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INTRODUCTION

This data report contains observations made from RIP FLIP as part of
the firs t process oriented NORPAX (North Pacific Experimen t) experunent.
The experiment was named POLE to indicate that the horizon tal extent of
sampling was small compared to the largest scales investigated in fiORPAX .

The pa rt of the experiment reported here was conducted during the peri-
od 28 January 74 through 14 February 74. During that time , FLIP occupied a
station approximately 800 miles north of the Hawaiian Island Chain under
free drift conditions. The position of FLIP ranged from 35°39’ to 34°36’N.
latitude and 155°05’ to 155°25’W . long itude. The experimenta l site is hydro-
dynamically complex as shown in Figure 1. The Subtropical Front is known to
meander between 32° and 35°N. latitude (Roden , 1974; Barnett , 1976). The
region of the Trade Winds northeast of Hawaii has air-sea fluxes of latent
heat in excess of 850 joules cm 2 day~ (Wyrtki , 1965). The Subtropical
Water Mass formed in this region contrasts markedly with the less saline
Eastern North Pacific Central Water characteristically encountered north of
35°N. latitude. The Horse Latitudes are located only 3° of latitude to the
south of the observational area and the North Pacific Current is expected to
affect the general hydrography of the region.

OBSERVATIONS
Direct measurements of the incident solar , reflected solar , net all-wave

and net long-wa ve fluxes were made from R/P FLIP during the period 2 to 14
February 1974. The sea surface temperature was also observed using a radi-
ation thermometer. Continuous 24 hour sampling of all variables was main-
tained . The laten t and sensible heat fl uxes from the sea surface to the
atmosphere were computed from the bulk aerodynamic approximations using

hourly observations of standard meteorological variables. A drag coefficient
of 1.4x10 3 was used. These observations are discussed in Simpson and
Paulson , 1977a. The interactions between sea surface temperature and surface
waves (measured with resistance wave gauges) are discussed in Simpson and
Paulson , l977b.

Measurements of downward irradiance were made in the upper 40 m of the
POLE experimental area . Analysis of these observations is presented in
Paulson and Simpson , 1977.

Vertical profiles of temperature and salinity we re taken from R/P FLIP
throughout the period 30 January through 14 February 1974 . Profiling was
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Figure 1. The location of the RIP FLIP during the POLE
experiment (35°14, 155°W) In relation to general
oceanic features.
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concentrated in the mixed l ayer and thermocline . The maximum depth reached

was 325 meters. On average , 8 profi l es were measured per day . On occasion ,
more intensive sampling was maintained .

Hourly values of observed and derived surface quantities are shown in
Fi gures 2 and 3. The hourly values were obtained by inter polating between

observations by use of a spline under tension .
Additiona l observations from R/P FLIP include profiles of velocity with-

in the well -mixed layer and thermocline made by R. Davis and L. Reg ier of
Scripps Institution of Oceanography . Friehe and Schmidt (1976) made measure-
ments of surface hea t fluxes using the eddy correlation technique. Only the
observations made by the authors are presented in this report.

Measurements made from platforms other than the FLIP were a part of the
POLE experiment. An intensive synoptic sampling was underta ken in a 200 km
diameter reg i on centered at 35°N. latitude and l 55°W. longitude. Individua l
investigators ’ contributions to this effort can be found in the NORPAX PRO-.

GRAM PLAN (1974).

I NSTRUMEI4TAT ION
A. Radiation Measurements

A description of the instrumentation used to obtain the radiative
flux observations is given in Table 1 .

Estima tes of the net l ong—wave flux are usually obtained by sub-
tracting simultaneous measurements of the net radiation , DNA’ and the
net solar flux , (1 - The accuracy of such estimates can be low
during daytime because the long-wave flux is frequently an order of
magnitude less than the differenced quantities. In addition to this
indirect method , flux values reported below were measured directly with
a radiometer developed by Middleton Instrtaients and calibrated by

C.S.I.R.O. (Paltridge , 1969). The instrument consists of a standard
Funk net radiometer converted to a net long-wave radiometer by sur-
rounding the radiometer with a black polythene sphere to optically
filter short-wave radiation . To eliminate the effects of differential
heating of sensor elements resulting from filter absorption of the
solar radiation , the filter is rotated by an electric motor about the
fixed Funk radiometer. Thus , heating of the filter is uniformly
distributed resulting in a net null output to the short—wave radiation.
The Instrument has zero response In the spectra l range 0 - 2.5 p due to

3
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the absorptive properties of the polythene filter . Spectra l response

above 2.5 p increases rapidl y; however , the two absorption bands of
polythene centered at 6.5 and 14 ~ . should be noted . A description of
the instrument including filter characteristics is given by Paltridge

(1969).

T he s ig nal from each i ns trumen t was transm it ted by s hi el ded ca b le
to the platform laboratory and fed into an amplifier and voltage-offset

device. Signals were recorded in strip chart form using an Esterline-
Angus mu ltipoint potentiornetric recorder . A sampl ing rate of 5 or 10

samples per minute per channel was maintained throughout the experiment.

B. Density Measurements
A Bissett—Berman F-lodel 9040 Salinity/Temperature/Depth (STD)

Measuring System was employed as the profiling device. Temperature is
determined with a platinum resistance thermometer whose time constant

is 0.35 seconds. Salinity is determined from simu l taneous measurements
of conduct ivity , tempera ture and depth. The time response of the con-
duc tivity is not the recorded variable. Rather , the instrument inter-

nally compensates for the effects of temperature and pressure and gives

a direct estimate of salinity . Accuracies for depth , tempera ture and

salinity are 1 meter , 0.01°C and 0.03 0/00 with corresponding re~ol u-
tions of 0.2 meters , 0.005°C and 0.01 0/00. Data was rec rJed in dig-

ital f o rm at d rate of 5 samples per second.
Temperature was standardized against a Mueller platin um resistance

ridge . Values presently reported are based upon the 196 3 temperature
scale. Sal inity was standard i zed with reference to surface samples

taken duri n g each cast. A Bissett-Berman model 6230 inductive salino-

meter was used to determine the salinity of the surface samples. This

device can accu rately resolve sal i n i ty to wi t hi n 0.003 o/oo. Sal i nity
samples are listed in Table 2.

ANALYSIS PROCEDURES

A d.c. correction was applied to the depth signal to eliminate the ef-

fect of ambient atmospheric pressure. Correction s due to vertical platform
motion were unneces~ary as the amp litude of FLIP ’s vertical oscillation s is
typically 10 cm.

Spectra l analysis of GATE Scale-B data , taken with Bissett-Berman model
9040 STDs, suggested a large percentage of the variance associated with the

7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-4



Table 2

S o/oo Punched Card Data

Run Averaj~~S ofoo Run A verage S 0/00 Run Average S 0/00

001 00.000 048 34. 140 104 34. 188
002 00 .000 049 34. 141 105 34.188
003 00.000 050 34.138 106 34.188
004 34.099 051 34.135 107 34.196
005 34.277 052 34.153 108 34.203
006 34.158 053 34.155 109 34.218
007 34.155 054 34.155 110 34.232
008 34.160 055 34.155 ill 34.202
009 34 .147 056 34.151 112 34.171
010 34.153 057 34.146 113 34.179
011 34. 1 79 058 34.185 114 34 .187
012 34 .204 059 34.192 115 34.184
013 34.199 060 34.199 116 34.197
014 34.174 063 34.230 117 34.210
015 34.197 064 34.230 118 34.183
016 34.186 065 34.233 119 34.155
017 34. 184 066 34. 236 120 34.172
018 34.182 067 31.237 121 34.188
019 34.181 068 34.238 124 34.180
020 34 .179 069 34 .239 125 34.183
021 34.178 070 34.239 126 34.186
022 

- 34.176 071 34.240 127 34.166
02’~ 34.175 072 34.211 128 34.145
024 34.171 073 34.192 129 34.153
025 3&169 074 34.172 133 34.191
026 34.167 075 34.154 136 34.193
027 34.164 076 34.161 137 34.195
028 34.162 077 34.168 138 34.196
029 34.159 078 34.174 139 34.193
030 34.152 079 34.170 142 34.193
031 34.147 080 34.165 143 34.186
032 34.141 084 34.161 144 34.178
033 34.136 085 34.182
034 34.130 086 34.196
035 34.125 087 34.209
036 00.000 088 34.202
037 34.154 089 34.195
038 34.143 092 34.204
039 34.134 093 34.217
040 34.123 094 34.229
041 34.129 095 34.213
042 34.161 096 34.196
043 34.193 097 34.210
044 34.181 100 34.186
045 34.149 101 34.169
046 34.144 10? 34.176
047 34.139 103 34 J82
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pressure signal was contributed at frequencies greater than 0.67 Hz. This
variance is thought to be Internal system noise (Elliot, 1975). The (~ATE
results suggested a low-pass filter is requi red to attenuate signals above
0.67 Hz. The observations reported here were therefore filtered with a two-
s tage runn i nq mean fi lter des i gned by J. Z. Holland (1968).

Differences in the time constants of the temperature and salinity sen-
sors introduce errors in the observed values of temperature and salinity .

To correct the temperature signal for therma l inertia of the sensor , a local
temperature gradient was calculated from a 12 point noncentered linear re-
gression. The center of regression is 0.3 seconds ahead of the point to be
corrected. The corrected temperature, is then given in terms of the un-
corrected temperature , T0 AT

T
~~

= T 0 +’i
~~

Q (1)

where -y is the response time of the temperature sensor..
The salinity correction is based on a relation (Mosetti , 1967) between

the conductivi ty, C, and the measured temperature and salinity, T0 and S0
C = + ~ T0)

k s0
h (2)

where ;k 1.17013 , ,~ = 0.03299, k 1.05257 and h = 1.10807. As this rela-
tion is assumed to hold for both corrected and measured values the correction
factor assumes the form -h

A + ~ T 
k

(3)
A + 

~ 
T~

The corrected salinity , S~, specified in terms of the observed sa l init LI ,
S0, then assumes the form

= S0 ( ( c -  - 1) SF + 1) . (4)

This relation reduces to the correction used by Elli ot for the case SF = 1.
The factor SF was introduced to minimize the cumulative magni tude of the

$ 

inversions in the density profiles obtained from corrected values , Tc ’ and
S~. Observations of density inversions are most likely introduced by erro-
neous salinity measurements made in the presence of sharp temperature

• gradients. The corrected salini ty is then low-pass filtered analogous to
pressure . flumerous numerical experiments indicate observed density inversions
can be minimized with SF 6. The resulting tripl ets (T

~
i 5c ’ 0) are then

averaged over 1 meter intervals and standard depth values are computed by

9
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interpolation from the averaged data sets. The s-i gma-t profiles were com-
puted using a series expansion in terms of the corrected temperature and
salinity (Fofonoff , 1958). In Figure 4, uncorrected and corrected profiles
of temperature , salinity and sigma-t are shown for a typical observation .

~cO~~CTED ~O~~CTW
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I— -. I • I • ‘I 1 1 1 0 1 6 1 1  I ’ I
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FIgure 4. Exampl es of corrected and uncorrected temperature,
salinity and density profiles. Corrections were made
for the difference in time response of the conductivity
and temperature sensors .
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DATA

Rain Code

0 no rain
1 fog
2 mist
3 light rain
4 rain

White caps
o no
1 yes
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