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Paper 10

FLUCTUATIONS OF SEA SURFACE TEMPERATURE AND
DENSITY AT COASTAL STATIONS DURING 1976

Douglas R. McLain'

Sea surface temperature (SST) and density measurements have been
made routinely at many U.S. National Ocean Survey (NOS) tide
gages and other coastal stations for many years. Although the
data suffer from various problems such as gaps in coverage or
inadequate exposure to open ocean conditions, careful selection
of stations allows the data to be used as an inexpensive monitor
of climatic fluctuations 1in nearshore waters. This report
summar izes monthly mean SST and density fluctuations for 1976 and
Long-term means for three coasts of North America. The data are
contoured 1in a common manner for each coast to flag unusuzal
climatic events and to allow comparison of fluctuations between
coasts.

This report is a refinement for 1976 of 2 similar report by
Goulet (1978). His plots were for 1974 and 1975 only, as earlier
data were not available din a computer compatible format.
Subsequently, a computer tape of all available historical monthly
mean temperature, density, and sea level data taken at NOS tide
gage control stations was developed.’ The Tides Branch of NOS
provided update punch cards of monthly mean data. These data and
certain Canadian data® were merged with the historical tape for
preparation of this report. The data are now archived by the
National Oceanographic Data Center and are available through
their Data Services Division.

McLain (1978) presented time series of monthly mean anomalies of
$SST's at coastal stations along the Wwest coast of North America.
Presented here are distance vs. time contours of long-term means
and anomalies from the means for 1976 SST and density at selected
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stations along the coasts of North America (Appendix 10.1).

The 1976 data are presented as anomalies from a Llong-term mean
for tne period 1948-75. This reference period differs from the
1948-67 period used for other data sets such as maps of SST
anomaly (MclLain, Paper 9). The chanye was necessary to develop
means for certain stations which were established in the Llast
decade.

The statijons used in this report are shown in Ffigure 10.1. The
stations <chosen were those which had the best combination of
desirable characteristics: exposure to open ocean conditions.,
long data records, minimum gaps in data records, and eguidistance

between stations. The ideal combination seldom existed and
consequently many of the sations used were in estuaries, had gaps
in coverage, ar were at varying intervals along the coast. For

example, data coverage 1is poor in Oregon and Washington as all
stations are jin estuaries or are subject to river runoff <(as at
Neah Bay near the mouth of the Strait of Juan de Fuca). Good
coverage was available from British Columbia \Lighthouses which
have long complete data records from open, exposed locations.

The data are plotted as contoured isopleths of the long-term mean
and anomaly by month and station position along the coast.
Temperature data are in degrees (Celsius while density dats are in
sigma-t wunits C[(density-1) x 1000]. Density values are computed
for a standard water temperature of 15.0C. ALL monthly means
represent at least 12 daily observations.

WEST COAST SEA SURFACE TEMPERATURES

The long-term monthly mean (1%948-75) S$ST*'s at stations along the
west coast of North America (Fig. 10.2) had minimum values in
January and fFebruary and maximum values 1in July or August.
Minimum winter temperature occurred at Kodiak, AK, while maximum
summer temperature occurred at Los Anceles, CA, The winter
minima occurred earlier (in January) at the southern stations
(California to southern British Columbia) than_ at the northern
stations, where minimum values occurred in February. Summer
maxima occurred in August at all stations a2long the coast except
at Neah BRay, WA, where the maximum occurred in July.

Bakun et al. (1974) described the Llong-term mean distribution of
SST from ships in 1-deg squares of Llongitude and latitude
adjacent to ithe west coast of the United States. Their data show
that offshore SST minima and maxima occur about one month Llater
than at the shore stations. This may result from more rapid
warming din spring and cooling in fall in shallower coastal
waters. The summer maximum temperatures reported by Bakun
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et al. (1974) are similar to those at the coastal stations but
Wwinter minimum temperatures are about 1C lower at the <coastal
stations. This depression of coastal coastal temperatures may
result from the lower heat capacity of the shallower water column
at the cocastal stations as compared to the offshore areas.

Both Figure 10.2 and the figure of Bakun et al. (1974) show a
horizontal trend to the dJsotherms near Point Conception, CA,
petween Port San Luis and Los Angeles. This "flattening"” of the
isotherms 1is an indication of change of ocean water masses at
Point Conception between the cold California Current water to the
north and the warmer water of the Los Angeles Bight to the south.

burine 1976 the anomalies of SST's at <coastal stations were
rather noisy and the only major trend was the presence of cooler
than normal water along the coa2st during spring and summer from
Sitkar AK, south to Californija. Puring summer, first in
southeastern Alaska and later farther south, the anomalously cool
water was replaced by warmer than normat water which reached
maximum anomalies of +2.5C at Yakutat, AK, and off southern
California in November and December.

The SST charts presented monthly in Fishing Information showed
general negative anomalies of SST along the coast during 1976
until July when positive anomalies first dimpinged against the
Oregon and southern California coasts. Positive anomalies spread
during summer and fall and occurred along the entire coast in
November and December, 1in agreement with the coastal station
data.

WEST COAST DENSITIES

The long-term mean distribution of density along the west <coast
of North America (Fig. 10.3) showed that minimum densities
occurred off California in February, probably 1in response to
winter rains. In Alaska, however, minimum densities occurred in
June or July due to snow and glacial melt.

Durinc 1976, observations of density were spotty but showed
positive anomalies off most of the coast most of the year. Large
positive anomalies of density off San Francisco and Crescent City
were associated with drought conaitions existing over California
most of the year. The lLow densities at Kodiak, AK, in August and
September were apparently in response tao local precipitation.
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EAST COAST SEA SURFACE TEMPERATURES

The Llong-term mean SST's at stations alonoc the east <coast
(Fipo. 10.4) showed minimum temperatures at all stations
January-tarch, and maximum temperatures July-September. As for
the west coasts, the peaks were earlier (January and July-August)
at the southern stations and tater (February=-March and
August-Septemher) at the northern stations. Minimum Winter
temperatures of 0.6C occurred in February at Portland, ME, and
maximum summer temperatures of 30.7C occurred in August at
Key West, FL.

Two regions of rapid change of SST with distance <c¢an be seen
(Fig. 10.4). These regions are between Kiptopeke Beach, VA, and
Myrtle Beachs, SC» and between Mayport and Miami Beach, FL. As at
Point Conception on the west coast, these regions are associated
with changes in ocean circulation and occur at Cape Hatteras and
Cape Canaveral, respectively. Unlike Point Conception, however,
where the greatest SST change between adjacent stations occurred
in summer (4.0C change in August), the greatest changes in SST
between stations on the east coast occurred in winter or spring
(8.2C <change 1in January at Cape Canaveral and 5.7C in April at
Cape Hatteras).

bDuring 1976, sampling at the stations was incomplete and many
values were missing. In January anomalies of SST were negative
along the entire coast as were air temperatures over most of the
eastern United States (Wagner 1976). Anomalous warming occurred
in February, and by March SST's were above normal along the coast
(up to 2.6C above normal at Charleston, SC). This warming also

was mentioned by Taubensee (19762). During the summer months
anomalies were positive at PFontauk Point, NY, and to the north
but were negative to the south. SST's were generally below

normal during the fall, and became extremely cold in November as
the unusually cold winter of 1976-77 began. An extreme negative
anomaly of -5.5C was observed at Sandy Hook, NJ, in November.

Chamberlin and Armstrong (Paper 5) summarized air temperature
data along the east coast to show the development of the winter
of 1976-77 when stronag northerly winds occurred over much of the
eastern Unjted States. Their data, from Natijonal Weather Service
weather statians for the perioo July 1976-January 1977, indicated
that ancomalies of air temperatures in fall 1976 were most
negative during November over most of the coast. This 1is in
agreement with the SST data. In neither the air temperature nor
the SST data did large negative anomalies occur as far south as
Miami or Key West, FL. Dickson (1977) also showed that southern
Florida air temperatures were not unusually cold in November.
The strong negative anomalies of SST in November were a response
to the extremely southern location of the jet stream and the
consequent cold, dry winds from the north and northwest. These
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atmospheric conditions enhanced heat Lloss from the water,
strengthened southward-flowing <coastal currents, and increased
vertical mixing. Evidently these processes were not fully
effectijve at Miami and Key West where SST's are more closely
associated with Gutf Stream advective processes.

EAST COAST DENSITIES

The Llong-term mean density data on the east coast (Fig. 10.5)
show that many of the stations are affected by tand runoff. Such
runoff is particularly evident 1in the figure at Boston, MA-,
Sandy Hook, NJ, Kiptopeake 3each, VA, and Charleston, SC, where
closed contours enclose regions of minimum water density.
Minimum density Wwater occurred at the northern stations
March-May, while at the sasuthern stations it occurred
January-April. This delay in the time of minimum density at the
northern stations resulted from retarded snowmelt and river
discharge in spring in the north relative to winter precipitation
in the south. The timing of maximum water density similarly is
delayed to the north as maximum density generally occurred
May~-September at the southern stations and during September or
October at the northern stations.

During 1976 density observations were frequently missing, and the
available observations did not have much coherence from station
to station or month to month. A region of coherent positive
anomalies occurred from Montauk Point, NY, and north over most of
the year, with the obvious exception of Boston, MA, and Portland.,
ME during January-March. Positive density anomalies at
Wwoods Hole, MA, and Montauk Point idncreased rather steadily
during the year.

Large and variable anomalies occurred at Charleston, SC, and
Mayport, FL, and resulted from fluctuations of river discharge
near these stations. For example, the positive anomalies of
density at these stations February-May were associated with
drought during February and March (Dickson 1976a; Taubensee
1976a). Similarly the negative density anomalies at these
stations in June were associated with higher than normal
precipitation in the area (Dickson 1976b; Taubensee 1976b).

GULE. OF MEXICO COAST SEA SURFACE TEMPERATURES

The Long~term means of SST's at all stations along the U.S. coast
of the Gulf of Mexico (Fig. 10.6) showed minimum values in
January and maximum values in July or August. Minimum winter
temperatures occurred at the most northern, estuarine station.,
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Dauphin Island, AL, and maximum summer temperatures occurred at
the most southern, open ocean station, Key West, FL.

puring 1976, observations of SST's at Gulf coast stations were
fairly complete and showed good coherence in space and time. A
pattern of SST anomalies similar to that observed at east coast

stations fram New Jersey to Florida occurred. SST's were
anomalously cald at all Gulf coast stations during December 1975
and January 1976 with the greatest anomalies 1in Florida.
Anomalous warming began in February in Texas, and SST anomalies
peaked in March at Cedar Key, FL. Anomalous <cooling then

occurred over most of the area for the vremainder of the year.,
peaking 1in the large negative anomalies of November over most of
the coast. The negative anomalies in November were <1C in
magnitude only at Key West, FL. The greatest negative anomaly
(-5.1C) was at Gatveston, TX, 1in November. Chambertin and
Armstrong (Paper 11) in their summary of Gulf coast air
temperatures during late 1976 also found greatest negative
anomalies at Galveston during November. The anomalies of air
temperature were caused by strong northerly winds, whereas the
SST anomalies were caused by heat losses to the cold, dry air.

GULF OF MEXICO COAST DENSITIES

Long-term mean water density (Fig. 10.7) ranged from almost fresh
in January at Dauphin Island, AL (in Mobile Bay), to open ocean
conditions at Key West, FL. The months of minimum and maximum
densities varied and reflected variations 1in timing of local
river discharge. Minimum densities occurred January-June and
maximum densities occurred June~-November.

Anomalies of density in 1976 were variable, and apparently were
related to LlLocal fluctuations of precipitation and runoff.
Negative anomalies of density were observed almost all year at
south Texas stations. Positive anomalies occurred during
August-October from Dauphin Island to Key West, and into December
at stations in southern Florida.

SUMMARY

Although coastal station data are noisy and have frequent gaps in
coverage, they dao show Llarge-scale coherences among stations.
These coherences are in general caused by climatiec fluctuations
that affect Llong stretches of coastline. An extreme example of
such a climatic change is the strong northerly winds over much of
the eastern United States durino November 1976. These winds
created negative anomalies of SST at coastal stations of at least

156




Paper 10

-1C in magnitude from Portland ME, to Mayport, FL, and from
St. Petersburg, fL, to Padre Island, TX. Extreme anomalies of
-5.5C were observed at Sandy Hook, NJ, and -5.1C at Galveston.,
TX, in November.

LITERATURE CITED

BAKUN, A.sr D. R. McLAIN, and F. V. MAYO,
1974. The mean annual cycle of coastal upwelling off western
North America as observed from surface measurements. Fish
Bull., U.S. 72:843-844.

DICKSON, R. R.

197%a. Weather and circulation of February 1976. Extreme
warmth over the eastern two-thirds of the United States.
Mo. Weather Rev. 104:660-655.

1976b. Weather and circutation of May 1976. Temperature
reversal over the United States. Mo. weather Rev. 104:
1084~1089.

1977. wWeather and circulation of November 197?6. Record cold
over south and midwest for the second consecutive month.
Mo. Weather Rev. 105:239-244.

GOULET, J. R.,r Jr.

1976. Tidal station temperatures, U.S. east <coast and Long
Istand Sound. In The environment of the United States
tiving marine resources - 1974, p. 19-1--19-9, U.S. Dep.
Commer., Natl. Oceanic Atmos. Admin., Natl. Mar. Fish.
Serv., MARMAP (Mar. Resour. Monit. Assess. Predict. Program)
Contrib. 104.

GOULET, J. R., Jr. and E. D. HAYNES.
1974, Coastal temperatures. In J. R. Goulet., Jr. and
F. D. Haynes (editors), Ocean variability: Effects on U.S.
marine fishery resources - 1975, p. 21-23, 34-39. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS Circ. 416.

McLAIN, D. R.
1978. Anomalies of coastal sea surface temperatures along the
west coast of North America. In J. R. Goulet, Jr. and
F. D. Haynes (editors), Ocean variability: Effects on U.S.
marine fishery vresources - 1975, bp. 127-140. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS Circ. 416.

157




Paper 10

TAUBENSEE, R. E.
1976a. Weather and circulation of March 1976. Record heavy

precipitation around the Great Lakes. Mo. Weather Rev.
134 :609-814.
1976b. Weather and circulation of June 1976. Increased

drought in California. Mo. Weather Rev. 106:1200-1205.

WAGNERI A- J.
1676. Weather and circulation of January 1976. Increasing

drouyht in California and the southern Great Plains. Mo.
Wweather Rev. 104:4691-493.

158




*(1°p1 Xipuaddy 398) SUOIIB}S |€ISBOD JO UOHIEIOT—'}'0] 3anBLy

|

S——

~
/\/,f R
< S N
J )
M ‘1SIM >§A/ﬁ»& \,

W HOVIE IWVIW- o+ ‘OdNnas¥aL3d 1S

\ 24430 u.ﬁww\m{

4 LAOAVW-.
JS ‘NOLSITAVHI -

NS
N /.F/’f —X1 ‘'Sl 3¥qvd

-X1 " Q1ISNYW 1304
(VX1 'SYSNVYAEV 130d

s ‘HOVIE IUMAW- — / X1 ‘130dITud ‘
VA ‘HOV3E INV3IdOLdIN- .. d / X1‘NOLSZAIVO V2 'SIIONVY SOT
: e . VD ‘SINT NVS 1304
TN ‘AYW 3dVD-. 1v *'sl NIHdNvVa .
N ‘ALID DUNVUY - 14°VI0OVSNId - ——V'OISIDNVEL NVS
fN ‘NOOH AGNVS - #

AN''1d IOVINOW- - - ¢
18 L4OdMaN— T J.“N
YW "310H mﬁoog»ww \M\\

YW ‘NOLsO8-~
3W ‘aNV1130d ‘\\‘AMV

Vv ‘HOV3Q 1VINIdWI -¥2 ‘ALID INIDSIAD

‘ - el 3 P . ‘
IW ‘LHO4LSVI— e SI VAV ‘3A0D ¥343IMS,
L N o\w\\ 28 “'ld JLHIWY LT M AVE HVaN \
T 28 Sl SNIVX-- .
ol 58 'SIWVF ‘LS 34VI— % XV SH VASVIVAD v
! RGN ,V AV ©°S1 NVIGON ¢’
p 58°'$1 VIVONVI )
( ~
S~ AV CVNLIS
S /f AV ‘LVLNIVA
W ]
s

159




D0'1 PU® UBAUI J0J ()('Z A8 S[BAI)UL INOJUC)) *}8BOD 189m 'S’} Y1 SuolE () §9130p) ainjeroduwia) 30BLINS 8IS Jo (IBLL) 926] 0] SaI[BUIOUB PUE (3J3]) SL-8Y61 10§ UBAW WLIe)-FuoT—'Z°0] SInF1]

: : , , o we -
. . a0 Jgw e
: /n//n //Nu/,m ‘,\ o e\sx yw/rT LR &
- ~
FFL..‘/W 28 - s
|t L o <

7
9'- ah 3¢ \m.-

A R L
>
€'~ \a ce se
/\\.\
9 - 8-
{
£- 8- @ -

//]nzr\\ N
.

X \3|/-J r'a

(

a N 0 S <} r r H <] W El r a

*S3I[BWIOUB JOJ

"3 *HIB HIN3dWl

2 ‘SITIONY SO

B3 ‘SINT NYS 1d0d

#J *0JSIINgHd NuS

63 “*ALI3 IN3DS3YI

UM ‘Ab8 HU3N

38 °1d 31IHLIIHdWY

38 ‘SI SNIUX

J8 °S3WHr 1S 3dY3

J8 "SI HHUONYT

Mg "UMLIS

MU “ LHANNUA

MY *{87d 1SINUIOON

M UMSHTIUNG

HE “{AJ3 SHJMS)NUOY

Ix a"rt y'au AR ENRE T U LU A 103 IS
I NN
N N ' !
\ |
1°61 /m.m_ .2 €81 _ ARV et e'st  a'wl gt
/ !
~ . ™
821 w;m,_ u.m_/)?ﬂfs;mﬂ 7St 1 S'21 v'Zi 921 vzt el21
»//. ,_
0 g6l 2'st ertJ L€l gzl el g ' T'n
~ ™~ \\\\\///
FAT TR 1 BT S NY-L ) S A - SV A I U SEPEY | L (v Gy SP R ETP T}
Ny L
S T - e TN
L T -SRI 1" N -1 S A & B RS R -1 T 21 T 1 \m«n 2t 8t Ya
/ =~ /
/

AL} :ﬁ vy
6'%4  PB\ N.:/,
.// /,/

. N

e'r  te
N // i
a.m// 'L / NAm_/

B’y ‘gUa /m.m N
SN

SN N
gz \ s\ ro
\ // \

yd
821 1€l

n/A

r°Z

gt 8'9 \io
\;

8L

ru
m 21 £ £°L

2" __ aLNﬂ\\N M3 w\w

1€ £°'01

9'9 9'9 2L

st e'ml wve s 6 0
\\\lr//// AN ~
/f N
h ~
21 e'm .n_ 2’ N L LT
p o
RN mm_ n.v\ V/o.-
. \\\\V\ ~
N
98 o9l ze

AN

160




‘SIIUn 7 ST [BAJAJUY INOYUO)) ‘I8BOD J8am °S’() Y Buo[® (1- BWBIS) L)ISUIP Jo (3YBLL) gL6[ 0] SA[BRIOUB PUB (1O} SL-8F6] 10 UBIW Wad}-3uo]— g0l dInBg

ALISN3d S3ITTUWONY ATTHINOW ALISN3A SL61-8761 NU3W Wy3L

e R R P S B9 28 2B gy uog WINIdWI BTR B'SZ B'SZ BYWZ  6'WZ 8'12 'R 'R AR 'R PR e -..n
i ! i : i | : i , , : : : : i i , : : ;
! i | ! ; ; : ! : : | ; i : : | ; ! : i i |

! B |
slg-—-- -alg - ' g'g '8 ('8 S8 B 8D t'e sy s;igoNs sol 82 BRI I'm w2 m e e e d'm t'm e'm

o

2l 4y -gIm NuS luOod BT BWZ 162 2'sz vz vz iz B'R 6'e e.. LLNIPI

/)
— A
s'e 41 ‘0SIONWMJ NHS 122 12 @z LE2 g e 2 I e rw e® F_
, & B :
P
! i , ; ' : : i : . s T~ : > i i i |
e 1 i i : : i : : : : : W3 *ALIJ IN3JS3WD LT g'zz  1{re  e've €£°r2 E'r §¢z g2 /u./um NJN wim L' - n:n
i ! . . N ~ H
€1 9’8 sa pe v~ cg 8- o WM ASE HUIN T2 L Bz ez L'z ez 2z 12 e 2> ez <E vm
~ ~— S C
re - ore - r- e - 8- E'- g ciq JLINLINGWY 8'82  1'R2 c.a\ vz Lz tm ez ezeMz 1z e'e 'R 8'®
i ; : : ‘
~ i ' : 7 . ; ; !
-....J v ele \r- £ - e oS- g- g e 2- e s 2z 97 \.N.\NN 2z 9wz s'ez 12 9E _/J~1me~/m:~ sz 2
, \ . | , , 8- / 28 *S1 sNIBY 2 : iz _z
30 siWbr s 3du B'EZ B'EZ B2 ('62 L'z L2 @'€2 @'z Wz @iz e'er e 8'R
e — \} ;
— / — \43?}‘\5\\\.l‘\l\]/".”i\\ 1
e oz 2@ 1B E€'® E®__ - Jg 'SI Buwowun L2 LUE2 L6282 @2 £'62 Y62 Bz €2 Bz 82 e LR
i - R : , ” :
e T T ,
[ S I TH TR DR D s ‘uiis 6T 1tz 2 ww\mﬁ €61 8'®1 26 e'w w.a ez em w8l
L ‘ “(
: . s g 81 7T ,unu/m;\/;\ad ki3 Wy ClULEA 222812 -
i : ! // \ haS ///
_ , S — ”
o8 20 2@ 4f €2y e1osn e s e Wy ‘(57d 1S)vglooN E'€Z 8 N\WNN 9 —)\
i ¢ B i \1 /
8'1 : : RNV@._ ” : E'1 B'8 , s‘e W B 9"z s'iz e'me 12
_ , . 6NN -
; : sy D e

i —

; /1\\‘\\ . ; ; ; . i |
”e 1t u\w. /7 '8 9 2@ B P'® B oy (a3 SudMs)yugy B'EZ  B6°€2  6'€Z  L'€2  8'€2  L'eZ  g'ez sz 1w zez - el el el
a N 0 S Y £ r H o} H 4 r a a N 0 S -} r f N B W 4 r a

961

161




“saf|Bwoue

203 D01 PUEB UBAWI JOJ [)(°'Z IIB S[BAIIUI INOIUC) *15L0D J583 S"[] 3y} Suo[e () §32130p) aunjesadurd; 208Jans BIS Jo (IYBLI) 9261 10§ SABWOUE PUB (3]) §L-8Y6] 10] UBAW ULIA)-BUoT—p g1 By

S Tat

dW3l b3S S3ITHWONY ATHINOW
34 "1SIM A
14 'HOY3E TWHIW
74 " LHOdABH
35 *NOLSITHUHI
35 *HIY38 ITLHAK
BA ‘HIE 3¥H3d0LdIM
PN *AUW 3d63
N *ALID JIINHY

N *MOOH AONYS

AN “1ld MNUINOW

:
R EEE . . z : ez I8 *LHOdM3N

s Fﬂ\ t'e

- NARW
\5 nA M\ 1 bW “370H STOOM
NN

21 S
/ A\,

gy g -

7 Al a1 > g Lg BH ‘NOLSO8
e @ﬁ- W “ONYILNDd

34 °1HBdisy3
N -} [} 4 r a

dW31 Y38 SLB61-876T NU3W Wy3L
ﬂ LE Ve L
vz /NEW w.mw/mm
,./. N /
NN, N
m.mﬂ mf NEAUZ2N m Y 1t
SN / /

8°82

/N~// ‘g / JNN/ 74 374
odwr;wk

* \ ﬂ 2 /
//,/,N/../wu,m,mm\aﬁ\\
ity
[ \.
\ u,:

.mf /_._N .\

a N 0 S L] r r W -} H El r a

162




*$JIUN Z S{ [BAJISJUI JNOJUO) “)SBOD 1883 ‘() Ay) Buo[s (3-BWIBLS) A)1suUap Jo (WIWI) 926] IOy SA[BWIOUB PUR (3J3]) SL-8Y61 40] UBAW WIa}-Suo]— g 0y 2MBLY

T4 183 A

4 ‘HOU38 IWUIK

T4 LHOdAEW

JS ‘NOLSITHYHT

JS “HJB38 311HAN

HA *HO8 3MU3JOLdIN

N ‘AWl 3dH3

N “ALIJ JIINGTLY

N “¥OOH AGNYS

AN ‘ld MNBLINOK

ALISN3A S3IITHWONY ATTHANOW

3 L St I & R S se g8 98 _ﬂ .AN-

s La re _W- 1 " de ee e e 98-

“ j " ~ . =

i / H : w ” / —~ S U

e .N/W‘\J- > ..- U; L -@.m mdm
¢\ \ Y

. S TIRRE R 11 .m.n\vn :
Pl 7

9°2" _.m.\_ﬁ'

e e O s

r-

A.lmh\\mwl?

21 I I I I R Y T

12a -

22 _W\-.N 8t @1 91 L} 5*1 €' [
: : \///\\J//

‘1 6°¢ 81 1481

] ——

m.m\ L L' . 5% Nhl.wrl\\fﬂ/iyaﬂ §- £'-
: ! P\ e

U G e o Vn.n z8 e - 8- 2 £ T
N —

T i pige- g o pig -y se ed a0z
a N 0 S 5] r r W <] W 4 r a

9461

I8 “1HOJM3N

g4 *370H SQooM

W *NOLSO8

3W "ONYLHOd

AW *18Od1SH3

ALISN3G SLB61-8Y6T NY3W Wyl

6'82 @2 ('8 6'S2 '@ eMZ 'z ¢.,.n~l‘w‘.nml“v._hlﬁ.ﬁ?i-,ﬁ\jﬂ

S
T

i i
SIS 21 5 s.nnAmﬁi\m.\El)ﬂ.n_\ eut—ztt- viat €81 ¢
e — , , .
Iy T : i
58z (82 €'iz__BH2—6HZ- 82 -@uZ L2 &' ('@ € CY4
e = ELE TR
. ,
Bz 2'€2 262 £'€2 E£'€2 V€2 £'62  PEE ‘ ’

e e
2Ub=-ye1 3'B)_ z'et 161 cer Q1 vsUT@wiCeel e Uz
I e —— B S :
T T e T
62 2€2 ewz 22 '@ 9@ Ve : rE ez
622 1%z YR S €%z '€z ' em '@ s'm em tim 8z

i | U h w
s ez e Lz 9 e 9w vz v e ewm ve s

\\»\\}“ i

v}'»l!l//l]‘l\.l’l:‘l!s\\
yez2 s'& 2z @'z £'1z @12
: ~
P
guz w7z v'zz €22 Tez—eMz_ 22 €

gz ~TTE Ew EWE TV sz ez vz sl el
a N g S <] r r [ =] W 4 r

163




403 )0°1 pue usaul 103 H)°'Z I8 S[BAIIUL INOJUO)) *ISBOD J[NY) "§°() 3Y) Buofe () saasdop) amjeiadwia) 2083INS BIS Jo (3yBux) 9261 10) sIAABWOUE puB (1991) €L-8v61 I0§ uBawr uaay-3uo — 901 am3rg

dW3l b3S

*g31] BIIOUB

SITTHHONY ATHLINOW

..N.Mn 2~ 4 CLS2M AN
U'- 14 ‘gung@sy3L3d 1S
- 74 *A3Y 5033
f2- 74 *HI0JHSNId
38 I8 ‘S NIKdNBQ
E'- XL "12td NOIS3ATH9

- XL ‘1404334

U'- X1 'SI 3udud HLNOS

dW3l B3S

L6z t's2
[ee _.W
\
6'62 --8'62
8'82 1'62
B
€62 a'fz
9'82  1'62
2'62 N<mw
1°82
g T

SL61-876T NUIW WHIL

-4 e L2 #v y&oLce er
- P

\

L

/
m.mw/\ ~.% w‘m._\\. T
,,,/ t \ T

\ e . T —
i *E
-

€62 | 6" 1 A A1 N AL 4 S A
VI o

cef gez/ w; o/ vl v o
el
‘n

8

\\ / 2 ST )
v'gz’ \ _N\ 1\ [RARA-12]

r H L r a

164




“S3IUN 7 §1 [BAIRJUI ANOJUC)) *ISBOD JINY) ‘S'[) Y3 Buofe (3-BwiBis) Aysuap Jo (IYI1L) 9161 10] SI[BWIOUB PUB (1J3]) S4-§P6] 10 UBAWX WId)-Buo]—L 0] 3NB1]

ALISNIA S3TTHWONY ATHLNOW ALISN3A G/6T1-87v6T NHIW WAL
se o® x 2 WOLSH AN R B2 LR ER2E CQ T S8

e ﬂ &°- m,.w 14 "SMNESHILId 1S e E nﬂLl:\wt:i GBI\ LB €Z 8 SEI TR Ve R Vsl

— w ~_ / ; ' ! !
/Nx#\ /\m g e 74 (A3% WHO3D O £ vU8I \wél 181 uun,.wvlm\\ TR

g . ~ \ //
- e b st 14 ‘Wl0¥SNId  B'E BIT \< ‘a1—-¥7a1 \m T re—GEL -\.\ygw/llﬂﬂ///%ﬂ

T RN 1(1)’1////1

" BRI NN

/
T °SI NIHdNWD  €° r Sziel e %mf/b«ﬁ\ m :/ uﬂﬁm.m @.:
B - ‘ /txi.l”lk

XL ‘Tzdd NOLSIAWO  1'BT a.m,_;!w.,n_‘ Kl \\.),w / ﬂ . \u.qw A

Xl *l40d33u4 €81 Zerl e¥t
XL ‘SUSNUMD LHOd 62 6782 ETl2 g \\m.mm

J/i -
XL "OT3II4SNUW LHOd B mdw ;w«/ :NQV

XL ‘SI 340bd HINOS Y12 B'SZ  B'FE M.mN £z
0 S 5] r r W H W 4 r a g N 0 S =] r r W <] W 4 r a

165




APPENDIX 10.1

Locations of stations shown in Figure 10.1.

West ¢coast
Adak, AK S51NS2? 176w3G"
Unalaska, AK 53N53! 166W33"
Kodiak, AK 57N45* 152W29°*
Yakutat, AK 59N33°® 139W44°?
Sitka, AK S7NC3? 135W21°
tangara Island, B.C. 54N15° 133Wd4°
Cape St. James, B.C. 51NS6? 131W01®
Kains Island, B.C. SGN27°" 128W0e"
Amphitrite Point, B.C. 4LENS5S" 125uw32?*
Neah Bay, WA L3N22° 124W37°
Crescent City, CA 4INGS® 124w12*
San Francisco, CA 37N4ED 122w28"°
Port San Luis, CA 35N10° 120w45
Los Angeles, CA 33N43° 11EW16"
Imperial Beach, CA 32N35"* 117w08°

East Coast
Eastport, Mt LLNS54° 66W59"
Portland, ME 43N40° 7CWw15?
Boston, MA 42N21° 71W03°*
Woods Hole, MA 4LINZ2® TON&Q*
Newport, RI 4LIN3C® 71w20°
Montauk, NY 41NC3?® 71W58"*
Sandy Hook., N 40ONn28° 74W0% "
Atlantic City, NJ 39N21" 74W25°
Cape May., NJ ZENSR?! 74W58"
Kiptopeke Beach, VA I7NIO? 75W56"
Myrtle Beach, SC ZINGT? 73w53°"
Charleston, SC 2I2N4&T7" 79WS6"°
Mayport., FL ION24? E1wz2é6"
Miami Beach, FL 25N46 8 8owis!*
Key West, FL I4N33T 81W49°

Gulf of Mexico Coast
Padre Island, TX 26N04L? 97Wwooe?
Port Mansfield, TX 2EN33? Q7ue6 "
Port Aransas, TX 27IN4LG?® P7wil4 "
Freeport, TX 2BNST7" 95w19 "
Galveston, TX 29N18° QLW LT "
Pauphin Island, AL 30N15° 88wQs5 "
Pensacola, FL 30N24" 87w13"
Cedar Key, FL 29N08? 83wde"
St. Petersburg, FL 2INLG? 82w37"*
Key West, FL 24N33" 31W49*

166




