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FREFACE

Tnis repcrt, snbmitted by the Natlonsl Oceanographic Data
Center (NODC), iz une of a series of documents on Project SEA SENSE,
which is supported by the Meteorclogical Division of the Naval Air
Systems Command {NASC).

Project SEA SENSE 48 concerned with the evaluation of environ-
@ antal observing and rzporting performed by Nevy buoys. It is
hoped that these evalustions will encourage navel engineers and
planners to take proper actlon to improve the existing system for

reporting eanvironmental date essential to naval operations.
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INTRODUCTION

The purpose of this report is to display, in ciimatic form,
environmental data collected from one of many Navy operated un.
manned marine automatic buoys, the AN/SMI-1 NOMAD (Navy Oceanogra-
palc Meteorclzgizal Autcmatic Device) N3S. During 1968, NOMAD
N3S war located in the Central Gulf of Mexico at 25.1°N. and
85.9°W, where the water depth is approximately 11,000 feet.

Previous reports on the Navy's oceanographic/meteorological
buoys consisted of a dieplay of data from several buoys and an
evaluation of those data. The recent increase in the number of
buoys has now made available a large mass of data from many
locations. When collected, graphically aisplayed, and evaluated
in a report, these data resulted in a large document as shown in
Marcus (1). In order to keep the size of these documents at a
minimun, Project SEA SENSE reports will now be submitted in two
categories: (1) display of buoy data in atlas forms and (2)
an evaluation of reliability and effectiveness or the buoy as an

observation and reporting system.




DISCUSSICN OF DATA

The NOMAD N3S redio signals were monitored by the FCC stations
at Fort Lauderdsle, Florida, and Kingsville, Texas, One or both
stations were able to clearly copy the NOMAD signals most of the
time. The redundancy of two monitoring stations made 1t possible
to record a very high percentage oi nudial brosdeasts due to each
FCC station independently reporting & high percentage of the trans-
missions.

The N3S5 buoy transmitted observed environmental data via a
5340-kHz. HF radio link. At preset periodic times the following
five interface parameters were observed and transmitted: air
temperature, surface water temperature, barometric pressure, wind
speed, and wind direction. The observations were programmed to be
transmitted every 3 hours in groups of dots and dashes for equiva-
lent letters in the Continental Code. The letter codes were then
converted to numerical values by use of a calibration chart designed
for each sensor.

The numerical values of the five cbserved parameters were re-
ported by buoy N35 in the following units: air and water tempera-
tures in degrees Fahrenheit (°F.), barometric pressure in millibars
(mb. ), wind speed in knots (kn.), wind direction in magnetic north
degrees. The cslibretion charts, figures 1 thrcigh 5, show the
nunber of fixed resistance poaiiions for the code selector report-

ing the five environmental (observation) parameters ut specific values.




(Ha) FUNULVHIAWIL HIV G3¥3L3INIEL 1 O
06 <8 o8 Gl oL <9 09 (49 05 1~ 4
1 1 1 1 | S S T N S N S} U T W | ) W U U 1 PV WU S WO | T 3 FR Y WYY
1 ¢ xw
ol
o =
R . p !_1 - vv u
| B
00 e o -Svv
o -
. -
L n:
A4 f
T o
® -
\_ po m
2 Fopry 2
bet &
- AHY M
o® o e}
® 5 - I |
® - m
+* ~ ,. -HNY O
- [ ] N W 4 i m m
e B ‘- - Wy L
° ¢ [ 5
[ J b W v ”~
a4 B EONY &
® - m
® * ! -
g T i Sl q 1 ill..mﬂv.( W
. E 3
5 |||.I|j — . ﬁ . T Milt, YQDQ m
. + ,'.xad
° N o
AAY




. ! 1 R
.
[ -
. =
®
o
[ ) o
° -
>
° -
LN -
® '_pn
®
° -
° -
[} - -
OJ N
g
o _
'o. -
A. n
9 -
®
[ ] 1 -
L] -
°
® -
R o
® | _h
. Pramen
. -
— " i
I P
G DR e 3
[ ] | -
% _ i -
[ ] 1 S8
[ ]
¢ ! -
- §ooe L - 8
. e
.
° i -
T L3 l L
* i
1 B .’o '-n
! o | 7
i [} i i
)
e o
L ! -
i t i .._ E 8
>‘-»—-—f:—-—--—<>-—-- T ~ *
l | |k
's L -
? 1 .
L ' ¢
T T T T T T T I T T T T T T T T T T T QT T T T T TT JUTTT T T T T
q x 2 ] - 4 > x
3 3 3 3 & 3z z I 3 3 3 3 3 3
NOILISOd 3DNVLSIS3IY Q31037135 ¥04 300D ¥3LLI3N

4

TELEMETERED WATER TEMPERATURE (°F)

2

F16G.




(BW) 33NSS3IUd DIHMLINOMYE G3HILININFL €914
(o] o]} 5201 c2o! S04 [o1]e/] SO0l [e/0.0]] 66 Ok SHE [p - 3
i W W N U S T | O | I SO G ISR TS S N 5 I S T { I S Lrg__» i HF.LJ.»;F-J!kIh“H“(.o ..mz:
! 4 ; {
v i i ® -
— T -1 ;_ Ai!.h:, + o F . * Lm”"_3
“ : SO - w
i o* -
- ENEEN YNNI SENPN S WS SIS SN SUPPN SNSRI S Lok et 4 4 B S G
o™ j i m
, o ! ﬁ - b
¢ Ll N S
OA -l
—_— - -+ + g - 71 - e andECE - T.; d
. -
. | -
] N . [ ] Awq [ SOV TN Jwi\-? ...ATa U i) %
. i - r
] rLJI ~ * * _ .%r ‘_1 m - now m
. L 3
L J ! H .
—d - ILY . o * I S P A* i % S . -~ TN N
* i - A
_ Jo w e — ; e e oy U BT
° ! !
. N B
. | | M ”
4 hd ‘Il}ﬁ[xrlﬁ' —— 7'{‘ - el ¢ Y Avx l.ﬁ.. — ol ) m
I e ® q * i ' " m
. ! -
- [ IIATvI SR S - V w...\:..re fy e #,»i.! oy o esnecd Ji W
o’ _ “ ; ~
—— U SN U SRS SHUIIND UINRPPIIPUN SUIPRESIPY Iy HYN
A S v 2
< 5 1 ; N VU VU U S I O




.
- — e ———

T
100

T

N
35

oY
T

o\

= o

LR B AUIUR SR PN B L AL B
8Q 85

75

70

mTT_T1T71T77T

YT T
55 €0 65

TIT1

O

TTTd

"1 as

_‘_;__‘Jr .
{
+

40

¥

301'_[_1 issl LIL

T
25

E LI

FIG.4 TELEMETERED WIND SPEED (KN)

N}

sTT! 720

TV 11

¢]

v

'_IIS

[ ]
(]
L ]
[
ﬁ'_
°
L
%
S N ‘..T
1,..
*%
[ ]
.
- — I3
[
!
Fﬁ'T'rTl“HH AHEESLLAR R RS RN AR RIS AR AR A A AR S AR AN R AEERERERRREN
NOLLISOd FONVLSISAY (3£23713S 404 300D ¥3ILL3T
b




s

mummmmmmmm-—.w

360

340 |

hoe®

320 '

300 |

i

240 ' 260 | 280 !

180 1 200 ' 220 !

160 !

»® d

140 !

e

+2®

i20 !

'
be

100 |

ra
o

[ )
[ 2
‘D

8o 1
FIG.5 TELEMETERED MAGNETIC WIND DIRECTION (DEG)

T

60

40

©
[ )
.

I

*

T 20

DOF =3

X
Q
Q

EALLLIALRLLIL
4

x
Q

T 3 ¥ § & 2 3§ 3% 3 3
NOLLISOd FONVLSISIN 031337135 MO4 300D ¥3LlT
7

nlllmlqll!lllmulllHIHI T T T T T AT T TR T T T lllllll.
17,

'Y
0o
Q




- - —_———

Alr and water temperstures are measured by thermistor sensors
with a high negatlve tempezrature coefficlent. Barometric pressure
is converted to a resistance value by clamping the conductive
pointer of an aneroid barometer to a circulsr resistance strip at
the moment of sensing. Similar methods are used to sense wind
speed and direction; speed is measured by s tachometer driven by a
three-cup anemometer and direction is determined as a positicn on a
magnetic peinter.

The resistance values supplisd ty these transducers are
switched in a Pixed sequence into a self.balancing bridge. When
balanced, the bridge controls a selector and code generator which
then translates transducer resigtence into letter terms of the
Continental Code. The generator then keys a pulse-modulated trans-
mitter for the signal's tranamission.

NOMAD buoys were develcped as an aild to Fleet operations, not
as a tool for research. As such, their design accuracy criterias
are somewhat cosrse, even though the sensors are quite accurate.
The coarse accuracy is due to restriction in the selection of
resistance points that measure environmental conditions. Table 1
shows the height of the various sensors above and below the sea
surface, the accuracy of the sensors, and the telemetered accuracy

of the final reported observations.
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Table 1. NOMAD N3S Sensor System¥*

Height of Sensor Telemetered

Sensor Sengor## Accuracy Accuracy
Air temperature +7.0 £t. +0.5°F. +1.0°F.
Water temperature ~2.0 ft. +0.5°F. il.O°F,
Barometric pressure +7.5 f£t. +0.5 mb. +1.0 mb.
Wind direction +11.0 ft. +5.0° :j.0°
Wind speed: 5-30 kn. +11.0 £%. i?.o kn. :3,0 kn.

>30 kn, +11.0 ft. #4,0 kn. ¥5.0 kn,

#Jee: Mottern, Corwin & Pyle (2); Marcus and Groesman (3); and MIL

SPEC AN/SMT-1 (L),

#¥Relative to mee~ sea surface,

The processing of N3S5 1968 transmissions received on the two

FCC monitoring stetions' log sheets consisted of manual conversion

of the alphabet code to a numeriecsl form. No sttempt was made to

modify or alter the FCC data.

The two FCC date logs were examined

and combined to produce a master set of 1968 N3S observations. From

an objective approach, these data are as complete and accurate as

possible, The five observation parameters are depicted as time-

series displays in Appendix A.

Data from each FCC station were

evaluated independently, and a quality control check was made of

each observation so that the station reporting the most valid ob-

servation was used in developing the time-series array.




There are several ways 1r which errore could be introduced
into the N3S data file. The errcrs may be caused by sensor mal-
function, low power output during the N35 HF radic transmisaions,
electrical and/or atmospheric interference, radio mignal recelving
operators, personnel manually decoding the alphabet letter code
to numbers, and keypunch operators.

Errors in all parameters were kept 4o a bare minimum by double-
checking of the various formats and data processing. Most of the
errors can be attributed to the low signal strength of buoy trans-
missione and electrical interference that directly affect radio
operator interpretations.

Figure 6 shows the percentege distribution of the 1968 NOMAD
N3S reports received by the FCC Fort Lauderdale and Kingsville

monitoring stations in comparison with the master (combined) report.

Table 2 depicts the monthly distribution of the 1968 NOMAD
N3S master observations. An observation 1s defined as a value for
one parameter. The percent of observations receilved fur December
1968 was 91.4%. This low percentage resulted from sensor malfunction

for the period of December 25 through 31, 1968.

10
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Fort Lauderdale Master Kingsville

I

Complete report--all five observation parameters
received.

No report--all five observation parameters missing.

Incompiete report--any combination of one to four of the
five observation parameters missing.

Note: Total possible reports for 1968--2928.

Fig. 6. Percentage Distribution of 1968 NOMAD N3S Reports
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Table 2. Monthly Distribution of 1968 NOMAD N3S Master Observations

e

Number of Total Possible Percentage of
Observations Number of Observations
Month Received Observations Received
January 1203 1240 97.0
February 1138 1160 98.1
March 1183 1240 95. 4
April 1120 1200 93.3
May 1184 1240 95.5
June I 1138 1200 94,8
July | 1178 1240 95.0
August 1168 1240 ok, 2
September 1163 1200 96.9
October 1201 1240 96.9
November 1162 1200 96.8
December 1133 1240 91.4

Note: Average number of observations per month--1164,3
Average percentage of observations per month--95,u4%

12




The reascns for NOMAD N3S reports and/or observations being
logged as not received (no report) or being incomplete in the
alphabet code form are electrical disturbances and/or weak signals.
The cemposite master data-set and individual data-sets for the
Fort Lauderdale and Kingsville FCC monitoring stations are evail-
able in printout, punched card, or magnatic tape form. Figiure T
is a sample computer printout cf the NOMAD buoy data on an &0-
column transcript; Table 3 descrihes the computer printout shown

in Figure 7 by columns,

n
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Table 3. Buoy Data Card Image Format

Data Caxrde

Columns Contents

1.2 Year

3-4 Month

5-6 Day

7-10 Time (OMT)

li-12 Buoy locator

13-15 Buoy call sign

16-44 Blank

Ls.L7 Air temperature (tenths °F.)

48-50 Water temperature (tenths °F.)

51-53 Barometric pressure (tenths mb.)

54.55 Wind speed (tenths kn.)

£T-59 Wind direction (360°)

60-62 Blank

63-66 North latitude (tenths deg. for buoy
position)

67-69 West longitude (tenths deg. for buoy
pocitiorls

T0-T1 Bynoptic hour nearest to buoy data time

T2-7T5 Blank

76-80 NOMAD identification

1}
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APPENDIX A

1968 NOMAD K35 Time-Series Plot

”




NOMAD N3S Time-Series Plot

IBM 1401 printouts of N3S buoy data for the year 1968 are

shane R

on the following pages. Some modifications to the printouts were
made. The display is similar tc an x-y graphical plot now being ”
programmed for future reports., Four parameters are programmed to
automatically print tc the nearest unit; S represents wind speed

in knots, A is a.. temperature in °"F, W 1s sea water temperature

in °F, and P is barcmetric pressure in millibars. The fifth

parameter, wind direction D, is printed to the nesrest 5-degree

increment from True North. .

The value for each paremeter dztermines its position in the

o o

data display arrsy. If, ~wing an observation, one paraueter

"

o

should have the same position on the plot as another, the one

located first on a priority list is plotted and the other is
omitted. The order of priority is P, D, 8, A, W, For éxample, ~}
P will be printed and ¥ will not. As a result, one might be VT
inclined to regard W as a missing parameter since 1t was not print-

ed. If a pasreameter i1s actually missing, it 1s noted in the left g
margin under the "MISS" column. Lines of temperatures, wind speed

and pressure werc drawn toc more clearly indicate actual observations, !

thelr values, and variabliity. Connecting liines for wind direction

[ T——

D were nct drawn due to the great changes that occur in wind direction B

and the difficulties that arise in determining wind backing or

Vool

veering over a 3-hour pericd. Wind directions are shown by flag

4 K
s g

line manually drawn in the extreme right-hand column,

18 '
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A parsmeter listed in the "MIS8" column indicates that no N38
buoy ohservation signals were received and no values could be
assigned., The lack of signals can generally bte attributed vo:

(1) poor radio communications, hence partial receipt of the :.lec-
tor code by the FCC monitoring stetion; (2) sensor malfw.ction,

In case all five parameters are missing, an asterisk i3 printed for
each parameter.

The month (MO) and dsy (DY) are listed in their respective
cclumna, and the hour column represents the actual GMT observation

time on a particular dete,
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AFPENDIX B

1968 ROMAD N38 Monthly Statistiosl Data




N33 Mcnthly Statistioal Deta

Te maintain soms consistency in determination of invalid dats,
arbitrary monthly limits wers estadlished. Thess limits were
cbtained by noting climmtic data from U. B. Nevy Marine Climatic
Atlas of the World (5), data from the Naticiml Meteorologicsl

Center (NMC) G.hourly surfsce weather charis at the X33 buoy

location, and weather reports from ships reperting rear the buoy.
Table 4 shows the result of limit values used, and all dzia frec
N35 within and including thess limits vere used in determining
the monthly statistical datas.

The K38 monthly etatisticel data for 1958.9.:'9 shown in Appeandix
B. Invalid data were nct considered in computing the valuss. N38
observations from four of the five environmental paramzters were
programmed for chlculstion and printing of statistical information
by the IBM 360/40 computer. An analysis of information in Appendix
A showed that some date appear to be doubtful and some invalid.
For record purpcses, the data vere duotermined to be valid or invalid
by comparison with data extracted from climatic charts, analysed
U. 8. Weather Buresu S-hourly surface weather maps, and ships’
wveather reporis.

Limits were calculated for he IEM 360/40 statistical data
program in order to avoid use of obviously erroaecus dwts. Bueh

dste, however, were retained in the time-series printout (Appendix A)
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Table 4. Duta Limits for N38

M!iinxzzr,ﬁ:T1
Surface
Alr Water Barometric Wind
Tempersture Temperature Preassure Veloelity
(°F.) (°r. ) (mb. ) {xn. )
Janusry 84.-51. 82-64 1028-1000 )
February  84-53 84-63 1028-1000 35
March 87-55 83-66 1027-1000 30
April 87-60 8L.68 1027-1000 30
May 90-6T 88-T1 1025-1000 30
June 92-T2 89~Th 1025-1000 30
July 93-T2 90-78 1025-1000 30
August al-T2 90-T6 1025-1000 30
September  93-T2 91-76 1025-1000 320
October 91-66 89-73 1025-1003 30
November  87-55 86-69 1027-100k 35
December  87-57 85-64 1028-1005 ko

for evaluntioﬁ of deta users. The percentage cf observations con-
sidered invalid snd in error averaged 1.03% for all parameters
for the entire year.

Tables 5 and 6 show the breakdown of numbers of invalid data
for esch of the five parmmeters by monthj barcmeiric pressure

appears to have the highast error percentage.
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Table 6. 1968 NOMAD N3S Observatiors Considered Invalid (12 months)

} Number of Percentage of
Observations Invalid Invalid

, Parameter Received Observations Obegervations

©Adr temperature 2773 20 0.72
Water temperature 2783 13 0.47
Barometric pressure 2786 53 1.9
Wind speed 282 28 0.99
Wind direction 2787 0 0.

|

+ TOTAL 13971 114

Average percentage of Invalid Observations = 0,82%
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APPENDIX C

1968 NOMAD N39S Monthly Frequency Distribution
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1968 NOMAD N3S Monthly Frequency Distribution

Appendix C contains the 1968 monthly frequencv distribution
fors all five observation parmmeters. The data were programmed
for calculation on the IBM TOT4 computer. The distribution {llus-
trates the monthly variability and number of occurrences for each
parameter. A1l tne cbserved dats, ircluding those that cculd be

classified doubtful or invalid, are included.
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APPENDIX D

1968 NCMAD N3S Surface Wind Direction Freguency
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1968 NOMAD N3S Surface Wind Direction Frequency

Appendix D depicis the monthly frequency distribution of the
durface wind direction. Numbers assoclated with the bars represent
the percentage of occurrences of wind direction for each of eight
compase points with respect to True North. The total number of
NCMAD N3S observations are shown inside the circle. All surface
wind directions were considered valid data. It was concluded that
in recording instantaneous wind directions large fluctuations in
direction could be present due to local uratable atmospheric

conditions, light or calm winds, and movements of the buoy.
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