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he Warm Epi,odc (E l  Vt?qS , r ! '  ' I )  

\teric height (geopuieiiiidl aiiomdly  long the 
ia  and B j a  California. Fifty percent of the  sta- 

m, i )h\er \ed during a survey in February and March hiid the 
<.itc,t ,tcric height r!h.;er\ed for thih sea\on for the ent i re  

\c,ir\ cii C.iIifornid Conperd!!\c (Lc. in ic  Fi\heries Invesriga- 
~ii\ ((',iICOFl) observ,itions. Where i t  occurred on\hore.  dlong 

cctitr.il C.iliiornici in e d v  February. this iinonialous height was 
ihnccd hy <I \trong countercurrent. Along BWI California in 

1l.irc.h the greatest steric height was offshore and hence pro- 
d u i c i l  a \trong equatorwdrd flox .These coiiditions may not have 
h.:i \\iioptic An o f s h o r e  shift in thc hubsurface thermal ano-  
t i .  hitwc.cn Jmuary  and Mav 5i;ggehb a reversal of the flow 
ii :t.!n [hi \  t i m e  lriinie 

Introduction 

Iluring rhc \\inter of 1982-83, high levels ol' geopotential 
. i i i i r ~ i . i l y  I hcred te r  cdled steric height) were o b w v e d  ;it h ld ro -  

)hit \tation\ o f  California and B J J ~  California. Steric height. 
\ e i l  t rom the p r e s u r e  integrdl of the specific volume. 15 the 

\ ! u m t t t >  \rho% I.iter;iI gradient is proportional to velocity under  
:he ~ci i \ t r i iphic  i isumption.  T h e  values given here are lor  the 
\urI.ice rel.iti\e to 500 d e c i b ~ r s  (5MP;i) indicated by "0/500 db" 
.!nd .Ire in the unit5 dynamic cm (10' cm2 sec-') In one su r i ey  
during 1.cbru.ir) and !h rch  1983. by the NOAA \esse1 Town- 
~ i i d  Croniucll. conductirit~./tempernture/deprh (CTIN c ~ \ t $  
\*ere ni.ide dt >tations in the California Cooperative Ocednic 
I i,herie\ Iti\e\ug;iuons (CJICOFI) grid (see e g Wyllie. 1966). 

i X  CTI) ca\ts which could he compared to the C,iICOFI d a t ~  
, 18  h.i\e 0/500 d b  )teric height. which match or et.ceed 

loiig-isrm records 0 1  steric height for each station for this season. 
The  rteric height for 11 stations exceed the long-term records for 
,in! \e.i\on These high levels dre commensurate  with the Idrge 
.itid persirtent positive temperature  anomaly and the  greatly 
thichened \urfdce mixed layer that has characterized the North 
\nicric.in c ~ , i ~ t , i l  manifestation of the 1982-83 Warm Episode 

11.1 Siilril in the P ~ c i f c  Ocean. 
The  glohd-scale climrltic fluctuations leading to this Warm 

l ~ p i d s  s e r e  first noted in a Climate Analysis Center  bulletin 
i,\ued 20 September 1982. T h e  large-scale warming in the 
qu.itori,iI lone ,ind d o n g  the coast of Peru uiis l.ully tlsveloped 
h! October 1982 (Kdaniusson el 31.. 1983) .  Full development 0 1  
I , i r~c -x , i I e  \r.irniing olf the North American codst f rom Mevico 
to . \ l ~ \ k . i  lollinred in January 1983 (Aiier. 1982. 1983) 

I)l\cu,>lotl 

T h e  ~ i h ) w A  and hiologici  effects of the El Nifio 
plicnriniciioii upon C'ilifornia water, wiis centrnl I O  the prewntd- 
t ion\ .it the June I Y 5 8  CdICOFI Slniposiuni oil "The Chmging  
I'.icilic O c e m  in 1957 and 1958" (Setre m d  I\aacs. 1960) Thc  
l Y 5 7 - 5 8  t:l Sitio was a strong and well documented ev 
thc S\ impovum Proceedings Reid noted t h ~ t  in J,inua 
:licrc \ + , I \ ,  on the average. ii 5 dyn.imic cm \teric r iw  i n  > 

; u p c r  is n o t  s u h j f c r  t o  U.S. c ~ ~ p y r i g t i t .  PU!P 
e :merican C e o p h y s i c . a l  C ; i iun .  

in the CalCOFl area as a result of both higher temperalurei  and 
an  increase in t h i cknab  of the  mixed layer. Stewart (same 
proceedings) found as much as  il 12 cm anomaly in sea lebel 
(averaged by months but uncorrected for inverse barometric 
effects) for the same month  at c ~ d s t a l  tide st;itions along Califor- 
nia. (There is very nearly a one-to-one correspondence between 
changes in sea level (cm) and in steric height (dynamic c m )  

T h e  large-scale mean distribution of steric height in the 
North Pacific shows a decrease from mid-ocean toward the Cali- 
fornia coast. in balance with equatorward flow of the eastern limb 
of the North Pacific anticyclonic gyre. In winter there  is a trough 
in steric height 40 miles off the California coast and a secondary 
peak nearshore in balance with the winter coastal countercurrent 
(Wyllie. 19661 By spring the trough has moved shoreward and 
the average surface flow is everywhere equalorward along Cali- 
fornia and BAja California. 

In  February and hlarch 1983. the high values in steric level 
along the  California coast. north of the middle of the California 
Bight. exceeded 94 dynamic cm: the highest for these stations in 
the 33-year CaICOFl record (Figure 1) T h e  high values contin- 
ued southward in the  form of a ridge offshore northern Bald Cali- 
fornia T h e  geostrophic flow relative to 500 d b  lor  this pattern ol' 
\teric height IS strongly poleward at PI, Conception and north 
(20 cm/secl,  equdorward south of San Diego (20 cm/secl,  and 
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1094 Lyiiri: The 1962-83  ilnrn i ' .p inude i n  t h e  C a l i f o r n i a  C u r r e n t  

7horew.ird along much of the outer  station grid, especidlly a t  the  
I,ititude of the U S  /?.lcuican border (14 cni lsec)  

'The anonialy of steric height (Figure 2 )  I F  produced h\ sub- 
tracting the se;isoniil mean f rom the ob\erved \slue\ of Figure I 
Except tor two sliilions off central B&I CiIilorni,i. \teric hetght 
\vd\ found to he 'ibove sea\oiiol \;tlue\ in this El NiRo pertod. 
The g.iin is aeen to be in e ~ c e \ \  of 14 dynamic cni o f  central 
C:iltioriii,i and the pattern of anonidy p z i t e r  than 10 dynamic 
cni follons the ridge in \teric height off\hore B.tia California 
Also. se:i level. as nieasured at local tide station\. has  atraincd 
ne\\' record level5 (D .  Brown. pcrsond communicat ion) .  At the 
Scripp\ pier $tiition mean monthly rides were 22 and 16cn i  
.iho\e long-term avcrdees for November m d  December 1982 
(Si  i i ipwn. 1983). 

T ime  Variation in Steric Height 

C T D  casts along CalCOFI line 90 have been repedted inter- 
mittently during 1983 lo monitor conditions associated with the 
El NiRo Observations were made in late January and early 
March by the NOAA vessel Townsend Croniwell. in early April 
hg the R / V  Weconia and in early May by the NOAA vessel 
David Stnrr Jordan. The steric heights f rom these surbeys (Fig- 
ure 3 )  show a continuing excess over  the sedsonal niean values 
west of the Channel Islands (outside of 200 kni from shore)  but 
within 100 k m  of the coast, steric height dropped to near the sea- 
sonril a\ernge after early h1;trch. This  sequence of ohrervations 
of steric height implies ;I reversal 01  current ;it that section dur-  
ing March. These ch,iiige\ are  coninii 'nsurate with the di\pI,ice- 
nieiit of the high \:due\ ( 2 3 ° C )  in subsurface ternperdure m o -  
mal!. near 7 5  ni f rom n e m h o r e  \tiition\ in J s n u u y  to  oll\hore 
stations in early blab (Figure 4 ) .  The ob\erv,ition\ for  earl) 
March in Figure 4 show :I \piit in the high kalueh \tith the m a x -  
iniuni 200 kni olTshore and  a w o n d a r y  peak a t  the neiirshore 
station I n  Figures 1 and 2 the four  northern l ine\ of \idtions 
were t a h m  in the fir\[ hdlf of Fehruary: the southern ~ I X  were 
t.ihi.ii in the latter h d i  of Xldrch. I t  is possible t hd  the  ridge in 
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Fig. 3. Steric height along C K O F I  station l ine 90 for sur\c!\ i n  

January. >Lirch> April and blay 1983 and the long-terni nic.iii 
valuca for Janudry and April f rom L)nn et al. (1982)  

diioniaIou\ \teric height di'pictcd in Figure 1 nidy hd\c nio\cLl  
from a cn;i%il povtion l o  an olfshore position during the 8 wcckr 
yunning the hurve) Thus.  the distribution\ @ \ e n  in Figure\ 1 
.ind 2 prob'ibly d o  n o t  provide a r!nopric repre\entaiion o i  ciindi- 
tion\. 

There I \  dI\o a circulation reversal along t l ic  iu.~ri  i n  kchru. 
:try and .Mdrch i n  the niean \easonal trend .fiere the cc'\\'ition o i  
the coris;il countercurrent ii follnwec! "y the e5tdhltchmeni ol 
equitorw.ird flow Although se;i z IIC' tem )erdtures .tlonc thc 
coast f rom Bdja California to  Am> 
higher thdn n o r n i i  during the 1982-83 winter and spring. thc 
temper'itures decreasxl  1°C between early February :ind i',irl! 
\larch in a ndrro\\ band along this coast. possibl) indic.itinp ,I 

ch:inpe to south\rard advcctton Additionallv. firheriiien cl.iini 
t h d  there \\,I\ <I tlr,inidtic revcrwl f r i  ' : O N  111 r l l U I I 1 -  

w:iril llov. off northern C~tlilcii,ii.t iii April: t i  ' \ere  rtroiig 
enough to iiiierlcrc with t raul ing operrltions 

T h e  1957-53 El Nitio 

l h e  d i l l e r e n c e ~  i n  \teric h e l p ;  lor  >ur\e!\ i n  19-8 I r o t i i  
the long-term monthly nits 'F,;.ire 5 )  hho\r \p.iti.ill\ .tiid 
tenipordlly coherent IX!::~ ,. (Lynn and Reid. 19751 T h e  J m u -  
iir! .iiionialy \\.!\ I "re t h m  4 d!n;imic cni uitliin .I I O 0  Ani co.!~i- 
til hatit1 f rom f't Conception to the \outhem 111) 01' 13.ii.t C'iltliir- 
iiiii l h e r e  I\ ;I trough in the piittern 350hni  d f r h o r e  where 
\,due\ fell below the nionthl! n i u n  The\c  difTcrcnce\ rIio\\ 
tli .it  thc Caliioriit.i C ...... - U , ~ C ~ , .  n. . i tensilkd ; ind b roden i ' d  
during the pedh psriod 01 the 1957-58 Ll Utfic>. The C.iIilornt.i 
Currcnt  u d ,  di\pl.iccd I'irther olT\hore mil inicii\ilii'd in (I n.irrow 
h m l  about i t \  core T h c  \uh\cquent  cruise\ o f  Aprtl. J u l \  .m,1 
October 195X \how rl dimunition. reversal d i d  rce\t.ibli\hnicnt 01 
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Fig. 4. Verticiil sections of temperature anomaly along CaICOFI >tation line YO for three periods in 1983 ("C) 

inc inii,..' ~ , ~ i n a l y  pattern. rcqxctively (Figure 5). Throughout  
the period there were regions Ih<ii i.\.;eeded a positibe anonicily 
01' 8 dynamic cm. Sr:i si:rfdce temperatures were also 
anom,ilouslv hic!: u i th  ihe greater temperature mornalies gen- 

I 

Fig. 5.  The  difference in steric height (O/500 db) from season 
mean VBIUCS for four mon ths  in 1958 in dynamic centimeters.  
Values above 4 dynamic centimeter, arc shaded. 

erally coincident with the greiiter steric height anomalies ?%@a- 
live temperature ;tnomalies Here found only in the July surw!.  
t hew coincident e i t h  the negative Steric height anomalies. I t  is 
yet to he seen whether a similar oscillation of El NiRo conditions 
hill dlso chxac ter i ie  the precenr event.  

A c k n o w l e d p e n t $  J Reid and J Simpson urged the puhli- 
cation of the% nicitcriJls. K. Bliss processed most of [he  CTD 
data wlth the exception of the KIV Wecoma data which \+a$ col- 
lected and processed by K Smith and A. Huver, Oregon SIJIK 
Uni\ersity L. Eher progrdmmed the analysis of extremes in 
steric height from the CalCOFl record. Helpful suggestions on 
the m,tnu\cript lrorn J .  Reid and J.  Swift were incorporated. 
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