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This paper is an investigation of the possibility c f ae ter- 
ming the position of the Gulf Stream from an examination of 
surface temperature gradients.  As considered here, the Gulf 
Stream is the band of water between Cape Hatteras and 50°w'~. 
where the temperatures change abruptly at all depths down to 
2000 m.  The process of measuring these deep (500-2000 m.) tem- 
peratures is both costly and time-e-ensuming, and were it possible 
to estimate the position of thee deep temperature.-gradients from 
the surface gradient, some aspects of Gulf Stream surveying would 
be!__• vastly_.simplified.  Even so, the relatively slow speeds of the 
ships normally used for taking ocean temperatures plus the poss- 
ible local shifting of the Stream during the time necessary for a 
crossing could introduce errors. 

The recent development of the Stommel-Parson air-borne radia- 
tion thermometer does much to = solve these problems.  A detailed 
description of-this instrument is beyond the scope of this report, 
but^briefly it is an infrared radiation detector installed in an 
-airplane.  Through a simple optical system it looks alternately 
(10 cycles/sec.) at-tha surface of the ocean directly beneath 
the plane and at a vessel of water in the instrument itself, 
recording the difference in temperature" between the sea surface 
and this, reference black body.  The operator changes the tempera- 
ture of the reference body until the temperature difference noted 
by the instrument is zero.  Atmospheric vapor absorption can lead 
to absolute temperature errors as great as 3-U0F., t-ic produces 
only negligible errors!In the gradient-structure,  Relative tem- 
perature changes^are noted instantly and accurately,  A complete 
description of this instrument will be published, but even from 
this sketchy treatment it will be seen that the air-borne radia- 
tion thermometer enables the o.ceanographer to make- rapid sections 
of the surface thermal pattern. 

The data obtained from nearly 100 ship crossings of Gulf 
Stream water have been summarized in an effort to see what may 
be inferred about deep water temperature gradients from the sur- 
face gradients.  If-reliable and consistent correlation be found, 
the way lies open for rapid charting of the Gulf Stream from the 
air. 

The graphs presented at the "end of this report plot the tem- 
peratures at specified depths against the distance run by the 
.ship'.  Because of the relatively late introduction cf the 900-foot 
bathythermograph (BT), two-thirds of the graphs prepared plot only 
the surface and 100 m. temperatures.  Continuous series of 200 ma 
temperatures were not available from some cruises, hence the 
deepest temperature consistently reported has been plotted. 

In this paper the term "warm core", is .used to..designate thai- 
water in the Gulf Stream where the temperature is greater than 
that of the water at the ^ame depth to the right, facing downstream, 
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The "edge of the Stream" will remain undefined, but will be used 
as a convenient term for "the neighborhood of the place, '-here 
the horizontal pressure gradient goes to zero."  The materials 
used were the profiles in Iselin's papers of 1936 and 19'*0, and 
the BT records on file at the Woods Hole Oceanographic Institu- 
tion.  Finally, the Fahrenheit scale of temperature is used 
throughout this report. 

It would have been ideal to compare the surface and deep 
temperatures directly, but unfortunately the data were not suit- 
able for this.  The 10-mile station interval of the best hydro- 
graphic crossings of the Stream is 

to disclose many significant 
e temperature distribution at 

depths shallower than ' >, 

"far too wide 
details in the temp_.   

100 m." (Iselln) 

Thus it was necessary first to compare the deep temperature gra- 
dients with those at 20G m. from Iselin's data, and then to com- 
pare the latter with the 100 m, and surface gradients from the 
ET data. 
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In order to obtain a picture of these seasonal variations, 

average winter and summer temperature changes at the left- 
hand side of the Gulf Stream have been competed.  The results 
show that the 100 m. and 20'') m, changes remain fairly constant 
throughout the year, and at these depths the Stream is 12-203 
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slope water, but. In summer the increase in temperature is only 
about 5-10°. Indeed, sometimes no surface distinction between 
Stream and slope water can be found during the summer months. 

Surface 

100 m. 

20C m. 

Oct.-Apr, 

17° 

1U.5° 

13c 

May-Sep, 

0° 

1?° 

15° 

Table 1:  Average temperature differences between the 
iulf Stream water and slope water at the same depth. 

Moreover, the ratio of 100 m. and 200 m. temperature changes to 
the surface temperature change have been computed for each 
crossing (Table 2).  This comparison can only be interpreted 
qualitatively, but it does show that the best months for using 
the surface temperature gradients as Gulf Stream indicators 
are November through May. 

100 m, T. Delta 
Sur fare I. Delta 

Jan. 0,9 
Feb. l.i 
Mar. i .1 
Apr. 0,6" 
May 1.1 
Jun , 1.9 
*• U A. . 2.2 
Aug. 3.1 
Sep. 3.5 
Oct. 2.U 
Nov. 1.2 
Dec. 1.0 

Table 2: hatios of tern 
surfa ce, at 100 m., and 
and a lope water. 

200 m. T. Delta 
Surface Delta 

0.0 

3.5 

>era*-ure differences at r,he 
at 200 m, between Oulf Stream 

•«• Based on one crui.se which probably uid not go com- 
pletely across the Stream. 

A most Important measurement 1:? that of the horizontal dis- 
tance between the steep surface temperature gradient associated 
with tne Gulf Stream and the temperature gradient at 100 m. or 
200 m.  A knowledge of this could indicate the structure of the 
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In the vast majority of these cases the surface change pre- 
ceded tne deeper changes as the vessel entered the Stream. 

WINTER 

Surface temp, change 
shoreward of 100 ra, 
change. 

more 
15 m: 

than 
.) 

Surface temp, change 
r.eaward of ICG m. 
change. 

(15-5) (5-0-5) (5-15) (more than 
15 ml.) 

•  ! Off Nova 
Scotia 

Off New 
York 

Off Cape 
Katteras 

SUMMER 

Off N„S. 

Off N.V. 

0: 

12 

10 

Q 

J 

Table }:     Di.star.ce3 between the surface and deeper 
temrcx-atura gradients at left-hand side of the Gulf 
Stream. 

Summarizing these results qualitatively, we can make the 
following classifications for using the surface temperature 
change as an indicator of the Gulf Stream: 
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Good Indicator: 

A sharp surface temperature change, much greater than the 
slope water fluctuations, which is within 10 miles of the 
100 m. temperature change.  (e.g., 3-1+ Mar. 19I|6) . 

Fair Indicator: 

(1)  A noticeable surface change, but more nearly of the 
order of the slope water fluctuations (7-9 Jul. 19U9, 
or 

(?)     A good surface change more than ten miles from the 
100 m. change (13-11* JuL 19UD. 

Poor Ir.clcatur: 

No distinguishable surface change corresponding to a change 
at 100 m. (9-1? Aug. 19U9). 

Breaking down the total number of crossings by months pro- 
duces Table l[. 

iood Fair Poor 

Jai., k 
Feb. P. 
Mar. P 
Apr. 0 
May lb 
Jun. 23 
Jul. 1 
Aug. o 
Sep. 3 
0ct3 1 
Nov. p. 
n«r. ) 

Table I±: Surf ace 

1 
p 
1 
h 
1 
1 

c 

h 
J. 

4 
3 
1 

position, 

Of  the 99 crossings, 71 give good surface indications of the 
position of the Stream, 13 are fair, and 15 poor. 

On the right-hand side of the warm core is a much smaller, 
but still pronounced, change in temperature, averaging 5° at the 
surface and at 100 m., and still noticeable at POO  m. (2.5°). 
In 2l±  cases the surface change is to the right of the 100 m. 
change, in 6 cases it is to the left, and in 11 cases the tem- 
perature changes are too small or confused to be interpreted 
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with any accuracy. The remainder of the crossings did not get 
completely through the right-hand side of the warm core, hence 
no comparison is possible. 

In order to gain some idea of the form of the warm core, 
the cases in which the surface temperature changes on both 
sides of the core occurred mere than 15 miles from the 100 m. 
changes have been compared.  In 7 cases the warm core is wider 
at the surface than at IOC or 200 m. (Fig   la), but one inver- 
sion was found (lb).  In 3 cases the warm core takes the shape 
of a parallelogram slanting downward to the right (lc), and in 
one instance the direction of the slant is reversed (Id). 

O M 

FIGURE.     I 
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gradient n«ar the 100-fathr,m curve,  There may 
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everse.  In summer the surface gradient is a 
f deep temperature conditions 12 times, and a 
3 times.  In winter, the surface change is a 
times, and a poor one 9 times.  This is unusual 

ently shows the summer surface gradient to be 
liable as an indicator of deep temperature 
winter gradient, a reversal of the situation 

am proper.  because of the confused nature of 
ver, and the sma1. \   size of the changes involved, 
ion which may bs   reached from the present data 
lope water the :->ur,-ace temperature gradient is 
tor of deep changes. 
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e temperature graphs have been averaged and the 
ce, 100 m., and 200 m. curves drawn (Fig. 2). 
nee from the 100-fathom curve to the Gulf Stream 
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Proceeding from the continental shelf, as shown in the dia- 
grams, there is a sharp increase in temperature at the surface 
and at 10C m. in the  neighborhood of the 100-fathom curve, fol- 
lowed by a steady increase at all depths to a region of maximum 
temperature in the slope water.  There is then a slight cooling, 
followed by the abrupt rise gf temperature at the left-hana side 
cf the Stream,  beyona the warm core there is a marked cooling 
at depths to 200 m., and then tne water maintains a steady tem- 
perature out into the ."argasso Sea. 

It is interesting to compare these data r.n,u u^uao uu 
by Church from many surface thermograph records across the 
western North Atlantic. •- • -• - 

with those obtained 
 -  -        J t 
Church noted the presence of 

"...a very abrupt break in the temperature between 
the coastal ana slope waters at the edge of the 
continental shelf south of Georges Bank." 

The present data confirm this break, and show it to be noticeable 
even at 100 m.  Church's records also show a narrow (1-2 mi.) 
• ]  - - •--  - •    •• • -• "•  edge of the warm core.  The graphs cold zone on the left-hand edge of 
in this report show this cccl zone ^^ ^u »a.uu* , a^iiuugii m 
discrepancy may perhaps be ascribed to different methods of 
obtaining and processing the data.  In other respe"* 
between the two sets of surface data is very good. 

he i wider, although 
fferent methods 

In other respects, agreement 

Summary 

1.  The surface, 100 m.„ and, where possible, 200 m. temperatures 
from 99 bT sections across or well into the Gulf Stream have been 

Data obtained off Hatteras, where the Gulf Stream flows very 
near the continental 
process. 

ih';lf, have not been considered in this 
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nd deep temperature gradients during the period 
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dabie indication of the position of the Gulf 
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?.     At no seajon of the year do surface temperature gradients in 
the slope water inshore of the Gulf Stream reliably reflect those 
in deep water. 

3.  The picture of the surface thermal pattern outlined above 
(p, 7) agrees with and is well supported by Church's earlier 
data. 

**l 
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