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Abstract. Measurements of the partial pressure of CO, (PCOJ at the sea surface, dichlorodifluo- 
romethane (F12), salinity, temperature, oxygen, nutrients, wind, and culTent velocities were made 
during a cruise (January-March 1991) in the equatorial Pacific from Panama to Noumka via Tahiti. 
In the western Pacific (140"W to 165"E) the westward South Equatorial Current is well established. 
Distributions of tracers show extrema near the equator in the eastern Pacific (from 9S"W to 140^W), 
indicating that the upwelling is especially active in this area. The zonal distribution of chemical 
tracers is not regular because of intrusions of warmer water from the north associated with equatorid 
long waves. The temporal changes in PCO, result from thermodynamic changes, biological 
activity, and ga$ exchange with the atmosphere. In order to compare the magnitude of these i 

processes, we assess the variations of PCOz (dPCO,) between two stations as the sum of 
thermodynamic changes driven by temperature and salinity changes, air-sea exchange computed from 
observed wind and difference of PCO, between the sea and the atmosphere, and the biological 
activity estimated from the nitrate decrease and C:N ratio (106:16). The resulting assessed change in 
PCO, is in agreement with the observed change for 42 pairs of stations. Each of these pairs of 
stations is thus considered as representing a simple water mass advected by the measured currents 
between the two stations so that daily fluxes can be estimated. The contribution of CO, outgassing 
to dPCO, is low, between -0.2 to -0.0 patm P. The theimodynamical dPCO, averages 0.7 4 0.2 
Patin d-1 in the mixed layer. The biological dPCO, (-1.5 t. 0.5 patm d-l) is the highest in 
absolute value implying an average value of new production along the equator of 72 4 25 
mmolC m-? d-I (0.9 k 0.3 gC m ,  d-I) for the equatorial Pacific (130"W-16S0E). This value is 
very high and the overestimation could result from the simplistic description of the advection and 
mixing of water. An attempt to account for these processes by constraining the net heat flux to 100 
W m - 2  [Wearc. et al., 19811 reduces the estimate o[ new production to 58 mmolC In.? d.1 
(0.7 gC In-3 d-l). A mean upwelling velocity of 0.5 & 0.1 m d-I east of 140'W is calculated, based 
on F12 undersaturations. 

Introduction 

The evolution of various advected properties of a body of wa- 
ter can be quantified by estimating the fluxes into the water. 111 
certain areas, where horizontal advection i s  negligible, data 
collected at  time series stations are well adapted for such pur- 
poses. Thomas er nl. [1990], Wong und Chun [1991], and 
Garcon et al. [I9921 have thus assessed the role of photosyn- 
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thesis in the annual cycle of carbon dioxide and oxygen at sta- 
tion P in the North. Pacific. In other areas, surface water drifts 
are important and measuring concentrations at a fixed point is 
not sufficient for estimating fluxes. The diurnal variations in 
surface partial pressure of carbon dioxide (PCO,) and O2 have 
been assessed along a drogue track during the North Atlantic 
Bloom Experiment [Robertson et ul., 19931. The chhnges in 
O, and PCO, were used to estimate net community production 
and photosynthetic quotients. 

Assessing the biogeochemical fluxes in the equatorial Pacific 
is of major importance for the Joint Global Ocean Fluxes 
Studies (JGOFS) objectives because the equatorial upwelling is 
a strong source of Co, for the atmosphere [Broecfer cf al., 
1986; Feely et al., 1987; Murphy et al., 1991; Inoiie and 
Sugitiiuru, 1992; Lef2vre und Dandonneuu. 1992; wong et a!., 
19931. Warming of upwelled waters with high-carbon content 
and an  intense biological activity [Chavez and Barber, 1987; 





* 
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I I I C  (:O2 viiriiilions. 'Iliis \viis the priiiic inotiv;ition ror the 

cxpcrimciits carried 0111 i l l  I902 along 140'W for thc' JG0I;S 
prograin. 

I I I  thc prcscrit work we usc the resulI.5 of 11 1 stations mxlc 
during the cruisc (Jaiiuary-March, 199 I )  in  thc cquatorial 
1';icific from 9S"W to 165% ?'tic first scction discusscs sain- 
pling arid analytical incttiods. Thc diskibutioii of surface 
propertics along thc cqualor and on meridional traiisccts is 
prcscntcti i n  [tic sccoutl section. Property distributions 
(prcscntctl i n  dctiiil i n  the appendix) arc discussed in thc third 
scctiuii using ~)ariiiiictcr-I)araiiietcr p l u ~ s  (PCO,. nitrate. scii 

sirrl';icc tcmpcraturc (SSI'), and F12) in  urder to distinguish the 
itliilivc effects ol' the surlhce 'warming, the upwelling, aiid the 
hiolugical consumption on thc PCO, distributions. In ~ h c  
fourth scctioi we separate physical and biogeochemical 
factors which influence the PCO, (i.e. nitrate. temperature 
variations and Co, evasion to the atmosphere) to simulatc 
I T 0 2  variations. New production is estimated when the PCO, 
give11 by this simulation matches the measured PCO,. In the 
eastern Pacific a n  cstimatc of  the upwelling velocity and new 
production arc donc using F12 undersaturations. 

The track followed during the cruise ALIZE 2 was mainly 
along the equator with five short meridional sections (9SoWw, 
I l O ' W .  12S"W. 168"W and 16S"E) and'a section along 140"W 
lbllowcd by a port of call i n  Tahiti where the ship stopped for 
3 days and thcn sailed northward along 149"W. Figure 1 shows 
thc route of thc ship and the direction of the observcd surface 
currcnt. Hydrological and current data,  are presented by  
Reverdin er al. I19911 an? Eldin ef al. [1992]. During the 
cruisc the trade winds blew from the south-east near the equator 
from ll0'W to 18O"W and they were slightly stronger than 
the climatological monthly winds [NOAA, 199 I ] .  Meridional 
winds also sccm to have been stronger but they show weaker 
variations than the  zonal component. From 18O"W to 165"E 
average winds were wcak but highly variable. 

During the cruisc. the sea surfacc temperature was lower a t  
thc equator than at 2.5"s or 2.5" from 9S"W to 140"W (see 
thc appendix) suggcsting that the equatorial upwelling is still 
present. SST distributions compared with those obtained in 
Novcinbcr arid December 1990 [NOAA. 19901 suggest that the 
upwelling \vas wcakciiirig. T h e  temperatures were also about 
2"C highcr than  those found h y  other authors [ r e e f y  er NI., 
1087; I r 1 o i ~ e  r ind Siigitiiiiru, 1992; Wong cr uf.. 19931 rciii- 
forcing this hypothesis. 'I'hc equatorial tlivcrgencc appears 
very clearly on tlr ng buoy trajectories. especially i i i  the 
ciistcrii Pacific (NOAA. 10911. Along the equator thc scii sur- 
face tcnipcraturc incrcascs from cast to west (23°C to 3O'C; sec 

S a m  p I i II g :i nd A 11 a I y t i cal Met hods 
Continuous iiiciisurciiiciits of currciits arid l'CO2 wcrc ,ina(lc 

dong  thc roule followctl by  thc ship. Conductivity tempera- 
Lure depth (C'I'D) casts to 1000 or 2000 dbar werc oblaiiicd 
cvcry 2" on lhc equator and every 0.5 degrec on the meritlional 
scctioiis using a Neil-Brown Mark III probe fitlcd with a 12- 
bottle rosctte sainplcr. Samples were take11 in lhe uppcr ocean 
at  I 1  I CTD casts for measurements of oxygen. nulrielit.. 
( i i i tr i i tc .  phosphatc. a n d  silicate), chlorophyll U. anti 

dichlorotlifluoroinctlianc (CCI,F, or FIZ. only for stations 7 
to G9). Eleven samples were taken at each cast in the laycr 
from O to 500 m depth. Using 12 samples a t  each station, 
CTD salinity was calibrated with a Portasal salinometer from 
Guildlinc (iiccuracy better than 0.01). CTD tempcraturc was 
calihratetl beford and after the cruisc (drift less than 0.01"C). 

Current measurements werc made with a 150 kHz acoustic 
tlopplcr current profiler (ADCP) from RD Inslrumcnts. 'I'hc 
ADCP transducer was placed in a well 4 m below sea surface. 
Thc depth range of the ADCP varied from 250 to 270 i n . ,  

Zonal and mcridional velocities arc obtained with an error 'or 
+S ciii s-1 on individual measurements. GPS navightion was 
usctl to compute absolute velocities [Eldin ef al., 19921. 

PCO, was mcasured using an open circuit equilibrator and a. 
Siemens@ infra-red, CO2 analyzer calibrated twice a day. Sea 
water was takcn at  2 in depth and pumped to an air-sea equili- 
hrator with a n  open air circuit. Air-sea CO, equilibrium is 
achieved i n  the main pipe of h "*water pump" (i.e., a T tubc 
commonly used to suck in air through the pipe at right angles 
when water flows through the main pipe,.i&t which is used 
here to initiatc an air loop to and from the equilibrator at at- 
Inosphcric pressure). Air bubbles and water arc separated in  n 
plcxiglass@ box from which water escapes through a siphon 
[ I ~ J > v r e  and Dandonneair, 19921. Bccausc of thc high flow rate 
of water, the tcmpcraturc variations in the water circuit were 
less t ha i l  O. 1 "C.  incasurcd with thcrinistors placed i n  the 
cquilihr;itor arid a t  the water intake. The system was 
:rltcrii;rtcly opcr;itcd on aunosphcric air and on equilihratcd air 
with commutation occurring oncc every I O  min. Onc vaIuc'ol' 
l'('O2 i i i  scii watci' aiitl uric value of  pC0, in  the atinosphcrc 
\vere rccortlcd during c3ch 20-inin cycle. 'l'lie inolc friicriori 
xC0, i l l  dry air \vas convcrtcd into p;irtial pressiire using 
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wllcrc I';ltll1 = 1'/1023. IS is obtairicd from il ppxsure setisor 
pl;icctl iiisitlc the riiaiii coiiip;irt~ne~it of the crpi l ihr ; l tor  (I '  i l l  

h I ' i 1 )  a n d  p1 1,O is coliiputctl /II  tlic interface coiiclitioiis for the 
~ ~ l l l ~ ~ c r i l t u r e  variiltioli i l l  the Wíltcr circuit Usillg t l l C  Ihrlnulil  
give11 I)y Oicdoí und AndriC [ 19891. I:or the sniilll riingc of  
tcII1~~cr;ItlIrc variatiolls (d'I' < o. I y:) this ~ o r l n u l a  gives silnililr 

results to those presented by Copin-Morliegtcí [ 1988. 19891. 
'lhe iiistruiiiciital error on l'CO, (noIIcoIistarit drift of the (:O2 
;Iiiiilyscr Ixtwecii two colisecutive calihratioiis) could not l ie  
scpir;itetl froin the small-scale variability during tlic cruise 
AIJZII 2. The average varialiility over distiiriccs less tliaii 

30 kiii was 8 uahn (one standard deviation). 
Nutrients were aiialyzed from station 9 to statiori 113. 

followi~ig the method of Srrickland und I'nrsons [ 19721 with il 

'L'cchiiicon Auloaoalyzer II, GF/F. For nitrate concentratioris 
less than 2 Hino1 1-1 the high-sensitivity niethocl described 
Iiy Orcilof und M o n d  [ 19881 was used. 

l>icIilorofluoromethatic (Fl2)  samples have been taken with 
100 i i i l  syringes from each Niskin bott le of station 7 to 
station 69. Unfortunately, the triclilorofluoroiiietliaiic (FI 1) 
data h;id to he rejected because of a contamination of the 
hottlcs. The F I  1 contamination ranges between S to 20 times 
the oceanic surface concentration. deliending on t h c  saiiipling 
liottlcs. 'The estimated FI 2 contamination varies depending 
o11 the F l l  contamination level h u t  is always less than a few 
percent of the total FI2 signal. A ininor FI2 corrcctioii iclated 
to the contamination has beeil accounted for. The saniples 
were atialyzed b y  a chromatographic method [ ßidlisier arid 
Wciss,  19881 with electron capture detectioii and data are 
rcportctl on the Scripps Institution of Oceanography (SIO) 
scale. The detection limit was around 0.05 pino1 kg-1 with a 
rcjirotlucibility on surface samples on the order of 1%. Data arc 
e x p re s sed in perce n ta  g e d ev i at io n from a t m o spheric 
suluhility equilibrium [ Wcirner and Weiss, 19851. 

Seawater samples of 100 ml were collected and filtered on 
Whabiiaii GFF filters for chlorophyll U estimation. l'hc filters 
were frozen and analyzed at the ORSTOM laboratory in 
Nounida (New Caledonia) using the instructions outlined by Lc 
ßorc~eillcr c f  al. [ 19921. 

Surface Hydrological and  Chemical 
Pro pe r t ies 

Figure 2 shows the zonal spatial structure o !  surface 
properties during the cruise. The upwelling is active 
cspcci;illy in  the eastern Pacific. The highest surface values of 
nutrients arc observed around 9S-W. associated with 121 2 
untlcrsaturations with respect to the atmosphere. and arc 
locatctl iicar the equator. Maxima in  l'CO, and nutriciits 
O I ~ S ~ ~ V ~ C I  south of the equator (2.5"s) at 11O'W suggest that 
ul)wcllcd water has been drifting at the surface for a few days. A 
tlct;iilctl tlcscriptioii of the property distrihuhxis is givcii i i i  

'l'tic ttistritiutions of  chemical properties WCI'C clisturlxd b y  
the ilitrusion of w;iriiier and less tlcnsc waters clue to equatorial 

the ~lppcl ldix.  

1011g \v;I\'cs both ;It the cqu"tor at  128"W and nortI1 o f  the 
cclll;ltor ;1long the 1 1O"W transect. 'I'hc waters wcrc llutricllt-de- 

l~ l~0 l11 1IO"W to I (,5"1:.. I l 0  cold 1I~'w~llctl w;llcr \vils ollscr\~c(l 

plctctl. uiitlcrsatur;lte(l i i i  <:O, ant1 ncilr thc FI  2 cquililiriuiii 
coiitlitioiis with the iitinosplicrc. 

:II  tlic XII~I';ICC. Nutriciits V ; I ~ U C S  ( I C C I . C ; I S C  WVS~\\ 'AIXI  tvllllc [hc 

Ic[i] pcr;i li1 re i il crc ils es. 'I'hC I'('() 7 V C l  1 U es I'cLn;ii~i hi gli wllich 
probal)ly result froii i  advcctioii i i l l d  w:iriiiiiig. I l i  the central 
Pacific ;i wcst\v;~rtl cIIrrcIIt W;IS WCII cstnlilislietl ;lilt1 the doliii- 
i i i i i i l  proccs~  \V;IS the \Var[iiiIig, t o ~ ~ t l i ~ r  with hioIogical 
act¡ v i t y  . 

'l'hc l'CO2 evolutiou is colitrolled Iiy biogcocliemica1 alid 
physical processes. I n  order [o scpariitc tlic different proccsscs 
rcsponsible for the l'CO, distribution. we hove studied p c o 2  
(or 1'12) versus tciiiperaturc plots x i d  I'C:O, versus NO, plots. 

We observe large differences along lhe cquiikxial section. 
Because the upwelling decreases to the west tlic water becoines 
pocircr i i i  nutrients aiid gaseous CO, as it  is wariiied. 'rile 
IY'O,-SS'T plot (Figure 3a) clciirly tlistiiiguishcs the upwcIIing 
i n p u t  (high l'CO, and IOW temperature) i n  the 9.5%' area frorn 
waters warmed further at 140"W- 149"W. The upwelling effect 
is shown on the I;iz-temperature plot (Figure 3 ~ ) .   he plot of 
I: 12 iintlcrsaturatioiis versus the temperature is also given for 
the 9S"W data at  3 0  ni depth.  The regression line 
(slope = 9.87; correlation coefficient r= 0.97) is given as an 
ciilpirical reference for the upwelling influence. The surface 
data at 95"W lie near the regression l ine and show important 
uiidersaturations (down to - 10%). Station 8 (2.07"N. 95.40"W) 
is subject to a warm water flow (SST = 25.8"C) associated with 
1'12 near saturation (-1.1%) and presents a PCO, (328 Hatm) 
below the atmospheric K O z  value (349 * 5 Ilatm). 

At 11O"W, the north-south. gradient shown on the meridional 
distribution (see the appendix) appears clearly on Figure 3a. 
The effect of the upwelling is persistent only to the south. The 
teinperature and the salinity of the water in the northern part 
of the transect at llOsW were close to those of the water at  
9S"W. 2'N, indicating that they both originated from intru- 
sions of warm oligotrophic water from the north caused by 
equatorial long waves [Eldiri eí d., 19921. 

On the 140°W-149"W transect to Tahiti, the F12-SST plot 
(Figure 3e) does not show a significant trend and the up- 
welling effect does not appear. The PC:O,-SST plot (Figure 3a) 
shows an  unexpectedly high negative correlation ( r  = -0.98). 
'l'tic slope of the PC0,-SST plot has the opposite sign of that 
expected if warming of surface water was mainly responsible 
(the commonly admitted 4% increase per degree Celsius 
[Copin-Monrégui, 19883). It likely results from biological ac- 
tivity in addition to mixing with CO, equilibrated warm waters 
from the south tropical Pacific. Negative slope between PCO, 
and SS'T was also observed by  Wafson C I  al. [I9911 in a 
phytoplanktonic bloom. They explained i t  as a result of hio- 
logical activity rather than physical mechanism. Moreover, 
they ubserved a strong covariation of chlorophyll and carbon. 
W e  do not observe a stroiig correlation between PCO, and 
chlurophyll i n  the equatorial Pacific. where the grazing is 
oftcu considered to play an  important role [Walsh,  1976; 
CriI lcri  ci al., 1992; Minas aiid Minas. 19921. From 140"W to 
1GS"E we observe a strong PC02-SS?' ricgativc correlation 
( r  = -0.91. Figure 311). 'The tendaiicy to have a 24 u a t m  
l'('O2 decrease per l °C increase is again suggesting that  the 
w;irniing effect does not determine this sp:ktial slructure. 

I lciicc the 1'C02-SS'I' relatioriship is always tliffcrcnt from the 
4 %  per degree Celsius tcrnpcraturc effect which cuIiwsts with 
[lie I'c'O,-SS?' correlatiori observed in the ccluiitori;il Atlantic 
occiiii [Srricihic, ci (11.. 1'98.5. A i i d r i ( ;  cri nl.. 1'9x61. I t  is 
iiiiciutirig tu iio[c t h a t  t h i h  l i a l q x i l b  tlcspitc siiiiilar cast-west 
~c l l l~ i c r ; l~u rc  gr;ltlicrlts i l l  the I W t l  \IL'e;IIIs. l ~ h c  i l n ~ " ~ r l " n ~ e  or 
I l l l l l ~ l ~ l C . 1 1  : l c [ i V l t y  1'1'1. [ I l C  L l 1 ; l l l ~ C ~  ( I l  IY.0, i l l  l l l C  cqu~ll~'ri;ll  
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Figure 2. SST, F12, salinity. AITO,, NO,. surface distributions. The dots represent statiun pusilions. 

Pacific will be illustrated by discussing the relation of PCO, 
with other nutrients. 

On the KO,-NO, plot (Figure 3c) the high PCO, and nutrient 
concentrations correspond to the colder waters, and the 
warmer station 20 (O', 104.53"W) (SST = 25.4"C) is poor in 
nutrients (NO, = 1.85 p ino1  1-1). We interpret the north- 
south difference at 110"W as an influence of upwelling to the 
south, and of the north equatorial countercurrent to the north. 

At 14O0W-149"W the I'CO,-NO, correlation is very strong 
( r  = 0.99). As shown h y  the F I 2  ineridioilal distribution the 
upwelling was less active al 140"W hut we noticed ( h a t  ;I 

siiuthwcstw;ircl curiaiil transports the W;I[CI' which was upwelled 
l'iirllicr eilst. 'I'his wiiter. iiiiliiilly rich iii lYW2 ancl nutriciits. 
pwisilily iiiixcs with oligotrophic ilutrielit-tleplctctl waters 
cquililiratetl with thc atmosphere; i n  atltlition nutr'ients are ;ilso 
tlcplctccl during iidvcctioii. l'CO2 is well correlated with SS'I' 
(r = -0.98) and NO, (r- 0.93) at 05"W but the correlation with 
S S l  is a little strongcl., suggesting that this distribution of 
l'CO2 is rclatctl to water inasses. We can assmic that ;I weak 
coiisunlption by phytoplankton dccrcascs the stock of 
Iiitriltcs ;ind O !  Loti11 (:O2, 'I'hc weak consulnption I1;ls il 

wlativcly sinal1 cffi'ct o11 the ('O2. which is iicvcr il l i i i i i t i i~i~~g 

factor t'or biological activity. The correlations with nitrate 
( P C ' 0 2 - N 0 3 ,  SST-NO,) are then not su high as a cori~elatioi~ 
iiiclutliiig oiiIy tlynainic properties. Iivln I AO W t i t  I6S ' ' I  w c  
uhservc a positive correlation hetween PC'O, and NO, (r=0.92) 
(Figure 3d) and a negative correlation hetween 1'C:02 and SS'I' 
(r=-0.91) (Figure 3b). As westward surface currents were well 
established from 127"W to 165"E, we can assume that the 
upwelled water, rich in COz and nutrients. flowed westward and 
that the biological activity and/or an upwelling df wariner 
water explain the decrease of both PCO, and nitrates. The zero 
level of nitrate observed at 1GS"E is likely the result of a 
consu~npt ion  by phytoplankton and/or a inixing willi 
oligotrophic waters. 

Estimate of U p w e l l i n g  Velocity i n  the 
East er II Paci tï c 

I:or the easterii I'acific. for which FI2  was incasurecl. we 
estinlate ai1 upwelliiig vclucity. assumiiig that the surfi~ce 
equatorial water is iipwellcd water moclifictl by cxchirngc wi th  
lhe atinospherc only ancl that the system is stationary on tlic 
sliort time scalc which cori~csporids to thc et~uilil~ration tiriic 
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Figure 3. ( a )  PC02-SST scatter plot from 95"W to 140"W. 
Open circles represent data along 9S"W. pluses represent data 
south of the equator along 1 IO'W. crosses represent data north 
of the equator at 1 10"W, asterisks represent data along 140"W- 
149"W. and dots represent data at  the equator. (h) PC0,-SST 
scatter plot from 140"W to 165"E. Open circles represent data 
along I68"W, asterisks represent data along I6S"E arid pluses 
represent data elsewhere. (c) PCO,-NO, scatter plots from 
9S"W to 140"W. Open circles represent data along 9S"W, 
pluses represent data south ul' the equator along ll0"W. 
crusses represent data north ut' the equatur at I1O"W. asterisks 
represent data along 14OUW-149"W. and dots represent data at 

circlcs rcpresent datil al{iiig 16X'W. asterisks represent data 
dong 165% and pluses represent data elsewhere. (e)  Fl2-SST 
scatter plot from %ï'W to 140W. Open cuclcs for surface data 
along OS"W, dark circles for data at 30 in tlcpth, pluses for 
tlirta south of  the equator along 11O"W. crosses for data north 
o f  the equator along 1 IO'W. stars for (lata along 140'W- 
149"W and dots for data at the equator. 

tiic C C ~ U ~ L O I ' .  (d) PCOZ-NO, plots fruln 140"W tu 16S"E. Ope11 



of the surface layer with the atmosphere (on the order of I 
inoiith). ' lhd  depth froin which the upwelled water origiiiates 
(z) is considered to be  bctwccii 40 and 100 in for.the eastern 
Pacific [Piedlcr er al.. 19921. In this work we consider z about 
I O  in tlccpcr than the depth where FI2  coiiceiitralioii starts 
diminishing (z ranges hetween 50 arid 1 IO i n  froin 9S"W to 
140"W). 'l'lie upwelled f lux o f  FI2 is w x (1;12(l - F12,), where w 
is the upwelling velocity. ki120 is the F12 concentratio~i in 
surface waters, aiid F12z is the FI2  concentration at  the depth 
z. 'The f lux of FI2 exchanged at the air-sea interface is 
kFl,(f:l 2sat - FI 211) wl1ei.c k F I 2  is the FI2 tralisfer coefficient 
[ Wurncr. I988J aiitl I:12sat is the saturation value of F12. The 
upwcIling velocity can  tileil' IW otitained as . 

West of 130"W the mixed layer is deeper and the property 
distributions (see the appendix) do not show cold nutrient-rich 
upwelled water. Moreover, surface waters are supersaturated in 
F12. In some cases the distribution of F12 does not provide a 
positive velocity (F12sat < F12,, due to warmed. surface 
waters): The upwelling velocity is then set equal to zero and 
is not taken into accouiit i l l  the average. ' lhe average 
upwelling velocity (calculated with 27 stations) for the 
eastern t'acil'ic ( 9 S ' W  tu  130 W )  i s  estiinated as 
0.5 +_ 0.1 in d.1 (extreines are 0.0 in d.1 and 1.3 ni d-1). 
F+ ei 01. [ 19x71 interpreted apparent F I Z  undersaturations 
in the saine way to yield meail upwelling velocity on the order 
of 0.1-1 in d-l .  Wyrrki [I9811 estimates a resulting vertical 
upwelling at 1 m d-1 but  assumes that the actual upwelling 
velocity at the equator could be much larger. Halpern [1980] 
found a maximum velocity at 2.5 m d-l a t  the equator near 
l l0"W. More recently, Halpern et al. I19891 estimated a 2 
in d-l upwelling velocity. The average value of 0.5 m d-1 
obtained here is low. which suggests that  the upwelling was 
weak during the cruise. 'I'his is supported by the study of the 
scasoiial cliiiiatulogy ol' currciits Iiy P o d r t i n  [ 19931. which 
shows tha l  the upwelling vcluci ty  is weaker during the 
norther11 winter. ' lhe SS'f distributions compared with the 
distributions a few rnonths earlier [ N O A R .  19911 and 
comparison with other studies [Feel.y er ul.. 1987; Wong el 

al.. 19931 confirm this hypothesis (sec the description at 
16X"W. for example, in  the appendix). 

trcati1iciil i s  ; ~ p p r ~ x i ~ : l t i v c  Ircciiusc we d i c l  nut Il1eaStlrc the 

We cxiiininc a l l  sl;ilioii pairs. A (upslreaiii) aiid B 

than 1000 km, and retaiii those for which we can admit that 
station B watcr results froin a drift of station A water. 

'I'(*()? ~ < J l l ~ ~ l l ~ r ~ ~ ~ ~ l l l  i l l l d  h l I ~ l ' C l '  I'UClUl'. 

(tll~wrlstrcam) consecutive or 1101. b u t  1101 separated by  111ore 

I'riiiciples of Carbon Flux Estimates 

and salinity), biological activity, and CO, evasion: 

SST according to Oudor und Andri6 [ 19891: 

In PCO, = InPCO,, + (T - T,).(4.17 x 102  - 3.78 x 10-6 PCO,,) 
(3) 

l'CO, changes (clPCO,) are caused by thermodynamics (SST ' 

(a) Thermodynamic changes (dPC02(T, S)) are computed for 

where Tu and PCO,, are the upstream ohservations. This 
foixiula gives results that are very close to those obtained 
using Copin-Monréggur 's [ 1988, 19891 relationship. 

(1)) The salinity dependence of PCO, is expressed hy the 
Weiss cl ul's [1982] relationship: 

d(ln PC02)/dS = 0.08620 - 1.272.10-3 Su (4) 

(c) 'The biological activity. retlected in  changes of the surface 
water nutrient concentrations. leads to a PCO, change 
(dPCO,(bio)) using the Redfield ratio 106:16 and'assuming a 
huffer factor of 8.5 (Inocte atid S i q i m w u  1992): 

tlPCO,(bio) = ( (  106/16)dNO, /'lCU,) x 8.5 PCO, (5) 

Drt~dule  er u/. [ 19921 measured C:N uptake ratios with I4C: and 
l iN.  respectively. along a meridional section at 150%' in the 
equatorial Pacific. Their value nt the equator (7.37) is close to 
the Redfield value. 

(d) The CO, exchange with the atmosphere (F) was previously 
estimated [,!,cJ2vre und Dandonneun, 19921 using the Liss und 
Merlivuf  's [ 19861 relationship, shiphoard winds, and PCO, 
measurements during the cruise ALIZE 2. The variation of 
l'CO, due to the f lux  (dPCO,(atln)) is calculated by: 

whcrc 'l'c'O2, is the upstrcarn coiiceutratioii of total illorgallic 
carl>oii: We adopted il constalit 'l'C'0, value equal to 

2040 p m o l  kg-1 ils doiie by lriorte und Suginucru [1992]. 
Specifying other T C 0 2  values i n  the realistic range from 2000 
t o  20.50 p mol kg-1 leads to a variation of dPCO,(bio) and 

dl'CO,(atm) less than only I p a t i n .  which is negligihle 
cunlparcd to the range of variations investigated. I4 is the 
clcpth of the mixed layer. I: is the CO, t'lux. 1 is the clistancc 
hetween two statioils, arid v is the current velocity. The f l ~ x  
; u ~ l  the current vcloci[y are ;~vci.;rgctl between the upstrcain ali!! 
the ~lclwllstre¿llll st~lliolls. 'I'hc tlcpth ( I t '  the Inixetl 1;ryer i* 

st;rliclll [Ncvc ,rd i / r  cr o/.. I" 1 I ;111d r;lllgcs l l C l W C C l l  2 0  illld 

12s 111. 

I(es1rlts o f  this co l l l~~ula t io l l  give ;I vuluc ul' tlowllstrcalll l'(*O? 
which is then coinl~;~red with clic uhsciwd l'COz viiluc. We 

re,icctctl A-13 piiirs l'or which t i l e  tlif'fei~ciicc between predictc(I 
aiitl uliscrvetl l'(:o2 wiis greater th; i i i  the sliurt-(crin variirtioil\ 
of l'CO, (i.e.. greater t h ; i n  X ~~I~III, which corrcspoiltls [o [Il. 

CStil l l ; l lL!d I'l'LJlll l l l C  t C l l l ~ X ~ ; l ~ U ~ C  i l l i d  ClCllSilY [)l 'OfileS ;It CkICII 



average standard deviation of the PCO, observations over less 
thun 30 kin. 

f;Or il Villid assilmption of water acIvcctioll [he cur1'cllt lnust 
flow l'rOl11 the UpSllCam statioli A i n  the directioli or the 
clowiistrciim station B. We assign that the 0[1servetl current 
vec[ol's lnllst riut diverge l'rum the A t o  B clirectioii hy iiiuI'L: 

tt1;Ill 45". 

I<csults alid Discussioll 

l ' a l ~ l c  I shows al l  pairs ol' stations which satisfied the 
coiiclitiuiis listed ahovc and the correspoiidiiig dPCO,. The 
dPC02 values are divided by the drift time Vv between the two 
stillions to convert them into daily dPC02. For each upstream 
statioii. there is often more than one downstreain station. All 
the estimates of dPC0,  for the corresponding pairs are 

averaged prior to computing the overall average. Generally, 
tlPCO,(bio) is larger than dPCO,(T, S) ancl even more than 
tlPCO,(atm) (Figure 4). The mean value of a l l  the dI'CO,(bio) is 
- I  .5 k 0.5 p a t m  d-1- while the con l r ib~ t ion  o f  CO, 
outgassing is very sinall in  all cases with an average value o f  
-0. I p n t i n  d-l .  and the theriiiodynamiciil effect avetages 
0 .7  k 0.2 p a t i n  d-1 which reflects the c:ist-wcst warming. 
The dispersion in hiological fluxes is large (Figure 4) with a 
rins ol' 2.1 compared to a rins of 0.8 for thermodynamical 
Iluxes. 

I t  is noteworthy that the model did not work i n  the casterii 
Pacific. except for two station pairs. We attrihute that to the 
nonzonal surface circulation between 9S"W and 140"W (Figure 
I), so that we are less certain of advection paths, and also tu 
the unreasonable nature of the assuniptiuns on stationarity 
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lo] Biology 

Air-sea e x c h a n g e  

I - - - 
1 

I I I I I  
-6 -5 -4  -3 -2  -1 0' 1 2 3 4 

I I I I  

dPC02 ( p a t m / d a y )  

Figure 4.  Histograms of thermodynamical dPCO,, 
biological. dPCO,, and CO, outgassing from the simulation run 
between 9S"W and 16S"E (no pairs were included for the 
longitudes 9S"W-13O0W hecause the condition dPC0, < 8 
u atm was never fullfilled). The ordinate axis represents the 
ouinber of estimates for each 0.25 patin d-1 bar for dPCW2('1'.S) 
and dPC'O,(bio) and for each 0.05 atin d-1 liar fur 
dPCO,(atm). The an'ows represent the average value for each 
term. 

and to the neglect of horizontal and vertical mixing and 
vertical upwelling. All these terms are expected to contribute 
in  the eastern Pacific. where we have found traces of equatorial 
long waves [Eldin et al., 19921 and of upwelled water in the 
surface layer. 

We did not find evidence for ail east-west gradient iii the 
thermodynamical and biological fluxes. Indeed for this cruise. 
Le Borcteiller and Blanchof [ 199 I] show an homogeneity in 
the zonal distribution of phytoplankton for the whole en- 
richment area due to equatorial upwelling. 

For the plausible upstream and downstream stations. daily 
rates of new production (NP) can be estimated as follows : 

.r NP = (106/16) x dN03  x H ,vT ., (7 ) A- y: && r " (  
They are presented in Table 1. The average value of NP is es- 

timated at  0.9 f 0.3 gC m-2 d-L. This value is high 
compared with other estimates: Clzavez and Barber [ 19871 
estimate a new production for 90"W-18OoW. S"S-S"N. of 1.9 
101sgC yr-1 (0.40 gC in.2 d-1) using Wyrfki's [ 19811 model. 
Wong er (11. [I9931 estimate that N P  was reduced by 0.180- 
0.360 gC 111-2 CI-1 during the 1986-19x7 EI Niiio event. 
Dugddc er al. [ 19921 found a NP of only 0.1 13 gC in-2 d-l for 
equatorial stations at 1SO0Ww. Our estimate of NP is unprecise 
and probably too large. 

The somewhat unrealistic hypothesis that water from station 
A could flow to station B can  be tcstcd against a similar 
approach involving the estimation of the net heat flux into 
the rnixed layer. 'I'hc average heat f lux i n  the mixed layer for 
the selected pairs of  stations is 180 W i n - 2 .  antl this value is 
higher th;iri the global incali v;iluc of 100 Win-2 given I)y 

Weare c f  d. [ 198LI. The excess of 80 Wily' can be the result of 
inixing with neighbouring warmer waters. This difference 
leads to a 0.016"C d-1 increase which can be converted in  a 
recluction of the NP by 0.2 gCm-zd-l using the Redficld ratio 
and assuming that the NO,-T slope a t  the surface is equal to 2 
pM per degree Celsius (as indicated by the measurements at 
140"W and by unpublished results from the centre ORSTOM de 
Nouméa, 1988). However the heat flux is a poor constraint as 
our high value can be the result of high spatial and temporal 
variahilities in the current and thermal fields rather than of 
pure mixing. 

I n  this computation the upwelling was not taken into ac- 
count. The simulation using the previous estimates of up- 
welling velocity did not change the selection of pairs of sta- 
tions it1 the eastern Pacific (very few pairs of stations verified 
the conditions for advection in the east because of the variable 
surface currents). A weak upwelling velocity has a small effect 
on our estimates of the CO, changes. We should. however. 
conunent that the upwelling velocity provides an independent 
way tu estimate "local" NP by considering the local supply of 
nitrate i n  the mixed layer using the relationship : 

NP = w x (106/lG) x (NO, -NO, 0). (8) 

where NO, is the nitrate concentration at the depth z and 
NO, is the value i n  surface waters. Despite the large uncer- 
tainty ,in vertical velocity due to the choice of depth for the 
upwelled water, the uncertainty is less for NP because the same 
level is retained for F12 and NO,. This estimate of NP where 
upwelliiig occurs averages only 11.4 k 1.8 mmolC m-2 d- l  
( O .  14 2 0 . 0 2  gC i n -?  c l - l .  extreines are 0.3 atid 
38 inmvlC in-2 d-1)  fro111 9S'W to 13O"W. The NP due tu 
local upwelling shuulcl be smaller i n  the western Pacific where 
no large nitrate supply from deep waters is found (see the ap- 
pendix). 

Conclusions 
The ALIZE 2 cruise was an attempt to collect dynamical, 

and tracer data i n  a quasi-synoptic fashion across the equato- 
rial Pacific antl provides ali interesting data set for early 1991. 
We will inention the limitations of this survey: i n  particular 
the ahsciice of C'FC ineasureineti[s i n  the western Pacific which 
wuulcl have al lowed estiinulions o f  upwelling velocities and 
the lack of reliable primary pruduction nleasurelneuts. A!su 
the synoptic ciirulation pattern is only partially known aucl 
the presence of long waves i n  the eastern Pacific is 
responsible for the difficulty i n  interpretiiig the PCO, data ¡il 

the eastern Pacific. 
The surface property distributions show that the upwelling is 

active, especially in the eastern Pacific. At about 140'W no 
colcl upwelled waier appears at the surface. F12 unclcrsatura- 
tiolis (from 95"W to 130"W) correspond to an average up- 
welling velocity of 0.5 * 0.1 in d-1 .  which is weak 
comparctl with other studies [ Wyr fk i .  19x1 : Halpcrri c'r u/.. 
I989l .  Froin this velocity. ;I iicw production caused hy local 

should howcvcr comI11cuI t h a t  the Innual'y-M~rch l(19 I 
upwelling was weaker [ h a i i  h i r  of ;I few months earlier [NOAA 

Because of the upwelling o f  cold thermocline water, the equa- 
toi:ial Pacific is supersattir;itcd i i i  l'CO, with respect to the a t -  
mosphere antl is ;I stroiil; sourcc or CO, for [he ;itinosphcrc. 

upwcllillg is csrirn;1tctl ils I I . 4  t- 1 .x Inmol(' I l l ' ?  cl-1. w e  

1991 I .  



W i l l l  i l l 1  ilvcrilg" f l u x  o f  4 3 8  llll11olC 111-2 ( 1 - 1  for tilis cruise 
[ /,C/? I' rc n/id I . ) ( I l I  d o  /t/lc(f 11, 19921 CO nip arcd t o  

7.5''s i i 1 1 d  2.S"N fr0111 A / ~ d / i c '  c't al. [198(,]. 'I'Iic I O W  
clllLrr~1phyll c~lncclltri1ti~llls we ellcounterctl s110w 1Il;ll 

~ i r ~ l ~ l l l c l i ~ l l l  wits ~ l l~ol~i l l~ ly  lilnitctl hy  gr;1zing o r  I;1ck o f  ir011 i l l  

llic l i l i l i *  (11. tlic cruise. I Iowcvcr the l i io~~.)gici~l i ic i ivi iy  is thc 
I l I l l S I  i l l l [ l l l r l i l l l t  i l l  c~lllsillg I l le  cllilllgcs l l f  l'C'CI7 ill  s~lrl .xc 
WLILCI'S. 'I'hc l lcw p ~ ~ d ~ c I ¡ [ i i i  iivcriigcs 72 k 25 i i i i n o l < '  ni.? (1 .  
' (0.') f 0.3 g<' Il l .? d . ' ) .  ¡ . C . ,  Olle  o~'tlC~' O f  I l l a g l l ~ ~ U t ~ ~  b ' IL ' I tcr  ' "  

tl1;u1 Lhe C'O, evasion f lux.  'I'his cslilllate is higher 111i111 i111 the 

I .  23 I l l l l l O ~ ( '  Il l ' .?  t1-l fclr the c(lUatoriiI1 At1;iiitic IictwcCll 

~)rcvious estiniiitcs by other authors ancl is possibly the effect 
of o u r  simplistic approxli. 'I'he relative iiiIluciicc of biology. 
Illcl'lnotlyllaiiiics i l l i d  outgassing o11 PCO, is however v i i l i d .  

I h i l y  t l lcrl l lotlyll i~ll~i~~ll  allcl I~iologicnl vilriatiolls of CO2 show 
a great variability aiitl no cast-west bent1 appears (froin 13O"W 
lo IA5"E). 

As wiis noted earlier, one of the major limitations of' this 
study is the lack of atlequatc information o11 the circulation. 
'I'his should be partially corrected i n  the future because ol' a 
co~npi~chciisive effort to sample the equatorial Pacific surface 

. b y  drifter that has taken place since 1989. The data set 
rcprcsents a snapshut of the p o p e r t i e s  o f  the equatorial 
Pacific and niore than one survey would be  necessary to con- 
strilin the global carbon cycle. We are also hopeful that the 
iinpiwements of the nuinc ih l  models and wind forcings will 
makc i t  possible to realistically simulate the circulation dur- 
ing the time of the ALIZB 2 cruise and to test the relative im- 
portancc of the various processes controlling PCO,. 
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Fiveti i n  figure A I. 'I'cinpcriilurc rcg~lar ly  iiicrciiscs t o  the 
\vest. i i i itI  snIinity is qui te  unil'orin in the wcstcrii Pacific 
cxccpt for i i  tlccreasc a i  170"E. [lpwclliiig protl~iccs the highest 
surl'acc viilucs of nutrients around 95"W. Nilrates decrease io 
thc west as n result ol' the upwelling tlecrcirsc noticcalile i n  FI 2 
tlistriliutions. I-ligliest F I  2 undersaturiitions occur near 95"W. 
then the water becomes less undersaturated westward. The 
zonal griiclicnts o f  nitrirlcs i t 1  the cciitral wcstcrri Pacific 
cxliiliit l'cwer fluctuations th i i i i  i n  tlic ciistcrn Pacific where ¡he 
c urre Il t s were I l l  ore Vil  ri il I> I e. I I l  pa r t i  Cl1 I ar. I arge me ri tl i o Il il I 
~ w l l l i l l i ~ l l l s  are pl'cs"l. 
Al 10.5 W. I O W  V ~ I I U C S  0 1  nutriciils ilrc ilssuciatctl with wiiriii 

('I',,,,, = 25.4 C')  and fresher ~ o t c r  (S = 34) .  At this lungitudc 
the tlistrihution of FI 2 indicates near-eyuilibrium conditions 
and PCO, is relatively low (l'CO, = 370 p.atm and -0.5 %, 
saturation in  F12). the incan atmospheric PCO, value was 
349  k 5 p a t m  during the cruise. This water mass prohably 
originates from the warm pool north of the equator and is 
drawn southward by the equatorial long waves [Eldin et d.* 

Similar features, while less pronounced. are encountered a t  
12S"W. The water is a little wariner and less dense and is 
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ch;rructerizcd hy lower nutrients antl lower l'CO,. 
Nevertheless. the atmospheric equilihriuin conditions are not 
yet reached because this water is still slightly undcrsiituratccl 
i n  1712 and supersaturaicd i n  PCO? (300 b a t m j .  'I'Iiese 
ohservations are similar to those encountered in the northern 
part of the transects at l l0"W and 140OW. The equatorial 
Pacific is always supersaturated in  PCO, except sometimes i n  
the eastern Pacific where equatorial long waves are associated 
with iniportant troughs i n  nutrient distributions aiid low 
PCO,. The westward decrease of PC02 due to CO, evasion and 
biological pump is counterbalanced by the warming which 
increases PCO-,. and the oceanic I'C'O, remains ahove the 
a 1111 us pl1eric PC'O, val ut!. 

9 5 . W  
~. 1 he hydrological features assuciatecl with the eyuatoi'ial u p -  

welling are quite noticeable (Figure A2) i n  salinity antl sea 
surface temperature with progressive warming and freshening 
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north of 1"N. At 1"N the surface temperature is 23.03"C and 
the salinity is 34.5, shifting to equal 25.8"C antl 33.4 at  2"N, 
rcspectively. As FI2  is a conservative tracer, its distributio~~ 
conlrihules to the separatation of the circulation fro111 the 
hiolo~y.  The most important FI2 undersaturations are near Oo- 
1'" (re1;itive saturations <91%) and are well correlated with 
nutrient distributions. The upwelled water is characterized hy a 
temperature of 23°C. a mean sa!inity of 34.7 and high surface 
values u r  nitrates. phosphates, and silicates. I t  is .likely that 
south of the equator the remnant of cold and salty waters nius[ 
he more the result of meridional advection of upwelled waters 
than of upwelling itself. as the water is near the equilihriuin 
conditions in 121 2. 'The largest surface supersaturations i n  
PC'O, extend from 1"s to 1"N. The surface maxiinum is located 
slightly north of the equator at 0.S"N and is consistent with 
the SS'I' minimum of 22.8"C at 0.S"N. 

The influence of the upwelling is not noticeahle in silicates 
where low values appear at the surface south of the equator. 
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Figure A3. Surface properties versus latitude along 110"W for SST. salinity. FI 2. P('C)2. tiitra[c. 
phosphate. chlorophyll (1. and silicate 

This depletion is probably caused by  consumption by 
diatoms. North of 0.5"N. nutrients decrease and lower values 
are observed farther north. A peak of 0.31 mg 111-3 in 
chlorophyll a is present; the decrease of chlorophyll starts 
after O.SUS, while high values of nitrates and phosphates are 
present further south. The decrease i n  silicates is strong, 
suggesting t h a t  the hloom includes cliatoins. Values al 
ctiloropliyll u are low in the eciuarorial Pacific bur relatively 
high values are found in  the upwelling zone (0.3 iiig 111.3) 

coinparcd with values ohtained during the cruise. conl'iriniug a 
Iiiological activity. There is a north-south gradient i i i  

chlorophyll u which also seems to be also in nitrate 
distributions. In the absence of adequate measurements it is 
reasonable to generalize that the waters at l.S"N-2"N. which 
arc nearly equilibrated with the atmosphere, are low in  
itlitrielits as is also observed at other stations during the 

cruise. Toward the west, at the equator, the water F12 is closer 
to saturation. High values of PCO, are maintained because the 
exchange with the atmosphere is slower and the warining 
increases PCO,. The salinity increases. and the nutrients 
decrease while the chlorophyll increases. 

Clearly. the water at 2"N is different from the upwelled water: 
it is wariner (25.8"C) and less dense ( S 3 3 . 4 ) .  and the distrihu- 
tion of F12 shows that this water is close to equilibrium with 
the atmosphere. This water is undersaturated in PCO, and is a 
sink of CO, for the atmosphere. 

1 1 0 ' W  

The upwelling is weaker at I I0"W (Figure A3) than at 95%'. 
according to the lowcr nutrient levek and smaller deviations 
from saturation equilibrium for CO? and FI2 found in the sur- 
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face waters at 11O"W. The distributions along the 1 l o o w  tran- 
sect show a strolig il~ith-suuth asylnlnetry ill telnpcrature. 
salhit$ NO,. 1 '04 ,  1'12. l'Co? distributioas. The gradient 
is less proiiouncetl on the silicate distrihutioll. Fro111 0.5"s to 
1'" the water is uiidersaluriited in F12. indicating that the up- 
welling occurs i n  this area. The inaxillla of PCO, alld Ilutrieuts 
arc ohserved south of the equator (2"s) suggesting at1 advec- 
tion to 1hc soulh of the upwelled water (SE current). The near 
equilibrium conditions in F12 show that the upwelling has not 
been recently active despite the high levels of nutrients. 
probably because nutrients are not consumed as fast as F12 
reequilihrates with the atmosphere. 'The north-south asymiiie- 
try ol' nutrients (except for the silicates) is not found in  the 
chloroph y I I tl istri Iiutioii. The d is trih u tio II of chloro pli y l I o is 
quite iriiil'orin and low. High nutrient-low chlorophyll waters 
(1INL.C') are ohserved iri the south. 

At I 'N. SST. salinity. PCO,, and NO, clistid>utioiis suggesl 
th? upwelling is not active. From 1.5" to 2.S"N the water is 
iieai' the equilibrium conditions and is even slightly supersatu- 
rated iii F12 because of the wanning effect. The absence of up- 
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welling north of 1.S"N is associated with L O W  CO, aad nutrient 
collcentrations that correspond to the intrusion o f  warm aucl 
less dcnse water from the northwest. In  the north. surface 
waters are warinei' (25°C') aild display a low saliiiity (34.2) 
coliqxlrable to the that found at the equator at 1OS"W. 

1 4 0 ' W  -1 49'W 
At 140"W. to the north the watcr is supersirturatecl i n  P i 2  

(Figure A4), which cali origiiiate h.om lhe wariiiiiig effect on 
ail initially uiidersaturated upwelled water. Because of ixpitl 
exchange (10-100 days) and wariner upwelled water the FI2 is 
still tiear the equilibrium with the atmosphere weil near the 
cqualur. The meridional temperature transect indicates that the 
upwelling is centered at 1'". Near the equator the westward 
surface current is divided into two parts by a current flowing 
toward the northeast. The southwestward current (south of 1"N) 
is associated with high values of nitrates. 

At S.S"S, temperature and salinity increase and nitrates and 
PCO, decrease. A large change in the currents is present at 
7.5"s. This change is also identified in the temperature and 
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salinity plots and this latitude is associated with an undersatu- 
ratioil in  F12. The southwestward current reverses and 
becomes southeastward and weak at the ìatitude of the 
Marquises islands. South of this latitude, temperature .and 
salinity increase owing to the intense evaporation south of 
13"s [Huyes,  1986; Raricher c f  Roigrrie, 19921. The nitrate 
and silicate decrease is correlated with a chlorophyll increase. 
Wheke nitrates are depleted, chlorophyll concentrations are 
less, so that nitrates seem to be a limiting factor for the 
development of phytoplankton south of this area. 

168'W 

The meridional distribution of surface temperature and 
salinity is quite uniform (Figure AS) and the upwelling does 
not appear clearly. No surface supply of nutrients is visihle. 
Nitrates are lower north of the equator where chlorophyll is 
relatively high (0.33 ing in-3). suggesting that these low val- 
ues ,in nutrieuts probably result from the consumption hy phy- 
toplankton. The decrease of chlorophyll is associated with a 

strong northwestward current. Nutrients values are very 
similar to those found by Fcely er al. [1987] on the 170"W 
transect (April 1984) except that they observed the upwelling 
clearly centered at the equator whereas we reported high and 
constant temperatures here. Wong CI ul. [ 19931 reported lower 
temperatures between 17O0W-l8O'W during non El-Niiio 
periods. They ohserved the typical peak of nutrients within 
the equator hetween 170"W-l8O"W during non El-Niño 
pcriocls. The ahsence of this peak during the cruise AI-IZE 2 
con firins the weakness o f  the upwelling. The high unifurin 
valucs ( i f  PCO, are pruhahly the resull ol' advection aiid 

waimiiig as well as uf' the relatively lung response tiriic (3-6 
111oiit1is) fur (*O2 [u reach equilihrium with the allnusphere. 

165'E 

The distribution of surface temperature and salinity (Figure 
A6) is very similar to that of 168"W. The temperatures are the 
highest observed along the cruise aiid the salinity is low. The 
water is very poor in phosphate and completely depleted in ni-  
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