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Abstract

From November 1 
to February 1978, thirteen round trips

were flown aboard P-3 airplanes between Hawaii/Tahiti . The

primary measurement program aboard these flights was the

collection of air-expendable bathythermograph (AXBP) data

along N/S flig ht tracks between 2O’N and 1 7 S .  Although

flights were made as often as every other day for one week ,

the usual temporal sampling was once per week. A

three—month time series of sixteen temperature sections was

obtained along 150 W and a two—month series of ten sections

was gathered from 158 i1.

Th is prel imin a ry re po r t d isplays  the  AXBT d a t a

collect ed during the P—3 flights. The text describes the

methods and instrumentation used to collect the data , d a t a

processing , and finally the data display . Included are

graphical presentations of each temperature section and

v a r i o u s  d e r i v e d  t i m e  se r ies  and s t a t i s t i c a l  f i e l d s .
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1.0 Introduction

Long-range P—3 aircraft were used for three mont hs

(November 1978 throug h February 1979) to rapidly sample the

upper ocean the rmal structure along 15O and 158 ’W In the

central Pacific between Hawaii and Tahiti. The aircraft

measurement program consisted primarily of collection of air

expendable bethythermograp h (AXBT) data along N-S flig ht

tracks. The objective of this program was to describe and

quantitatively explain the observed temporal and spatial

fluctuations in the upper 300 m of the oceanic thermal

field.

The development of this field work began when the FCOE

(First GARP Global Experiment) was proposed for 1979—80.

North Pacific Experiment (NORPAX) scientists recognized this

as a un..que opportunity to obtain excellent wind stress data

and other atmospheric data sets to compare with changes in

equatorial ocean circulation (Wyrtki et al., 1 977).

In pr e pa ra t ion  f o r  FGGE , NORPAX scientists began during the

w inter of 1977—78 with a three—month pilot experiment

in t e n d ed to  d ev e lo p an d ref ine m e a s u rem en t  t e c h n iq ues  f o r

use In 1979—80 , and to obtain preliminary Information on

s p a t i a l  and t e m p o r a l  s c a l e s  of o c e a n i c  v a r i a b i l i t y  ( P a t z e r t

at  a l . , 1 978) .  The a n a l ys i s  of t h e s e  d a t a  s e t s  w i l l

be used to  d e s i g n  r a t i o n a l  s a m p l i n g  s c h e m e s  f o r  the  l a r g e r ,

l o n g e r  e x p e r i m e n t  d u r i n g  F G G E .  P r o c e e d i n g  w i t h  t h i s

st e p w i s e  p l a n , we a r e  o p t i m i s t i c  t h a t  t he  u n d e r s t a n d i n g  of

4 ,
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2

low— frequency, large—scale ocean/atmosp here interaction will

be achieved and that this understanding will be a

substantial aid in short—te rm environmental forecasting.

This preliminary report displays the data collected

from November 1 978 to February 1979. It is hoped that

visual inspection of this data by various investigators will

interest them in the scientific problem at hand , as well as

providing a feeling for how the ocean actually changes ove r

large space and time scales. With this present limited

objective , the text will do nothing more than present the

data. Little , i f any , explanation will be offered as to the

mechanism causing the observed changes. Therefore , the

following sections of the text describe briefly the methods

an d in s t r u m e n t a t io n u sed to c o l l e c t  th e da ta , data

processing, and finally the data display . The graphical

presentation of each temperature section and the resulting

derived time series and statistics make up the body of the

r e p o r t .

2 .0  Me thods

2 .1  O p e r a t i o n s

The standard operati on called for occupying each

section approxImately every week. A preliminary sampling,

h o w e v e r , was  c o n d u c ted a l o n g  t h e  150 W to i n v e s ti g a t e

high — f r e q u e n c y  v a r i a b i l i t y . The d a t a — g a t h e r i n g  ex e r c i s e

_ _ _ _  
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began in Ho n olulu. From there the U.S. Na vy Reserve P—3

flew to coo rdinates 2 0 N , 150 W and then south along the

l5O tr m eridi a n. Simil ar flights were also made by ~JOA A

P— 3 ’ 3 and a P— 3 associated with the Naval Oceanograp hic

Office (see Table 1 for the flight schedule). AXBT ’ s (see

bel ow) wore dr opped at approximately 1 (110 kilometer)

intervals between 2 0N  and 1 7 S .  In the region between 1 4 N

and 6~~:; the BT ’s were spaced at 1/2 latitude (55 kilometer)

ser~ar~
). tion s . After the final drop at 1 7 S  the plane landed

in Tai’.iti for a day ’s layover and crew rest. From Tahiti

the plane resumed the survey, fly ing to 16’S , 158 W and then

north up the 1~~~th meridian. AXBT ’s were again dropped on

the 1 and 1/2’ grid between 1 6 5  and 2O°N with the flight

terminating in Honolu 1 u. The study area and fligh t tracks

are shown schematically in Figure 1. The data for 
P

individual flights are shown as S e c t i o n s  1 — 2 6 .  F i g u r e s  2 — 1 7

s h o w  v a r i o u s  s t a t i s t i c a l  p r o p e r t i e s  o f  t h e s e  d a t a  and  time

s e r i e s  r e p r e s e n t a t i o n s  a t  t he  t w o  m e r i d i a n s .

An on—board Scri pps technician and scientist insured

that the data were properly obtained during each flight.

They were responsible for quality control as well as

directing the general aspects of the flight. However ,

actual navigation , BT dropping, etc. , were all done by the

N a v y  o r  N O A A  p e r s o n n e l  and  t h e y  p roved  m o s t  h e l p f u l .

_____________________ 
_ _  
1~

.
— — — -~~ ~~~~~~ — — -a———



6

2 . 2  I n s t r u m e n t a t i o n

The airborne expendable bathythermog raph (AXBT) was

used to obtain a pro file of temperatures as a function of

depth. The instrument works in the following manner. The

BT is launched from the aircraft at a predetermined

location. Upon hitting the airstream a parachute deploys ,

slowing t h e BT ’s descent. Upon striking the surface of the

water , an end-p late and parachute are jettisoned from the BT

and it assumes the posture of a drifting spar buoy. With

ejection of the parachute , an antenna is allowed to raise

and , with the loss of the end—p late , the salt water

activates a battery that eventually provides system power.

A pproximately two minutes after the BT has hit the water , a

probe is released from the body of the buoy. The falling

probe is connected to the buoy by a hard wire which returns

temperature information to the still drifting surface

float. Upon arrival in the surface float , the temperature

information is used to modulate a radio carrier , with the

resulting signal being received in the aircraft. The probe

falls approximately 1.56 meters per second and continuously

returns temperature data to a depth of roughly 330 meters.

Approximately 7 minutes after the BT has entered the water ,

a scuttle plug is activated and the ent ire unit sinks.

Th e AXBT ’ s being used in this operation have been

c a l i b r a t e d  s u c h  t ha t t h e i r  a c c u r a c y  is  e a s i l y  w i t h i n  

T~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ i~
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+O .2 C. Details of the calibration procedure ,

char act .ristic s of the probes themselves , etc. , are reported

elsewhere (Sessions et a].., 1974, 1976; Barnett

et al. , 1 976; and Sessions and Barnett , 1978). It

turned out that the errors associated with the instruments

were generally a factor of 10 less than the interannual

variability experienced in the flig ht area and/or the

variability observed over the course of the current

experiment.

Another key component of the instrumentation used in

this program was the navigation device used on the

aircraft. A Litton inertial navigation system (LTN72) was

used for each one of the fli ghts aboard Navy aircraft. The

accuracy of the system was checked after each flight and

also during flights down the 150th meridian where a surface

buoy, whose position was known from satellite positioning

systems aboard ship, was overflown. During the flights with

the NOAA aircraft , a dual inertial navigation system with an

OMEGA update was used. In all cases the navigational

capability of the aircraft was excellent. Hence we were

able to go back to virtually the identical spo t in the ocean

time after time and re— drop an AXBT at that location.

Errors in position of these drops were generally found to be

less than 2 nautical mile s . Thus changes in the thermal

structure represented in the accompanying material are those

resulting from changes In time rathe r than those induced by

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -
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i n a c c u r a t e  sp a t i a l  s a m p l i n g  in  a h i g h — g r a d i e n t  f i e l d .

2 .3  D a t a  R e c o r d i n g

V

As s t a t e d  abov e , t h e  A X B T  s e n d s  a V H F  r a d i o  s i g n a l  back

to the plane. An audio frequency signal on th~ radio

c a r r i e r  can  be c o n v e r t e d  to  t h e  d e s i r e d  i n f o r m a t i o n  on

t e m p e r a t u r e  as a f u n c t i o n  of d ep t h .  U p o n  r e c e i p t  the  r a d i o

signal is routed from the aircraft radio system to a digital

data logging system constructed at Scripps Institution of

O c e a n o g r a p h y  ( b y  M e r e d i t h  S e s s i o n s ) .  The d a t a  l o g g e r  is

h i g h ly  v e r s a t i l e  and p r o v i d e s  the  f o l l o w i n g  f e a t u r e s :  Two

i n d e p e n d e n t  c a s s e t t e  r eco rd e rs p r o v i d e  r e d u n d a n t  c a p a b i l i t y

in  d i g i t i z i n g  i n c o m i n g  s i g n a l  a t  o n e — s e c o n d  i n t e r v a l s ,

t h e r e b y  p r o v i d i n g  a v e r t i c a l  t e m p e r a t u r e  p r o f i l e  w i t h

1 . 5 6 — m e t e r  r e s o l u t i o n .  The d a t a  a r e  d i g i t i z e d  to  t he

n e a r e s t  O.03 C , t h u s  a s s u r i n g  t h a t  r o u n d - o f f  e r r o r s  a r e

si gnificantly less than calibration uncertainties associated

w i t h  the  BT i t s e l f .  In a d d i t i o n  to  t h e  two d i g i t a l

recorders , there is also a hard— copy printer tha t lists , a t

o n e — s e c o n d  i n t e r v a l s , t h e  v a l u e  of f r e q u e n c y  s t r i p p e d f r o m

the incoming radio signal. Perhaps most important , h o w e v er ,

is a v i s u a l  d i s p l a y  ( s t r i p  c h a r t )  o f  t h e  o b s e r v e d

t e m p e r a t u r e  p r o f i l e .  I t  is th is s t r ip c h a r t  r e co rd  t h a t

a l l o w s  us to d e t e r m i n e  if  the  BT was  a s u c c e s s f u l  d r o p .  BT

f a i l u r e  ( i . e . ,  a f a i l u r e  to r e t u r n  a good s i g n a l  a t  l e a s t

t h r o u g h the  m i x e d  l a y e r )  r e q u i r e s  tha t the  a i r c r a f t  r e t u r n

p..’ ~~~~~
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1

to the last drop position and re—p lant another AXBT. This

on— site data inspection capability has allowed us to return

well over 98% of the data tha t it would have been possible

t v..ullec t. Hence the resulting data is virtually free of

holes and gaps.

3.0 Data Processing

3.1 Decoding and Error Checking

Immediately upo n return to Hawaii following a flight ,

the cassette tapes were played through a Harris computer and

converted to 9—track 800 BPI tape in a format that could be

read by virtually any reasonable computer. During this

translation process , header data were added and a y

pecularities in the digital r e co rd , s u c h  as prem at ure st art

of the data recording , a pa r t ial r e c o r di ng or bad A X B T , were

deleted via an interactive terminal. Hence the tape tha t is

g e n e r a t e d  is s y s t e m a t i z e d  in the sense tha t it can be read

w i t h  a s t a n d a r d  d a t a  e d i t i n g  p r o g r a m .

3. 2 E d i t i n g

O n c e  th e d a t a ha d been  c o nv e r t e d i n t o  BCD c h a r a c t e r s  i t

‘~1 was read through an interactive data editing program on the

Harris. N u m e r i c a l  p e c u l i a r i t i e s, i f  t h e y  d id occ u r , w e re

f l a g g e d  a u t o m a t i c a l l y  f o r  s t u d y .  A l s o , e a c h  A X B T  t r a c e  is ‘
~~~

d i sp l a y e d  on a c a t h o d e  ray tub e ( C R T )  a n d  v i s u a l l y  i n s p e c t e d

— t

t
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~or continuity and spikes which mig ht exist in the data.

Very few were ever found. However , several difficulties

that did occur are listed below along with the manner in

which they are handled .

a) Sharp sp ike due to signal dropout in an otherwise

smooth trace: The data point responsible for the

spike was deleted and replaced with a value

interpolated from either side of the missing

point.

b) A section of a trace unusable due to signal

dropout: This difficulty usually occurred as the

probe was reaching its depth limit. In this

region the temperature profile is quite smooth.

The editing treatment , therefore , is to delete the

noisy r~ection of the record and replace it with

linear interpolation between the regions of good

data on either side.

c) Partial traces: It sometimes happened th a t the

AXBT operated properly through the mi xe ’ I layer

(—100 meters) and then lost signal for ~ome

reaso fl . In this case the remainder of the trace

is set at 0 and no attempt is made at. tha t t i m e  to

interpolate from drops on either side.

The final data set tha t we developed from eac~ aection

hen thus been me chanically screened once and visually

in :Jpec ted twice for errors , incongruities , etc. Little , if

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~ —
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any , tamperin ,-~ with the data was ever required , so the

resulting da ta set was extremely close to the data

ori ginally t e k e n  on the aircraft. The c1ean , complete data

set was then fo rwarded to a larg e disk file on Control Data

7600 computer for scientific analysis.

4.0 Data Display

4.1 Individual Sections

Sections 1— 1 6 are the data collected during individual

fli ghts along 15O ’W between 5 November 1 977 and 30 January

1 978. Sections 17— 26 are along 158 W between 1 December

1 977 and 1 February 1 978. There are approximately 60 AXBT

drops per s e c t i o n .

The se sect ions were  pre pa re d almo st ent irely by

c o m p u t er , except the drawing of contours. Handwork also

i n c l u d e d  d r a f t i n g  c o n t o u r s  and t h e  a d d i t i o n  of  c o n t o u r

l a b e l s .

4 . 2  V a r i a t i o n  of T h e r m a l  S t r u c t u r e
0

A p r i m a r y  g o a l  of t h i s  e x p e r i m e n t  is to d e s c r i b e  and

quantify the variability in the uppe r ocean t he r m a l

s t r u c t u r e .  To p r o v i d e  a d e s c r i p t i o n  of t h e  v a r i a b i l i t y

o b s e r v e d  a l o n g  150 a n d  158 ’W , s i x t e e n  f i g u r e s  h a v e  been

prepared and included in this report. T h e s e  f i g u r e s  s h o u l d

P - ________

. ~~~~~~~~~~~~~~~~~~~~ 
‘ — t . ’~~ . T., 

~~~~~~~~~~~~~ 

—
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provide a first—order picture of conditions present during

the experiment.

Two m e a n  s e c t i o n s  (F i gs .  2 and  4 )  h a v e  been  p r e p a r e d

for the 150 and 158 W meridians. These sections are simply

the averages of all AXBT data collected at a particular

l a t i t u d e a l o n g  e a c h  m e r i d i a n .  From t h e s e  m e a n  s e c t i o n s , t h e

m e a n  v e r t i c a l  t e m p e r a t u r e  g r a d i e n t  has  b e e n  c a l c u l a t e d  f o r

both meridians (Figs. 3 a n d  5). These mean fields provide a

reference from which the variability observed can be

ga u g e d .

The short—t erm fluctuations in the thermal structure

can be seen in Figure 6. The “b u r s t ” sampling done at

t w o — d a y  i n t e r v a l s  f o r  f o u r  f l i g h t s  a long  150 W is i n d i c a t e d

h e r e .  The t o t a l  r a n g e  of f l u c t u a t i o n s  of  the  24 ’C and  14 ’C

i s o t h e r m s  is s h o w n  in the  n e x t  f i g u r e  ( F i g .  7 ) .  F i g u r e s  8

a n d  9 s h o w  t he  s t a n d a r d  d e v i a t i o n  of the  t h e r m a l  f i e l d  as a

fu nction of depth and latitude at the two meridians.

F i g u r e s  10 t h r o u g h 17 are time series of the sea

s u r f a c e  t e m p e r a t u r e , m i x e d — l a y e r  d e p t h , d e p t h  of  the  14 ’C

isotherm (essentially the base of the main thermocline), and

the thickness of the layer between 24’ and 1 4 C  (thickness

of  t h e  t h e r m o c l i n e )  a l o n g  150 ’ and  158 ’W d u r i n g  t he

e x p e r i m e n t .  T h e s e  t i m e  s e r i e s  r e v e a l  t h a t  the  sampling

(both in time and space) quite adequately resolved the meso-

— —— — ~~— 

~
7_ 

~~~ 
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and large-scale varia bility that was present during the

three month experiment .

A comp lete analysis of the AXBT data sets is presently

underway and we w i l l  report on these results in the near

future.
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