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Sea Surface Temperature Distributions Obtained 
Off San Diego, California, Using an Airborne 

Infrared Radiometer 

JAMES L. SQUIRE, JR. l 

ABSTRACT 

Sea surface temperature surveys were conducted weekly off San Diego, Calif., using an airborne 
infrared radiometer during the months of April through October 1972-74. A total of 90 surveys were 
made over the 320-mile flight track. The analog chart record of temperature was keyed to a "ground 
truth" temperature measurement and read to determine 1 min a verage temperatures which were 
plotted on the flight track and 1°F (0.56°C) isotherms were contoured from the data . The trend of sea 
surface temperatures during the 3-yr period showed warmer temperatures in 1972, which was an "EI 
Niilo" year, cooler in 1973, warmer than 1973 in 1974, but not as warm as 1972. In early July 197~, an 
anomalous warming period occurred and highest average temperatures of 73 °F (22.7°C) were record­
ed in 19 July 1974. Lowest average temperature of 54°F (l2.2°C) was recorded on 2 April 1973. 

The 1972-74 survey temperatures taken over the "ground truth" calibration site were compared 
with a time series of temperature observations taken during the same months from 1963 to 1968. The 
average temperature during 1963-68 was 63.4°F (l7.4°C) and for 1972-74, 64.1 OF (l7.8°C), a difference 
of less than 1°F (0.56°C). Average monthly temperature differences, 1963-68 compa red with 1972-7~. 
shows April the same, warmer 2°F (l.12°C) for May, 3°F (l.68°C) for June, 1°F (0.56°C) for July, same 
for August, 1°F (0.56°C) less for September, and 2°F (l.12°C) less for October. 

INTRODUCTION 

Synoptic sea surface temperature surveys with an air­
borne infrared radiometer were first conducted off the 
Pacific coast in August 1963 over the coascal waters of 
Washington, Oregon, and California by the National 
Marine Fisheries Service's (NMFS) Tiburon Fisheries 
Laboratory at Tiburon, Calif. Surveys over three areas 
were conducted in cooperation with the U.S. Coast 
Guard, and these surveys are being continued as part of 
the U.S. Coast Guard oceanographic program. The first 5 
yr of surveys (1963-68) were reviewed by the author 
(Squire 1971). The objective of the coastal program waR 
to increase the general knowledge about the nearshore 
temperature structure, to define areas of nearshore up­
welling, and to develop temperature data that may be 
useful in relating the distribution and relative abun­
dance of major coastal species of fishes to sea surface 
temperature and its changes. 

. The initial surveys, conducted monthly, were broad in 
geographical scope and in time. The data have been use­
ful in computing average catch temperatures for salmon 
off central California, and for anum ber of pelagic species 
common to southern California waters (Squire unpubl. 
manuscr .). However , this broad-based survey did not 
cover some of the more important coastal fishing areas in 

Southwe5t Fisheries Center La ,Jolla Laboratory. ;\atlOnal ~larine 
Fisheries Service. :\OAA. La .Jolla. C A 920:l . 

sufficient detail and at short enough time interval. to 
permit the determination of the relation of change. in 
catch composition and catch rates to short-term tem­
perature fluctuations. 

To determine short-term temperature effects. an area 
having a heavy amount of fishing effort and catch was 
selected for detailed study. This area covered the 
southern California coastal waters from near Del \iIar, 
Calif., to south of the United States-Mexico border, and 
to about 22.3 km (12 n.mi.) offshore. The area. known by 
the project name of "San Diego Test Area" encompa ~e. 
the major sportfishing ground off La Jolla, Point Lorna, 
and about the Coronado Islands off Mexico. 

The airborne temperature urvey. u ed a "ladder­
type" search pattern. modified to accommodate navi­
gational aids. These urveys were flo\\-"Tl once each week, 
1 April through 31 October during 1972 to 1974. A total of 
90 surveys was made, each requiring about 2 h to com­
plete . 

OPERATIONAL PROCEDURE 

The airborne ea urface temperature en ing unit 
used in the study wa a Barne. re earch radiome 
(PRT-51 modified with a pedal len. filter y tern to 
re trict the viewing range in the infrared pectrum to 
10.5 to 12.5 nm. Thi. . pectral range appro Imal th 
infrared range that i u ed in the ITO' ( '0 A. "ationa! 
En\'ironmental 'atellite en·ice) erie weather atelhte 



The PRT·;'i WRS piloted by till' n\lthnr 1r1 11 • ;-'1FS I .... in· 
engine aircraft OH'r (he ~lIn e)' flighl trill k (Fig, I) lit I'l!­
YatlOns be(\\,ren 152 nnd '10 I III (f,( I lind 1,()O(l It I Low 
stratus hases at 2·1~1 und ,101 m ("100 to 1,( I It) ('[lInmt.ll 

to the coastal arras \\'l'Tl' (>IHolintt'rpd on rn t i1lght 
during the ;l.yr Iwrinrt. On 111111ll'ro\l OC('8 Ion. i1ight 
were res('hertlilert rtm- to ver low (rntu or ~ g ('( 11(11· 

n fib n l of 
• th I'd> of 
n f t Iltt 

r 
pICr, or a -ur ace t hermi -tor temp 'r t ur r 
the L C oceanographl to .... er 'I'oob in c 
readin~ , the air raft \'a flown ov r the pi r r t \\ r 
an elevatIOn of ahout 5.7 m (150 ft), t th mom nt 
aircraft pa. sed o\'er Ihe pier r to\\ r, th r dl 11\ 

face of the structure, b in mu h warmer th nth 
urfaee, would produl'e n re pon e from t h 1I1fr r d 

detector to make a ynchronou m r n th temp r • 
ture analog recorder chart, The an I re rd r h rt \I, 

driven at a . peed of ~ ,54 em (1 in) per minut 
The temperature analog chart \\ key d to th 

"ground truth" temperature me ur ment, and th 
chart wa read to determine a I·min avera temper· 
ture, with a slide rule Rveragmg readout de\'IC 
developed by the author (~quire letI!. Th I·mm t m· 
perature averages were plotted on the flight track, nd 
PF (0.56°C) i.otherm. were contoured from th datIl 
The weekly isotherm chart were given limited di-tribu· 
bon to a list of intere ted fi. hIng and cientifi organiza. 
tions and their per onne!. 

Isotherm charts are hown in the Appendix for all ur· 
veys in 1972, 1973, and 1974 (1972, Fig .. }·2 ; 1973, Fig . 
29-61; 1974, Fig, 62-90). For com'er ion of OF to 0 e 
comparative temperature data on each figure 

RESULTS 

Isotherm charts were developed for each of the 90 
survey flights. Distribution of survey flight effort by 
month for the 3-yr period is as follow: 

Month 
April 
May 
June 

Flights 
12 
13 
10 

(0. - )C 

October, 

lily lfi 
1 
12 
11 

A general de cription of '>ea urface temperature pat· 
tern that would be typical of tho e u uall~' ober\'ed off 

an Diego during the weeki' 'ur\'ey i a follow: Tem­
peratures that are greater than any other location' in the 
. urvey area are u~ually found north of I. hore and to the 
northwe t of La Jolla. From off La Jolla Point to Pacific 
Beach and continuing outhwe-t and off hore to the 
outhwe t i an area of upwelling with generally lower 

temperatures than tho.e to the north. Evidence of thi 



Table I.-Comparative temperatures-U.S. Naval 
Undersea Oceanographic Tower for airborne infrared 
sea surface temperature surveys, 1963-68/1972-74. 

1972· 74 1963-68 
monthly mean monthly mean 
temperature temperature 

Month °C OF °C OF 

April 14.6 58.2 14.4 58.0 
May 16.8 62.3 15.6 60.0 
June 18.4 65.3 16.7 62.0 
July 19.7 67.4 18.9 66.0 
August 20.0 68.0 20.0 68.0 
September 17.3 63.3 18.3 65.0 
October 17.3 63.3 18.3 65.0 

upwelling area was also observed when a temperature 
decline, sometimes sharp, was frequently present west of 
Mission Beach and the NUC tower when proceeding 
toward the coast. The kelp bed area west of Point Lorna 
appears to be slightly warmer than the area to the north 
off Mission Beach. Near the area south of Point Lorna 
and about the San Diego harbor entrance channel, a sig­
nificant drop in temperature is usually observed, this 
resulting from upwelling near the south end of the Point. 
Temperatures tend to remain lower than those found 
west of the Point Lorna peninsula and they remain lower 
to the southeast of Point Lorna, off the Coronado Strand, 
and increase slightly off Imperial Beach. Immediately 
south of the International Border of Mexico is frequently 

3 

found the northern edge of an extensive coastal upwell­
ing zone. The effects of this upwelling increase to the 
south and extend further offshore. Warmer tempera­
tures than those found near the coast of Mexico are en­
countered offshore about the Coronado Islands, and tem­
peratures in this area are more typical of those found off­
shore in the northern portion of the survey area. 
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Figure 3.-Average isotherm patterns observed off San Diego in of 
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Figure 10.-Avera ge isotherm patterns observed off San Diego in of 
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STATES 

MEXICO 



33000' r---~---------------r------------------~------' 

14 AUG. 1974 
1057 - 1208 PDT 

6S0F - ISYC 
66°F -IS.9°C 
67°F-194°C 
6soF-ZO.o°C 

UNITED 
STATES 

MEX ICO 

19 AUG. 1974 
1328 -1435 PDT 

63°F-17.ZoC 
64°F -17.SoC 
6soF - IS.3°C 
66°F -IS.9°C 
67°F - 19.4°C 
6So F - ZO.OoC 
69°F-ZO.S·C 

UNITED 
STATES 

- ,._ , -

MEXICO 

28 

117°00' 
33cod r---,----------------r--------------------~--~ 

:?69° 

70° __ ....... __ 

30 AUG. 1974 
1310-142 1 PDT 

63°F-17.ZoC 
64°F -17.S·C 
6soF - IS.3°C 
bG'F -IS.9°C 
67'F - 19.4·C 
68° F - ZOO"C 
69°F - ZO.soC 

UNITED 
STATES 

ME XICO 

II SEPT 1974 
1212-1318 PDT 

68°F - ZO.O°C 
69°F-ZO.S"C 
70"F-ZlIoC 
71·F-ZI.7·C 

UNITED 
STATES 

MEXI CO 



117°30' 
33°00' ,--.,..-------"""f!----------r--....., 

18 SEPT . 1974 
1235-1338 PDT 

Diego 

63°F-17.2°C 
64°F -17.BoC 
65°F - IB.3°C 
66°F -IB.9°C 
67"F - 19.4°C 
6Bo F - 20.0°C 
69°F-20.BoC 

UNITED 
STATES 

MEXICO 

27 SEPT. 1974 
1111 -1200 PDT 

62"F -16.7°C 
63°F - 17.2°C 
64°F -17.BoC 
65°F - IB.3°C 
66°F -IB.9°C 
67°F - 19.4°C 

UNITED 
STATE S 

- "- "- " 

MEXICO 

29 

4 OCT. 1974 
1150- 1320 PDT 

62"F -16.7°C 
63°F - 17.2°C 
64°F -17.BoC 
65°F - IB.3°C 
66° F -IB.9°C 

UN IT ED 
STATE S 

MEXI C O 

117°00' 
33° 00' ,--.,..--- ----"T.----------,---, 

16 OCT. 1974 
1205-1325 PDT 

60°F-15.6°C 
61°F-16.loC 
62°F-16.7"C 
63°F - 17.2°C 
64°F -17.SoC 
65°F - IS.3°C 
66°F-IS.9°C 
67"F - 19.4°C 
6Bo F - 20.0°C 
69°F - 20.SoC 
70°F-21.IoC 

UNITED 
STATES 

MEXICO 



JJOOO r---~--------------~-------------------'-----' 

,/ 

23 OCT. 1974 
1220-1328 PDT 

Diego 

62"F -16.7"C 
63"F-17.Z"C 
64"F -17.S"C 
65"F - IS.3"C 
66" F -IS.9"C 

UNITED 
STATES 

MEXICO 

30 

117°00' 

33°00 r---~--------------~--------------------r---~ 

29 OCT 1974 
1339-1447 PST 

61°r 161·C 
6ZOF -16 7·C 
6YF-17Z"C 
64"F-17S·C 

~ iT E 0 
TATE!> 

MEX ICO 
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