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TABLE FOR DENSITY OF SEA WATER AT 0° C. AND 
ATMOSPHERIC PRESSURE FOR V ALOES OF 

CHLORINITY BETWEEN 18.00 AND 20.99 
ACCORDING TO KNUDSEN'S FORMULA 

R. B. MONTGOMERY AND R. B. SYKES, JR. 
Woods Hole Oceanographic Institution' 

It is customary to express the density of sea water at atmospheric 
pressure, 

1 + <Tt • 10-3, 

in terms of at to two decimal places. This is usually computed from 
chlorinity and temperature by means of the Hydrographical Tables 
(Knudsen, 1901), which give it as the difference of two terms: 

<Tt = ao-D. 

a-0 is given as a function of chlorinity alone, the density of sea 
water at 0° C. and atmospheric pressure being 

1 +<TO. 1Q-3, 

and D is tabulated as a function of a-0 and temperature. While 
D is tabulated to three decimal places, a-0 is given to only two 
decimal places in the Tables, so their use is a departure from the 
common rule that calculations be executed to at least one more 
significant figure than the result. · 

Of course there is necessarily an uncertainty in the second decimal 
place of at due to the uncertainty in chlorinity and temperature as 
commonly measured. This probably produces an error in at which 
very often amounts to 0.01 and occasionally to even 0.03. Neverthe-
less this is no reason to introduce a further uncertainty due merely 
to calculation. This is especially true in deep water, where the 
second decimal place may assume great importance so that its high-
est accuracy in keeping with convenience is desirable. If a-0 and D 
are known exactly to the second decimal place only, the resulting value 
of at may be in error by as much as 0.010 and the chances are one in 
four that it is not correct in the second decimal place. Furthermore 
chlorinity is sometimes determined to some significance in the third 

1 Contribution No. 275. 
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decimal place (of %o), and this cannot be aclequa'tely converted to a 0 

when the latter is tabulated to two decimal places only. 
In order to eliminate largely this error of calculation we have 

formed the accompanying table giving ao to three decimal places 
for the range of chlorinity from 18.00 to 20.99%0 , which fully covers 
the waters found in the open ocean. It was computed from Knud-
sen's formula2 relating ao to chlorinity in parts per thousand, 

ao = - 0.069 + 1.4708 Ci - 0.001570 ci2 + 0.0000398 GP. 

In regard to the accuracy of the formula it is fir st to be noted that, 
even if the coefficients are exact in the last figure given, a maximum 
error in a 0 of 0.0021 at chlorinity 20 %0 might result because the sub-
sequent figures are unknown. The coefficients were derived by Knud-
sen (1902, p. 157) from 22 selected samples for which the chlorinity 
and density were carefully determined. The average magnitude of 
the deviations of the a 0 values from the formula is 0.0047; this was 
assigned chiefly to errors in the chlorinity determinations. The chlor-
inity values used by Knudsen, acoording to the old definition of chlor-
inity (Splrensen, 1902, p. 137) but using 1938 atomic weights, need 
to be increased by a factor 1.00048, the standard water of supposed 
chlorinity 19.380%0 having an actual value 0.0094%0 greater as given 
by Jacobsen and Knudsen (1940, p. 22). In order to obviate this dis-
crepancy they have redefined chlorinity as 0.3285234 times the 
mass of silver necessary to precipitate the halogens in unit mass 
of sea water, and the formula for a 0 is appropriate when chlorinity 
is thus defined. 

A check on the formula at one point was obtained by the precise 
analysis of the Urnormal 1937 water. This sample of natural sea 
water was found to have a chlorinity of 19.381%0 and ao = 28.137, 
the latter agreeing exactly with the formula (Jacobsen and Knudsen, 
1940, p. 38). The conclusion indicated is that within the range of 
the accompanying table the third decimal place of ao as given by 
the formula is doubtful but at the same time definitely significant 
even in absolute value. Of course it is assumed implicitly in the 
formula that variations in concentration of other dissolved substances 
relative to chlorine are too small to make the third decimal place of 
ao insignificant. While this is justified for the samples Knudsen 
worked with no sufficiently extended study has been made to en-
sure that the' simple formula holds for all ocean waters to this degree 
of accuracy. 

2 Each value before rounding off to three decimal places was found to agree 
with the Hydrographical T ables with the exception of chlorinity 18.94%., for which 
he gives i; 0 = 27.49, the formula giving 27.4952. 
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In regard to the values of D in the Hydrographical Tables, Knud-
sen (1902, p. 172) points out that linear interpolation may lead to an 
error as great as 0.002, but that the tabulated values are fully exact 
in the third decimal place. It is however doubtful that sufficiently 
diversified samples of sea water were investigated to be sure of this 
statement. 
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TABLE OF <To AS FUNCTION OF CHLORINITY 

Cl,°/oo .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

18.0 26.129 143 158 172 187 201 216 231 245 260 
.18.1 26.274 289 303 318 332 347 361 376 390 405 
18.2 26.419 434 449 463 478 492 507 521 536 550 
18 .3 26.565 579 594 608 623 637 652 667 681 696 
18.4 26.710 725 739 754 768 783 797 812 826 841 

18.5 26.855 870 885 899 914 928 943 957 972 986 
18.6 27.001 015 030 044 059 074 088 103 117 132 
18.7 27.146 161 175 190 204 219 233 248 263 277 
18.8 27.292 306 321 335 350 364 379 393 408 422 
18 .9 27.437 452 466 481 495 510 524 539 553 568 

19.0 27.582 597 612 626 641 655 670 684 699 713 
19 .1 27.728 742 757 771 786 801 815 830 844 859 
19.2 . 27.873 888 902 917 931 946 961 975 990 *004 
19.3 28.019 033 048 062 077 091 106 121 135 150 
19.4 28.164 179 193 208 222 237 252 266 281 295 

19.5 28.310 324 339 353 368 382 397 412 426 441 
19.6 28.455 470 484 499 513 528 543 557 572 586 
19.7 28.601 615 630 644 659 674 688 703 717 732 
19.8 28.746 761 775 790 804 819 834 848 863 877 
19.9 28.892 906 921 936 950 965 979 994 *008 *023 

20 .0 29.037 052 067 081 096 110 125 139 154 168 
20.1 29.183 198 212 227 241 256 270 285 299 314 
20.2 29.329 343 358 372 387 401 416 431 445 460 
20.3 29.474 489 503 518 532 547 562 576 591 605 
20 .4 29.620 634 649 663 678 693 707 722 736 751 

20.5 29.765 780 795 809 824 838 853 867 882 897 
20.6 29.911 926 940 955 969 984 999 *013 *028 *042 
20.7 30.057 071 086 101 115 130 144 159 173 188 
20.8 30.203 217 232 246 261 275 290 305 319 334 
20.9 30.348 363 377 392 407 421 436 450 465 479 


