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ABSTRACT

AT T5 FF A=o] 2EF Aol & ol F= w7 AP (net community production; NCP)2 3l A= 2.9]
e 2 GG Qlrt. o] =l A &0 SHE Oy/Ar TEof| 7]5FeE NCP 4 §(Oo/Ar-NCP)2 A-1419] o5 Foll & 14 1|7t
THIEE O/ArE A&5H 02 ZHE 4= glo], AARF T2 2 AT 5 A MBH T 27t Zh= A7 52 33 sl
Lo Ak FAIH 0 2 A Aol =Rl A= Oz/Ar-NCP o] o] 24 ui A3 AE Ao el el skt Egt
71E AYEEE A&} 0y/Ar-NCP2] H| 1, EHO*J S| NCP #-2E, 9% 15 Akl 7| Alsh5-2 Adeh A tieF NCpe| 374, 4]
E ZHIE 3] FROINCP AT SOl Tt F9 A At 52 47l

Net community production (NCP), defined as the difference between net primary production and respiration of heterotrophs, has been
used as a measure of oceanic biological carbon pump. This paper summarizes the theoretical background and experimental methods for
the estimation of NCP based on O»/Ar measurements (Oo/Ar-NCP). The high frequency measurements of O./Ar-NCP (<1 min) is a
significant enhancement over the conventional measures of biological pump, such as new production and export production. This
paper also introduces some of important works as to the comparison between O/Ar-NCP and other measures of biological pump, the
distributions of O./Ar-NCP in the oceans, and the correlation of O,/Ar-NCP with various oceanic parameters, including community
structures.
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ol Al 27t G v E]ohut AEE Azl ot YAPIAFES AZFOF 50 Pg C (1Pg= 10" @) 0.2 87 A1=0f| o7t
YAt 5]t =0 |ThField et al., 1998). ©] 513 Pg C yr'' o] allof 252 w450 2 A A== 2l o2 deiA Qlct
(IPCC, 2013). ©] Zo] sfjeF Ao olal] -3-gthollA] BtArt 1A= AZo2 AR 148 PE5HA eha Wi
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A ol EEshe f71E GO AAIE H5/dS AmE 4 e 8ol Qi Hiof ehE3do] jF 3to 2 MR o] §lal,
£ A0 71 A5 TSRt AP ST HAMS YA ol 8oto] EFolA 1 H HAO AT ol F
& ok W Uk PPUS] EaERl P Th- UAtel] 4] 2= 2 7o) A3t oA s E5-olA AA == 54
o] 9ltt. o]d B4 whiol| sl EF-C 2R AA TN HASRIES E3eE YA B 2] Fdol| Hlelste] PPu- 234Thﬂl
H| 8 AJE7t %‘f‘g ICH(Coale and Bruland, 1985) Thg 01% ot ‘*‘?3 AA] Zjof| o]o] ZAIZ24Th o] A B IS

FrddiE e faE mi"’ﬂ 9] C& *§*J‘“/‘:’_§ 1443 = /‘V“*}E*(new production) ¢ AJEHILO| A& o A2 L
2Ath(Dugdale and Goering, 1967). Z4&2] G-yt ti7|& 3t 24 Frdol vll$- ARFA ol sz Al At A9
R 58l SHERRE 42| =gt o) g2 335 24t o5 dojdtt. Dugdale and Goering (1967)< Sl
/‘]ﬂoﬂ PNO R F2)5 Astut ot ES R & Al S ER AR vigsle] 7 AAaslghEe] At R ER AeEl= <
O RE AL ALt Eelohs RS AASIITE 2ERt Al oA A SEIE 7S, obA ARt
A7 Th FH2LE o186 ju‘—zcﬁ_} HJ S AR oA A Ht.
BE 0,9 Ar] HIZ(0/Ar)e] 7
%i A TH= AR of| A3 Ao

- [¢)
o b 5] s Al Sl A ) B 3 A S8l ) 4510] A2 5 4-9)

oS
B
oblr

.} o]} e Ab4 O] &= I SH= - A A net community production)]] SESh= 2102 o] ToE T A4 H O]
A HE 7P o, oA A SR, AVATE T F st A U A Aol vl A fdA] eRtste] A
T = A=A ARFEA 717 FEE 0,2 Ar e FA], IR ol 8517 Q. 2000 T /i A Ao 9
FOy/Are] A4 A< IS (Tortell, 2005; Cassar et al., 2009)—0— A7 Al 0] 015 5= Fol & 17 n|qke] ZH-E x| 7ke] O,/Ar
£ A& o s #ES 4 Al ole A0 R S E Al 12 sli7]E 7HE5tka ™, 400 m mITHe] St s B et
WIS AED 5 Uk 2 on|Rith whebA Oz/ArPJ AR A2, 2712 237], P4Th, PN-HIFH 5 7]
24 W o] 7HAAL QIE ARE 52 1t sV o] AljkE S4lA] o & At Ao,

A& B50l ARPAA F5([02]bio) S 6] AlFsh] Holiil= 2] @3(71A 85, 7122 T4, 423 7| e] §3-5)
of| TE AHA T ([Oolonys) B TS A FE([02]) 0N wi=oof ghet, Ar% = Sl X 9] SHHAI, BTt 4ot vlle-
S Asle] sfjef EZzo| A Ea] @Al tﬂr—E— 49 5 HSLE ufl-¢- 2 WhedotKFig. 1; Craig and Hayward, 1987). Ar= S}
o1 H-g-do] gle EEA7IAI(18% ¥4 &, Ar] 5l Hok=A %E»%?Jri‘ Y FeHA A o &2 EEf /ol wet
dofjdth. webA 0,2 Ard 54 Oﬂ &S] ozl Oz/ArJ A2 2] @S AlLfekar, dapdstel olgt o, At
250 9J_t O, AHEFe] Zfolof|A 7|QIRtth ER 33-35, =2 20-25°C H oA, 0.2F Are] -Goli e} EH4tA|S- vl 2] ¥g}
=217 0.07%, 0.01%°] B}k

o

[O2bio = [O2] - [Oa]phys
= [02] - [Ar] * ([Oa]sat/[ AT]sar)
= ([Ar)/[Ar]sa) * [O2)sa ¥ A(Oo/Ar) (1)
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Fig. 1. (@) Molecular diffusivities of the noble gases, oxygen and nitrogen as a function of temperatue. (b) solubilities of the
gases in seawater. Modified from Stanley and Jenkins (2013).

714, 4(0:/Ar) = [(O:)/[Ar]) / ([Oa]sa/[Arlsar) - 112 A= S50l St AkA TFE BT (biological oxygen supersaturation)
£ UehHtKCassar et al., 2011).

S AT 214 Q1 2otk FAISH, s ET5lA [O2]ki0 & B5-> GaPEA] o9t 414 O] S AYATHINCP; Net
community oxygen production)™} [0, ]ui,”F tH7 12 714 WEH-S F3 w4 L= ko] zjo]e} Lt

MLD * d[O5]u0/dt = NCP — ko» [Os]bie )

A7|A MLD= €85 Z°], kor=At40] 7AW olot, A/, 5 d[Os]bio/dt = 0¥ Th=, NCP7Fkoo[Os ]2t A
=37, 91 A ()= (2)°ll sk,

NCP =Koy * ([Ar)/[Ar]sat) * [Oy]sa ¥ A(O/Ar)
=kor * [02]sat * A(OZ/AI) (3)

1241 3)olM = [Ar)/[Ar]ece 12 7P TR0 sl A [Ar]2 8ol F@ oA 1% oo ZfolE Hol=t]
(Hamme and Severinghaus, 2007), ©] 7Fg¢| tr]’E]'NCP FAx 1 %—r—7r—4 Q7 ABZITE o, SR o] §afjet Ao &
5] dofub= allgellAE Ard] MBS 7} 70014 3%71A] Lold 4= Qli= A 0 2 A A JIthEveleth er al., 2014). LRt
2 o7 tiefollx] 0,2 Are] sid-thi7] 71A] wlgho] 1 - 25ofl A Lofubr] wiizoll, koollie TS 21 4] J7HA 9] 5%
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H5lof| whE 714 WS TEsle] ¥R 7SR5 & 7)A| e S5 (“weighted gas transfer velocity; Reuer et al., 2007)
£ 2-85to] NCPE Akttt A 71t A dElloll A= NCPol| Hlelloh= §H4-9] WiEo] dojur|of|, sita it
(mmol O, m? dh)el] 283t 0,:C H|FHAIAIEE=M, 1.4; Laws et al., 1991)5 5351 g4 HFEAARE mmol C m™? d™!) 2
= Hge 4 gloh

3.

A

Ho

Oy/Ar-NCP 57 Ao ARS=| 11 Q)= A1 &4 7] (shipboard mass spectrometer) = Als =4 AF=A718 HE7
= Afeistal ek A=A A4 7 = magnetic sector field @41 0] A=A 7]of] BIsl B 27|71 2obA] o] 5ol -go
St A 0] Aljte F7toll = A7 7HEShe A Al mella] 827 1A1E A4 719] 2154 (vacuum chamber) = 5
Ask= whalo| wpeh A4 A=A 7= 37 B 7] Y2 (equilibrator inlet mass spectrometer; EIMS)2} B1EF 32Q14]
(membrane inlet mass spectrometer; MIMS). 2.2 LT Cassar ef al., 2009; Kana ef al., 1994; Tortell et al., 2005). EIMS
+ A BEAEE = S0 Zagle] 37IHIE A A o TR FA 375 AUE BolEd] EE 7 A=
g4 QAL Alm ATE M EE 2501t o = B2 |4 Y ol U 827 14]9] A& 5ol s olels Fasfet 4
Ut 2 B2 AlmrF Rt bl sl 5 -8 71A10] 2] RIS SASE ol o220l Stk MIMS+= A B
A &5 mhe FHlsioF sl Alm 25 DS A5k | 1ol &= 43171 ot 5 EIMSel Hlsl 7]7] o] & T
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o Q= 7o) Qlrt & Ao M= TS of ol whet 9 WHALS Agtsto] ARg R 4 Qe ARRA7IE 2Pkl Ak
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3 47)MIMS oA 827|415 o] R o] utakg Eatsto] Aapkay|o] WgAE o 5ae, 2
=REA7] el 711 23t 520 ofel ol 2t 1, AETAS Safste] et dste] vl wet Hejwo] AEEh
MIMSE B2 A RFQFA), DA, 2o 2 Lol IrkFig. 2(a). ARF YRS 7oL 50 g
£ o] gato] sl A27hurehe AU HE S Sl e Eakslel 18412 o ke840 ok o) Al2]
gt oh et el nfebd Wetic), B Bl AR0] o] YA SAES she 2t W A7t Jush s
SHES slo] uiEkg Fashe AR o) 52 WY GAIsH Aol sl Gualy s ghesxotfzel B4
Ggty|2 Ao} Slek. o) A 19 Gee] THe B4 BasheA 42 o] 2t SR @S o2 Hlck

AEE] ke wake] 270 wet 2ok
m) e O] Blare] 7ol S mLimin®] 2R 0] AlRE SRk BA 45 o] £400] S el

o
filo
by
)
<l
rg

)«

A
mL2] 22 A& FO R Oy, Ar s F8 7|A1 2 FHHIE HE(< 0.1%)5H1 AL = AUtk o2 A 212w FEi o] Hiape
ol-gsh= 7ol WA Efet e wet /4] P o5 FAISH| Ho AFEA7 ol AL HE s de
= Ath(Kana ez al., 1994). U|F 7|A1E 24517 Sl w20l 2 ¥idla o8sto] Hiula Fafsh= 71419 e ¢
I a7t ek Tortell (2005)> BE71A7F HAT FEI(EHA] ~8 em?) 9] A2} BlEES Fol] AFHR o FoHeE 5f]
nmol/L 2] E3F- dimethyl sulfide S A< 7513 o] - A2 oz Z Hiete] fujz Qs ¥ Hiato] vls| o 3
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Fig. 2. Schematic diagrams of (a) membrane and (b) equilibrator inlets for a shipboard mass spectrometer. Letters in (a)
denote SW: bottle of seawater sample, CT: capillary tubing, peristaltic pump, HE: heat exchange, WB: water bath, STD:
standard solution, S: stirrer, M: tubular membrane, W: waste bottle, UT: U-trap (optional), IV: bellows valve, SV: solenoid valve,
QMS : quadrupole mass spectrometer. Letters in (b) denote STD: cylinders of standard gases, MV: metering valve,, A: clean air
from bow mast, : AP: clean air reservoir, MP: mini-pump for air recirculation, F: sea salt filter, SW: surface seawater, E: air-sea
equilibrator, V: sample selection valve, PT : PEEK capillary tubing, DP: diaphragm pump.

3.1.2 897 44
Cassar et al. (2009)7} A5 27l EIMS= 7|47 FFo k= viAlg 2 7 Hhe} 7FEE] X (MicroModule 0.75x1)E 3]
-ti7] B2 2 o]-gatglet. o] FHE A= 2R 3713 em x 7 em) 9] E|7HRU|O|E 87| Qte] 7147} Ealok= o] ¥l

X6 @eje] 8RS 2 Zlolck, =279 AR Bk headspace) o= SFEe} RS o] 2 714} ZAfick. Bt 7l

ghat ZLE 21 2] thAle]l AR7] FEl(“Weiss-type”) 2] @715 AH5HITHFig. 2(b)). ©] B 71+= Bt 7EE 2] %] Hlsf 2
71he thA AR, 7] g B3R o] 7| e 2 AAstA RAEl= o] Qo] ARk 7] W oF e Hstel wE

o}

o,

B R0 71A Az 71 g Ele)7] wioll, AZHEA7] Ui ol 22fel HEe] a5 0= o] Foj2= A
2(~10" Torr)= FAIoF| 918+ 74 3217t B o ope}. A9 AR=At AR A AR B H Lot o] & B %5}
A}, 4= v]E] o] o] BAITHWZE < 0.1 mm)S 254 o] Falsto] ApgAr
2 §9E= 7]49] 322 AIgste 24, 10° Torr 2] & =0 itH Cassar ef al. 2009; Brennwald et al.,

= H Rl
2016). Ho} Jdst b 242 98] metering valves WA} X154 Atolofl F71ek 4=I QIthMachler er al., 2012).
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3.2 B3}

M| A&7} HPERS Fehe MIMSOA = 8 71419] S5 A8ts] 40l Qls B -§olo] Wasith 4= 4L 3l
+ e AR R fAEE ol @ & & Aol Sollk Bl 0|27 sto] BEStel] ARgRtrh(Kana er al.,
2006; Nemcek ef al., 2008). S5 WHEZ | & Zojz 0 =4 tf7|2F 8ol W& ZIAIZ 4 =], tizh 4= AT oo
Oy/Aro] ol o] Bt oFA] AFRH AAH vk FRt 714190 T A= -2k of| WA §E-g517] wlzel, #3584 &
71 7| 2F A B2 2o ol FARL 2ok B0 o] RO Ak Shk(Fig. 2(a)] S).

= H|5foF k= MIMSOf| HIal, sl - t7] B 7]oA B ol 451 Eli= EIMSof|A]
= A9 EH=RH o151 B4 t71E vl Z271A2 AR 4= Qleh 7 ti7l(B271A) 2F sl 5= 5 tivishk= 3
P2 AT AN R)E AR A8 HH( S5, VICI C5-1306EMH2Y) S o]-8510] 7|2 0 &2 Wolri BAs)
o O/Arg EF3RITHFig. 2(b)2] V).

A
N
fu

o HO
S
2 o
£
I

o,

ek o
>
e
B

ok
)

ol

)

rO

1= EIMS®F MIMSE 53t O/Are] 413 A< 85 2 A= S4S 917 7120 Al
iz o= et ZAoltt. A7-Ae] 2 Foll A w52 Foll DAl W2 sl o] et
e =OFA 4 km 120 2] o= 22 37t RofA dojue =2, A= 87 Hsh
3}, o2 ol Birete] A PAIE Sk 0 2 AW E 5 Ol TR S8 Qi thy

>
i)
:

° B
o
ol
—-
rlr
B gl R of e S

b
=)
ru

o
%
>

[e)

1o
rE
el

.

-
S
%
i
R
oft
%
)
3
Z,
a
]
N
0%,
d
&
[kl
ﬁl
oL
2
e
s
1,
rr
)
il
i)
uield
ol
rE
lifr
i)
N o
__>s‘l_'4‘
!
o,
ol
1oy D
=]
i
i
Y
>,

o ok

kT
o
K
L
~
N

Q 3|9 H 0,/Ar-NCP 74 A= E¢51, (3) 2 A
°© 2 S AR o|Fsle|gls 7| 7ME 3 A X|5H= 0o/Ar-NCP

o o
>
1
3
0!
]
;
1o,

J
4
&
N
L
M F
% k)
0 L
U\O |
tlo

27 AEZE oA g P T, 0o/Ar-NCP= AR oL B2 A8 Akt
al., 2003). 717+ THE SFelAte]| Zeket Aiteg M 71] Bl A7 g JAE AR F el =% O,/Ar-NCP
ST} ok AL vl A= vl AljEA 0 &2 ARl Hamme et al., 2012; Giesbrecht et al., 2012; Ulfsbo et
al. 2015; Manning et al., 2017).
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PN-NP7}H & 0 2 2 et 7i RS S04 2ottt AlE S 3EE0] 4 5ot A 502 15)
e ~EAF go] Hhg w2 oF0] 8- §7] AAE siEsk=t, oln] PN 3| vlEE] o] PN-NP-2 AA| A4t
2R WA e 4= oJrke Avlrt B 1159tk Bronk and Ward, 2000).

Hamme et al. (2012)2 3=l ©AKSO GasEx)©ll4] *He/SFs F2 4= EA|5H +1]E w2l 0,/Ar-NCPE Z39:H Tk
It GAPARF 27 A A6kt AE2 FET A E 4Gt T4 WSREo 2 M, Aol whE A iteke] Big)

_,4
o,
rhu
a4
i
m\l
3
2
e
e
s
&
~
@]
<
w
7.
S

)
I
"
o,



=2 €1/ Oy Ar BZ0| 7Rt e AN 4 A7 5% » 55

Y% P26 - Aug 2008
A Coastal - 2009
@ Offshore - 2009
60} @ Offshore - 1988
— r(R2) = 0.99
s p <0.01
by
E
O 4ot
[<]
£
E
o
O
T
<
o 20t
(]
r(R1) = 0.93 Relative uncertainty of
p < 0.0001 the offshore stations
0 A L L I L 1
0 10 20 30 40 50 60 70

15N-NP [mmolCm2d™

Fig. 3. Comparison between O,/Ar-NCP versus mixed layer integrated 24 h >NO;” based new production (15 N-NP) at Line Pin
northeast Pacific (48-50°N). Modified from Giesbrecht et a/ (2012).

£ S75H5Ith AOy/Aro] 1% UI€19] AHIkE Holar, 0|2} b7 2.30014] 1.7%(2F —0.15% )= mIAlsARE iz o 2
Aol dubd o 2 A0 el Foll B35 4 WEote] P TS NCPO AR 15 ot 15 7 9%
717t &9 e AT “Prior Oo/Ar-NCP”)E HEsk= Zloftt. ShA] Ag3E 2 4] (3)°flA4] “weighted gas transfer
velocity” & 4-82F Zof| Hito], Z|2FE2 AO,/Ar H3lo]| tE ©7] §5/d-2 T2t Qlsto] 5 A5 9] 349k ¥t
gh 714 ek ot E9E Ul AOL/Are] AlZtoel| thE ks 1esto] ot A (“Real-time Oo/Ar-NCP”)2 AliFs}
AEHA (4)).

O

|t

o)

NCP =kos * [Oa]sat * 4(02/Ar) +h * d(4(O/Ar))/dt * [Or]sa “4)

o]7] 4], hie E9F= S4lolth A AFS-L “Real-time O/Ar-NCP”7} *N-NP&} 2 Y 2]5H= ZI(NCP/NP = 1.0 + 0.5) ¥F4d
Sttt ol A= 4 vt a7t sk HAA] St LSl At dojuks B/ dEll(non-steady

=34
state)©] Z°]7] wiel, i AeS A B ARK< 19)9] A4S sk PN-NP H'H 9] E4S “Prior
O/Ar-NCP” HTH= “Real-time O»/Ar-NCP”7} Hr} 2 diedel 710 2 Helch

Manning et al. (2017)= Monterey Bay©ll4] 627t 5170 4314 CTD TZS £H51¥ 1L, ©15 53) 0/Ar-NCPL}t
PN-NPE H]5I3{tE MBARIOA -2 FoH= M1 AR 2574 §H 5 km Ulel A 389 1552t 27] olEolkh= 40,/Ar0]
A|Rbol whet SBigh St Hol A] ¢EQtth(Phase 1; Fig. 4). ] %ofli= -85l ool 5 LA ol A Habk 2lqlct
(Phase 2). 73’737} LFEF= Phase 19141+ Oo/Ar-NCP2} "N-NP7} 22} 35£10, 3548 mmol C m™ d' & ufj-¢- 2 4%
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519k Phase 2044 8501 218} N-NP7F 7 1BHHAIRE, A0yArl= 2148 27} o] Baslo] Ay eE 71
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Fig. 4. (a) Profiles of temperature. Surface measurements of (b) temperature, (c) AO,/Ar, and (d) nitrate in the Monterey Bay.

Phase 1 and 2 indicate the transition from steady state to non-steady state condition by an upwelling event. Modified from
Manning et al. (2017).
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Oo/Ar-NCP2} -GART A7HE Ade}. o] Aip= sl Sof 4] 7|4 wete] wi-¢- Algta] o =
FAR1 708 e A7) o= s
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4.2 5115 O,/Ar-NCP 2% £4

Table 1->2000% FHF o] 2 2Z7HA] 017l 8 O/Ar-NCPE g 2]et Aot QI7HFo] ofs) vilEH ©45 71
o] 2pdstal Qlat, 715 Hste] whet A o s ez 2 s A 4 Q= EH Y (Takahashi er al., 2012;
Sabine et al., 2004; Boyd et al., 2000)°]14] AdthH 02 wro y=o] o|Foj it} el ol A= Arfi(Kaiser ef al., 2005;
Stanley et al., 2010; Ferron et al., 2015), ©F2tH(Lockwood et al., 2012), F3Fl(Lockwood et al., 2012; Palevsky et al.,
2013) 5 SlER PZo] o] 2oLk oF7kA] Qe 7o) PEo] o] Roix|A] UgirhFig. 5(a)). B dfelie Uk
Oy/Aro]| TR 5 0] o] Foi 2|71 FUX|E, s o] A/d B A 5ol ofsf Aro] -70f|14] 3%77}11 £330} &2 VLol Eveleth er
al., 2014)2 5= 7] wiizoll, A9 A= Are] -85 B2 78Rt O/Ar-NCP F7of] o2 Fo] 3t

Table 1. NCP estimates in the oceans based on continuous or discrete O,/Ar measurements.

Region A0y Ar (%) NCP (mmol O, m? d™) Month Year References
Pacific
E. equatorial (8°N) - 0-5 Oct - Nov 2003 Kaiser et al. (2005)
E. equatorial (8°S) - 5-20 Oct - Nov 2003
W. equatorial - 59+09 Aug - Sep 2006 Stanley et al. (2010)
ALOHA 0.2-1.0 9.2+93 March 2014 Ferron et al. (2015)
SW East Sea 0-5 26+ 16 July 2013 Hahm et al. (unpublished)
SW East Sea (upwelled waters) 0-25 48 £28 July 2013 Hahm et al. (unpublished)
northeast subtropic 11+3 Aug - Sep 2008 Lockwood et al. (2012)
northeast subarctic 366 Aug - Sep 2008 Lockwood et al. (2012)
Alaskan Gyre (AG) 0-2 49+ 12 Palevsky et al. (2013)
Transition zone (AG - coastal waters) 0-22 349 £ 56 Palevsky et al. (2013)
Atlantic
Amazon River plume 4+4 Mar - May 2013 Howard et al. (2017)
W. tropical 11+£9 Mar - May 2013 Howard et al. (2017)
South Atlantic Gyre 7+4 Mar - May 2013 Howard et al. (2017)
subtroical transition 33+31 Mar - May 2013 Howard et al. (2017)
Southern Ocean
Austrailian subarctic 0-10 43 Jan - Feb 2007 Cassar et al. (2011)
Amundsen Sea (bloom) -10-30 119+79 Jan, 2011 Hahm et al. (2014)
Amudsen Sea (post-bloom) -10-10 23+ 14 Feb, 2012 Hahm et al. (2014)
W. Ant. Peninsula 54 £48 Jan - Feb 2012 Eveleth et al. (2017)
45+ 40 Jan - Feb 2013 Eveleth et al. (2017)
86+ 76 Jan - Feb 2014 Eveleth et al. (2017)




58 * The Sea, Journal of the Korean Society of Oceanography Vol. 23, No. 1, 2018
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Fig. 5. (a) Distribution of O,/Ar-NCP observations. Most of the sources of the observations can be found in Table 1. Comparison
between global carbon export estimates by (b) Laws et a/ (2000) and (c) genetic programming. Modified from Li and Cassar
(2016).
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O] LAY A0 T2 8k B 15T Li and Cassar (2016)-2 genetic programming (GP)S Z-8-51o] Z tofe
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9FNCP 547 10.1 Pg C yr'-& AXSHTHFig. 5). o= S5 2]Q Whlo 2 fojxl 3] 9 297 - 13 Pg Cyr' (1SS
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