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DATA VALIDATION AND SUMMARY FOR THE 
NRL REMOTE SENSING EXPERIMENT: 

PHELPS BANK, JULY, 1982 

Part II: Meteorology 

I.  INTRODUCTION 

For several years, Synthetic Aperture Radar (SAR) images of 

the sea surface revealed planar signatures which were remarkably 

similar to the bathymetric contours below the water in depths 

less than about 30m. Such sea-surface bathymetric signatures 

were also observed by side-looking airborne radar (SLAR). To 

address the scientific questions raised by these observations, a 

mu 11i-institutional program (the Airborne Surveillance 

Phenomenology Program; ASPP) was established at the Naval 

Research Laboratory, Washington, DC (The original plans are 

described in Valenzuela and Chen, 1983.). In July, 1982 as the 

initial field effort of ASPP, a pilot experiment was conducted 

southeast of Nantucket Island centered around the Asia Rip of 

Phelps 3ank (40°50'N, 60°20'W). The experiment was to establish 

techniques for a comprehensive experiment in 1984, to learn about 

the oceanographic and meteorological environs of Asia Rip, and to 

obtain a data set for preliminary analysis. 

The Nantucket Shoals area was chosen for the experiment 

because SAR imagery obtained in this area by SEASAT in 1978 

(Beal , et al, 1981; p.22) showed a wealth of bathymetric 

si gnatu res. 

During the pilot experiment, meteorological, hydrographic, 

radar and wave buoy data were gathered. The data was confined to 

the tessera 40°30' to 41°10'N and 68°55' to 69°45'W. The data 

was obtained in two segments: 11 to 14 and 17 to 21 July, 

1982. This report summarizes the meteorological conditions in 

the operational area during the experiment. The hydrographic 

situation is Summarized in Kaiser (1983). 

Manuscript approved July 20, 1983. 
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II.  INSTRUMENTATION 

Sensors were placed on the USNS HAYES (T-AGQR 16) to measure 

air temperature, air humidity, wind speed and direction, upper 

ocean temperature and salinity, shio roll, heading, latitude and 

lonnitude. The ship course and speed were calculated by the 

Loran-C navigation aid. Ship screw speed and pitch were also 

moni tored. 

The list of data channel labels and function are given in 

Table 2. 1. In some cases both primary and bacicup systems were 

deployed and these are indicated. For all other variables only 

one sensor was used. Fig. 2. 1, a side view of the USNS HAYES, 

shows the location of the various environmental sensors. The air 

temperature and dew point/humidity sensors were 10m above the 

dead water line (DWL). The wind sensors were 22.5m above the OWL 

and the ocean temperature and salinity sensors were 7m below the 

DWL.  The ship roll sensor was on the main deck level mid-ship. 

A.  Description of instrumentation: 

1.  Air temperature and dew point/relative humidity 

The primary air temperature/dew point system was a General 

Eastern 2100MPS. The temperature sensor (TA1) is a platimum 

resistance thermometer (PRT). The dew point (TDP1) is measured 

directly by a PRT embedded in an optically controlled cooled 

mirror. Both sensors are mounted in an aspirated airway in a 

Dewer and external white radiation shield. The mirror is 

automatically "cleaned" once every 24 hours. 

The backup air temperature (TA2) and relativity humidity 

(TDP2) sensor was a General Eastern Model 411 sensor and Model 

450 signal processor. The temperature sensor is a PRT and the 

humidity sensor is of the sulfonated polystyrene ion exchange 

type with temperature compensation provided by a thermistor. 

Both sensors were mounted in a double-radiation-shielded 

aspirated horn (Climet 016-2). Both sensors were mounted on the 

starboard jackstaff 10m above the DWL (Fig 2. 1). 
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Fig. 2.1. Location of the meteorological sensors on the USNS 
HAYES. Water for TS and CS is pumped at 300 cc/sec through 
insulated hose to the sensor located in the laboratory. 
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Table 2. 1 

Channel/Label 

TA1 

TDP1 

TA2 

TDP2 

MSI 

WD1 

WS2 

WD2 

TS 

CS 

ROLL 

HD 

LAT 

LONG 

SPEED 

COURSE 

RPM1 

PI1 

RPM2 

PI2 

Data channels, labels and functions 

Function 

Air temperature - primary sensor 

Air dew point - primary 

Air temperature - backup 

Relative humidity - backup 

Wind speed - primary 

Wind direction - primary 

Wind speed - backup 

Wind direction - backup 

Ocean temperature 

Ocean salinity 

Shi p rol 1 

Ship heading 

Ship latitude 

Ship 1 ongitude 

Ship speed 

Ship course 

Starboard screw speed 

Starboard screw blade pitch 

Port screw speed 

Port screw blade pitch 

." :'A 

,*m 
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2 .  Wind speed and direction 

The primary and backup wind speed and direction instruments 

were Model WS201 systems manufactured by Teledyne Geotech. Wind 

speed is measured in with a three cup anemometer which drives an 

optical chopper producing a frequency output proportional to the 

wind speed. Direction is determined with a vane driving a 

potentiometer. The direction signal spans 0 to 540 degrees to 

suppress the discontunity between 0 and 360 degrees. Since 0 and 

360 degrees points towards the bow of the ship, transiting into a 

headwind would cause the wind vane to oscillate around 0° and an 

average of this wind direction would be about 180° without the 

overrange to 540°. 

Both wind systems were mounted on 3m masts on the aft 

platform (Fig. 2. 1). The primary system was on the starboard 

side and the backup system on the port side. They were both 

22.5m above the DWL. This location was a compromise between 

being well above all possible sources of interference from 

structural members of the ship and not being so far above the 

water so that the correction of the wind speed to 10m was large. 

Since the wind sensors were mounted on a mast 22.5m above 

OWL, ship roll could induce sufficient relative motion to the 

sensors to cause erroneous readings; hence, the wind data was 

corrected for this using a roll sensor mounted midship. The roll 

sensor was a Robinson-Halpern Model 685B inclinometer. 

3.  Ocean temperature and salinity: 

These quantities were measured with a Plessey Model 6600T 

thermosalinograph. Temperature (TS) is sensed with a PRT and 

conductivity with a thermistor-compensated induction conductivity 

cell. This data is then converted to salinity (CS) directly in 

the unit. The water was drawn in 7m Delow DWL and pumped to the 

se^or assembly on deck through insulated plastic tubing. The 

nominal flow rate was 300cc/sec. The water first passed through 

a filter before entering the thermosalinograph sensor housing. 

•  •  ------     ._...•••. L.  »,«. ^Jh.fc- I  » * i .i  il -  •'••-* -•• 



I . . • -.  • I • •••• 

 —-w • i •.».•. I 

•l.  Navigation 

The primary navigation aid was two Northstar 7000 Loran-C 

systems. These have a nominal accuracy of 0.1 km in the 

Nantucket Shoals area due to the excellent Loran coverage 

there. The Loran-C time delays, calculated latitude (LAT) and 

longitude (LONG), and calculated ship course (CSE) and speed 

(SPEED) were provided by the Loran set. The course and speed 

were averaged over about 100 sec. 

B.  CALIBRATION 

Most of the sensors were calibrated either in the laboratory 
or in situ. MSI and WS2 were factory calibrated at the time of 

manufacture. The main factors which would affect th 

calibration are the bearings which are periodically checked for 

degradation. I ntercomparison of WS1 and WS2 also verify they 

retain their accuracy. Four groups of calibrations were 

performed: 1) temperature (TA1, TDP1, TA2; laboratory), 2) wind 

direction (WD1, WD2; laboratory), 3) relative humidity (TDP2; 

laboratory), and 4) thermosalinograph (TS, CS; in situ). 

1. Temperature calibration: 

The temperature standard for the calibrations was a Dymec 

Model 2801A quartz thermometer with a least count of .0001°C. 

This quartz thermometer was calibrated against a standard quartz 

system over the range 0 to 40°C. Then the TA1, TDP1 and TA2 

systems were calibrated over the range of 18 to 36°C and 

appropriate correction factors determined. Over the temperature 

range encountered in the experiment (<27°C) TA1, TA2 and TDP1 

were all accurate to .05°C (Fig 2. 2). 

2. Wind calibration 

WS 1 and WS2 were both factory calibrated to 0.5m/sec or 2% 

of air speed which ever is greater. WD1 and WD2 were laboratory 

calibrated. WD1 and WD 2 errors are shown in Fig 2. 2. The 

maximum error is less than 2.5 degrees for both systems. 
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3. Relative   Humidity   Calibration 

TDP2 was a relative humidity sensor. It was laboratory 

calibrated against saturated salt solutions which produce known 

relative humidities from 33% to 96.5%. The error was less than 

2% over this range. 

4. Thermosalinograph Calibration 

The thermosalinograph measured temperature (TS) and salinity 

(CS) of 7m deep water. It was calibrated against a Neil Brown 

CTD (conductivity, temperature, depth) profiles in situ (Kaiser, 

1983, describes the CTD instrument and accuracies), by selecting 

CTD casts with special characteristics. The calibration data 

could only be obtained when the CTD casts indicated homogenous 

water within 2 meters of the 7m depth, when the CTD down cast and 

up cast were the same; and when the thermosalinograph showed no 

temporal variation in the 7m water within 5 minutes of the 

cast. This left nine casts which could be used to determine the 

TS and CS calibrations. From these the root-mean-square errors 

are:  TS, .065°C; CS, .031%. 

5. Calibration Summary 

Table 2. 2 summarizes the important data channels, their 

resolution   and   rms   error   or   inaccurracy. 
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Table   2.   2.     Summary   of   Calibrations   and   Errors 

Channel 

TA1 
TDP1 

TA2 
TS 

TDP2 

CS 

MSI 
WS2 

WD1 
WD2 

LAT 
LONG 

Resoluti on 

,0Q1°C 

.001 

.001 

.001 

.01% 

.001% 

•05m/sec 

.05 

1° 

1° 

0.01' 

0.01' 

rms   error/ 

i nnaccuracy 

.010°C 

.034 

.031 

.065 

2% 

0.31% 

(Greater of .5m/sec 

(or 2% of reading 

1.3° 

1.3° 

0.1' 

0.1' 
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III.     Database: 

A .     Descri pti on 

The data was collected during two periods each of about 

seven days. Each channel was read once every two seconds. 

Several interruptions occurred due to the computer. Fig 3. 1 

shows the operational periods of each sensor. The two second 

data (in original form: volts, frequency or digital) was logged 

directly onto digital magnetic tape. The data acquisition 

programs converted the raw data to digital form and passed the 

time of day and data to the processing system. Data processing 

proceeded according to guidelines established and maintained by 

the user. Every minute, data averages were output to disk 

files. Every 15 minutes, data averages, results of physical 

quantity calculations, and data quality assessments were output 

to both disk files and hard copy. A detailed discussion of the 

acquisition and processing system is given in Munch and Kaiser, 

1983. 

Some of the data channels (TA1, TDP1, TA2, WS1, WD1, TS and 

CS) were recorded on strip-chart recorders. For TS and CS, a 

portion of the strip-charts were read to fill data voids created 

by computer or instrument failures. 

8.  Contents of Files: 

The contents of the 2 sec raw data tapes are the first 43 

words of Table 3. 1. Tables 3. 1 and 3. 2 give the contents of 

the 1 minute averages file and the 15 minute averages file. The 

algorithms used to generate the variables and parameters are 

gi ven in IV . 
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Table 3. 1.  Data Format for File SMINl 

(1-minute averages) 

Woras Channel # Channel Descri pti on 

0 Hours 
1 Seconds 
2 10's milliseconds 
3 Years 
4 0 TA1 Air Temperature 1 
6 1 TOPI Dew Poi nt 1 
8 2 TA2 Ai r Temperatu re 2 

10 3 T0P2 Dew Point 2 
12 4 WS1 Wind Speed 1, Starboard 
14 5 WD1 Wind Direction 1, Starboard 
16 6 WS2 Wind Speed 2, Port 
18 7 WD2 Wi nd Di recti on 2, Port 
20 8 TD Thermosalinograph Temperature 
22 9 CS Thermosalinograph Salinity 
24 10 TW Water Temperature 
26 11 ROLL Ship Roll 
28 12 Spare For future use 
30 13 Spare For future use 
32 14 HD Ship Headi ng 
34 15 KPM1 RPM, Starboard Screw 
36 16 PI1 Pitch, Starboard Screw 
38 17 RPM2 RPM, Port Screw 
40 18 PI2 Pitch, Port Screw 
42 19 PLOG Pitot Log 
44 20 LAT Lati tude 
46 21 LONG Longi tude 
48 22 SPEED Ship Speed 
50 23 COURSE Ship Course 

•*m 
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'able 3.  2.    Data Format for File SMIN5  (15-minute averages) 

3eginning Word 

Word Variable Description Units 

0 I   (1) Time,  hours from beginning of year Hours 
1 I   (2) Time,   seconds  from beginning of day Seconds 
2 I   (3) 10's milliseconds from beginning of second 10 msec 
3 I   (4) Year Integer 
4 LAT Latitude Deg. 
5 RLAT Latitude Min. 
7 LONG Longitude Deg. 
8 RLONG Longitude Mn. 

10 LRSPO Ship speed calculated by Loran-C Kts 
12 PLOG Ship speed from Pi tot Log Kts 
14 HEAD Ship heading Deg. 
16 CSE Ship course calculated by Loran-C Deg. 
18 TA Air temperature in physical  units °C 
20 TDP Dew point temperature in physical u nits °C 
22 WS Wind speed in physical  units m/sec 
24 WD Wind direction in physical  units Deg. 
26 BLANK For future use _ _ . 
28 RLSPD Ship roll  speed m/sec 
30 RMSRL RMS ship roll Deg. 
32 TW Water temperature from towed thenrri »tor °C 
34 TS Water temperature from thermosalinograph °C 
36 SAL IN Water salinity from thermosalinograph 7oo 

gm/cm 38 SIGT Water sigma-T from TS and SALIN 
40 TATW TA-TW °C 
42 TDPTW TDP-TW °c 

watts/nr 
watts/nr 

44 H Sensible water-to-air heat flux 
46 E Evaporative water-to-air heat flux 
48 TVATW TVA-TVW °C 
50 TVA Virtual  air temperature °C 
52 TVW Virtual  air temperature when air is 

at TW 
saturated °C 

54 RH Relative humidity % 
56 QWQA QW-QA gm/kgm 
58 QW Specific humidity of air gm/kgm 
60 QA Specific humidity of air when saturated at TW gm/kgm 

dyne/cnr 62 TAU Momentum stress on water 
64 L Monin-Obukhov length scale m 
66 ZO Sea surface roughness height cm 
58 CD Drag coefficient for momentum _ _ _ 
70 CH Drag coefficient for sensible heat _ _ _ 
72 CE Drag coefficient for latent heat _ _ _ 
74 USTAR Friction velocity cm/sec 
76 TSTAR TA _ _ - 
78 QSTAR QA _ _ _ 
80 PA Atmospheric pressure mbar 
82 HW Height of anemometer above DWL meters 
84 DT Time interval  between data scans seconds 
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Word 

86 

88 
90 
130 
170 

230 
278 
280 
282 
284 
286 
288 
289 
293 
301 
303 

Table 3.   2      Data Format  for File SMIN5   (15-min averages)   (Cont) 

Variable 

HT 

RBLN2 
VB 
RVAL 
FLG15 

DAT15 
STA 
STDP 
SWS 
SWD 
SPLOG 
IBLK2 
0PTN1 
RPTN2 
STS 
IBLK5 

Description Units 

air temperature & 
above DWL 

dew point 

- array 

Heights  of 
sensors 

Blank 
Current background variances  - array 
Current background  variance thresholds 
Total   variance flags  generated in last 

15-minutes - array 
15-minute raw data array 
TA variance over 15-minutes 
TDP variance over 15-minutes 
WS variance over 15-minutes 
WD variance over 15-minutes 
PLOG variance over 15-minutes 
Blank 
System Execution Parameters algorithm selectors 
System Execution Parameters calibrators 
TS variance over 15-minutes 
Blank 

meters 

« 

A 

A 

14 
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IV.  Data Processing 

A.  0 vervi ew 

The raw data was read once every two seconds. This data was 

averaged over 1 minute to eliminate variance due to ship motion 

(typically 6-12 sec. period). Then various quantities were 

calculated from these averages (correlations and variances) and 

these quantities were averaged over 15 minutes to minimize the 

variability of the lower atmospheric boundary layer. The 

appropriate boundary layer averaging interval is actually 

determined by the properties of the boundary layer existing 

during the measurement. The appropriate averaging period can 

vary from 100 to 2000 sec. 

The wind data was corrected for ship roll since the wind 

sensors were on a 22.5m mast. Then the heading was combined with 

the wind direction. The wind velocity data was combined with the 

ship velocity data from the Loran-C to give true wind velocity at 

22.5m. This wind velocity was then reduced to 10m elevation 

assuming a neutral atmosphere. 

The dew point 2 (TDP2) sensor actually outputs relative 

humidity. This is converted to a vapor pressure and then to dew 

poi nt. 

The raw 2 sec data was wild point edited and then scanned 

for noise by comparing a running 60 sec variance to an average 

"background" variance. Any noisy records were flagged, and 

statistics on noise were compiled for each channel. The user 

selected the noise threshold for each channel and this could be 

changed during execution. 

The one minute data, which represents atmospheric conditions 

averaged to remove ship motion contamination, is useful to 

examine variability on short time scales. 

The 15 minute output is intended to provide the final 

characterization of the environment for all the scientists 

participating in the experiment. 

15 
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B.  Calculation of parameters 

The parameters were caluclated from the one minute averages 

in Table 4. 1.  An overbar denotes a one minute average 

.  30 
(= -JA-   £ X. , where X. is a 2 second reading converted to 

physical units). 

From the one minute average variable values the various 

parameters are calculated and then averaged. The parameters and 

units are defined in Table 3. 2. The quantities which represent 

15-minute   averages   are   formed   as 

X   = 1 15 

iD  i=l 7 

where ~x is the one minute average. The functions f are defined 

in Table 4. 2; f would be the unity multiplier in the case of an 

unweighted average (e.g., TA, TDP); these are omitted from Table 

4. 2. In Table 4. 2 the 15-minute average quantity is on the 

left and f (x~) on the right. 

The parameteri zati ons of CD, CE, CH, E and H are due to 

Smith (1980). 

C.  Special algorithms 

Special algorithms were used to correct the wind speed and 

direction for ship course, speed, heading and roll; to calculate 

saturation vapor pressure from TDP; to calculate TDP from RH; to 

calculate  Oj . 

1.  Roll correction and TWIND 

HW = height of wind sensor in m 

DT = time interal between data scans in sec 

ROLL = roll sensor in degrees - current scan 

ROLLL = roll sensor in degrees - previous scan 

WS - measured wind speed in m/sec 

WD - measured wind direction in degrees 

16 
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•ROLLL )/(DT • 57.926)) • 6.0 

••• • 

Roll velocity, VR: 

VR = (1.943 • Hi, • (ROLL 

Across ship wind speed (WMX): 

WMX = WS • sin (WD/57.296) - VR 

Along snip wind speed (WMY): 

WMY = WS • cos (WO/57.926) 

Roll corrected wind speed (WS1) & direction (WD 

WS' = [WMX2 + WMY2]1/2 

WD'   =   arctan(WMY/WMX) 

Ship   motion   correction   to   wind: 

SPEED = ship speed in kts 

COURSE = ship course in degrees 

HDG * ship heading in degrees 

DIR = wind direction in degrees (WD1) 

SPD = wind speed in knots (WS1) 

TWD = corrected wind direction in degrees 

TWS = corrected wind speed in knots 

Subroutine TWIND* 

". «   •   • • " T-»  

): 

vTuiXWD   rsftGQ03   if;   ON   CR0 0 031   USING   00002   BLKS   R--0 000 

FTN>L 
a«: 

0 0 0 i. 
0 0 0 2 
0003 
0 0 0 4 
0 0 0 5 
0 0 06 
0 00 7 
ü 0 0 8 
0 0 0 ? 
0 0 i 0 
0 0 i. i 
0012 
0 0 il 
0 014 

SUBROUTINE   TWIND (SPEED »COURSE, HDG, DIR ,3PD > TWD , TiJS ) 
D=<HDG+DT.R>*3   14159/180 . 0 
C=»C0URSE*3 . i.4i59/i80 . 0 
SVX-SPEED*COS(C) 
5VY=5P£ED*SIN<C> 
TWX=SP D*COS(0)-5VX 
TWY»SPD*SIN<D)-SVY 
TWS=SGRT(TWX*TWX+THY*TWY> 
TWD»ATAN2(TWY ,TWX)*i80 .0/3. i4:L5? 
IFjCTWD . LT . 0 . 0 ) TWD*TWD+360 . 0 
RETURN 

END* 

2.  Saturation vapor pressure from dew point or dew point from 

saturation vapor pressure 

IP0LY = 1;  DIN • Saturation vapor pressure in mbar 

DOUT = Dew point in deg C 

*Dean Clamons, NRL Code 5003 developed this subroutine 

17 
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IPOLY = 2:  DIN = Dew point in deg C 

DOUT = Saturation vapor pressure in mbar 

The polynomials in SPOLY were obtained by fitting data from List 

(1966). 

•iSPOLY   T=00003   IS   ON   CR0O033   USTNG   00005   BLKS   R-fiOOO 

0001 FTN7X,L 
0002 SUBROUTINE SPOI Y(DIN,DOUT IPOLY),1982 Cruise   ECtJ and TC»3 
0003 C     * 
0004 R£AL*8 DIN ! Double» precision input TO subroutine 
0005 REAL*8 DOUT ! Double precision output fro« subroutine 
0006 INTEGER IPOLY ! Operational node of sunroutine 
0007 REAL*8 DO , Dl ,D2, D3, D4, D5 ! Coefficients 
0008 C     * 
0009 C     *  £<t)   Saturation vapor pressure fro« dew point 
8010  C     * 
0011 IF (IPOLY.EQ 1) THEN 
0012 D0=6 1183482DÜ 
0013 Di=0.42750748D0 
0014 D2=0   016941.7O0 
0015 D3=0   000119128t)DO 
0016 D4=0 00000618443D0 
0 017 DOUT=D0+<Di*DIN) + <I)2*DTN*DIN> + <D3*DIN**3> + (r>4*DIN**4> 
0018 END IF 
0019 C     * 
0020 C     *  T(e)  Dew point fron saturation vapor pressure 
0021 C     * 
0022 IF (IPOLY.EQ.2) THEN 
0023 D0=-1.2 304D0 
0024 Di=2.42893D0 
0025 D2=-0 0A26S10DO 
0026 D3=0.000936792DO 
0027 D4=-0.00000689()41DO 
0 028 D5=J .93622D-8 
0029 DOUT=D0+(Dl*PIN)+<D2*DIN**2>+(D3*DIN**3>+(D4*DIN**4>+ 
0030 2    <D5*DIN**5> 
0031 C       * 
0032 C       *  To correct for bad fit of T(e) polynomial to table 
0033 C       * 
0034 IF (DOUT.LT.16.0) THEN 
0035 DOUT=0.86+0.9S*DOUT 
0036 ELSE 
0037 DOUT=DOUT+0.0i*(DOUT-22 0>**2-0 31 
0038 END IF 
0039 C       * 
0040 END  IF 
0041 C     * mi 
0042 RETURN " 
0043 END 

3.  To calculate dewpoint from relative humidity: 

RH • relativity humidity in percent 

R = mixing ratio over water in gm/gm 

R = (RH/100) • (.62197 • E(TA)/(PA - E(TA ) ) 

E(TDP) = R • PA/ (. 62197 + R) 

Use SPOLY with IPOLY = 1 to obtain E(TA) and E(TDP). 

18 



-. •—^—• . •  ' 
• • I • ••«-»• •. • • • 

To calculate sea water sigma-T 

T = temperature in deg C 

S = salinity in °/oo 
-3 

a,   •   sigma-T   in   gm/cm 

29.42   -   .270T   -   .0042(T-21)2+   (.7954   -   .00162T)   •    (S-34) 

This   is   a   quadratic   fit   to   the   data   in   Stommel,    1965. 

D.     Background   Variance   Procedure 

A running background variance check was implemented on 20 of 

the 24 data channels. In the check, a 30-point (60 sec) running 

background variance was divided by the long-term variance for the 

channel and the ratio is then compared to a threshold. If the 

threshold is exceeded, the channel is identified as noisy and a 

record of the violation is written to disk. The thresholds are 

initially set by the user and can be altered at any time by using 

the program SALTR to independently modify each of the data 

channel thresholds. (Munch and Kaiser, 1983). Total violations 

for every 15 minutes are recorded on disk and appear on the 15 

minute data summary hardcopy. The current background variance 

and   thresholds   for   each   channel   also   appear   on   the   printout. 

The algorithm to perform the variance check was executed on 

each of the 20 channels of data. Thus, in actuality, during each 

1 minute variance check, 20 variance ratios are calculated and 

compared with 20 independent threshold values and if necessary, 

the running background variance must be updated. For the first 

one hundred minutes the background variance is assumed to be a 

simple average of the variance. The algorithm to perform the 

variance   check   on   only   one   channel   is   outlined   below. 

The   running   variance, 

1 30 
= So" . f (xi 

l =1 

-s2 
x) , x. 2 -second data value 

if N <100, the background variance 

1  N 

V  = — Z      V VB   N . , V 
l =1 

19 
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wnere   N   is   the   number   of   minutes    (sets   of   30   data   points), 

If-i> T,  - • v +  1, 
B 

where T is the channel threshold and v is the number of violations 

For N > 100, Vg is calculated as follows: 

«i < T, VB > .99 Vg + .01 Vs; 
B 

else VB - Vg, v - v + 1. 
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V.     Time   Series   of   Variables   and   Parameters 

The basic data of importance to the phenomena (TA, TOP, TW, 

WS and WD) is displayed in Figs. 5.1 and 5.2 as time series for 

each half of the cruise. The important parameters (U*, TAU, TVA- 

TVW, H and E) are plotted in Figs. 5.3 to 5.6. WD and WS are 

true. The     variables     and     parameters     plotted     are     15    minute 

averages. TVA-TVW is a measure of the stability of the lower 

atmosphere - the virtual temperature accounts for the effect of 

water vapor on the density of air. If TVA-TVW < 0 the lower 

atmosphere is convectively unstable. The calculations of U*, 

TAU, H and E are based on measurements over both stable and 

unstable conditions. The largest deviations of the calculated 

U*, TAU, H and E from the true conditions are likely to occur at 

very   small   U*,   below   about   10   cm/sec,   when   TVA-TVW   <0   . 
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APPENDIX   A:      Physical    Variable   Summary 

The basic physical variables which were measured during the 
experiment are tabulated in time here. The entries are 15-minute 
averages.     The   quantities   are: 

Quanti ty 

DTG.Z 

TA 

TDP 

TS 

SAL 

SIGT 

WS 

WD 

SHIPS 

CSE 

HDG 

LAT 

LONG 

Discription 

Julian   day/Greenwich   time 

Ai r   temperatu re 

Air   dew   point 

Water   temperature   at   -7m 

Water   salinity   at   -7m 

(   p-1   )   x   10   ,   p   =water   density 

True  wind   speed   corrected   for   ship 
motion,   heading   and   roll 

True   wind   direction   corrected   for 
ship   motion,   heading   and   roll 

True   ship   speed 

True   ship   course 

Shi p   headi ng 

Lati tu de 

Longitude 

Units 

day/hour,mi n. 

°C 

°C 

°C 

°/oo 

gm/cmJ 

m/sec 

deg 

m/sec 

deg 

deg 

d e g, m i n 

deg,mi n 
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APPENDIX   B:      Parameter   Summary 

Parameters,   calculated   from   the   variables   in   accordance   with 
IV.   B,   are   tabulated   in   time   here.     The   entrees   are   15-minute 
averages.     The   parameters   are: 

Parameter       Description 

DT6,   Z Julian   day/Greenwich   time 

TA-TW Air-water   temperature   difference 

TVA-TVW Air-water   virtual   temperature 
difference   (TVW   is   evaluated   assuming 
air   temperature   and   dew   point   equals 
water   temp.-see   IV.B). 

RH Relative   humidity 

TAU Stress   from   Smith    (1980) 
parameter!zati on 

CD Drag-Coefficient   for   momentum 
x   10J   (Smith,   1980) 

U* Friction   velocity 

L Monin-0bukhov   length 

Z0 Roughness   height 

H Sensible   heat   flux   (Smith,   1980) 

E Evaporatine   heat   flux   (Smith,   1980) 

Units 

day/hour,   min 

°C 

°C 

dyne/cm' 

cm/sec 

m 

cm 

watt/m' 

watt/m' 
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APPENDIX   C:     Sample   of   data   available 

Three data files are available: 2 second (raw) data; 1- 

minute average (raw) data; and 15-minute average corrected data, 

calculated parameters and data quality assessment (variances, 

f 1 ags ). 

The 2-second data is on digital tape and the 1-minute data 

is on disc files. A sample listing of each is in Figs C.l and 

C.2. The only difference between them is the 1-minute data 

contains latitude, longitude, ship course and ship speed. The 

channel   numbers   are   identified   in   Table   3.   1. 

The 15-minute summaries were produced in real time on the 

ship. Fig C.3 is a sample of the on-line printout. The top line 

is time; below is latitude and longitude. PLOG is the output of 

an uncalibrated pilot log; LORSPEED is SHIPS. WS 10 is true wind 

speed reduced to the 10m level. TW was water temperature from a 

thermistor towed behind the ship. This channel was highly 

intermittent since the tow could not remain in the water 

continuously. SIGMAS are standard deviations over 15-minute 

intervals of the various quantities. Below is the data quality 

assessment. BVAR are background variances, RVAL are threshold 

variances (operator settable) which if exceeded generate a 

FLAG. 15 data is the 100 min variance of that channel. The 

bottom   contains   operator   settable   options   and   variables. 
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HAYES CRUISE   92-16-09 LL-RM 

192/2356 
40 48 63 N      60 17 16 U 

LÜRSPEF.D = 4.4 kts,  PLOG = 12  let«  HEAD = 106 dei   CSE 

  CORRECTIONS TO 10«    
TA = 14.490 C  TPP = 14.362 C  US10 =  S 277 MPS  TRUE UD 

  CORRECTIONS FOR SHIP ROLL    
ROLL SPEED =   0 M/S   RMS ROLL =   6 

TW = 11 .60 C   TS • IS 49 C 
SAL. • 30 00   SIGT = 22 02 o/c«**3 

130 dea 

10 1 6S 

TA-TW = 2.886 C   TDP-TW • 2 757 C   eW-e 
H = -708E+01 W/M**2 E • - 
TVA-TUW = 2 915 C TVA = 14.S7 C      TMU > 
RH •   99 1602 X  QW-QA = -1.66 q/kq 
QW • 8.373 g/kg   OA = 10.03 g/kg 
TAU a   28 d/c***2   L = 4S.6 M 
Zo =      .002873 CM 
Cd *  9?E-03   Ch = .36E-03 Ce =  13E-02 
U* = 15 10cM/sec    T* = -9E-01 C   Q* • 

« -27lE«-0i «bar 
346E+02 w/m**2 
11 66 C 

00E*OOg/kqM 

SIGMAS: TA = 
WD = 
TS = 

1208E+00 
3632E+03 
OOOOE+00 

TDP = .1297E+00 
PLOG =  S0i0E+0i 

CS = .OOOOE+OO 

WS 141SE+02 

CHAN. 15 FLAG CUM. FLAG. BVAR RiML 15 DATA 
0 0 0 .0 . 1000E-05 . 1000E+04 .1451E+01 
1 0 0.0 1000E-0S 1000E+04 1473E+01 
2 0 0 0 1000E-0S 1000E+04 .2699E+01 
3 0 0.0 . 1000E-05 1000E+04 4727E«01 
4 0 0 0 1000E-05 1000E+04 .1379E+00 
5 0 0.0 .1000E-0S toooe+04 .3504E+0 0 
6 0 0.0 1000E-OS 1000E+04 1363E+00 
7 0 0.0 .1000E-05 1000E+04 .38S9E+0 0 
8 0 0.0 1000E-0S 1000E+04 1S49E+02 
9 0 0.0 .1000E OS 1000E+04 3000E+02 

10 0 0 .0 .iOOOE-05 1000E+04 8221E+04 
11 0 0.0 .1000E-0S 1000E+04 - 184E+00 
12 0 0.0 .1000E-05 1000E+04 . 1000E+02 
13 0 0.0 .IOOOE-05 1000E+04 . OOOOE + 00 
14 0 0 0 1000E-05 1000E+04 .1062E+03 
15 0 0 0 .1000E-0S 100QE+04 1250E*01 
16 0 0 .0 IOOOE-05 . 1000E+04 3027E+02 
17 0 0.0 . 1OO0E-0S . 1000E+04 2000E-04 
18 0 0.0 .IOOOE-05 1000E+04 6292E+02 
19 0 0 0 .loooe-os .1QQGE+Q4 1266E+02 
20 4081E+02 
21 -. 69317 *-02 
22 4422E+01 
23 130111+03 

OPTIONS TA TDP=1 ROLL COR WIND =1 SHIP COR WIND=1. WS1 WS2 OR BOT = 1 
PA = 1013 00   HT =   10.00  HW =   22.50   DT =  2.00 

Fig.   C.3. Sample   of   the   15-minute   data   and   parameter   summary 
provided   on-line   during  the   experiment. 
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APPENDIX 0:  List of Instruments Used 

TA1, TOPI:  General Eastern 1200 MPS, S/N 91005-91008 

Sensors:  TA1:  Rosemount PRT 78-39-3, S/N 95014 

TDP1:  Rosemount PRT 146RB, S/N 14119 

TA2, TDP2:  General Eastern 450, S/N 95005 

Sensors:  TA1, TDP1:  General Eastern 4508, S/N 

WS1, WD1:  Teledyne Geotech WS 201, S/N none 

(NRL Equipment No. 38417) 

Sensors:  WS1:  S/N 036 

WD1:  S/N 037 

WS2, WD2:  Teledyne Geotech WS 201, S/N none 

(NRL Equipment No. none) 

Sensors:  WS2:  S/N 095 

WD2:  S/N 115 

TS, CS:      Plessey Thermosalinograph 6600T 

ROLL:        Robinson-Halpern Model 6858, S/N 1588 

Seconday Temperature Calibration Standards: 

Oymec Quartz Thermometer 2801A, S/N 618-00031 

Probes:      Ch. 1:  S/N 972-1 

Ch. 2:  S/N 978-20 

ft 
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