
61 

NOAA Technical Report NMFS SSRF-761 

Sea Level Variations at 
Monterey, California 

Dale Emil Bretschneider and Douglas R. McLain 

January 1983 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 



If 

F , 

NOAA TECHNICAL REPORTS 

1 Tational Marine Fi~heries Service. Special Scientific Report-Fisheries 

d J ir'hl Ion (' thl.! \,: re~l'U l..'C JTlJ tll e~tJ/:lIt ... h h..:\d ... for opflillun i u~e ~.'f the re'I..'un..:e ... 
\r ( r'llJ.lI.. C ... f If T1l ... nagln~ !latil)p II tl ... hlng grl1unJ .... lh.:\ e\~)rmen( ,-!nJ cnfllfccmcnt uf UllfllC"itiL 

te~ \.l..t ttl! \\ \. ... am t Ie de t. "PI lL'nl flO 1.''1 fl..lrcClllt.:nl t'f il!k nJlIl)Jlai rp,hef) agrccment'­

JrkL In~ ... ('nlu: ... nJ CUi l n IL J.ni..ih"'h rr"gr.llll' JnJ mortgage In .... uranl.·c .tnd \L' ...... cI (t.'n ... tnh.:­

J IOU'" ph ........ c ... lIt hc Il1o.u"tr: 
ht.:d In 14.,ti..) Ph. 'CrlL' LJrrJt~'" n:rllft lIn "CIClltliIL In\(' ... lI~atlll(1''' th.lt J,)(Ulllcnt [IJog-term 

)J ... I,..UIt:'l fe, tnL cd "'U)pc ThL [('p"1rt'-. may Je.tI v.llh J.pplled lhhcf) prlJhlcnh rhe ,('fit:, I .... 

1 rtllllliz J'LIL 1 II ... n.1IufL 

n InIlteu 11 lh -.. h _l c-0\ ('foment ... agenL IC b,lth FeOL-"r.11 Jnu Stu L' The) are JiSll ;1\ a lahlc In 

InnL "'ULn\..:L''', II1Ji\ iou,li cnpiL's may ht. ~)htJlnl'J frnlll DX22. L ... ...:r SeT\ iL'''':''' Brant.'h. Em iron­
\..1'\ k \102') '2 Rcu:nt ")SRF .... HL~ 

Ill, r (\,\ en BJr'" b r nino 

h \I kl 
Btlt lIll \\Jt...r tcmp...:r..tturc trL"O'" In thL \flodle: AtlJnuL Bight JUring'" 
umll lo"·b B\ l J-C~c'e \\ OJ\I' [)c,'~mhcr 197<1 11 .. 1, p .. 101 "c 'r I,rf> B, R b,r J P 

Ilble 

pI Lr I c \'~ 'vI \kAD Ship 
1'::; J "ill. B Ir " ( In,. lnJ 

l r ~ t lll.: rr 

11m hi IllLtIl \.. pLrlt \.. \ till: Sa rr • .H1LJ,\..l 

at \t _ 'n l..!r~lr I hl:r .ttl(l UI1L' 

- .... 1) F lilt! )1 r hCll1 ll11rth\\('\t \11 .... ntlL g.iuJkrm I!shc ... B\ Rlch,lrd \\ L,u 

"nJ R t\ f B"'"ll; ... I ~hn...H' 19XO ,~2' r 'II~' IIIJhk, 

74 I D',lrthull,ln "I gJllllllJrtJcall \l1Iphlp"JJ (Cru,IJec.,1III Ihe \1,JJk All 

Blghl rcgll n B Jllhn J DI .. J .. mslHl Rl)~anO L \\'Igk). Richard D Bfllocur 

SUSdll 8rl \\n L ~gLr (ktubL'r 14XIL \ +..fO P 20 figs. "2 tahles 

~l ~ J F T ~ Fcc< ) ~ \Iell ""7..+2 \\ I..r slnAt ,rL Jt Oll'an \\Ldlhcr St ... lI11n \ Illlrth\\c ... tcrn p.lL'irlL 0 
I 'illn ~ I B, [) \1 H,,,h, anJ G R 'icckel llclnhcr 1980. 18 I'g' ~ labk, II"hl 

,7 r 

'h n nh" 1 ,I \1 " Ie' _ fl Jrt! 

an j I hn \ \IJr I '-J 0l
, I I 'r X I b 

",\..n.:1 ')1 (nl) \ (mhll1\ ,'h .. ~ 

'r 'I 1< 

". 
R 'h I J I II 

R 

7-l~ \\Lr.12L dC r ... lI\ ,nJL''\ I,}r\\.tlkyc rl)II\l(~. Thlrllgru c/W/coJ;r£lmmll. I 

Be 'n~ Sc H, L Ih Lee L,,\\ anJ I,u,' l,cJ,1 ,,'emher 19HO. "' T II p. J II' 
L..! )I\..'" 

7.t-l Tunas, h.ca ltt'flph, dno !'lCI(,Oflllo~\ ~)f the PanfiL' an annll(JICd bihli 

ph,. 1'1"0 ~x. b\ PaLl '" Sumi \larch I\lSI III 'I~' P 

""'4" f)llr •. 11 m,IN L 1\,.' ~lh-tP[..tl \\L'Ig.ht rcL..tllnnshlp~ pf Sl}UIJs LollI.:o peal< 
{I (\ 1ft, I)" U\ fnHll hL \'L.l'l'IL lP;JSt 01 thL~ L nlled StalL's. h~ \nnl' \1 T 1 

nl
' 
"IfC I Joh stIll \Iar,'h 1% I ill .. I' r "Ill!' n IJhl", 

7th )\ tn "fI.JIIOn III ~ IllllllilflJl:dll \nlrh)r\}d~1 (Crll',tJLTaJ lin Georges Ban 
,1,hn! D""n,,,nl'dR",lndl \\~Il\ lUll, Il)HI.III.2Sp.161Ig' Ilah 

"'t \1<. ... ..:1lt,Lfi \\th dnd I11Prt~tlll\ ll' \mcnL;ln 101), ... It.'rs. H omar/n a 

"f I Iil g thl. L\.'... )f \1..JInt h\ .1.1\ S J...:nllP'e ScptcmQer 14HI II 
pi) I ~ x • lhl.:, 

'.1. \fln 11 Jh.:U hlOlh 'fJph, ,)t Ill: linch t.1Lnu ... Str,lI1"nn (Gastropod.1. Slr~ 

ial: III 'hI W\.: h;rn VI-Inlll UI".l:an h\ (Jlnrgl". H f),lrL \, Scpll'llIhl'r J4H I, IIi -+-

t) .. )Ix.! )1 "- nnrth\\I: I \ I'~l Il ph.:"'lonl"dllorl1l 11"hL"s. hy Rilha 

I,n 'I, n l III I All" "' ~'rl,'nbcr 1'1)11 III III r Illg K I.,hle, 

\\, 1<1 II, ralUr } II h \-hfld, \\11:1 JIl .11l1:\~dS h\ Llmil\, "'pt:\.'ll" 
S prl nl I rJn~j "ilh\\Ht 0)\ .... hcrll)Kl IIlt,,{)7p 

h h, 
hi) 

() ( I .. t) ' ... 1~1I11 'I''' h\ (,!fohn \ Cirt,,~oIJ 'eu 
r '~I, I - 'Jt-le, 

r 'II U "ldc.: r Par,,' liOn \ JdllalU\ lllt \tlU 

h D lL" r:9 I ", till r 1111 

..II hl 1 1 l 'n (JII' rh flc hi" 'pr 011 
,'\\ Jr unl.l S H ~LJlhc.:\\' J.lllUJr) 



NOAA Technical Report NMFS SSRF-761 

Sea Level Variations at 
Monterey, California 

Dale Emil Bretschneider and Douglas R. McLain 

January 1983 

U.S. DEPARTMENT OF COMMERCE 
Malcolm Baldridge , Secretary 

National Oceanic and Atmospheric Administration 
John V. Byrne , Administrator 

National Marine Fisheries Service 
William G. Gordon , Assistant Administrator for Fisheries 



publicatIOn. 



CONTENTS 

Introduction .. .... . . .... . . . ... . ...... . .......... . .. . .. .. ........ . . . ................. ......... . 
Earlier studies on sea level variations . . .............. . ...... . .. . . . . . ..... . ............... . ...... ... . 
Ocean and atmospheric processes near Monterey ........................................... ......... . 

Description of data . . . . . . . . . . . . . .. . ................................ .. ............. . 
Monterey sea level data .. ......... . ................................................. . ........ ........ . 

Tide gages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Data processing and reduction . . . . . . . . . . . . . . ........................................ . 
Merging of analog and digital tide data . . .. .. .... .. . . . . ... . ........................ . 

Long period sea level changes . . ......................................................... . 
Ocean and atmospheric data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................... . . 

Sea level at Monterey ..... . .. .. . . . . .... . ................................................. . 
Means and variations ... . ................ . ............. . ................................... . 

Hourly sea level ..... . .................................................................. . 
Monthly mean sea level . ........................... . ......................................... . 

Relation to other Pacific coast tide stations ........................................................ . 

2 
2 
2 
3 

3 
3 
3 
-+ 
-+ 
-+ 
5 
6 

Causes of sea level variations at Monterey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... 7 
Correlation analys is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Regression analys is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 
Spectral analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 

Summary. . . . . .. . .. ....... . .... ........ .. .. ... . . . . ... ... .. . .. . . .. . .. . ... . . . .. . ... .. . .. . . .. . .. .. . . . .. ....... 18 

Literature cited .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
Appendix A.-Miss ing hourly sea level data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21 
Appendix B.-MonthJy mean oceanic and atmospheric observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21 

Figures 

1. Map of Monterey Bay, Calif. , region showing location of data sources. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :2 
2. Comparison of hourly tide measurements in Monterey Bay, Calif., from digital and analog gages for calendar year 1974 . . . . . . . . . 3 
3. Frequency of occurrence of di fferences between observed and pred icted hourly tide heights at Monterey, Calif., 1963-76 . . . . . . -+ 
4 . Frequency of occurrence by month of differences between observed and predicted hourly tide heights at Monterey. Calif., 

1963-76 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
5 . Autocorrelation function fo r anomaly of monthJy mean sea level at Monterey, Calif. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
6 . Location of 15 tide stations along the west coast of North and South America whose data were used in thIS study. . . . . . . . .. .... 6 
7. Time series of monthly sea level anomal ies for selected west coast tide stations. . . . . . . . . . . . . . . . .. ................. 7 
8. Correlation of monthly sea level anomalies at selected west coast tide stations relative to Monterey, Calif.. . . . . .... . . . . .. 10 
9. Time-distance contour plot of monthJy mean anomalies of sea level in centimeters from 1962-74 mean at ~elected we~t 

coast tide stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... I 1 
10. Seasonal cycle of sea level and dynamic height near Monterey, Calif. ..... .. ..... . . .. .. .. . . . . . . . . . . . . . 16 
11. Times series of weekly mean sea level at Monterey, Cal if., and dynamIC height computed from frequent hydrographIC 

stations in mid-Monterey Bay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
12. Amplitude response function fo r the 30-d running mean filter used to low pass filter hourl)- sea level data from 

Monterey, Cal if. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ......... 18 
13 . Spectral plots of 6-h atmospheric pressure and unadjusted sea level for the winter period at Monterey, Calif. . . . . . . . . . . . . . 18 
14. Spectral plots of 6-h atmospheric pressure and unadjusted sea level for the upwelling period at Monterey, Caltf. . . . . 19 
15 . Spectral plots of 6-h meridional wind stress and adjusted sea level for the winter period at Monterey. Calif. . . . . . . . . I Y 
16. Spectral plots of 6-h meridional wind stress and adjusted sea level for the upwelling period at Monterey, Calif. . . . . . . . . .. ..... 20 

Tables 

I . lntercorrelation of monthly mean sea level anomalies for selected west coast tide ~tations . . . . . . . . . . . . . . . . . . . . . I () 
2 . Intercorrelation of monthly mean anomalies of sea level with various oceanic and atmosphenc \anable\ al ~1()ntere~. 

Calif. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........ 15 
3. Results of multiple regress ion analysis of sea level at Monterey. Calif.. \I ith various oceanic and atmo\pheric \ anable 

for entire year, Davidson Current , and upwelling periods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... .... 15 



Sea Level Variations at Monterey, California 

DALE EMIL BRETSCHNEIDER and DOUGLAS R. McLAIN' 

ABSTRACT 

Sea level data from Monterey, Calif., during the period 1963 through 1976 were compared with data from 
coastal stations from Peru to Alaska. Sea level fluctuations at Monterey were correlated with data from these 
stations, particularly those to the south. The causes of sea level fluctuations at Monterey were investigated by 
correlation, regression, and spectral analysis of sea level with atmospheric pressure, zonal and meridional 
wind stress, Ekman and Sverdrup transport, surface temperature and salinity, and dynamic height data from 
nearby locations. Of these variables, dynamic height was the best predictor of sea level fluctuations. Atmo­
spheric pressure, surface temperature, and meridional wind stress were of secondary importance. The predic­
tion was better during the Davidson Current period than during the upwelling period. 

INTRODUCTION 

Sea level and its fluctuations have interested man for centuries. His­
torical sea level time-series data are unique among marine data sources 
in that they have been obtained continuously and inexpensively over 
periods of decades or longer at many coastal and island locations 
worldwide. Sea level records include not only periodic fluctuations due 
to astronomic tides but also nontidal , low freq uency fluctuations result­
ing from various oceanic and atmospheric processes. The non tidal 
components can be isolated by fUtering out the astronomic tides, thus 
making measurements of sea level useful as a spacially integrated index 
of nearshore and offshore ocean changes. 

This paper examines the character of sea level anomalies at Mon­
terey, Calif. , and the relative importance of the large-scale atmo­
spheric and ocean processes which may cause nontidal , low 
frequency fluctuations. An understanding of these processes will 
allow the use of the abundant historical records of sea level data to 
reconstruct changes in the past oceanographic environment of the 
California Current system, which , in turn , may aid in understand­
ing past changes in distribution, abundance, and availability of 
marine fish populations . In particular, the study was designed to 
examine the utility of sea level data for identification of anomalous 
environmental periods and for monitoring of changes in coastal 
oceanographic conditions. 

EARLIER STUDIES ON 
SEA LEVEL VARIATIONS 

Sea level variations along the Pacific coast and their relationship to 
various environmental phenomena have been examined from a number 
of different points of view. In addition to the well-understood astronom­
ically induced periodicities, it is widely recognized that coastal sea 
level measurements are influenced by : 1) wind waves and swell , 2) 
wind set-up or set-down against the coast due to storms, 3) changes in 
atmospheric pressure over the ocean surface, 4) redistribution of water 
mass due to wind stress, 5) changes in average density of the seawater 
column, 6) long period astronomic tides, 7) subsidence or uplift of the 
land upon which the tide gage is located , and 8) changes in total mass 
of water in the oceans associated with the glacial ice budget. These 
physical processes are discussed by Montgomery (1938). LaFond 
(1939) found close agreement between weekly mean sea level mea-

'Sou thwe,t Fisherie, Center Pacific Em ,ronmental Group. National Marine 
Fi,heries Service. NOAA. P. O. Box 83 1. Montere). CA 93940. 

sured at La Jolla, Cal if., and offshore geopotential topography, thus 
directly relating ocean currents to sea level. Jacobs (1939) suggested 
that the relationships observed by LaFond were not entirely due to 
changes in the density of surface water but rather to actual slopes 
induced by wind-driven water transport along the coast. Pattullo et al. 
(1955) found that south of lat. 40 0 N in the North Pacific Ocean, the 
seasonal variation of steric elevation and sea level are in phase, both 
having a maximum elevation in late summer or early fall and a mini­
mum elevation in winte[ This they took as a consequence of seasonal 
heating and cooling. These investigators further found that seasonal 
variations in sea level north of lat. 40 0 N along the northwest coast of 
the United States could not be explained by steric considerations alone, 
suggesting that non isostatic processes such as wind and currents can 
lead to appreciable regional deviations. Roden (1960) used autocorrela­
tion and spectral techniques to examine the relationship between 
monthly mean sea level pressure, wind, and sea surface temperature 
(SST) at several stations along the Pacific coast. He found good coher­
ence between anomalies of sea level and atmospheric pressure, moder­
ate to poor coherence between SST and sea level depending on the 
location of the station, and moderate coherence between anomalies of 
sea level and north-south component of the geostrophic wind. Sturges 
(1974) found high correlations between occasional steric observations 
and 3-d mean sea levels at Neah Bay, Wash., and San Diego, Calif. 
Reid and Mantyla (1976) demonstrated that the winter increase in sea­
sonal sea level elevation along the northern North Pacific coast results 
from 2increased overall flow in the North Pacific subarctic cyclonic 
gyre. 

OCEAN AND ATMOSPHERIC PROCESSES 
NEAR MONTEREY 

Monterey Bay is located along the central California coast. about 
120 km south of San Francisco. The bay, which is bisected by a deep 
submarine canyon, is a large, semi-elliptical coastal feature measur­
ing about 37 km wide at the mouth and about 19 km from the mouth 
to the innermost point. 

The bay lies inshore of the broad, diffuse, southward flo'.'. ing Cali­
fornia Current. The strength of the Current is affected by the winds 
over the Current which, in turn, are controlled by the strength and 
location of the Aleutian low-pressure cell located over the Aleutian 

2After this paper was completed. the thesis of Chelton (19801 became a\ allable 
The reader ,s referred to it for additional information on pro.:esses affecting ea 
level along the coast. 



Islands, the Pacific high-pressure cell located east of the Hawaiian 
Islands, and the thermal low-pressure cell located in summer over the 
western United States. During spri ng and summer the Aleutian low 
normally weakens and the Pacific high intensifies and moves north­
ward. Winds over the Current during this period are mainly from the 
northwest and are strongest when the Pacific high and thermal low­
pressure cells are closest together and relatively intense. Winds 
weaken or change direction as this pressure gradient decreases. The 
seasonal change in strength and location of these pressure cells thus 
causes seasonal changes in the winds (Reid et al. 1958). 

Skogsberg (1936) described three distinct phases or periods in the 
seasonal hydrography of Monterey Bay. The calendar year opens in 
the countercurrent or Davidson Current phase. In late fall and early 
winter of most years, winds are weak and variable and intermittent 
southerly winds occur. A northward flowing countercurrent is 
pres(;nt at the surface close inshore off central California. The gen­
eral north-northwest to south-southeast trend of the coastli ne and 
Ekman transport of surface water to the right of the wind cause 
onshore transport of surface waters and piling up against the coast. 
Minimal solar radiation and strong vertical mixing of surface waters 
by winter storms decrease SST's to a seasonal minimum during Janu­
ary or February. While SST's decline during the Davidson Current 
period, temperatures at deeper levels slowly increase due to advec­
tion of warm waters from the south. For example, temperatures at 50 
m depth reach a seasonal maximum during December and January 
(Skogsberg 1936; Bolin and Abbott 1963). The end of the Davidson 
Current period is variable and difficult to pinpoint. About March , the 
offshore high pressure cell intensifies and northwest winds become 
frequent. The resulting Ekman transport causes offshore transport of 
surface water and, in the nearshore region, some of this water is 
replaced by cold, nutrient-rich subsurface water upwelled from the 
upper hundred or so meters. Upwelling is strongest when northerly 
winds are strongest. and near Monterey usually reaches a maximum 
in Mayor June (Bakun 1975). By August, northerly winds begin to 
slacken and the strong solar radiation of late spring and summer 
results in a steady rise in SST that usually continues through Septem­
ber. A period of calmer winds that Skogsberg (1936) called the oce­
anic period occurs :n September and October. With a slackening of 
wind stress, the cool, upwelled water begins to sink and is replaced 
by warmer surface water from offshore. Coastal SST's ri se to their 
highest seasonal values and strong v~rtical temperature gradients 
form (Bolin and Abbott 1963). 

Thus the oceanographic regime off Monterey is marked by three 
distinct periods: the Davidson Current period, occurring during 
November through February, has weak northerly winds, strong 
winter storm events, northward current flow, and onshore transport 
of surface water. The upwelling period, occurring in March through 
August, has strong northwest winds, southward current flow, off­
shore transport of surface water, and upwelling of cool, nutrient­
rich water. The oceanic period, occurring during September and 
October, is a period of calm between the northerly winds of the 
upwelling period and the southerly winds of winter. During this 
period, highest surface temperatures and strongest vertical temper­
ature gradients occur. Although these are the average seasonal char­
acteristics in the meteorological and oceanic regimes affecting 
Monterey Bay, there are marked year-to-year differences in both 
timing and intensity of the events. 

DESCRIPTION OF DATA 

Recorded tide data from the tide station at Monterey, Calif. were 
chosen for analysis because the tide gage lies along the biologically 

productive upwelling region off central California and is exposed to 
open ocean conditions with no nearby river discharge that may affect 
sea level measurements (such as at San Francisco or Crescent City, 
Calif.). The Monterey gage is the only primary tide station main­
tained by the National Ocean Survey (NOS) between San Francisco 
and Avila, and thus fills a large data gap along the central California 
coast. The Monterey station has been operated continuously since 
1963 by the Naval Postgraduate School (NPS) but the time-series 
data have not been fully analyzed. The tide station is located along 
the southern edge of the bay near the end of Monterey Municipal 
Wharf No.2 where the water has a depth of approximately 6.8 m. 
Because of the open shape of the bay and the narrow width of the con­
tinental shel f, tide measurements obtained here are presumed to 
approximate those of the open coast. 

In addition to sea level data, meteorological and oceanographic 
data representative of the Monterey area, including surface atmo­
spheric pressure data, geostrophic wind data , surface salinity and 
temperature data, and deep hydrocast data were used in this study. 
The geographic proximity of the various data sources allowed direct 
comparison of variables with minimal problems resulting from spa­
tial distortion. Figure 1 shows the location from which each of the 
data sources was derived, along with bathymetric contours. 
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Figure l.-Map of Monterey Bay, Calif., region showing location of data 
sources. 

Monterey Sea Level Data 

Tide Gages.-A standard recording tide gage, which traces tide 
heights continuously on a strip chart, was installed at the Monterey 
tide station by NPS personnel in June 1963. This analog system is 
entirely mechanical and is highly dependable when maintained prop­
erly. A drum-mounted strip chart is rotated by a spring-driven clock 



mechanism, and a pencil records sea level changes by means of a 
float -pulley system. A second instrument, a Fisher-Porter digital tide 
gage, was installed adjacent to the analog gage by the NOS in 
November 1973. This is an electrically operated system which 
punches digital data on foil tape. Both gages use the same 21.6 cm 
diameter float and have operated simultaneously since November 
1973. The stilling well, which serves as a low pass filter for oscilla­
tions with periods greater than a minute, consists of a 30.5 cm diame­
ter steel pipe with a 2.5 cm diameter orifice at the bottom. Both gages 
are checked for accuracy of time and height and are annotated about 
five times per week. 

Data Processing and Reduction.-Continuous tide traces 
obtained from the analog gage during the period 20 July 1963 
through 31 December 1974 were manually digitized for use in this 
study by Ocean Data Systems, Inc., Monterey, Calif. Datums were 
reviewed and data were reduced to hourly sea level heights using 
standard NOS procedures (Coast and Geodetic Survey 1965) . Data 
from the digital gage for the period 1 January 1974 through 31 Sep­
tember 1976 were processed for hourly heights by the NOS and pro­
vided for use in this study. Data from both gages were recorded in feet 
and in this study converted to centimeters. The hourly heights from 
both analog and digital gages are accurate to about 0.1 ft (3.0 cm) and 
times of observation (Pacific Standard Time) are accurate to within 6 
min . A small percentage of the hourly sea level data was missing, 
either rejected as erroneous or lost due to equipment malfunctions. 
As a result, some monthly means contain less than a full month of 
data. Missing data of duration of a day or longer are listed in Appen­
dixA. 

All hourly heights were measured relative to the station datum 
established by the NOS in November 1973 . Mean sea level for the 
period 1963 through 1978 lies at 184.4 cm and the National Geodetic 
Vertical Datum lies 182.88 cm above the station datum. 

Merging of Analog and Digital Tide Data.-To obtain the long­
est possible continuous tide record, it was necessary to merge the 
older analog data with the mOle recent digital data. Before the data 
sets were combined, the response of the two gauges was analyzed by 
comparing the hourly heights from both tide records for the calendar 
year 1974. The correlation coefficient between the analog and digital 
data sets exceeds 0.99, as anticipated. 

The differences (digital-analog) between the two sets of hourly sea 
levels for the calendar year 1974 had a mean value of -0.06 cm. The 
frequency distribution of the differences (Fig. 2) resembles a normal 
distribution, with a standard deviation of 3.7 cm. Nearly all of the 
differences can be attributed to the fact that the digital data were 
recorded as instantaneous values, which can include short-term sea 
level fluctuations such as long period waves and seiches, whereas in 
the analog data, these short-term fluctuations were filtered out by 
manually smoothing the tidal curve before digitizing . 

It was concluded that differences between the two data sets were 
negligible, and that the analog and digital data could be combined 
without significant error. Thus, analog data from the period 20 July 
1963 through 31 December 1974 were combined with digital data 
from the period 1 January 1975 through 31 August 1976 to form a 
13-yr time series containing 107,954 hourly observations. 

Long Period Sea Level Changes.-Tide gages monitor the 
height of the sea level relative to land . Thus , changes in mean sea 
level over periods of years or decades can result from the addition 
or removal of water from the oceans due to global climatic varia­
tions, from subsidence or emergence of the land upon which the 
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Figure 2.-Comparison of houri) tide measurements in l\lonterey 8a), Calif., from 
digital and analog gages for calendar }ear 197~ . Total number of obsenations was 
107,954. 

gage is located , or from long-period astronomic tides . For exam­
ple, some long-period trends in sea level records, such as the rise in 
sea level in Panama described by Roden (1963) or the drop in sea 
level in the Juneau, Alaska, area described by Hicks (1973). clearly 
result from local or regional land subsidence or uplift. 

To determine trends in the Monterey sea level record during the 
period 1963 through 1978, a least-squares linearfit was made to the 
time-series on monthly mean values. The fit showed a relative rise in 
sea level of about 0.01 GIn/yr. The variability in sea level due to 
oceanographic and meteorological processes greatly exceeds this 
trend and thus the effects of long term trends were neglected in this 
study. 

Of the long-period astronomic tides, the nodal tidal constituent, 
which results from the changing declination of the moon over a pe­
riod of 18.61 yr, has the greatest amplitude. The theoretical ampli­
tude of this constituent varies with latitude, with maximum effects at 
the Equator and the poles and minimum effects near lat. 35 ON and 
35°S (Lisitzin 1974). A second significant long period constituent, 
the annual solar tide, has an amplitude approximately one-fifth of the 
nodal tide component. The effects of this tidal constituent vary with 
latitude in a manner similar to that of the nodal tide. Monterey, 
located near lat. 36 oN, is in a region where the ranges of both of these 
long period tides are about 1 cm, so these effects were neglected in 
this study. 

Ocean and Atmospheric Data 

The atmospheric pressure and wind data used in this study were 
derived from 6-h synoptic surface pressure fields prepared by Fleet 
Numerical Oceanography Center (FNOC). The pressure fields, 
interpolated onto a grid with a mesh length of 3 ° latitude and longi­
tude, were used to compute geostrophic winds, from which wind 
stress, Ekman transport, and Sverdrup transport estimates were cal­
culated at a deep water site approximately 14 km west of Monterey 
(Fig. 1). A description of the methods and computations used in these 
calculations is given by Bakun (1975). Briefly, the geostrophic wind 
was computed for the point lat. 36.6°N, long. 122.1 oW and an esti­
mate of the wind near the sea surface was made by rotating the geos­
trophic wind vector 15° to the left and reducing its magnitude by 



30%. The surface wind stress was computed and the wind stress vec­
tor was resolved into north-south (meridional or alongcoast) and ea~t­
we t (zonal or crosscoast) components. Ekman transport was 
computed and offshore-onshore transport was determined by resolv­
ing the vector component perpendicular to the general trend of the 
coastline. Sverdrup transport was calculated as described by Nelson 

(1977). 
The surface temperature and salinity data were obtained from ~am­

pIes taken daily at Hopkins Marine Station of Stanford University 
during the period January 1963 to May 1975. SST data from June 
1975 to December 1978 were taken at the Monterey tide station by 
NPS personnel. Salinity data from Hopkins Marine Station are not 
available later than May 1975. 

To examine the relationship between sea level and dynamic height. 
a series of hydrographic cast data were as,embled for a station 
located in mid-Monterey Bay, about 19 km northwest of the tide sta­
tion (Fig. 1). This hydrographic tation I located near the mouth of 
the Monterey submarine canyon where the water depth IS over 900 
m. The hydrographic cast data were taken semimonthly by the 
Hopkins Marine Station during 1963-73. SamplIng dunng the first 
years of the program was limited to the upper 50 m of the water 
column but in 1968 the sampling depth was Increased to over 500 m.' 
SamplIng was discontinued by Hopkins in December 1973 and", as 

resumed by Moss Landing Manne Laboratof) from Jul) 1974 to 

June 1978
4 

The HopkinS and Moss Landing hydrographic data were key­
punched and profiles of temperature and salInity and temperature­
salinity curves were plotted for each statIOn. USIng these plOh. 
obvious errors in the data were eliminated 

The time series of hydrographic stations had a gap In early 1974 
between the end of Hopkins samplIng and the beginning of Moss 
Landing sampling. Several expendable bathythermograph (XBT) 
drops taken during this period by NPS are available for the mid-bay 
location. To be able to utilize these XBT data, It was necessary to 
estimate a salinity value for each temperature value A denSity 
value was calculated for each pair of temperature-salinity obsef\ a­
tions in the hydrographic cast Jata and correlation analysis was 
made. Density was found to be better correlated with temperature (r 
= 0.98) than was salinity with temperature (r = 0.96). Thus a den­
sity value was computed for each temperature In the XBT profiles 
and then a companion salinity value was calculated for each tem­
perature and density pair. This procedure also allowed estimation of 
salinity for some of the hydrographic casts where temperature but 
not salinity values were recorded. The hydrographic data were then 
checked for density instabilities and finally, dynamic height was 
calculated for each profile for the 0/200, 0/400, and 200/400 db 

JHopkins Marine Station. CalCOFI Hydrographic Data. collected on approxi­
mately bi-weekly cruises on Monterey Bay, California. Annual reports for years 
t968 to 1973 (mineogr.). Hopkins Marine Station, Pacific Grove. CA 93950. 

4Broenkow, W W, S. R. Lasley, and G. C. Schrader. 1975. CalCOFI 
Hydrogrphic Data Report. Monterey Bay, July [0 December 1974. Tech. Pub!. 75-
1. Moss Landing Mar. Lab., Moss Landing, CA 95039. 

Broenkow, W W, S. R. Lasley, and G. C. Schrader. 1976. CalCOFI Hydro­
graphic Data Report, Monterey Bay, January [0 December 1975. Tech. Pub!. 76-1. 
Moss Landing Mar. Lab., Moss Landing, CA 95039. 

Lasley, S. R. 1976. CalCOFI Hydrographic Dala Report. Monterey Bay, January 
lO December 1976. Tech. Pub!. 77-1. Moss Landing Mar. Lab .. Moss Landing , CA 
95039. 

Chinburg, S. J., and S. R. Lasley. 1977. CalCOFI Hydrographic Dala Report , 
Monlerey Bay, Janua ry to December 1977. Tech. Pub!. 78-1. Moss Landing Mar. 
Lab., Moss Landing, CA 95039. 

Chinburg. S. J. 1979. CalCOFI Hydrographic Data Report. Monterey Bay, Janu ­
ary to June 1978. Tech. Pub!. 79-1. Moss Landing Mar. Lab ., Moss Landing , CA 
95039. 
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(dccabars) leveb. The dC]1lh of maximum calc ulatIOn was lImited 
by the XBT profilc.s whl(;h extended to only 460 m The fInal lime 
series contained 202 profIles to at Icast 400 m In thc 10-yr penod 
Apnl f968 to June 1978. 

Monthly means and anrlmal ies of sea level, and of the OCean and 
atlllospherIc data deSCrIbed In the above sections, an: presented 
graphically and In tahular for III In Appcndlx B. 

SEA LEVEL AT MONTEREY 

Although thc time scnes of hourly sea levels contains much valu­
able Informal1on on the occurrence, amplitude, and duration of 
anomalous short penod sca level fluctuations, it was deCided for this 
study to concentmte on vanations of sca level of monthly period and 
longer and on their atmospheril and oceanographic cau~es. Weekly 
and 6-h \ca level data are dl,cussed but in a more limtlcd v.ay as arc 
the statistical chamcteri,tics of houri) dc\ lations from the predicted 
sea level. Rcaders Intercsted In short pcrioo fluctuations are referred 
to Maimer (1973) '" ho examined ;\lontercy sea levcl daw during thc 

year 197 I. 

'leans and Variations 

Houri) Sea Le\Cl.-lil anal)le nlJntldal sea Icvel vanatlons, 
",htch are slllall compareo \\ Ith the nurmal tide range in thiS area, the 

udal 'Ignal mu,t first be rernmed. Threc methods for this arc averag­
Ing, filtenng. or ,ubtmctlng predicted tides from the observed. The 
Tide Predictions Branch of the '\OS performed a harmonic analy IS 
of 365 d of hourly {\hlOterey tide height \alues and Isolated 37 har­
mOniC constituents (.'vtal xner 1973) L SIng the 20 constituent~ '" ho c 
amplttudes were >061 em, the \,OS computed predicted houri:. 
tide heights for the peno<.l of record, 1963 through 1976. Predicted 
houri) heights were then subtracted from the 13 yr of observed 
hourly heights to yield nonastronomlc re Iduals. The frequency of 
occurrence of these sea level differences (observed minus predicted), 
",hlch total nearl) 108.000 \alues, approximates a normal orGau s­
ian dl tribution (Fig. 3). Of the obscrvations, 9.+.5% lie withIn 15.2 
cm (0 5 ft) of the predicted tide and 99.9% Ite "'Ithin 30.5 cm (1.0 
ft) The maximum observed difference was 39.6 cm. The tandard 
de\iation of the differences "'as 8.7 cm, skewness -0.02. and k.lIrto­

sis 3.2. 
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Figure 3-Frequency of occurrence of differences between observed an d pre­
dicted hourly tide heights at Monterey, Calif. , 1963-76. 

The distribution of hourly differences describes nontidal sea level 
variations over a 13-yr period but gives no information about sea­
sonal variations of the frequency distribution . Are distributions for 
winter months the same as those for summer? To defIne the seasonal 



change, curves were generated using data from 8,200 to 9,800 obser­
vations for each of the 12 mo of the year (Fig. 4). The frequency dis­
tribution of nontidal sea level fluctuations changes seasonally. In 
April , for example, 73 % of the observed sea level were lower than 
predicted, but in September, 81 % of the observed data were greater 
than predicted . From March through May, observed sea levels tend 
to be lower than predicted sea levels, probably due to offshore Ekman 
transport, low water temperature, and atmospheric pressure effects as 
discussed later. From July through January, observed sea levels are 
higher than predicted due to atmospheric pressure and thermal 
expansion effects during summer and fall, and to onshore transport , 
pressure, and thermal effects during the Davidson Current period in 
December and January. It is not clear why these seasonal difference 
occur since one would expect seasonal effects to have been included 
in the harmonic constituents. Perhaps the differences occur because 
of variations in the frequency of occurrence of events in different 
years. Thus harmonics generated from measurements in only a single 
year may not be typical of other years. 

The distributions of differences for winter months are wider and 
less peaked than those of summer months , indicating greater variabil­
ity and larger nontidal events such as winter storms. In contrast, the 
distributions for July and August are narrow and more peaked. 

Monthly Mean Sea Level.-Averaging of hourly sea level value 
over intervals of weeks to months removes the effects of the principal 
diurnal, semi-diurnal, and other short-term tidal components from the 
data to reduce the quantities of data to manageable size and to empha­
size the longer time scales. 

Monthly means of the hourly values were calculated for the period 
July 1963 through August 1976 and were updated for the period Sep­
tember 1976 through December 1978 with monthly mean value pro­
vided by the NOS. Figure 7 shows the long-term monthly means, 
standard deviations, and extremes of the monthly means of sea level at 
Monterey and other stations along the coast. Mean sea level at Monte­
rey is lowest in April and highest in September, with a mean annual 
range of 13.6 cm. Variability is highest dunng winter months. with 
monthly standard deviations during winter being almost double those 
for summer. The range between maximum and minimum monthly val­
ues reaches a high of 21.0 cm in January and a low of 8.5 cm in 
August. 

Anomalies of monthly sea level were calculated as differences 
between the monthly mean and the long-term mean for the same 
month. Calculation of anomalies in this manner removes the annual 
cycle from the data and allows examination of processe of nonannual 
periods. Monthly mean sea levels and their anomalies are sho\\ n in tab­
ular and graphical form in Appendix B. In these figures extreme 
monthly sea level anomalies are shown to range from -10.8 cm in 
December 1975 to + 10.7 cm in January 1978. Periods of anomalously 
high sea level occurred during 1969, 197:2-73. 1976-77, and earl) 
1978 , and periods of anomalously 10\\ sea level occurred in 196-+, 
1970, 1971. 1973, 1975-76, and 1977. 

To statistical!) define the persistence of anomalous periods, the auto­
correlation function was used. This function describes the decay of the 
correlation coefficient of the data series \\ith itself a. the date series is 
time shifted relative to itsel f an Increasing number of lag period, 
(months). The autocorrelation function of monthl) l\Iontere) sea le\'el 
anomalies (Fig. 5) shO\\s that ea Inel anomalies are correlated at the 
5 <'[ level of significance for lags of up to 5 mo, indIcating that anoma­
lies persist over a period of several month .. The autocorrdation func­
tion of the sea le\el series appears to deca) exponentlall) for the first ' 
mo or so, \\ ith slgruficant negatJ\ e autocorrelation c(lCfficlent~ Lx~'ur­
nng from lags of II to 18 and 23 to 26 mo. 
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Figure 5.-Autocorrelation function for anomaly of monthly mean sea level at 
Monterey, Calif. The number of data points is 180 and the significance level is 
computed assuming a normal distribution of correlation coefficients. 

Relation to Other Pacific Coast Tide Stations 

We have seen that mean monthly sea level anomalies at Monterey 
tend to persist for up to 5 mo. The question naturally arises as to 
whether these anomalies are of local or regional geographic extent. 
To determine the spacial and temporal coherence between the 
monthly anomalies at Monterey and those observed at neighboring 
tide recording stations, monthly mean data were assembled for 15 
tide stations along the Pacific coast ranging from Sitka, Alaska, to 
Callao, Peru (Fig . 6). These data were obtained from Klaus Wyrtki 
of the University of Hawaii and from the NOS. Stations selected for 
analysis were those having the best combination of the following 
characteristics: 1) representativeness of open ocean conditions, 2) 
long and continuous data record, 3) a constant tidal reference datum, 
and 4) suitable spacing between station locations along the coast. For 
each station , long-term monthly means were calculated from the 
available data for the period 1963 to 1978 and monthly sea level 
anomalies were derived (Fig . 7) . 

For stations north of Crescent City, frequent energetic winter 
storms cause the time series of anomalies to have only moderate per-
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Figure 6.-Location of 15 tide stations along the west coasts of Nort h and South 
America whose data were used in this study (see text). 
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sistence whereas stations south of San Francisco have much greater 
persistence of anomalies. Perhaps the most striking feature of the 
time series is the high visual correlation of anomalies along the coast 
(Bretschneider and McLain 1979; Enfield and Allen 1980). The peri­
ods of anomalously high sea level at Monterey during 1969, 1972-
73, 1976-77, and 1978 were common to most stations where data are 
available. Similarly, the periods of anomalously low sea level seen at 
Monterey in 1964, 1970, 1971, 1973, 1975-76, and 1977 occurred at 
most of the other stations. 

Correlations of the monthly sea level anomalies between stations 
were calculated using the BMDP8D statistical program (Dixon 1975) 
and are tabulated in Table 1. The correlation of the selected tide sta­
tions relative to Monterey is shown graphically in Figure 8. Correla­
tion of the Monterey anomalies is seen to be highest with San 
Francisco (r = 0.85) and lowest with Sitka (r = 0. 15) . Note also that 
the correlation coefficient drops off more rapidly with distance to the 
north of Monterey than to the south , due to the different space scales 
of the processes affecting sea level to the north and south . 

Osmer and Huyer (1978) suggested the existence of two domains 
of coastal sea level fluctuations, with a boundary located south of San 
Francisco in winter and north of Crescent City in the spring and sum­
mer. The general location of their break-point is in agreement with 
the findings of Zee (1975), who suggested that sea level anomalies at 
stations from San Francisco southward to the Equator were related to 
nonseasonal vertical movements of the thermocline. That an oceano­
graphic gradient or boundary may exist between northern and south­
ern stations is further suggested by Nelson (1977) who showed that 
the area off northern California near Cape Mendocino is one of 
marked change in the seasonal surface wind stress field. The mean 
seasonal wind stress field over the coastal ocean south of Cape Men­
docino is alongshore (southward) all year while the stress field north 
of Cape Mendocino is strongly onshore in winter and alongshore 
(southward) in summer 

The geographic coherence of sea level anomalies observed at 
Monterey with the neighboring tide stations along the coast was fur­
ther examined in a time-distance domain. The monthly anomalies 
from the series of 15 coastal stations from Sitka, Alaska , to Callao, 
Peru , were plotted and contoured at 5 cm intervals for the period 
1963 to 1974 (Fig. 9) . Data for the years 1975-78 were not available 
for several of the stations so plots for these years are not included. 
The monthly anomalies have recognizable patterns which are coher­
ent in both time and space. For example, large negative anomalies 
can be seen in January 1963 extending from Crescent City to Sitka 
and large positive anomalies in the same region occur in the subse­
quent fall and winter. 

Anomalies of greater magnitude and stronger gradients in time and 
space occur northward of a boundary zone lying between Crescent 
City and Monterey, than to the south . Anomalous events north of this 
zone tend to occur simultaneously along the coast and persist for 1 or 
2 mo. Anomaly magnitudes and gradients are also generally larger 
southward of a second , less well-defined boundary zone lying 
approximately between Manzanillo and Quepos. Between these 
boundary zones, gradients of the anomaly field are relatively weak. 
Southward of the zone between Crescent City and Monterey, sea 
level anomalies are of relatively long duration , as was noted earlier. 

A particularly interesting event is the anomalously high sea level 
during the period October 1972 through February 1973 between Callao 
and San Francisco. This was a period of strong EI Nino activity in the 
eastern tropical Pacific. During El Niiio occurrences warm advection 
occurs into the eastern tropical Pacific Ocean and high SST's are 
observed. Sea level rapidly rises in the eastern tropical Pacific and falls 
slowly in the western Pacific (Wyrtki 1977) . A peak sea level anomaly 
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Figure 7.-Time series of monthl y sea level anoma li es for selected west coast ti de stat ions. Inserts sho\\ mean annua l cycle \\ ith standard 
devia t ions as ve rtical bars a nd mo nthl} extremes as dots. 

of 25 cm occurred at Manzanillo in December 1972, where the occur­
rence of high sea levels preceeded those observed at more northern sta­
tions by a month or more . At Monterey, sea levels were higher than 
average during the winter of 1972-73 (see also Fig. 7). During the EI 
Nino period (see time-series plots in Appendix B), atmospheric pres­
sures at Monterey were less than average and wind stress was negligi­
ble except during February 1973 when anomalous southerly winds 
resulted in onshore transport of surface waters and downwelling. 

The strong alongcoast correlation of monthly sea level anomalies 
shows that sea level changes at Monterey are related to large-scale 
influences rather than to strictly local events. Table 1 shows that the 
anomalies at Monterey are correlated, at the 5 % level of significance, 
with anomalies recorded at stations from Prince Rupert , Canada, to 
Callao, Peru . but are more closely related to events affecting sea levels 
in the group of stations from Crescent City to Quepos, Costa Rica. 
Processes producing the EI Nino phenomenon in the eastern tropical 
Pacific also apparently affect sea level at Monterey. Recent theories 
(e.g., McCreary 1976) predict a deepening of the thermocline associ-

7 

ated with the EI Nino, which propagates northward along the coast as a 
Kelvin wave, and that northward geostrophic currents are produced 
behind the Kelvin wave fronts. Such currents cause changes in the 
cross shelf sea surface slope and northward advect ion of warm water. 
Both processes would cause anomalous increases in sea level at stations 
along the coast. 

CAUSES OF SEA LEVEL VARIATIONS 
AT MONTEREY 

The effects on sea level of changes in atmo pheric pressure, 
changes in sea surface slopes due to changes in alongcoast currents, 
and changes in average density of the water column are all interre­
lated. A change in the distribution of atmospheric pressure over the 
ocean surface will generally change the horizontal gradient of pres­
sure, resulting in a change in the geostrophic and other wind compo-
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nents, and thus in wind stress. A change in wind stress will change 
the wind-driven current, redistribute the mass, and change the aver­
age density of the water column. Wind stress changes also alter wind­
induced set-up or set-down against the coast. All of these processes 
combine with effects of a northward propagating wave from the trop­
ics to affect sea level at Monterey. 

Records of SST and salinity changes reflect changes in oceano­
graphic conditions at the sea surface and may also be indicative of 
changes in the subsurface density distribution. Dynamic height cal­
culations, however, provide a direct measure of the subsurface den­
sity field and its changes, and therefore reflect large scale changes in 
ocean circulation. If a strong relationship between sea level and 
dynamic height were found, it would allow use of inexpensive tide 
gage data to monitor changes in coastal circulation. The time series of 
frequent hydrographic stations taken in mid-Monterey Bay during 
1968 to 1978 provide a unique opportunity to test for such a relation. 

Correlation, regression, and spectral analysis techniques were 
used to study the causes of the sea level variations. These variations 
occur on various time scales and the analysis techniques used were 

8 

. .. . 
200 . 

180 J f " R " J J R SON 0 

chosen as appropriate for the time scale and character of the data to be 
analyzed. Thus, this section is organized generally by time-sampling 
and specificaJJy by analysis procedures. 

Correlation Analysis 

Long term monthly means and anomalies for the period 1963-78 
were calculated for the following oceanic and atmospheric variables: 
surface atmospheric pressure , meridional component of wind stress, 
zonal wind stress, offshore component of Ekman transport, Sverdrup 
transport, salinity, SST, and 0/400 db dynamic height. The data are 
presented numerically and graphically in Appendix B. Correlations 
between these variables and the monthly sea level anomalies at Mon­
terey were calculated using the BMDP8D tatistical program (Dixon 
1975) and the results are given in Table 2. The correlation analysis 
measures the strength of the linear relationship between two random 
variables. However, the variables dealt with here are not random and 
may be mutually dependent on some third but unmeasured variable. 
Thus care must be used in interpretation of the statistical results. In 
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Table l.- lntercorrelation of monthly mean ,ea level anomalic, for ,>elected we,t coa.'>t tide '>tatioll'>. Abbreviatiun'> refer to name, 

of stations shown in Figure 6. Correlation coeflicienh encio"ed in parcnthc.,e., are not 'i~nilicant at the 5% level. 
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Figure S.-Correlation of monthly sea level anomalies at selected west coast 

tide stations relative to Montere}, Calif. 

mean sea levels were adjusted for monthly pressure effects by increas­
ing (decreasing) sea level 1.00 cm for every 1.00 mb increase 
(decrease) of atmospheric pressure. The use of the more accurate value 
of 0.995 cm/mb was not warranted in this study. The magnitude of the 

pressure correction was determined by subtracting the long term mean 
pressure for the period January 1963 through December 1978 
(1,016.85 mb) from the monthly mean atmospheric pressures. This 
method removes the effects of seasonal and interannual pressure 
changes. Mean monthly sea levels and sea level anomalies from which 
the hydrostatic effect associated with monthly pressure anomalies have 
been removed are referred to in this paper as adjusted sea levels. 

ULA 

1.00 

.79 

.75 
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15 
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. 16 

17 
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LA MTRY SF C N[:A rF PR SKA 

I (Xl 

75 I (Xl 
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38 .62 67 100 

21 .32 .43 75 100 

.36 40 .47 76 94 100 

.24 21 27 34 67 73 100 

1<, ( 15) 17 20 4'1 55 81 1.00 

In genemL the effect of atmo~phcnc pressure on sea level IS smal l 

compared With the observed dcpartures of sca level. In most months 

the pressure correction I~ opposite 10 sign to the sea level anomaly and 

reduces the vanability of the sea level data The effect of the statiC pres­

su re correctiOn on the seasonal sca Ic\ el IS to reduce the range of the 

monthly values. and to a lesser extcnt the seasonal range, but also to 

shift the month of cx:currencc of highest sea le~el from September to 

Dccember. Pressure eftecb account for a portion of the sea level varia­

bdlt) but Significant nonbarometnc reSiduals remaID, Indicating the 

effects of dynamiC as well as static processes 
The effects of w Ind stress on sea level are two fold 1) the dlfCct ele­

vation or depression of water by wJOd~ normal to the coast and 2) the 

sea surface slopes created by off hore or onshore Ekman transport pro­

duced by winds parallel to the coast. The direct piling up of water 
against the shore IS comrnorily observed along coasts \~ith wide. hal­

low contlOentai shelves or long, narruw embayments. The magnitude 

of thlS effect is dependent on baslO configuration, surface wind veloc­

Ity, depth of water, and the time scales considered. The continental 
shelf 10 the Monterey area I · qUite narrow v. ith deep water located clo e 

JOshore so that the effects of wlOd set-up are small. Defant (1961) 
~howed, for example, that a constant 10 mls wind blow ing over a basin 

50 m deep would produce a sea surface slope of 6.6 cmll 00 km. The 

50 m contour near Monterey is < 1.6 km offshore (Fig. 1), and the 

magnitude of direct piling of water by the wind is thus less than the 
range of errur in tide measurements. In addition, monthly anomalies of 

zonal (east/west) wind stre s were found not to be significantly correl­

ated with monthly sea level anomalies at the 5 % level of significance 
(Table 2) . Accordingly, elevation or depression of sea level by cross 

hore wind stress is neglected in thi analysis. 

The second effect of wind stress is that of sea surface slopes pro­
duced by offshore or onshore Ekman transport due to winds parallel to 

the coast. According to conventional Ekman transport theory, net trans­
port is directed 90° to the right of the wind in the Northern Hemi­
sphere. In this study, offshore/onshore Ekman transport was found to 
be significantly correlated with sea level (r = - 0.42 in Table 2) . The 

inverse correlation indicate that offshore transport results in decreased 
sea level and onshore transport in increased sea level. Meridional wind 
stress is also significantly conelated with sea level (r = 0.43), as 

expected. Monthly anomalies of Sverdrup transport were found not to 
be significantly correlated with monthly sea level anomalies at the 5 % 
level. 

Sea surface tempemture and surface salinity are both significantly 
correlated with monthly sea level anomalies (with correlation coeffi­
cients of 0.61 and -0.35). The signs of the correlations indicate that 
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Figure 10. -Seasonal cycle of sea level and dynamic height near Monterey, 
Calif. Sea level data are for 1963-78 and shown as dott ed line and dynamic 
height data are for 1968-77 and shown as dashed line. Ranges of monthl} sea 
levels are shown b} vertical bars. 

Sea level and dynamic height are also in good agreement in a time 
series sense . Figure 11 shows the time series ofweekJy mean sea level , 
calculated from the hourly data, and individual dynamic height calcula­
tions relative to 200 and 400 db. The figure shows that both sea levels 
and dynamic heights were higher than normal during 1969-70, 
1972- 73 , and 1976, which were periods of EI Nino activity in the east­
ern tropical Pacific. Sea levels and dynamic heights were both also 
near or below normal during anti-EI Nino periods. Because of the close 
agreement between seasonal cycles of sea level and dynamic height, 
and because of the high correlation of sea level at Monterey with that at 
adjacent stations, dynamic height and sea level variations may both 
reflect variations in the alongshore geostrophic current flow. To show 
this, one would have to show that fluctuations of sea level were correl­
ated with fluctuations of slope of dynamic height normal to the coast­
line . Suitable data for this may be available but this was felt to be 
beyond the scope of this report. 

The regression formula indicates that the response of sea level to 
changes in atmospheric pressure is -1.67 cmlmb whereas a purely 
hydrostatic response would be -1 .00 cm/mb. This higher than theoreti­
cal pressure response coefficient is poorly understood but is possibly 
due to reinforcement of the local pressure effect by a larger scale, 
d) namic aspect of the atmospheric pressure systems themselves. Saur 
(1962) and Roden (1960) analyzed monthly tide data from stations to 

the north and south of Monterey and found similar larger than expected 
pressure response coefficients. 

Because of the significant seasonal changes in the oceanic and 
atmospheric regimes near Monterey, we might expect to observe sea­
sonal changes in the processes affecting sea level. To define these 
sea onal changes, the ocean and atmospheric variables were ana­
lyzed separately for the two major periods, the Davidson Current and 
the upwelling periods (Table 3). 

Sea level changes during the Davidson Current period were ana­
lyzed using data from 5 mo, October through February, for the years 
1963-78. The results of multiple regression analysis indicate that 
dynamic height and meridional wind stress are major predictors of 
sea level during this period, explaining 82 % of the variance of 
monthly sea level anomalies. During this period, dynamic height and 
sea level are strongly correlated, r = 0.87 . 
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The second period analyzed was centered during the upwelling 
period and covered 6 mo, April through August, during the years 
1964-78. During this period , dynamic height remains the primary 
predictor but at weaker correlation, r = 0 .60 . Atmospheric pressure, 
SST, and meridional wind stress are secondary predictors and in total 
account for 66% of the variabili ty of monthly sea level. 

Thus , some seasonal change in the processes affecting sea level is 
indicated , with dy namic height accounting fo r most of the sea level 
variability in both the upwelling and Davidson Current periods. 
Meridional wind stress is also importilOt during both periods but 
more so during the upwell ing than Davidson Current period . Atmo­
spheric pressure and SST explain an additional portion of the sea 
level variabi lity during the upwelling period. The greater amount of 
explained variance in winter than summer suggests that conditions in 
winter are dominated by changes in the structu re of the water column 
whereas upwelling in summer causes complicated effects on sea 
level. 

Spectral Analysis 

In the previous section , it was shown that most of the variance of 
monthly sea level anomalies can be explained by monthly anomalies 
of dynamic height, surface atmospheric pressure, SST, afJd meridio­
nal wind stress. However, important variations in these processes 
occur on time scales shorter than a month. To determine how the var­
iance of sea level is distributed with frequency over time-periods of 
days to weeks, auto- and cross-spectra were calculated for 6-h obser­
vations of sea level, atmospheric pressure , and meridional wind 
stress. Spectra of dynamic height and SST were not computed 
because the required data were too sparse. 

To prepare these data for spectral analysis, it was necessary to sub-
ample the hourly sea level series at the 6-h period of the available 

surface atmospheric pressure and meridional wind stress data . 
Atmospheric pressure and meridional wind stress were calculated as 
described previously on a 6-h basis for the period I January 1967 
through 3 1 August 1976 for a point approximately 14 km west of the 
Monterey tide station (Fig. I ). Hourly ea level data for the same 
time period were low-pass filtered to remove the diurnal , semi­
diurnal, and other short-term tidal components and were sub­
sampled at 6-h intervals. A complete description of the low-pass 
filter used is given by Godin (1966) . All data series were then 
detrended by subtracting their 30-d running mean to produce band­
passed series. The response function for the 30-d running mean is 
shown in Figure 12 . 

Atmospheric pressure , wind stress, and sea level data (unadjusted 
for pressure effects) were analyzed during the winter storm season (1 
November to 8 March) and the upwelling period (1 April to 8 
August) for the years 1967-76 . The definition of these periods is 
somewhat arbitrary but was based on visual interpretation of time 
series of sea level and wind stress and on the requirement that the 
number of data points used in the spectral analysis be a power of 2. 
Since the periods are normally 3-4 mo long , 512 data points (128 d) 
were used . A fast Fourier transform spectrum analysis with a triangu­
lar data window was used and the spectra were averaged for all avail­
able years. The frequency bandwidth is 0.04 cycles per day (cpd) and 
the number of degrees of freedom is 90 fo r the winter period and 100 
for the upwelling period. 

The spectral relationships between sea level and atmospheric pres­
sure are discussed first. In the low frequency region, the winter pe­
riod spectra (Fig. 13) are three to four times more energetic than the 
upwelling period spectra (Fig. 14), indicating the effects of intense 
winter storm events. The largest sea level and pressure fluctuations 
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Figure ll.-.\mplitude response function for the 30-d running mean filter used 
to 10\\ pas filter houri) ea Ie, el data from Montere). Calif. 

occurred i I the 0.04-0.08 cpd frequenc} band (24-12 d). This peak 

\\as present in all erie and was significant at the 95 % confidence 

level for presure but not for sea level. Fluctuations of longer period 

than thi peak appear to be more important for sea level than for pres­

,ure The filters used in the analySIS had been designed to i alate vari­

ation \\ Ith periods 2-10 d (0.5-0.2 cpd) but did not reveal any 

Ignificant spectral peaks in that region. 
The coherence (squared) bet\\een sea le\el and atmospheric pres­

. ure \\..1 founll to be significant and IOdependent of frequency in the 

upwe:lllOg pcriexl (FIg 14), but 10 the \\inter period (Fig. 13). 

llccre, cd in magnitude at frequencies greater than 0.5 cpd «2d). The 

near!) constant 180
n 

phase angle between the two series reflects the 

ImeI>e response between atmospheric pressure and sea level as 

expected trom the hydrostatic equation. 

1'1 order to bener examme the relationshIp of w IOd stress and sea 
Ie\e!. the 11m-passed 6-h sea level series wm, adjusted for atmospheric 

pre sure dleets and detrended uSlOg the 30-d running mean futer 
de cnbcd pre\ Illusl). uto- and cross-spectm were then calculated for 

the 6-h adjusted sea bel amI mendional WlOd stress series (Figs. 15, 

I h). Like the atmlbphenc pressure and unadjusted sea level series, 

ml:ndlnna \ Illd stress hall a coneentmtlOn of energ) at 10\\ frequencies 
\\lth b.rge \ amtlnns lxcurring in the 0.04-0.08 cpd frequenc) band. 

and the \\ ultcr season P'1wer pcetm contained more energ) than that of 
the Up\\elllf1g e.lson Coherence bct\\een adjusted sea leyel and 

mendllltJ.L1 \\ IOJ stress IS gener..lll) 10\\ The pha. e angles provide Imle 
IOtorm,ltlon ncl..,IU cot the In\\ c(1herence 
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Figure t3. -Spectral plots of 6-h atmospheric pressure (Press) and unadjusted 
sea Ie' el (SL) for the \I inter period (df ; 90) at i\lontere) , Calif. The horizontal 
ases are frequenc) in c)cles per da) (cpd). The upper plot sho\\s spectral den­
it) of pressure (in mb2/c pd) and sea level (in cm2/cpd); the middle plot shows 

the squared coherence of the t"o series: and the 10\\ er plot shows the phase. 

MUltiple regre sian analysis indicates that monthJy anomalies of 

d) namtc heIght and mendional wind stress account for most of the 
monthl) sea level variability at Monterey during both the Davidson 

Current and upwelling seasons. Atmospheric pressure and SST 
account for an additIOnal portion of sea level variability during the 
up\\e\llOg season. 

There I, good agreement between the behavior ofea level and 
d) namic heIght in both a seasonal sense and in interyear variability. 
The dose agreement between ,ea level and dynamic height, and the 

hIgh Cllrre latlnn of sea level at Monterey with that at adjacent tide sta-
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Figure 14.-Spectral plots of 6-h atmospheric pressure (Press) and unadjusted 
sea level (SL) for the upwelling period (df = 100) at Monterey, Calif. The hori­
zontal axes are frequency in cycles per day (cpd). The upper plot shows spectral 
density of pressure (i n mb2/c pd) and sea level (in cm2/c pd); the middle plot 
shows the squared coherence of the two series; and the lower ptot shows the 
phase. 

tions along the coast are both thought to result from variations in coastal 
current flow. 

Analysis of 6-h sea level and atmospheric pressure observations 
shows that the power spectra in the winter season are more energetic 
than those of the upwelling season, and that most of the energy occurs 
at low frequencies (periods longer than 12 d). Coherence between sea 
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Figure IS.-Spectral plots of 6-h meridional wind stress (WS) and adjusted sea 
level (SL) for the winter period (df = 90) at Monterey, Calif. The horizontal 
axes are frequency in cycles per day (cpd). The upper plot shows spectral den­
sity of wind stress (in (dynes/cm2)2/cpd) and sea level (in cm2/cpd); the middle 
plot shows the squared coherence of the two series; and the lower plot shows the 
phase. 

level and atmospheric pressure is significant and independent of fre­
quency. This and a nearly constant 1800 phase relationship between 
these 6-h data sets reflects the inverse response between sea level and 
atmospheric pre sure expected from the hydrostatic relationship. The 
power spectra for 6-h meridional wind stress also show a concentration 
of energy at low frequencies and are most energetic in winter; however, 
coherence between the local wind stress and sea level is generally low. 
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APPENDIX A.-MISSING HOURLY 
SEA LEVEL DATA 

The dates and times of missing hourly sea level observations at Monterey, Calif. , are listed below. The data series began 21 July 1963 and ended 
31 August 1976. 

1963 
25 Aug. 12AM-4 Sept. llPM 
28 Sept. 4AM-3 Oct. 6PM 
16 Oct. 9AM-21 Oct. llAM 

1964 
28 Mar. 12AM-30 Mar. 7PM 

1965 
I Apr. 12AM-I May 9AM 
1 Sept. 12AM-31 Dec . IIPM 

1966 
I Jan . 12AM-3 Feb. 3PM 

1969 
20 Sept. 12PM-23 Sept. 3PM 

1970 
6 Oct. IOPM-8 Oct. 3PM 

1971 
20 Jan . 7PM-23 Jan . 2PM 

1975 
14 Feb. IPM- 18 Feb. 3PM 
22 Oct. 2AM-28 Oct. IIPM 
7 Nov. IAM-19 Nov. 11PM 

1976 
25 May IAM-26 May IIPM 

APPENDIX B.-MONTHLY MEAN OCEANIC 
AND ATMOSPHERIC OBSERVATIONS 

This appendix presents graphical plots of monthly means and monthly mean anomalies of various oceanic and atmospheric observations fo r the 
period 1960 to 1978 at Monterey, Calif. Anomalies were calculated as the difference between a monthly mean and the long term mean (1963-78) 
for the same month. Monthly means are shown as heavy lines and monthly anomalies as light lines. The data are presented in the following 
sequence: 

I) sea level (cm) , 
2) adjusted sea level (cm) , 
3) surface atmospheric pressure (mb) , 
4) meridional wind stress (dynes/cm2; positive northward), 
5) zonal wind stress (dynes/cmz; positive eastward), 
6) offshore/onshore Ekman transport (t/s per 100 m of coastline; positive offshore) , 
7) Sverdrup transport (t/s per km; positive northward) , 
8) surface salinity (parts per thousand), 
9) sea surface temperature (Qq, and 

10) dynamic height (cm). 
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NOAA- NMFS.PACIFIC ENVIRONMENTAL GROUP. MONTE REY. CALIFORNIA 

SEA LEVEL MONTEREY, CA 
MONTH VRLUE RNOMRLY 

196301 NO DATA 
2 NO DATA 
3 NO DATA 
4 NO DATA 
5 NO OATR 
~_NO OfllA _ 

7 lB7 . 76 2.32 
B lBB.37 -.27 
9 194.16 3.7 A 

10 IB9.59 1.16 
11 190.20 2.78 
12.. -1B7.15 . Bl 

196401 lB5.62 -.54 
2 177.09 -6.79 
3 175.B7 -3 .B6 
4 171.91 -4.9A 
5 172.21 -5 . 53 
6 J2B.00 -3 . B4 
7 IB0.75 -4.69 
B 1B7. 15 -1. 49 
9 189.2B -1.1A 

10 IBB.37 -.06 
11 lBA.71 -2.70 

...... ~~--{.B5. 01 - L 32. 
196501 187.76 1. 59 

2 184.71 .83 
3 186.84 7.11 
4 NO DRTR 
5 176.17 -1 .56 
~B3.49 1.65 

7 187.45 2.02 
8 193.24 4.61 
9 NO ORTR 

10 NO DRTA 
11 NO DRTR 

~2 __ NO OfITR 
196601 NO DRTR 

2 181.97 -1 .91 
3 177.09 -2 .64 
4 182.27 5.42 
5 184.10 6.36 

t-_¥-~8.l~66_ - 8 
7 183.A9 -1.94 
8 190.50 I.B7 
9 187.76 -2.66 

10 185 . 93 -2.50 
11 lB9.89 2.48 

...... =-i~--{.e5~62 - JL 
196701 186.5A .37 

2 182.58 -1 .30 
3 181.97 2.2A 
4 179.22 2.37 
5 177.09 -.65 

165 

--.J 8.5~0J __ ~_17:.--___ . 
7 186.54 1.10 

+--

B 191.11 2.48 
9 192.02 1.61 

10 183.49 -A.94 
11 190.50 3.09 
12 1l1h0'L-.L .n ____ +-_ 

t.1"'9""68,,;10~1--l1· 87 . 45 1. 28 
2 188.67 4. 80 
3 178.61 -1.12 
4 175.87 -.98 
5 177.39 -.35 

17a 175 

t 

~_~6~~77 .3~5 _____ ~1 __ ~ ___ ~ 
7 185.01 -.42 
8 186 . 54 -2.10 
9 189 . 28 -1.14 

10 188 .67 .24 
11 185. 62 -1.79 

_ t2.......l.8Ji .... 8_4 __ .. 51 ____ -+ __ ---1 __ 
196901 194 . 16 7.99 

2 192 . 63 B. 76 
3 IB0.4A .71 
4 179 . 83 2. 98 
5 181 . 97 4.23 

180 

t-_~6~1~8.~J0---~~6-----+--~---~---
7 18B.37 2. 93 
B 190.50 1.87 
9 194.77 4.35 

10 192.02 3.60 
II 192.94 5.53 
I 9.7 
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NORR-NMFS. PAC [Fl C ENV I RON ENTRL GROUP. TEREY . C" ., " '0 

SEA LEVEL MONTEREY, CA 
MONTH VALUE RNOMRLY 

197001 165.32 -.65 
2 165.62 1.75 
3 16A.40 A.67 
A 171.30 -5.55 
5 17S.A6 -1.26 
6 160.AA -1 . .40 
7 16A.71 -.72 
6 16A.71 -3.92 
9 166.23 -A.19 

10 16S.5A -1.69 
11 166.96 1. 5S 
12 164.1~ -2.24 

197101 179.53 -S.6A 
2 17A.96 -6 . 92 
3 170.99 -6 .7A 
A 173.13 -3.72 
5 17S.A6 -1 .26 
6 176.61 -3.23 
7 16A.71 -.72 
6 167.15 -1.49 
9 190.50 .06 

10 166.54 -1.69 
11 161.97 -5.'5 
12 J61. 66 -..::4.67 

197201 162.5B -3 .59 
2 1B2.5B -1.30 
3 17B.31 -1.42 
4 17B.Sl 1.76 
5 17B.Sl .B7 
6 1B7.15 _ 5._30 
7 1B9.59 A.15 
B 192.63 A.00 
9 192.63 2.21 

10 19B.42 10.00 
11 192.63 5.22 
12 ..19.(.16 62 

197301 190.50 4.33 
2 194.16 10.2B 
3 lBI. 36 1. 63 
4 171.60 -5 . 25 
5 177.70 -.04 
6........l6l....9 el2 
7 lB1.66 -3.77 
B 1B4.71 -3.92 
9 1B1.97 -B.45 

10 1B3.49 -4.9A 
11 1BI.36 -6.06 
12 61.Jl5 -5.26 

197401 lB5.01 1.15 
2 177.39 -6 .4B 
3 1B2.6B 3.15 
4 17B.92 2.07 
5 17B.31 .57 
6 165~3~41 
7 lB7.15 1.71----
B1BB.67 .04 
9 192.02 1.61 

10 lBB.06 -.37 
11 163. A9 -3.92 
12- ..16Z. 2l __ -·L06 

197501 179.22 -6.95 
2 lB0.75 -3.13 
3 179.B3 .10 
A 17B.31 I.A6 
5 176. A6 -1. 26 
6 ..1el.9 12 
7 lB2.BB -2.55 
B 1B5.62 -3.01 
9 1BB.67 -1.75 

10 1B2.5B -5.B5 
11 1B1.36 -6.06 
12.. J75.56 -10.77 

197601 175.B7 -10.30 
2 1B1.66 -2.21 
3 175.B7 -3.B6 
4 179.53 2.6B 
5 179.22 I.AB 
6 lez.e6U4 
7 1BB.9B 3.54 
B 1B9.2B .65 
9 193.55 3.13 

10 192.02 3.60 
11 192.02 A.61 

195.3e ~ .. 

BY MONTH 



NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

SEA LEVEL MONTEREY, CA BY MONTH 
MONTH VRLUE ANOMRLY 165 17" 175 18" 185 19" 195 2"" 2"5 

-1 -1 [ 1 > 

1977~1 189.89 3.72 
2 179.83 -4.~4 'i J 

3 171. 91 -7.82 c: <: 4 172.21 -4.64 

~ 5 175.56 -2.17 --6 181. 97 .12 
7 183.49 -1.94 ~ ----8 188.67 .~4 > 9 192.33 1. 91 ~ 1~ 189.28 .85 

11 185.93 -1. 48 <:: 
12 19~.8~ 447 

1978~1 196.9~ 1~.73 

:::::::::J 
:%> 

2 193.55 9.67 
3 189.59 9.86 -:;:: ::::::: 4 183.18 6.34 

C ~ F8. 31 '1~ 77.39 -4.4 
7 184.43 1.~3 -...:: s: 8 189.28 .65 

) 9 191. 11 .69 
1~ 191.41 2.99 
g 189.59 2.17 

185 62 - 71 
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NOAA-NMFS.PACIFIC ENVIRONMENTAL GROUP. MONTEREY. CALIFORNIA 

ADJ. SEA LEVEL MONTEREY, CR BY MONTH 
MONTH VRLUE RNOMRLY 165 1711l 175 1 Bill lB5 1911l 195 2 III III 21115 

-" -, -, 

l 
, 

'l ~ 

196301 NO ORTR 

I 

2 NO ORTA 
3 NO ORTR 
4 NO ORTR 
5 NO ORTR 
6 _O--1J.Bl8 _. 
7 184.85 2.06 

~~ 8 186.06 .42 
9 19O,75 3.62 

10 189.78 1.98 1 /' 
11 I§;.19 1.95 --J~-12 L....8_<l __ 2~1_2 __ - -- -196<101 190.81 1. 09 
2 181. 88 -<1 . 69 

~ 

~. 
3 177.76 -3.30 

c: <I 173 . 20 -<1.56 
5 J73 . 60 -3.11 r--.... 6 "ZQ....09 -3.10 
7 178.1!l4 4.75 --8 183.9<1 - 1. 70 
9 186.37 -.76 

10 187.16 -.64 
11 186.90 -2 . 34 

2< 12 187.50 -2.22 
:>" 196501 191 . <15 1. 73 

2 187.20 .63 
I 3 186.33 5. 27 

<I NO DRTR 
5 174.97 -1. 74 1--6 181.08 1.139 r--....F-:s::: 7 185.9<1 3.15 
8 190.23 4.59 
9 NO ORTR 

10 NO DRTR 
11 NO DRTR 
12 NlLD.RTR 

196601 NO DRTA 
2 184.66 -1. 91 :s::: 3 179 . 28 -1. 78 

> 4 180 . 86 3. 10 
5 181. 69 4.98 
6 179 25 .06 
7 180. 98 1. 81 I~ > 8 187.29 1.65 
9 184.65 -2.48 , ----; 

10 185 . 62 -2 . 18 ~--~ 11 190 . 18 . 94 
<" 12 187 . 61 -2 .1 1 

196701 190.33 .61 

1) 2 187.07 .50 ----3 182. 76 1. 70 
4 179.61 1.85 .c( 5 178.08 1. 37 
6 181. 50 2. 31 -.... ) ._----
7 184 . 33 1. 54 

~~ 
8 188 . 20 2. 56 
9 187 . 92 . 79 

10 183 . 68 -4 . 12 
11 189.59 .35 
12 189.85 .13 .- ---I\~ -

196801 191. 04 1. 32 
2 190 . 66 4.09 
3 181. 00 - . 06 

L -4 178 . 06 .30 
~j 5 177.28 . 57 

6 lZ5.38 -3.81 
7 183.70 .91 

--~ 8 185 . 83 .19 
9 186 . 97 -.16 

10 188 . 46 . 66 
11 189 . 01 -.23 
12 190.0_~ . 31 

~~-~ 196901 193.05 3. 33 
2 190.02 3.45 
3 183.53 2.47 V'~ 4 181. 12 3. 36 
5 179 . 66 2.95 • i'- / 6 181._~ __ t&1 
7 184.86 2. 07 :2 

~I 
8 184 . 39 -1.25 
9 190 . 26 3.13 

10 190 . 72 2.92 
11 i§~ ' 13 4.89 
12 4.<11 4...69 
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NOAA-NMFS.PRCIFIC ENVIRONMENTAL GROUP. MONTEREY. CALIFORNIA 

ADJ SEA LEVEL MONTEREY, CA BY MONTH 
MONTH VALUE ANOMALY 165 17" 175 18" 185 19" 195 211l1ll 21115 , -, , , 

197001 189 . 31 -.41 
~ 2 188.41 1.84 

3 184.70 3.64 
4 173.79 -3.97 ""III: 

"-- "<.:: 
~_ 176.87 .16 

~ 
'---l~0~~16 -7 181.50 -1 . 29 

8 180.90 -4 .74 
9 182.62 - 4.51 

10 185.73 -2.07 P> 11 190.27 1.~~ 
~ 1.-n.d.?_186~3 

197101 184.72 -5.00 

0 .-::.:-
2 179.05 -7 .52 
3 175.58 -5 .48 
4 174.42 -3.34 ~"'- ~ 5 r5.87 -.84 
6 ?J~5~69 
7 182.20 - .59 

V 8 183.94 -1. 70 

tI 9 186.49 -.64 
10 185.93 -1.87 
11 185.1'6 -3.98 
t2-J.J~h6~ 07 

~01 187.67 -2.05 --
[..7' 2 166.07 -.50 

3 180.90 -.16 

I 
4 179.70 1. 94 
5 176.30 -.41 
6 183.04 3.85 
7 186.08 3.29 

I 
I 

8 189.22 3.58 I 
9 190.22 3.09 I I 

10 196.32 8.52 
I ~~ 11 193.92 4.68 

f __ 1-LlS9~05~~33 I 
197301 193.69 3.97 I I <:t::: r I 

2 193. 25 6.68 
3 181.15 .09 

~~ A 172.69 -5.07 ooc:::::::: 
5 176.39 =:I~ _ §--129.Jl6 
7 178.75 4. filA 

~ 
I I 8 182.10 -3.54 I 

9 179.86 -7.27 

~ I 10 182.98 -4.82 

I 11 183.115 -6.19 
~ 12 186.14 -3.58 

197T01-187.00 2.72 

<~ 
T 

2 183.48 -3.09 , 3 182.97 1. 91 
4 181.31 3.55 
5 177.20 .49 
_§--1llJ~6 1 __ '-'-42 

7 184.74 1.95 I ......, 

r? 8 185.26 -.38 

I 
9 187.92 .79 

I 10 187.25 -.55 

~ I 11 186.38 -2.86 
~87.66 -2.06 

'T97501 18I'-7r--=-5-:-01 

~ 
2 183.94 -2.63 
3 179.62 -1. 44 
4 178.90 1.14 l> 5 174.67 -2.04 

1--~--.lJll~_Ul __ - ~03 
7 180.07 -2.72 

~ 
8 183 . 51 -2.13 
9 185.96 -1.17 t> 10 183.37 -4.43 

11 184.74 -4.50 
~ __ 1.-LJ_8J---4~26 

197601 182.26 -7 . 46 ~ 
2 184.15 -2 . 42 
3 177.96 -3 . Hl 

~ 4 179.12 1. 36 rc 5 177.21 .50 
1--§-12~._5] __ ._3El '-7 185.87 3.08 

r\~ 
8 187.87 2. 23 
9 189.84 2. 71 

10 191. 52 3.72 
11 194 .42 SJ~ t--12 198.07 8. 5 
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NOAA-NMFS.PRCIFIC ENVIRONMENTAL GROUP. MONTEREY. CALIFORNIA 

ADJ. SEA LEVEL MONTEREY, CA BY MONTH 
MONTH VALUE ANOMALY 165 17" 175 18" 185 19" 195 2"" 2"5 -. -I -I 5 1 1 -
197701 192. 88 3.16 .---:. I--

2 185.52 -1. 05 
3 174.30 -6.76 < ""--. 4 172.90 -4.86 

~ ~ 174.36 -2 .35 ---.. -.l71l~9~-=.,_2L_ 
7 181. 58 -1. 21 ~ 8 184.96 -.68 
9 189.12 1.99 ?l 10 188.57 .77 

11 188.82 -.42 
12 191.90 2..18 I~~ tn7801- f97.-19--7.-f7 ~ 
2 193.24 6.67 ___ :::::::-r 3 183.08 7.02 

I 
4 182.98 5. 22 

-C 5 176. 50 - . 21 oS::: _ ? ___ !76~68~~ 
7 181.10 -1.69 

~~> 8 186.41 . 83 
9 188.00 .87 

10 189.91 2.1 1 
11 190.78 1. 54 

~2 189.31 -. 41 - ----.!!. --
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NORR-NMFS . PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

PRESSURE BY MONTH 
MONTH VRLUE RNOMRLY 1005 1008 1011 1014 1017 1020 1023 1026 111J29 

196301 1020.60 .27 
2 1019.40 -.10 
3 1018.40 .24 
4 1018.10 .52 
5 1017.10 1.24 

1-----j,~.H .. 20- J -4 __ 
7 1013.90 -.26 
8 1014.50 .69 
9 1013.40 -.12 

10 1017.00 .76 
11 1017.80 -.64 

hn;~r--10ZL 5~. 5_6 _ 
196401 1022.00 1.67 

2 1021.60 2.10 
3 1018.70 .54 
4 1018.10 .52 
5 1018.20 2.34 
6---.lltl!.90 __ .'U 
7 1014.10 -.06 
8 1013.60 -.21 
9 1013.90 .38 

10 1015.60 -.64 
11 1019.00 .56 
UJlJ9~30 - 6 

196501 1020.50 .17 
2 1019.30 -.20 
3 1016.30 -1.86 
4 1015.10 -2.48 
5 1015.60 -.26 
6 lIDb.4.~. 2A-. 
7 1015.30 1. 14 ---
8 1013.80 -.01 
9 1013.50 -.02 

10 1017.10 .86 
11 1015.40 -3.04 
lLtru..Q .• 2\t~7~ __ _ 

196601 1019.60 -.73 
2 1019.50 .00 
3 1019.00 .84 
4 1015.40 -2.18 
5 1014.40 -1.46 

t--_,.,.....,~4T·_40 __ ~~2'74 ___ _ 
7 1014.30 .14 
8 1013.60 -.21 
9 1013.70 .18 

10 1016.50 .26 
11 1017.10 -1.34 
2....liillLJj01-_--'1~. :!O14~ ___ _ 

196701 1020.60 .27 
2 1021.30 1.80 
3 1017.60 -.56 
4 1017.20 -.38 
5 1017.80 1.94 

+ 

r 

+ t 

r 

--t 

t- ----+ --+ -

~_~1~3~6, ____ -+ __ 
7 1014.60 .44 
8 1013.90 .09 
9 1012.70 -.82 

10 1017.00 .76 
11 1015.90 -2.54 

~~I~IJll~~I~~4 ____ -+ __ ~ __ ~_ 
196801 1020.40 .07 

2 1018.80 -.70 
3 1019.20 1.04 
4 1019.~0 1.42 
5 1016.70 .84 
6 1014.8_0 __ .. 6,,,.,4 _____ + __ --t __ 
7 1015.50 1.34 
8 1016.10 2.29 
9 1014.50 .98 

10 1016.60 .36 
11 1020.20 1.76 
2 IJl.2Jl.0_0 __ ._06 

Icl;r9;,.-69ni0~1~;1015. 70 -4. 6~3-----+----t--=l=~-+==--=::J;:--
2 1014.20 -5.30 
3 1019.90 1.74 
4 1018.10 .52 
5 1014.50 -1.36 

t--_~6~11U.~40 - 76L----~---t---4_--J~-.~ 7 1013.30 -.86 
8 1010.70 -3.11 
9 1012. 30 -1.22 

10 1015.50 -.74 
11 1018.00 -.44 
12_~.50 - . 44 
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NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

PRESSURE 
MONTH VRLUE RNOMRL Y 

197001 1020.80 .47 
2 1019.60 .10 
3 1017.10 -1.06 
4 1019.30 1.72 
5 1017.20 1.34 

1~~5 
1 

_ 6_J 0J 4_.4-0 24 ____ _ 
7 1013.60 - .56 
8 1013.00 -.81 

1Iil~8 -, 

9 101 3.20 - 32 -t 10 1016.00 -:24 
11 1018.10 -.34 
12 1019.00 - . 94 

19'1101 -1022.00-- 1.6-7--- --
2 1~20.90 1.40 
3 1021.40 3. 2A 
A 1013.10 .52 
5 1016.20 .3A 

8 1013.60 - .21 
9 1012.80 - .72 

10 1016.20 -.0A 
11 1020.10 1. 66 

1~11 1014 

--~- l~U:-§~ - l:-I1---I r----
1972~1-1~~T-:-~~-~-M---- +--+----t--

2 1020. 30 . 80 I 
3 1019. A0 1. 2A i 
A 1017.90 .32 I 
5 1014.50 -1 .36 
6_ 11l12.,..70 __ -1._46 ____ + __ --1 
7 1013.30 -.86 
8 1013.A0 -.A1 
9 101A.A0 .88 

10101A.70 -1 .5A 
11 1018.10 -.3A 
12_ t02J_. 70.._ l . .16 __ ---j----t- -----J----f-

197301 102~ . 00 - .33 
2 1015.90 -3 .60 
3 1016.60 -1.56 
A 1017.90 .32 
5 1015.50 -.36 

....6...1.0.13_._90 __ - ..26------+---+-__ + __ -f 
7 1013.90 -.26 
8 101A.20 . 39 
9 101A.70 1.18 

10 1016.30 .06 
11 10!8.50 .06 
LLI021 ._90 ____ l...96 _____ j-----+----t--

197A01 1018.80 -1. 53 
2 1022.90 3.A0 
3 1016.90 -1.26 
A 1019.20 1.62 
5 1015. 70 -.16 
6_1J'113~Hl _ -:l...0g _____ _ 
7 101A.40 .24 
8 1013.40 -.A1 
9 1012.70 -.82 

10 1016 . 00 -.24 
11 1019.70 1.26 
1 Ll0.?2. . .?0 __ 2...2.6 ____ --f ___ ---j __ ---j 

197501 1022.30 1.97 
2 1020.00 .50 
3 1016 , 60 -1.56 
A 1017.A0 -.18 
5 1015 .00 -.86 

_ 6_ 11lJ It, 00 __ -:..J6 ____ _ 
7 1014.00 -.16 
8 101A .70 .89 I 
9101A.10 . 58 

10 1017.60 1.36 
11 1020.20 1. 76 

_ 1.2_ 1022.._70 ___ 2... 76 _____ 1-_1 _ 
197601 1023. 20 2. 87 

2 10\9.30 -.20 
3 1018.90 .74 
4 1016.40 -1.18 
5 101A.80 -1.06 

___ 6_ 10J 3_. 50 __ =-._66 ____ --t---+ 
7 1013.70 -.A6 
8 1015.40 1.59 
9 1013.10 -.A2 

10 1016.30 .06 
11 1019. 20 .76 
12_ 101!i, 50 __ -=----.14 __ _ 

?Q 

BY MONTH 
1~21il 1~23 1~26 1~29 

I 1 
I 

J-
-+----+- --!--------j--1 



NOAA-NMFS.PACIFIC ENVIRONMENTAL GROUP. MONTEREY. CALIFORNIA 

PRESSURE 
MONTH VALUE ANOMALY 

1977~1 1~19.8~ -.53 
2 1~22.5~ 3.~~ 
3 1~19.2~ 1 . ~4 
4 1~17.5~ - .~8 
5 1~15.6~ -. 26 

BY MONTH 
1~~5 l~~B 1~11 1~14 1~17 1~2~ 1~23 1~26 1~29 
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NORR-NMFS . PRCIFIC ENVIRONMENTRL GROUP. MONTEREY . CRLIFORNIR 

N. COMPo WIND STRESS BY MONTH 
MONTH VRLUE RNOMRLY -2 -1 2 

-I • 
~-------------.----------~----~----;-----~------~,------.~----~.----~----~~ 

196301 -.05 - .05 
2 0.00 .08 
3 - . 08 .17 
A - .1 5 . Al 
5 - . 50 .36 

_ _ IL_ -_. 83 ___ ~ ilL ______ t- -, 
7 - .78 .05 
8 - . 71 - .0A 1 I 
9 -.11 .21 I 

1il -.09 .~8 I t-- t 
11 0.00 .0A 

196A~r--- = . ~~-=-:-~§------- --- t -- --+--
2 - . 29 -.20 I 
3 - . 37 -.13 
A - . 87 - . 31 
5 - . 89 -.0A 

1----t:~I =J~---- J' -
9 -.A8 - . 16 

10 - . 10 .07 

11 il . 00 .0A I 
1965M- = ~~~ ---: ~§- - -- ----I-

2 - . 36 - . 28 I 
3 -.19 .06 
A - . 18 .38 I .. 

---~--~j~--=: ~-§--------'-----+----t--""o""----f--
7 -.7A .09 

-- +- + 

- + 

8 -.71 -.0A 
9 -.31 . 02 

10 -.13 . 0A 
11 . 06 . 10 
12 -. 0.L~0~~2 __ _ 

196601 -.02 - .01 
2 -.10 - .~2 
3 - . 27 - . 02 
A -.A8 .08 
5 - . 69 . 17 
~_LJ_'Z......-::....2L __ _ 
7 - . 96 - . 13 

-t----

8 -.85 -.19 
9 - . 31 .0 1 

10 -.2A -.il7 
11 . ill .05 

1967~1·~:~t--=: ~l-----t-·---+- ----+-- --+-- ---+ - ~ + 

2 - .19 -.11 
3 -.17 . 08 
A - . 3A .22 
5 -.95 -.10 

__ 6 __ - .] _6 __ ~IA L_--t---., 
7 -.00 .03 --1- -+ 

8 - . 6~ .0A 
9 -.27 .05 

10 -.26 - . 09 
11 - . 01 .03 

1968~T----:J~----:~~ ---r--
2 .02 .11 
3 - . 16 .09 
A -.96 - .Ail 
5 -1 . 08 - . 23 
6 -1.17 -.28 _ 

- 7 - --. 82- -:-00 --
8 -.49 .18 
9 -. A3 - . 11 

10 -.21 -.il4 
11 - . 08 -.il4 

__ 12. __ .01 ____ .03 
196901 .132 . 112 

2 .0A .13 
3 - . 21 .0A 
A - . 61 - . 05 
5 -.8A .01 
6 -=..85 ___ .il5 _______ _ 
7 -.95 - .1 2 
8 -.97 -.3il 
9 -.J0 -.08 

1il -.16 .il1 
11 .01 . 05 
l2.. ___ ~il L__~03 _______ +- ~ __ 



NORR NMFS .PACIFIC ENVIRONMENTRL GROUP. MONIERD' . CALI FORNIA 

N. COMPo WINO STRESS BY MONTH 
MONTH VALUE ANOMALY -2 - 1 0 2 

197001 .16 . 16 
2 .01 . 10 
3 - . 36 -. 11 
4 - 1. 19 -.63 
5 - . 79 . flo 
6 . 66 . 24 
7 -.57 . 26 
6 - . 72 -. 06 
9 -.34 -. 0l 

10 -. ij9 . 06 
11 .02 .06 
12 .01 . 04 

197Ul l -. 06 -. l'6 
2 -.39 -.31 
3 .25 . 00 
4 -.74 -.16 
5 -.79 • Btl 
6 -1.04 - . 14 
7 .63 
6 - . 52 .15 
9 -.26 . 05 

10 -.:30 -.13 
11 -.09 - .05 
12 -.(l2 .~ 

1972" 1 -.1l7 -."-
2 -.02 ."7 
3 .39 . 15 
4 -.52 . "4 
5 -.61 .24 
6 -.74 16 
7 -.6A .19 
6 -.56 .11 
9 - . 24 .08 

10 -.el .16 
11 .,'" .04 
12. - • .ill .0l 

197301 .04 .~4 
2 .16 .25 
3 -.36 .13 
4 -.76 -.20 
5 -.6a -.02 
6 - . 92 -.Il2. 
7 -1. 00 .16 
6 -.63 -.17 
9 -.35 -.02 

10 .13 .04 
11 -.00 .03 
12 .00 ."3 197401 . ell .01 
2 -.11 -.02 
3 -.05 .20 
4 -.S3 .03 
5 -1. '34 -.49 
6 -1.09 -.19 
7 -.75 . 08 
8 -.75 -.08 
9 -.40 .07 

10 -, !7 -.00 
11 -.1l6 -.02 
12 . 09 -.07 

197501 -.12 .11 
2 -.00 . 08 
3 -.14 .11 
4 - . 54 .02 
5 - . 99 -.14 
6 -1. 00 -. III 
7 -.90 -.07 
6 -.66 -."1 
9 -.46 - . 13 

1" -.23 -."6 
11 -.21 -.17 
12 - . 1" -."7 

1976"1 - . 11 - . 1" 
2 - ."5 . 03 
3 - .44 -.19 
4 -. 41 .15 
5 -.9" - . 05 
6 -.75 .15 
7 -.-77 . "5 
8 - . 37 . 30 > 
9 - . 25 . "7 

10 -. 16 .01 
11 - .02 .02 
12 __ - .01 __ .02 

32 



NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

N. COMPo WIND STRESS BY MONTH 
~----------------------~----------------~=--------~----.----~~ -2 -1 ~ 2 MONTH VRLUE RNOMRLY 

197701 -.01 .00 
2 -.10 -.~1 
3 - .49 - . 25 
4 - . 52 .05 
5 -.49 . 36 
_6_~6 __ ~_14 ___ _ 

7 -.86 -.03 
8 -.55 .12 
9 - . 26 .06 
1~ - . 21 - .~4 
11 - .16 -.1 2 

_L2 ___ • 05 __ .. 0'1 ______ _ 
197801 .22 .23 

2 .01 .09 
3 -.01 .24 
4 -.17 .39 
5 -.70 .15 

7 -.85 -.02 
8 -.61 .06 
9 -.30 .03 

10 -. 22 -.05 
11 -.08 -.04 

-I 

I 

_ 6 ___ .::.._85 ____ ~04.______ ____ ] 

~U~_~_10~~-~_8 __ ~ ___ ~.~~=-~~~~~==~~~~ 

33 



NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP . MONTEREY. CRLIFORNIR 

ERST COMPo WIND STRESS BY MONTH 
MONTH VALUE ANOMALY -2 -1 2 

~---~ U ~J' (~:-~Y------ll .-----t---__� 
7 .29 . 25 ----<I' - f I -8 . 29 - .12 .--

1 ~ - J~ =J~ ! _ 'I ~<~ 11 ~. 00 .~1 
12 -.14 -. 11 T96I0i--.-0-1 --.1'14:------+----+----+----+----~ ---f----+------+----I 

~ -:11 -:?! -+I~ +-1 J<' \ i 

-t--J~ ~~ - ---- {--J--1t----+---+-·- --j--I 
7 • 7~ . 16 1 ; I 
8 . 52 .1~ I V' 
9 . 24 . ~8 I I _/ 

10 .03 -. ~0 I 

h-, g ~: ~~ :?l I I I i}. 
19650f=]I=]~ I <~'I , 3 . 13 - .00 

4 . 16 - .15 1 

5 . 50 -.02 (I' ! --t 6 . 7.1 . 14 --+---ci'L--> __ ~ 
7 .49 .05 / 
8 . 33 - .09 
9 . 12 - .04 ) 
1~ - . 05 - . 07 (~ 
11 - . 01 . 00 

~966~1 =~-U- -~ i~i-----1 I /H II 

4 . 18 - . 12 I ..... '-J 
_ J __ : §~~~ _ 1 zt 'Jr----_t__-- -t---t--I 

7 . 56 . 02 I ~\ , 
8 . 46 . 05 r, ) ~ 
9 . 11 - . 05 ~ 

10 - . 03 - . 05 
11 . 01 . 02 I 
12 - . 05 - . 01 T 196701 -- . 02--~01-----+,---+-----c--- ./ 
2 -. 16 - . 15 ~ 

~j§J~ II ~ 
~--j~---Jl -r-J-----J.-')~-_t__---_+_--_+_-I 7 . 49 - . 05 I -1y 8 .43 . 02 
9 . 14 - . 02 / I 

HI - . 07 -. 10 l 1 

rr9681~ -~~~1-=J~ 0--1 2 -.03 - . 02 .'. 1 
3 .06 - . 07 'f 
4 . 3~ . 02 I' I 

5 .6:0 .14 1 . ~ I 
6 _ . 74 __ ._17_____ -L----1-7----l1~~__t----~---f--__I 

~ J~ - : ~~ ! J' I 
9 .17 . 01 \ 

10 .04 . 01 I ' 
11 - . 04 - . 03 1 

12 . 00 . 04 IlL-- I 
1 9690~ - Jf J§ -- ~_--- -I' -

3 . 03 - . HI r 
4 .22 - . 09 I 

5 .41 =. 10 i 
~ - : ~§ --~~l-- -I- -- --~-rl-- >----i--- ------
8 _37 -.04 U L 9 . 24 . 08 . 

10 - . 00 - .03 
11 - .10 - .09 
12 - .0~ .03 __ 

-------I,----j--I 

---

34 



NORR-NMFS , PRCIFIC ENVIRONMENTRL GROUP, MONTEREY, CRLIFORNIR 

ERST COMPo WIND STRESS BY MONTH 
MONTH VRLUE RNOMRLY -2 - 1 2 

----------.------·.~~----L----_+----~-----4------~----~----~----~_i 
197001 . \13 .06 

2 -.03 - . 02 
3 .08 -.05 
4 .49 .18 
5 . ~1 -.11 
6 . 36 - 20 

- 7 --.32--- ~22 ---
8 .d0 -.02 
9 . 09 -.07 

10 .04 . 01 
11 .01 . B1 

___ R ___ . BJ __ .J'15 _____ _ 
197101 -.\1d - . 02 

2 . 01 .02 

-+--+--
I __ ~-+- ,-~-+--

3 .08 -.05 
4 . 35 .06 
5 .45 -.01 l ~ 

---~---:-~~--: !J I 1'--- ---1--
9 . 05 -.11 

10 0.~0 - .03 I 
11 -.~1 . 0~ 

-19-7-2~f-< n--< ~~------ -1----iI---II"l°------1I-------+-----i--I 
2 -.01 .00 I I 
3 . ~9 - . ~5 
<I . 27 -.04 I 
5 .43 -.~8 

--~--:-J~ --:: ~~----- r--
8 .41 -.00 
9 .17 . 1il1 

10 . 00 -.02 
11 -.~0 . 01 I 
12 -,01 .02. ____ -+ __ 

197301----: 01---.-04 
2 - . 01 - . 00 
3 .32 .19 1 4 .36 . 05 
5 .63 . 11 
6 __ . 5~._01____ ------r---+--
7 .68 .15 I 
8 . 60 .19 I 
9 . 21 .05 

---j-----+I -

10 .~. . 02 
11 .13 .13 

___ 1..2 __ ._00 __ ._03 
197<101 -.00 .02 -~--+--~--

2 . iii 1 . 02 
3 .15 .02 LJ 4 .28 -.03 

J __ J~ __ JL ___ _ _ 
7 .52 -.02 I 
8 . 5<1 . 12 I 
9 . 25 .09 

10 .10 .07 
11 -.01 .\10 
12 -.06 -.03 

197501---=-.05-=-:02----1-

2 .06 .07 I 3 . 20 .06 
4 . 43 .12 

---!--~U--~-!i-----II___4-+ -
9 . 28 .12 

_!L_~J~_ ~JL _____ --- -- -+---L--+--
197601 -.10 - .~g 

2 .03 .04 +-3 .17 004 1 
d . 26 - . l~5 \"> 

~ --J~--J. ~ ----~t--4- 1y:· -- -f-
8 . 27 -0

15 " 
9 .19 . 03 , 

10 .0d .01 ' 
11 -.0d -.03 
12_ -=.,_"~ __ -._0L-__ ---t---_ __+---

-+-

+---

35 



NOAA- NMFS . PACIFIC ENVIRONMENTAL GROUP . MONTEREY. CALI FORNIA 

ERST COMPo WIND STRESS BY MONTH 
MONTH VRLUE RNOMRLY -2 - 1 

'" 
1 2 

197731 -.32 .33 
2 .33 .31 

~ 3 .23 .13 
4 .31 .33 <: ~ . ~~ -J~ r-.... 
7 .63 .39 

V P 8 .46 .05 
9 . 27 .11 

13 . 13 .37 
g =J~ -.32 

. 33 
19783 1 .33 .03 

2 . 32 .33 

< 3 . 02 - . 11 

I'" 4 . 21 -.1 0 

~ . 28 =: ~~ 55 ~ 
7 . 63 .39 

~ 
l/ 8 .47 .36 

9 .08 - .08 < 
13 .38 .06 
g 3J 3 .~~ ,,;I 
-~0 

36 



NORP-NMFS.PPCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

EKMAN TSPT BY MONTH 
MONTH RNOMALY -15~ VALUE 250 

~ II, L<~ 

---+-----------,---~i-----~--~ 

50 101il 150 

196301 5.00 4.56 
2 1.00 - 8.63 
3 12.00 -19 .94 
4 24.00 -48.25 
5 65.00 -45.81 

~-~f.-~g-=H: M ---- f---
8 88.00 1.00 
9 12.00 -29.31 

10 11.00 -9 .00 
11 1.00 -3.31 

_t __ r-t -~:=-. --1-I ----I-
) - - ~ ----+-----I-I---+--I 

i 
~-2.,jl~4~0~ ___ -+-1___ _ 

196401 8.00 7.56 
2 29.00 19.38 
3 48.00 16.06 
4 111.00 38.75 
5 120.00 9.19 

~_~6~*5~~_~4~4 ____ +-__ 1_ 
7 134.00 25.38 
8 98.00 11.00 
9 61.00 19.69 

10 13.00 -7.00 
11 1.00 -~.31 
~~: __ ~1.~0*0 ____ +-___ r-__ _ 

196501 4.00 3.56 
2 40.00 30.38 
3 25.00 -6.94 
4 26.00 -46.25 
5 147.~0 36.19 

___ 6-L2~_0 __ ~6~ ___ 1-__ ~_ 
7 97.00 -11.63 
8 89.00 2.00 
9 38.00 -3 .31 

10 13.00 -7.00 
11 -6 .00 -10.31 
1-,--~0~h0~0e---___ --+-__ -t 

196601 2.00 1.56 
2 12.00 2.38 
3 32 .00 .06 
4 60.00 -12.25 
5 94.00 -16.81 
_6_L~~0~H6t _____ -+-___ + ____ I-__ 

7 124.00 15.38 
8 109.00 22.00 
9 38.00 -3.31 

10 26.00 6.00 I 
11 - 1.00 -5 .~! ! 1-'-- 3~0 1 . 0~ 

196701 1.00 . 56 
2 17.00 7.38 
3 26.00 -5 . 94 
4 50.00 -22 . 25 
5 122 . ~0 11.19 
~ --.l03_.jl0---=-L~44 ____ _ 

7 104.00 -4.63 
8 a3.00 -4 .00 I 
9 35 . 00 -6.31 

10 27.00 7 .00 
11 0.00 -4.31 -t 

1968~r -~-:~g -~~rr~ --I-
2 -3 .00 -12.63 
3 20.00 -11.94 
4 118.00 45.75 ~ I 
§ lM '~~ §~.~~ --T' --L 
7 111.00 2.38 
8 66.00 -21 .00 
9 54 .00 12.69 

10 25 .00 5.00 ~ 
11 8.00 3.69 -l-+ ~2 __ 0._00_----=-2 00____ _ __ _ __ 

196901 -1.00 -1.44 
2 -3.00 -12.63 
3 25.00 -6.94 

~ l~t~ JR_-=t 7 122.00 13.38 
8 119.00 32.00 I 
9 52 .00 10.69 

10 18 .00 -2 .00 
11 -4.00 -8 . 31 
2 ---=-..1..ll_0 _-:L..~.!l __ 
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• "'~R-·.~-". ffi;". F; C F: \: flO ""E RL GROUP . o TEREY . CflLIFOR IR 

EKMAN TSPT BY MONTH 
-lse -le~ -se se l"eI lse 2ee 2se 

~ '''I 

-16.ae -16. d4 
-2 .eil -1\.63 
42.0'" ;3.06 

147.CI! ]t.75 
11l1. 'Ol -9 .81 
85.2" -12 . .t.i + - - - -74.03 -3&.63 
93.00! 6.00 
41.00! -.31 
12.e" -8 .0<1 ,. -2 .0<1 -6.31 iz -:.00 -3 .00 ---4- -197121 6.00 5.56 

2 45.1'10 35.38 
3 31.ee -.94 
.( 94.P3 21. 75 
5 le2.-l0! -8.81 
6 133.00 15~56 
7 10'. ~Il -7.63 
8 6S.0;J -22.03 
9 33.(J0 -8.31 

10 33.03 13.00 
11 10.03 'i.69 
12 3.01!1 1. 00 

197201 5.00 4.56 
2 2.00 -7.63 
3 47.00 15 .06 
.( 67.00 '5.25 
c; 82.00 -28 .81 
b 99,00 -18.44 .... - -t- --l 
7 85.00 -2'1 . 63 
8 75.~;l -12.00 
9 33.00 -0.31 

10 I 00 -19.00 
II 0.fl0 -~.31 
12 1.>10 -:.00 +-97301 -3.~3 -3.44 
2 -IIU'i! -71.63 
3 52."3 20.06 
4 96."? 23.75 
5 117.i:'I0 6.19 
6 119.00 1. 56 -{-7 133.0:.! 2.1.38 
8 111.00 24.00 
9 46.~0 4.69 

10 16.00 -A. Ill! 
11 5.~0 .69 
12 0."2 2,00 + -197401 0.t!1l -.44 
2 13.ell 3.38 
3 11. 0 -20.94 
A 68. Il 4.25 
c 176.00 65.19 
6 141.0~ l3 .56 
7 93.03 -9.C3 
8 : >l.00 13.2" 

!l .< 1~.69 
22.0 2.20 

7 •• J 2.69 I 
t 

9 ..... 7."~ 
t 11.56 ~ 

- .,,3 
9.9J 

.75 
17.19 

1 16.Sf 
1 .3'1 

8 



NOAA-NMFS.PRCIFIr ENVIRONMENTAL GROUP. MCNTE REY . CRLIFORNIA 

EKMAN TSPT 
MONTH VALUE ANOMALY 

197701 0.00 - . 44 
2 11.~0 1.38 
3 62.~0 30 . 08 
,( 67.00 -5 .25 
5 66.~0 -44 . 81 

_ 6-11114 . 00_ -1l._4C _ 
7 115 . 00 6.38 
8 75.1110 -12.1/10 
9 37.00 -A.31 

10 27 . 1/11/1 7.1/11/1 
II 17 . 0~ 12.69 
12 _-G."~ -8.1110 

19781111 -24 . (<l - -=Z·;. 44 
2 ~ . 00 -9.63 
3 2.~0 -29 . 94 
4 26.01/1 -4G.'-S 
5 87.00 -23.81 
6 12. 00 __ -S~4A 
7 114 . ~~ S. 38 
8 82.~0 ·S . i0 
9 36.00 -5 . 31 

1111 28.00 8.00 
II 9. 1/1111 4 . 59 

_ 12 ___ 8 .jjl/l __ 6 .. ~0 

- 15~ - 1~~ 

t- - t 

---~ 

_ ..l.-- r' 
- ! 

9 

BY MONTH 
150 20~ 250 



NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP . MONTEREY . CRLIFORNIR 

SVERDRUP TRRNSPORT 
MONTH VRLUE RNOMRLY 

196301 . 07 . 19 
2 0.00 -.04 
3 -.12 -.0A 
A -.82 -.96 
5 -.28 -1.16 
6 1.13 -.22 
7 .56 -.96 
8 1.13 -.35 
9 .03 -.97 

10 -.02 -.59 
11 0.00 -.0A 

__ 12 -.06 -.0A 
196401 -.13 -.02 

2 .62 .58 
3 .19 .27 
A .58 .AA 
5 -.66 -1.SA 
6 .A6 -.89 
7 1.~7 - .~5 
8 1.15 -.33 
9 1.21 .21 

10 .25 -.32 
11 -.01 -.05 
12- - 49 -.45 

196501 -.18 -.07 
2 .37 .33 
3 .04 .12 
4 -.03 -.17 
5 1. 83 .95 
6 .31 -1.04 
7 .67 -.85 
8 .72 -.76 
9 .36 -.64 

10 .27 -.30 
11 -.18 -.22 

--1L-----=., 03_ . 01 
196601 -.15 -.1'14 

2 -.16 -.21'1 
3 -.65 -.57 
4 .77 .63 
5 .22 -.66 

__ 6_ 1.17 _ -.18 
7 .09 -1. 43 
8 .86 -.62 
9 .29 -.71 

10 .64 .08 
11 -.08 -.12 

__ t2 _ ..::..J3_ - .J19 
19671'11 -.07 .04 

2 .38 .34 
3 -.75 -.67 
4 -1.10 -1.2A 
5 .66 -.22 

- 4 

I 

1 

t 
1--_~6 -,' 92 _=-._43~ ____ t 

7 1.68 .16 
8 1.46 -.02 
9 .82 -.18 

10 .58 .02 
11 .11 .07 

- 3 

+ 

+ 

12 __ .1~ __ .18____ I 
196801 .02 .14 

2 -.13 -.17 
3 -.31 - .23 
4 1.22 1.08 
5 - . 46 -1. 34 I 
6 __ t.27 __ -_.J!t8 ·----t --+1-
7 .81 -.71 
8 .~7 -1.A2 
9 .77 -.23 

10 .33 - . 24 
11 -.26 -.30 

1969~I- -~-l~---::-: ~~ -----t----j-
2 -.30 -.34 
3 .12 . 20 
4 - . 33 -.47 
5 .85 -.03 

--~:~~--f:-~~---l-8 3.55 2.07 
9 1. 48 . 48 

10 .33 - . 24 

l.L~~l __ ~~~____ "_ 

- 2 
1 

+ 

+ 

- 1 

I 

+-

--I 
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NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

SVERDRUP TRRNSPORT BY MONTH 
MONTH VRLUE RNOMRLY -4 -3 -2 -1 III 1 2 3 4 

19771111 111.111111 .12 

~ 2 .12 .1118 
3 .43 . 51 
4 1.<12 .88 
5 - . 3111 -1 .18 
6 2.53 Jj 18 0>-

7 2.18 .66 ;s ---' ." 
8 1. 66 .18 < 9 .59 -.41 

1111 .88 . 32 
11 .11 .1117 
12 -.1118 -,1114 ~ 

19781111 .38 .27 ~\> 2 -.1115 - .1119 
3 .1116 .14 
4 - . 31 -.45 4111!!. 
5 2.139 1. 21 

~ ~ 6 1.313 -.1115 
7 2.47 .-95 Z -:7 8 2. 14 .66 

S 9 1. 48 .48 
1111 1. 68 1.12 

U . 47 .43 ~ ~24 .28 

42 



NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

SALINITY PACIFIC GROVE, CA BY MONTH 
MONTH VALUE ANOMALY 32 33 34 35 

I 196301 33 .67 .15 
2 33.10 - . 23 
3 33.38 .03 I 
4 33.26 -.19 ~_ I 5 33.67 -.09 

_ 6_ 3JJ6..-_ - 0"Z -~ t 7 33 .97 .20 
8 33.92 .14 
9 33 . 78 .03 

10 33.75 .14 L 
11 33.48 -.ell + 

19640T-~~-:-~§ 1.~~ -- I ~ ~ _.~ 
2 33.68 .35 ~- "--
3 33 . 92 ,57-+ -:. 
4 33.88 .43 -( I 
5 33.82 .06 -t 1,--
~.93 .10 ---l--l· - --+ -/- -
7 33.75 .02 I 1 ~ 
8 33.86 .08 _~ 
9 34.39 .64 I 

10 33.85 .24 ---

L 
II 33.42 -.07 

1965M ~~:~~-=:-~~--- l- -1-- I 
2 33 . 50 .17 
3 33.31 -.04 I 
4 33.12 -.33 
5 33.69 -.07 t-+ 
6~64 -. JJ ---1---
7 33 . 36 -.41 
8 33.51 -.27 I 
9 33.42 - .33 

10 33.21 - .40 t 11 33. 32 -. 17 

1966~T ~~J~ =: l-~ - ---j-
2 33.43 .10 
3 33 . 49 .14 
4 33.68 .23 

I 
I 5 33.72 -.04 

6 33._'ZL--~0_4 -----f---___j--___j----+-
7 33.76 - .01 ---1 
8 33.79 .01 
9 33.81 .06 

10 33.60 -.01 
11 33.42 -.07 
lL~~37 __ -_~12 ----f--- --+---+-- --f---

196701 33.38 - .14 
2 33.13 -.20 
3 32.84 - .51 
4 32.25 -1.20 
5 33.01 -.75 
6 ___ 33~5_5 __ -. 28: __ _ 
7 33.37 - .40 
8 33.61 - .17 
9 33.61 -.14 

10 33.37 -.24 
11 33.43 -.06 
1~. 5_2 __ ._0_~ ___ ___j--___j--__+---_+--

196801 33.40 -. 12 
2 33.30 - .03 
3 33.08 -.27 
4 33.36 -.09 
5 33.76 -.00 

1-__ *-6 ~3J_._8_8 _~ 05: _____ + __ -+-__ 
7 33.80 .03 
8 33 . 89 .11 
9 33.79 .04 

10 33.65 .04 
11 33.54 .05 • 
_2_ 33_._4_7 _ =-- 02:--___ +-__ t-_ 

196901 33.09 -.43 
2 32.81 -.52 
3 32.80 - .55 
4 33.26 - .19 
5 33.73 -.03 
_3~~6j __ -.J9 ____ -t--__ -+-_ 

7 33.72 -.05 
8 33.84 .06 
9 33.70 -.05 

10 33.65 .04 
11 33.60 .11 

.46 

43 

f 

--+---1- I 
r 

- t 

-T 

t 



NORR-NMFS . PRCIFIC ENVIRONMENTPL GROUP . MONTEREY . CRLIFORNIR 

SRLINITY PACIFIC GROVE, CA BY MONTH 
~IDNTH VRLUE RNOMflL Y 

197001 33.21 - . 31 
2 32.96 - .37 
3 33 . 23 - . 12 
4 33 . 83 .38 
5 34 . :0 .34 
6 __ 33.95 .12 
7 34 .00 . Z3 
8 33.99 . 21 
9 33.g2 . 17 

Hl 33.63 .02 
11 33.32 -.17 
12 33.3IL_-.19 

197101 --33.51 - .01 
2 3:'1 . 56 . 23 
3 33.87 .52 
4 33.82 .47 
5 33.94 .18 
6 3A.09 .26 
7 33.91 .14 
8 33.~6 -.22 
9 33.49 -.26 

10 33 . 61 .00 
11 33.59 .1 0 
12._33 .48 -.01 

197201 33. S2--=-. 00 
2 33.62 .29 
3 33.61 .2E 
4 33.55 .10 
5 33.92 . i6 
6 33. 85 __ .02 
7 33.66 -.11 
8 33.67 -.11 
9 33.72 -.03 

10 33 . 53 -.08 
11 33./3 -.06 
12 33 . 51 .02 

197301 -33 .51 -.01 
2 33.29 -.04 
3 33.14 -.21 
4 33.54 .09 
5 33.65 .09 

__ 6_33.78_ -:.05 
7 33.96 . J9 
8 33.93 . 15 
9 33.S8 -.17 

10 33.73 .12 
11 33.64 .15 
12 __ 33..65 __ .1 6 

197401 33.47 -.05 
2 33.62 .29 
3 33.56 . 21 
4 33.49 .04 
5 33.96 .20 

---~ 

---1 

--

___ 6_34 .. 1 B __ • 2.7~ ____ ---, 
7 33 . 03 .16 
8 33.82 .04 
9 33 . B~ .05 

10 33.69 .08 
11 33.66 .17 

_12_31 .. 68___ . 19 
197501 33 . 81 .29 

2 33.78 -.05 
3 33.28 -.07 
4 33 . 67 .22 
5 NO DRTA 

__ 6 __ NO_ORIR_ 
7 NO DRTR 
8 ";0 ornR 
9 NO aRTA 

10 NO ORTR 
11 NO DRTR 
J2 _NO DAJi __ 

197601 NO ORT,'! 
2 NO DRTf1 
3 NO DATR 
4 NO OATR 
5 NlJ lJRTA 
6 NO DATR - 7--NU -DI~·rR-
8 NO omn 
9 NO DRTA 

10 NO DRTR 
11 NO DRTR 

_J_2 __ NO_OB1.R 

---I---

32 33 34 35 

I 
t 

I t .. j---T 
I I 

I 
-+--

+ --

+ -

+----

+ -- + ---+ 

+------+ 

-1---- ~--_-_I 

• -+ -----1--- -----I - -1-1 ---+------f-----If---I 

i I 

-+-- ---+1 ---/--- --j ---;----+---_:._-1 

1-
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NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY. CRLIFORNIR 

SALINITY PACIFIC GROVE, CA BY MONTH 
~ 

MONTH VRLUE RNOMRLY 32 33 34 35 

I -, TTl 
1 

R i -R 
R ! 
A 

-~- --r ' R 
'R -------
R 
R 
' fl Il--R 
fl 

-~-------~-T 

~-~ : r' 
---t l ~!--

I"~ ~------- --t---
R 'I R I I 
~=--.d---+------1----t----

--------
197701 NO ORT 

2 NO ORl 
3 ~;O ORT 
<I NO ORT 
5 NO ORT 

___ 6 __ ---.NO_o8J 
7 NO DR-, 
8 NO ORT 
9 NO om 

10 NO DRl 
I I NO ORT 

_ _ 12 __ NO_08; 
197B~1 ~O CRT 

2 NO ORT 
3 NO OAT 
4 NO ORT 
5 NO OAT 
6 NJ DR' 

--7- -'--NO- CRl 
8 NO ORT 
9 NO ORT 

10 NO ORT 
II NO OAT 

_ 12 ___ NO_ORT 
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NORR-NMFS.PRCIFIC ENVIRONMENTRL GROUP. MONTEREY . CRLIFORNIR 

SST PACIFIC GROVE, CA 
MONTH 

196301 
2 
3 
A 
5 

VALUE ANOMAL Y 

-.21 
1. 02 
- .36 

.76 

9 1~ 11 12 13 

. 26 
~ 

.80 
-.79 

.10 

+ t ~ r -
1. A0 

11 13.61 .37 
12_ 12..05_ -,37 

196A01 12.11 .2A 
2 11 . 90 -.A3 
3 11 . 39 -.96 
A II .d9 -1 .03 
5 12.06 -.60 

1-_~_13. 13 -.25 
7 13.d0 -.67 
8 13.70 -.92 
9 13.78 -.82 

10 lA.00 -.21 
11 13.dA .20 
2_ 12...Z3_ -.19 

196501 11.72 -.15 
2 11.56 -.77 
3 12.30 -.05 
A 13.13 .61 
5 12.36 -.30 

1--~-1-';-' 8L-- .51_ 
7 lA.Ad .37 
8 15.00 .38 
9 15.A8 .88 

10 lA.30 .09 
11 13.81 .57 

h-"=,,,~~3. lL- .71 
196601 12.15 .28 

2 12.25 -.08 
3 12.06 -.29 
A 12.97 .A5 
5 13.15 . d9 

1--~~~~.5L- .19 
7 13.76 -.31 
8 13.98 -.6A 
9 lA.36 -.2d 

10 13.72 -.A9 
11 13.68 .AA 
tL-lZ.91 __ . d9 

196701 11.60 -.27 
2 12.08 -.25 
3 12.51 .16 
A 12.23 -.29 
5 13.A2 .76 

+ 

~~7_7 _ -.61 _____ + 
7 lA.28 .21 
8 lA.A5 -.17 
9 15.09 .A9 

10 lA.1A -.07 
11 13.99 .75 

_ 1_2_ 12..12 __ -.30 __ 
196801 11.52 -.35 

2 13.03 .70 
3 13.AA 1.09 
d 12.6A .12 
5 12.6A -.02 

-+ 

.. 

+ 

+ t 

t 

1-_~6 ___ Ll.J~.2L 
7 13.86 -.21 
8 ld.56 -.06 

--+----+----+ 

9 lA.Al -.19 
10 13.19 -1. 02 
11 12.91 - .33 

t---.-..=!.1~2_11. 7 A -.6*-___ --+ __ --+ 
196901 11.78 .09 

2 11.92 -.Al 
3 12.3A - .01 
A 12.95 .d3 
5 12.95 .29 

--+ --

6 A 5~l...20 -----t--__ +-__ +-__ -; 
7 13.57 -.50 
8 13 .d3 -1.19 
9 ld .0A - . 56 

10 13 . 65 - .56 
11 13.86 .62 
1 0~6L +---
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NORR-NMFS . PRCIFIC ENVIRONNENTRL GROUP. NONTEREY . CRLIFOR IR 

SST PACIFIC GROVE, CA 
MONTH VRLUE RNOMRL Y 

197001 12.83 . 96 
2 12.85 .52 
3 13.21 .86 
A 12.07 -.A5 
5 12.A8 -.18 
6 _ 13.26 __ -~12 _ 
7 13.63 -.AA 
8 13.38 -1 . 2A 
9 13.07 -1.53 

10 13 . 3A - . 87 
11 13 . 28 .~A 
12 12.35 __ -.07 

197101 11.13 - .7A 
2 II.A2 -.91 
3 10.61 -1.7A 
A 11.86 - .66 
5 11.80 -.86 

9 

-I 
I 

__ 6_ ll._91------=---A 7 __ _ 
7 13.50 -.57 
8 lA.A6 - . 16 
9 15.20 . 60 

10 13.26 - . 95 
11 11.83 -1.Al 
1~ 10~~LJ6 __ _ 

197201 10 . 56 -1 . 31 
2 11 . 61 - . 72 
3 12 . 55 .20 
A 12 . 76 . 2A 
5 12 . A9 -.17 
~1::L_A2-- ------l'Ij __ 
7 15.83 1. 76 
8 15.38 .76 
9 14 . 90 .3~ 

10 15.57 1. 36 
11 i3.83 . 59 

I 

-+ 
l ~t2 . ~~ __ -....a2 ___ ----l-

197301 12. 28 .Al 
2 12 . 90 .57 
3 12.89 .5A 
A 12 . 61 .09 
5 12 . 29 - . 37 

_ 6 14..01 __ . 63 -- - r 
7 13.A6 -.61 
8 14.04 - .58 
9 lA.24 -.36 

10 13 . 26 -.95 
11 12 . 53 -.71 

_ 12 ---.l1 .J~ 'ZL __ -t 
197A01 11.03 -.84 

2 11. 13 -1. 20 
3 11.55 -.80 
4 12.61 .09 
5 12.34 - .32 

1~ 11 

I 
I 

i--+-

6~A __ -:..l<L __ _ 
7 14.34 . 27 
8 15.21 .59 

t--
9 lA.53 -.07 

10 14.75 .54 
11 12.83 -.Al 
12 _11~ 91 __ -.:....51___ ---I-

197501 11.30 -.57 
2 11.70 - .63 
3 11.90 -.A5 
A 11.70 -.82 
5 12.60 -.06 
6 _ IA. 30 ~9_2 __ 
7 13.A0 - .67 
8 lA.70 .08 
9 lA.80 . 20 

10 13.70 -.51 
11 11. 60 -\. 6A 
12 lUJ0 -L,A2 

197601 10.A0 -1.A7 
2 12.10 -.23 
3 12.50 .15 
A 11.80 -.72 
5 12.60 -.06 
6 13.70 .32 
7 14.A0 .33 
8 17.00 2.38 
9 15.10 .50 

10 16.20 1.99 
11 15.00 1.76 
12 15.40 2..98 

t 

+ - + 

+ 
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NOAA-NMFS. PACIFIC ENVIRONMENTRL GROUP . MONTERO. CAliFORNIA 

SST PACIFIC GROVE, CA 
MONTH VALUE ANOMALY 

197701 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
Il 

1978111 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 

13.90 
13.70 
12.10 
l1.l0 
13.00 
12.71 
14.42 
15.26 
14.95 
lA.63 
12.77 
13.18 
14.03 
13.81 
14.20 
lA.AS 
13.A3 
13~e4 
1~.t'A 
15.58 
14.9~ 
14.04 
12.87 
11.66 

2.03 
1.37 
-.25 

.B2 

.34 
-.67 

.35 

.6A 

.35 

.42 
-.47 
.76 

2.16 
1. 48 
1.65 
1.93 
.n 

-.3A 
.I-IJ 
.96 
.34 

-.17 
-.37 

.56 

9 
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NOAA-I'i1FS. f'RClf"IC ENVIRONMENTAL GROUP. MONTEREY. CALIFORNIA 

eM DYNAMIC HEIGHT BY MONTH 
75 85 

::::~1 VA~~EORT~NOMRLY ~i ~~I 1-1 t- 7~ 
1 9S8~2 NO OATH I, I 
1968~3 NO DRTR 

l. §~~~~ ~lJg -: ~~ !! ~ d ------
<B5filllL_6.l,~ -3 . 37 ~ i 1--1968~7 62.6~ -4.G;J I ---j------ - - /4=._ ......... Ir-_~~ 
1958~g 76.5~ 5.54 I I II I 
19~309 74.~~ \.43 I' 

196810 75.50 -.~8 I I 
19§B11 76. 3~ 1. 96 ! ,I 
19~----.Z\~~RT-ff~ 'I --~-- +j ---t-
1969~?' NO DRTR I I 

196903 NO CF;Tt1 : j 

" 

1969~9 77.30 4.73 

19630~ ~iO DfHR .~' I 

:::::~ ~~~ri---~~i------ __ J.I ____ jj_ --- ~~-=-1::=-
186908 75.~~ 4.~4 I 

1 9651~ 7B.4~ 2.82 I -+' --
1§~§U 8~RT~~.5L ______ -J ___ ,__ ---+--, _ _1-°-+-----+---1 
1970~1 ~O DRTR I i I _ 
1970~2 78.52 3 .91 I II 1 
l§;~~~ ~~:~~ -lJ~ ,< <:--- ~ I 
19700~ 63 . 1~ . 0G L I J 
i!!~- it1 --it----! -J---l--------r--- ..:.... ---I 
197009 71.30 -1 . 27 ~ 
187~lU 72.80 -2.78 
197011 76.83 2.46 ~ 
.9.N12 ----.Z~ ___ ~6L __ -- --- --___ +-___ -+-_---1 

197101 69.~0 -7 . 39 ~I 
197102 69.1~ -5.A9 I 

187W8 59.90 -7.60 I I 
1971~A 60.8~ -3.S4 

::~l:~ -~Ht- =ti~-------T----t---f. -- -~~)- - I I 
1971~8 69.90 -1 .00 I I I "II I 
IB'/Wl 7'3 . 8>: -l.l8 i! I l-/ I --+-197Hl9 '12 .40 - .1 7 --> -+ I 

197p 1 71. ~~ ~Uj _______ 1 ___ L __ -f;=----I -+1--
1972~1 7~. 9e: -5.49 I! _ --j--I 
197202 67.10 -7.49 I 
197203 67. 40 -. 1 ~ I I I 
1972~4 64.9~ .1 6 I 
t972~,) 52. 'I " -.34 
J.9~li-----.65..1a __ ------8_~ __ 
1972~7 7~.40 3.~0 I 
1972~8 73 . 90 2.94 I 
1972~9 71.40 -1.17 I 
19721~ 84.30 8.72 
197211 7e . 30 3.SS 

~.~--.5...2~ _______ +_--_j---__+_--_+_ 
1973~1 83.00 6.61 
197302 82.~0 7.41 
197303 68.3~ .8~ 
197304 64.10 - . 64 
197305 62.1~ -.94 

I 

I 
I 

!ZfL __ ..E2.. 6lL..~-2'"__'.~2_!;_'/ ___ _ 
197307 66.80 -.52 
197308 68.20 -2 . 76 

---- ----r---
197309 67.70 -4.87 I 
197310 69 , 5~ -6.~a 
197311 67.7~ -6.64 

7.31~LL.50 -4.55 
\97401 76.10 . 29 ~ 
1974~2 72.80 -1.79 I 

I 
I 

I 

1974~5 NO DRTR 
197403 70.60 3.10 -t I 197404 69.10 4.36 I 

~-.i'IDJ:lliIfL ___ -;, ___ -+ __ 

i§;1~~ ~~:~~ ~:§~ II 

1974~9 74.90 2.33 
19741~ 74.80 - .78 I 
197411 74.00 -.34 I 
19.U~~~6L-----l ___ f __ ---I_ 

49 



NOCJA-NMFS. PRCIFiC ENVIRONMENTRL GROUP . MON-;-EREY . CRLIFORNIR 

CM DYNRMIC HEIGHT BY MONTH 
MONTH VRLUE HNOMFiLY 55 65 7~ 75 811l 85 

1975Ei 7C.~0 -6 . 39 
197502 7A.8~ _21 
197503 66.8~ - . 7~ 
1375~4 6S .~0 A.26 
1~75~5 63.~0 . 26 
1 °'Z.5YI£_ RI -.H3 __ ~'L-____ - ._-~--d=-
197507 67 .A0 .~~ I 

157508 67.50 -3.46 -----
1975~~ 65 . 10 -7 .47 ~ 
'97513 7C . 2~ -S.28 -1 t-\ 197511 69.40 -.1.9.1 ____ -- -~ 

Hl.512.. --.67..JL -=Q....S~ -197t;;JI ~f1 [lRTR ---~-- I - -~--. 
1976C2 72 . 2~ - 2 . 39 
197603 54.80 -2 . 'i" I . ...J.:---r~ 
197604 ~~.30 -S .AA I 
1976~5 ~3.60 .56 
• 97JiIJ.6 - S.a . .IDL.-=..4...ID-----IlI

-- --l-
19id0;' 6f>.70 1. 30 I I 
137S(ld 72.30 1.34 I I 
197609 IB.00 5.43 I 

19'7610 79.30 ~ . 72 I ~_I 
!976\1 81.80 7. 46 I 
91.6.lL _ ll4.....6.L_ 6..._5L- I '---_ 

197701 81.B0 5 .41 I I 
1977~: 75.70 1. 1: I 

19mB NO DR'" I I 
19770<1 66. ilil -4 . 64 I ++ '-.... I 
197 ilila 58.80 -3 . 24 I ---~_ 

'106---.1)3,00 - 1,87 _ __ _ ___ .'-.... 
1977"'"' 67.50 , Hl I I _. 

1977~.J 6e.00 -2 .96 t II 1==-
19770:'1 73,60 I. 03 I 
197710 77.20 I . S2 I 
19111: 73 7~ - .64 < 

-+===4~~~~-~---r~ 

1 §j~~~ ~~ J~ ~ J~ i _ LI - - -t"::::::= 
197805 63.30 , ?e I I -
1~_-· 63N60DATR1. IL----··t--J-- --1- ----
1978~8 NO DATA 
197809 NO DR fR I I , 
197810 NO DFiTA I I 

197811 NO ORTA I I I 
6J2 NO O>lJB. ______ L----I-__ __I~--+-_--+_--+---_+_--_+___I 
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OAA TECHNICAL REPORTS 
NMFS Circular and Special Scientific Report-Fi heries 

Guidelines for Contributors 

:OTE RlPT 

'hi PIlle. Give the title (as concise as possible) of the 
aper and the author's name, and footnote the author's 
frlliation, mailing address, and ZIP code. 

'ORtents. Contains the text headings and abbreviated 
Igure legends and table headings. Dots should follow each 
ntry and page numbers should be omitted. 

Ibstract. Not to exceed one double-spaced page. Foot­
otes and literature citations do not belong in the abstract. 

xl. See also Form of the Manuscript below. Follow the 
.S. Government Printing Office Style Manual. 1973 edi­
n. Fish names, follow the American Fisheries Society 

pecial Publication No. 12, A List of COlli III on und Scientific 
ames of Fishes from the United States and Canada. fourth 
ition, 1980. Use short, brief. informative heading in place 

f "Materials and Methods." 

xt footnotes. Type on a separate sheet from the text. For 
published or some processed material. give author. year. 
Ie of manuscript. number of pages. and where it i~ filed­
ency and its location. 

ersonal communications. Cite name in text and footnote. 
ite in footnote: John J. Jones. Fishery Biologist. Scripps 
stitution of Oceanography. La Jolla. C A 92037. pers. com­
un. 21 May 1977. 

ures. Should be self-explanatory. not requiring refer· 
ce to the text. All figures should be cited con ecuti\el} in 
e text and their placement. where fir t mentioned, indi­
ted in the left-hand margin of the manuscript page. Photo­
aphs and line drawings should be of "professional" qualit~ 
clear and balanced. and can be reduced to 42 picas for 
ge width or to 20 picas for a single-column y, idth. but no 

ore than 57 picas high. Photographs and line dray, ing 
ould be printed on gloss) paper-sharpl} focu edt good 
ntra t. Label each figure. DO OT SE 0 original figure 
the Scientific Editor; NMFS cientific Publication Offi.:e 
II reque t the e if they are needed. 

Each table hould tart on a eparate page and 
ould be elf-e planatory. not requiring referen.:e to the 
t. Heading hould be hort but ampl} de ~ripti\e. L e 
I horizontal rule. umber table footnote .:on t:cutl\el} 
ro the page from left to right in rabl~ numeral; and to 

oid confu ion \\ ith po\\er • pia 'e them to the left of the 
meral . If the origmal table are t)ped m ur format and 
clean and legible. the e table \\ III be repr du ed a the. 

e, In the te t all table hould be cued I:On uti el) and 
ir placement. here fir t mentioned. mdll:ated In the left­
d margin of the manu 'rlpt page. 

Pia e at the end of t t GI\e aedu 

Literature cited. In te t a mlth and J n (I9~'7) r 
(Smith and Jone 1977); If more than ne auth r. II I a rd 
ing to year (e.g .• muh 1936. Jone et al 19~~. [»)C 197'7) 

All paper referred to m the te t hould b II d alpha t 
cally b} the enlor author urnam under the h ad 
"Literature Cited"; onb the auth r' 

the accura~} of the literature ~I\all n 
name of periodical and erial h uld 
cal A b5traCl5 LI I of Se"a[ \..,th 
mat. ee recent SSRF or Circular. 

Abbreviations and )mboL-;, C omnH n ont; . 
m. g. ml, mg. C (for CclIUS), 0 0 , • t~ 

Abbre,iatc unit of mea un: onl} y,ht;n U 
periods are rarel}- u ed in these .. bor I<lt n 
are u ed in et al.. \ .. C.g .• i.e .• \\0.1 h t\\ 
lIP code). ct~. i\bbre\iation 
figurc \\ here there i lad. l f pa c. 

Measuremenh. Should bt; I ell III rn r 

equi\alcllt unit rna~ be gl\cn In par Iltl 

FORM m rm: MA'l SC RIPl 

Original I, t he manu ~flDt hould hI.: 1 

\\ hite h011 1 paper. frlple pa-.c 
dupli(ated ~Llpie of manu (fir 
The clluen~t: )1 the matcflal I 

IITLR\fLRfCITID 

numeral c ' . Jahk I 
[I f OF I I(,L RI: [I t I 

0011 'ur " and \rah 
2 --, et .1 

l[t,L Rl 

ODIT 10 L I lOR 1 J 10 
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flP! t 

Dr Carl J 
ortheast F hen 
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