
Reproducido de: 

Journal of the Oceanographical Society of Japan 

Val. 29, pp. 193 to 202, 1973 

Oxygen-Total Inorganic Carbon Dioxide Relationship 

in the Pacific Otean* 

Saúl ALVAREZ-BORREGO** and P. Kilho PARK*** 

Abstract: The total inorganic carbon dioxide-oxygen relationship in the otean has been 

studied previously using two different approaches, one of which is theoretical and the other 

is statistical. Discrepancies between the two sets of results have been solved in this work 

by applying multiple linear regression analysis to express total inorganic carbon dioxide, 

normalized to constant Sx, as a function of potential temperature and total alkalinity and 

oxygen normalized to constant Sg. Results of the regression are in agreement with the 

assumption that total alkalinity changes in the open otean are only due to SX changes and 

calcium carbonate dissolution or precipitation; and with Redfield’s model for the prediction 

oi the total inorganic carbon dioxide-oxygen ratio for the biochemical oxidation. 

1. Introduction 

REDFIELD (1934) proposed a model to explain 

the proportions of organic derivatives in sea 

water based on dissolved oxygen concentration 

(Os), phosphate (POd), nitrate (NO,) and total 

inorganic carbon dioxide (TC02) data from the 

Western Atlantic Otean and on the elementary 

compositipn of plankton. The model is based 

on the assumption that, when biological oxida- 

tion occurs, the ratios of the consumption of 

dissolved oxygen to the production of nutrients 

and carbon dioxide are constant. So that, if 

we want to estimate the contribution of biologi- 

cal oxidation to the concentration of nutrients 

and total inorganic carbon dioxide, we only 

need to calculate the amount of dissolved 

oxygen that has been utilized and multiply it 

by the respective constants associated with each 

of the nutrients and the inorganic carbon 

dioxide (ALVAREZ-BORREGO et al., 1973). 
When 02 and TC02 are expressed in mg-at/l 

and mM respectively, the ratio predicted by 

Redfield’s model is dTC0s : dO2’ - 106: 276G 

-0.384; and when 02 is expressed in ml/l and 
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TC02 is expressed in mM the predicted ratio is 

dTC02:1102G -0.106:3.1f-0.0342 (REDFIELD 

et al., 1963). 
POSTMA (1964) and CRAIG (1969) questioned 

the validity of Redfield’s model because they 

did not find a linear relationship between Oz 

and TCOZ. But CLJLBERSON and PYTKOWICZ 

(1970) have shown that when changes in TC02 

due to al1 the processes other than oxidation 

are compensated for, linear relationships be- 

tween apparent oxygen utilization (AOU) 

(REDFIELD, 1942) and TC02 with essentially 

the slope predicted by Redfield’s model are 

found. CULBERSON (1972) showed that the 

vertical and horizontal distribution of TC02 in 

the Pacific, Indian and South Atlantic Oceans 

conform to Redfield’s model. 

CULBERSOW and PYTKOWICZ (1970) and 

CLJLBERSON (1972) used a direct approach to 

correct their AOU and TC02 data. Based on 

theoretical considerations they corrected the 

data so that only the changes due to biological 

processes were left. Their work was essentially 

a test of Redfield’s model. The assumptions 

involved in their calculations are that the 

specific alkalinity at the source of the waters 

is constant, and that changes in total alkalinity 

(TA) are only due to changes of S % and 

precipitation or dissolution of carbonates. 

BEN-YAAKOV (1971, 1972) has introduced 

multiple linear regression analysis to the study 
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of the relationships between TCOz, 02, TA, 
T”C and S x0 in the otean. He has shown 
that there is a linear relation between TC02, 
Os, TA and T”C along vertical profiles in the 
Eastern Pacific. For his 1971 paper he used 
the data of CULBERSON and PYTKOWICZ (1970) 
and found that the data are consistent with 
Redfield’s model; but he suggested that two 
other processes, besides carbonate reaction, 
may be responsible for TA changes. For his 
1972 paper he used data from a GEOSECS 
intercalibration station (CRAIG and WEISS, 1970; 
TAKAHASHI et al., 1970) and found the 95 % 
confidente interval for .the TA regression co- 
efficient being consistent with the assumption 
that, besides the SgD effect, TA changes are 
only due to carbonate dissolution or precipita- 
tion. He indicated that possibly the inconsist- 
ency shown in his 1971 results is due to some 
systematic errors in the data. In his 1972 work 

he reports that the best estimate for the 
ATCOs:d02 ratio, at the 95 O/o confidente level, 
is -0.042-+0.004 mM/ml, which is not consist- 
ent with Redfield’s value of -0.0342. Thus, 
there exists a discrepancy between the results 
of CULBERSON and PYTKOWICZ (1970) and 
CULBERSON (1972) and the results of BEN- 
YAAKOV (1971), and also between the results 
of BEN-YAAKOV (1972) and Redfield’s model. 

The purpose of the present work is to solve 
the discrepancy between the theoretical and 
statistical approaches by introducing corrections 
to the data before the application of the statis- 
tical method. 

2. Sources of data 

For this study we used the data that BEN- 
YAAKOV (1971, 1972) used, that is, data from 
Stations 70 and 127 of YALOC-69 (CULBERSON 
and PYTKOWICZ, 1970) and data from the 1969 
GEOSECS intercalibration station (CRAIG and 
WEISS, 1970; TAKAHASHI et al., 1970). In 
addition to these, data from YALOC-66 cruise 
(BARSTOW et al., 1968) are used. TCOs data 
from YALOC-66 and YALOC-69 were calcu- 
lated from pH and TA data, and TC02 data 
from the 1969 GEOSECS station were measured 

by gas chromatography. The locations of the 
stations are shown in Figure 1. 

Fig. 1. Location of the stations used in this study. 

HAH22: 24”30,6’N, 161”3O.O’W; HAH52: 

45”52.8’N, 174”02.3’W; AAHZ: 52”56.1’N, 

177”55.O’W; 70: 04”OO.O’S, 082”OO.O’W; 127: 

38”00.2’N, 124”45.O’W; GEOSECS: 28”29.0’N, 

121”38.O’W. 

3. Resulta and discussion 

From PARK (1965): 

TC02 = P. TC02 

where P. TC02 is the preformed total inorganic 
carbon dioxide, ilTCOs_ is the increment of 

total inorganic carbon dioxide due to biological 
processes, and ~TCOZ~~~= is the increment of 

total inorganic carbon dioxide due to carbonate 

dissolution or precipitation. 

dTCOs_ = aa(AOU) = as(Oz’ - 02) ( 2 > 

dTC0s,03. = k(TA- P. TA) (3) 

where aa is the dTC0a:dO~ ratio for biological 

processes, Os’ is the oxygen concentration at 

saturation, k is the dTCOs:ATA ratio, and 
P. TA is the preformed total alkalinity. Sub- 

stituting Equations (2) and (3) in Equation (1) 

we have 

TC02 = P. TC02 + aa(Oz’- Oz) 

+k(TA-P. TA) (4) 

TC02 = (P. TC02 + asOs’- kP. TA) 

- asOs + kTA (5) 
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If aa and k are constants, the quantity (P. 
TCOs+aaOs’- kP. TA) is a conservative vari- 
able in the sense that it is not affected by 
biological or geological processes; it is only 
gained or lost at the boundaries. If we make 
a regression of TCOs on Os, TA, temperature 
and/or salinity, the temperature and/or salinity 
terms may represent the conservative fractions 
of total inorganic carbon dioxide, oxygen and 
total alkalinity, namely (P. TCOs+aaOs’-kP. 
TA), so that the 02 and TA terms represent 
only the non-conservative fractions. 

According to POSTMA (1964) two of the 
processes that affect TA and TC02 are changes 
in .S:& by evaporation or precipitation and 
formation or solution of particulate calcium 
carbonate. S x0 changes cause the P. TA and 
P. TC02 to change, POSTMA (1964), CULBER- 
SON and PYTKOWICZ (1970) and CULBERSON 
(1972) applied corrections to their data to 
account for these effects by normalizing to a 
constant S x0 and constant alkalinity. They 
normalized the data to S x0=34.68 which is 
the value that corresponds to the deep Pacific 
waters. When normalizing to a constant alkalin- 
ity they used k=0.5 based on the assumption 
that there are no other processes affecting TA 
besides those mentioned above. The factor 0.5 
is to transform milliequivalents of TA to mil- 
limoles of TC02. BEN-YAAKOV (1971) found 
the TA regression coefficient consistently higher 
than 0.5 (as high as 0.93) in most of the cases; 

BEN-YAAKOV (1971, 1972) used a regression 
equation of the type 

TCOs=Ao+AiT”C+AzOz+A,TA (6) 

where Ao, Ai, As and A, are constant regression 
coefficients. At first it may seem that to pro- 
perly apply Equation (6) to the data it is 
necessary to choose a portion of the water 
column where mixing between no more than 
two water types is occurring, since there is 
only one conservative variable in the equation. 
But, by comparing Equations (5) and (6) we 
can see that the only necessary and sufficient 
condition for the proper application of Equation 
(6) is that the conservative quantity (P. TC02 
+aaOs’-kP. TA) be a linear function of T”C, 

that is 

P.TCOs+aaOs’-kP.Ti\=Ao+-AlTOC (7: 

according to Equation (7) the T”C term of 
Equation (6) has to be able to extract the 
changes in the preformed fractions of total 
inorganic carbon dioxide, oxygen and total 
alkalinity, otherwise the results of the regression 
analysis are not correct. 

The variation of the Os and TA regression 
coefficients shown by Ben-Yaakov’s (1971,1972) 
results may be due to either one of the follow- 
ing reasons: a) Equation (6) was not applied 
to the proper portion of the water column in 
al1 the cases; b) the changes of TC02 and 
TA due to S x0 changes were not properly 
extracted by the T”C term. According to bis 
results, when S X is added to Equation (6) the 
adjustment of the regressjon coefficients is uot 
made towards intervals consistent with the 

theoretical considerations. There is a significant 

correlation between al1 the variables of Equation 
(6) and SgO (BEN-YAAKOV, 1971). There are 
different possibilities that may happen by chance, 
i.e.: the correlations may be such that the TA 
term of Equation (6) represents the changes of 
TC02 due to both the SxO changes and the 
carbonate reaction. In this case the regression 
coefficient would not be 0.5 but a higher one. 
When S x0 increases, TA and TC02 increase. 
lf al1 the TA increase, due to S ,n6ó increase, 
would consist of carbonate ions, the factor to 
transform ATA (milliequivalents) to ATCOz 
(millimoles) would be 0.5. If al1 the TA in- 
crease would consist of bicarbonate ions, the 
factor to transform ATA to ATCOs would be 
1.0. Since the borate alkalinity is small per- 
centagewise (~4 */0 of the TA) and since about 
96 % of the carbonate alkalinity consists of 
bicarbonate ions in the open otean, the factor 
to transform ATA, due to changes of S %I, to 
ATCO2 is between 0.5 and 1.0. 

lf the S x0 effect is causing the disagreement 
between the results obtained by BEN-YAAKOV 
(1971, 1972) and those obtained by CULBERSON 
and PYTKOWICZ (1970) and CULBERSON (I972), 
the results obtained by applying regression 
analysis to data normalized to constant S% 
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should be consistent with the results of CUL- 
BERSON and PYTKOWICZ (1970) and CULBEK- 

SON (1972). 
TO test the hypotheses the aa is the value 

predicted by Redfield’s model and k is equal 
to 0.5 the data were normalized to a constant 
SxO of 34.68, and the regression equation 

TC0211 = ao + alBoC + a202, + a2TAn 

+TC02Llree (81 

was applied to the. data; TCOz,=TCOz(34.68/ 

‘S x0), Oz,=O2 (34.68/S’%o), TA,=TA(34.68/ 

S x0); ao, ai, a2 and a3 are constant regression 
coefficients, and TCOznrea are the residuals of 

TC02, after regression on 0°C 02, and TA,. 

After normalization of the data Equation (5) 
is transformed to 

TC02(3468/S /6) = (P. TC02 + aaO2’ 

-kP. TA)(34.68/S X)-aa02(34.68/S s) 

+ kTA(34.68/S x0) (9) 

By comparing Equations (8) and (9) we can 
see that the only necessary and sufficient con- 
dition for the proper application of Equation 
(8) is that the conservative quantity (P. TC02 
+asO2’-kP. TA)(34.68/S x0) be a linear func- 
tion of B”C, that is: 

(P. TCO2+aaO2’-kP. TA)(34.68/S X) 

=ao+aifT’C (IO) 

This is equivalent to saying that Equation (8) 
must be applied to data from a portion of the 
water column where the diagram of (P. TC02 
+asO2’-kP. TA)*(34.68/S x0) versus 0°C is 

able to detect only two-water types mixing. 
We use potential temperature instead of in situ 

temperature to avoid the adiabatic heating 
effect of pressure. 

A classical way to detect two-water-types 
mixing has been to look for straight portions 
of the temperature-salinity (T-S) diagram. But, 
a straight T-S diagram is a necessary but not 
sufficient condition for two-water-types mixing 
(ALVAREZ-BORREGO et al., 1973). The (p. 

TC02+aaO2’- kP. TA)*(34.68/S /6) versus B”C 
or other diagrams may show water types that 
the T-S diagram does not show. 

To separate the water column into portions _ 
fór which Equation (10) applies we use a method 
similar to the one ALVAREZ-BORREGO et al. 

(1973) used when they applied regression 
analysis to test Redfield’s model for the oxygen- 

nutrients relationships. 
If Equation (8) is applied to the proper por- 

tion of the water column, a plot of TC02,,,, 

versus 0°C should be completely random, be- 
cause TC02,,,, should result only from the 

random errors in the measurements of TC02, 
02, TA, Sxo and 0°C. Thus, if we apply 
Equation (8) to the whole water column and 

plot TC02,res versus 0°C the pattern shown 

by the diagram, if any, would give us an indi- 
cation of how to separate the water column 
into suitable portions. 

To illustrate this procedure let us examine 
a hypothetical example similar to the one used 
by ALVAREZ-BORREGO et al. (1973). Suppose 
we have data from the whole water column of 
a certain station, and suppose the (P. TC02 
+aaO2’-kP. TA)(34.68/S x0) versus 0°C dia- 
gram is like the one shown in Figure 2a where 

at least three water types A, B and C are be- 
mg detected. Since (P. TC02+aaO2’-kP. TA) 
(34.68/S%) is not a linear function of ex, 
the plot of TC02,,,s versus 0°C would generate 

a’ diagram as shown in Figure 2b which would 

9°C 8°C 

(0) (b) 

Fig. 2. (P.TC02+aaOz’-kP. TA) (34.68 %> 
versus B”C diagram (a), and TCOZ~,~* versus 
8°C diagram (bj, of a hypothetical station. 
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Table 1. Regression equations expressing total inorganic carbon dioxide as a function of 
potential temperature, oxygen and total alkalinity. The confidente intervals are at the 
95 % confidente Ievel. 

detect the three water types A, B and C. Thus, 

each minimum and maximum in the TCOZ,,~~ 

versus 0°C diagram represents a different water 

type. 
This procedure was applied to some field data. 

Both regression Equations (6) and (8) were 

applied to the data to show that in some cases 

Equation (6) gives a confidente interval for the 
TA regression coefficient inconsistent with the 

expected value of 0.5, and in other cases it 

gives a confidente interval for the Os regression 
coefficient inconsistent with Redfield’s model 

while Equation (8) gives confidente intervals 
consistent with the theoretical values. The 
regression analysis was performed by a com- 

puter program (SIPS) (OREGON STATE 
UNIVERSITY, 1971). The results are shown 

in Table 1. Confidente levels of 95 y0 are given 
for each of the coefficients of the resulting 

regression equations. In Table 1, for each 

station, equations are given for the whole water 

column fírst and then for the depth ranges 

Fig. 3. B”C-TCOz,res diagram ca), and B”C-S% 

diagram (b) for the whole water column of 

Station HAH22. A, B, C and D denote water 

types. SIW means Subarctic Intermediate 

water. 

chosen according to the TCOZ,,,~ versus 0°C 

diagrams. 
This treatment is illustrated with Station 
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HAH22 as follows. The TCOanreB versus 0°C 

and the B’C-S x0 diagrams for the whole water 
column of Station HAH22 are shown in Figures 
3a and b, respectively. A definite dependency 

of TCOznreS on 0°C is shown in Figure 3a. 

Both diagrams (Figures 3a and b) show very 
distinctly four water types A, B, C and D, 

where C is the Subarctic Intermediate water. 
Equation (11) (Table 1) has cqnfidence intervals 

for the 02 and TA regression coefficients con- 
sistent with Redfield’s number and 0.5, respec- 

tively. ‘We consider this agreement fortuitous 
since, according to Figure 3a, there is no ocea- 

nological or statistical basis to justify the co- 
efficient for 0°C as a valid one. According to 

Figure 3a Equation (11) is not properly de- 

scribing the data. 
A separation of the data from HAH22 into 

two subsets was done; one from B to C and 
another from C to D; and Equations (6) and 
(8) were applied to them. Between A and B 

(Figure 3a) there are only two data points; 
therefore, no regression was applied to that 
portion of the water column. Although not 

shown here, if we apply Equation (6) to the 
whole water column of Station HAH22 and 

plot TCOz,_ versus B”C, the resulting diagram 

is very similar to Figure 3a, with the same 
points as maxima and minima. A similar 
statement applies to the other stations. 

Equations (12) and (14) (Table 1) have con- 
fidence intervals, for the oxygen and total 
alkalinity regression coefficients, consistent with 

the theoretical values. They show that .with 
or without normalization of the data, from the 

depth range 74-414 m of HAH 22, to constant 

S%, we obtain essentially the same results. 

Fig. 4. TCOa,res versus 0°C diagrams for the 
portions of the water column between (a) 74 
and 414 m, and (b) 414 and 4,545 m of Station 
HAH 22. 

But, while Equation (13) shows confidente 
intervals consistent with the theory, Equation 
(15) has a confidente interval for the TA 

regression coefficient that is not consistent with 
the value 0.5. Thus, in this case normalization 

to a constant SX improved the results of the 
regression. 

Figures 4a and b show the TCOs,res versus 

0°C diagrams for the depth ranges 74-414 m 
and 414-4,545 m of HAH 22. These diagrams do 

not show any particular trend. This indicates 
that TCOznres result from only the random 

errors in the measurements of TCOz, 02, TA, 
SxO and B”C, and that Equations (12) and (13) 
are properly describing the data. 

The total alkalinity regression coefficients of 

Equations (17) and (19) are not significantly 
different from zero. This indicates that possibly 

solution or precipitation of calcium carbonate 

does not sigmficantly affect TC02 in the depth 
range O-98 m of Station 70. PYTKOWICZ (19’72) 
(and previous authors clted therein) indicates 
that sea water is supersaturated with respect 
to calcite in the upper few hundred meters in 
the open otean. Thus, no net dissolution of 
calcium carbonate is expected to occur in the 
upper few hundred meters. The zonfidenct 

intervals for the oxygen regression coefficients 
of Equations (17) and (19) (Table 1) are :‘on- 
sistent with Redfield’s model. This indicates 

that, in the depth range O-98m of Station 70, 
TC02 is not only controlled by air-sea exchange, 
but biological oxidation is an important factor. 

For Equation (17), without the TA, term, the 

02, regression coefficient is -0.365+0.062, and 
for Equation (19), without the TA term, the Os 

regression coefficient is -0.388~hO.052. These 
two intervals are consistent with Redfield’s 

model. CULRERSON and PYTKOWICZ (1970. 
found agreement with Redfield’s model only 
below 98 m at Station 70. Possibly the dis- 

agreement found by them in the upper 98m 
was due to their assumed constant initial specific 

alkalinity not applying to this depth range. 
Equations (18) and (20) (Table 1) have con- 

fidence intervals for the oxygen regression co- 
efficient consistent with Redfield’s model. But, 
while Equation (18) has a confidente interval 
for the TA, reg’ression coefficient consistent 
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with 0.5, the one for Equation (20) is not con- 
sistent with 0.5. Again, normalization of the 
data before application of regression analysis 
has improved the results. 

For the depth range 197 to 3,843 m of Station 
127 the results are essentially the same with 

or without normalization of the data to constant 
S ~4~ (Equations 22 and 23, Table 1). The 

confidente intervals for the total alkalinity 
regression coefficients of Equations (22) and (23) 
are consistent with 0.5. But the confidente 
intervals for the oxygen regression coefficients 

of these equations are not consistent with 

Redfield’s model, they are a little too IOW. 

This is the only case in which we found dis- 

agreement between our results and Redfield’s 

model. CULBERSON and PYTKOWICZ (1970) 

found agreement between their corrected data 
and Redfield’s model below 400 m for Station 
127. 

Equation (24) has confidente intervals for 

the 0~~ and TA, regression coefficients con- 

sistent with Redfield’s model and 0.5, respec- 
tively. Equation (25) (Table 1) has a confidente 

interval for the TA regression ccefficient con 
sistent with 0.5, but it has a confidente interva- 

for the 02 regression coehícient inconsisten 1 

with Redíield’s model. Once again, the normali! 

zation improved the results of the regression. 

BES-YAXKOV (1972) applied regression analysis 
to data without normalization, from this station, 

and reported as his best estimate for the Oa 
regression coefficient a confidente interval that 
is not consistent with Redfield’s model. 

The coefficients of determination (Rs) (DRA- 

PER nnd SMITH, 1966) are higher than 0.99 for 

al1 of our results (Table 1). This indicates that 
a very high fraction of the variability of TCOsn 

and TC02 has been explained by the regressions. 
The results of the regressions with and without 

normalization of the data to constant S x0 
(Table 1) are not statistically different. The 

95 O/, confidente intervals overlap in all cases. 
However, they are different in that, while the 
results obtained without normalization some- 

times are consistent and sometimes are not 
consistent with the theoretical considerations, 
the results obtained with normalization are 

always consistent with the theory. The values 

of R2 for the regression equations with and 
without normalization of the data (Table 1) are 
not significantly different. 

Diagrammatic illustration of the extraction of 
the mixing efect, the S% effect and the car- 

bonate reaction eflect 

According to the results given above, data 
from the depth range 197-3,843 ni of Station 
127 of YALOC-69, and data from the whole 

water column of the 1969 GEOSECS station 
(Table 1) can be properly described by regres- 
sion Equation (8). This gives us an opportunity 

to illustrate diagrammatically the extraction of 
the mixing, S x0 and carbonate reaction effects 
on the TC02 by applying regression analysis 
to normalized data; so that only the biological 
effect is left and, in agreement with Redfield’s 
model, a linear relationship between dissolved 
oxygen and total inorganic carbon dioxide is 
left. 

When regressing ‘TCOzn on Ozn, TA,, and 
B”C, since Oz,, TA, and 0°C are correlated to 
a certain extent, the 02, term represents the 
regression of the residuals of TCOs,, after 
regression on 0°C and TA,, on the residuals 

of oz,, after regression on 0°C and TA,. In 
other words, if we do the regression in a step- 

wise manner, adding 0°C and TA, first we have 

TC0s~=co+c,8”C+czTA,,+TC0s nr (26) 

and implicitly and simultaneously 

Ozn=do+d,BoC+dzTA,fOs “r (27) 

where co, ci, CZ, do, dr and ds are constant 

regression coefficients and TCOz,.+ and Osn, are 

the TCOsn and Osn residuals after regression 

on 0°C and TA,. 

When we add OZ,, to regression Equation 
(26), what we are doing is regressing TCOs,= 

on OZ~, 

TC0211ì=fo+azOz,r+TCOa,r,, (28) 

where fo and as are constant regression coef- 

ficients and TC02 n,es is as defined for Equation 

(8) ; substituting the value of 02 “r from Equation 

(27) into Equation (28) we have 
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TCOs,r=(fo-asd,J-aadiBOC 

+ asOs, - azdzTA, +TCOZ,,~~ (29) 

substituting Equation (29) into Equation (26) 

TCOz,=(co+fa-azda)+(cr-azd@‘C 

+azOs,+(ca-azda)TA,+TCOz,res (30) 

(ca+fa-asdo), (ci-aadi) and (cz-asds) are con- 
stants, we can represent them .by the symbols 

ao, ai and a3 respectively; Equation (30) is the 
same as Equation (8). The Os, regression 

coefficient of Equation (8), as, is the slope of 

the TCOs+ versus OsDr diagram. 

The TC02 -02 and TC02+-0~,~ diagrams 

for the depth range 197-3,843 m of Station 127 
of YAtOC-69 are shown in Figures 5a and b. 
Figures 6a and b show the TCOz-Oz and 

cl- %- 

la) (bl 
Fig. 6. TCOz-02 diagram ca), and TCOZ,~-OZ,+ 

diagram (b), for the portion of the water 
column between 197 and 3,843m of Station 127. 

Fig. 6. TCOz-Oz diagram ca), and TCOZ,~-OZ,~ 

diagram (b), for the whole water column of 
the 1969 GEOSECS station. 

TCOz+ - Oz diagrams for the whole water 

column (O-$:000 m) of the 1969 GEOSECS 
station. Figures 5a and 6a show that the 
TCOz-02 diagrams for these stations are not 
linear, they have a hook-like shape. Figures 5b 
and 6b show that after normalizing the data 

and regressing TCOz, and Os, on 0°C and 

TA,, the hook-like shape disappeared. For 
Station 127 the TC02 -02 correlation coef- 

ficient is -0.997, and L> the?GEOSECS station 

it is -0.964. In Figures 5b and 6b the data 
points do not follow a sequence, with referente 
to depth, along the line. In other words, the 
points at one end are not necessarily the near 

surface points, and the points at the other end 
are not necessarily the deep points. The data 
points at the upper end of the TCOz+-02 

“r 
diagrams correspond to the 0~ minimum zone. 
TC02 and 02 should not be regarded as 

the oX:dative fra:tions of TCOsn and 02,. By 

definition the TCOz+‘s and 02 ‘s add to zero, 

respectively. The TCOs,+-O”, diagram is 

useful only for calculating the’ ratio of the 

oxidative fractions of TCOz, and 02,. 

TCO2-Os relationship in the Northeastern 

Pacific Otean and Southeastern Bering Sea 

In the Northeastern Pacific the TCOz-Os 

relationship for the region of the water column 

above the 02 minimum zone varies systemat- 

ically with latitude (Figure 7). The slope of , 
this relationship is highest near Hawaii and 

lowest in the Bering Sea. In the entire water 

column the slope changes with depth. This 

correlates very well with the results obtained 
by ALVAREZ-BORREGO et al. (1973) for the 

Oz-nutrient relationships. According to the 
results discussed above these variations of the 
TCOs-Os relationship with latitude and with 

depth are due to mixing between different 

water types with different preformed fractions 

of TC02 and 02; and to the TA varying with 

depth as a res& of S x0 changes and calcium 

carbonate reaction. 

4. Conclusions 
When applying multiple linear regression anal- 

ysis to express total inorganic carbon dioxide 

as a function of oxygen, total alkalinity and 
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Fig. 7’ TCOI-02 diagrams for the whole water 

column of Stations HAH22, HAH52, and AAHL. 
The numbers by the data points represent 
depth in meters. 

potential temperature, better results are obtained 
if the data are first normalized to a constant 

Sxa. If the normalization is not done, it is 
difficult to properly associate any physical 
meaning to the regression coefficients. With- 

out the normalization sometimes the results are 
misleading due to the fact that total alkalinity 
or oxygen terms may represent not only the 
carbonate rcaction or biological oxidation effects, 

respectively, but also the S x0 effect on the 
TCOz. 

Results obtained by applying multiple linear 
regression analysis to data normalized to con- 
stant S x0 are consistent with the hypothesis 

that TA changes are only due to S x0 changes 
and dissolution or precipitation of calcium 
carbonate. These results are also consistent, 
with only one exception, with Redfield’s model. 

In the Northeastern Pacific Otean and South- 

eastern Bering Sea the total inorganic carbon 
dioxide-oxygen relationship varies with depth. 

For the region of the water column above !hc 
oxygen minimum zone it varies systematicaliy 
with latitude. These variations are due tr, 
mixing between different water tylks w-i& 
different preformed portions of total inorganiz 
carbon dioxide and oxygen, and to total alkalin- 
ity varying with depth as a function of s ;& 
and carbonate reaction. 
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