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INTRODUCTION 
One of the major aims of the California Coopera- 

tive Oceanic Fisheries Investigations has been to cor- 
relate fluctuations in fish catches with fluctuations in  
the oceanic environment. Toward this end, it has been 
necessary to evaluate the scale of variability of ocean 
temperature and salinity for periods of a month, sea- 
son, year, decade and longer. 

The area of interest has expanded from Southern 
California waters to include the area from Cape San 
Lucas to the Gulf of Alaska. When the widescale 
warming in the eastern North Pacific took place be- 
tween 1957 and  1959, our horizons were again ex- 
panded to include the western North Pacific in  search 
of cause and effect relationships which might explain 
these large-scale changes (Sette and  Isaacs, 1960). 

The ultimate aim in studying climatic records is to 
make prediction of climatic events possible. 

One of the most useful groups of data which have 
shed light on the climatic changes of the ocean is that 
of the daily temperature and salinity observations a t  
shore stations between La Jolla, California, and  
Yakutat, Alaska. (U.S. Coast and Geodetic Survey, 
1956, 1958; SI0 Ref. 60-30, 1960; Fish. Res. Bd. of 
Canada, 1947-1960. ) 

There are two important reasons why these shore 
station data are so valuable: First, there is a very 
high positive correlation between air  temperatures a t  
adjacent meterological stations and sea-surface tem- 
peratures a t  shore stations (I-Iubbs, 1948 ; Tully, 
1938) ; Second, i t  has been possible to correlate sea- 
surface temperature anomalies u p  to 150 miles off- 
shore with sea-surface temperature anomalies at 
nearby shore stations, and thus indirectly with air  
temperatures along the Pacific coast (Reid, Roden, 
Wyllie, 1958 ; Robinson, 1957). 

Therefore it has been possible to extrapolate physi- 
cal conditions in  the California Current region for 
periods where observations in the open ocean were 
unavailable, and to use these probable values to extend 
our understanding of the relation between the occur- 
rence and behavior of marine organisms with changes 
in their physical environment. 

There are 24 shore stations along the Pacific coast 
with almost continuous data. The periods over which 
the data have been taken, however, vary from 13  years 
at Santa Monica to 44 years at La Jolla. While it may 
be preferable to use the entire length of record when 
studying variability a t  individual stations, i t  is im- 
possible t o  properly evaluate differences among sta- 
tions without using a common base of reference. 
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FIGURE 1. Shore Station Locations. 

Temperature and  salinity anomaly charts were 
therefore prepared, using means from the period 
1949-1958 as a common reference base, for twenty-four 
Canadian and American shore stations whose locations 
are shown in  figure 1. Before the publication of the 
charts, Japanese, Canadian and American oceanog- 
raphers agreed to use the period 1950-1959 as a com- 
mon base of reference, not only for shore stations' 
data but also for open ocean data in  the North Pacific. 
Therefore, in order to make the charts which had 
already been completed more useful, and to relate 
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FIGURE 4. Chronological Temperature Anomalies based on 1950-1959 reference period. 

them to the 1950-19.59 reference period, changes and 
additions were macle in the charts prior to publication, 
permitting an  evaluation of the effect of altering the 
base period, as well as meeting the original objectives. 

Th(. relation of the 1949-1958 and thr 1930-1959 ten- 
year monthly aiid annual meails to each other and to 
the loug-term means for each of twcnty stations is 
shown for temperature in figure 2, and for salinity in 
figure 3.  Four stations were omitted becanse data 
were incomplete for the period of reference. 

The chroiiological temperature anonialy charts for 
all 20 stations were ]lot redraw11 bawd 011 the 1930- 
1959 reference period. Instead, only four key stations, 
each typical of the nearby area, were redrawn. Sta- 
tioiis selected w r e  Ketchikan, Alaska ; Dcpartnre Ray, 
Vancouver Island, B.C. ; Pacific Grove and La Jolla, 
California. Figure 4 presents the temyeratnrc anoma- 
lies based on the 1950-1939 reference period for these 
stations. 

The chronological temperature and salinity charts 
based on the 1949-1958 reference base and anomaly 
charts for individual stations plotted by months for 
all years are included iii SI0 Ref. 60-30 (1960). Eoth 
1949-1938 and 1950-19c5!3 reference perio(1 means are 
given o n  the inclividiial station charts. 

The following points will be discussed in reference 
to the arioinal3- charts published in  SI0 Ref. 60-30 
(1960) and to figurcs 2, 3 and 1. Station-to-station eo- 
herence, for the purpose of this discnssion, is defined 
as the agreement in sign of tempcratnre (or salinity) 
aiiomalies when conipnted from the same base of ref- 
erence. 1. Sampling error for nioiithly temperature 
aiid salinity means and their respective anomalies. 
2. The relation of the 1949-1958 aiJd the 1950-1959 
refmelice periods to each other and to  the long-term 
means a t  each station. 3. The extent of station-to-sta- 
tion temperature coherence ; visiblr evidence of eo- 
herence ; statistical evidence of coherence ; the relation 
of iiicidence of coherence to time of year ;  comparison 
of coherelice computed for 20 stations with that corn- 
putecl for 4 key stations ; prediction of coherelice ; and 
relation of magnitude of anomalies to incidence of 
coherence. 4. Evidence of persistence of higher- or 

lower-than avtarage teniperatiwes, and the relation of 
persistenrcl to coherence. 5. Salinity coherence as 
shown in S I 0  Ref. 60-30 (1960).  6. The relation of 
temperature aiiomalics to  salinity anomalies. 

DISCUSS 10 N 
LYampZixq error i i i  shore s tatzon d a t a :  In order to 

evaluate the reliability of the nioiitlily temperature 
aiid salinity means and the anomalies derired from 
them a t  the shore stations, it  is necessary to examine 
variabilit>- and the staiiclarcl error of the iiieaiis (om) .  
The stantlard deviations of temperature a t  shore sta- 
tions T\ ithin single months vary froni 0.2"C. in winter 
to 2.0"C. in summer and IS", from 0.04"C. to 0.37"C. 

For  the Southern California stations the staiidard 
deviations of salinity within indivitliial months are 
very low, because there is little rainfall and runoff. 
IIere om is iisimlly less than O.O1° /o ( , .  However, a t  the 
Alasliaii and British Colimibian stations there is excess 
precipitatioii and rimoff with resulting extreme ranges 
in salinity. Sail Francisco falls iii this class also, be- 
cause of the treniendons river runofl which enipties 
into Sail Francisco Bay. Sample standard deviations 
of salinity for individual months a t  these northern 
stations range from 0.16~)/Oo to 5.000/oo. The standard 
error of the mealis, based on these values, ranges from 
0.03°/oo to 0.910/,,,l. At both northern and southern 
stations the aiioinalies from nioiith to month and from 
year to year exceed the possible sampling error. 

The relation between the 1949-19.58 and the 1950- 
1959 referenre periods to each other and to the 
long-term iiieans a t  each station is shown in figures 2 
and 3 .  For both figures base period anomalies were 
computed at  each station by siibtracting the long- 
period means from the 1949-1958 monthly and annual 
means, and also froin the 19t50-1 959 means. 

Iz cl a t i o  n 1) e t  u'c e n t c t i  -Jjeo r n n tl lo n { j -  t e r nx n7 cans : 
The 1949-1958 temperature means (Fig.  2 )  were lower 
than the long-term meails at three of the northern 
stations in all months At other northern stations the 
period from July to December inclnded several posi- 
tive anomalies. The negative anomalies for the same 



months were smaller than in the first six months. A t  
three southern stations-Pacific Grove, Port  llueneme 
and TAX Aiigeles-the anomalies were predoniinantly 
positive, while a t  the remaining southern stations the 
anomalies were pretlominantly negative. There are 
marked differences between anomalies a t  Port  IIue- 
neme, Santa Alonica, Iios Angeles and I3alboa. The 
long-period record a t  the latter two stations covers the 
same years, so it w o ~ ~ l d  appear that  the marked differ- 
ences a t  these two nearby stations are due to local 
effects, which may be the coiistrnctioii of Los Angeles 
harbor and/or the modifications to the harbor a t  New- 
port. On the other hand, there may have been real 
differences in the c>ircwldtion a t  these two localities. 

The 1950-1959 means are, in general, higher than 
the 19-19-1958 means, but they, too, are lower than the 
long-term means. These differences are greater a t  the 
southern stations than a t  tlie northern stations. With 
the exception of Port  IIuenerne a i d  Tlos Angeles, the 
1950-1 959 means agree inore closely with the long-term 
means than did the 1919-3958 means. 

It is important to note that the differences between 
the ten-year teniperature i i i~aiis and the long-term 
means never exceed 0.5"C." Thus, the change in the 
common reference period principally effects those 
months and years with small deviatioiis. The spectacu- 
larly different years (e.g.-1931, 1933, 1911, 1958) 
woiild still stand out regardless of the base of refer- 
ence. 

IJnlike the relatively systematic temperature rela- 
tion discussed above, the salinity relation between the 
ten-year reference period means and the long-period 
means is rancloni aiid confused. Figure 3 shows that  
tlie patteriis of the anoinalies, even for stations where 
long-term records are of the same length, seein to have 
little relation to each other. Port  llneneme, generally 
little affected by runoff, had such low salinities follow- 
ing a very heavy rainfall in April,  1958, that  the 1949- 
1958 April mean salinity was Yery much lower than 
the long-term mean. The ten-yrar mean is so low, in 
fact, that  the April values in the Port  Hueneme salin- 
ity anomaly charts are all positive except for 1958. 

There is also a random and confused relation be- 
tn7c~~li the salinity means of the two ten-year periods 
a t  all stations north of and inclitding Sail Fraiicisco. 
For  exaniple, the 1950-1939 nieaii salinities are lower 
than the 1949-1958 means 60% of the time; however, 
the (lifterelices occur irregularly in time and randomly 
from Yakutat to Sail Francisco. Differences south of 
Sail Fraiicisco are so small that  no trend can be 
detected. 

Tenzperatzire Coherence: Station-to-statio11 coher- 
ence as defined o n  page 124 is visibly evident in the 
chronological temperature anonialy charts. The most 
complete evidence of station-to-station coherciice is 
published in SI0 Ref. 60-30 (1960), where both tem- 
perature and salinity chroiiolopical anomaly charts 
for 20 stations are available. Figure 4, based on the 
1950-1959 reference period at  Ketchikan, Departure 
2 7 5  % of t h e  differences between the  means  of the  two ten-year  

periods at the  northern s ta t ions  were 0.1"C. or less  a n d  
exceeded 0.25"C. only twice. A t  t h e  southern s ta t ions,  only 
2 7 %  of the  differences Tvere as small  as 0.1"C. or less, a n d  
2 6 %  exceeded 0.25"C. 

Bay, Pacific Grove and La  Jolla, is similar to the 
charts for all 20 stations based on the 1949-1958 refer- 
eiwe period in all major features. Inspection reveals 
the strikingly widespread north-to-south and station- 
to-station agreement in the well-known warm years 
(1926, 1931, 1941, 1937-1959) and in  the cold years 
(1 933, 1950, 1955, 1956). Another visible climatic fea- 
ture which emerges from both the temperature charts 
of SI0  Ref. 60-30 (1960) and figure 4, is that  changes 
from positive to negative anomalies, or vice versa, do 
not occur a t  the saine time from north to south. Note, 
for example, that  the warm period of 1957-1959 ended 
earlier in the north and persisted through 1959 in the 
south. 

A quantitative expression of the station-to-station 
coherence of temperature anomalies was obtained by 
determining the percentage of the total number of 
stations having temperature anomalies of the same 
sign, either positive or negative. This was done for 
the 20 stations used in S10 -Ref. 60-30 (1960), (Table 
1) and for the four stations in figure 4 (Table 2) .  
Note iii Table 1 that the number of stations with 
temperaturr data ranges from 10 in 1935 to  20 in  
1946 and subsequently, and i n  Table 2 that data were 
not rollected a t  Pacific Grove in 1940. Percentages 
for 1935-1959 appear in Table 1 only where there is 
a 95% probability that the voherence could not have 
happened by chaiwe. This requirm that the sign of 
the anomalies must be tlie same a t  80% of the stations 
w h m  based on 10 stations, and a t  70% of the stations 
when based on 20. The prrcentages in Table 2 are 
included for comparative purposes even though agree- 
ment a t  3 out of 4 stations (75% ) is not significant 
a t  the 9.5:4 probability level. Table 1, based on the 
larger number of stations, is, consequently, the best 
estimate of coherence. Bold face percentages in both 
tables indicate that at  the majority of the stations the 
anonlalies were positive. A -, with no percentage 
listed above, indicates that  coherence was not statis- 
tically significant, and the monthly anomaly was posi- 
tive a t  the majority of the stations. Blank spaces indi- 
cate the majority of monthly anomalies were negative 
and coherence was not statistically significant. 

The effect of the shift of base reference period on 
the percentages of positive and negative anomalies 
occurs when the anomalies are small, for statistical 
evidence shows that 50',i of the changes in the two 
ten-year means were 0.1"C. or less and never exceeded 
0.3"C. I n  a previous reference to  figure 2, it was rioted 
that means for both ten-year periods were generally 
lower than the long-term means at  most stations, 
although those of the 1950-1959 period were closer to 
the loiig-term mean The use of either ten-ycar base 
reference period not only produces the expected re- 
sult of nearly equal numbers of po\itive and negative 
anomalies within the iiidividual ten-year reference pe- 
riods, but also rewlts  in larger niinibers of positive 
anomalies in the years 1933-3949. It is worth noting 
that there is a snrprisiiig similarity in percentages of 
positive monthly and aniiual temperature anomalies. 
[Jsing the 194!)-1958 base reference period, Table 1 
shows that 64% of the monthly anomalies and 6 8 v  
of the annual anomalies were positive a t  the majority 
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TABLE 1 

S IGNIFICANT PERCENTAGES OF TEMPERATURE COHERENCE BASED ON 10-20 STATIONS 
___ __ 
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lies 

Month 

No. of Stations 1 Year 
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4 
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Bold t>-pe-Positiv(x anomalies a t  m;ijorits of st;itions-prt centage significant. 
Dasli-I’oWve anomalies at maji)rity of st;itilins-percent;isc lint significnnt. 
Light type-Negative anomalies at m;ijority of st;itions-iiercent;ig~ signifieant. 
Blank-Negative anomalies at majority of station-percentage not significant, 
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No. 
Ionthly 
Inorna- 

lies 

of the stations. Table 2,  using the 1950-1959 base ref- 
erence periocl, shows 57% positive monthly anomalies 
arid 5654 positive aiiiiual anomalies. 

The bottom row of numbers in Table 1 represents 
the total number of years in which significant coher- 
ence o(u i rs  iii a given month ; hence, coherence is best 
in Decembcr and January,  and poorest in August and 
Srptrmber. Turning to Table 2, the row of figures next 
to the bottom represents tlie iiuniber of years in which 
there is wniplete agreement in the sign of the anoma- 
lies a t  all statioiis. The results are too conservative, 
so the second row of figures is given for 75-100c/c co- 
hercwAe. Xow the results are too liberal an  estimate 
of coherence, poiiitiiig up the dificulty in dealing sta- 
tistically with only four stations. 

One of the major purposch in studying long-period 
records is to develop relations which will make tlie 
predirtion of climatic events possible. I n  Table 1, 
1935-19.5!3 station-to-statioii caoherriice was significant 
a t  the !).5V probability l e ~ l  in 170 of the 300 months 
(37% ) .  Hornever, analysis of data from 20 stations 
is tiiiie cwiisimiiiig and data are not received immedi- 
atc.ly from all stations. Therefore, a detailed compari- 
so11 was made of the results using all 20 stations arid 
those bawd 011 four key stations in order to determine 
how good ail estimate of coherence could be made on 
the basis of the four stations alone (Table 3 ) .  

Table 3's ronsidcration of four key station coher- 
ei iw a t  loo%, 75>4, and 50'/(, shows the extent to 

TABLE 3 

COMPARISON O F  COHERENCE COMPUTED FOR 10-20 STATIONS 
A N D  THAT COMPUTED FOR 4 STATIONS 

I I I I 

Sub- 
Total 

Colicrenrc 
4 Stations 

-1 
Coherence 

All Stations 

1-1-1-- 

No. 
-4nnual 

Anomalies 

82 
11 
1 

58 
43 
1 
14 

29 
61 

___- 
300 

Significant, same sign.. ~. . - 
Not significant, same sign-. 
Not significant, diff. sign-.. 

Significant, same sign.. ~ ~. . 
Not significant, same sign..- 
Significant, diff. sign-. ~ ~. . . 
Not significant, diff. sign.-. 

Significant.- ~. ~. . ~. . ._ ~. .. 
Not significant-. . . ~ - ~...~. 

Totals-. ......_ ~ ...-. 

94 

116 

90 

300 
__ 

25 

which accurate coastwise prediction would have failed. 
With four-out-of-four ( 100% ) coherence, prediction 
coastwise would have been right in  82 out of 94 
months ; however, such a conservative prediction 
wonld have failed to anticipate 88 additional cases 
of coa\twise cohercnce which actually occurred. With 
three-out-of-four (73% ) coherence, predictions for 
c.oastwise cohrrence would have been correct for only 
half of the time, or 58 months. Fifteen of the re- 
maining months would have been assigned incorrect 
signs for their rrspective anomalies : during these 
months anomaly signs a t  the majority of the stations 
were actually opposite those a t  three of the four key 
stations. With two-out-of-four (50% ) coherence and 

the probability of any coherence reduced to chance, 
there were 90 instances where no coastwise coherence 
would have been predicted; yet, in 28 of these months 
significant coherence did occur among the 20 stations. 

Two questions arise concerriilig the absence of any 
significant coastwise coherence during about half of 
the months of the past 25 years. Are the northern 
and southern parts of ou r  coasts in different climatic 
regimes? Or, recaognizing that there are local effects 
which differentiate stations near the more typical 
four key stations, is the coiispicuous absence of co- 
herence related to the size of anomalies during those 
periods when l o d  rf-F'ects might be masking wide- 
spread climatic effects? 

TABLE 4 
AGREEMENT IN S I G N  O F  ANOMALIES AT 

FOUR KEY STATIONS 

Coherence 
4 Stations 

100% 

75% 
75% 
75% 
75% 

50% 

50% 

50% 

La Jolla differed ... . . . ~ _ _ ~ _  -. . .. . 
Ketcliikan differed._.- ...... ~~~~ 

Departure Bay differed- ...-. . . . .~ 
Pacific Grove differed.- ..._...... 

Iietclrikan-1)eparture Bay alike 
Pacific Grove-La Jolla alike .... 

Ketchikan-Pacific Grove alike 
Departure Bay-La Jolla alike.. . 

Ketchikan-La Jolla alike 
Departure Bay-Pacific Grove alike. 

Totals.. -. -. -. . . .. .. -. . . 

No. 
Annual 
horns- 

lies 

10 

3 
8 
1 
1 

2 

0 

0 

25 

For purposes of examining the first question, a 
tabulation of the precise may in  which coherence oc- 
curred among the four stations was constructed (Ta- 
ble 4 ) .  I n  31% of the months, all four stations had 
the same anomaly sign. I n  39% of the months, one 
of the four had a different sign. Though La Jolla 
differed most frequently, the differences, percentage- 
wise, were not significant among the four stations. 
I n  the remaining 30% of the months, there is co- 
herence between different pairs of stations. The two 
northern stations (Ketchikan and Departure Bay) 
have similar but opposite anomaly signs to those of 
the two southern stations (Pacific Grove and La  
Jolla),  twice as frequently as either of the other 
two possible combinations. (Note: Table 7 gives ad- 
ditional evidence of somewhat higher frequency of 
coherence when we separate the complete group of 
20 stations into northern and southern components.) 
It is of utmost importance to note, however, that  
coherence among all four stations results twice again 
as frequently as when the northern pair  is not co- 
herent with the southern pair. The previously noted 
north to south time lag in  climatic events partly 
accounts for those periods which show no coherence. 

Rela t ion  of magnitude of anomalies  t o  coherence: 
I n  order to investigate the second question, the mean 
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90 

I " " I " " I "  " " I " " I " " I " " I "  " " I " " I " " I " "  
X I  0 0 x .  0 m - too  

-sa / o  0 

- - 0  0 

- 
o x  

TABLE 6 

RELATIONSHIP OF MAGNITUDE OF M O N T H L Y  TEMPERATURE 
ANOMALIES AT DEPARTURE BAY TO COHERENCE 

AT FOUR KEY STATIONS 

( D e p a r t u r e  B a y  Monthly Anomal ies)  

No. Months 
Size of No. monthly Coherence Sub- 1 was 100% 1 Total Anomalies I Anomalies 1 

........ Totals. 

I I I I 

300 300 

I 66 
0.0"C-1.O"C .._____. 1 225 I 225 

Size of 
Anomalies 

O.O0C-1.O0C. ....... 

0 - Ral t ln  Anmalhs 
. N.prtlWAkTmlIn 

FIGURE 5. Correlogram. Absolute Magnitude of 
Anamolies vs. Coherence. 

No. monthly 
Anomalies 

2 15 

ered in Table 1. Regretfully, the correlograms failed 
to demonstrate any linear relationship between the 
anomalies and the coherence. It was of interest to 
note, however, that  when the magnitude of the mean 
anomaly was greater than l.O°C., the coherence was 
statistically significant. Unfortunately, this occurred 
only twice in the past 25 years for annual anomalies, 
five times for February anomalies, and not a t  all 
for August, the largest mean absolute anomaly for 
August being only 0.85"C. 

Because two of the four  key stations are located 
a t  major scientific institutions and would be first to 
receive notice of major climatic changes, La Jolla and 
Departure Bay records wete examined further for 
a possible relationship of the magnitude of their re- 
spective monthly anomalies to the incidence of 100% 
coherence a t  all four stations (Tables 5 and 6 ) .  In- 
vestigation disclosed that anomalies a t  La  Jolla and 
Departure Bay were greater than l.O°C. during 37% 
of those months with 10070 coherence a t  all four sta- 

TABLE 5 

RELATIONSHIP OF MAGNITUDE O F  M O N T H L Y  TEMPERATURE 
ANOMALIES AT LAJOLLA TO COHERENCE 

AT FOUR KEY STATIONS 

(La Jo l la  M o n t h l y  Anomal ies)  

Vo. Months 
Coherence 
was 100% 

62 

18 
10 
3 
1 

Sub- 
Total 

62 

32 

1.0" - 1 . 5 O  .......... 53 
1.6' -2.0°_..... .... 24 
2.1' -2.5°_.....__.. I 7  

.......... 

Totals ......... 300 

2.6" -3.0" 

Sub- 
Total 

215 

85 

300 94 1 94 

1 . 6 O  -2 .0° ._____._ . .  
2.1' -2.5" .......... 

19 I : I  
2.6' -3.0°._..____.. 4 1 
3.1' -3.5" .......... 1 1 1 ,5 1 1 1 

28 

tions. Unfortunately, however, there was nearly as 
large a percentage (29%) of the months with 100% 
coherence a t  all four stations when the La Jolla 
and Departure Bay anomalies were 1.O"C. or less.3 
Though about one-fourth of the 300 months in the 
past 25 years La  Jolla had anomalies greater than 
l.O°C., in only 9% of those 300 months did anamolies 
greater than 1.0"C. concur with 100% coherence a t  
the four key stations. The same was approximately 
true a t  Departure Bay. Therefore, if the magnitude 
of anomalies a t  either station is useful in prediction 
a t  all, it is only that they might serve to alert us to 
possible widespread coherence. 

Persistence: The relationship of persistence to co- 
herence, though suspected, has never been so con- 
clusively evident as that  revealed in  Tables 1 and 2, 
figure 4, and SI0 Ref. 60-30 (1960). Using auto-cor- 
relation computations, Roden and Groves (1960) had 
reported a significant tendency toward the persistence 
of temperature anomaly signs over periods of five 
months in  a n  ocean area just  off the Washington 
coast. But, Tables 1 and 2 and figure 4 show that  
when coherence is highly significant along the en- 
tire coast, persistence in the sign of the anomalies 
is apparent over even longer periods. F o r  example, 
note that during the 1955-1956 period when signifi- 
cant coherence occurred coastwise, negative anoma- 
lies persisted for  a period of 16 months without a 
break ; and during 1957-1958, positive anomalies 
persisted for a period of 17 months. I n  fact, during 
the winter of 1958 there was a five-month period 
when positive anomalies persisted at all 20 stations. 
Because present records are too short, auto-correla- 
tion computation methods would fail to reveal the 
probabilities of reoccurrence of persistence over peri- 
ods as long as 16 or 17 months. 

S a l i n i t y  Coherence: Coastwise station-to-station co- 
herence in salinity anomalies was shown to be very 
poor in the chronological salinity charts published 
s T h e  f a c t  that these percentages apply to both stations appears 

to be fortuitous. In  less than 1% of the  300 months  did both 
stations have  anomalies  greater than 1.0" C. with  the  s a m e  
s igns  at the  s a m e  time. 
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ALL STATIONS (10-20) 
Annual Anomalies .......................... 
February Anomalies ........................ 
August Anomalies .......................... 

Annual Anomalies .......................... 
February Anomalies ........................ 
August Anomalies .......................... 

Annual Anomalies .......................... 
February Anomalies ........................ 
August Anomalies .......................... 

NORTH STATIONS (4-13) 

SOUTH STATIONS (5-7) 

Salinity Temperature 

7 (28%) 17 (68%) 
6 (24%) 15 (60%) 
9 (36%) 6 (24%) 

9 (36%) 15 (60%) 
11 (44%) 17 (68%) 
12 (48%) 8 (32%) 

5 (20%) 14 (56%) 
6 (24%) 19 (76%) 
9 (36%) 8 (32%) 

and southern stations. Coherence for the correspond- 
ing temperature anomalies is included in this table 
for contrast. 

The table shows that while temperature coherence 
in August is least frequent, salinity coherence in Au- 
gust, even though it  occurs only slightly oftener than 
August temperature coherence, is most frequent. Sa- 
linity coherence is also more frequent a t  the northern 
stations than a t  the southern stations or for the two 
combined. I n  the north, though coherence is almost as 
frequent in February as in August and though in 
both months it occurs more frequently than in the 
annual anomalies, even here salinity coherence occurs 
less than 50% of the time. 

Rela t ion  B e t w e e n  T e m p e r a t u r e  and S a l i n i t y  A n o m -  
alies : The temperature and salinity anomalies were 
examined to see if there was any relation between 

them during the exceptionally warm years of 1931, 
1941 and 1957-1958, or during the exceptionally cold 
years of 1933 and 1955-1956. It was found that the 
warm years of 1941 and 1957-1958 were accompanied 
by low salinities (high precipitation) a t  most of the 
stations from north to south. This was not true, how- 
ever, a t  the southern stations during 1931. Ketchikan, 
the only northern station with salinity observations a t  
that time, showed very low salinities in the winter of 
1930-1931 accompanying its higher than average tem- 
peratures. 

I n  the cold years, there was no consistency in  the 
temperature-salinity anomaly relationship from sta- 
tion to station, nor from one cold year to another. 

CONCLUSIONS 
The use of a common reference period has given us 

considerable new information about coastwise coher- 
ence in the northeastern Pacific. We can now accept 
station-to-station agreement o r  local station disagree- 
ment with more confidence. Large-scale climatic events 
and associated coherence were already well known, 
but now there is evidence that significant coastwise 
coherence in monthly temperature anomalies occurred 
during 5770 of the months for the past 25 years and 
that coherence was highest in winter and lowest in 
August and September. Furthermore, in 17 of the 25 
years there was significant coherence in annual tem- 
perature anomalies. 

I n  comparison with the possibilities for coastwise 
prediction based on 20 stations, prediction based on 
four key stations would be either too conservative 
using the criteria of 100% coherence, or too liberal 
using the criteria of 75% coherence. 

Coastwise, no linear relation between coherence and 
absolute magnitude of mean temperature anomalies 
exists, except €or the occasional instances when mean 
anomalies exceeded 1.0" C. Respective mean anomalies 
for La Jolla and Departure Bay did exceed 1.O"C. 
more frequently, but these occasions were rarely con- 
current with signific'ant coastwise coherence. Thus, 
prediction of coherence on the basis of magnitude of 
anomalies a t  one of the major oceanographic institu- 
tions would have little probability of success. 

There is evidence of a positive correlation between 
station-to-station coherence and persistence in time of 
positive and negative anomalies. 

Coastwise coherence for salinity anomalies is gen- 
erally poor. However, it is somewhat better in  summer 
than in winter and also in the north if the sample 
stations are divided into north and south groups. 

No clearcut relation exists between the signs of 
temperature anomalies and the signs of salinity 
anomalies. 

Therefore, predictions of climatic events have low 
probability of success a t  present if based on statistics 
from past records of shore station temperatures and 
salinities. Namias (1960) and others are currently 
working toward clarification of the interaction of the 
atmosphere and the ocean. Perhaps when a better 
understanding of these physical inter-relationships is 
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gained and when a major break-through toward suc- 
cessful long-range weather forecasting is made, we 
may be able to use these results in successfully pre- 
dicting ocean temperatures. 

ACKNOWLEDGMENTS 
The author wishes to thank Marguerette Hchultz, 

dean Gilley and Dawn Eddy for their careful assist- 
ance in the tedious task of computing and plotting 
anonlalies and drafting final results. This paper rep- 
resents rmnlts of research aarried out by the Univer- 
sit- of Califoriiia, under contract with the Office of 
Sara1 Research. Reproduction in  whole or in  part  is 
permitted for aiiy purpose of the U.S. Government. 
This research also received support from the Cali- 
foimia Cooperative Oceaiiic Fisheries Investigations, a 
project sponsored by the Marine Research Committee 
of the State of California. 

REFERENCES 
Fishoriw Rescwrch lioard of Cnnada, Pacific Oceanographic 

(;roup. S:inainin, 13. C . ,  1947-1960. 0bservtitions.of sea water, 
t+>tiip(,ratiire9 salinity and density on the Pacific coast of 
C’ait:i(l:i. (niimeo.), 1-18. 

Hubbs, C .  L., 194% Changes in the fish fauna of western S o r t h  
A.nierica correliited with changes in  ocean temperature. J. 
Mar .  Res.  7: 459-482. 

Samias,  J., 1969. Recent seasonal interactions between north 
Pacific waters and the overlying atmospheric circultltion. 
J. Geophys. Res. 64, ( 6 )  : (31-646. 

Reid, J. L., J r . ,  Q. I. Roden, and J .  G .  Wyllie, 1938. Studies 
of the Californiii curreiit system. Cal i f .  Poop. Oceanic Fish. 
Ziinest. Progress Rept.  1 J i t l y  195G t o  1 Ja i iuary  1958: 29-55. 

Robinson, M. K., 1957. Sea Temperature in the Gulf of Alaska 
ant1 in the northeast Pacific Ocean, 1941-1932, R r i l l .  Scripps 
Znst. Oceanog.  7 (1) : 1-98. 

Rotlen. 0. I., and Q. W. Groves, 1960. On the  statistical pre- 
diction of ocean temperatures. d .  Geophys. Res.  65 (1) : 2.19- 
263. 

Sette, 0. E., and J .  I). Isaacs, 1960. Symposium on changing 
years, 1957-1!)58; edited by 0. E. Sette and  .J. I). Isaacs. 
Cal i f .  C‘oop. Ocenii ic B’iuh. I n c e s t .  R e p t .  7. 

Tully, J. I’., 1938. Some relations between meteorology and 
coast gradient-currents off the 1’:icific coast of S o r t h  America. 
l‘raiis. -4ncer. Ceophys. Cnion ,  19th .4 i i t i i tu l  Meeting, 1: 176- 
183. 

C.S. Coast and Geodetic Survey, 1936. Surface water tempera- 
tures a t  tide stations, I’acific coast. Special Publication 280. 

U.S. Coast ant1 Geodetic Survey, 19%. 1)rnsity of sea water a t  
tide stations, I’nrific coast. C d C 8  I’ubliccctiotc 31-4. 

University of California, Scripps Insti tution of Oceanography, 
1960. Temperature and stiliiiity :inonialy charts for 24 Ca- 
nadian and Amrrican shore stations based on a common ref- 
erence period. S I 0  Hef .  60-30. 

0 

A34722 1-61 4M 
printed in  C A L I F O R N I A  S T A T E  P R l N l l N G  O F F I C E  


