION BULLETIN N o . 10 1 December 1975
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The Vanguard was positioned at the center of the B array (Position 1: 8.5N, 

23.5W) near the NOAA ship Oceanographer from 28 June through 16 July.^" The wind 

observations fell into three sub-periods during Phase I:

A. Intercomparison Period with Oceanographer (29 June - 4 July)

A total of 29 rawinsondes and 4 rawins launched by either the oceano

grapher or Vanguard were tracked by the Vanguard.

B. Quasi Operational Period (5 July - 13 July)

4 rawinsondes were launched and tracked by the Vanguard each day.

C. Special Observation Period (13 July - 16 July)

The cross-equational voyage originally scheduled was cancelled in order that 

the Vanguard remain at the center of the B array. A series of special rawin obser

vations was then established for the last 3.5 days of Phase I. During this time 

the interval between successive wind observations was 3 hours or less; a total of 

16 rawins and 17 rawinsondes were tracked.

2. Sample results

Figures 1-3 show wind profile information with excellent vertical resolution. 

Traces are taken directly from plots of filtered vectors at 2 sec (10m) intervals 

and could be smoothed further, if necessary. Alternatively, the original taped 

data could be used without any smoothing. Features which could be noted in traces 

such as these include boundary layer wind structure, shear layers at the trade 

inversion, small-scale structures of convective or gravity wave origin, lower 

tropospheric jets, the upper tropospheric Tropical Easterly Jet, lower strato

spheric wave structures, and the stratospheric easterly jet.

^ During Phases II and III the Vanguard was stationed at Position 2 (ION, 23.5W) 
and normally made 8 rawinsonde observations per day.
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The solid trace in Fig. 1 allows comparison of wind direction and speed 

variations with height in the troposphere and stratosphere. The direction changes 

indicate a predominance of veering in the lower troposphere; the wind direction 

changes by 90° throughout a thick apparent boundary layer. Backing is indicated 

in two layers a few thousand feet thick; associated speed maxima are found at near

by levels. Pronounced direction and speed fluctuations were commonly found above 

the Tropical Easterly Jet (43,000 ft.); they represent fluctuating vector fields 

with vertical wavelengths of 2,000-10,000 ft. superimposed upon the climatological 

easterly flow. On some occasions the associated speed profiles indicated a succes

sion of layers with alternately strong and very light winds.

The solid and dotted traces of Fig. 1 show stratospheric profiles 36 hours 

apart. The stratospheric easterlies appear to be strong, uni-directional, and deep. 

The variability appears to be comparable to that found on the smallest scales in the 

troposphere.

Figs. 2 and 3 illustrate the replicability of wind speed observations from 

sequences closely spaced in time. Examples are taken from two successive days; 

time increments between profiles vary from one to three hours. Differences are 

thought to primarily represent natural variability rather than observational in

accuracies. Several features of small vertical scale appear to be somewhat per

sistent, leading qualitative support to their reality. Note, for example, the 

speed profiles in the layers (0-10,000 ft.) and (18,000-30,000 ft.) in Figs. 2 and

3. Fig. 2 shows the evolution of the tropospheric easterly jet toward a sharply 

defined structure of thickness 8,000 ft.; the thin "wave" structures above the jet 

appear to intensify simultaneously. The jet is seen to persist into the next day 

(Fig. 3), while the small-scale "waves" give way to features with larger vertical 

wavelength and amplitude.
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Figs. 4 and 5 place the helght-time wind variations in better synoptic 

perspective. Contours have been smoothed somewhat because the time resolution 

is often poorer than the height resolution. Both figures show variations with 

typical periods near 4 days. The tendency for tilting contours indicates down

ward phase propagation; this seems consistent with previous observations of 

stratospheric waves and the upward propagation of wave energy from the 

troposphere (Wallace, 1973). This phase propagation seems most clear above

50,000 ft., where Figs. 1-3 show the "wave" activity is centered.

The easterly jet is often found in the u- field (Fig. 4) near 43,000 ft.; 

its descent in time is accompanied by thickness and intensity changes. Intermedi

ate time periods are marked by light easterlies or even westerlies, lasting about 

2 days. The "wave" fluctuations are often associated with reversals in the sense 

of this wind component.

The v- field (Fig. 5) shows that the meridional wind is usually northward 

in the upper troposphere (40,000 ft.), but its sense is more variable at greater 

altitudes (60,000 ft.). Its fluctuations are strongest near the tropopause, where 

they account for much of the wind direction changes noted in Fig. 1. The vertical 

phase propagation is much less distinct than that shown for the u- component in 

Fig. 4.

3. Concluding remarks

The examples indicate that the Vanguard wind observations will provide 

researchers with data of unique reliability and vertical resolution. Its high 

apparent reliability should be useful In direct intercomparison studies and as a 

guide in judging questionable data from other sources. A catalogue of Vanguard 

wind profiles could prove useful as a "quick-look" summary of upper-air winds for 

the entire GATE period.
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The replicability and vertical detail of the observations presented here 

suggest that synoptically significant wind features existed in layers only a few 

thousand feet thick during GATE, and that the Vanguard data set resolves these 

structures well. Thus, the data should be useful for (a) documenting boundary 

layer wind profiles above tethered balloon levels, (b) studying the evolution of 

jet structures in vertical detail, and (c) defining the behavior of the lower 

stratospheric "waves".
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Fig. 1. Sample vertical profiles of wind speed and direction for two separate
days. Solid line (12GMT 14 July 1974) shows detail in the troposphere 
and stratosphere. Dotted line (OOGMT 13 July 1974) shows stratospheric 
detail 36 hours previously.
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Sequence of vertical profiles of wind speed during the day 13 July 1974. 
Time intervals between observations are 2 or 3 hours. The abscissa for 
each time (identified in parenthesis) is shifted so that the origin is 
indicated by dashed lines.
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Sequence of vertical profiles of wind speed during the day 14 July 1974. 
Time intervals between observations vary from 1 to 3 hours. The abscissa 
for each time (identified in paranthesls) is shifted so that the origin 
is indicated by dotted lines.
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Fig. 4. Time-height section of eastward wind component (u) in the vicinity of 
the tropopause during Phase I. Contours have been smoothed slightly. 
Contour interval is 40 ft sec-^. Shaded vertically hatched regions 
denote eastward motion. Horizontally hatched regions denote westward 
motion in excess of 80 ft sec~l. Heavy contour is -40 ft sec-^.
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Fig. 5. Time-height section of northward wind component (v) in the vicinity of 
the tropopause during Phase I. Contours have been smoothed slightly. 
Contour interval is 20 ft sec~l. Shading denotes northward motion, 
with vertically hatched areas enclosing maxima. Horizontally hatched 
regions denote southward motion in excess of 20 ft sec“l. Heavy con
tour separates northward from southward flow.
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