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INTRODUCTION 

The monthly mean and y e a r l y  mean and extreme d e n s i t i e s  o f  sea water 
g i v e n  on t h e  f o l l o w i n g  pages  are  b a s e d  on o b s e r v a t i o n s  made i n  P a c i f i c  
h a r b o r  and c o a s t a l  waters through t h e  y e a r  1949. The d e n s i t i e s  were 
o b s e r v e d  p r i m a r i l y  a t  t i d e  s t a t i o n s  m a i n t a i n e d  by t h e  U .  S .  Coas t  and  
G e o d e t i c  Survey i n  t h e  Uni ted  S t a t e s  and p o s s e s s i o n s  and a t  s t a t i o n s  
m a i n t a i n e d  c o o p e r a t i v e l y  i n  o t h e r  c o u n t r i e s .  

T h e  o b s e r v a t i o n s  were made by drawing  a sample o f  water from n e a r  
t h e  s u r f a c e  and o b s e r v i n g  i t s  d e n s i t y  by means o f  a hydrometer .  They 
are  u s u a l l y  made once each geekday a t  whatever  t i m e  t h e  o b s e r v e r  at-  
t e n d s  the t i d e  gage.  I t  may be assumed t h a t  i n  t h e  c o u r s e  of' a month 
o r  a y e a r  t h e  d i s t r i b u t i o n  o f  o b s e r v a t i o n s  i s  f a i r l y  uni form over  a l l  
p h a s e s  of' t h e  t i d e .  A t  some s t a t i o n s  s i t u a t e d  w i t h i n  o r  n e a r  t h e  en- 
t r a n c e  o f  an  e s t u a r y ,  t h e  d e n s i t y  changes  w i t h  t h e  r ise and f a l l  o f  
t h e  t i d e  o r  t h e  f l o o d  and ebb of t h e  t i d a l  c u r r e n t .  

The d e n s i t i e s  a r e g i v e n  w i t h  r e s p e c t  t o  t h e  d e n s i t y  o f  p u r e  w a t e r  
a t  a t e m p e r a t u r e  o f  4 O C  (39.2OF) as u n i t y .  T h e  a c t u a l  d e n s i t y  o f  t h e  
watermay vary  from a l i t t l e  less than  u n i t y  f o r  f r e s h  water a t  (1 t e m -  
p e r a t u r e  o t h e r  than  4 O C  t o  a p p r o x i m a t e l y  1.0310 f o r  t h e  h e a v i e s t  sea 
water .  S i n c e  t h e  d e n s i t y  of' sea water ,  as observed ,  depends n o t  o n l y  
upon t h e  amount o f  s o l u b l e  matter c o n t a i n e d  i n  a u n i t  volume b u t  a l s o  
upon t h e  t e m p e r a t u r e  o f  t h e  water a t  t h e  time t h e  r e a d i n g  was made, 
i t  i s  n e c e s s a r y  t o  reduce  t h e  o b s e r v e d  d e n s i t i e s  t o  some s t a n d a r d  tem- 
p e r a t u r e  i n  o r d e r  t h a t  they  may b e  comparable.  I n  t h i s  p u b l i c a t i o n  
t h e  o b s e r v e d  d e n s i t i e j  have  been  reduced t o  a s t a n d a r d  t e m p e r a t u r e  o f  
15OC (59OF). The  d e n s i t y  of pure water free from a i r  at. a t e m p e r a t u r e  
of 15OC i s  0.9991. 

The s a l i n i t y  o f  sea water i s  d e f i n e d  as t h e  number of grams o f  
s a l t s  c o n t a i n e d  i n  1000 grams of sea water. S a l i n i t y  can be d e t e r m i n e d  
by s e v e r a l  d i f f e r e n t  methods,  one  o f  t h e  s i m p l e s t  b e i n g  b a s e d  upon t h e  
d e n s i t y  o f  t h e  water as o b t a i n e d  from t h e  u s e  o f  t h e  hydrometer .  The 
t a b l e  on t h e  i n s i d e  b a c k  cover  g i v e s  t h e  s a l i n i t y  c o r r e s p o n d i n g  t o  
d i f f e r e n t  v a l u e s  o f  d e n s i t y  a t  t h e  s t a n d a r d  t e m p e r a t u r e  of  15OC t o  
which a l l  d e n s i  t i e s  i n  t h i s  p u b l i c a t i o n  are r e f e r r e d .  

The p r i n c i p a l  t a b l e  c o n t a i n s  monthly mean d e n s i t i e s  and means f o r  
each  y e a r  f o r  which t h e r e  are twelve  monthly means. Maximum andminimum 
d e n s i  t i e s  are  shown f'or each y e a r  i n  which o b s e r v a t i o n s  were made wheth- 
er o r  n o t  t h e  o b s e r v a t i o n s  covered  t h e  whole year. I n  a l l  cases t h e  
e x t r e m e s  are from t h e  months o f  t h e  y e a r  f o r  which means are g i v e n .  
If t h e y  are from an i n c o m p l e t e  y e a r ,  t h e y  are f o l l o w e d  by an  as ter isk.  
Below e a c h  se r ies  t h a t  c o v e r s  t w o o r m o r e  y e a r s ,  mean and extreme den- 
s i t i e s  f o r  t h e  series a r e  g i v e n  on t h e  l i n e  l a b e l e d  Wean D e n s i t y " .  
The n e x t  l i n e  g i v e s  t h e  c o r r e s p o n d i n g  s a l i n i t i e s .  

A s u p p l e m e n t a l  t a b l e  shows mean s a l i n i t i e s  for some a d d i t i o n a l  
places a l o n g  t h e  C a l i f o r n i a  c o a s t .  I t  was f u r n i s h e d  by The Scripps 
I n s t i t u t i o n  o f  Oceanography. 

Fol lowing  t h e  tables  are g r a p h s  o f  monthly mean s a l i n i t i e s  which 
show a t  a g l a n c e  t h e  s e a s o n a l  v a r i a t i o n  for many of t h e  p l a c e s  l i s t ed  
i n  t h e  p r i n c i p a l  t a b l e .  

The followkg publ ica t ions  c m p l e t e  t h i s  series : 

Special Pub. 278. 

Special Pub. 279. 
Special Pub. 280. 

Surface W R t e r  Temperatures, Atlantic Coast,  Yorth 
und Soutli h r i c t i .  
!)ensity of Sea Water, Atlantic Coast. 
Surface M'a ter Temperatures, Pacific Ocean. 



Density of Sea Water 
hfeans and Extremes 

Year 

1922 
1923 
1924 
1925 

Mean 
Density 

Salinity 

1925 
1926 
1921 
192E 
192: 

193C 
1931 
1932 
1932 
1934 

1935 
193e 
193i  
193E 
1935 

194C 
1941 
1942 
1942 
1944 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

SAN DIEGO, CALIF. 

1.0240 1.0240 1.0241 1.0244 1.0247 1.9249 1.0251 1.0252 1.0251 1.0248 1.0248 1.0246 
246 246 248 249 251 251 255 25G 253 250 250 248 
246 249 249 249 251 251 253 251 252 250 250 247 
248 249 251 251 253 253 254 251 249 246 247 246 

1.0246 1.0246 1.9247 1.0248 1.0250 1.0251 1.0253 1.0252 1.0251 1.0248 1.0249 1.0247 

33.2 33.2 33.3 33.4 33.7 33.8 34.1 34.0 33.8 33.4 33.6 33.3 

LA JOLLA, CALIF. 

1.0250 1.0249 1.0249 1.0249 1.0253 1.0251 1.0251 1.0252 1.0248 1.0246 1.0248 1.0248 
24 9 
248 
248 
249 

249 
2 5 1  
249 
248 
249 

248 
248 
248 

248 

250 
247 
247 
248 

250 

249 
243 
248 
249 

249 
250 
246 
248 
248 

247 
247 
246 
249 
248 

249 
24 7 
247 
247 

249 
245 
248 
249 

249 
251 
247 
248 
248 

248 
248 
245 
246 
249 

249 
244 
247 
246 

247 
248 
249 
249 

249 
251 
249 
249 
249 

248 
249 
247 
249 
249 

249 
2 43 
248 
2 48 

249 
248 
249 
250 

249 
2 50 
2 50 
250 
250 

249 
249 
249 
2 50 
250 

2 50 
246 
249 
2 50 

250 
249 
24 9 
250 

2 50 
2 51 
2 50 
251 
250 

249 
2 50 
2 50 
250 
251 

250 
248 
249 
250 

250 
249 
2 50 
251 

250 
2 52 
2 50 
2 50 
250 

249 
2 50 
2 50 
250 
251 

249 
249 
249 
2 50 

249 
250 
2 50 
250 

250 
2 5 1  
249 
2 50 
249 

249 
253 
259 
250 
2 51  

250 
248 
249 
2 50 
2 50 

248 
2 50 
240 
249 

2 50 
250 
249 
2 50 
249 

248 
250 
250 
249 
249 

249 
246 
249 
249 

249 
249 
249 
249 

2 50 
250 
248 
2 50 
248 

248 
248 
250 
249 
2 50 

248 
247 
249 
249 

249 
249 
249 
250 

2 50 
250 
249 
2 50 
248 

248 
219 
2 50 
249 
250 

248 
247 
249 
249 

248 
248 
240 
25C 

2 5 1  
2 50 
248 
249 
248 

249 
248 
249 
248 
25C 

24 7 
247 
248 
248 

248 247 246 248 249 250 250 250 250 249 249 

1. 0245 
25C 
2 5C 
2 50 

L.0249 

33.6 

1.0249 
249 
248 
249 
2 5C 

250 
2 51  
249 
249 
24 9 

248 
249 
249 
249 
25C 

249 
247 
248 
249 
249 

Max. Min. 

..0258 1.0228 
261 240 
261 237 
258 240 

,00261 1.0228 

35.1 30.8 

..0256 1.0240 
251 
2 50 
2 51 
2 52 

252 
2 52 
2 50 
2 51  
251 

250 
2 51  
2 51 
251 
2 52 

2 51  
250 
250 
2 50 

243 
224 
247 
248 

248 
249 
240 
245 
246 

241 
244 
237 
234 
243 

244 
289 
2 42 
2 44 

250 244 



Density of Sea Water - Continued 
Means and Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

LA JOLLA, CALIF.- Continued 

Y W  

1945 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1924 

1925 
1926 
1927 
1928 
1929 

1930 
1931 
1932 
1933 
1934 

1935 
1936 
1937 
1938 
1939 

Means Max. Min. 

i 

1340 
1941 
1912 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

193C 
1931 
1932 

Mean 
Density 

Salinity 

1.0249 1.0248 1.0248 1.0249 1.0250 1.0250 1.0250 1.0250 1.0250 1.0249 1.0249 1.0248 
249 249 249 249 
249 219 249 248 
249 249 249 249 
249 249 249 249 

1.0249 1.0251 1.0245 
249 251 247 
249 250 247 
249 250 247 
249 250 246 

249 249 249 249 250 250 250 249 
249 249 249 249 250 249 249 249 
249 249 249 249 249 249 249 249 
248 248 249 249 249 249 250 250 

1.0249 1.0248 1.0248 1.0248 1.0249 1.0250 leC250 1.0250 1 

33.6 33.4 33.4 33.4 33.6 33.7 33.7 33.7 

0249 1.0249 1.0249 1.0249 

33.6 33.6 33.6 33.6 

1.024 

33. 

LOS ANGELES (Outer Harbor), CALIF. I 

1.0256 1 

34.5 

0224 

30.3 

1.0248 1.0249 1.0248 1.0247 1.0249 1.0247 1.0248 1.0248 1.0249 1.0247 1.0246 1.0247 1.0248 1,0254 1.0244 I 11 I 
247 247 246 246 
245 243 244 249 
246 233 244 247 
248 248 248 251 
250 249 249 250 

247 249 249 251 
252 250 253 252 
a 7  244 249 251 
247 247 249 249 
243 247 248 249 

245 246 246 247 
248 247 247 249 
246 241 246 248 
249 246 238 248 
247 248 249 251 

247 246 
244 245 
250 251 
250 250 
251 252 

251 251 
252 252 
251 250 
250 251 
249 249 

248 249 
250 251 
250 249 
251 252 
251 252 

245 
246 
248 
249 
252 

252 
252 
250 
2 51 
250 

249 
2 51 
251 
252 
2 52 

245 
247 
250 
250 
2 52 

252 
252 
249 
251 
248 

2 50 
2 51 
250 
252 
252 

244 
246 
249 
248 
251 

252 
2 50 
249 
250 
249 

248 
249 
251 
250 
252 

243 
245 
2 50 
248 
251 

2 51 
2 51 
248 
250 
248 

248 
249 
249 
249 
2 51 

248 
245 
247 
249 
251 

251 
250 

251 
2 47 

240 
2 50 
2 51 
249 
2 51 

--- 

244 
245 
248 
249 
2 50 

2 52 
248 
248 
250 
245 

248 
248 
250 
24 4 
2 52 

245 
245 
247 
249 
2 51 

2 51 
251 

2 50 
248 

248 
249 
248 
248 
251 

250 
250 
258 
254 
256 

255 
257 
255* 
2 56 
2 53 

254 
255 
257 
2 56 
257 

242 
2 08 
191 
2 41 
247 

241 
240 
228* 
239 
2 01 

242 
242 
223 
186 
242 

240 247 250 250 250 250 251 251 250 250 248 245 

247 248 250 250 253 252 253 253 251 251 253 249 
240 244 246 251 252 252 253 252 251 251 251 248 
247 240 242 249 250 250 252 251 25, 251 249 247 

244 237 231 --- 245 247 249 250 250 249 248 247 

247 248 247 251 252 252 252 251 250 250 249 246 
247 249 249 249 251 250 251 251 251 250 244 245 
246 249 249 250 250 250 250 251 250 250 250 24s 
248 248 249 249 250 251 250 250 250 249 250 248 
247 248 249 250 251 251 251 251 251 253 253 251 

1.0247 1.0246 1.0247 1.9249 1.0250 1.0250 1.0250 1.0250 1.0250 1.0243 1.0249 1.0248 

33.3 33.2 33.3 33.5 33.7 33.7 33.7 33.7 33.7 33.6 33.6 33.4 

SANTA MONICA, CALIF. 

1.9243 1.0250 1.0251 1.0252 1.0251 1.0252 1.0253 1.0251 1.0252 1.0249 1.0249 3.0248 
248 243 251 252 250 250 250 251 248 249 250 248 
247 247 247 249 251 250 250 251 248 248 247 247 
247 246 247 249 251 253 253 249 251 251 251 L5C 

1.0248 1.C248 1.0249 1.0250 1.0251 1.0251 1.0252 1.0250 1.0250 1.9249 1.0249 1.0248 

33.4 33.4 33.6 33.7 33.9 33.6 34.9 33.7 33.7 33.6 33.6 33.4 

SANTA BARBARA, CALIF. 

- -- --- 1.0251 1.0253 1.0253 1.0254 1.0254 1.0254 1.0252 1.0251 1.0252 1.0252 
1.0251 1.0253 253 254 253 254 255 255 253 253 252 24s 

250 247 251 252 254 255 --- e-- --- --- --- --I 

1.0250 1.0250 1.0252 1.0253 1.0253 1.0254 1.0254 1.0254 1.0253 1.3252 1.0252 1.0251 

33.7 33.7 34.0 34.1 34.1 34.2 34.2 34.2 34.1 34.0 34.0 33.E 

249 

2 51 
249 
248 

25C 
249 
2 5C 
249 
2 5C 

1.0249 

--- 

$3.6 

1 a0251 
25C 

2 5C 
248 

1.025C 

33.1 

--- 
1.0253 --- 
1.0252 

34.c 

259 213 
253+ 168* 
259 237 
259 190 
255 171 

256 238 
254 228 
256 237 
255 245 
256 245 

.e0259 1.0168 

34.9 23.0 

.e0263 1.0230 
273 240 
256 239 
260 227 

..0273 1.0227 

36.7 30.7 

. .0262* 1.024$* 
260 221 
260* 216* 

..0262 1.0216 

35.3 29.3 

*Observations for the year are incomplete; extremes are for the mmths shown. 



1945 
,1946 
1947 
1948 
1949 
Mean 
DensiQ 

WiniQ 

1922 
1923 
1924 

1925 
1926 
1927 
1928 
1929 

193C 
1931 
1932 
1933 
1934 

1935 
1936 
1937 
1938 
1939 

194C 
1941 
1942 
1943 
1944 

1945 
1946 
1947 

1949 
Mean 

Density 

1948 

salinity 

1937 

194C 
1941 
1942 
1947 
1944 

194: 
194C 
1941 
194E 
194s 

Mean 
Demity 

salinity - 

Density of Sea Water - Continued 
Means and Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

AVILA, CALIF. 

--- --- --- --- --- 1.0257 1.C256 1.0258 lac256 10'3253 1.0253 1.0251 
1.0251 1.0250 1.0252 1.0253 1.0253 254 254 253 252 250 24$? 247 

248 249 250 251 253 250 252 255 252 252 260 252 
251 251 252 250 254 254 252 251 250 250 249 249 
248 249 249 252 251 252 251 250 252 250 250 25C 

1.0250 1.0250 1.0251 1.0252 1.0253 1.0253 1.0253 1.0253 1.0252 1.0251 1.0250 1e025C 

33.7 33.7 33.8 34.0 34.1 34.1 34.1 34c1 34.0 35.8 33.7 33.1 

SAN FRANCISCO (Fort Point), CALIF. 

1.0218 1.0204 1.0180 1.0169 1.0173 1.0170 1.0207 1.0224 1.0231 1.0231 1.0227 1.0214 
208 
231 

225 
228 
219 
220 
224 

21 5 
229 
209 
231 
213 

211 
211 
227 
200 
223 

204 
225 

195 
196 
178 
2 08 
217 

21 7 
228 
199 
222 
222 

211 
197 
201 
150 
223 

210 
223 

196 
200 
168 
206 
218 

191 
224 
21c 
220 
212 

2 01 
170 
173 
131 
222 

198 
229 

186 
183 
179 
180 
222 

201 
229 
210 
210 
21 7 

174 
187 
159 
147 
213 

201 
232 

187 
2 03 
187 
211 
221 

21 3 
235 
2 02 
218 
227 

174 
187 
181 
157 
225 

204 
238 

200 
2 23 
196 
222 
224 

227 
241 
203 
21 8 
235 

185 
200 
1 S6 
167 
234 

219 
245 

226 
232 
214 
233 
236 

237 
247 
216 
232 
2 41 

217 
224 
222 
203 
242 

232 
247 

234 
243 
230 
240 
241 

242 
251 
232 
239 
246 

232 
235 
234 
224 
245 

238 
249 

237 
242 
238 
241 
2 41 

241 
250 
237 
242 
2 51 

237 
238 
239 
230 
248 

234 
249 

236 
242 
238 
239 
242 

242 
2 52 
237 
244 
246 

239 
236 
236 
231 
244 

232 
241 

229 
239 
229 
235 
240 

240 
2 51 
238 
240 
240 

233 
234 
230 
228 
242 

231 
23C 

22E 
213 
22: 
22E 
231 

234 
241 
23: 
231 
22: 

231 
232 
191 
224 
23E 

Weans 

--- 
. a 0252 

2 51 
251 
25C 

. 02 52 

34.C 

. . 0206 
21e 
231 

21 E 
22c 
20E 
222 
23C 

22: 
24C 
21 E 
22s 
232 

212 
212 
2 OE 
101 
232 

203 182 134 137 188 2@9 226 237 242 240 231 223 
167 143 126 149 163 187 214 224 232 234 218 213 
190 138 189 174 187 174 223 229 --- --- --- 
204 166 172 184 198 215 233 236 245 238 235 234 
231 222 214 226 219 223 235 244 246 243 234 228 

225 205 209 217 213 218 231 239 242 240 228 21C 
186 213 214 --- --- 22C 235 237 237 237 235 --- 
219 215 209 209 230 229 240 247 246 246 231 --- --- --- --- --- 193 196 227 231 238 233 232 231 --- 227 198 204 215 224 238 242 240 238 235 282 

..0214 1.0200 1.0193 1.0193 1.0201 1.0210 1.0228 1.0237 1.0241 1.0240 1.0234 1.0227 

29.0 27.2 26.3 26.3 27.3 26.5 30.8 32.0 32.5. 32.4 31.6 30.7 

YERBA BUENA ISLAND, SAN FRANCISCO BAY, CALIF. 

1.0215 1.0187 1.@143 1.0139 --- --- 1.0214 1.0227 1.0235 1.0235 --- --- 

ALAMEDA (Naval Air Station), CALIF. 

1.0174 1.0146 1.0100 1.0098 1.0142 1.0173 1.0196 1.0217 1.0226 1,0226 1.0219 1.0208 
128 103 092 108 126 151 180 197 212 219 223 188 
148 093 128 133 140 152 176 200 214 216 210 198 
164 121 113 122 146 168 193 209 219 226 217 214 
206 181 170 184 187 196 210 222 232 232 212 202 

194 154 163 171 170 187 202 216 222 217 205 186 
137 163 174 176 176 189 208 220 224 221 215 198 
200 195 180 186 203 212 224 234 245 230 217 218 
216 201 206 178 160 169 191 209 220 218 211 209 
204 196 171 176 184 198 212 224 227 224 217 216 

1.0177 1.0155 1.0150 1.0153 1.0163 1.0180 1.0199 1.0215 1.0224 1.0223 1.0215 1.0204 

24.2 21.3 20.6 21.0 22.4 24.6 27.1 29.1 30.3 30.2 29.1 27.7 

2 0  
18' 

21: 
23 

22: 

--. 

-- 
- - <  -- -- 

1.021 

29. 

1.017 
16 
16 
171 
20 

19 
19 
21 
19 
20 

1.018 

25.1 

Max. Min. 

00263 1 .0248* 
259 240 
266 244 
260 246 
259 239 

00266 1.0239 

35.8 32.3 

e0236 1.0124 
240 
251 

241 
246 
240 
244 
246 

245 
267 
243 
246 
2 56 

242 
241 
243 
2 43 
255 

158 
210 

149 
132 
110 
125 
194 

164 
214 
148 
180 
178 

124 
114 
098 
050 
200 

246 043 
239 051 
238* 094' 
250 096 
252 169 

247 138 
255* 116* 
262* 174' 
258, 156, 
258* 163* 

1.0262 1.0043 

35.3 6.7 

1 . 0 2 3 9  1.0019* 

1.0232 1.0012 
229 074 
220 071 
231 086 
238 116 

228 120 
239 118 
250 151 
227 146 
232 125 

1.0250 1.0012 

33.7 2.6 

*Observations for the year are inaomplete: extromes a r e  for t h e  month# e h m .  



Density of S e  Water - Continued 
XIeans and Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Y W  

1945 
1946 

1937 

1937 

1937 

1937 

1037 

193e 
1936 
194C 

1039 
194C 

1937 

1938 
1939 
1940 

Mean 
Denaity 

Salinity 

1938 
1939 
1940 

Mean 
Denaity 

Salinity 

1934 

1935 
1936 
1937 
1938 
1939 

1940 
1941 
1942 
1943 
1944 

~~ ~ ~ ~~ ~ 

SAN FRANCISCO (Hunters Point), CALIF. 

--- 1.0156 1.~18~ i.oie6 1.3162 i.oise 1.0210 1.0222 1.0~6 1.0224 1.0212 1.0185 
1.0144 185 191 189 186 199 222 230 229 229 --- --- 

DUMBARTON BRIDGE, SAN FRANCISCO BAY, CALIF. 

1.0236 1.0195 1.0146 1.0114 1.0144 1.0164 1.C183 1.0204 1.0218 1.0222 --- -e- 

SAUSALITO. CALIF. 

1.0224 1.0224 1.0224 1.0208 1.0161 l.ClE7 1.01C4 1.0198 1.0200 1.02CO --- 
POINT SAN QUENTIN, SAN FRANCISCO BAY, CALIF. 

1.0174 1.0102 1.0078 1.0069 1.0084 1.0113 1.@1€7 1.0203 1.0201 1.01S8 1.0194 --- 
MARE ISLAND (Navy Yard), CALIF. 

1.0108 1.0028 1.0023 1.0012 1.0017 1.0023 1.0092 1.C140 1.0159 1.0147 --- --- 
BENICIA, CARQUINEZ STRAIT, CALIF. 

1.0074 1.0012 1.0001 1.0003 1.0025 1.0010 1eOC25 1.0084 1.0125 1.0104 1.0101 --- 
THREE MILE SLOUGH, SAN JOAQUIN RIVER. CALIF. 

--- 0.9996 0.9995 0.9996 
0.9946 C.9995 G.0999 C.94CO 0.0999 1.CCOG 1.G012 1.C043 1.0037 1.0011 1.0002 0.9995 
0.9993 0.9094 0.0995 0.9904 C.9049 C.9999 --- --- --- --- --- --- 

--- --- --- --- --- -e-  --- --- 

PRISONERS POINT, SAN JOAQUIN RIVER. CALIF. 

--- --- --- --- e-- --- --- 1.0059 1.0014 1.0005 1.0000 0.9397 
0.9993 0.9902 C.9991 0.9?'?4 0.9SOt. C.9324 --- --- --- --- --- --- 

COLLINSVILLE. SACRAMENTO RIVER, CALIF. 

).9999 0.9995 0.9997 0.9999 1.0001 0.9998 1.0005 1.0033 1.0050 1.0021 1.0000 0.9994 

RIO VISTA, SACRAMENTO RIVER, CALIF. 

--- --- 0.9995 0.9995 0.9995 0.9995 0.9995 0.9994 0.9995 0.9993 0.9992 0.9991 
0.9990 0.9991 0.9992 0.9991 0.9991 1.0000 1.0030 1.0020 0.9998 0.9992 0.999C ).9991 

1.9990 0.9991 0.9993 0.9992 0.9992 0.9991 e-- --- --- --- --- --- 
).9990 0.9990 0.9993 0.9993 0.9993 0.9992 0.9998 1.0012 1.0008 0.9996 0.9992 0.999C 

0.0 0.0 0.1 0.1 0.1 0.0 0.8 2.E 2.1 0.5 0.0 0.C 

NEW HOPE BRIDGE, MOKELUMNE RIVER, CALIF. 

--- --- --- 0.9995 0.9996 1.0006 0.9095 0.9994 0.9992 0.9994 0.9994 0.9992 
1.9993 0.9994 0.9995 0.9997 0.9996 0.9998 1.0003 1.0004 0.9996 0.9994 0.9992 0.999: 
1.9993 0.9992 0.9994 0.9995 0.9996 1.0001 --- --- --- --- --- --.I 

).9993 0.9993 0.9994 0.9996 0.9996 1.0002 0.9999 0.9999 0.9994 0.9994 0.9993 0.9992 

0.1 0.1 0.3 0.5 0.5 1.3 0.9 0.9 0.3 0,3 0.1 0.1 

CRESCENT CITY, CALIF. 

1.0196 1.0222 1.0217 1.0230 1.0229 1.0243 1.0239 1.0239 1.0240 1.0238 1.0210 1.0205 

198 200 191 199 223 234 239 236 236 222 232 224 
189 195 218 214 219 224 231 233 244 246 245 23E 
226 227 215 175 231 208 235 243 243 240 194 211 

168 175 218 230 221 239 244 247 243 234 22E gi; 224 201 226 238 241 243 243 243 240 243 22f 

203 183 193 225 225 245 238 242 239 239 229 225 
189 201 203 199 201 214 215 227 232 240 230 194 
210 211 232 230 217 220 233 210 236 242 212 184 
189 192 199 211 236 229 238 236 242 246 233 235 
231 227 235 227 232 235 244 242 243 245 223 224 

Means 

, .OW8 

--- 
1.999e --- 
I. 9996 

0.5 

--- 
1.999E 

--.I 

1.9996 

0.: 

! .022e 

22c 
225 
221 
222 
234 

224 
21 2 
222 
224 
234 

Max. Min. 

.@240* 1.0119* 
237' 110* 

.0261* 1.0091* 

.0238*1.0122+ 

.C22@ 1 .oow* 

~9998* 0.9992, 
-0068 0.?993 
.0002* 0.9990* 

.OllP 0.9995, 

.0009+ 0.99891 

1.0070 0.9992 

1 OOO@ 0.9988* 
1.0049 0.9986 
3.9998* 0.9988* 

1.0049 0.9986 

7.5 0.0 

1.0012' 0.9985* 
1.0009 0.9984 
1.0010* 0.9990* 

1.0012 0.9984 

2.6 0.0 

1.0283 1.0127 

270 094 
251 113 
251 097 
261 102 
252 096 

269 117 
252 105 
254 097 
258 104 
256 169 

*Observations for the year are incomplete; extremes are for the months shorn. 



Density of S a  Water - Cvntinued 
Means and Extremes 

c, 
P 

Y W  

1945 
1946 
1947 

Mean 
Density 

Salinity 

1933 
1934 

1933 
1934 

1933 
1934 

1933 
1934 

1933 
1934 

1933 
1934 

1933 
1934 

1933 
1934 

1925 
1926 
1927 

1929 

1930 
1931 
1932 
1933 
1934 

1935 
1936 
1937 

1939 

1940 
1941 
1942 
1943 
1944 

1923 

1938 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

CRESCENT CITY, CALIF. - Continued 

1.0219 1.0221 1.0227 1.0239 1.0211 1.0244 1.0240 1.0243 1.0247 --- 1.0211 1.0205 
206 220 223 224 221 234 244 240 240 242 230 22e 
238 223 224 231 243 242 241 --- 240 --- --- --- 

1.0210 1.0208 1.0211 1.0218 1.0225 1.0231 1.0237 1.0239 1.0241 1.0240 1.0225 1.0218 

28.5 28.2 28.6 29.5 30.4 31.2 32.0 32.3 32.5 32.4 30.4 29.5 

BANDON, COQUILLE RIVER, ORE. 

--- --- --- --- --- --- --- 1.0229 1.0228 1.0227 1.0216 1.0096 
1.0046 1.0083 1.0106 --- --- --- --- --- --- --- --- --- 

COOS BAY ENTRANCE, ORE. 

--- --- --- 1.0220 1.0160 1.0235 1.0262 1.0262 1.0257 --- --- 1.0175 
1.0163 1.0205 1.0201 --- --- --- --- --- --- --- --- --- 

GARDINER, UMPQUA RIVER, ORE. 

--- --- --- --- --- 1.9900 1.0091 1.0134 1.0110 1.0117 1.0082 1.0004 
0.9995 1.0016 1.0015 --- --- --- --- --- --- --- --- --- 

FLORENCE, SIUSLAW RIVER, ORE. 

--- -e- --- --- --- --- 1.0163 1.0128 1.0104 1.0024 
1.0023 1.0092 1.0061 --- --- --- --- --- --- --- --- --- --- --- 

NEWPORT, YAQUlNA BAY, ORE. 

--- --- --- 1.0159 1.0172 1.0212 1.0243 1.0248 1.0244 1.0240 1.0226 --- 
1.0172 1.0213 1.0214 --- - -- --- --- --- --- --- --- --- 

TAFT, SILETZ BAY, ORE. 

--- --- --- --- --- 1.0104 1.9221 1.9219 1.0213 1.0177 1.0149 1.0031 --- --- --- --- --- --a 1.0034 1.0151 1.0087 1.0143 --- --- 
GARIBALDI, TILLAMOOK BAY, ORE. 

--- --- --- --- 1.0119 l.QI.68 1.0224 1.0229 1.0173 log123 1.9113 --- --- --a --- --- --- - -- --- 1.0147 1.0131 1.0121 --- --- 
BRIGHTON. NEHALEM RIVER, ORE. 

--- --- --a --- 1.0089 1.0099 1.0191 1.0202 1.0203 1.0171 1.0155 1.0045 --- --- --- --e --- -e- --- 1.0041 1.0139 1.0106 1.0117 e-- 

ASTORIA (Tongue Point), ORE. 

0.9991 0.9987 0.9991 0.9993 0.9995 0.9997 0.9999 0.9995 0.9909 1.0008 1.0013 1.0007 
1.0021 1.0005 1.0000 1.0005 0,9999 0.9999 0,9999 1.0005 1.0006 1.ooOO8 1.0002 0.999E 
1.0004 0.9997 0.9998 0.9998 0.9995 0.9997 0.9995 0.3993 0.9905 0.9996 0.9993 0.9991 
0.9996 0.9996 0.9996 0.9994 0.9997 0.9995 0.9306 0.9993 0.9999 1.0001 1.0014 1.0022 
1.0007 1.0017 0.9995 0.9995 0.9994.0.9995 0.9995 1.0033 1.0000 1.0016 1.0027 1.0016 

1.0047 0.9992 1.0004 0.9998 0.9996 0.9997 0.9996 1.0001 1.0007 1.0018 '1.0033 1.0042 
1.0026 1.0020 1.0001 0.9998 0.9996 0.9995 0.9997 1.0005 1.0009 1.0021 1.0007 1.0022 
0.9998 1.0008 0.9993 0.9993 0.9995 0.9998 0.9996 1.0000 1.0003 1.0011 0.9995 1.0002 
0.9994 0.9996 0.9994 0.9993 0.9994 0.9995 0.9999 0.9995 0.9996 0.9999 0.9991 0.9996 
0.9989 0.9994 0.9992 0.9991 0.9993 0.9993 0.9992 0.9995 1.0001 1.0012 1.0006 0.9995 

1.0001 0.9999 0.9999 0.9999 0.9997 0.9999 0.9999 0.9998 1.0007 1.0020 1.0036 1.0051 
0.9993 1.0025 0.9996 0.9998 0,9997 0.9997 0.9998 1.0005 1.0013 1.0037 1.0050 1.0035 
1.0039 1.0008 1.0004 0.9997 0.9996 0.9993 0.9992 0.9999 1.0010 1.0028 1.0003 0.9996 
0.9894 1.0004 0.9998 0.9995 0.9996 0.9997 0.9999 1.0000 1.0013 1.0021 1.0021 1.OOOS 
1.0000 1.0000 0.9996 0.9989 0.9991 0.9991 0.9991 0.9995 1.0007 1.0021 1.0036 1.0011 

1.0024 0.9998 0.9994 0.9991 0.9991 0.9992 0.9992 1.0001 1.0009 1.0023 1.0009 1.0021 
1.0017 1.0022 1.0004 0.9994 0.9993 0.9990 0.9996 1.0000 1,0000 1.0002 1.0005 0.9994 
1.0010 1.0000 0.9994 0.9991 0.9991 0.9992 0.9991 0.9997 1.0002 1.0014 0.9994 0.9991 
0.9992 0.9993 0.9999 0.9993 0.9991 0.9994 0.9994 0.9992 1.1)OlO 1,0018 1,0014 1.OOOf 
1.0006 1.0002 1.0000 1.0001 0.9992 0.9992 0.9995 1.0000 1.0010 1.0028 1.0033 1.0041 

--- --- 

-e- --- 

-- - --- 

0.999E 
1.0004 
0.9996 
0.9995 
1.000: 

1.0011 
1 .OOH 
0.999: 
0.999: 
0.9996 

1 . 000: 
1.001: 
1.000: 
1.0004 
1.0002 

1.0004 
1.0002 
0.999; 
1,000: 
1 . ooot 

Max. Min. 

1.0256'1.Cl47" 
257 154 
254, 176* 

1.0283 1.0094 

38.0 13.3 

1.0251*0.9994* 
1.0242*0.9987+ 

1.0271*1.0075* 
1 0230*1.0037* 

1.0180*0.9989* 
1 0103* 0.9988* 

1.0209*0.9995* 
1.0237'0.9994* 

1.0258*0.9998* 
1 0239* 1 003 9* 

1 . 0252+ 0.9989r 
1.0249 0.9989* 

1 025K* 1.0006* 
1.024B 1.0001* 

1.0282* 0.9991* 
1.0240*0.9985* 

1.0073 0.9984 
1.0062 0.9991 

1.0072 0.9986 
1.0088 0.9998 

1.0044 0.9984 

1.0095 0.9987 
1.0102 0.9987 
1.0082 0.9982 
1.0035 0.9984 
1.0067 0.9986 

1.0095 0.9990 
1.0097 0.9984 
1.0095 0.9988 

1.0080 0.9986 
1.0059 0.998a 

1.0096 0.9988 
1.0071 0.9982 
1.0050 0.9986 
1.0082 0.9986 
1.0099 0.9988 

*Observations for the year aro incomplete; extremes a m  for the moa>hs shown. 



Density of S a  Water - Continued 
Means and Extremes 

Year 

1945 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1940 
1941 
1942 

1940 
1941 
1942 

1940 
1941 
1942 

1940 
1941 
1942 

193: 
193e 
1931 
193E 
193: 

Mean 
Density 

Salinity 

193: 
193E 
1937 
193E 
1935 

194C 
1941 
1942 

Mean 
Density 

Salinity 

1934 
193: 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

ASTORIA (Tongue Point), ORE. - Continued 

1.0006 0.9997 0.9999 0.9991 0.9988 0.9991 0.9991 0.9994 1.0002 1.0024 1.0015 1.0015 
1.0014 1.OOOO --- --- --- --- --- --- 1.0018 1.0017 1.0008 0.9999 
1.0006 0.9994 0.9998 0.9995 0.9998 0.9998 1.0000 1.0004 1.0010 1.0004 0.9994 0.9996 
0.9998 0.9999 0,9994 0.9995 0.9994 0.9997 0.9999 0.9999 1.0006 1.0006 1.ooOO 1.0003 
1.0010 0.9997 0.9994 0.9994 0.9992 0.9994 0.9995 0.9999 1.0009 1.0008 1.0017 1.0001 

1.0007 1.0002 0.9997 0.9995 0.9994 0.9995 0.9996 0.9999 1.0006 1.0014 1.0013 1.0010 

2.0 1.3 0.7 0.4 0.3 0.4 0.5 0.9 1.8 2.9 208 2.4 

WAUNA, COLUMBIA RIVER, ORE.  

--- --- 0.9990 0.999c 
0.9989 0.9990 0.9990 0.9993 0.9992 0.9994 0,9992 0.9995 0.9995 0.9992 0.9990 0.999C 
0.9991 0.9990 0,9990 0.9992 0.9994 0.9997 0.9997 --- --- --- --- 

--- --- --- --- --- --- --- --- 

HARRINGTON POINT, COLUMBIA RIVER, WASH. 

--- --- --- --- --- --- --- --- 0.9994 0.9993 0.9990 0.9991 
0.9991 0.9992 0.9993 0.9995 0.9997 0.9998 0.9995 0.9995 0.9993 0.9991 0.9990 0.9991 
0.9991 0.9990 0.9989 0.9992 0.9994 0.9997 1,0001 --- --- --- --- --- 

SKAMOKAWA COLUMBIA RIVER, WASH. 

--- --- --- --- --- --- --- --- 0.9989 0.9989 
0.9989 0.9989 0.9990 0.9991 0.9993 0.9990 0.9992 0.9989 0.9989 0.9990 0.9987 0.9987 
0.9988 0.9987 0.9988 0.9998 0.9990 0.9992 0,9991 --- --- --- --- --- 

--- --- 

CATHLAMET. COLUMBIA RIVER, WASH. 

--- -- - --- --- --- --- --- --- 0.9992 0.9991 0.9991 9.9991 
0.9990 0.9993 0.9995 0.9996 0.9995 0.9996 0.9997 0.9994 9.9995 0.9993 0.9994 0.9992 
0.9992 0.9996 0.9995 0.9995 0.9995 0.9996 0.9999 --- --- --- --- --- 

TOKELAND, WILLAPA BAY, WASH. 

1.0131 1.0163 1.0146 1.0166 1.0193 1.0181 1.0203 1.0216 1.0216 1.9213 1.0200 1.0190 
126 166 157 160 148 135 175 208 217 218 221 167 
189 167 158 153 166 173 201 204 213 201 146 157 
136 157 153 131 177 199 205 217 212 210 179 178 
150 136 154 174 183 182 183 219 213 216 208 --- 

1.0146 1.0158 1.0154 1.0157 1.0173 1.0174 1.0193 1.0213 1.0214 1.0212 1.0191 1.0173 

20.1 21.7 21.2 21.6 23.7 23.9 26.3 28.9 29.0 28.8 26.0 23.7 

RAYMOND,  WILLAPA RIVER, WASH. 

--- --- 1.0010 1.0045 1.0051 1.0070 1.0110 1.0143 1.0143 1.0148 1.0117 1.0091 
1.0008 1.0080 024 059 051 040 068 --- --- --- 105 064 

052 029 041 017 045 --- e-- --- --- --- 048 020 
Of24 035 036 026 053 101 129 159 166 144 043 050 
036 028 030 069 098 071 097 155 163 150 115 057 

054 020 025 027 039 112 152 147 148 107 064 053 
054 072 085 088 080 084 124 152 084 095 064 039 
068 047 048 059 054 --- -- - --- --- _-- -a- --- 

1.0041 1.9044 1.0037 1.0049 1.0059 1.9080 1.3113 1.0151 1.0141 1.0229 1.0079 1.0053 

6.4 6.9 5.9 7.5 8.9 11.5 15.3 20.8 19.5 17.9 11.4 8.0 

ABERDEEN, G R A Y S  HARBOR,  WASH. 

--- --- --- --- --- 1.0031 1.0075 1.0097 1.0107 1.0082 1.0002 1.0004 
1.0001 1.0007 0.9998 1.0013 1.0024 049 065 --- --- --- --- --- 

Means 

1 . 0001 

1 .000( 
3.999: 
1.0001 

1.000: 

1.2 

--. 

--. 
3.999: 

--. 

--. 
3.999; --. 

--. 
3.999( --. 

--. 
3.999' --. 

1.0185 
175 
177 
180 --- 

L.0130 

24.6 

, --- --- --- 
1.0080 

089 

079 
08 5 --- 

1. 0081 

11.6 

--- --- 

Max. Min. 

1.0082 0.9985 
1.0047* 0.9989* 
1.0050 0.9986 
1.0072 0.9989 
1.0046 0.9989 

1.0102 0.9982 

14.4 0.0 

3.9995* 0.9988* 
3.9999 0,9988 
1.0000*0.9988* 

3.9996* 0.9989* 
1.0001 0.9987 
1.0005*0.9988* 

3.9992*0.9985* 
3.9999 0.9984 
L.3000*0.9984* 

3.9995* 0.9989* 
1.0000 0.9989 
1.0002*0.9991* 

1.0237 1.0040 
236 043 
231 056 
234 007 
233* 060* 

1.0237 1.0007 

32.0 2.0 

1 01 83* 0 9994+ 
196* 0.9994* 
092* 0.9994* 

184 004 

181 004 
178 005 
109* 006+ 

179 1.0002, 

1.0196 0.9994 

26.7 0.3 

L.0156*0.9990, 
1.0103*0.9989* 

*Observations for the year are incomplete; extremes are for the months shown. 



Density of Sea Water - Continued 
Means and Extremes 

19221 

Year 

193€ 
1937 
193E 
1935 

194C 
1941 
1942 
1943 
1944 

1946 
1946 
1947 
1948 
1942 

Mean 
Density 

Salinity 

1934 
1935 

1935 
193€ 

1.0189 1.0186 1.0174 1.0146 1.0140 1.0171 1.0199 1.0208 1.0213 --- 1.0211 1.0206 

1934 
1935 

1923 
1924 

1925 
1926 
1927 
1928 
1929 

1930 
1931 
1932 
1933 
1934 

1935 
1936 
1937 
1938 
1939 

1940 
1941, 
1942 
1043 
1944 

1934 
1935 
193e 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. 

NEAH BAY, WASH. 

1.0227 1.0238 1.0236 1.0241 1.0232 1.0215 1.0236 1.0244 1.0246 1.3246 1.0242 1.0239 
243 240 233 233 
250 229 232 228 
232 236 236 246 

235 227 224 232 
233 233 235 235 
229 233 230 228 
227 224 235 216 
229 237 239 234 

231 236 230 234 
213 214 217 216 
224 216 224 231 
219 229 223 221 
232 218 217 232 

236 234 
242 246 
236 240 

228 238 
234 238 
233 235 
233 240 
241 243 

230 245 
231 211 
232 212 
217 220 
229 236 

243 246 248 238 231 
247 250 249 239 241 
246 245 244 243 236 

241 245 243 235 238 
239 243 242 235 232 
235 242 247 238 234 
240 244 245 240 242 
245 245 235 242 234 

244 241 239 234 221 
224 237 237 238 232 
234 238 240 226 224 
232 236 225 233 231 
239 239 242 239 227 

233 
238 
235 

233 
2 26 
216 
235 
2 42 

220 
21  9 
221 
220 
222 

1.0229 1.0229 1.0229 1.0230 1.0232 1.0232 1.0239 1.0242 1.0242 1.0238 1.0233 1.0228 

31.0 31.0 31.0 31.1 31.4 31.4 32.3 32.7 32.7 32.1 31.5 30.8 

PORT ANGELES. WASH. 

--- --e --- --- -e- --- --- 1.0226 1.0229 1.0228 1.0221 1.0222 
1.0200 1.0216 1.0217 1.0220 1.0228 1.0230 1.0229 231 231 --- --- --- 

PORT TOWNSEND (Fort Worden). WASH. 

--- --- --- 1.0225 1.0226 1.0227 1.0230 1.0232 1.0234 1.0234 1.0235 1.0234 
1.0230 1.0229 --- --- --- -- - --- --- --- --- --. --- 

EVERETT, WASH. 

--- --- --- --- --- --- --- 1.0176 1.0189 1.0183 I..C)146 1.0156 
I 

--- -e- --- 1.0153 1.0131 1.0158 1.0140 1.0101 1.9104 1.0113 1.0170 --- 
I BREMERTON, WASH. 

--- --- --- --- --- --- 1.0218 1.0221 1.0222 1.0221 1.0218 1.0213 

217 217 --- --- --- 209 219 218 --- 223 224 --* 
1.0198 1.0199 1.0204 1.0208 1.0213 1.0215 216 219 222 222 223 216 

SEATTLE (Elliott Bay), WASH. I 
172 
198 

193 
2 01 
198 
183 
215 

21 4 
201 
194 
183 
169 

188 
194 
215 
192 
221 

221 
222 
221 
223 
229 

193 
164 

181 
199 
183 
196 
21 1 

190 
200 
195 
199 
182 

185 
202 
206 
198 
220 

217 
220 
221 
221 
226 

188 
185 

190 
185 
177 
182 
203 

193 
191 
166 
184 
177 

185 
190 
194 
190 
21 e 

216 
220 
22c 
221 
227 

168 
184 

175 
197 
176 
167 
194 

183 
175 
166 
179 
180 

188 
188 
190 
176 
217 

210 
217 
221 
218 
226 

177 
190 

182 
202 
160 
173 
183 

189 
176 
171 
179 
186 

182 
177 
189 
17 7 
220 

212 
202 
224 
220 
226 

180 
205 

195 
206 
164 
187 
176 

194 
190 
177 
171 
196 

190 
174 
184 
186 
215 

216 
210 
221 
222 
224 

201 
216 

206 
216 
2 05 
203 
205 

203 
198 
191 
187 
204 

200 
195 
196 
205 
2 1  7 

217 
222 
225 
220 
225 

208 
219 

210 
220 
211 
211 
21 5 

210 
2 07 
2 02 
201 
206 

207 
205 
206 
209 
221 

220 
224 
225 
229 
230' 

213 1.0212 
223 

214 
218 
210 
216 
218 

21 2 
210 
208 
2 03 
210 

210 
21 1 
21 1 
216 
2 24 

223 
227 
226 
232 
232 

221 

218 
212 
204 
211 
220 

21 2 
207 
210 
198 
21 1 

212 
217 
215 
225 
227 

226 
227 
229 
231 
231 

216 
198 

218 
211 
194 
213 
220 

216 
203 
183 
190 
199 

214 
216 
200 
228 
229 

224 
224 
230 
232 
233 

2oc 
18s 

212 
203 
18s 
216 
214 

214 
2 06 
187 
168 
199 

215 
209 
192 
226 
226 

22 2 
223 
228 
23C 
226 

Means 

1.0231 
23E 
235 
24C 

239 
235 
232 
239 
235 

234 
224 
221 
22E 
231 

1.0234 

31.€ 

--. 
--.I 

--. 
--I 

I 

*0bservat ions for t h e  year a r e  incomplete; extroms are for t h e  months e h m .  

--- --- 

-9- 

1.0213 --- 

--. 
Lo0194 

2OC 

2OC 
2 w  
182 
197 
2 67 

2 OE 
197 
188 
187 
193 

198 
198 
200 
2 02 
2 21 

219 
220 
224 
225 
228 

Max. Min. 

m0251 1.0173 
2 53 
255 
2 54 

252 
259 
253 
255 
255 

255 
247 
246 
246 
2 54 

204 
2 05 
188 

197 
199 
1 6 1  
177 
167 

106 
161 
158 
163 
106 

DO259 1.0106 

S4.9 14.9 

.0239*1.0199* 
238* 147* 

.0241* 1.0217* 
237* 224* 

..0221*0.9985* 
218*1.0014* 

. .0228* 1 .0147* 
236 097 
257* 193* 

. .0224*1.0068* 
223 
232 

225 
224 
220 
222 
228 

221 
220 
221 
217 
217 

220 
222 
222 
241 
238 

238 
231 
235 
252 
244 

117 
099 

110 
149 
1 01 
138 
111 

136 
137 
123 
126 
127 

145 
148 
150 
132 
206 

196 
167 
216 
206 
215 



Year 

1945 
1946 
1947 
1948 
194s 

YOUI 
Dendty 

wty 

1924 
1925 

1934 
1935 

192? 
1924 

1934 
193: 

-- 

1822 
1921 
1924 -- 

1934 
1935 

M a n  
W t y  

1935 
1936 
1937 
193e 
193s 

194C 
1941 
1942 
1943 
1944 

1941 

1947 
194€ 
1 9 4 6  

Ymn 
Density 

194e 

Salinity 

1921 
1922 
1924 

192: 
192€ 
192i 
192€ 
1926 

Density of Sea Water - Coiitinued 
Means arid Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

SEATTLE (Elliott Bay), WASH. - Continued 

1.0223 1.0228 1.0222 1.0222 1.0223 1.0220 1.0222 1.0223 1.0228 1.0230 1.0229 1.0223 
215 216 215 213 212 210 211 217 223 225 225 219 

215 216 214 214 214 203 209 214 218 219 221 220 
220 218 214 213 205 208 216 220 223 225 227 220 

218 214 212 214 211 212 216 220 223 225 218 --- 

1.0205 1.0203 1.0198 1.0193 1.0103 1.0197 1.0208 1.0214 1.0218 1.0219 1.0215 1.0210 

27.8 27.6 26.9 26.3 26.3 26.8 28.2 29.0 29.5 29.7 29.1 28.5 

SEATTLE (Duwarnish River), WASH. 

--- e-- --- --- --- 1.0088 1.0185 1.0188 1.0199 100120 1.0105 
1.0096 1.0099 1.0106 1.0103 --- --- --- --- --- -e- --- --- 

TACOMA, WASH. 

-e- --- --e --- --- --- 1.0154 1.0160 1.0194 1.0192 1.C161 1.0175 
1.0160 1.0172 1.0187 1.0172 1.0153 1.0145 140 --- --- --- --- --- 

OLYMPIA, WASH. 

159 
--L 

--- --- -e- --- --- --- 1.0184 1.0190 1.0198 1.0192 
121 131 141 1.0135 1.0166 1.0169 191 --- --- --- 

ANACORTES. WASH. 

1.0220 laC'220 1.0223 1.0224 1.0226 1.0221 1.0217 1.0224 1.0220 1.0224 
220 222 223 225 224 224 222 225 221 224 
222 219 220 224 226 --- --- e-- --- --. 

.0223 .0226 
226 224 

,00220 1.0218 1.0220 1.0222 1.0223 1.0221 1.0216 1.0221 1.0220 1.0224 1.0224 1.0223 

29.8 29.5 29.8 30.0 30.2 29.9 29.3 29.9 29.8 30.3 30.3 30.2 

FRIDAY HARBOR, SAN JUAN I . ,  WASH. 

..0222 1.0219 1.0221 1.0220 1.0222 1.0222 1.0216 1.0216 1.0225 1.0228 1.0228 1.0228 
228 232 227 229 226 223 219 220 222 227 229 231 
229 231 230 229 227 226 213 222 214 228 227 214 
212 215 224 223 223 221 218 225 228 229 229 228 
226 226 228 228 221 225 218 220 226 228 226 224 

219 221 220 222 218 218 220 . 222 225 228 226 226 
225 222 224 224 219 224 221 225 226 226 225 224 
222 222 224 226 226 --- --- 
226 225 227 228 228 228 227 227 228 225 226 224 

222 220 223 220 221 214 --- --- 224 224 225 223 --- --- --- --.I --- e-- --- -- 227 222 225 221 228 230 226 22E 
225 224 224 225 224 212 210 222 221 221 226 223 
224 228 227 229 226 221 225 229 229 229 230 22€ 

--- --- --- --- --- --- --- --- --- --o --- --- 228 226 --- --- --- 
--- --- -0- --L --- 

--- --e --- 

1.0223 1.0224 1.0225 1.0225 1.0224 1.0222 1.0220 1.0223 1.0225 lac227 1.0227 10C22E 

30.2 30.5 30.4 30.4 30.3 30.0 29.8 30.2 30.4 30.7 30.7 30.4 

KETCHIKAN, ALASKA 

-c- --- 1.0229 1.0226 1.0205 1.0190 1.0210 1.0201 1.01E3 1.0182 1.0170 1.0202 
1.0222 1.0227 214 206 197 185 184 185 183 189 170 --- 

208 205 213 225 200 178 177 192 167 177 191 20i 

230 231 229 221 200 181 177 183 192 212 197 17; 
170  197 190 204 201 194 197 192 209 198 201 21: 
220 227 224 224 216 197 182 191 197 182 206 22; 
202 208 208 208 189 175 178 185 208 195 197 204 
203 227 220 224 218 199 181 177 198 187 170 19: 

1.0263 1.C2l.2 
231 201 
229* 198* 
228 181 
251 189 

1 e0263 1.0068 

35.4 9.9 

1.02401.00Z~8* 
134* 091* 

1.023Ot 1.0062* 
213* 059* 

1.02141 1.0@88* 
l94*  014' 

216* 075* 
211* 0.9986* 

1.0240 1.c192 
233 194 
2 3 P  200* 

225+ 212' 
230* 19W 

1.0240 1.0190 

32.4 25.9 

1.0232 1.0185 
234 195 
236 195 
231 176 
232 190 

229 195 
234 189 
228* 217* 
235* 223* 
247 200 

228* 199* 
239* 197* 
236* 186. 
235 141 
235 206 

1.0247 1 . a 4 1  

33.3 19.5 

1 O233* 1 .OO80* 
233* 117* 
238 119 

239 131 
228 128 
242 160 
229 115 
236 101 

Max. Min. 

*Obeervations for the year are incomplete;  extremes are f o r  t he  months shown. 



Density of Sea Water - Continued 
Means and Extremes 

YKU 

193( 
1931 
1931 
1932 
1934 

193: 
193t 
193'1 
193t 
1932 

1 9 4  
1941 
1942 
104: 
1944 

194: 
194E 
1047 
194E 
1941 

Mean 
3enaity 

Salinity 

1924 
1925 -- 

1943 
1944 

1945 
1946 
1947 
1948 
1945 

Mean 
Denaity 

Winity 

1937 
193E 
1935 

194C 
1941 
1942 
1942 
1944 

194f 
1942 
194' 
194t 
194: 
Mean 

Density 

SelinitJ 

194! 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. 

KETCHIKAN. ALASKA - Continued 

1.0221 1.0224 1.0222 l r 0 2 2 1  1.0212 1.0180 1.0185 1.0188 1.@204 1.0183 1.0173 1.016E 
177 197 209 216 197 190 188 183 189 188 187 214 
214 225 211 216 203 196 180 177 175 176 181 20: 
214 226 224 217 203 182 171 162 173 179 171 192 
202 189 205 208 196 188 183 190 193 191 186 2C: 

225 206 212 215 216 219 223 222 221 212 21C 207 
210 207 212 215 212 203 190 212 192 165 111 122 
199 202 193 202 192 204 166 121 138 175 170 16: 
189 195 202 191 207 197 194 196 201 180 198 2 K  
200 216 227 218 195 186 179 170 175 177 173 175 

207 217 216 208 213 211 196 171 187 198 193 187 
2 1 1  215 226 218 214 214 206 205 204 --- 174 18E --- 216 213 225 215 209 205 208 199 183 179 202 
204 218 221 226 224 224 217 201 -0- 188 184 152  
187 202 223 224 224 225 204 178 186 186 189 197 

219 230 234 233 222 194 193 198 198 193 198 21€ 

214 217 208 208 198 180 173 191 176 169 184 1% 
202 215 221 228 214 165 173 192 171 185 185 21C 
218 224 221 204 182 171 167 152 179 171 168 l9e  

219 225 217 218 207 188 --- --- 196 182 132 21E 

1.0207 1.0214 1.0216 1.0216 1.@206 1.0194 1.0168 1.0186 1.0189 1.0185 1.0182 1.0195 

28.1 29.0 29.3 2Q.3 28.0 26.4 25.6 25.4 25.8 25.2 24.8 26.5 

SITKA, ALASKA 

--- 
21 8 

220 
223 
217 
212 
218 

I o.0217 

29.4 

e-- --- --- 190 177 174 172 166 189 211 200 
221 220 216 197 172 181 184 181 193 206 209 

221 211 212 177 166 165 181 178 185 221 222 
228 227 --- 195 171 178 178 186 194 21c 227 
231 202 212 195 195 197 206 1 6 1  205 208 219 
230 232 234 205 188 192 194 186 209 201 227 
235 227 221 205 200 183 198 203 200 206 226 

30.8 29.7 29.5 25.9 24.4 24.0 25.0 24.2 26.3 27.7 28.6 

JUNEAU, ALASKA 

1.0206 1.0218 1.0218 1.0214 1.0120 1.0094 1.0997 1.0098 1.011B 1.0130 1.0191 1.0206 
212 213 211 206 150 124 099 104 120 133 182 192 
216 214 224 214 176 110 085 079 093 144 185 196 

--- --- 211 219 224 214 150 129 088 105 --- --- --- --- --e --- --- --- 167 137 220 
192 211 --- 208 141 101 090 098 115 132 199 218 
212 210 214 161 135 093 058 072 104 122 154 --- 
199 205 208 168 128 002 081 095 111 108 158 181 

204 217 218 219 140 101 096 091 104 109 207, 225 
219 226 217 206 132 093 090 083 128 143 159 216 
204 216 178 175 135 078 078 114 084 127 151 177 
188 212 226 225 112 074 077 086 103 137 152 21C 
194 228 219 189 148 111 101 117 130 139 129 204 

--- --e 

1.0205 1.0216 1.0214 1.0200 1.9139 1.0099 1.0087 1.0395 1.0110 1.0133 1.0171 1.9204 

27.8 29.3 29.0 27.2 19.2 14.0 12.4 13.5 15.4 10.4 23.4 27.7 

HAINES, ALASKA 

1.0227 --- 1.9233 1.0213 1.0181 1.0150 1.0064 1.9039 1.0067 1.9166 1.0184 1.020$ 

Means 

L.019f 
19: 
197 
192 
194 

21€ 
18E 
17E 
19e 
1P3 

201 --- --- --- 
2 02 

211 

193 
197 
18e 

..o19e 

26.9 

--- 

--- 
. .018C 

196 

2G4 
209 
210 

1 . 0200 
27.2 

1.0159 
162 
161 

16C 
159 
143 
15c 
155 

1.015E 

21.4 

Max. Min. 

1.0237 1 o0102 
254 139 
233 126 
250 132 
227 129 

230 168 
231 101 
226 107 
223 106 
267 112 

231 149 
238* 139* 
233* 152* 
242* 124* 
244 132 

246 167 
230, 112* 
227 137 
233 149 
231 127 

. 0267 1 0080 

35.9 11.5 

. .0217* 1 0135* 
233 082 

240* 114* 
234 102 

235 109 
236* 105* 
237 124 
239 136 
239 122 

.0240 1.0082 

32.4 11.8 

. -0243 1 o0012 
237 032 
233 005 

235* 008' 
225* 0611 
229* 0401 
230* 01% 
228 032 

244 0.9986 
249 0.9999 

245 026 
275 024 

259 1.0023 

Lo0275 0.9986 

37.0 0.0 

*Observations For the year are inoomplete; extremes are f o r  the monthe shorn. 
hl 
W 



Density of Sea Water - Continued 
Means and Extremes 

--e --- --- 1.0233 1,0236 --- --- --- --- --- --- --- 1.0230 1.0237 1.0232 240 231 1.0237 
Le0238 1.0235 1.0236 1.0232 1.0233 1.0220 238 239 239 239 235 233 

--- --- 0- - --- --L --- 

234 234 234 234 241 238 235 239 236 238 239 243 
242 240 241 242 242 232 239 242 237 239 237 239 

,00238 1.0236 1.0237 1.0236 1.0239 1.0230 laG236 1.3239 1.3236 1.0238 1.0236 1.0238 

h) 
P 

32.1 31.9 32.0 31.9 32.3 31.1 31.9 32.3 31.9 32.1 31.3 32.1 

Y W  

1944 

1945 
1946 
1947 
1948 
1949 

MleM 
Density 

W n i t y  

1941 
1942 
1943 
1944 

1945 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1926 
1927 
1928 
1928 

193C 
1931 
1932 
1932 
1934 

1935 
193E 
193i 
193E 
193E 

194! 

1945 
194E 
194; 
1942 
194s 

Mean 
Deneity 

Salinity 

-- 

1935 
1938 

1945 
194E 
1947 
194E 
194s 

Mean 
Denrdty 

Salinity 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

SKAGWAY ALASKA 

LO0230 1.0232 1.0230 1.0228 1.0127 1.0046 1.0027 010 077 095 223 232 
234 233 --- --- 129 033 010 012 081 153 196 237 
235 242 216 222 164 050 034 077 057 136 197 200 
219 232 238 241 --- --- --- --- --- --- --- --.. --- --- --- --- 167 095 075 023 --- 165 158 218 

L.0231 1.0235 1.0228 1.0230 1.0147 100056 1.9036 1.0032 1.0072 1.0130 1.0198 1.0218 

31.2 31.8 30.5 31.1 20.3 8.4 5.5 5.2 10.5 18.0 26.9 23.5 

YAKUTAT, ALASKA 

1.0228 1.0226 1.0219 1.0216 --- --- --- 1.0172 1.0204 --- 1.0218 1.0225 
220 216 218 218 1.0205 1.0189 1.0155 169 --- 1.0205 210 228 
221 227 --- 217 213 201 192 --- 188 200 208 201 
212 216 215 213 --- 179 164 166 184 188 --- --- 
224 224 221 224 204 201 190 177 132 200 222 225 
226 227 226 225 210 186 167 169 199 218 2 2 1  23C --- 234 219 222 217 203 194 192 192 207 219 21E --- 224 221 228 228 230 --- --- --- --- --- --- 
213 217 215 204 188 182 167 176 184 201 205 216 

1 0 0 2 P 1  1.0224 100220 1.0219 1.0206 1.0192 1.0176 1.0174 1.0190 1.0202 1.0216 1.0221 

29.9 30.3 29.8 29.7 28.0 26.1 24.0 23.8 25.9 27.4 29.3 29.: 

SEWARD. ALASKA 

1.0181 1.0200 1.0180 1.0176 1.0123 1.0121 1.0037 1.0049 1.0120 1.0162 1.0141 1.020E 

--- --- 218 209 153 135 059 093 137 186 195 20E 
227 227 233 207 175 056 060 086 065 --- 158 231 

216 215 225 220 205 064 019 048 --- 194 209 --- 

250 
21 8 
228 
228 
228 

215 
2 08 
214 

215 
--- 
--- 
197 

228 
- -- 
--- --- 

-0- 

21 5 
236 
223 
204 

205 
214 
225 

222 
--- 
--- 
2 04 
225 
208 --- --- 

175 
224 
222 
235 
211 

223 
223 
218 

233 
--- 
--- 
215 
227 
183 --- 
--e 

216 
210 
212 
230 
189 

216 
210 
222 

229 
--- 
--- 
21 I! 
221 
210 --- --- 

168 
177 
196 
182 
115 

179 
173 
166 
175 --- 
--. 
149 
155 
139 

177 
--- 

109 
082 
139 
133 
08 7 

097 
084 
080 
085 
078 

--- 
061 
071 
063 

116 
--- 

064 
058 
095 
083 
097 

052 
092 
073 
G O  
052 

--.. 
066 
046 
065 

057 
--- 

051 
06 8 
091 
081 
072 

1 2 7  
069 
119 
090 
059 

--- 
042 
062 
092 
129 
113 

133 
145 
158 
158 
108 

138 
145 
108 
100 
162 

--- 
127 
083 
104 
136 
078 

204 
183 
146 
207 
142 

166 
129 
131 
137 
134 

156 

1 2 8  
148 
145 
153 
180 

21 4 
193 
218 
205 
187 

206 
156 

190 
186 

198 

210 
2 05 

--- 

--- --- 
170 

210 
220 
218 
237 
187 

217 
193 

182 
210 

200 

207 
230 

.-- 

--- --- 
21 5 

1.0218 1.0216 1.0215 1.0212 1.0165 1.0092 1.0063 1.0081 100122 1.0162 1.0131 1.0211 

29.5 29.3 29.1 28.8 22.5 13.1 9.3 11.5 17.C 22.2 26.0 28.6 

KODIAK, ALASKA 

--- --- --- --- 1.0225 1.0228 1.0232 1.0238 1.0226 1.0228 1.0231 1.0231 --- --- -e- --- --- ..0227 1.0232 1.0237 1.0241 221 229 --- 
DUTCH HARBOR, UNALASKA ISLAND, ALASKA 

Means Max. Min. 

. .0259*0.9997* 

244 0.9995 
242* 0.9997* 
248 1.0001 
246* 1 0210* 
235*0.9999* 

.e0259 0.9995 

34.9 0.4 

. 0234* 1 0138* 
265* 105* 
236* 174* 
229* 120* 

237 146 
235 127 
242* 126+ 
241+ 189* 
235 103 

1.0265 1.0103 

35.6 14.5 

1.9251 1.0001 
274*0.9998* 
269*1.0005* 
274*1.0009* 

292* 1 0005* 
234 1.OOOO 
251 1oOOO5 
249 1.0001 
266 0.9998 

264 1.0000 
233 0.9999 

265*1 . 0001* 
237*1 .OOOO+ 

249* 0.9996* 

233*1.0081* 

231 1.0002 
236*1.9000+ 
236*0.9996* 
232* 1 0037* 
235* 0.9995' 

..0292 0.9995' 

39.2 0.4 

.0251*1.0162* 
245* 168* 

.025 0*1.02 09* 
243* 191* 
254 165 
262 220 
275 210 

00275 1.0165 

37.9 22.6 

*Observations for t h e  year  a r e  i x o m p l e t e ;  extremes a r e  f o r  t h e  months shown. 



Density of Sea Water - Continued 
Means and Extremes ' 

1948 

194, 
1941 
194' 
1941 
194! 

MOUl 
DeMity 

w b  

1944 

194! 
194t 
194: 
194t 

Mean 
Density 

Wnity 

194€ 
1947 
194f 
1945 

Mean 
Ienaity 

Winity 

1948 
1949 

1945 

1945 

1944 

1945 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1944 

1945 
1946 
1947 
1948 
1949 

Mean 
Denaity 

Salinity 

~ 

Jan Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
~ ~~ ~ ~ 

SWEEPER COVE, ADAK ISLAND, ALASKA 

1.0238 1.0225 1.0210 1.0203 1.0223 1.0237 --- --- --- 1.0183 1.0182 1.0185 

197 204 173 167 186 208 1.0228 1.0227 1.0214 --- --- 188 
178 194 171 110 102 165 188 186 202 182 211 236 
215 227 211 196 229 229 239 230 225 231 204 229 
233 228 234 228 227 211 217 214 207 192 208 208 --- 184 194 169 151 214 165 193 168 w - 0  --- 5-- 

1.0201 1.0209 1.0212 1.0210 1.0199 1.0179 1.0186 1.0211 1.0207 1.0210 1.0203 1,0197 

28.8 28.5 27.1 24.4 25.4 28.6 28.1 28.5 27.6 26.9 27.3 28.4 

CONSTANTINE HARBOR, AMCHITKA ISLAND, ALASKA 

--- --- --- --- --- 1.0248 1.0247 1.0243 1.0243 1.0243 1.0243 1.0243 

1.0245 --- --- --- --- --- 244 245 238 241 242 240 
243 --- --- --- --- 245 243 243 239 244 244 239 
240 1.0244 --- --- --- 245 246 245 245 245 244 244 
249 255 1.0248 1.0245 --- 249 251 252 251 252 --- --- 

1.0244 1.0250 1.0248 1.0245 --- 1.0247 1.0246 1.0246 1.0243 1.0245 1.0243 1.0242 

32.9 33.7 33.4 33.0 --- 33.3 33.2 33.2 32.8 33.0 32.8 32.7 

MASSACRE BAY, ATTU ISLAND, ALASKA 

e --- --- --- --- 1.0233 1.0224 1.0233 1.0237 1.0239 1.0245 1.0242 --- --- --- --- --- --- --- --- --- --- 244 238 1.0243 
1.0244 1.0242 1.0244 1.0234 237 224 241 --- --- - -- --- --e --- --- 250 249 243 243 239 243 243 244 247 245 

1.0244 1.0242 1.0247 1.0242 1.0238 1.0230 1.0238 1.0240 1.0241 1.0244 1.0242 1,0244 

32.9 32.7 33.3 32.7 32.1 31.1 32.1 32.4 32.5 32.9 32.7 32.9 

PORT MOLLER, ALASKA 

--- --- _-- -a- --- --- --- --- 1.0223 1.0222 1.0223 --- --- --- 1.0222 1.0225 1.0227 1.0227 1.0230 1.0228 228 219 218 1,0216 

POINT BARROW (ocean), .ALASKA 

POINT BARROW (Elson Lagoon),  ALASKA 

MIDWAY ISLANDS, HAWAIIAN ISLANDS 

--- --- 1.0262 1.0261 --- 1.0262 1.0263 1.0260 1.0256 1.0257 1.0256 1.0256 

1.0258 1.0256 259 265 1.0265 272 --- --- --- --- --- --- --- --- --- --- --- 268 268 266 269 268 267 
257 --- 263 265 266 265 267 264 267 267 266 262 --- --- 267 265 265 266 264 267 --- 261 264 261 --- 272 --- 270 272 264 263 264 268 --- --e --- 

1.0260 1.0260 1.0263 1.0265 1.0265 1.0266 1.0266 1.0265 1.0265 1.0254 1.0265 1.0264 

35.0 35.0 35.4 35.6 35.6 35.3 35.8 35.6 35.6 35.5 35.6 35.5 

HONOLULU, HAWAIIAN ISLANDS 

--- 1.0249 --- 1.0248 1.0249 1.0249 1.0255 1.0257 1.0255 1.0256 1.0258 1.0254 

1.0255 258 1.0260 258 262 261 260 260 260 261 259 256 
256 252 254 253 256 258 259 261 261 261 259 256 
257 259 258 257 256 259 260 260 257 259 256 258 
253 254 256 253 256 259 258 259 261 261 261 260 
250 259 259 262 262 260 263 263 261 262 266 266 

1.0254 1.0255 1.0257 1.0255 1.0257 1.0258 1.0259 1.0260 1.0259 1.0260 1.0260 1.0258 

34.2 34.4 34.6 34.4 34.6 34.7 34.9 35.0 34.9 35.9 35.0 34.7 

1.0264 

35.5 

1.0252 
25i 
2% 
25E 
261 

1 e025E 

34.: 

~ _ _  

Max. Min. 

251* 0771 
276 005 
250 038 
251 092 
264* 0271 

,00276 1.OOOS 

37.1 1.7 

..0267*1.0235* 

251* 21Or 
251* 202, 
252* 197* 
278* 229, 

00278 1,0197 

37.3 26.0 

.0255*1.0179* 
247* 219* 
252* 188* 
261* 2241 

e0261 1.0179 

35.1 24.4 

.0228*1.0214* 
236* 211* 

0217* 1 0153* 

0205* 1 0111 * 

.0274*1.0246* 

281* 251* 
275* 257* 
273* 246+ 
279* 244* 
286* 259* 

00286 1.0244 

38.4 32.9 

.0269*1.0231+ 

2To 226 
265 231 
268 234 
266 217 
269 218 

.e0270 1 e0217 

36.3 29.4 

+Observations f o r  t h e  year are incomplets ;  extrones are For the months shown. 



Density of Sea Water - Continued 
Means and Extremes 

N m 

Year 

1947 
1948 
1949 

Mean 
Density 

Salinitg 

1947 
1948 
1949 

1948 
1949 

1948 
1949 

1949 

1947 
1946 
1949 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

HILO, HAWAIIAN ISLANDS 

L.0207 1.0194 1.0175 1.0176 1.0150 1.0161 1.0145 1.0154 1.0167 1.0159 1.0159 1.0162 
176 --- 171) 167 162 190 176 189 191 198 185 159 
163 207 180 122 149 155 149 137 148 163 172 130 

1.0182 1.0200 1.0178 1.0155 1.0154 1.0169 1.0157 1.0160 1.0169 1.0173 1.0172 1.0153 

24.8 27.2 24.3 2 1  03 21.2 23.1 21.6 22.0 23.1 23.7 23.5 21.c 

JOHNSTON ISLAND, HAWAIIAN ISLANDS 

--- --- --- --- 1.0262 1.0260 1.0262 1.0261 1.0261 --- --- --- --- 1.0262 1.0263 1 a0264 263 --- --- --- --- -e- --- --- --- 259 258 263 261 259 261 --- --- --- --- --- 
APIA (Observatory), SAMOA ISLANDS 

--- --- --- 1.0258 1.0255 1.0260 1.0262 1.0264 1.0267 1.0266 1.0263 1.0262 
1.0259 1,0262 1.0259 259 257 260 262 264 265 266 267 263 

KUKUM, GUADALCANAL ISLAND, SOLOMON ISLANDS 

--- --- --- 1.0254 --- 1.0253 1.0253 1.0255 1.0256 1.0255 1.0254 1.0253 
!a0254 1.0255 l.C;255 252 1.0252 251 255 255 255 256 --- --- 

KWAJALEIN ISLAND, MARSHALL ISLANDS 

--- 1.0259 1.0258 1.0256 1.C256 lac253 1.0256 1.0253 1.0254 1.C254 1.0253 1.025C 

MANILA, LUZON ISLAND, PHILIPPINE ISLANDS 

--- --- --- --- --- --.. 1.C185 1.0181 1.0150 1.C194 1.C200 1.0206 
1.0212 1.G215 1.0232 1.0238 1.C.244 1.C246 234 229 132 155 225 214 

229 229 231 245 251 264 253 22'  197 204 236 242 

Mean 
Iensity 

ktlinity 

1948 
1S4C 

1947 
194€ 
194: 

Mean 
Density 

Salinity 

194' 
l94f 
194! 

Mean 
Density 

Salinity 

194' 
134 
194! 

Mean 
Density 

Salinity 

1,0220 1.0222 1.0233 1.0242 1.0248 1.0250 1.0224 1.0211 1.0160 1.0164 1.C220 1.0221 

29.8 30.0 31.5 32.7 33.4 33.7 30.3 28.6 22.0 25.1 29.8 29.9 

SAN FERNANDO, LUZON ISLAND, PHILIPPINE ISLANDS 

--- 1.0250 lac251 lac248 1.0256 1.0243 1.0238 1.0228 1.0212 1.0226 1.0242 1.0246 
1.0247 247 247 246 254 252 247 224 216 230 240 25C 

LEGASPI. LUZON ISLAND, PHILIPPINE ISLANDS 

--e --- --- --- 1.0206 1.0228 1.0239 1.0227 1.0240 1.0235 1.0230 1.0198 
1.0211 1.0203 1.0214 1.0222 223 244 235 252 246 245 208 203 

1 0 s  215 211 214 213 245 239 253 256 2 Y G  188 183 

1.0205 1.0209 1.0212 l .CZl t ?  1.0214 1.0239 1.0238 1.0244 loC247 1.0239 1.0209 1.0195 

27.6 28.4 28.E 29.5 29.0 32.3 32.1 32.0 33.3 32.3 28.4 26.5 

CEBU, CEBU ISLAND, PHILIPPINE ISLANDS 

--- --- --- --- 1.0250 1.0237 1.0246 1.0248 1.0244 1.0244 1.0248 1.0247 
1.0246 1.0254 1.0253 1.0255 255 249 243 249 249 248 237 23E 

247 250 254 257 254 252 243 247 243 241 235 23: 

1.0246 1.0252 1.0254 1.0256 1.0253 1.0246 1.0244 1.0248 1.0245 1.0244 1.0240 1.0243 

33.2 34.0 34.2 34.6 34.1 33.2 32.9 33.4 33.0 32.9 32.4 32.: 

DAVAO, MINDANAO ISLAND, PHILIPPINE ISLANDS 

--- --- --- --- 1.0240 1.0224 1.0216 1.0228 1.0211 1.0225 1.0235 1.025? 
1.0253 1.0254 1.0258 1.0252 251 237 214 216 214 210 235 25: 

259 2.58 256 248 232 195 l e 2  --- 174 174 190 211 

1.0256 1.0256 1.0257 1.0250 1.C241 1.0219 1.2205 1.0222 1.02CO 1.02C3 1.0223 1.024( 

34.5 34.5 34.e 33.7 32.5 29.7 27.e 30.0 27.2 27.6 30.2 32.' 

Lo0220 

29.6 

--- 
1 .@242 

--- 
1.0226 

221 

1.0222 

30.C 

--. 
1.024E 

247 

1.0245 

33.: 

--. 
1.023: --. 
1.0231 

31 0; 

Max. Min. 

1.0265 1.0103 
254* 069* 
254 028 

1.0265 1.0028 

35.6 4.7 

1.0267* 1 0256* 
268* 259* 
275* 251* 

1.027etl.0243* 
272 192 

1.0262* 1 . 0238+ 
261* 204* 

1 . 0251*1.0008* 
258 100 
260 161 

00260 1.0008 

35.0 2 . 1  

.0264*1.0143* 
260 195 

..0261*1.0126* 
277 113 
264 122 

37.2 15.8 

1 025 9* 1 01 43* 
263 138 
260 127 

1.0263 1.0127 

35.4 17.6 

1.0264*1.0129* 
267 130 
286 040 

1.0286 1.0040 

38.4 6.3 

+Observations f o r  t h e  year are i nconp le fo ;  ex t roaea  a r e  f o r  t h e  :nonths shown. 
N 
W 



YeSr 

--- --- 1.0262 1.0262 1.0262 1.0260 1.0264 1.0263 1,0263 1.0264 1.0262 --- 
1.0262 --- --- 266 264 263 264 261 264 265 264 1.0264 

--- o-- --- 262 266 
263 1.0264 264 263 263 260 261 264 271 272 267 265 

267 265 264 264 264 266 266 263 260 261 262 262 
262 262 262 261 261 260 --- 
260 --- --- --- o-- --- 259 261 261 --- --- --- 

1.0263 1.0264 1.0263 1.0263 1.0263 1.0262 1.0264 1.0263 1.0264 1.0264 1.0263 1.0264 

194' 
1941 
194! 

M W  
Denaity 

1944 

194: 
194f 
194: 

Mean 
Density 

-- 

1944 

194: 
194C 
194; 
194f 
194s 

Mean 
Density 

WIlity 

35.4 35.5 35.4 35.4 35.4 35.3 35.5 35.4 35.5 35.5 35.4 35.: 

1944 

1945 
1946 
1947 
1948 
1949 
Mean 
lenity 

Jalinity 

1946 
1941 
1948 
1945 

Denaie 

1944 

1945 
1946 
1947 
1946 
194s 

M a n  
DIXUIity 

Salinity 

Demiw of Sea Water - Cvntinued 
Means and Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov Dec. 

JOLO. JOLO ISLAND, PHILIPPINE ISLANDS 

--- --- --- --- --- --- --0 --- --- 1.0257 1.0244 l.C24? 
1.0247 1.0249 1.0249 1.@251 1.0251 1.0251 1.0250 1.0250 1.0250 249 246 245 

249 249 244 249 252 254 252 256 252 250 240 23; 

1.0248 1.0249 1.0246 1.0250 1.0252 1.0252 1.0251 1.0253 1.0251 1.0252 1.0243 1.0242 

33.4 33.6 33.2 33.7 34.0 34.0 33.8 34.1 33.e 34.C 32.8 32.7 

PUNTA ARENAS, MAGELLAN STRAIT, CHILE 

--- --- --- 1.0226 1.0222 1.0225 1eC224 1.0227 1.0229 1.0229 1.023C 

--- --- --- --- --- 214 217 221 224 224 223 223 
1.0229 1.0223 1.0222 1.0219 218 220 220 221 221 223 224 225 --- 228 226 222 220 217 213 214 0-- --- 226 --- 
1.0226 1.0224 1.0222 1.0220 1.0220 1.0217 1.0219 1.0222 1.0224 1.0226 1.0225 1.0226 

30.6 30.3 30.0 29.6 29.8 29.4 29.7 30.0 30.3 30.6 30.4 30.6 

PUERTO MONTT, CHILE 

--- --- --- --- 1.0238 1.0225 1.0228 1.0235 1.0252 1.0229 1.0199 --- 
--- 1.0202 1.0220 1.0226 221 210 230 230 213 --- 207 1.0185 

204 196 223 221 236 230 -0- 233 229 224 224 203 
198 221 226 233 234 238 233 227 221 --- 241 212 
194 209 --- 232 222 --- 231 227 223 --- 220 --- 

1.0189 206 213 225 233 233 229 230 228 218 223 183 

1.0196 1.0207 1.0220 1.0227 1.0231 1.0227 1.0230 1.0230 1.0224 1.0224 1.0219 1.0146 

26.7 28.1 29.8 30.7 31.2 30.7 31.1 31.1 30.3 30.3 29.7 26.7 

VALPARAISO. CHILE 

--- --- --- 1.0261 1.0262 1.0260 1.0261 1.0256 1.0263 1.0262 1.0263 1eC259 

.0263 1.0264 1.0267 261 258 261 259 269 258 260 263 266 

261 260 260 269 266 255 253 254 255 256 257 259 
260 259 260 269 267 255 253 259 263 263 262 256 
263 265 263 263 260 256 255 258 265 264 267 263 

..0262 1.0263 1.0263 1.0260 1.0269 1.0257 1.0266 i.0258 1.0260 1.0261 1.0262 1.0261 

264 265 264 259 260 --- --- 259 258 262 262 263 

35.3 35.4 35.4 55.0 34.9 34.6 34.5 34.7 35.0 35.1 55.3 35.1 

ANTOFAGASTA. CHILE 

1.0263 1.0269 1.0259 1.0257 1.0256 1.0256 1.0257 1.0268 1.0258 1.0258 1.0258 --- 
259 257 260 261 263 261 262 263 260 264 261 1.025: 
263 264 --- 
263 264 263 266 264 261 263 266 263 264 268 267 

--- --- --- --- --. --- --- --- --- 
1.0262 1.0261 1.0261 1.0261 1.0261 1.0259 1.0261 1.0262 1.0260 1.0262 1.0262 1.026: 

35.3 35.1 36.1 35.1 35.1 34.9 35.1 35.3 35.0 35.3 35.3 35.4 

MATARANI, PERU 

*Observations for the year are incomplete; extreme8 are for the months shown. 

--- 
.. 0262 

257 
26s 
262 

--- 

. eC26C 

55.c 

--- 
1 a 0261 --. 

264 

1 e0261 

35.1 

1 e0263 

35.4 

Max. Min. 

1.0265* 1 .0229* 
257 232 
266 171 

1.0266 1.0171 

35.8 23.4 

. .0231*1.0209* 

233* 193* 
229 203 
232* 198* 

.e0233 1.0193 

31.5 26.5 

u 0251* 1 a 7 6 *  

250* 15@* 
245 152 
284+ 151* 
278* 187* 
251* 153* 

..0284 1.0150 

38.1 20.6 

291 2 
270* 2 
267 2 
271 2 
289 2 

:9 
: 7* 
17 
:6 
17 

e0291 1.0237 

39.0 32.0 

.0267*1.0253* 
270 243 
273* 256* 
275 258 

a0275 1.0243 

37.0 32.8 

.@280*1 .0247* 

276* 249* 
281 250 
274* 251* 
285 244 
266* 256* 

..(I286 1.0244 

38.2 32.9 



Year 

1944 

194E 
1946 
1947 
1948 
1949 

Mean 
Density 

Salinity 

1944 

1945 
194& 
1947 
194f 
1945 

Mean 
Density 

Salinity 

194E 
1945 

Density of Sea Water - Continued 
Means and Extremes 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. 

CALLAO. PERU 

--- 1.0239 1.0234 1.0235 1.0242 1.0244 --- 1.C247 1.0248 1.0250 1.0251 1.0254 

..0257 253 248 245 252 245 1.0248 254 256 250 253 252 
244 235 247 224 240 --- 232 239 244 247 246 236 --- 249 244 242 239 242 --- 253 247 251 257 257 
256 244 249 248 250 243 243 247 247 254 246 256 
251 248 248 248 249 250 251 252 252 254 257 254 

..0252 1.0245 1.0245 1.0240 1.0245 1.0245 1.0244 1.0249 1.0249 1.0251 1.0252 1.0252 

34.0 33.0 33.0 32.4 33.0 33.0 32.9 33.6 33.6 33.6 34.0 34.0 

TALARA, PERU 

1.0260 1.@259 1.0264 1.0270 1.0272 271 273 --- --- --- --- 247 
271 266 270 266 264 263 265 264 262 263 --- 265 
270 270 271 274 268 284 --- 272 267 267 263 264 
259 261 265 264 264 264 265 263 263 262 266 266 
265 266 265 267 267 267 265 264 263 264 264 264 

1.0265 1.0264 1.0267 1.0268 1.0267 1,0266 1.0267 1.0266 1.0265 1.0264 1.0265 1.0266 

35.6 35.5 35.9 36.0 35.9 35.8 35.9 35.8 35.6 35.5 35.6 35.8 

LA LIBERTAD.  ECUADOR 

Means 

~~ ~ 

Max. Min. 

.0275*1.0214* 

269 227 
2961 213* 
2691 22@ 
274 224 
277 198 

.02!?6 1.0198 

39.7 26.9 

.@275*1.0259* 

279* 249* 
281* 257* 
295* 256* 
272 253 
274 253 

.0295 1.0249 

39.6 33.6 

.0256*1.0247* 
2755 241* 

*ObservP.';ions f o r  thq year aro inconplete; extremes a m  for th0 nozths shown. 



Salinity of Sea Water 
Average monthly surface salinities, in parts per thousand, furnished by the Scripps Institution, La Jolla, Calif. 

series 

1925-1949 

1919-1949 

19194949 

1926-1942 

1922-1941 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

BALBOA, CALIF. 

33.51 33441 33.49 33.59 33.66 33.68 33.72 33.68 33.62 33.61 33.60 33.56 

PORT HUENEME, CALIF. 

33.46 33038 33.31 33.60 33060 33.62 33.65 33.59 33.57 33.58 33.58 33.50 

PACIFIC GROVE, CALIF. 

33.34 33.20 33.20 33.37 33.60 33.70 33.72 33.70 33.62 33.53 33.44 33037 

NORTH FARALLON ISLAND, CALIF. 

35.12 32.94 33.02 33.20 33.45 33.68 33.76 33.76 33.66 33.62 33.49 33.40 

BLUNTS REEF LIGHTSHIP 

33.07 32.99 33.03 33.11 33.49 33.69 33.84 33.77 33.64 33.54 33.28 33.19 

MWDE 

33 59 

33 . 54 

33.48 

33.43 

33.39 



34 

Mean Salinity Curves 

Monthly mean salinities in parts per thousand are presented graphically to show the seasonal variation. 

34 -------- SAN DIEGO. CALIF. 
1922 - 1925 

34 --------- 

L A  JOLLA. CALIF. 
1925-1949 

LOSANGELES 
(Outer Harbor), CALIF. 

1924-1949 

SANTA MONICA. CALIF. 
1946-1949 

AVILA. CALIF. 
1945-1 949 

SAN FRANCISCO 
(Fort Point). CALIF. 

1922-1949 

ALAMEDA 
(Naval Air Station), CALIF 

1940-1949 

CRESCENT CITY, CALIF 
1934 - 1947 

ASTORIA 
(Tongue Point). ORE. 

1925-1949 

TOKELAND. WASH. 
1935-1 939 

34 

32 

30 

28 

26 

32 

30 

28 

26 

24 

22 

20 

34 

32 

30 

28 

32 --- 
30 - 
28 L L e  

30 

28 

26 

24 

22 

20 



35 

FRIDAY HARBOR. WASH. . 
30 1935-1949 

RAYMOND. WASH. 
1935-1 942 

-- 
A. - 

Mean Salinity Curves - Continued 

%:,JAN. F E E  MAR A P R  MAY J U N E  JULY AUG SEPl OCT NOV D € C  
22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

KETCHIKAN. ALASKA 28 
1922-1949 26 

34 

32 

30 

- 
NEAH BAY. WASH. 

1936- 1949 
_- 

c_cL- - __ __ 

. -. - -/\ 

I 30 SEATTLE 

1922-1949 26 

(Elliott Bay). WASH. 28 

SITKA. ALASKA 
1924 - 1925.1943 -1949 

JUNEAU, ALASKA 
1937-1949 

32 

30 

28 

26 

24 

22 

30 

28 

26 

24 

22 

20 

18 

16 

14 

12 
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Mean Salinity Curvea - Continzced 

%,JAN. FEE. MAR. APA. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 
32 

30 

28 

26 

24 

22 

20 
SKAGWAY. ALASKA 18 

16 

14 

12 

10 

1944 - 1949 

J 
8 / 
6 

4 

YAKUTAT, ALASKA 
1941 - 1949 

32 

30 

28 

26 

24 

22 

SEWARD. ALASKA 
1926-1939. 1944-1949 

34 

UNALASKA I.. ALASKA 32 

1945-1 949 30 

DUTCH HARBOR. 

30 

SWEEPER COVE, 28 
ADAK I.,ALASKA 26 

1944 - 1949 
24 



37 

HAWAIIAN ISLANDS 36 

Mean Salinity Curves - Continued 

I I I I I 

PUNTA ARENAS. CHILE 
30 1944.1947-1949 

28 

26 

HAWAIIAN ISLANDS 24 
HILO. 

1947-1949 22 

20 

w 
I - ----- - 

36 
TALARA. PERU 

1944-1 949 

32 

PUERTO MONTT. CHILE 30 

1944-1 949 28 

26 

L.-c---- 

ANTOFAGASTA. CHILE 36 I I f 1 I I a I 1 I 

1946-1 949 34 I I I I I I I I I I '1 

36 - 
34 

32 

CALLAO. PERU 
1944-1949 \ 



CORRESPONDING DENSITIES AND SALINITIES 

- __. 

Density 

.I_ 

0.8991 
. m 2  
. m 3  
.m4 
. m 5  

.m 

. m 7  

.Bgg8 

.9999 
1. m 
1. 0001 
1.0002 
1.0003 
1.0004 
1.0005 

1. oooe 
1. 0007 
1. Oo08 
1.0009 
1.0010 

1.0011 
1.0012 
1.0013 
1.0014 
1.0015 

1.0016 
1.0017 
1. 0016 
1.0019 
1. 00m 

1.0021 
1.0022 
1.0023 
1.0024 
1. oow 
1.0026 
1.0027 
1.0028 
1.0029 
1. oo30 

1.0031 
1.0032 
1.0033 
1.0034 
1.0036 

1.0036 
1.0037 
1.0038 
1.0039 
1. Q040 

1. ow1 
1.0042 
1.0043 
1.0044 
1.001s 

- - 
alinit 

- 
0. a 

. a  

. I  

. 3  

. 4  

. 5  

. 7  

. e  

. g  
1. 1 

1.2 
1.3 
1.4 
1. B 
I.  7 

1 .8  

2. 1 
2. 2 
2.4 

2. 5 
2.6 
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