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SUNSPOT ACTIVITY AND OCEANIC CONDITIONS 
IN THE NOFTHERN NORTH PACIFIC OCEAN1 

Felix Favorite and W. James Ingraham, Jr.2 

During periods of sunspot maxima (approximately every 11 years) 
thE mean winter position of the center of the Aleutian low 
FresEure system shifts from the Gulf of Alaska to the western 
Aleutian Islands, and the mean, cyclonic, wind-stress transport 
of warm Pacific surface waters into the Gulf of Alaska is reduced 
by roughly 20%. Coastal sea level data in the Gulf do not 
reflect an 11-yr cycle, but spectral energy densities indicate an 
approximate 6-yr periodicity also present in trans-Pacific annual 
mean sea surface temperatures that, in the last one or two 
decades, parallels large year classes of Pacific ~erring in 
southeastern Alaska, large escaFements of sockeye salmon fry in 
the Bristol Bay area, and maxima in the January catch of 
Dungeness crab in Alaska. 

Because of the wide geograFhical distribution of individual fish 
stocks and the limited facilities ava ilable for assessment 
purposes, it has been necessary to rely o n various statistical 
methods to ascertain estimates of distribution and abundance. 
However, there are still large year-to-year differences in 
patterns that in many instances may be related to short- or 
long-term changes in environmental conditions and processes. 
Knowledge of such phenomena could result in improved estimates of 
stock condition and sustainable yields, and forecasts of these 
conditions could result in better samp l ing techniques and 
resource management measures. One periodic phenomenon that might 
influence oceanic conditions is sunspot activity. The literature 
on this subject is extensive, identifying also a double sunspot 
cycle of 22-23 years, and an a cycle of alternating 80- and 
100-year periods. Apparent relations to biological (Gilhousen 
1960) and weather (Newman 1965; Mitchell 1965) phenomena are 
becoming more frequent. However, few investigations have 

1 Sum mar i zed fro m : J. 0 c e an 0 gr. S oc. J a pa n 3 2: 10 7 - 11 5 . 
2Northwest Fisheries Center, National Marine Fisheries Service, 

NOAA, 2725 Montlake Blvd., East, Seattle, WA 98112. 
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considered possible effects of s un spo t ac tivity 
conditiens. 

on ocean 

Mean pressure data from the win t er half - years (O c t o b e r-M a rch) o fi 
3-yr periods centered areund the sunspot ma x ima , a nd 3 -yr pe riod 
centered areund the minima , indicate a pronounced westw a r d s hif t 
in the mean position of the Aleutian lo w press u re s ystem f ro m th 
Gulf of Alaska to the western Aleutian Islands during yea r s 0 

sunspot maxima (Fig. 10.1). Wind-stress transport calculation 
indicate a 20% reduction in northward transport into the Gul 
during periods of sunspot maxima compared to that during s u nspo 
minima, but there are no direct current measurements a vailab l e t o 
permit showing any actual changes in flow patterns . Nor is ther 
any indication in coastal sea level data 0 suggest a domi na n 
1 1-yr periodicity, but this is net considered proof hat c h ang e 
in circulation and up~ e lling do not occur . There is a 
approximate 5- to 6-yr fluctuation in trans- Pacific sea sur fac 
temperature maxima that is largely in phase not only with me a 
sea level maxima in the Gulf of Alaska (most clearly evident a 
Prince Rupert auring 19 50-74), but also ~ ith solar phenomena 
Although deviations of about 5 cm in sea level can be accoun te 
fer as a result of changes in specific volume of the sur f a c 
layer due to seasonal heating and cooling frcw winter to summe 
(temFerature range of 5-10C), the observed deviations in exces 
of 10 cm cannot be attributed sole ly to the 1- 2C changes i 
temperature associated with the 5- to E-yr temperature cycle . 

The 5- to 6-yr cycle does have subtle, if not direct , re l ation 
to living marine resources. Reid (in press ) has sho wn tha 
dominant year classes of Pacific herring in southeastern Alask 
from 1950 to 1958 occurred in 1~2] and 1~~~, years of tempe r a tur 
maxima in that area (Favorite and McLain 1973 ). Hoopes (1 973 
has shown that the Alaskan Dungeness crab landings in Janu a r 
reached maxima in l~§J. and 1~§'~, and again in 1 968 that we r 
nearly 3 times the minirra in 1961, 1966 , and 1971::~oughly 12-1 
vs. 4-5 million pounds (Favorite, in press ). Finally , th 
5- to 6-yr temperature cycle appears to hav a paral lel i 
sockeye salmon abundance in river and lake systems in Bristo 
Eay. The annual pack of canned sockeye salmon in western Alask 
for 1950-74 (Fig. 10.2) shows maxima in 1 952 , 1 956 , 1 96 1, 1 965 
and 197C that are obviously out of ph ase with the tempe r a tur 
cycle, but if one considers the critical ear l y li f e stages i 
lake and river systems 2 to 4 years earl i e r, a paral l e l i 
evident. Considering only the three recent maxima , 83% o f th 
sockeye salmen returning to Bristol Bay in 1960 gre w in fres 
water from spring 1957 to spring 1~2~; 88% of those re turning i 
1965, from spring 1961 to spring 1~~] ; and 82% of thos 
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qh n 
on 

returning in 1970, from spring 196 t o sp r i n 
terms of nu~bers, s pawning S UCC ESS is cer. ai ly 
number of spawning adult s an d o th e r fac t ors , hi 
returns suggests that the se a s urface emp ra ur 
the recent and prolonged tr ans- Pacific cycle 
salutary effect on s pawning s urv i val. 

0 ~ish 

axima hac: 0 

coul ha v 

Unfortunately, any teleconnec tions or ser vomechanisms w~en 
sunspot activity and Fhy s ic a l o r b i o l ogical phenom na on ac h 
are not clear at this time. It s hould be 0 vious tha h s arc 
for cause and effect rel a tion s cetw een env ironmental con i ions 
and fluctuations i n fi s he ry data is exceer1ingly orop1 x, 
requiring not only e xte ns ive data , but mul i isciplin ry 
app~oaches as well, be for e a cc ur ate forecasts will e .osci 1 . 
Forecasts of conditions ba sed en trends indicated in his pel 
would be imFrudent b e cau se the end o f t he 10 C- y ar sunspo cycl 
will occur in th e mid-1970' s . This should resul in +wo 
consecutive negative maxima, and deviations rom esta lishe 
cenditions may occur. 

3percentage data obtain e d 
the sockeye salmon run 
University of Washington 
Res. Inst. Circ. No. 73-1, 

fr o m: Dona l d E. Rogers . FOD2cas of 
to Brist ol Bay In 1973 and 1q7 • 

Co llege of Fisheries , Fishr>ci 
3 3 p ., and Circ . No. 73-3 , 45 p. 
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Figure 10.1 .-Mean sea level pressure distributions (mb - 1000) for winter half-years (October-March) of 
3-yr periods centered around sunspot maxima (A) and sunspot minima (9). and locations of centers of the 
Aleutian low for individual periods (e). 1899-1974. 

195 



(j) 
w 
(j) 

<l: 
U 
LL 
0 
(j) 
z 
0 
...J 
...J -
~ 

1.5 

1.0 

0.5 

1951 1960 1970 
Figure 10.2.-Annual western Alaska canned sockeye salmon pack (millions of 

cases; 48 1-lb cans) 1951-74 [from The Fisherman 's News 31(2) :4) . 
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