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ABSTRACT 

Feely, R. A .• M. F. Lamb. D. J. Greeley. and R. Wanninl-.hof. 1999. Comparison of' the Carbon 
System Parameters at the Global CO) Survey Crossover Locations in the North and South 
Pacific Ocean. 1990 1996. ORNL/CIJI/\.C-115. Carbon Dioxide Information Analysis 
Center, Oak RidgeNationa11.abnratnry.lJ.S. Dcpartmcntnf'F.nergy.OaJ.. Ridge. 
Tennessee. U.S.A. 74 pp. 

As a collaborative program to measure global ocean carbon inventories and provide 
estimates of the anthropogenic carbon dioxide (C02) uptake by the oceans. the National Oceanic 
and Atmosph~ric Administration and the U.S. Department of Energy have sponsored th~ 
collection of ocean carbon measurements as part of the World Ocean Circulation Experiment and 
Ocean-Atmosphere Carbon Exchange Study cruises. The cruises discussed here occurred in the 
North and South Pacific from 1990 through 1996. The carbon parameters from these 30 
crossover locations have been compared to ensure that a consistent global data set emerges from 
the survey cruises. !'he results indicate that for dissolved inorganic carbon. fugacity of C02• and 
pH. the a~:,rreements at most crossover locations are well within the design specifications for the 
global CO) survey: whereas. in the case of total alkaliniry. the agreemenr between crossover 
locations is not as close. 

XV 





1. INTRODUCTION 

Human activity is rapidly changing the trace gas composition of the earth's atmosphere. 
apparently t;ausing greenhouse warming from excess carbon dioxide (CO~) along with other trace 
gas species. such as water vapor. chlorofluorocarbons (CFCs). methane. and nitrous oxide. These 
gases play a critical role in controlling the earth's climate hct;ause they im:rcase the infrared 
opacity of the atmosphere. causing the planetary surface to warm. Of a II the anthropogenic CO, 
that has ever been produced. only about half remains in the atmosphere: it is the "missing'· C02 
fl1r which the global ocean is considered to be the domir1ant ... ink for the m<m-made increase. 
Future decisions on regulating emissions of·'greenhouse gases" should be based on more 
accurate models that have been adequately tested againsr a well-designed system of 
measurements. Predicting global climatl! t;hangc. as a t;onsequenl!e of C02 emissions, requires 
l!oupkd atmosphere/ocean/terrestrial biosphere models that realistically simulate the rate of 
growth of CO~ in the atmosphere. as well as its removal. redistribution. and storage in the oceans 
and terrestrial biosphere. The construction of a believable present-day carbon budgt:t is essential 
for the skil lful pred iction of atmospheric C01 and temperature from given emission scenarios. 

The world's oceans. widely recogniLcd to be the major long-term control on the rate of C02 

increases in the atmosphere, are believed to be absorbing about 2.0 GtC yr-1 (nearly 30 to 40% of 
the annual release from fossil fuels). Our present understanding of oceanic sources and sinks for 
C02 is derived from a combination of field data. that are limited by sparse temporal and spatial 
coverage. and model results that are validated by comparisons with oceanic bomb '~c profiles. 
C02 measurements taken on the World Ocean Circulation Experiment (WOCE) cruises, which 
began in 1990, have provided an accurate benchmark of the ocean inventory of C02 and other 
properties. These measurements were cosponsored by the National Oceanic and Atmospheric 
Administration (NOAA) and the U.S. Department of l:.nergy (DOE) via the tl.S. Joint Global 
Ocean Flux Study (JGOFS) Program. Investigators supported by these funding agencies have 
collaborated to examine data collected during the WOCE and Ocean-Atmosphere Carbon 
Exchange Study (OAC ES) cruises. This report addresses the consistency of ocean ie carbon 
dioxitle system parameters during 1990-1996 in the NortJ1 and South Pacific. 

J'he four parameters of the oceanic carbon dioxide system arc dissolved inorganic carbon 
(DIC). fugacity of C02 (/C02). total alkalinity (TAlk). and pH. TI1is report compares the carbon 
system parameters, along with salinity and dissolved oxygen (0~), agai,nst sigma theta (Oo) where 
cruises overlapped throughout the Pacific Ocean basin. Similar comparisons have been made for 
oceanic carbon in the Indian Ocean (Johnson ct al. 1998; Millcro et al. 1998). Additional 
comparisons have also been made by Robert Key of Princeton Univers ity and may be viewed at 
http://geoweb.princeton.edu/staff/Key/key.t;ross/crossover.html. In addition. comparisons of 
nutrient data have been compiled (Gordon et al. 1998). The cruise data for this repo1t will be 
made avai lable through the OACES and the Carbon Dioxide Information Analysis Center 
(COI AC) data management centers (sec Sect. 5). 

The Pacific Ocean cruises occurred from 1990 1996. and data have been compared at 30 
locations where cru iscs overlapped in the North and South Paci fie Ocean (Fig. I). We do not 
address survey stations in the Pacific where no crossovers occurred. In addition, carbon and 
hydrographic data collected during some of the Pacific expedition cruises (i.e., P2, P 12, and S41) 
were not available in time for this report. 
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2. ANALYTICAL METHODS 

Analyses of all carbon parameters were performed ~ollrn' ing. the techniques outlined in the 
lla11dbook of Method~-.for the Ana~vsis of the Various Parameten '!f'the Cor bon Dio ride .~rslem 
i11 Seu Water (DOE 1994). Certified Reference Materials (CRM:,) "ere used on all cruises as 
secondary standards for DIC. unless otherwise noted . Discu-.-.inn of' the preparation and use of 
CRMs is available in detail (UNESCO 1991: Dickson 1992: Dicl-.son. Anderson. and Afghan. 
unpublished manuscript; Dickson, Afghan, and Anderson. unpublished manuscript). These 
materials consisted of a matri" or natural. sterile seawater. ' I he) ''ere bottled in large batches 
into 500-mL borosilicate glass containers, sea led to prevent cont<unination. and shipped to the 
institutes participating in this study. l hese secondary standards "ere then analyzed at sea over 
the course of each of the cruises as a means to verify accurac). Certification of the reference 
material for DIC is based on manometric analyses in the shore-based laborator) of 
Charles D. Keeling or Scripps Institution of Oceanography (SIO) over a period of several months 
(UNESCO 1991: Guenther 1994: Keeling. C. D .. personal communication. l<J')<)). Since CRMs 
were analyzed routinely for DIC during most cruises used in this report. al l groups analyzing for 
TAlk on those cruises subsequently analyzed CRMs as well: this enabled post-cruise corrections 
to be made to the TAlk data based on archived samples that were analy7cd at Dr. Keeling's 
laboratory at SIO. CRMs were not available for any other carbon parameter discussed in this 
report. Analyo;;es or sa linity and 0 2 tollowed WOCc Hydrographic Program (WHP) protocol 
(WOCE 1994). 
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J. RESULTS AN D DISCUSSION 

3. 1 Statistical Methods 

T<tblt!s I <tnd 2 summarize the crossover sites and parameters measured. and Tables 3 6 are 
summaries of the statistical data for each parameter at the crossover locations. F.lcven 
laboratories from t\\O countries particip<ttcd in this comparison study that examines crossovers in 
both the North and South Pacific. At some of the crossover locations. the site was occupied on 
more than one occasion fi.e .. the crossover at 170u W and I oo S was frequented by NOAA on 
three different cruises (C<IC90. F.qS92. and PISS). as well as by the Institute of Ocean Science 
(lOS) (P ISN) and tht: University of I lawaii ( Ull ) ( P3 1 )l. A total of 30 crossover locations v.ere 
studied in this analysis and 41 individual crossover comparisons were matle. Individual plot-. of 
each carbon parameter. along" ith salinit)' and 0 2• were first created for every crossover against 
o11 using data from the entire water column (Appendix A). Only data sets that showed good 
agreement in both salinity and 0~ data were used l(x the ~..:omparisons. An expamle::d area"' ithin 
the plot was t.:xamincd further based on the region of reasonable agreement of the oH vs salinity 
plot. In most cases. On .<: 27.0 was used in the expanded regions. 

A t.:urve-lilting routine was applied to the expanded plots (Appendix A) using a second­
order polynomial fit (unless otherwise noted in Tables 3--{)). The ditlcrence between each region 
of crossO\cr \\a~ calculated b<tscd on evenly distributed intervals on th,e oH axis: the intervals 
chosen were, on a,·erage. 0.0·1 o11 units apart. In the case where more than one station on a given 
crui~e \\as comrutt:u at a p<~rticular crossover location. averages of the resulting fits of the t\\O or 
more stations tor that cruise were determined. and the total mean of the differences over the 
entire ofl range was compared. This procedure wa.;; performed li1r every carhnn parameter 
measured (Tables 3-6). The mean and st<tmlard devi<ttion of the differences \\ere computed. 
along with the mean and st<tnd<trd deviation of the abso lute value of the differences. For the DIC 
data. the results '.\ere calculated both uncorrected and corrected using the CRMs as a basis for 
the corrections. 
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Table 1. SunHIHir) uf s tation locations and obsen •ing laboratories for the erosso\'er 
locations in the Nor"th and South Pacilic 

Norninal12os ition Cru isc name/ LeaJ Actua l poo;ition CO: parnmerers Date of 
Longitude Latilutlc WOCF line institute' Longitude Latitude comparcJh m;cupal ion 

170 F 66° s PI IS NOAA 171.03 E 66.02~ s .f\0;. OIC 17Janl996 
54 LDEO 169.99 F 65 88" s /l'O;. UIC 16Mar1991 

178 w 32 " s P6 RNL 177 67 v. 31.50 s DIC 02Jul199:! 
P6 8'L 178.00 w 32.SO s DIC' 02Jul1992 
P6 Bl\L 178.28 w 32.50 s Dll' O::!Jull 99::! 
P6 RNI 178.65 · w 32.50" s OIC 03Jul1992 
('(,('90 NOAA 178.00 w 32.51 " s DIC' 30Marl990 
CGC90 NOAA 178.31 ~ w .11.so~ s I >IC' 28Mar l990 
CGC90 NOAA 178.77'" w 31.49" s OIC 29Mar l990 

175 < w 32° s P6 13NL 175.26" w 32.50° s DIC 30.1unl990 
CGC90 NOAA 17S.50° w 32.49" s UIC 30Marl990 

170 w 6JU s PISS 1\0AA 170.00 w 66.99v S /CO:. DIC 18Jan1996 
~I LDEO 169.25 w 67.03 s /CO .. OIC' 17Mari<J9:! 

170 \\ 31 " s PISS NOAA 170 00 \\' 32.50~ s Ull' 18Febl996 
P6 Bl'\L 73.17 v. 32.50" s DIC 29Jun 1992 
P6 Bl'\L 68.0 I ~ 'W 32.50~ s OIC 26Junl99::! 

170 w 17° s PISS NOAA 70.00° w 17.50° s I AI"-. pH. OIC 26FebJI)96 
PISS NOAA 70.00 w 16.50" s TAl"-. pi I. DIC 27Fcbl996 
1'2 1 RSMAS 69.67 u W 17.50' s TAlk. pH , OIC' 30May l99<1 
P21 RSMAS 71.00n W 17.50~ s l Alk. pi I. OIC 31May1994 

J7Qv W 10° s PISS NOAA 69.63 w 9.1)3 " s DIC 01Mar l996 
Pl5~ NOAA 68.88 w 9.00° s f) I(' 02Marl996 
CGC90 NOAA 70.00 w 10.09 " s OIC 06Aprl990 
('(1('90 NOAA 70.25 v. 10.09 s DIC 06Aprl990 

170 w 10° s PIS~ NOAA 69.63 w 9.93° s ./\0 _. pH , DIC 01Marl996 
PISS NOAA 6R.RR w 9.00 ~ s /CO;. pi I. OIC 02Marl996 
FQS92 NOAA 69.99" w 10.01 us /CO. pH. DIC 13Apr1992 

170" w 10° s PIS~ NOM 69.63 ° w 9.9.1 ° s TAlk, DIC OlMarllJ'J6 
PISS NOAA 68.88 w 9.00° s IAik. DIC 02Mar l ')96 
PI SN lOS 68.90" w 10.03 ° s TAIJ... f)J(' 05Novl994 
1' 15N lOS 6Q.OO w Q.OI 0 S TAII-.DIC 05No.,J994 

170 " w 10° s PISS NOAA ()9.6 1 w <). <)3 s TAll-. pH, DIC 01 Marl996 
PISS NOAA 68.88 Vv 9.00 s r All-.. pH, DIC 02Marl996 
P31 UH 70.20" w 9.40~ S T AI f.... pit. OIC 12Febl994 
P31 l !H 70 55 w 9.40" s TAl"-. pH. DIC 12Febl994 

170 w so s PISS NOAA 68.75 w S.OO" s TAll-.. DIC O~Marl996 

PISN lOS 6&.75 w 5.00" s TAll-.. UIC 03Nov l994 
170" w 5° s PISS NOAA 68.75 ° w 5.00" s DIC 04Mar l996 

CGC90 NOAA 70.02 " w 5.01 ° s DIC' 08Aprl990 
170° w so s PISS NOAA 6R.75 ° W 5.00" s TAik,jl'01• 

pH. DIC 04Marl 996 
EQS92 NOAA 169.98 w S.OI us TAII-...fCO~. 

pi I. OIC I 1Marl992 
170 w 0" PISS NOAA 168 7)- v. o.oo ~ IAI"-.DIC 06Marll)96 

PI 'il\ lOS 168.75 w 0.02" s TAll-.. DIC 300cl199~ 
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Tahlc 1 (con tinued) 

Nominal ~osition Cruise name l eaJ Actualno~nion ('()" raramclcr!> Date or 
Longitude l .alitmk WOCE lme msutute Longitude Latitude compared" occupal ion 

170 \>\ oo PI"S NOAA 168.75 " \>\ 0.00 DIC 06\1ariQ96 
C<..illJO NUAA 170.02' w 0.00 DIC 09Apri9QO 

170 \>\' on PISS NOAA 168.75 w 0.00 /CO . pH. DIC 06Marl 996 
EQ1:;,92 NOAA 170.13 " w 0.03 s tro . pH. DIC 09Mar (l)Q~ 

152 w 53 c N C<..iC91 NOAA 152.02" w 52.49 N I >IC 02Aprl991 
CGC91 1\,JOAA 151.00 \>\ 51.:'0" N DIC 30\1arl991 
C<iC91 \lOA A 152.00 \>\ )-! 66 '\J DIC 30\1arl991 
Pl6 \\1101 152.53 \\ 51.-18 ' OIC 09JuniQ93 
Pl6 WHO I 153.08- \1. 51.78 - ]\ DIC 09.1unl991 
Plo WIIOI 153.25 w 53.60 " l\ DIC 15Juni<J93 
Pl6 WIIOI 152.-+J L w 53.75 N DIC 16Junl993 
Pl6 WHO I 150.85 \>\ 'i-1.05 N DIC 16Junl991 

150 w 37'' s Pl6 1 or:o 150.50 \>\ 37 49 ~ f( 0. DIC 12Augl991 
Pl6 LL>CO I )0.4R \\ 3 7.-19 ~ t<..O_. DIC 120ctl 992 

150 \\ ~, 

_l_ s P6 B"'L I 19.83 \\ 12.:'0 s DIC I<>Junl992 
Pl6 IOFO 150.50 \\' 32.50° s DIC 19Junl993 

150' w 17° s Plo WHO! ~10 150.49 " w 16.99'' s I All-. L>IC Ol<;cp1991 
P'l l RSMAS 1-19.17 \>\ 17.50 ' s TAll-.. DIC 12Ma)-1994 

150 w 17 s P21 R":.MA"- 150.08 w 17.50' s IAIJ....OIC 21 Ma\ 199-1 
I'J I t JH 1-19.60" w 17.20 ~ s I All-.. DIC 26Jani9Q-I 

135 \\ 53. s 1'17 LDEO 13-t.99 \1. 5-1.00' s /C.O_. DIC 08'-o' 1992 
P17 LDCO 135.00 - \\ 52.50 ° s j<..O_. DIC I-1Ded992 

135 \1. 33"' s Po BNL 135.34 \>\ 32.)0 s DIC I 1Junl992 
Pl7 1.m~o 135.00< w 33.00° s DIC 20No' 1991 

135 " w 17° s P17 LULU 133.37 ' w 17.83u S L>IC 2<>.1u11091 
r, 1 RSMAS 13-t.OO '' W 16 75" s DIC 05Ma~ 1'>94 

135 \\ 5 s Pl7 W1101 SIO 135.00° \>\ 5.00 ° s OIC 06Jui19QI 
Pl7 LDLO 135.00 \A. o.ooc s L>ll 21Jull9() I 

135 w 35 ° ]\ Pl 7 WIIOI 135.00 \>\ 35.58 - N DIC 23Ma~ llllJJ 
Pl 7 WIIOI 13-1.96 w 35.00 "' N Oil 08Juni9QI 

135 " w 40 ~ N C'GC9 I NOAA 135.00c W o.~o.oo o N DIC 2.1fchl991 
PI? WHO I 135.00 w ·10.50" N DIC 28Ma~ 19lJ3 

126 w 6r s '-1 I I DFO 125.58 - \>\ 67.01- s /CO;, DIC 07\1arl992 
Pl7 LL>LO 126.00 \\ 65.66" s /CO. DIC 2' Occl ()9 2 

110 \1. oo PIS 1\0AA 110.33 \>\ 0.3-1 " '\J TAII.../CO_. DIC I-I \prl'-19 I 
I:.QS92 NOAA 110.00 \>\ 0.26" s I AIJ.. . .fC'O;. DIC 07Mar1992 

110 ¥. on PIR NOAA 110.33 ' Vv 0.14 o N T A 11-../CO •. L>l C l-lAprl994 
LQf-92 NOAA 110.00 ' w 0.25° s TAik,.frO_. DIC 05Novl992 

110 w so N Pl8 NOAA I I 0.3-1 w 5.00" N ·r Alk._/CO:. DIC' 17Apr19Q4 
FQS92 NOAA 109.lJ3 \>\ 5 02n N TAII-../CO:, DIC 0-t Mar I <>91 

110 w 5 N Pl8 NOAA 110.34n \\ 5.00" N I All-. . .fCO;. 0 1C 17Apri9Q-I 
EQf92 1\0AA 109.92 - \1. -1.97° N TAIJ.../CO> L>IC 0 I '\im 1992 

103 \\ 67 , s PIS NOAA 103.01 v \>\ 67.00° s ./('0~. DIC 271 eb 199 1 
PIH NOAA 101.00 \>\' 66.5Qu S /l'O •• DIC' 27Fch 199-1 
S-1 LDEO 101.8-1 ' w 611.99° s /CO., DIC 02Mar 199.2 
S..t IDFO 105.17 w 66.Q9° s /C'O;, DIC 03Marl992 
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Table 1 (continued) 

Nominal QOSition Cruise name/ Lead Actua l QOSition 
Longitude Latitude WOCE line institute• Longitude 

103 ° w 32 ° s Pl8 NOAA 103.00° w 
P6 13NL 103.30" w 
P6 BNL 102.00" w 

103 ° w 17° s PIS NOAA 103.00° w 
PIS NOAA 103.00" w 
P21 RSMAS IOJ.JJ u W 

88" w 67° s S4 LDEO 8&.53 ° w 
Pl9 LDEO 88.00° w 

88 v W 32" s P19 LDEO 87.99° w 
Po BNL 86.67° w 
P6 13NL 87.33 ° w 
P6 BNL 88.67" w 

86" w 55 ° s Pl9 LDEO 8&.01 ° w 
Pl9 LDEO 87.99° w 

86° w 17"' s Pl9 LDEO 86.J9 u W 
P21 RSMAS 86.70° w 

86" w 13° s P19 LUEO 85.8<1" w 
EQF92 NOAA 8-J.07 u W 
F.QF92 NOAA 86.80" w 

"Lead Institutions: 
BNL - Brookhaven National Lahoratory 
lOS= Institute of Ocean Sciences 
LDE.O=Lamont Doherty Earth Observatory 
NOAA National Oceanic and Atmospheric Administralion 
RSMAS=Rosenstiel School of Marine and Atmospheric Science 
SIO=Scripps Institution of Oceanograph) 
UH=University of Hawaii 
WHOI=Woods llole Oceanographic Institution 

bParameters compared: 
DIC=dissolvcd inorganic carbon 
./CO,=fugacity of CO, 
TAikl:otal alkalinity 
pH 

Latitude 

32.50° s 
32.50° s 
32.50" s 
17.00" s 
16.50° s 
16.74" s 
67.00" s 
67.01 ° s 
32.50° s 
32.50" s 
32.50° s 
32.50° s 
53.99" s 
54.02° s 
I 6.84" S 
16.75 " s 
12.49° s 
13.23 ° 5 
13.-n o S 

co~ parameters Date of 
comparedh occupation 

DIC 19Marl994 
DIC 19May l992 
DIC 19May l992 

TAll--. DIC 02Apr1994 
TAlk. DIC 03Apri9Q4 
TAlk, DIC 20Aprl994 
/CO~, OIC 2SFebl992 
.fCOc., DIC 16Jan 1993 

DIC 13Marl993 
DIC 13Ma) 1992 
DIC 13Mayl992 
DJC 14Muyl992 

.fl'O:, OIC 1Mar l993 

.fCOc.. DIC I OJ an 1993 
DIC 21Marl993 
OIC 4Novl994 

jl'Oc.. DIC 23Marl993 
TAII--JCO!. DIC 25Nov 1992 
TAik,jt'02, DIC 25Novl992 

Table 2. Summary of tbe number of comparisons of salinity, oxygen (02) , dissolved 
inorganic carhon (DIC), fugacity of C02 (/C02), total alkalinity (TAlk), and pH at 

the 30 crossover locations in the North and South Pacific 

Parameter 

Salinity o, DlC TAlk pH 

Crossover \:omparisons 41 34 41 16 15 5 
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3.2 Cruise Results 

I he most detailed carbon parameter results are for DIC. as this parameter "as mca~urcd 
on all of the crui'>cs (Table 1 ). The ne:-.t most frequent I~ measured parameter was.fCO,. folio" ed 
b~ T/\11, and pH (Table~ -t-6). respecti\el) . DIC CRMs \\ere ct\ailablc to the imestigator:. for 
alnlo'>l e\Cr) crui"e during the '\une~. In general. there 1s excellent agreement ben,een DIC data 
set!> at the crosso\"er locations. At the beginning of the rmgralll. thc goal \\aS to obtam 
agreements bet\,een cruises that were less than 4.0 ,~-tmol ll..g. On 31 of II crosso\er comp:uison'> 
the uncorrected DIC differences "ere b.~ than thi .... \aluc. and on 24 ofthe compansons the 
d1fterences \\ere less than 2.0 ~Amol l l..g. 

Most of the cruises that did not meet this criteria m:currcd at the beginning of the program 
"hen 1ncthnd.., were "till being developed. and one comparison was during a strong El Nino e\ent 
\\here the upper water column hydrograph) \\as s ignilicant l) dirlcrcnt from normal (1-eely et al. 
1995). When the DIC data were corrected for CH.Ms. 36 of the '-II comparisons '"'ere less than -tO 

,cl l11ol/kg. and 31 comparisons \\ere less thlin 2.0 Jllll<ll/kg. The mean of the absolute value ofthe 
differences \\as 2.4 ± 2.8 .umol/l..g for the uncorrected data and I 9 ± 2.3 {Jmol/h.g l"or the 
c.:orreeted data (Fig. 2 ). Fnr <l n1can OIC concentration or approximately 2260 ,c~mol lh.g in the 
deep Pacific. this difference is equi\alent to an uncertaint: of appro:-.imatel) O.OX%. I he 
l:'-ecllent agrccmcnt of the OIC data \\as li!..el~ due primaril~ to the use of the coulometer <LIC. 
Inc.) coupled ''ith a SOMMA (Single Operator Multipantml:tcr Metabolic Anal~7er) mlet s~stem 
de,eloped b~ Ken Johnson (Johnson et al 19X5. 19X7, 1991. Johnson 199::!) ofBrookha\en 
1\Jauonal Laboratol) (13"'\!L). a<> \\ell a.;; the tt'-.c of('RM.., a:-. :-.ccomlar~ standards during the 
cruise'> The '>pirit of cooperation anti clo ... c intcraction:-. among the scientists and techntcian!> '' ho 
\\erl! responsible for the measurements abo contributed to the outstanding qualit) of the data set. 

The crosso,er comparison of.fCO, in sea" ater is not a'> '>lraightli1r\\ard as the comparison 
nl the other carbon parameters because the measurement temperature forfCO: difTcrs tr>r 
d i ffcrent cruises. The comparison thus rcq u i rc.., a tcm peratmc norma llzation. '"' h ich is performed 
b~ us1ng the carbonate dissociation constants. and measured DIC. For compari"inn rurrose!>. all 
Hlluc-. \\cre uonnali/cd to :woe in this report. I he normali.a1tion is dependent on the 
dissociation constant used. In this comparison. \\C used thc con-.tant~ ofMehrbach et al. ( 1973) 
a'> rclittcd h~ Oich. ... nn and Millero ( IYX7). An example ofthe effect of constants on the final 
comparison is given in Table 7 in which "c usc typical deep-sea [)IC and ({.'0~ values as found 
in the c;nutheastern Pacific. Also included in the table are the 4/CO~(a)20°C/.!lOIC values in 
~iatm/( ~l mol/1-..g) to illustrate the sensitivit) ol" di ... crctc.fCO~ measurements relative to DIC in 
deep waters. 

We analyzed 16 crossover comparisons for,f('O,. and obst::n cd diflt.:rcnces ranging 
bet,,ecn -::!8. 7 and 34 ,1atm. c'cluding the large difference dunng the 1992 Cl Niiio at 5°'-· II 0° 
\\. 1 he mean of the absolute , ·alue of the di fferencc "as 17.6 ± I o.l ,,atm. In deep ''"ater 
I 0 ,,atn1 of/CO_ mca~urcd at 20°C is apprm.imatel) equi\ alent to an uncertainty of 1.5 .< mollg 
DIC. Thus." ith the possible e:-..ception of I\Hl or three cn).,.,O\ er locations. the systematic 
d i fterences in the .fCO~ data corresponded to a similar uncertaint) to that or the majorit~ of the 
DIC results. Since there "ere no CRMs mailable lt)r /CO, dunng the Pacific expeditions. the 
analysts used their O\\n compressed gas standards for the measurements. Sum~: of the diflerence!> 
bel\\een the data sets ma) ha\C resulted from "~"temallc differences bet\\een standards and or 
differences bet\\een methods emplo)ed. 
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Table 3. Summary of the compar·ison results for dissolved inorganic carbon (DlC) 
for each of the -H crossover comparisons during the Clohal C02 Surve) in the Pacific 

l.ucuuun 
mrmhcr 

Nurmnul 
pn~llion 

l rursc name· 
WO( L line 

60 
6 \n l inrt: 
hCl\\CCn \f) Crtii\C' 

"u""·~ Sahnll) I mol 1-gl 
Lf<lS,O\Cr ----- beh\CCII 

rnmpamon Long Lat ( rUJsc I (. rut\~ 2 ( nn'c 1-2 Cruise' lr UI\C I :2 

I I I 
2. 1 '1 
1/1 
H-1 
51~ 

hI(, 

7/7 
7/R 
7/9 
7/ 10 
!!/II 
811:? 
8 / IJ 
11 / 1-1 
9 / 15 
4 / 16 
10 / 17 
II I Ill 
I.:! I 11) 

11 /20 
1.1/2 1 
I~ :2:2 
1-1 /2.1 
15 '!.-1 
lh /2 ' 
17 / '!.6 
Ill / .:!7 
19 / 28 
~~~ :?•1 

11 ]0 
:? I I 3 1 
21 / 12 
'12/33 
:23/34 
:!-1/ 35 
'!.5/36 
26/.17 
27 /.IR 
.!IS I J•l 
29 /·Ill 
J0 / -11 

no•r 66•\ 
178'\\ 32"S 
175'\\ 32'S 
170°\\ <>7•s 
170"\\ J'!."S 
170°\\ 17"'-, 
170°\\1 IO'S 
170"\\ 10"\ 
170"\\ JO'S 
17() \\ 10°\ 
110 \\ s•s 
170' \\ 5'\ 
170 \\ , .... 
1711 \\ (I 

170 \\ 0 
170" \\' 0 
15:!"\\ 53"1\. 
1 -;o•w 17•<; 

I :\0°\\ 3:!"S 
1-iO"W IT\ 
1so•w 11•s 
1 ~0 \\ JT·'i 
11'i0

\\ 53"\ 
135 \\ 33"5 
135 \\ IT\ 
135"\\ s•s 
135'\\ 3;;"1\ 
135'\\ 4o•-.. 
1:!6"\\ 67•'> 
1 Hl0 \\> n 
I JUv\\1 () 
110' \.\ s~N 

I I0°W 5°N 
tuJu\\ or:., 
103° W 32°'i 
IOJ 0 W 17°\ 
118' \\ br~ 

RR0
\\ 32°S 

!lf>"'' s;·~ 
116°\\ 17"S 
116"'' 13•s 

Pll\" \.t 
P6 l'(,CQO 
Po UJl'IO 

PI)\' Sl 
PI;;'>·' I'& 
P15s·• 1'11 
1'15S" CGC90 
Pl5'>" I 1,1~11::! 
PI5S" Pl~l\! 
1-'15'> 
PI5S 
P15'> 
PI 'i\ 
I' ISS 
P15S 
PI'\S 

U.Jll) l 
Plo 
1'6 

P lb 
P:!l 
1'31 
P17 
p(l 

P1 7 
P17 
Pl 7 

("(,CQI 

~-~ 

PIS 
Pill 
PIS 
PIR 
Pill 
1'18 
Pill 
~-~ 

PIQ 
1'19 
PIQ 
Pl9 

1'.11 

f'l ~"' 
l(,(4() 

L!.J ... fJ2 

PI 51\ 
llJl ')() 
I"<.)SQ~ 

1'17 
Pi t> 
PI& 
I'll 
P11 
1'16 
P17 
P17 
1'.!1 
P17 
1'1 7 
J>l7 
1'17 

[()\fJ:? 

CQ192 
Ll)'>91 
I C)!'<l? 

S-1 
)'(I 

1'21 
1'1 11 

Pt> 
I'IQ 
P:?l 

cQr92 

\lean of the absoluh: \alue uftl n:llrllt:n:n~c 

))) olthc ahsolule \ alue of the diiTer.:ntc 

"Pr..-lumuut v tlmu. 
''ND- nn d~tn 
t'RM~ u~~:d us pnmary standard. 
'CRM~ not a\atlable 

0003 
o on; 
0.001 
n oo5 
0 000 
0.007 
()(1(11 

0.00'!. 
ll 00 1 
11.000 
II 11(11 

-0.002 
000:! 

-CI 0111 
0001 

II 002 
0 000 
(1001 
0 000 

-{),001 
(J 000 
0001 
0.001 

-0 0111 
0.000 
11000 

-(10()3 
n 007 
0.011 
0.01:! 
0 OIR 

-{),006 
0 00 1 

() 002 
110111 
111101 

-0.00:' 
0.003 

-0001 
0.000 
001:! 

0.003 
!lOOt 

0.001 
0011 
0.002 
0.00:! 
0001 
0.001 
0 001 
0.003 
0 001 
0 .00:! 
0 flO I 
OUO:! 
0.00:! 
(Ill() I 

0.000 
0001 
(1()0(1 

0.00:! 
0 00 1 
0.000 
o.ouo 
() ()0 1 
0.00-1 
01101 
0.000 
0.001 
0.001 
O.OlfJ 
0 019 
0.01:! 
0 02~ 
0.00-1 
0.00-1 
0 002 
0002 
0.001 
0.001 
0.00-1 
0001 
0.001 
00011 

-10 
\;[) 

'ID 
- 1 6 
-0 "i 
.(I 

ND'' 
-3.2 
HI 
(I (I 

JJ 
\;I)' 

2.l 
I 1 

'ID 
"J() 

NO 
I 5 
I 8 
0 I 
OJ 
n 1 
:!.3 
no 
I 2 

- 0..! 
.1--1 

II 5 
-<• I 

(I() 

J1 
-5 I ' 

.\ 7 
-i I 
Ill\ 

I-I 
J 5 

-:!.5 
0 I 
0.3 
0 .1 

:u 
2.-1 
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A Dll ~ DIC 
(1111C<1rrCCied) ((.'RI\.1 CUll ) 

bCIWCCn hCl\ICCfl 

crurscs CrUI~C~ 

~f)(). 

tn:l\\ccn 
Lnu"'c' 

( .... mnlll.!!l I mnlll.gl \DUll 

A• :-.tJ 
CRM 

\IO·CfUISC 
(c~mulll.gl 

----- ----- hcl\\ccn -------
CrUI>C 1-2 cruhcs Cru"e I Crui ... • 2 

02 
M> 
I\ f) ' 

0.2 
0 1 
\1))' 

ND' 
I 1 
0 . ..'! 
lh 
0.8 
1\D 
5_:! 
11'1 

1'\D' 

\U 
"oD 
1.5 
0.3 
02 
0.-1 
0.3 
07 
I 2 
I I 
2 I 
04 

119 
7 I 
60 
1.6 
I -; 

6.6 
3 11 
I ~ 
0.6 
112 
3() 
0.::! 
09 
3.8 

-1 ' 
O.CJ 

3 I 
38 

-O.J 

-1 ' 
4:.! 
I -; 

11 
118 

7.4 
6.1 
-17 
1.'1 
2 1 
0(1 

15. 1 
01 
0.-1 
NO' 
3 I 
NU 

-1' 
-3.5 

3 
Oil 
I'D' 

-1.7 
2.1 
(I 

-I.-I 
18 

-5 . .J 
-0.4' 
-0.1 

1.9 
02 
02 
0.9 

-1 (I 

-{):! 

2-t 
2.8 

() 7 
-05 
07 
l (• 

-0.5 
13 

-2 I 
J.(l 

I I 
07 
ll<l 

42 
2 7 
OCJ 
I J 
0 • 

-1:! I ' 
OJ 

- l.\1 
' ) 
~' ·-
l I 
U.l 
-lh 

-1 2 
0.7 

-II-; 

-0.1! 
1 ~ 

-U.-1 
15 

-I.J 
05 

_,, 1 

I-I' 
0.0 
05 
I-I 
OQ 

-0 7 
1 7 

-0-1 

l'l 
2.1 

' I inear regression applu:tl. 
'Average ofrwo scpar3le lir~ 

lth order pol~nmmul 

U.S I 1-0'> - O.•M-U< 
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3::! -I. I ±0.9 -(}_tli.~ 7 
19 -1 l:diQ ~II::! 7 
:! 3 -1 l.t.0.9 J.O.L2 5 
:!.& I 1-0.•1 ~l.lS ... I..! 
I I -Ll.!.0\1 -<II±:! 7 
~4 -11-011 J.IH-:!S 
0 l - 1 I:OQ !1!1±1:! 
I :! 3.0.J.25 N/A'1 

16 U±U U-t-1.5 
0 -1 0.6± 1 I I ±~ 

1 ±::!.0 0 9.r.l.l 
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Table 4. Summary of th e comparison results for the fugacity of COz(fC0 1) 

for each of the 16 crossover cumparisons dur·ing the Global C02 Sun·-..y in the Pacific 
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Table 5. Summary of the comparison results for tot~d alkalinity (TAlk) 
for each of the 15 crossover comparisons during the Global C02 Survey in the Pacific 
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Table 6. Summary of the comparison results for pH for each of the 5 crossover comparisons 
during the Global C02 Survey in the Pacific 
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Table 7. Tlu:.• effect of constants on the C<llculation of the fugacity of C0 2 (/('02) at 20°C" 
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Fig. 2. Absolute value of Lhc mean difTcrcnce or DIC (CRM corrected) ror the 41 crossover comparisons. 
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The agreement of the 1 All- data bt:t,,cen the 15 crossO\er locatiOns is not quite a..., good a5 
the 01(' result~. I he differences bet,,ccn erui!'.es ranged from 11.5 to 7.8 1-lmol/kg. generall). 
the <.,mallest differences corresponc.ltu the e'<cellcnt agreement b} the same laboratory on 
different cruise~. A5 \\ith DIC and.fCO~ . the larg.e-..t offsets generall.) occur during the strong l.:l 

inn c\ent 111 1~9:!. The mean of the ab-..olute \alue ofthe difference ''as 5.7:::: 1.1,.tmollg: this 
corresponds to a mean uncertainty ofappro~imatcl.> 0.2%. CRMs \\ere availablc lt)r rAil- \\here 
crosso,er comparisons \\ere made for this report. and all data have been normali/ed to the 
certified \alues. 

Three laboratories performed pH anal~ scs, and as a result, on I) fiH: crussm e1 locations 
''ere cl\ailablc to compare the pi I results. All comparisons \\Cre made on the total -..ea\'.ater scale. 
The difference-.. ranged from 0.0005 to 0.0062 and the mean of the absolute 'aluc or the 
difference \\a<; 0.00:!3 + 0.00:!5. In the deep Paeitic. an uncertaint) of I 1mol/l-.g.I)J(' is 
equivalent to appro~imatel) 0.003 pi I units. The'ie resu lts suggest that the limited Clmnunt of pH 
data in the Pacific ''ere in e\cellent aweemcnt "ith each other. 

The sum mar~ data 111 I abies 3-6 should be 'ic" ed as one of se\ era I indicators or the 
O\erall qualit) of the carbon data from the Pacilic. In <1dditinn to these results. there abo arc the 
shore-based anal~-..c<, of replicate DJ( samples lal-.cn during each of the cruises (Guenther ct al. 
1994) and the intcrlaboratnl) anal)ses of the CRMs (Di~.:l-.-..on 199:!). I hese three pieces of 
information should be used together" 1th them1od) namic modcb in the proces:. of evaluating the 
O\erall qualil) of the tlataba!)e. In se\eral cases. particularl) \\ith respect to the NOAA data -.;ct-... 
three or tour carbon paramett:r-.. \\ere 111casured durin!! the cruises. lnthc"e -..ituations. the internal 
cons1stenc~ of the incJi, idual parameters in the data sets can be checked using an appropriate 
thermod)nam1c model (Millero et al. 1993: B)'rne et al.. in press: Wanninkhnfet al., 1999). In 
tillS \\a). t>\O parameters ma~ he used to check the validit) of the third and. in some cases. fourth 
parameter. ror e:xample. \Cr~ preci<;e and accurate DIC and pH data ma~ be used to \alidate the 
/CO~ and r All- data. \\·e recommend that indi,idual data sets be e\aluatcd in th1s manner before 
the) are used in physica 1:-tnd biogenchem ica I mode Is. In add it ion. i I i!\ our recommendation that 
DIC data are reported to the databa<>e manager as both uncorrected and corrected "ith respect to 
CRI\b. and that the CRt-.1 result-,. arc appended in a .. meta .. file . This file.: -..hould contain at 
minimum CRM batch number. munhc1 ofCRMs run. the gi\en \aluc ami nbsef\ed \alues. along 
v, ith the standard deviation and nu111b~.:r nf CRM results rejected. The nu.:thod of correction of the 
data -..hnuld be clearl~ described. including if the correction \\as applied per cell. per cruise. 
u-..ing a longer-term mean. or if the correction \\as an additi\e or a ratio In order to obtain a 
coherent data set of DJC from this program. it is Imperative that the data bc corrected in the samt: 
wa) A<. shO\\ n in this report. the c.:ros~o'vcr data for L>IC are statisticall) improved when the 
correction i!) applied. We also recomn1cnd the ., A If.. data be reported to the database manager in a 
sirnilnr \\a}. appending a .. meta .. file containing a description of the CRM result-... In addit1on. it 
is u-..c..:rul tix both CRM corrected and uncorrected I Alk data to be submillcd. 
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4. CONCLUSIONS 

The comparison of the carbon system parameters during the WOCE and OACES cru ises in 
the North and South Pacific has provided unique infonnation on data quality at the crossover 
locations. For DIC.}C01• and pH, the agreement at most crossover locations is well within the 
design specifications for the global CO~ survey, despite the lack of CRMs for both }C02 and pH. 
In a statistical analysis perfonned on DIC data that were corrected to C RM values vs 
noncorrected values, results indicate there is a significant difference bet\veen the two. On the 
other hand. although normalized to CRM values for TAlk. the comparisons made in this report 
for that parameter were not as good. The outcome of th is comparison stresses the importance of 
CRMs, as well as the value of building some redundant measurements into the probrram to 
provide an independent checl-. on data quality. 

Since the inception of this document, we have made every attempt to inc lude the most up­
to-date information available: however. large data sets are constantly evolving. Some of the data 
presented in this report are expected to change as the data are further evaluated. To access the 
latest data sets, please check the web sites listed in Section 5. 

5. REMOTE ACCESS TO DATA LISTED IN THIS REPORT 

Much of the data presented in this report are available un the World Wide Web (WWW). 
For infonnation regard ing electronic access to the data sets contact: 

For NOAA/OACES data: 

NOAA/ AO:v1LIOCD 
430 I Rickenbacker Causeway 
Miami. Florida 33149-1026 
U.S.A. 

Internet:http://www.aoml.noaa.gov/ocd/oaces 

For DOE GlobaJ C02 survey data: 

Telephone: (305)36 1-4399 (voice) 
(305)361-439:! (fax) 

Carbon Dioxide Information Analysis Center Telephone: (865)574-3645 (voice) 
(865)574-2232 (fax) Oak Ridge National Laboratory 

P.O. Box 2008 
Oak Ridge, Tennessee 37831 -6335 
U.S.A. 

I ntemet:hnp:/ /cd iac.esd.om l.gov/oceanslhome.htm I 

Graphics of the data contained in this report are also available at 
http://w\\" .pmel.noaa.gov/co2/oaces _ doe/home.htm I. 
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APPENDIX A 

PLOTS O.F THE CROSSOVER COMPARISONS 
IN THE 1\0RTH AND SOUTH PACIFIC 
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Fig. A.l. Comparison of sa linity, oxygen (0~. fugacity of C0 2 (/CO~. 
and dissolved inorganic carbon (DIC) at 170° 1:. and 66° S. 
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Fig. A.5. Companson of salinity, oxygen (02). and dissolved inorganic carbon (DIC) 
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Fig. A. l2. Com parison of salmity. oxygen (O:J. and dissolved inorganic carbon (DIC) 
at 150° W and 32" S. 

A-17 



Salinity C ompariwn at 150"W & l ""'S 
36.5 ...----------------...., 

36 .~ 
• 

£35.5 

~ 35 
r.tl 

• 1'16: 150.S0 WI17.00S • 
• P21:149.2~Wil7.!1°S 

34.5 P21:150.3°W/17.S0 S 
~31:149.6°WI17.2os 

~ ~~~~~===-~--~----_j 
22.5 23.5 24.6 25.5 26.5 27.5 

Si.pn11 Thtt~l 

240 
02 Comparison al 150°W & 17"S 

• P16:15050W/i1.()0S 
220 ~ 

~200 ~ 

.... 0 
X 

• X 
• o,.. 

• • 

• P21:149.2°W/1750S 
J>21: 150.3"W/17.5"S 
P31: l-19.60W/17.2os 

!180 
N 

0160 

...... 0 

• 0 • • 
1~~------------~------~~~~ 

226 23.6 24.5 25.6 26.6 27.6 
Sigu no Tit.,l a 

TAlk \nmparison at 150"W & 17"S 
2~ ...------~----------.~ 

2380 ~ ,
0

. )1 ... It . / 

!2360 • • ~ . )( 0 ! 
i 2340 • ~.>·~, : 

lili 2320 • P t6: tso.s0
w /t7.oos;l • •II)· < • P:!l:l49.2nW/17.SOS ll' 

~-o 2300 P21:150.3°Wt1 ;.sos • , x " 
P31: 149.6"WI17.2os l " :• 

2280 .J.!;;. _ _;;;;:;;===;;:==-....,.....-~_.!...-~ 

22.6 23.5 24.5 256 26.6 27.5 
Sipna Theca 

DIC Compari)on at 150"W & 17"S 
23~ r.==============~----------~ 
2270 I• Pl6:150.5~W/17 .. 00S I / 

• P21: 149.2° W/l"' .S"S 
.. ~ P31:149.6"Wili.2"S 1 
1!!1 .1' 
~ 2170 X 

!2120 • • 

~ 2070 ' .• •• 
~ 

2020 
1970 +-"-._ ______ "T"" _____ ..,.... __ -.----l 

225 23.6 24.5 25 5 26.6 27.6 
Sipla'lb~ 

EA')Ianded Salinil) Proffit' 
34·67 r---M::-:-ean-d="'e':""lta----~------:~ 

34.66 

34.63 ;i 
:; 34.61 
:1) 

34.69 

Pl6·Pll•·0.00l±O.OOO 
Pll-P3l:O.ocnt0.001 
P31-Pl6:Q.OOl±O.OOl 

34.67 .~jj!!:::_ ___ __ ...k~~===::i.J 

27.56 27 69 27.62 27.65 27.68 27.71 ZT.74 
Si.pna Theta 

168 

~ 
~ 164 

5150 .=:. 

Mean dl'lta 
P 16-PH-tl.l :zfl-1 
Pll·P31-tJ.3:dJ.4 
P3l-Pl0=-U.4±U.3 

0 146 J;::==~~~ 

142 

27.66 27.69 27.62 27.66 27.68 27.71 27 74 
Sipna Theta 

2406 
2~ 

2396 

-2390 ~2386 
!2380 

~ 2375 
i-o 2370 

2366 
2360 

J:xp:rndl'fl TAlk Pronle 

Mean del111 
Pl6 PH=l-0+0.9 
Pll -1>'1 ~7.3-.1.1 

P31-Pl6=6 .. l'•2.0 

27.56 27.69 27.62 27.65 27.68 27.71 27 74 

2306 
Expanded DIC Profile 

Mean delta 
P16-Pll~3.2.il.O 

1'21·1'31=3.lnl.8 
P31-Pl6:o.l>D.6 

2290 U----~===::=:~:::::::::::::::=:::J 

27.56 27.69 27.62 27.65 27.68 27.71 ZT 74 
Sipna Thda 

Fig. A.l1. Comparison of salirut}. ox}gen <0:-_). total alka1m11y (T AI\...). 
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Fig. A.l4. Comparison of salinity, oxygen (0 2) . fugacity of C02 ({C0 2) , and 
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Fig. A.l5. Comparison of salinity. oxygen (0 2). and dissolved inorganic ca rhon (T)JC) 
at 135° W and 33n S. 

A-20 



Salinity Comparuon at 135°W & 17°S 

34.65 -10 P17: 1S3.4°Wil7.SOSI 

I · P2l: ll4.00W/16.SOSI 

:i34.66 
0 

• 0 

• 0 
0 . .) 

i en 0 

34.45 • 0 

0 ~ 0 ° 34.36 -t--<----£"-F~ ........ ""'!-~ ....... .....;~.....-~t---4 

26.9 27.1 27.3 27.6 27.7 
Sigma Theta 

115 
0 2 Comparison at 135°W & 1 'JOS 

1

0 P17: 133.4°W/17.SOSI ) 
0 

0 

• PZl : 1 34 .00Wil6.sosl 
• 0 0 

0 
0 0 

~+---~-+--~--+-~--~--~--~~ 

26.9 

DIC Comparison at 135°W & 17°S 
2~ ~------~-------------------, . ·~ 2300 • oo 

~ 00 
~2276 
e: 
§2250 
.:; 0 

• 0 

0 0 

u2225 
~2200 It p 

r o PI 7: 133.4°\V/17 .sosl 

I· P21: ll4.()0W/16.SOSI 

2175 1---.--+----.--~::::;:::===t::::::::;::::::::j:~ 

• 
0 

• 0 

0 0 

26.9 27.1 27.3 27.6 27.7 
Slpna Theta 

o l'1 7: 133.4° Wf1 7 J!OS 

• P21:134.00W/J6.SOS 
>34.675 
'W' 

~ 
<n34.666 

Mean delta 
P1 7-P21=-0.000:!!l.OOO 

34.635 

170 

167 

~64 
=161 

}168 

~·155 
0

162 

27.686 27.706 '27.726 27.746 27.766 27.786 
Sigma Theta 

o Pl7:1S3.4°W/17.SOS 

• Pll:l:W.OOW/16.SOS 

MeRn delta P17-P21 

=1.2:t.l .1 

149 .&-.:.--,---;----,-~-..-----t--...,---;--.-----1 

27.685 27.705 27.725 27.745 27.765 27.785 
Sigma TI1eta 

ExpiUlded DIC Profile 
~~ r.===========~-----, 

o J:'l7:133.4° W/17.8"S 

~0 
Mean delta P17-P2J :o-0.7:t2.S 

2300 ~~~+-~----~------------~ 

27.685 27.71YS 27.725 27.745 27.766 27.785 
Sigma Theta 

Fig. A.16. Comparison of salinity, oxygen (0 2), and dissolved inorgru11c carbon (DTC) 
at 135° W and 17° S. 
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Fig. A.l8. Comparison of salinity. oxygen (0 2), and dissolved inorganic carbon (DIC) 
at 135° W and 35° N. 
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Fig. A. l9. Comparison of salinity, oxygen (0 2). and dissolved inorganic carbon (DlC) 
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Fig. A.20. Comparison of sahnily, oxygen (0 2). fugacity of C02 (jCO~. 
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A-25 

27.84 



• • 
t. 

A ... 
• • • • • • 

22 23 2.4 26 26 

Slpua Thtta 

0 2 Comparison at 11 OOW & 00 
225~--~-~----------------~ 
200 
175 

::150 
i 126 
s 100 

;;' 76 
Oso 

26 

... . . ~ •• 
~ · •• (. 

• ':.•"= f. 
• E92S:110.00W/.260S ' ,.~ 
• E9ZF: llO.OOWt.::S"S • § 

- Pl8: ll0.3°Wt.34°S ~~ 
o~=======r==~----.-~~--~ 

22 

2310 

2360 

;2350 

'! 2340 

!2330 

~= 
""' 2300 

23 24 26 21 

Slpna Theta 

TAlk rnmptuison a t U OOW & 00 

a E9ZS:llOOOWI.260S 

+ E92F:llO.UuW/.2~"S 
PlS: 110.3° WI.M oS 

• • 

• • .. .. 
• 

• • • • 
' • 

• . . ... 
·- · •'). 1,:. 

~·-

28 

~0+-----~--------~r----,-----------i 

22 23 24 26 28 27 

Sl£11•• TI1tta 

E:~:panded Salinity Prom~ 

3A.66 

3-4.54 .L---------------....1 

85 

80 

.,75 
i!o "a TO 

,g,85 

2706 Z7 115 27..26 
Slpna Th.,ta 

MeWl della 
P 18 Eq~S-0.6±6.0 
P18-Eq9ZF=-3.2..t.1.6 

21.36 21.~ 

0 60 • E92S: 110.0CV\Ii.26cS 
55 • E92F: II O.OOW!.2SC'S 

Pl8. 110.3° W/.34os 

50 ~~~~-----=~========~ 
27.1 27 :l 27.3 

Sipta lloua 
27.4 

t:xpand~d J AJk Pro me 

M tan delta 
2376 

236lS 

~23StS 
~ 

P18 Eq92S=-10.9±6.6 
P18-Eq92F=-7.5:7.7 

i 2346 
= .52336 
~ 2325 
f.. 

2315 

2306 

27.05 27.15 27.25 
Sicma 1luta 

27.35 

27.6 

27 45 

Fig. A.2Ja Comparison of salinity. oxygen (0 ). nnd total alkalinity (TAlk.) 
at I I 0 W and 0 . 

A-26 



f'CO, Comparison lilt.llO"W & 00 
1100 rr==~===:;=-;:==-=-..;,;,_;;;.;....;:----, 
1500 • '£928: 110.<l"W/.260S ..... ~ .. 

..-.1300 .s 
!1100 

0 900 

i::! 700 

~ 

• '£92F: llOJJOW/.25"8 • 
1 

• 
#l' .... .... 

•• .. • 300+---~r---~----~----~----~--~ 

22 23 24 26 26 21 28 

Sipn11 Theta 

DJC C"ompari~on at llO"W & 00 
2325r;============~----------~~l 
2275 • E92S: llO.OOW/.26°8 ,. 

• E92F: llO.OOW/.25"8 I' '1 2225 
6 Pl8:110.3°W/.34°S ~ 

~ 2175 

!2125 

~ 2075 
0 

• .::.• 
a A , . •• 

2026 ••• 
1975 +-----.-------...... --.,......----------i 

22 23 24 2S 26 21 28 

Sicm• Theta 

~1515 

~ 
c1SSO 
e 
~15215 
c 
~1500 

Expanded f'C02 Profile 

Mean 4elt& 

P18-Eq92S=-Z8.7J.41.!' 
1'18-Eq92F--12.9±;!5.J 

1475 ~-~---------~------------~ 

27 ~ 27.15 21.25 27.36 
Slpna lhna 

ExpiUldl'd DTC Profile 
2310 ~----------------------------~ 

2305 
2300 

Mean della 
P18-Eq92S=-l .S-1.7 

P18-Eq92F=-1.3±2.3 ~2285 
i 2290 

!22~ 
u 2200 
... • E92S: llO.OOW/.26°8 
0 2275 • E92F:llO.O"W/.25oS 

2270 PlB: 110.3"W/.34°S 
~ L---------~~========~ 

21.011 27 111 21.211 27.~ 21.46 
SIIJila Theta 

Fig. A.21 b. Comparison of fugacity of C02 (/C02 ) and 
dissolved inorganic carbon (DJC) at 110° W and 0 . 

A-27 



Slilinity Comparison at U OOW & 5°N 

21 22 23 24 25 26 27 28 
Slgmw TI1eU. 

02 Comparison at llO"W & 5°N 
210~--~-~--~--------------------~ 

~ 

160 

I • 
• 
•• • {, • !!: • • • • •• 

I
• E92spr: l09.9°W15.1°N~ l ~ ~... . ~~ 
• E92fali:109.9"Wf5.0"N ._ 
:. P18: 110.3°WIS.O"N 4t.. ,,": 

10~==~==~====~~~-~·~~~~~~~ 

21 

2400 
Cli 
s23so 
c 
e 
.=,2300 
~ 
'i22250 

'"" 
21 

22 

.. 
22 

Z3 24 25 26 27 28 
Sigma Titeta 

(', 

...... 
• 

23 24 26 26 27 
Sigma Theta 

34.685 
~· 
~34.575 
!;I} 

34.565 

h'Panded Salinity Profile 

34.555 +------------------=---------' 
27.05 27.15 27.26 27.36 

Sigma Th eta 

Expanded 0 2 Prome 

• E92spr: l09.9"W/S.1°N 
46 • E9~fa11:109.9"WI5.0°N 

C1i P18: 11 0.3°WI5.0"N 

~36 

= §25 
.:::1 Mean delta 

C15 P18-E92S=-S.l ±l.S 
Pl8-E92F=3.7:::6.6 

27.45 

s ~~-~~----------~ 
27.06 27.15 27.25 27.35 

';i;2370 

~2360 
Q 
E2350 a. 
~2340 

'""2330 

Sigma Theta 

Expanded TAJk Profile 

• E92spr: 1 09.90W/~.l 0 N 
+ E92fa11:109.9" WI5.0".N 
:.. P l8: 110.3°W/5 .0"N 

Mean delta 
Pl8-E92S=-11.5:b4.6 

27.45 

zno ~~--~~------r--~ 

27.06 27.16 27.25 27.35 27.45 
Sigma Theta 

Fig. A.22a. Comparison of salinity. oxygen (0 2). and total alkalirrity (TAlk) 
at 110" W and Y' N. 

A-28 



2000 
fC02 C'ompllrison atlltl"W & 5°N 

·~ • E92spr:109.9"W/!5.1°N I 
1700 + E92fall : 109 .9"W I~.O"N ...... P18: 110.3°W/5.00N • • 

§1400 
r • 

Ill .... • 
~100 •• • • ... 

·~ Oeoo 
t::! , 

• • 600 •• 
200 .- • 

21 22 23 2A 26 26 27 2S 
Sigrn11 Theta 

1990 

.-.1940 

! 
"'1890 
.5 
8,840 
u 
""' 1790 

1740 

27.05 

hpanded rco2 Pro me 

McanDello 

Pl8-E92S:67.1:!:10.9 

27.16 27.26 27.35 27.46 
Sigma ThetA 

DIC Coroparisou at llOOW & 5°N 
~rr===========~----~~~ 

• E92spr:109.9"W~.l"N •., 

E.xp1mded DIC Profile 
2335 r--------------------------,r; 

i2260 
-; 2160 
a 
~2060 
u 
;:s 1960 

• E92fall : 109.9"W/5.0"N , 
" P18:110.30W/5.00N + .-.•11'5 

.rL 
• • • 

Mean delta 
~2330 Pl!!.E92S~.5:b6.3 
~2325 

52320 
,:,2316 

~2310 
0

2306 
• E92spr: l 09.9DWJ5.JON 
• E92faJI: l09.9"W/5.0'N 

Pl8: 110.30W/5.o<'N 
1860 +------------.---......-----.------.-----! 2300 

27.06 21 22 23 24 26 27 2S 27.16 27.26 27.36 

Sigma lbeta Sigma Theca 

Fig. A.22h. Cornpari!-.on of fugacity of C02 (fC0 1) and 
dtssolved inorganic carbon (DIC) at II 0" W and 5" N. 

A-29 

27.46 



36 
• S.f: 10J.SOW/6 7.()0S 
u S.f: 103.5°W/6 7.00S ~~ • S4: 10!5.2°Wi67.0"S 
• P 18: 1 03.00\V/6 7 OOS ..:~ 

b34.6 
P 18: 103 OOW166.~0S 

~ -
D • ,p:- • 

rJ' 1ft. 

~ 
"' 34 

• 
33.5 

26.7 26.9 27.1 27.3 27.6 27.7 27.9 
Slpna !'beta 

... 310 

~ -. r. 

~ 260 
! 

.. 
,----- - . 
• S4: 101.SOW16 7.00S :1 

~ 

0 
210 

o S4: 103.~W16"' .o"S 
< S4: 1()5.2CW/6".00S • !!! .. ~ 

.o1. Pl8:103.00Wt6 7.00S • - • 

N 

Pl8:103.o"W/66.!5°S • ££.~ 
100~==~==~==~---T~~~~ 

26.7 

1200 

26.9 27.1 27.3 27.5 27.7 27.9 
Slcma Thfta 

• 8-1: 101 .8"W16".00S 
o S4: 103.5"W/67.0"S 
~ S4: 10!5.2°W/6 7.0"S 
• Pl8: 103.QO\V/6 7.00S 
- P18:103.0°W166 .. ~S 

• • 
0900 
~ • ... ... ... 800 

700+---..~~__.,+-__.,~__.,__.,~__.,~__.,~ 

26.7 26.9 27 1 27.3 27.6 27.7 27.9 
Sipna Titeta 

DIC Complllison at I03°W & 67°S 
2300 r;=========-------, 

• S4: 101.8"WI6 7.0"S 
r S4: 103.!50W/67.00S 
• 54: 105.2°W/67.00S 
& P18:103.00Wi6 ?.00S 

Pl8: 103.0"W166.5°S 

.. w' 
•• .... -

.. . 
+ 
• 

2100 ~·--~----~----~--~----~--~ 

26.7 26.9 27.1 27.3 27.6 27.7 27.9 

Slpna Theta 

34.7 

34.6 

• S4. IOI..ROW/6-il"S 
o S4: 10.'\.~W'6-.0"S 
+ S4: 1 os.zow 16 .., .OOS 

.o1. PIS: 103.00W/6.,.00S 
- PI!!: IIXW"WI66.5"S 

34.66 ..U'..LI.~----======:;:;..J 
27.6 27.66 27.7 27.76 27.8 27.86 

210 .. 
"" i200 
g 

..=,190 

0 
190 

SI!Dlla Thf'ta 

170 ~__;:;..___.,.::___.,__., __ _.__..__.. _ __..__.. _ _. 

27.6 

1200 

,., 1180 

s 1160 

! 1140 .. 
0 1120 
u 
... 1100 

1000 

27.66 27.7 27.76 27.8 27.85 
Sipna Thtta 

. .. 

Mean della 
Pl8-S.f~8 .0:t:5.5 

• S-4: 101.SCW16 7.0"S 
+ S4: 10!5.2!0\\'/6".005 

.o1. Pll!: lOO.OOW/6-.0'-s 
Pl8: 103.00WI66.5°S 

1060 ~----...--...-----...---...--...~----~ 
27.6 27.65 27.7 27.75 27.8 27 86 

Sipna TI1rill 

Exp1t11ded Dlt: Pro rue 
~66 r.=======.------~ 

.., 
~2260 

l 
u 2266 s 

• S-4: 101.8"W16 7.00S 
- S-4: 105.2cW16 "D"S 
• Pl!$:103.0"\' /6 7.0°S 

Pl8: 103.00W/66.5°S 

Mean cltlta P l S-S"'- 1.-4: 1.0 

2260 ._ _________________________ ~ 

27.6 27.66 27.7 27.76 27.8 27.86 
Slpna Thtll 

Fig. A.21. Comparison of sal inity. oxygen (0~). fugaciry of CO~ (/CO~). 

and dissohed inorganic carbon <DlC) at J03- W and 67 S. 

A-10 



36 

t!ll • • 

~34.8 • 

~34.6 
{,/) 

.... 
34.4 

34 2 +-,-..,.-.,.....;-..,.-...,......,..-T-.......,..----1'..,.-"'T"'T...,...,.__,. ........ ..,..........~ 

25 25.5 26 26.5 27 27.6 
Sl.gma Theta 

260 -....---0~2 ....;C....;u.;;.;;m~p....;wru;;.:·;.;.o;;.:o;_a;.;.;t...;l;;.:0....;3_0W_&_·_,3_Z.O_S,;_____, 

240 

~ 
020() 
s 
,:.190 

0160 • P6: 103.3"WI32 .5°S 
o P6: 102.oo\VI32.Sns 140 
.&. 1'18:103.00WI3Z.S0 S 

.. • 

1~ ~~~~~~~~~~~~~ 
25.5 26 26.6 27 27.6 

Sipna Theta 

DJC Com:partson at lOl?W & l Z.OS 
2350 :rr=====::::::::::=:::::::;------, 

• P6: 10:\.30WI32.SOS 
D P6: 102.00WI32.SOS 
• P18:103.00W/32.5US ! 

25.5 

• • • 
.~ · 

• .t.J 

26 25.5 27 
Sigma Theta 

27.6 

34.29 

.a 
:34.28 
:; 
rn34.27 

34.26 

34 .25 +-----------~-----------~ 
27.01 27.04 27.07 27.1 27.13 ZT 16 

210 

27.01 

Sigrna Theta 

Mean delta 
P l 8 P6- 0.6±l..S 

• P6: 103.3"W/32.5°S 
D 1>6: l02.00W/32.SOS 
• PIS: 103.00W/32.5°S 

27.04 27.07 27.1 
Sigma Tllcta 

27.13 Z7.16 

Expanded DJC Pro me 
2190 rr=========::::::;-----7-:~ 

• P6: 103.3"W/32.SOS 
D P6: 102.0"WI32.SOS 
• P 18: l03.00W/32.5°S 
Mewtd~lla 

21~ +------~~~~---~---~~ 
27.01 27.04 27.07 27.1 27.13 Z7.16 

Sigma Theta 

Fig. A.24. Companson of salinity. oxygen (0 -0, and dissolved inorganic carbon (DJC) 
al 103° w and 32° S. 

A-31 



Salinity Comparixon at 103°\V & 170S 

~ 4~,;~------~==========~ ~ 
36.9 

a = 1i 36.4 
{/.) 

34 .9 

... 
• • 

" 6 

0. 

• 

• • 

• Pl8: 103.0"Wtl ., .OOS 
Pl8: 103.0"Wil 6.!-~S 

• P21:103.3"Wf16.8"S 

~ .... 
34 4 .1---------------- ::;.....--' 

24.3 24.8 25.3 25 8 26.3 26.8 27.3 27.8 
Sigma ThPt.ll 

0 2 Comparison at 103°W & l 7°S 
~r-----~--~----------------~ 

,....200 

~160 
0 

e 
,5100 .. 
0 60 

• • :. 

0+---~--~----------~----~--; 

24 3 24 .8 26.3 26.8 26.3 26.8 27.3 27.8 
Sigma Theta 

TAlk Comparison atl03°W & 17"'S 
24~~--------------~ 

"iiii2410 
,:ll:2390 
~2370 
5 2360 ,:, 

.M2330 

;:;;!2310 
I"" 

2290 

~
;Pts: 1ro.oown 1.oos:1 
Pl8: 103.00W116.~0S'J 
P21: 103.3°W/16.8"S 

~ 

l .. 

I • Lzl 
~70+--------r--~--~~--~--~--~ 

24.3 24.8 26.3 26.8 26.3 26.8 27.3 27.8 

Expanded Salinity Pro me 
34 .~ ---------------------------,~ 

34.66 

a34.63 

";34.60 
:; 
V}34.67 

Mtanddt.a 
P l 8-P~ 1 =().()06±0.002 

34.64 

34.61 

27.YT 27.47 

& Pl8: 103.00W/17.0"S 
- Pli!·103.0"Wil6..5"S 
• P11 ; l03.3"Wil6.8"S 

27.67 27 67 

160 

140 
Q( 

:S120 
c 

~100 
Oeo 

Sigma Theta 

E>.:panded 0 2 Prome 

• P18:103.00WJ17.00S 
Pl8: 103.0"W!I6_!';0 S 

• P21 :103.3"Wil6.8"S 

Mean dellJI 

PI~P21=-1.4·:1:0.6 

21n 

60 ~----------------------------~ 
27.37 27.47 27.67 27.67 21n 

Slgnu• Theta 

Expanded TAlk Prortle 
2~0 ~============~--------~ 
2420 

'j2410 
~2400 
1:2390 
¢2380 
~ 2370 
"""2360 

• P 18: 1 03.0° W 11 7 .O"'S 

P 18: l 03.00W f i65° S 

Mean delta 
PlS-Pll=-.2. 1~.8 2350 

2340 ~----~------~------------~ 

27.37 27.47 27.67 27.67 21.n 
Sigma Du•ta Sigma Theta 

~---------------- ----------------~------------------------------------; 

2360 

?300 

12250 
c 
a~ 

~2160 u .... 
A2100 

DIC CumplU'iJun all03°W & l~"S Expanded DlC Prortle 

• P l8: 103.0"W!l 7 .O"S 
Pl8: 103.0"W/J 6.5"S 

• P21 :103.3°W/16.SOS 

L 

• 
• • 

/ 
• --~ 

2330 

2325 
'Ci 
:52320 
0 
62315 MrWl delta 
,5 Pl8-P21~0 45+1.2 
u2310 
..,. • P18: 103.00Wn 7.00S 

2060 - ~·· 
., A2305 ~ Pl8: 103.0"Wil6~S 

• 1'21: 103.3~W/16.8"S 
2300 u:::::::::::....._ __ ~====..:.,_----=----

24.3 24.8 25.3 26.8 26.3 26.8 27.3 27.8 
Sl~a Theta 

27.37 27.47 27.67 27.67 
S:lgnnl Theta 

fig. A.25. Comparison of salin iry, oxygen (0 ,). lolal alkalinity (TA lk). 
and d1ssolved inorganic carbon (DlC) at I OJ W and 17'" S. 

A -32 

21.n 



34.7 

34.6 
~ 
~ 34.3 

{I) 34.1 

33.9 

Salinity Comparison at 8fiOW/670S 

(. S4: 885"W/67 :o;;sl 
It. Pl9:~.00W1ti7.o0sl 

A 
IS\ . 

"' II • 

• 

~.7~--~-----~--~--~ 
26.9 

376 

CIJ325 
~ 

~ 
0 
E 276 
,.:, .. 
0226 

115 
26.9 

1200 
,-. s 1100 
II 
,.:, 1000 ... 
0900 
!:::! 

27.1 27.3 27.6 27.7 27.9 

Sigma Theta 

0 7 Compllrison at 88°W & 6 7°S 

• A A 
4>. • 

A • 
• t. 

b • 
t. 

, • • Jl 

27.1 27.3 27.6 27.7 27.9 

Slgma Theta 

rC02 Comparison ar SfiOW & 670S 

• S4: 88.!'1"W16 7.1l"S 
A Pl9:88.00WI67.00S A 

lJ. • 

• 

• A A 
800 

700~A~-~--~-~---~--~ 
26.9 

2260 

~22AO 
- 2220 
0 e 2200 

27.1 27.3 27.5 27.7 27.9 

Si&mll Tiaeta 

DIC Compar1Jon at 8SOW & 67"S 

• .52180 

~ 2160 
~ 

2140 6 
• S4; 88.S"W167.00S 

• t. t. Pl9:88.0"W/67.0"S 
2120 f-t.--~::._ ____ ___!:====::::;:::==.t 

26.9 27.1 27.3 27.5 27.7 27.9 

Sipla Theta 

Expand"d Slllinity Pro me 
34.73 1 - --=----;---=--=======:;-----, 

• S4. 88.S"W 16 7 .OOS ""t. ~" P19:88.00WI67 .OOS 

"'-... ~ Mean delta 
~ S4-Pl9"'-0~.001 

~~ 
~ 

0 34.12 

:! 
ii! 
{I) 34.71 

34.70 1---------___;::::....___.____. 

214 

~210 
0206 
E 
~202 

27.81 27 .83 27.86 27.87 

Sigma Theta 

E 

O 198 • S4 :88.SOW/6 7.00S 
6 Pl9:AA.OOW/ti7.00S 

194 ~~--------~==========~ 
27.81 

1117 
,..... 
~ 1107 

¢ 
... 1097 
0 
!:::! 1087 

27.83 27.86 27.87 

Sigma TI•eta 

1on ~--------------~------~ 
27.81 

~2263 
~ c 2261 

Ei 
,:, 2269 
c.: ... 
~ 2257 

• 

27.83 27.86 27.87 
Sigma Thet.ll 

• 
A 
6 

Mean delta 
S4-P19=-1.4:t:0.6 

~ ~----------------------~ 
27.81 27.83 27.85 27.87 

Sigma Theta 

Fig. A.26. Comparison of salinity. oxygen (02) . fugacity of C0 1 (/C02). 

and dissolved inorganic carbon (DIC) at 88° W and 67° S. 

A-:13 



35 
34.9 
34.8 

?')34.7 
.;34.6 
:;j34.6 
t.? 34.4 

34.3 
34.2 
34.1 

.. 
S lllinit) Comparison ~t 8!jQW & 32.~"S 

a • P6:8Ci.6WI3:.5•s 
o P6:B" 3 °131..5• s 
- P6.88.7'WIJ2..!1"~ 
"'P19:8S.OOW/3l.5°S 

23.8 24.3 24.8 25.3 25.8 26.3 26.8 27.3 27 8 
SIIUll~t Th t!Ut 

0 2 CompariJon at 8!jQW & 32.5°S 
276~--~~~~-------------------, 

260 ~. 0,~ 

~ ... · · ~ 
~176 .- ' ' + n q. 

.=,50 • P6:86.6W/3!.! •s "'
0 

• 
u P6:87.3"!J2 ..!1"S 

0126 + P6:88.1"WI32 .!0S + -
• Pl9:BS.OOW/3l .s• s • ~ 

100~========~~----~~~~~ 
23.8 24.3 24.8 26 3 26.8 26.3 26.8 27.3 27.8 

S~a Theta 

DIC Com(•llrison Ill 8 !jQW & 32.5°S 

23.8 2A.3 24.8 26.3 26.8 26.3 26.8 27.3 27.8 
Sigma Theua 

Salinity Compari• on at 8fiOW & 32.5°S 
34.~ r---------------------------~~ 

34.52 

>.34.49 

] 34.46 
"i 
t.? 34.43 

34.4 

Mean delLa 
Pl9-P6=Q.003±0.004 

• PCi:86.6W/32S"S 
n P6:8"'.3°/32.S• s 
' P6:88.1"W/31.5"S 
& PI 0:1Dl!FWI31.5"8 

34.37 ~-------------

27.32 27 37 27.42 27.47 
SII{Jllll ThPUl 

27.52 

Expanded 0 2 Pro me 
1ro r---------~----~----------~ 

160 

~;40 
0 

I
• P0 :86.6WIJZ.s•s I 
0 PII:R7.,013l~0S 
T P0:88 . 7"W13:l.S"S 
& P J.9;88.(f'W/Jl.S0~ 

§ 130 
.:; 

0120 

MeUl delta 
Pl9-P6=-2.5±3.0 

110 -1---------------------=-_..;:::::;i-;::,;..---' 

27.32 27.37 27.42 27.47 27.52 
Sigma Theta 

E>.l!Uided Dl C' Profile 
~00 ~------~----------------~~ 

2290 ,_ 
'-2280 
0 2270 e 
.52260 
~2250 
Q2240 

Mean delta 
P19-P6 0.9±1.3 

• 1'0:1!0.6WI3l.5°S 
o P6:87.3~132.S0S 

- P6:88.-WIJ2.!!" i 
& Pl9:8S.D"W:32.S"S 

2230 .L---------------------' 
27.32 27.37 27 42 27.A7 27.62 

Sl~llThPUl 

Fig. A.27. Comparison of salinity. oxygen (0~). and dissolved inorganic carbon (OIC) 
at XW W and 12 S. 

A- i4 



Salinity Comparison at 86°W/55°S 

34.7 JAr i• PI9C:88.00Wf54.00SI 

34.6 6 Pl9S:88.0"W/34.0"S 
0 • 
'2 34.6 • 
"i 
lol.l 34.4 • 

"' 34.3 
~.c. A 

.4 6 

34.2 
26.9 27.1 27.3 27.6 27.7 

Sigma Titeta 

0 2 Comparison at 86°W & SS0S 

'Dm270 

~250 
s230 
5210 

0190 

~ P19C:88.00W/54.00S 

t:. Pl9S:88.00Wi54.00S 

27.9 

170 
1~+-----;-----~-----r-----r----~ 

26.9 

1200 

-- 1100 

~ 1000 ..:. 
.. 900 

27.1 27.3 27.6 

Sigma Theta 

6 ... 

27.7 27.9 

~ 800 

700 I• Pl9C:88.00W/54.0"S I 
A Pl9S:88.0"W/54.0"S I 

~~--~--~~==~==~==~ 
26.9 27.1 27.3 27.5 27.7 27.9 

Sig.rmt Thebt 

DJC Comparlcon at 86°W & 55°S 2300 ..------..;;.... ________ ...., 

C) s 2150 !.4!> 

t A 
t 

I• Pl9C:88.0"W/54.00SI 
6 PI9S:8:S.OOWI54.00S I 

2100 ..,. 

26.9 27.1 27.3 27.5 
SIJlma Theta 

27.7 27.9 

34.724 
E1.-panded Salinity Pro me 

"' 
34.719 / .-0 

..E 34.714 • '; t:. Mean delta 
rr. Pl9C-Pl9S=-0.00l.l0.001 

34.709 - • P19C:88.00W/54.00S 

6 .Pl 9S:88.0"W/54.0"S 
34.704 

27.766 27.806 27.866 

Sigma Theta 

Profile 

206 Mean d~lta. 
Pl9C-Pl9S=0.4:tO.Z 

• P19C:88.00Wf5.4.0"S 
A P19S:88.00W/54.QOS 

176 .I.e:::::::::.. ____ ..::::::::;::=:=:;::=:=~ 
27.766 

,-.1145 

~ 1136 

..:.1126 

01116 
t:! 1105 

1096 

27.806 

Sigma Theta 

Expanded fC02 Pro me 

27.855 

1085 t-----.-----___;~~-::::.rt.:;::::..::t 
27.755 27.805 

Sigma Theu. 
27.856 

~72 ~~--~x=~============~ 

'Q~70 

~ 2268 
c 
=~6 ..; 

c.; 2264 
1-
~~ Meandtlta 

Pl9C..Pl9S=-O. 7:1:0.5 
• 6 

~ +-----~-T-----------r--r--r-4 

27.755 27.805 

Sigma Theta 
27.855 

Fig. A.28. Comparison of salinity, oxygen (0 -J, fugacity of C02 (/C02), 

and dissolved inorganic carbon (DIC) at 86° W and 55° S. 

A-35 



35.6 
>. ... 
~35.2 
"-! 

34.8 

Salinlt) Cumplllison »l 86°W & 1 ""'~ 

• 

• 
o • o lll o 

"o• 
c~-·---

34.4 -1---.---.----.----T=--~ 

24.2 24.8 25.4 26 26.6 27.2 27.8 
Sigma-Tht>ta 

0 2 Compsu-Uon a t 86°W & I 70S 
300~--------~~========~ 

250 
~200 
] 150 
~ ., 100 
0 50 

• 
n 

• 

4 Pl9:86.4°Wtl6~:S 

c P::l:87.o<'VVI16.8"S 

0 +--------~~~~r-~ 

24.2 24.8 25.4 26 26.6 27.2 27 .1$ 

Sigma-Theta 

DIC Comparison at 86°W & 17°S 
23s o rr=====-----::;------::.iW 

,.....,2300 
~2250 
2 2200 
= ,:,21~0 

~ 2100 
0 2050 

4 P19:86.'1°W/ 16.MVS 

( P:!l:87.0°W/16.8"S 

• 
0 

a • 

• 

2000 ~---~--r---,----~ 

24.2 24.8 25.4 26 26.6 27.2 27.8 
Sigma-Theta 

34.69 

~ 34.6R 

Cl) 
34.67 Mean delta 

Pl9 P2 1=0.001:0.0005 
3 4.66 ...._ _______ r----- --l 

27.72 27.73 27.74 27.75 27.76 21.'"7 

Sigma Theta 

155 r.==========~-----;;Al 

'Cl. 
~ 150 .. 
~145 
0 

• I'l9:86.~"Wil6.SOS 
o P21:87.0"WIJ6.8"S 

M~;on d t' ltu 

P19-P21=0.3:1().9 

Q 

o---- ---~ 
140 ...._~-------r----~ 

2'7.72 27.73 27.74 27.''5 
S iiJPll ll TitN W 

27.76 

E.11:p:anded DIC Prorue 

2330 -,------------:-0--------, 
~2325 
0 
§ 2320 
.::; Mean delta 
u Pl9-P21~2.7.i0.3 

Q lJl S ., Pl9:86.4°Wil6.8"S 
P::!l :S-.o"Wil6.B"S 

2310 ~--~==;=======~----~ 

21.12 27.73 27.74 27.75 27.76 2-.-., 

Fig. A.29. Comparhon of !>alinity. oxygen (02). and dissolved inorganic carhon (DlC) 
at 86 Wand 17" S. 

/\-16 



3U 

35.6 

~36.3 

~ 35.1 

""34.9 

34.7 

34.6 

250 

SaUnJty Comparlson at 86°W & 13°S 

.. , .. + EqF92:84.1°W/J3.2°S 

• EqF92:86.8°W/13.4°S 

.. a PI9: ~.SOW/12..5°S 

•• .... ..., 
~~ 

""""LioL··' 
... 

26 26.6 ZT ZT.IJ 

Slpna Theta 

34.8 

34.76 

b 34.7 

-= =! 34.66 

"" 34.6 

34.66 

34.6 
28 26.7 26.8 

Expanded Srutnlty Pro me 

• .t:qf'92:84.1 ° W/13.2°S 
EqF92:86.SOW/13.4°S 

• Pl9: 85.SOW/12.!0 S 

Mew delta 
.1' 19- .t:ql''92=0.0 12:i().()()8 

26.9 ZT 27.1 27.2 21.3 27.4 

Slpnan,~a 

Expanded 0 2 'Proftle 

~. • • + EqF92:84.loW/ 13.2os 60 I • EqF91:84.10W/13.1os 
EqF92:86.SOW/13.4°S 

0 

2S 

2100 

1800 

11600 
~1200 
0 
~900 

600 

300 

23150 

2300 

i2250 
!2200 
u 21150 .... 
~ 2100 

20150 

25 

25 

.. • EqF92:86.8"WI13.4°S 

• P19: 8S.SOWI12.!"S 

• J • ... .. ... ..... , .. 
2S.IJ 28 28.15 27 27.6 

Slpna Th~a 

..... 
•1t. . •• .. .,... .\ ... . 

• EqF92:S4.l"'W/13.2°S 

• EqF92:86.SOW/13.4°S . 
.,..\ ... • Pl9: 85.SOW/12.SOS 

25.5 26 26.1! ZT 27.1! 

Slpna Dun 

DIC Compu1Jon at 86"W & 13°S 

. ~··~ .~ .,. ..... -1·~ 
• 

• • EqF92:84.10W/13.2°S • • EqF92:86.8"W/13.4os .. .... ~ · • Pl9: 85.8"W/12.!0 S 

25.6 26 28.6 27 ZT~ 

Slpla1beta 

28 

60 

~40 
• Pl9: 85.8"W/1:2.SOS 

=30 ;:20 
0 

10 • 

o ~--.---

26.7 26.8 26.8 21 

Mean delta 
P19- F.qF9"..=0.1::.1.8 

Z7.1 Z7.2 27.3 27.4 

ExpMded fC02 Profi1e 
20150 ...-------- ---------, 

2000 

....... 19150 

11900 
~ 
N 18150 
0 
~1800 

28 26.7 26.8 28.9 27 27.1 27.2 27.3 27.4 

2315 

2306 ... 
~:mli 
!2286 

~ 
~ Z'.Z76 

2265 

26 26.7 

SlpnaThtta 

Exp1mded DIC Pro me 

+ EqF92:!W.IOW/ I:\.2DS 
EqF92:86.80W/13.4°S 

a Pl9: ~.SOW/12.!\0S 

Mean delta 
'P19-EqF92~-0.4~.8 

26.8 26.8 27 Z7.1 27.2 ZT .3 Z7.4 

Slpna D1na 

Fig. A 30. Comparison of salinity. oxygen (OJ . fugacity of C02 (/C02) . 

and di~solved inorganic carbon (DIC) at 86° W and I 3° S. 

A-37 





I. L. J. Allison 
2. T. A. Boden 
3. M. D. Burtis 
4. R. M. Cushman 

5-29. S. B. Jones 
30. D.P. Kaiser 
3 I . P. Kanciruk 
32. J. M. Loar 

Internal Distribution 

33. T. E. Myrick 
34. D. R. Shepherd 
35. L. D. Voorhees 
36. Central Research Library 

37-40. ESD Library 
41. Laboratory Records Department 
42. Y -1 2 Technical Library 

External Distribution 

43. J. Afghan, Marine Physical Laboratory, Scripps Institution of Oceanography, 9500 
Gilman Drive, La Jolla, CA 92093-0902 

44. A. G. Alexiou, UNESCO/IOC, I rue Miollis, 75732 Paris Cedcx 15, France 
45. L. G. Anderson, Department of Analytical and Marine Chemistry, University ofGoteborg 

and Chalmers, University of Technology, S-412 96, Goteborg, Sweden 
46. D. Archer, Department of Geophysical Sciences, University of Chicago, 5734 S. Ellis 

A venue, Chicago, lL 60637 
47. W. E. Asher, University ofWashington, Joint Institute for the Study of the Atmosphere 

and the Ocean, Box 354235, Seattle, WA 98195 
4R. D. Bakker, Universite Pierre and Marie Curie, Tour 14- 2e etagc, boite I 00, 4 place 

Jussieu, 75252 Paris Cedcx 05, France 
49. N. Bates, Bennuda Biological Station for Research, 17 Biological Station Lane, Ferry 

Reach GE 0 I, Bennuda 
50. M. L. Bender, Graduate School of Oceanography, University of Rhode Island, South Ferry 

Road, Box 1, Narragansett, R1 02882-1 197 
51. R. Bidigare, University of Hawaii, Department of Oceanography, 1000 Pope Road, 

Honolulu, HI 96822 
52. J. K.B. Bishop, School of Earth and Ocean Sciences, University ofVictoria, P.O. Box 

1700, Victoria, British Columbia V8W 2Y2, Canada 
53. P. G. Brewer, Monterey Bay Aquarium Research Institute, P.O. Box 628, 7700 Sandholt 

Road, Moss Landing, CA 95039 
54. W. S. Broecker, Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY 

10964 
55. 0. B. Brown, University ofMiami, 4500 Rickenbacker Causeway, Miami, FL 33149 
56. C. Brunet, Laboratoire de Physique et Chimie Marines, Universite Pierre et Marie Curie, 4 

place Jussieu, 75252 Paris Cedex 05, France 
57. K. 0. Buessclcr, Department of Chemistry, Clark 447, Woods Hole Oceanographic 

institute, Woods Hole, MA 02543 
58. R. H. Byrne, University of South Florida, Department of Marine Science, 140 Seventh 

AvenueS. , St. Petersburg, FL 33701 
59. F. Chavez, Monterey Bay Aquarium Research Institute, P.O. Box 628, 7700 Sandholdt 

Road, Moss Landing, CA 95039-0628 



60. C. -T. Arthur Chen, Institute of Marine Geology, National Sun Yat-sen University, 
Kaohsiung, Taiwan 80424, Republic of China 

61. D. W. Chipman, R.R.l, Box 497, Orrs Island, ME 04066-9718 
62. K. H. Coale, Moss Landing Marine Laboratory, P.O. Box 450, Moss Landing, CA 95039 
63. M. Conkright, NOAA/NODC E/OC5, Rm 424, 1825 Connecticut Ave., NW, 

Washington, DC 20235 
64. T. Conway, NOAA R/E/CG I, 325 Broadway, Boulder, CO R0303-3328 
65. E. G. Cumesty, ORNL Site Manager, Department of Energy, Oak Ridge National 

Laboratory, P.O. Box 2008, Oak Ridge, TN 37831-6269 
66. G. Cutter, Old Dominion University, Department of Oceanography, Norfolk, VA 23529 
67. Y. Dandonneau, LODC/Univcrsity Pierre and Marie Curie, Tour 14, 2e etage, 4 place 

Jussicu , 75252 Paris Cedex 05, France 
68. H. De Baar, Netherlands Institute of Sea Research, P.O. Box 59, Den Durg, Texel , 1790 

AB, Netherlands 
69. D. J. DeMaster, Department of Marine, Earth, and Atmospheric Sciences, North Carolina 

State University, Raleigh, NC 27695 
70. T. Dickey, Department of Geological Sciences, 167-B, Ocean Physics Group, University 

of Southern California, Los Angeles, CA 90007 
71. A. G. Dickson, Scripps Institution of Oceanography, University of California, San Diego, 

Marine Physical Laboratory, 9500 Gilman Drive, La Jolla, CA 92093 
72. L. Dilling, NOAA/Office of Global Programs, 1100 Wayne Avenue, Suite 1225, Silver 

Spring, MD 2091 0-5603 
73. G. R. DiTullio, University of Charleston, Grice Marine Biology Laboratory, 205 Fort 

Johnson Road, Charleston, SC 29412 
74. S. Doney, National Center for Atmospheric Research, Oceanography Section, 

P.O. Box 3000, Boulder, CO 80307 
75. H. W. Ducklow, College ofWilliam and Mary, Virginia Institute ofMarinc Sciences. 

P. 0. Box 1346, Gloucester Point, VA 23062 
76. J. W. Elwood, Department of Energy, Office of Biological and Environmental Research, 

Environmental Sciences Division, SC-74, 19901 Germantown Road, 
Gemlantown, MD 20874 

77. S. Emerson, Department of Oceanography, University of Washington, Box 357940, 
Seattle, W A 98195-7940 

78. D. Erickson, Advance Study Program, National Center for Atmospheric Research , Box 
3000, Boulder, CO 80307 

79. G. Esser, Justus-Liebig-University, Institute for Plant Ecology, Heinrich-Buff-Ring 3S, 
D-35392 Giessen, Germany 

80-104. R. A. Feely, NOAA/PMEL, 7600 Sand Point WayNE, Seattle, WA 98115 
I 05. W. Ferrell, Department of Energy, Office ofBiologieal and Environmental Research, 

Environmental Sciences Division, SC-74, 19901 Germantown Road, 
Germantown, MD 20874 

106. R. Fine, RSMAS, University ofMiami, 4600 Rickenbackcr Causeway, Miami , FL 33149-
109S 

107. T. Fung, School ofEarth and Ocean Sciences, University of Victoria, Box 1700, Victoria, 
British Columbia V'dW 2Y2. Canada 



108. R. H. Gammon, UniversityofWashington, Chemistry Department, Box 351700, 
Seattle, W A 98195 

109. W. D. Gardner, Department of Oceanography, Texas A&M University, College Station, 
TX 77843-3146 

110. J.-P. Gattuso, Obscrvatoire Oceanologique Europeen, Avenue Saint-Martin, MC-98000, 
Monaco 

111. J.P. Giesy, Michigan State University, College ofNatural Science, Department of 
Zoology, 203 Natural Science Building, East Lansing, MI 48824-1115 

112. D. Glover, Chemistry Department, Woods Hole Oceanographic lnstitution, Woods Hole, 
MA02543 

113. J. Goddard, Columbia University, Lamont-Doherty Earth Observatory, Climate/ 
Environment/Ocean Division, Rt. 9W, Palisades, NY I 0964 

114. C. M. Goyet, Woods Hole Oceanographic Institute, Marine Chemistry and Geochemistry 
· Department, 360 Woods Hole Road, MS #25, Woods Hole, MA 02543 

115. N. Gruber, Princeton University, Atmospheric and Oceanic Sciences, 304 A Sayre Hall, 
Princeton, NJ 08544 

116. P. Guenther, Geosciences Research Division 0220, University of California, San Diego, 
9500 Gilman Drive, La Jolla, CA 92093-0220 

11 7. D. 0. Hall, University of London, Division of Biosphere Sciences, King's College, 
Campden Hill Road, London W8 7AII, United Kingdom 

I 18. D. A. Hansell, Bermuda Biological Station for Research, Tnc., 17 Biological Station Lane, 
Ferry Reach, GE-01 , Bermuda 

119. K. Harada, National Institute for Resources and Environment, 16-3 Onogawa, 
Tsukuba-shi, Ibaraki 305-8569, Japan 

120. A. Harashima, Japan Environment Agency, Global Environmental Research Division, 
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan 

121. M. Hein, Freshwater Biological Laboratory, Helsingoersgade 51, DK-3400 Hillcroed, 
Denmark 

122. A. Hittelman, WDC-A for Solid Earth Geophysics, NOAA Code E/GCl, 325 Broadway, 
Boulder, CO 80303 

123. H. Hodgson, British Library, Boston Spa, DSC, Special Acquisitions, Wetherby, West 
Yorkshire, LS23 7BQ, United Kingdom 

124. E. E. Hofmann, Department ofOceanogntphy, Old Dominion University, Norfolk, VA 
23529-0276 

125. H. Hong, Xi amen University, Environmental Science Research Center, Post Code 361005, 
Mail Box 1085, Xiamen, Fujian, Peoples Republic of China 

126. S. Honjo, Department of Geology and Geophysics, Clark 109, Woods Hole 
Oceanographic Institution, Woods Hole, MA 02543 

127. C. A. Hood, GCRlO, 2250 Pierce Road, Bay City, MI 48710 
12g. J . C. Houghton, Department ofEnergy, Office of Biological and Environmental Research, 

Environmental Sciences Division, SC-74, 19901 Germantown Road, 
Germantown, MD 20874 

129. H. Y. Inoue, Geochemical Research Department, Meteorological Research Institute, 
Nagaminc 1-1 , Tsukuba, Tbaraki 305-0032, Japan 

130. M. Ishii, Geochemical Research Department, Meteorological Research Ins6tute, 
Nagamine 1- 1, Tsukuba. Ibaraki 305-0052, Japan 



131. T. Johannessen, Centre for Environmental and Resource Studies, Iloeyteknologisenteret, 
University of Bergen, N-5020 Bergen. Norway 

132. K. M. Johnson, Department of Energy, Brookhaven National Laboratory, Bldg. 318, 
Upton, NY 1197 

133. K. Johnson. Institute ofOcean Sciences, P.O. Box 6000,9860 W. Saanich Road. Sidney, 
British Columbia V8L 4B2, Canada 

134. F. Joos, University ofBern, Physics Institute, KUP, Sidlerstr. 5, Bern CH-3012, 
Swit7erland 

135. D.-J. Kang, Department of Oceanography, Seoul National University, Seoul 151-742, 
Korea 

136. D. M. Karl, University of Hawaii, Department of Oceanography, 1000 Pope Road, 
Honolulu, HI 96822 

137. T. R. Karl, National Climatic Data Center, 151 Patton Avenue, Federal Building, 
Room 516E, Asheville, NC 28801 

138. C. D. Keeling, Scripps Institution of Oceanography, UCSD, GRD, A-020, La Jolla, CA 
92093 

139. S. Kempe, Schnittspahnstr. 9, D-64287 Darmstadt, Germany 
140. R. M. Key, Princeton University. Geology Department, Princeton, NJ 08544 
141. K.-R. Kim, Seoul National University, Department of Oceanology, Seoul 151-7442, 

Korea 
142. T. Kimoto. Research Institute ofOceano-Chemistry, Osaka Office, 3-1 Fumahashi-cho. 

Tennoji-ku, Osaka 543, Japan 
143. D. Kitzi~. Environmental Research Laboratories, NOAA, 325 Broadway, Boulder. CO 

80308-3328 
144. B. Klein, University Laval, GIROQ, Pav. Vachon, Quebec, PQ, G1K 7P4, Canada 
145. J. C. Klink, Miami University, Department of Geography, 217 Shideler Hall, 

Oxford, OH 45056 
146. J. Val Klump, University of Wisconsin, Center for Great Lakes Studies, 600 E. Greenfield 

Avenue, Milwaukee, WI 53204 
147. A. II. Knap, Bermuda Biological Research Station, Tnc., 17 Biological Station Lane, Ferry 

Reach GEO l, Bermuda 
148. A. Kortzinger, Tnstitut fur Meereskunde, Dusternbrookcr Wcg 20, 24105 Kicl, Germany 
149. A. Kozyr, The University of Tennessee, Pellissippi Research Facility, I 0521 Research 

Drive, Suite 100, Knoxville, TN 37932 
150. K. Krogslund, School of Oceanography, University ofWashington, Box 357940, Seattle, 

WA ygl95-7940 
151. C. Lee, Max Planck Tnstitut for Marine Microbiology, Fahrenheitstrasse 1, D-28359 

Bremen, Germany 
152. M. Leinen, Graduate School ofOceanography, University ofRhode Island, Kingston, RI 

02882-1197 
153. S. Lcvitus, National Oceanographic Data Center, National Oceanic and Atmospheric 

Administration, E/OC5, 1315 East West Highway, Room 4362, Silver 
Spring, MD 2091 0 

154. E. Lewis, Brookhaven National Laboratory, Upton, NY I 1973 
155. M. Lewis, Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, 

B3II 4JI, Canada 



156. A. A. Lucier, National Council of the Paper Industry, Air and Stream Improvement, 
P.O. Box 1331~, Research Triangle Park, NC 27709-3318 

157. P. Lunn, Department ofEnergy, Office ofBiological and Environmental Research, 
Environmental Sciences Division, SC-74, 19901 Germantown Road, 
Germantown, MD 20874 

158. T. II. Mace, U.S. Environmental Protection Agency, National Exposure Research 
Laboratory, Environmental Sciences Divison!ORD, P.O. Box 93478, Las Vegas, 
NV 89193-3478 

159. D. Mackey, CSIRO Marine Laboratories, Hobart, Tasmania 7001 , Australia 
160. E. Maier-Reimer, Max Planck Institute ofMeteorology, Rundesstrasse 55, Hamburg 

2000-13, Germany 
161. J. J . McCarthy, Harvard University, Museum of Comparative Zoology, 26 Oxford Street, 

Cambridge, MA 02138 
162. M. C. MacCracken, National Assessment Coordination Ofticc, Suite 750, 400 Virginia 

A venue, Washington, DC 20024 
163. L. Merlivat, LODYC, Universite Pierre et Marie Curie, 4 place Jussieu, 75252 Paris 

Cedex 05, France 
164. N. Metzl, Universite Pierre et Marie Curie, Laboratoire de Physique et Chimie Marines, 

T 24-25-Casc 134, 4 place Jussieu, 75252 Paris Cedex 05, France 
165. S. Meyer, Florida State University, 020 Love Building, Tallahassee, FL 32306-3041 
166. A. F. Michaels, Bermuda Biological Station for Research, Inc., 17 Biological Lane, Ferry 

Reach GE 01 , Bermuda 
167. F. J. Millero, University ofMiami, RSMAS, 4600 Rickenbacker Causeway, 

Miami, FL 33149 
168. L. Mintrop, Abteilung Meereschemie, Institut fiir Meereskunde, Diistembrooker Weg 20, 

D-24105 Kicl, Germany 
169. J. W. Morse, Texas A&M University, Department of Oceanography, College 

Station, TX 77843 
170. R. E. Munn, University ofToronto, Institute for Environmental Studies, Haultain 

Building, 170 College Street, Toronto, Ontario M5S 1A4, Canada 
171. M. Murata, JAMSTEC, 2-15 Natsushima, Yokosuka, Kanagawa 237-0061 , Japan 
172. S. Murayama, National Institute for Resources and Environment, Environmental 

Assessment Department, 16-3 Onogawa, Tsukuba, Ibaraki 305, Japan 
173 . P. P. Murphy, National Oceanographic Data Center, National Oceanic and Atmospheric 

Administration, E/OC5, 1315 East West Highway, Room 4240, Silver 
Spring, MD 2091 0 

174. J. W. Murray, School of Oceanography, University ofWashington, Box 357940, Seattle, 
WA 98195-7940 

175. R. Najjar, Department of Meteorology, Pennsylvania State University, Walker Building, 
University Park, PA 16802-5013 

176. S. Nishioka, National Institute for Environmental Studies, Global Environment Research 
Division, 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan 

177. Y. Nojiri, National Institute for Environmental Studies, Tsukuba, Ibaraki 305-0053, Japan 
178. J. R. Oh, Korea Ocean Research and Development Institute, Chemical Oceanography 

Division, An San P.O. Box 29, Seoul 4325-600, Korea 



179. E. Ohtaki, Environmental Science and Technology, Okayama University, Tsushima-Naka 
2-1-1, Okayarna 700, Japan 

180. J. Olafsson, Marine Research Institute, P.O. Box 1390, Skulagata 4, 121 Reykjavik, 
Tee land 

181. C. R. Olsen, Ecological Research Division, Office of Energy Research, ER/75, U.S. 
Department of Energy, Washington, DC 20545 

I R2. T. Ono, National Research Institute of Fisheries Science, 12-4 Ilukuura, Kanazawa-Ku, 
Yokahama 236-8648, Japan 

183. C. Oudot, Centre ORSTOM de Cayenne, B.P. 165-97323, Cayene Cedex, Guyana 
184. A. C. Palmisano, Department of Energy, Office of Biological and Environmental 

Research, Environmental Sciences Division, SC-74, 19901 Gennantown Road, 
Germantown, MD 20874 

185. B. Parra, Department of Energy, Office of Biological and Environmental Research, 
Environmental Sciences Division, SC-74, 1990 I Germantown Road, 
Germantown, MD 20874 

186. A. Patrinos, Department of Energy, Office of Biological and Environmental Research, 
Environmental Sciences Division, SC-74, 19901 Germantown Road, 
Germantown, MD 20874 

187. E. T. Peltzer, Monterey Bay Aquarium Research Institute, P.O. Box 628, 7700 Sandholt 
Road, Moss Landing, CA 95039 

188. T.-11. Peng, NOAA/AOML. Ocean Chemistry Division, 4301 Rickcnbackcr Causeway, 
Miami, FL 33149 

IR9. T. Platt, Marine Ecology Laboratory, Bedford Institute ofOceanography, P.O. Box 1006, 
Dartmouth, Nova Scotia B2Y 4A2, Canada 

190. A. Poisson, Laboratoire de Physique et Chimi Marines, Universite Pierre et Marie Curie, 4 
place Jussieu, 75252 Paris Cedex 05, Frdncc 

191 . D. B. Preselin, University of California, Department of Biological Sciences, Santa 
Barbara, CA 93106 

192. P. D. Quay, University of Washington, School of Oceanography, Box 357940, 
Seattle, W A 98195 

193. R. Y. Rand, USDA, Global Change Data and Information Management, 10301 Baltimore 
Boulevard, Beltsville, MD 20705 

194. J. L. Reid, Scripps Institution of Oceanography, University of California San Diego, M/C 
0230, 9500 Gilman Drive, La Jolla, CA 92093-0230 

195. J. Ribbe, University of Washington, Joint Institute for the Study of the Atmosphere and 
Oceans, Box # 35425, Seattle, WA 98195 

196. M. J. Richardson, Department of Oceanography, Texas A&M University, College Station, 
TX 77843-3 146 

197. M. R. Riches. Department of Energy, Oflice of Biological and Environmental Research, 
environmental Sciences Division, SC-74, 1990 I Germantown Road, 
Germantown, MD 20874 

198-222. M. F. Roberts, Pacific Marine Environmental Laboratory, National Oceanic and 
Atmospheric Administration, 7600 Sand Point WayNE, Seattle, WA 98115 

223. J. Robertson, Department ofEarth Sciences, Cardiff University, CardiffCFl 3YE, United 
Kingdom 



224. C. Robinson, University of Wales: Bangor, School of Ocean Sciences, Menai Bridge, 
Gwynedd LL59 5EY, United Kingdom 

225. L. Robinson, Director, Environmental Sciences Institute, Florida A&M University, 
Science Research Facility, 1520 S. Bronough Street, Tallahassee, FL 32307 

226. S. Rubin, YST, Inc., 1700/1725 Brannum Lane, Yellow Springs, OH 45387 
227. C. L. Sabine, Pacific Marine Environmental Laboratory, National Oceanic and 

Atmospheric Administration, 7600 Sand Point WayNE, Seattle, W A 98115 
228. E. Sarachik, Department of Atmospheric Science, University of Washington, Box 351640, 

Seattle, WA 98195-1640 
229. M. M. Sarin, Physical Research Laboratory, Navrangpura, Ahmedabad 380009, India 
230. 1. L. Sarmiento, Princeton University, Atmospheric and Oceanic Sciences Program, 

P.O. Box CN710, Sayre Hall, Princeton, NJ 08544 
231. B. Schneider, Baltic Sea Research Institute, Secslrase 15, Wammunde, D-18 119, 

Germany 
232. G. T. Shen, School of Oceanography, University of Washington, Box 357940, Seattle, 

WA 98195-7940 
233. K. Shitac;hima, Central Research Institute of Electric Power industry, Marine Science 

Group, 1646 Abiko, Abiko-city, Chiba, 270-1194, Japan 
234. N. Silva, Universidad Catolica de Valparaiso, Escuela de Ciencias de Mar, Casilla 1020, 

Valparaiso, Chile 
235. W. M. Smethic, Lamont-Doherty Earth Observatory, Columbia University, Palisades, NY 

10964 
236. S. Smith, RSMAS, University of Miami, 4600 Rickenbacker Causeway, Miami, FL 33149 
237. W. Smith, Ecology Program, University of Tennessee, Knoxville, Knoxville, TN 37996 
238. M. H. C. Stoll, Netherlands Institute for Sea Research, Department MCG, P. 0. Box 59, 

1790 Ab den Burg-Texel, The Netherlands 
239. E. T. Sundquist, U.S. Geological Survey, Quissetl Campus, Branch of Atlantic Marine 

Geology, Woods Hole, MA 02543 
240. S. C. Sutherland, Columbia University, Lamont-Doherty Earth Observatory, 

P.O. Box 1000, U.S. Route 9W, Palisades, NY 10964 
241. J. H. Switt, Scripps Institution of Oceanography, University of California, San Diego 

Oceanographic Data Facility, 9500 Gilman Drive, La Jolla, CA 92093-0124 
242. B. Taft, 10580 NE South Beach Drive, Bainbridge Jsland, W A 98110 
243. K. Takahashi, Department of Marine Science and Technology, School of Engineering, 

Hokkaido Tokai University, Minamisawa 5-1-1-1 Minami-Ku, Sapporo 005, Japan 
244. T. Takahashi, Columbia University, Lamont-Doherty Earth Observatory, 

Climate/Environment/Ocean Division, Rt. 9W. Palisades, NY 10964 
245. L. Talley, Scripps Institution of Oceanography, University of California San Diego, 

M/C 0230, 9500 Gilman Drive, La Jolla, CA 92093-0230 
246. P. Tans, Climate Monitoring and Diagnostics Laboratory, NOAA, 325 Broadway, 

Boulder, CO 80308-3328 
247. J. A. Taylor, Australian National University, CRES, GPO Box 4, Canberra, ACT 0200, 

Australia 
248. J. M. Tiedje, 540 Plant and Soil Sciences Building, Michigan State University, East 

Lansing, Michigan 48824 



249. B. Tilbrook, CSLRO Division ofMarine Research, P.O. Box 1538, Hobart TAS 7001, 
Australia 

250. J. F. Todd, NOAA/Office ofGlobal Programs, 1100 Wayne Avenue, Suite 1225, Silver 
Spring, MD 20910-5603 

251. J. R. Toggweiler, NOANGFDL, Princeton University, Forrestal Campus, P.O. Box 308, 
Princeton, NJ 08542 

252. J. R. G. Townshend, UniversityofMaryland, Department ofGt:ography, 1113 Lefrak Hall 
College Park, MD 20742 

253. S. Tsunogai , Department of Chemistry, Hok.kaido University. Faculty of Fisheries. 3-1-l 
Minato-cho, Hakodate, Hokkaido 041, Japan 

254. J . Tucker, Marine Biological Laboratory, Woods Hole, MA 02543 
255. K. K. Turekian, Department of Geology and Geophysics, Yah: University, Box 2161, New 

Haven, CT 06520 
256. D. Turner, Unjvcrsity of Gotcborg, Department of Analytical and Marine Chemistry. 

S-41296 Goteborg, Sweden 
257. T. Yolk, Department of Applied Sciences, New York University, 26 Stuyvesant Street, 

New York City, NY I 0003 
258. D. W. R. Wallace, Abteilung Meereschemie, lnstitut fur Meereskunde, Diistembrooker 

Weg 20, 24105 Kicl, Germany 
259-268. R. H. Wanninkhof, NOANJ\OMUOCD, 4301 Rickenbacker Causeway, 

Miami, FL 33 149 
269. S. Watanabe, MAG, Graduate School of Environmental Earth Science, Hokkaido 

University, Kita 10, Nishi 5, Kita-Ku, Sapporo 060-0810, Japan 
270. Y. W. Watanabe, National Institute for Resources and Environment , 16-3 Onogawa, 

Tsukuba-shi, lbaraki 305-8569. Japan 
271. A. J . Watson, School of Environmental Sciences, University of East Anglia, Norwich NR4 

7TJ, United Kingdom 
272. F. Webster, University ofDelaware, College of Marine Studies, Lewes, DE 19958 
273. R. Weisberg, Department of Marine Sciences, University of South Florida, 140 Seventh 

Avenue South, St. Petersburg, FL 33701-5016 
274. R. F. Weiss, Scripps Institution ofOceanography, UniversityofC:alifornia, Mail 

Code A-020, Room 2271, Ritter Hall , La Jolla, CA 92093 
275. P. A. Wheeler, College of Oceanography, Oregon State University, Corvallis, OR 97331 
276. C. Winn, Associate Professor and Director of Marine Science, Hawaii Pacific University, 

45-045 Kamehameha Hwy. , Kaneohe, III 96744-6297 
277. C. S. Wong, Government of Canada, institute of Ocean Sciences, P.O. Box 6000, 

9860 West Saanich Road, Sidney, BC V8L 4B2, Canada 
27R. L. Xu, Xiamen University, Environmental Science Research Center, Xiamen, Fujian, 

Peoples Republic of China 
279. E. Yakushev, Shirshov Institute of Oceanology, 23 Krasikova, Moscow 117218, Russia 
280. E. Yamashita, Research Institute ofTechnology, Okayama University, Ridaicho 1-1 , 

Okayama 700, Japan 
281. Y. Yosuoka, National institute for Environmental Studies, Center Global Environment 

Research, 16-2 Onogawa, Tsukuba, Tbaraki 305, Japan 
282. Database Section, National Institute for Environmental Studies, Center for Global 

Environmental Research, 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan 



283. Energy Library (HR-832.2/WAS), Department of Energy, Office of Administration and 
Management, GA-138 Forrestal Building, Washington, DC 20585 

284. Energy Library (HR-832.1/GTN), Department of Energy, Office of Administration and 
Management, G-034, Washington, DC 20585 

285-286. Office of Scientific and Technical Information, P. 0 . Box 62, Oak Rjdge, TN 3 7831 
287. NOAA Central Library, c/o Janice Beattie, 1315 East-West Highway, Silver Spring, MD 

20910 




