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Abstract Tritium (*H) is often used as an important passive tracer to study physical processes in the ocean and to assess the
performance of the ocean general circulation model (OGCM). A global OGCM (LICOM) is employed to study the
distribution, storage, and transport of tritium in the ocean. Simulated results for the global tritium flux show that before 1975,
tritium entered the ocean mainly from the atmosphere via vapor exchange, especially in 1963, when the tritium input by
vapor exchange was 2.5 times larger than that by precipitation. However, after 1975 these two types of inputs decreased
quickly and became quite close to each other. Compared to the observations obtained during GEOSECS (Geochemical
Ocean Sections Study, 1972-1978) and WOCE (World Ocean Circulation Experiment, 1989-1995), our model reproduces
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well the observed features of the sea surface distribution, water column inventory, meridional gradient, and local maximum

values of tritium. The main weakness of our model is that the simulated penetration depth of tritium is too small, especially in

the two subtropical regions. Uncertainties are believed to exist in the development of the tritium input function, and the

description of the physical processes, which probably influences the simulated results, needs to be improved in the

OGCM. The total tritium inventory estimated by our model is close to the data-based estimate. For example, our model
estimates that the North Pacific contained 20.4 kg and 20.7 kg of tritium during 1973-1974 and 1989-1995, respectively,
which is in good agreement with the data-based estimates of 21.1+4.7 kg and 23.4+2.0 kg. The lateral ventilation of
tritium from the subarctic to tropical regions is obvious along isopycnal surfaces. Our model successfully simulates the

entry of tritium into the ocean from the high-latitude sea surface and its transport along isopycnals to the subsurface layer

in the low-latitude region and then to the Southern Hemisphere and high-latitude regions by circulation and diffusion.

Keywords

1 35l

jillf3

BEAE BIF IR AN LSO SERLEOR D, i
A3 TR R, H T AN F AR
TR Ay AR I 22 e A, R A3 R PR 1R A
FYBITEAE DR ZE R, R AR
IR RE I AN, FE IR I 22, TR
T VPAl AR I AR X P B+ T B 1AL
UV ) B 3y 25 5 00 W B FRATT 2 A%
SGERXTLE LIS, EFr bz R B s B VA
B, T A B AL 45 SUROULI B RH 22 5, AT LA
UM S W AN [ R vE e . Hm, T
PER TR A BN i) £ EAT CFCs. “Cy °H.
He %%,

A% AR AE IS R . IR CHDY 2R
CHY MR, AR EZELRK (HTO)
RAEAE, *H KRN 1232 45, 1B FhR
T 1R B 7 ER P AR 7 sgf At P A A 56 A5 1y 3 Ui
Fio FAR TR A2 BT 52 1 9 4k [A) 0= (R 48R
BRI S N A, B i 3 K 215 b3k
b CRERR AR, 2007). 20 tH4 50 % 60 4F
AR R RZ ARG AL A BR AR sl BT 20, 44T
SRR A BRI B A ) SRR o BT ST AE REE )
DAAALEAERS, Weiss and Roether (1980) #x 5t
RSN e eI NG 2l G 2E S Bl = /A WSS 7 1 VB o S iy 1
1T 1952~1975 FE2 BRI A\ K%L Doney et al.
(1992) HFHAFIRIBE K BERMEIE T BRI 2R
#(, Celle-Jeanton et al. (2002). Stark etal. (2004)
Nl ki ik LAt Stark et al. (2004) i&
PR TG AT ) A E R

Sarmiento (1983) T S Im A M Bk B B4

Ocean general circulation model, Passive tracer, Tritium, Global ocean, Transport along isopyncals

N EHE R PG IR S 2 rh KA ) A7 A1 7041
JEINRERLH T AE 140~700 m YR JZ XK 3k 1) i i
{5 %5 - Broecker et al. (1986) #|/] GEOSECS
(Geochemical Ocean Sections Study ) H[H] I 5k}
LT BRI R 0 A, I FLK A AR AR
FULGE RS A E AT L, R IR 2 BR ) EI A B
f o Jia and Tichards (1996) fdiJH—/ANKPGESE
R (AIMD e Tk anfel e AL K v
AR BT AL ) B2 . Doney et al. (1993) ]
— MR AR, T IR PR AR EE o A, IFTE
iR T R KN 5 AR A e LA R 40 45 2R 1
M1, Heinze et al. (1998) 7E KR AR
(LSG) /435I il Weiss and Toether (1980) LA
J Doney et al. (1992) Fyid& ()4 A R, BHU T
AR R, PR I R BRI B
e TOULIEL DA A R o i PR] 3 0 %) B 2 BR
SN R TRAS 2 BL X K ) B 3 30 75 idF — 20
Wik, Stark et al. (2004) FF—AZ AR T
JEA PV AR S AR R o B TR AR
SR A REATRE TS, 3B V20508 T8 A
TERL X AT i 5 2 A L BEREAT T AN D (R A
(Fine et al., 1981; Fine, 1985; Kakiuchi et al.,
1999; Kelley and Van Scoy, 1999; Leboucher et al.,
2004; Povinec et al., 2010). I Liu and Huang
(1998) S HEALIN Bk 73T T i AL AR TE TV s
ITERALEE . Butzin and Roether (2004) FJH—4>
— Y RO 0 B R P OB AT T AT, 4
EB TP KPR AN (] A e DR VG 3 i e PR 20 A

P AR AH SR ST A bR A e, T B AAR
KA (20100 AT — AN T S AL A AR X
WL T e GRS (o A Fnas, 45331 7 50
W BEABFF 2 [ B BERNR R 2 BB AR 5, (B



4 EYLEE: SRR IR AR P i o AT AR U
No. 4 WANG Kai et al. Simulation of Distribution of Tritium in the Global Ocean General Circulation Model 493

SERAE 30°N~40°N XIAEfE—w iRz, IWHIRE
AT REE TR0 X — XA B FE R R A,
AL I8 TR T R B T A A B AN T R R S A 2
S MR 45

HHr, % Heinze etal. (1998) [ TAELLAN, f#
FH A Bk 7 PR S xS DL 7 4 3K 23 AT 1 AR AR
Do AN ) 5 S o DR R A ) i 2 3l = A
B, DRIAE A (R AR 2t — D Bl A BRI
(1) 3 A1 BE PR R i I F 3R BB S % 45 5., 1
ARSI AN R R R OB R . A TAE 2R
TFIER7KAR (20100 HIBFST TAESEAE b, M5
S [ERME BB ST (IAP) KRR
H BRI D) 2 B AL 5K AR50 % (LASG)
AR — HLAE R IR A BR A% R G0 i v IR i o
LICOM HIBLURE Sy, IFAERER N BB FURAE I
TR A3 AT R BRI, RIS A W R A A

Ho
2 #EXE TSR

ASCE T FEAR RS LICOM KX 14
A FIAEAE AT A . B BT VE o (78°S~
90°N, 0~360°E), /KF-73#id 20 (LhfE) X2° (&
FE), MEAARRH n AAR, TEJT IR 30
2, Hod 1000 m BLE & 22 2. R A HME
I, K-FMHEA B MkE, 2 FEKH Laplace ¥
REEE %, KFEE 8.0X10* mY/s, TEEFiME
1.0X107° m%/s; £ KA 5 2500 8 i 15 3
JEE A5 85 VR 5 77 % (Gent and Mewilliams, 1990
Gent et al., 1995), S35 EH HUREON S5 5% B 2
FEYBRBII N 1.0X10° m¥s. R 5 R4
UHIEELH Levitus %k} (Levitus and Boyer, 1994;
Levitus et al., 1994), 3zl Al A1 H 1))
N 7). R A TRIA PERK H Roeske (2001),
NS SRS S Rk =R N U &
WOA9S . T AR A BE PRGN (1 438 T R PP 244
PWE, "WZRRKMES (2006).

gt B KA N IREEE AT LB BRI N, SRR
ety N DA ST o AR SCHIT F IR 4 BRI VE PR RS
LI I 2 ) ROBEAEOR Tt NI PR AT
YRR, PR AN R VAT AL A\ 6] i o
HIREH . 3% H1 Weiss and Toether (1980) #2111
TR DAL IE /N W

D, =PC,+E hcg—E L ¢,
1-h a(l-h)

HorH, Dy IR ARNIGFERRIE R E N7 (L
fir: mm/h), POARREKE (AL mm/h), h AR
MWL, Bl BHCE USR5 R (Atlas of
Surface Marine Data, http://iridl.ldeo.columbia.edu
[2011-05-30]); Cp A FFAKHIRIIRE[HA7: TU, 1
TU=10"" CH/'H)], KSR /K I i i J8E 0 bk ok
IAEA/WMO (International Atomic Energy Agency/
WMO) 2004 47 Aii ) 4 BB A it i 2 o o 4
GNIP/ISOHIS (Global Network of Isotopes in
precipitation, http://isohis.iaea.org [2011-05-30]),
K H Celle-Jeanton et al. (2002) $& H [F3d{E 7%,
Fey e A3 [v) Y B 7 VA TR) B AR K AR (2010), BITA]
— & HE LR ARV RS OV B ERME, AR
PHIREF A% AL e SR BOE A e i ME R &
KAL) Cy IR, Cy/Cp i
I 0.60~0.89, AICHN 0.71; H=IH a N
HTO/H,O H)/TBANACH VTN 1, a~1.12, CsH
WERITRE, R T AT H . B8 U B =Tt
[ 2 B AR AT A A\ T

BENHFEERITAE AW S ER, P 371K
SR RE R FE R, AT RN -

LAV (uC) =V (RVC)-aC, @)

(D

b, € RAUKRE, u N TR E S e S
WM, K NEEEY Bk, A hm R,
2=In2/12.32 o Hr AT i i R SR 43 B
Pk PPM (Phillip and Woodward, 1984) %k,
7t LICOM g S, #EaCMAR 2 T 2000 4F
AR Y B A ), BRI AR IRE N 0, 7F
1951~1997 A1 KA BRI 5 38 DL 11 AR S5 ik
T, GREEROIMER S 47 4F

3 ARSHR

F e B s B ) R AR 3 ek, BAT1 o A T
GEOSECS (20 th#l 70 4F48) 5 WOCE (World
Ocean Circulation Experiment) ( = A7 20 tH4!
90 AR AN A BRI 55 AL 2 SR AT 43 BT Rt
oo 1T ABoKE AT RS e OB ek e i 2, A
T AL BE, AT R R PH RIS
() 4 R HEAT e 0 M. GEOSECS il % 45 %



S

494 Climatic and Environmental Research

A 18 %

Vol. 18

AOML (Atlantic Oceanographic and Meteorological
Laboratory, http://www.aoml.noaa.gov[2011-05-30]),
WOCE Ml B AR T 20 40 90 4RAR, Ll
GEOSECS H % Hi%4, WOCE ¥k H CCHDO
(CLIVA and Carbon Hydrographic Data Office,
http://cchdo.ucsd.edu[2011-05-30]).
3.1 HEBIE KM R E

FRAT T SRR AUA ) 4 ko 2 ol B AT 20 AT
HIF 1 RTLUE 1963 SF0m K KT B R Ag
TR IR O, T H. 1963 AF T 5 i A2 4k
W 82 LEAEOR, IR B ) N B AT R 6 P 3 B ) 4
RO JSE ) i W IS B o 0 B 23 BT 4 RS P A A
773, 1975 S Z A 2t KA AU AT A
W, HPAIAE 1963 4, G U A2 O B 7K
A 2~3 £, 35 2.52X 10" TU97 m’/a (TU97 %R
Bl WA HTEPRHEAC IR 1997 42 1 HEME, B
R R 1997 45D 1975 fE 2 Ja BRI
KB AN RS S N TR T R LA SRR I
W SOE A kES, LR A SRS 02X10"°
TU97 m/a Zidi, Wi &B@EaT i, &
SRR AR FRAS o B PR N B B0 LA 5% 2R
il g AT Cv/Cp HIEBHIR KRR, Cv/Co £
BT AR DR /N 2 T4 5 Wi 2 7K oA T2 U 1 4 9 i iy A\
HZ{H MK/ Doney etal. (1993) 4E3E 1) Cv/Cp
MEAR 0.71, ARAIRAUN 1963 - RPYAEIR T
LA RSN 2.5 £, SARSCE Rk

STEGEEl 2a Fil 2b GEOSECS [ 4 ER i 43 Aii 1)
NI AU SRR I, BEAARGF s T ek

3.5 1 1 1 1

3.0 4

SR & (101 TU97 m¥/a)

0.3950 I 19I60 I 19I70 I 19I30 I 19I90 I 2000
F4

Bl T 1951~1997 SFEHU A RRAASCH (380 SRR ORZD i

A CHfir: 10" TU97 m/a, ZEWRHIES 1997 4F)

Fig. 1 Annual *H delivery (units: 10'® TU97 m’/a, decay corrected to

January 1997) of vapor exchange (solid line) and precipitation (short-dash
line) for the global *H model source from 1951 to 1997

FEAE Bk 5 T e BRI EREAE, H A LR X
(IR LU e e — 2, AR B FRATT 40 1)
FEANE B RFE NN A o RSP 3 DX I U IR 26 1)
I3 A5 AR ST, AR RT3 R A
VUL AR, AR TR S REE, B T AE
28 ) b AT 22 e DR N U IR T g RS ) .
R A U DX IR IO B LA, i e SR 1R i 30 N 4
e 26 B TR Ags B B AT PU L S P Rk BRI s
MAAEARIATY, B v B DX A R B 1 i X
76V RIS AN A48 JE 3 1) Fe s B s e, A
FFACT TP AR 0 S 10 2 oA 3 W S v TP I
I REAE R AR S Bl FRATTIRIBEL &5
500 TRk A 22 AE TR 40°N BAAERL K&
IR FRE DX AR i = o B FRR AR K AR (2010) 1)
JE AT R AR 3 — T DX AL 0 45 AT T ) 26
L, X 3 0 BT DO s b, R )
ARACKA PRI, B DL H F R 2R A BEHERR AR
FLANH LN I i TR B 1) i 4t T 2h
J£iEX GNIP/ISOHIS Kyl itifl />, Celle-Jeanton
etal. (2002) [FFH{HE J7 2 e e T it b (p) ok Rk
HEATHE{E, T Doney et al. (1992) & Hi[F) 4 it i
B IKIMIR BE L) R 2~5 £, X ] fEid il ge
A Ji b DX 35 P B A A B v T L SR, AT A A A5
PME R . AR KT, BRI HBHLH 60°N [t
T PG AE R TE 7RG 0 AR b DR FE 1 =, B
JERLDU AL A 05k R, B A R v T
MLAE o BERBERL 40°N~50°N 22 1] () 2 2 Ak J&
H— 8 TU FHL /i, HMWIME R A5 —3
1M HARGF AR 30°N PR Sk 5 Ak i PH AR 11 40
Ay AR Z AL T A TR 45 R LU 25 5 s —
Bl BRI PEE AR I FI N W E K PEPE 15°S
DLFE 22 A R i 2 ), AR G B HH i vk
B b p b gk E S, SRR WA . A
EI B 3 W 0 AT AL 0 &8 S e DL, AR BB v
& TR e (1 DX RIAIARL DX 3 ) 7 T o in 7 35 0 B 7
HERT, 5 b B KR A IR KR, o in
VAL b I 1 BN S5 /N S R DT S P
s BTRLATTE B A (R R AR D R B ek . R
MGE L EIEEE 30°S DAL i3 ook B L
IE I B2 2R S PR A, BT T AT &7 Hh
I T X —EEEFE . 1996 4 4< 50 KA i e k)t
HFSE TIX—I% (Kakiu et al., 1999), Povinec at al.
(2010) KHLH, MC. 2°Sr f1 21 PURSE T %



4 1
No. 4

TR BRI IR A R

WANG Kai et al. Simulation of Distribution of Tritium in the Global Ocean General Circulation Model

495

60°N | Guf R
30°N 1
oo {1

30°S A

40°E 80°E 120°E  160°E 160°W 120°W

: '(I = —

<

5 ] _
: : . 2y
60°S -;\JJ\AOAB \\/j Oﬁl <
gl .
0° 40°E 80°E 120°E  160°E 160°W 120°W  80°W 40°W 0°

-

Ve

Kl 2 GEOSECS Ml ABRIGRMIKE S A CFfi: TU: () Will; (b) BHUL (SHELZIR: 1 TU BLFh 0.2 TU, 1~10TU 4y 1 TU, 10~20 TU
N 2TU; BHURBE: KPEEEA 1972~1973 4F, KPR 1973~1974 48, ENEEVEN 1977~1978 4F)
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Fig. 10 (a) Simulated annual mean depth (m) of the 26.5 oy isopycnal in the Pacific Ocean, and (b) simulated tritium concentrations (TU) on the 26.5 oy
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06=26.5, (¢) 0v=26.8, and (d) op=27.4 isopycnal surface in 1974
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