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Abstract

Measurements of salinity and temperature in waters of the
San Francisco Bay estuarine system are presented. Sampling was
conducted at selected locations (stations) and depths over the
period between January=-December 1980 at approximately two week
intervals. Stations were located in deep channels and adjacent
shallow water areas from Calaveras Point in South San Francisco
Bay to the town of Rio Vista on the Sacramento River and to the
Three-Mile Slough on the San Joaquin River. Numerical values of
salinity, temperature, and station locations are tabulated.
Contour maps of deep-channel salinity and temperature are

presented and the analytical methods are briefly described.



Introduction

The U.S. Geological Survey made physical, biological, and
geochemical studies in the San Francisco Bay estuarine system
during 1980 (CY 80). Results from the CY 80 investigations will
be released as a series of data and interpretive reports. This
report presents numerical values and contour maps of salinity and
temperature. These observations were made at selected locations
(figures 1 & 2; tables 2 & 3) during the regularly scheduled CY
80 cruises (Table 1). Calculated densities, as sigma~-t, are also
reported.

Methods

Two research vessels were used simultaneously. The R/V
Polaris, the larger vessel, occupied stations in the deep
channels, (figure 1; Table 2) while the R/V Estero occupied
stations in the adjacent shallow-water areas (figure 2; Table
3)., Stations were located by radar and visual sightings of local
landmarks and navigational aids. Locations are reported here to
the nearest 0.1 km, in the Universal Transverse Mercator system
(UTM), which allows direct computations of distances (Richardus
and Adler, 1972). The San Francisco Bay is included in the UTM
zone number 10. For convenience of entry and manipulation, only
the significant digits have been included and the UTM positions
have been divided by 1000, so that kilometer is assigned the
units place. For example, a UTM position of 4190000 M North
appears as 190.0 N in our tables.

Water was sampled and measurements were made with the



equipment and instrumentation described by Schemel and Dedini
(1979) and Dedini and Schemel (1980). Near-surface (1 to 2 meter
depth) water was pumped from through-hull fittings while the
vessels were underway, enabling continuous lateral measurements
of salinity and temperature. Salinity and temperature were
continuously measured and recorded on analog strip-charts. These
surface-profiling measurements are listed at a depth of 1 m in
the data tables; however, the actual depth varied at least 150%
depending on the sea state and ship speed. At selected locations
in the deep channels (figure 1) water was pumped at depth to
within 2 m of the substrate with a submersible pumping system.
The pump depth was determined by an attached pressure transducer
having an accuracy of +1 m. A data table depth of 0 m refers to
a pump-intake depth of about 0.2 to 0.5 m.

Temperature was measured with thermistor probes immersed in
the pumped-sample stream or attached to the submersible pump.
Probes were calibrated before and after each cruise at the ice
point (0°C) and a point between 20 and 25°C. The precision of
these measurements is *#0.1°C and the accuracy is on the order of

t0.2°C.



Salinity was measured with inductive salinometers with flow-
through sample cells. The accuracies of the salinometers were
verified each day by collecting samples from the discharges of
the sample cells when the readings were stable. Samples were
taken at about 3 o/oo increments over the salinity ranges
encountered. Salinity-samples were precisely determined with a
laboratory inductive salinometer (RS-7B, Beckman Instruments,
Inc., Fullerton, ca)'/, Shipboard salinity values were corrected
when differences of more than 0.05 °/0o0% were consistently
observed; most values agreed to within 0.05 ©/00. The difference
between the laboratory and the corrected shipboard values are
shown in figures 3 and 4. Details of the procedure for salinity
determination were discussed by Schemel et al. (1982).

Sigma-t (density) was calculated as described by Smith and others

(1979) from the equations of Knudson (1901).

1/ The mention of brand names is for identification purpose and

does not constitute endorsement by the U.S. Geological Survey.
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Results and Discussion

Salinity and temperature distribution have been reported for
varying conditions in San Francisco Bay estuarine system; a
recent review by Conomos (1979) summarized available data and
discussed the important factors that determine the salinity and
temperature fields. The salinity field varies primarily in
response to the rate of fresh water outflow from the Sacramento-
San Joaquin river delta (delta outflow). The temperature field
changes seasonally, primarily in response to variations in the
atmospheric and delta-outflow temperatures and insolation.

An overview of CY 80 2 m-depth data is presented in figures
5 and 6. These results are reported as they were observed and
are not corrected for tidal-phase variations. Delta outflow is
estimated as the delta-outflow index plus the flow to the Yolo
Bypass (U.S. Bureau of Reclamation). Responses of the Bay
salinity field variations to delta outflow have been described by
McCulloch and others (1970) and Imberger and others (1977). The
1980 water-year (Oct. 1979-Sept. 1980) was "wet" in comparison to
the historical average and the effects of the high delta-outflow
rates are shown in our data. Clearly, salinities in both the
North Bay (example of San Pablo Bay) and South Bay were lowered
following increases in delta-outflow and salinities increased as
the outflow decreased. Likewise, near-surface salinities at the
Golden Gate (Station 19) responded to the winter delta-outflow
variations. During spring through fall, salinities increased,

first rapidly then slowly, at the Golden Gate while the
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salinities in San Pablo Bay responded similarly, but were lower
than those at the Golden Gate due to the greater dilution of
seawater by delta-outflow.

Seasonal temperature variations at the 2 m-depth for the
three locations discussed above are shown in figure 6.
Temperatures are higher during summer than those during other
times of the year at all three locations. Waters landward of the
Golden Gate are colder during the early winter, but warm to
temperatures higher than those at the Golden Gate during
spring. A cooling at all three locations was observed during
early fall. Lower temperatures at the Golden Gate during early
spring are perhaps a result of coastal upwelling.

Numerical values of salinity and temperature are tabulated
in Appendix A. Salinity and temperature distributions in the
deep channels are depicted by contour plots (figures 7 through
27)« The contour plots show the distributions as they were
observed and are not corrected for tidal-phase variations.

A most important feature of the salinity fields is
stratification, which results from the circulation and mixing of
the delta-outflow freshwater with oceanic water. During fall,
most of the Bay is vertically well mixed, except for the most-
landward reach of the North Bay. Vertical stratification
typically appears during winter, when storms cause the seasonal
delta~outflow increase. Salinity stratification is coincident
with a lateral shift of the salinity field seaward in North Bay

and the injection of lower-salinity water into the northern part
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of south Bay. Figure 7 shows distributions following a small
increase in delta-outflow and preceding a large delta-outflow
increase. Figure B shows the effects of a large delta-outflow
increase; salinities were lowered 10 °/o0o or more and steep
vertical gradients appeared in North Bay. The lower temperature
of the delta-outflow is also shown in the temperature field of
the Bay waters. Even more intensive salinity stratification is
shown in figure 10, which represents conditions following the
period of the highest delta-outflow during 1980. Varying degrees
of salinity stratification were observed through spring as the
salt field moved landward in North Bay in response to decreasing
delta~outflow rates. Bay waters were vertically well mixed
during summer and fall, when outflow was low.

Knowledge of the responses of San Francisco Bay waters to
natural seasonal events is basic to our understanding of this
large complex estuarine system. The CY 80 salinity and
temperature data constitute our most complete data set showing
how the entire Bay responds to variations in delta=-outflow.
Further detailed analyses of these and other data will be

presented in subsequent reports.
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Calendar

-
PN T

17
15
15
16
16
28
28
29
29
12
12
13
13
16
16
17
17

Date

JuL
JUL
JUL
JUuL
JuL
JuL
JuL
AUG
AUG
AUG
AUG
AUG
AUG
AUC
AUG
SEF
SEF
SEF
SEF
SEF
SEF
SEF
SEF
ocy
oCcT
act
och
ocT
oCcT
oCT
ocy
NOV
NOV
NOV
NOV
DEC
DEC
eC
hEC

80
80
80
80
80
80
80
80
80
&0
80
80
80
&80
80
80
80
80
80
80
80
80
80
80
80
&80
80
80
80
80
80
80
80
80
80
80
80
8o
80

Vessel

POLARIS
ESTEROD
FOLARIS
POLARIS
ESTERO
POLARIS
ESTERD
FOLARILS
ESTERD
POLARIS
ESTEKO
ESTERO
POLARJS
ESTEROD
POLAR1S
POLARI1S
ESTERO
FOLARIS
ESTEKOD
POLARIS
ESTERD
FOLARIS
ESTERO
FOLARIS
ESTERU
FOLAR1S
ESTERD
FOLARIS
ESTERO
POLARI]S
ESTEROD
FOLARIS
ESTERU
FOLARIS
ESTERD
FULAR1S
ESTERD
ESTERO
FOLARIS



Table 2.

Station
Number

2

WOJOUVDdDWNW

San Francisco Bay hydrographic station locations - main channel

UTM Station
N. E.
225.5 616.8
222.9 614.9
216.4 610.6
210.7 601.8
213.2 600.4
211.8 598.4
211.5 593.4
212.8 589.5
213.3 584.7
211.3 579.3
209.3 574.5
211.4 572.5
212.5 569.5
212.7 564.6
211.6 560.4
209.3 555.7
206.7 §52.5
202.4 549.5
196.3 548.3
192.6 550.6
189.3 553.1
185.6 546.5
185.4 552.4
183.6 555.5
179.4 556.5
175.5 558.5
172.5 558.3
169.4 559.5
165.4 560.5
163.4 562.5
161.5 564.4
159.5 566.7
156.5 571.4
153.8 574.4
152.5 576.5
151.6 577.5
149.8 580.6
148.5 581.5
147.4 582.7

Name

014 Ssac. River
Rio Vista
Toland's Landing
Winter Is.
Chain Is.
Pittsburg
Simmons Pt.
Middle Ground
Roe Is.

Avon Pier
Martinez
Benicia
Crockett

Mare Is.
Hercules

N. of Pinole Pt.
W. of Pinole Pt.
Pt. San Pablo
Red Rock
Raccoon Str.
Berkeley Pier
Golden Gate
Blossom Rock
Bay Bridge
Potrero Pt.
Hunters Pt,.
Candlestick Pt.
Oyster Pt.

San Bruno Shoal
SFO

N. San Mateo Br.
S. San Mateo Br.
Redwood Cr.
Coyote Hills
Ravenswood Pt.
Dumbarton Br.
Newark Slough
Palo Alto
Calaveras Pt.
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38°
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

N. Latitude

10.7°
8.9’
5.2
2.4
3.8'
3.0
2.9
3.6'
3.9
2.9°
1.8’
3.0°'
3.6
3.7
3.1'
1.9
0.5"'
58.2°'
54.9°
52.9°'
51.1°
49.1'
42.0'
48.0'
45.7"
43.6'
42.0'
40.3'
38.2'
37.1"
36.0°
34.9°
33.3°
3l1.8°
31.1'
30.6"
29.6'
28.9°
28.3"

W. Longitude

121
121
121
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

40.0°'
41.3°'
44.8°'
50.4'
51.3"
52.7"
56.1"
58.8"

2.1°

5.8°

9.1
10.4'
12.5"
15.8°
18.7°
21.9'
24.1'
26.2'
27.0°'
25.6'
23.8'
28.3"'
24.3"
22.2'
21,5
20.2'
20.3"
19.5°
19.0°
17.5°
16.2°
14.8°
11.5"

9.4'

8.1’

7.4°

5.3

4.7

3.8'



Table 2. - Cont'd.

Area

Sacramento River

San Joaquin River

Station
Number

649
651
653
655
657

745
747
749
751
753
755
757
759

UTM Station

N.
212.9
215.0
217.1
219.7
223.4

210.5
209.4
208.9
209.5
210.3
212.1
215.9
216.8

E.
605.6
608.5
612.1
613.9
614.9

598.3
601.9
605.5
609.1
612.6
615.2
616.1
616.0
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N. Latitude

W. Longitude

38
38
38
38
38

38
38
38
38
38
38
38
38

2.3"
1.7
1.4
1.7
2.1
3.1
5.1"
5.6'

121
121
121
121
121

121
121
121
121
121
121
121
121

47.8"
45.8"
42.0°'
42.3"
41.3"

52.8"
50.3"
47.9!
45.4"
43.0°'
41.2'
40.6"
40.6'



Table 3.

Area

South Bay

San Francisco Bay hydrographic station locations ~ shallow water

Station
Number

102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
l64
166
le8
170
172

174

176

178

180
182

184

186

188

190

192

194
196
198
200

UTM Station

N.
148.6
149.8
149.8
150.0
150.3
151.1
152.5
153.9
156.0
157.0
158.1
159.9
161.8
l6l1.2
160.6
160.0
159.5
160.4
160.7
161.0
161.4
162.0
162.8
163.4
164.1
164.8
165.4
165.8
167.4
169.2
170.8
172.5
174.2
175.1
174.4
173.8
173.1
172.4
171.8
170.9
169.8
168.5
167.4
160.0
166.8
167.4
168.0
168.7
169.4
170.0

E.
580.3
580.2
580.8
579.8
579.7
578.0
576.9
575.7
574.0
573.0
571.8
571.9
572.0
570.6
569.2
567.4
566.3
564.6
562.8
561.0
558.7
560. 4
562.1
563.9
565.6
567.3
569.1
570.3
569.4
568.5
567.6
566.7
565.8
565.3
563.6
561.9
560.1
558.4
556.7
554.4
555.0
555.7
555.4
555.0
556.9
558.6
560.3
562.0
563.7
565.4
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N. Latitude

W. Longitude

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

28.9!
29.6°
29.6'
29.7"
31.3°
30.3"
31.1'
31.8"
33.0'
33.5°
34.1"
35.1"
36.1"
35.8"
35.5"
35.2'
34.9'
35.4"
35.6"
35.7"
36.0"
36.3"
36.7"
37.0'
37.4"
37.8!
38.1"
38.3"
39.2'
40.1°
41.0'
41.9'
42.9'
43.4°
43.0°
42.7"
42.3"
41.9°
41.6'
41.1"
40.5"
39.8"
39.2!
35.2"
38.9!
39.2"
39.6!
39.9!
40.3"
40.6"

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

5.5

5.5

5.1

5.8

5.9!

7.1

7.8

8.6"

9.7
10.4'
11.2"
11.1°
11.1°
12.0"
13.0
14.2"
14.9'
16.1°
17.3¢
18.6'
20.1'
18.9'
17.8"
l6.6"
15.4'
14.2°
13.0'
12,2
12.8'
13.4°
14.0°
14.6°
15.2°
15.5"
l6.7'
17.8"
19.1"
20.3"
21.4"
23.0°'
22.6"
22.1"
22.3"
22.6"
21.3'
20.1"
19.0!
17.8!
16.7!
15.5¢



Table 3. - Cont'd

Area

Central Bay

San Pablo Bay

Suisun Bay

Station
Number

252
254
256
258
260
262
264
266
268
270

302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334

402
404
406
408
410
412
414
416
418
420
422
424
426
428
430
432
434
436
438

UTM Station

N.
185.6
187.0
188.0
189.7
191.3
193.1
193.0
192.8
192.7
192.5

205.2
206.9
208.8
210.7
212.2
213.5
214.7
215.2
215.7
216.3
216.7
216.9
215.3
213.5
211.8
210.1
208.4

210.2
211.2
213.3
215.0
216.7
218.0
219.3
219.0
218.8
217.9
216.7
215.4
214.8
214.0
214.3
214.5
213.3
212.5
211.5

E.
557.3
558.7
559.8
558.8
558.0
557.0
555.1
553.2
551.4
549.5

553.5
552.3
551.1
549.8
548.8
547.9
549.8
551.5
553.3
555.1
556.9
558.6
559.3
560.0
560.7
561.4
562.1

577.5
577.3
579.1
580.5
581.9
582.9
582.3
584.2
586.7
586.2
585.8
588.1
589.5
590.5
592.5
594.6
594.0
593.5
593.0
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N. Latitude

W. Longitude

37
37
37
37
37
37
37
37
37
37

37
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

49.1"'
49.8'
50.4'
51.3'
52.2'
53.1'
53.1"
53.0'
52.9!
52.8'

59.7'
0.6"
1.6
2.7
3.5
4.2'
4.8'
5.1"
5.4
5.7
5.9'
6.0'
5.1
4.1
3.2
2.3
1.4

2.3
2.8'
3.9
4.8
5.8
6.5
7.2'
7.0
6.9'
6.4"
5.7
5.0!
4.7
4.2"
4.6
4.5"
3.8"
3.3
2.9

122
122
122
122
122
122
122
122
122
122

122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

122
122
122
122
122
122
122
122
122
122
122
121
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