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Fig. 1
Time series stations HOT (22.7°N-158"W, 1992-
1997, n =79) and KNOT (44°N-155°E, 1998 -2002,
n =53) are shown as a filled circle and a filled
triangle, respectively. Each symbol represents the
following cruises: open squares, WOCE-P2 (1993~
1994, n = 30); open triangles, NOPACCS (1996, n =
70); open circles, WEST-COSMIC (1997-2001, n =
172); crosses, KH99-1 (1999, n = 7); X-marks, WOCE-
PIr (1999, n =48) and open diamonds, KHO00-3
(2000, n = 14); respectively. Redrawn from Nakano
and Watanabe (2005)'?.

Map of sampling points in the North Pacific

VeV EHEZ r — VR HWT, Kl 25 BEIZHE LS N
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FAWTEBFETVICERTA5ZET, P—FVAXF—
TR 25 BEICBEAL S N7z pH A [pHes)] D785 251
¥—var&fro7: (Fig 2).

pHpes = 0.01325 SST —0.0253 Chl +4.150
(RMSE = 0.025, R* = 0.95, $<0.0001, n = 483)
(1)

Z T T, pHpws (3K 25 BETOFMME, SST 13 ifEE K
Ki (K), Chlidzuu 74 vaitfE (L) TH5.
C 2 TRSNHERE 0.025 CEIREGE, RMSE) THNI,
PHOFHEBH04REELMZ ZI2ET5H5TH 57,
KX(1) OBYMEEEZFMT2LEIHL. 22T, X(1)
DINFG AN E = a3 AMEET— 5 LML ORI
H5E K KNOT (Fig. 1 ®A) & HOT (Fig. 1 @) I3 L
TA(1) Z#EAL, FATBINENTWS pHe,) & DM
B z1r -7z (Fig. 3). € O#A, KNOT & HOT xi® pH
KRG T — 2 LT, K(1) 12X 2 HEEM pH, ) &
0.012+0.025 pH ®ZEDHFHFHNIZH Y, (1) 3532
KPPED pH o) DFMIM 2 22 MZALE BICTE B 2 & 2%
o7

WEEE D R FAGEMR % RS % 1 ClE, pHes £ 0 DB
DIKIRTD pH [pHp] DITHH, HEME V) HTHH
Thb. 22T, X(1) OIERITH 7 pHes 77— 7 #E
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Fig. 2 Plots of the measured pH [pH,5] versus
predicted pH [pH,qs;] in the surface layer of all
cruises (0-30 m) based on a linear regression of the
pH as a function of sea surface temperature (SST, K)
and chlorophyll a (Chl, ug L") in the North Pacific.
The solid line represents the 1 : 1 regression line
between pHy s and pH,es. Filled triangles and
reverse filled triangles are values in HOT and KNOT,
which were used to validate equation (1) as
independent data set. The other symbols are the
same as in Fig. 1. Redrawn from Nakano and
Watanabe (2005)'.

%, BIIFIRBRARA 2 I\ C pHepy ~NE 2, pHes) &
pHiy DZEIZDWTINT XY ) ¥ = 3 v &2ilAhi.

pH s — pHpy = 0.01591 SST — 0.00101 Chl — 4.742
(RMSE = 0.003, R* = 0.99, p < 0.0001, n = 407)
(2)

22T, R(2) 2R(1) WRATBE, pHyy D/3T X
F)E¥—2 3y [pHym] OR(3) 2135 LHTE 2.
pHym = —0.00266 SST —0.0248 Chl + 8.892 (3)
A(1) &KX (3) ZWFEOERGBEMT — 5 X —Z World
Ocean Adas " \Z#M T % 2 & T, LKFEHED pHyes &
pH,m ORFZER 34T 2 4 & L CTA 7 (Fig. 4). —#kI
SST & 40° N Pt TII B T I ) 20 o THM L TV 5.
ZOEMMWERIILFIIKE W (Fig. 4a). —F, Chlidit
FINZ Ao THIM L, i E T 7pg L ICHIEL,

HFICZDOZEMMERIZKE v (Fig. 4b).
pH, 05 (& SST DRFZEHI AT I L TH Y, #EEEF T
EE—ETH o7z (Fig. 4c). —77, BENRIAERT
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Fig. 3 Comparisons among the measured pH (pH,,),
the calculated pH (pH,,) from DIC and TA and the
predicted pH (pH,) in the surface layer at Station
HOT (1992-2001) and Station KNOT (1998 -2002)

The horizontal axis is the number of Julian days
starting from January 1, 1992.  We show the average
values of pH,, pHpn. and pH, above 30 m in the
surface layer. The error bars indicate the standard
deviations. (a) The pH,, (HOT pH,, open circles;
KNOT pH,,, open triangles), the pH,, (HOT pH,,,
open squares; KNOT pH,,, open slash squares) and
the pH, (HOT pH,, filled circles; KNOT pH,, filled
triangles).  (b) Difference between pH, and pH,.
The ApH (pHn,-pH,) in HOT (open circles) and
KNOT (open triangles). Redrawn from Nakano and
Watanabe (2005)'.

() pHzs) (7.70 ~ 8. 20 pH)

Fig. 4 Distributions of SST, Chl, pH s, and pHr, over the North Pacific (0°N-60°N, 120°E-110°W)

(a) SST (0-30T)'®.

(b) Chl (0-2 ug L~

1)16).

(c) pHs (7.7-8.2 pH) reconstructed using Eq. (1)

with SST and Chl.  (d) pH¢r (8.07-8.17 pH) reconstructed using Eq. (3) with SST and Chl. Redrawn
from Nakano and Watanabe (2005)'%.
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Fig. 5 Setting points of argo floats in the ocean

(a) All floats containing Japanese contribution (red
circles). (b) Floats with dissolved oxygen (red
circles), chlorophyll (green ones) and nitrate (blue
ones) sensors %),

pH, ) DREZERT 534 1& pH 05 (2 HART 8.0 ~ 8.2 pH Dk
HPHICTEBLTBY, X0 WEEe e AWiGEs) & ds) LT
WBZENGHE. ZDOEHIZ, BERINTIED B AEREE
BONALET —FBE T AZ V=Y g ViR V5
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SEEEZT TR, S A IR & T DA R
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Ex
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CNFE TIBINTE b o 7255 2 W B RE & 2 1 5 2212
TELRE, TL—2AN—LthoTwh. B, TESE
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Fig. 6 Hydrographic cruise tracks for algorithm
calibration data with the argo float trajectory
(triangle)

Redrawn from Juranek et al. (2011)'7.
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Ta vy it WS — &R RRE R ZE B0
2ITH &S, BUE, ZEhTwa,

ZOMERT LT, 2010 205 2011 SFITHF THEILKR
FEEIZ BT pHs), DIC, Alk O 5 BER M) E ik B R B O
NI AFVE—Y a3 vhfibis: (Fig. 6)7. ZORHE
DO (BAFEEH) L TICX 2 EMIFIC LD pH s 54 DIE
FLATEETHY, DOL THCICSICLZERMBE LT
DIC & Ak DIETEHATE B I EBWPL I L 572 (Fig. 7
and Fig. 8). INHD/XF A F Y ¥ —3 g v % [FHEICE
HLTWw/7hvIT7ua— 77— FIZ#AHL, pHes, & DIC
NI ALk DIKEE 0~ 300 m 2B 5 2 A Z & D45A1E
TR (Fig. 8). TNFETICHA I &b RViEEZ b
BRNT A=y —OEFHBHE LI TS, 5#I1F, &
D RMSE O L2 K% & & b2, BB TORBERY X
TAD L) W LRFER T DL 2 L HIES NS,
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Fig. 7 Evaluation of pHys between the argo float
and the prediction from the empirical equation with
DO, T and S

pHes) = 7.866 +1.759 X 107> (DO-DO,,) +1.813 X
1072 (T-T.), R* = 0.99, RMSE = 0.018, VIF (Variance
Inflation Factor) for DO = 1.6, VIF for T =1.6. The
units for DO and T are pmol kg ™' and C, respectively.
The subscript, * ref > means the reference value.
DO, = 191.6 pumol kg™! and T, = 6.7 C. Redrawn
from Juranek et al. (2011)'7.
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Fig. 8 Upper water column time-depth contour plots of predicted pH s, DIC (umol kg™') and TA (umol kg™') in
the eastern North Pacific by the following empirical equations

The equation for pH s, is shown in Fig. 7.

DIC = 2154.09 = 0.66 (DO -DO,.) — 16.47 (T~ T,y +43.89 (S-S,.), R* =

0.99, RMSE = 3.5, VIF for DO = 2.3, VIF for T = 5.3, VIF for S = 3.3. Alk = 2255.82—-0.20 (DO -DO,) —2.51 (T-T.)

+36.57 (S—S.s), R? = 0.98, RMSE = 4.8, VIF for DO =
T.e= 6.7 C and T, = 33.62.

2.3, VIF for T = 5.3, VIF for S = 3.3. DO, = 191.6 umol kgfl,
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Fig. 9 Cruise tracks of the CLIVAR/WOCE repeat line during the period from 1990s to 2010s*®
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ZZT, WM N, RIRBEOE X DA TR ZDT, HEK
DALH P L—H—ThH 5 Si0 (7 1 KL BEORAR)™ &
PO (V) ¥ Mk eK DMLY DB [fso00] THEBT
EpLeMETHE, K(5) 25, UTFOLIII Ny, 3K

OB ENWREE 2D (Nuw” ).

Nanen = [R(N/P) *Pobs = Rin/aou) *AOU—-29] - fsio.po)
(6)

Z 2T, CDIAC/Ocean Carbon and Repeat Hydrography
CLIVAR WOCE program Data ® 1990 4725 2010 4+ % T
D 332600 f§ O H A - BMEO T — ¥ WP (Fig. 9) &
T, R(6) ORYPEERE L7

MR T, BRI > TR - Ik
W BA LIENZ IR > Tl 22T, fsoro KD
% 72812, TRIE 2000 m (ZVEEY 2 SEE LI 274 00 L D b
BVWEZAHITE, Nyg PEREL TV ARVWEREL, #2Tid
Nanin + Npre = fsiopo) TH S E LT, SiO & PO D HE[EH I
LB X5 )=V a r&iTo7. ZOME, R =098,
RMSE = 0.45 pumol kg ' ® B Wi £ 2313 5 1 (Fig. 10),
No DEILATRETHE I LR LTV ZOHEE
HX(6) (THAT BT & T Ny P2 AT OHEE 217 o
7z.

22T, MIMRAHMEE ERLO N, HEEME O RMSEfE 0.5
umol kg ' &9 % &, BERMITIE N, 13K 1700 m FEHE
FTHAL T, £72, FHER 27.0 o, 1 UK 100~
900 m) TH2 & (Fig. 11), JLAFHEIZHE VT N, 259 20
pmol kg ', Ny 1 0.5 pmol kg ' LFTH Y, N, A7KHEL
MTH5D. Wi, JLREHFETIE N, &5 pmol kg ' BLF,
Naw 252 umol kg ' BL EOFIEAIEAT > T D, TD720,
JERPEHEDEFIEREMIZE 2 5 N ORBIIE % L
RO R, CORIIMHRTELRNIEARL TS,

—7J7, HEEKTIE, Ny 1d 20 pmol kg ' Hif4, Ny 2%
2 umol kg ' BEDFIRDILA > T b, D0, HP:



Below the depth with =27.4c6,
Nanth+Npre = 7510, PO)
=-23.0-0.0162+-5/0+13.9- PO
R2=0.98, 1
| AMSE=0.45/umol kg's
e/

BN (0,
o o
1

N w
o O
] 1

=
o
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O 1 I I 1 I

0 10 20 30 40 50 60
Predicited Nanth-+pre/umol kg™

Fig. 10 Plots of the observed N+ pe (Hmol kg™")

versus the predicted one over the global ocean

Black and grey dots show Nung+pre below 27.4 0y and
above 27.4 0y, respectively.  The solid line represents
the 1 : 1 line between the observed and predicted
Nunn+pre-  The regression line for fsopo) was as
follows: fsiopo) = —23.0—0.0162 SiO+13.9 PO, R* =
0.98, RMSE = 0.45 umol kg .
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Fig. 11 Global distributions of Nuuu+pres Nann and
N, on the isopycnal surface 27.0 o,

All units are tmol kg ™.
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In order to describe the spatiotemporal dynamics of ocean biogeochemical cycles in detail,
discrete chemical data based on shipboard observations cannot allow us to achieve our goal.
By parameterizing biogeochemical parameters based on previous high-precision chemical data
set, and applying the observation data derived from satellite and ocean profiling float, it is
possible to reconstruct sophisticated pictures of the ocean biogeochemical cycle. With the
introduction of some examples for parameterizing ocean carbonate system, the
parameterization for the ocean nitrogen system was reported.
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