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1. INTRODUCTION

"Early observations in the Central North Pacific indicate a general decrease in temperature
and salinity as one moves northward from the equator. The change is not a smooth function of
latitude, but rather, superimposed on a steady poleward decrease of temperature and salinity are

regions of abrupt change called fronts (Seckel, 1968; Roden 1972).

The general strength and location of the mid-ocean fronts are well-known. Near 45°N
latitude is the Pacific Subarctic Front. It separates the Pacific Subarctic water mass from the
North Pacific Central water mass and is characterized by a change of 4°C per 30km and 0.6%,
per 30Am across the front. In the vicinity of 32°N is the Pacific Subtropical Front. It separates
the North Pacific Central water mass from the Pacific Equatorial water mass and is characterized
by a change of 2°C pet 30km and 0.25%, per 30km across the front (Roden. 1975). A
schematic map of the Central North Pacific Fronts is shownin Fig. [. "Although the generudl
location and strength of the mid-ocean fronts are well documented, littie is known about varia-
bility associated with frontal strength and position.

In an effort to address this question White et. al. (1978) used historical XBT data to
examine the large scale seasonal and secular variability of the North Pacific Subtropical Front.
They found the front to be strongest in the Spring and weakest in the Fall. Their work further
suggests that on large space and time scales the front is basically a zonal feature which iy
located furthest north in the Spring and furthest south in the Fall. Observations collected in
the Atlantic Ocean on shorter time scales and smaller space scales suggest that mid-ocean fronts

are much more complex than suggested by the study of White et. al. (1978).

Voorhis and Hersey (1964) towed instruments across an Atlantic mid-ocean front al vari-
ous locations in an effort to map the two dimensional structure of the front. They found defor-
mation scale meandering of the front and temperature changes of 1°C per 104m across the
front. Their work further suggests that the along front flow is nearly in geostrophic balance.

Subscquent investigations (Katz, 1969; Voorhis, 1969) have essentially confirmed the carlier

findings.  Although each of these studies provided valuable information on the variability of
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mid-ocean fronts, none of the studies attempted to map the full three dimensional space and

time structure of a mid-ocean front.

in December 1979 a large observational program (FRONTS 80; was undertaken 1o obtain
basic scale information on a mid-ocean front. The North Pacific Subtropical Front, near 31°N,
153°W was chosen as the experiment site because of its logistical proximity to the U. S. main-

land and Hawaii, and because extensive historical data exists for this region.

2. OBSERVATIONS

An important component of the FRONTS 80 experiment was the collection of NOAA-6
Advanced Very High Resolution Radiometer (AVHRR) data. NOAA-6 operates in a near-
polar sunsynchronous orbit. It orbits at a height of 850km providing global coverage roughly
twice daily. The AVHRR has a 1.1-km spatial resolution and is a 4 channel device, viewing in
the visible (VIS, 0.62u and 0.91) and infrared (IR, 3.7u and 11.0u) portions of the spectrum.
For the IR channels, the noise equivalent differential temperature (NEDT), which expresses
the sensor sensitivity is about 0.1°C when viewing the ocean surface. Thus, the sea surface
temperature difference beiween two 1.1-km areas veiwed by the scanner may be resolved if it is
larger than the radiometers NEDT. More information on the spacecraft and sensor can be

found in Schwalb (1978).

The NOAA-6, AVHRR data for the FRONTS 80 experiment was collected at Hickam
AFB, Hawaii and shipped to the Scripps Satellite Oceanography Facility for processing. All of
the passes were collected at about 0500Z on days when the satellite passed over the experiment
site. In all, 60 passes were collected between 18 December, 1979 and 18 March, 1980. Table 1

lists the dates of satellite coverage. Typical satellite data coverage can be seen in Fig. 2.

Each satellite pass consists of four data channels, the visible channels centered around
0.62u and 0914, and two infrared channels centered around 0.37u and 11.0u. The visible

channels were not processed because the data was collected after dark: however, both infrared

channels were processed. Only the 3.7u channe! imagery is shown in the figures because ocean
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structure is generally easier to detect in the 3.7u data than it is in the 11.0x data when atmos-
pheric moisture is present. This is a consequence of the fact that a moist atmosphere is more

transparent t¢ 3.7u radiation than it is to 11.0u radiation (Selby and McClatchey, 1975).

In addition to the satellite observations two hydrographic surveys were conducted in the
vicinity of 31°N, 153°W. The first survey took piace during the period 24 January - 30 January.
1980 and the second survey took place between 31 January - 11 February 1980. The horizontal
station spacing was about 37km and the hydrocasts were to 1500m. Roden (1980) provides a
compiete description of the hydrographic data and the details of the processing. Many other
measurements were made as well. The large scale synoptic temperature field was mapped using
Air-expendable bathythermograph data collected from Navy P-3C aircraft. Near surface
currents and temperature were obtained from ten Polar Research satellite-tracked drifters
deployed in the FRONTS 80 experiment region. Lastly, a whole host of fine structure and
microstructure measurements were made during the experiment. A data report has been
prepared which describes more completely all the measurements made during the FRONTS 80

field program (Paulson and Niiler, 1980).

3. DATA PROCESSING AND PHOTO INTERPRETATION

a) Data Processing

Extensive processing done in three steps is required to produce the imagery shown in this
report. In the first step of processing the raw AVHRR data is extracted from the satellite
telemetry data stream. This produces a 720 x 720 array of data with each data value represent-
ing the radiance from an area 1.1km x 1.1km. The earth location of each data point can be
determined from a knowledge of the spacecraft orbital elements and time. In order to keep
processing time and storage requirements to reasonable limits, row/column indices and
latitude/longitude pairs are stored for 200 evenly spaced data points. These 200 position sets

are used to construct a two dimensional second degree least squares polynomial relating

latitude/longitude to row/column.
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The second stage of processing makes corrections to the data array and the earth location
file in an effort to remove the effects of earth rotation and curvature. The details of this algo-

rithm can be found in Legeckis and Pritchard (1976).

The third stage of processing is a two dimensional first order least square mapping which
maps the output from the Legeckis and Pritchard algorithm to an equal area projection. This
step serves merely 1o rotate and translate the data so that the imagery is centered at
31°N,153°W and has the latitude/longitude grid alig.ied with the rows and columns. It should
be noted in passing that this final stage of processing maps only 512 x 512 data points from the
original 720 x 720 array of data. This is necessary because the display device is limited to
arrays no larger than 512 x 512. 720 x 720 arrays rather than 512 x 512 arrays were extracted

in step one to ensure a complete 512 x 512 array at the completion of step three.

The accuracy of this three stage procedure was checked using coastal data from the
Hawaiian Islands. The data containing the Hawaiian Islands was extracted from the passes on
17 January, 1980 (Julian day 017) and 9 February, 1980 (Julian day 040) processed in the
manner described above. Coastal points with known latitudes and longitudes were compared
with the location calculated from the earth location transformations. The calculated positions

for both days deviated from the true location by less than Sim.

b) Image Interpretation

All the imagery in the figures have been processed as described above. The images are
centered at 31°N, 153°W with each tic mark representing 1° of latitude or longitude. In the
images clouds are white, cool northern water is light grey, and warm southern water is dark.

All the images have been enhanced in such a way that the contrast across thermal boundaries is

maximized.
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Table 1. Duates of Satellite Coverage.

Fig. A Fig. B
Date Julian Date Julian Page
Day Day
13 November, 1979 37 12 December, 1979 346 12
18 December, 1979 352 19 December, 1979 353 13
20 December, 1979 354 21 December, 1979 358 14
22 December, 1979 356 23 December, 1979 357 15
24 December, 1979 358 25 December, 1979 359 16
26 December, 1979 360 27 December, 1979 361 17
| 28 December, 1979 362 29 December, 1979 363 18
' 30 December, 1979 364 2 January, 1980 00?2 19
~ 3 January. 1980 003 4 January, 1980 004 20
o S January, 1980 008 1‘ 6 January, 1980 006 21
8 Januaryv, 1980 008 10 January. 1980 010 22
11 January, 1980 011 i 12 January. 1980 012 23
13 January. 1980 013 ' 14 January, 1980 014 24
15 January, 1980 013 16 January. 1980 016 28
17 January, 1980 o1” 18 January, 1980 018 26
219 January . 1980 019 20 January, 1980 020 27
221 Junuary, 1980 021 22 January. 1980 022 28
" 24 January, 1980 024 28 January, 1980 02§ 29
260 January, 1980 026 27 January, 1980 027 30
28 January, 1980 028 30 January. 1980 030 31
I February, 1980 032 8 February, 1980 039 32
9 February, 1980 040 13 February, 1980 044 33
14 February, 1980 045 I 15 February, 1980 046 34
. 17 February. 1980 048 ‘ 18 February, 1980 049 35
19 February, 1980 050 20 February, 1980 051 36
22 February, 1980 053 23 February, 1980 054 37
24 February, 1980 055 7 March, 1980 067 38
8 March. 1980 068 9 March, 1980 069 39
11 March, 1980 071 12 March, 1980 072 40
14 March, 1980 074 18 March, 1980 078 41




"$1UOT) OPNINRI-PIW dY1ded YLON JO weidelp onewaydys | aIndiy

MOO0! 4] Ovi L3 08} 3 LOb! 3021

S o >

LN3HEND IVIHOLYNOI HLHON

> i
LNOY4 TVDIdON L8NS

- -
LIN3HHND D21410vd  HLIHON

, -~
; e - LNOY3 DiLDHVENS

. 4




10

"10d3l Sy} Ul pauIRIU0D BIEP Ij[A1ES Y] AQ PIISA0D
uo1831 oY Syuasaidas ease pajdns Ay -aBesar0d ejep 9-VVON [eddA] -z aindig

“oel- ‘SEl- “ohi-

‘Ghi-

‘0S1- "SS1~ "091- ‘S91-

384§ HYTININULIIBINBIENDI LJ3r DY
0 *hh:S  08/6 /2 Oh

0 :LE*S 0876 /2 Oh

HUHAH *HOSN3S

*3IWIL d401LS

‘IWIL 1HBLS

SHHON*34177314S

“oLI- ‘Sel-

‘g8l

00 LE SO

*1Y)

natal

‘ot

‘st

‘02

*se

“0e

‘SE

‘Oh




e -

NOAA-6 SATELLITE DATA:

FRONTS 80

ot

o e o o bR ket - L A Lk i e v

i o

|
!




13 November, 1979 b 317

153w

12 December, 1979 RIVER AR |




18 December, 1979 an 352

19 December, 1979 D353




20

December, 1979

AR

necember, 1979




N

KXl

22 becember,

1990 N

23 becember,

1979

19,9




24 December,

JY December,

1979

1979

JD 358

In

359




5 -
.
1}
H
)
=] —
o e
(ea] ~
o ~
= =
.
o)
~ Z
= 2
- Ld
}
v P
\m Z
] g
(] -
e -
o =~ l
= \
N 1
(o}

)

-




'

D 36,

1979

December,

8

Y

SO 3

D

AL

1o

J9 Decemboer,

y




30 December,

- 220K

Y January,

1979

IFET L

19RO

et

I R SR

RALERRIE

e ——




oo

1980

Janunary,

3

(RIREA

I

1a80

Tatary,

4




38 L B

[
3

|
|

Ll

183

S -1

JD 005

1980

5 Januarv,

AN 006

1980

6 Januarv,



3 Januarvy,

10

January,

1980

1980

REMRIRNY

A oo




e —

11 Januarv,

12 Januarv,

1Sy|M 193|W 152 | _IG1gM

1980 JD 011

1980 Jn 012




13 January, 1980

Jn 013




JD 015

1980

January,

15

JD 016

1980

January,

16




CASHIW (EEAL D 73 (. I 151 JwW

17 January, 1980 JD 017

18 January, 1980 JD 018 .




A

19 Januarv, 1980 JD 019

20 Januarv, 1980 aIn0xo R




21 January,

22 January,

1980

1980

an 022

S I SO




24 January, 1980 JD 024

25 Januarv, 1980 Jh 025




26 Januarv, 1980

JJ January, 1480

ID 026 ’

Jb 027




e} <
o~ ™
o <
o ol
— -
o C
0 x
= [=a3
z —
- -
S >
[ St ‘
® T
= =
] c
© ;]
- -
© <
o~ [en




U

o
= =
= c
= fent
< c
© <
o >
~ —

kel -
> =,
= I
© o
= =
b -
£ -
v >
e =
— <




il

9 February, 1980

13 February,

1980

Jn

044

< or o e A e S




Jh 045

1980

14 Februarv,

AD 046

1980

February,

[




35

JD 048

1980

17 February,

JD 049

1980

ebruary,

18 F




19 Februarv, 1980 JD 050

' 20 Februarv, 1980 Jb 051




22 February, 1980 Jb 053




v

[REr N

V1 MO s b g .

38

24 February, 1980 Jp 755

Y S-3-) 0. DUV 1Y | DSOS 1-% 5 1. O 74 A3

7 March, 1980 JD 067




8 March, 1980

JD 068




40

S N S

. ..Z “ ﬁf «

-o

JD 071

11 March, 1980

JD 072

12 March, 1980




41

14 March, 1980 JD 074







