9221  HEKERRIENE L L TOEAMBHKF AR ORE LFHE
BhRRFZRSE : EIl ME— ORBIRK T THH)
*RPRE NG REERBERF)
AR EERCGREXRT)

WHEAMAT 2 BLRRICL 2 MRBECHEONERMBO— 2L L TOREBEICE
HBU. BFICER. BRCORBEZRMT 222k 287507 b OBEIREE.
BHERBO_BILREIE. OWTRARFO_BILKRIZEEORD ZMI L =,

RIFFTWHIREZ THENICTRMd 2201, WERINEE. BEOKRBRICED
CEMNSE L BEPSRBREENOZEOEZ, BHUEETIREITEEDAIANY —
BIFPAEE . BRET % 1T 7=,

WBHETZ77 P HFOPNCHICESELEEHNBLEREAZRD., TDEL EZDONEZE
B BERFLEROREEBRS LCRARIC L ZRREEZHAANZBoXE T IV
EDMEFLAEEZA. 2. SEORNICHEOEEZHENELLIN. —FREOERYE
WEEMHBERE:2 LTd. REOCERERETCORED2M{BERELZ2AIZTERN D
bhrork, ¥ BHEETRE. BXFTEELAIXNVF —FEMET 2o LB, 20O
BETOIAINF—FERHICIDBHEEINS _BLRBEREEICLDEEICIDAEAS
THRFEDIREETHD . MIEENEHOMFI N2 MEKERIECNESTTH 2 2
EWgno .






9221  MBKREEEXEE L TOEEMEKFIBEMORE & 51
BhEBTSeE - ElL HE— CRBRKE: L)
EEAFEE NG ALTE (BREEKRE)
AW ERCREXRE)

1. HEED

MERBIEMEO— 2 & LT, LERHORBECHEMRBEIEIC L 5 ZHMILREDORIF A
OBEPERE 2> TWAHMIKBELEBITF N2, « RETIRARPO_BILEREE
Z4EM1.5 ppm~2.0 ppnDFIATHEML TV BN, ARNOEBEEBR LELOBEEDOX S
BICUPBET. BDIZBESRERLTWSDOTIEHZW,PEHESINS, —FH. RXh
FoEBILREOREBLRBETORENENWED., BFHEENOERREZIEOBEIX. REOD
ARFO_BILEZTBEL ETEICIIE-2TE LY. BHEOEENZ ZBLRIBHRIMEE X
FEEITKEL,

AFETIREEEFALEAREP O BILRBRNEH L UTHFICHEREICHZED .
HW7S Y7 b itk DARESNAERRBHRLEREAINY U LOERE HA AN
DOTwo BoxEF N3 PEAWTHEEOEREFM L RETOLEICEET 2 T FEM
1To7%. HPOETEHMEETEITZEDAIINT—WFMEET V. COBETHE
S _MILRZFELL2-BILREEEEB L OLBZIT> %,

2. MRHE. BEEBLUEE
2. 1. XELEZBHOPEBHNETOENWE L ABEDOTFHROEE

1978 2B 1T AL A RMBREO _BILRFORTAOBEEIFRFRE THERMS. 21
X101% gTH BV o MHEINEZ_HMILEZOEEICLEREMNTOERL Y YOI,
Broecker?’ |c & ZMEHEMHBDOY ¥ ER REDLI, 1:15:1208 A3 & . ZHZNT.60
X1014 gL 1.12% 101 g 23, EHUAZBOER LY V2 EUEMNEZBHECHMTS L.
BEEBRTCIIARERE. ¢2bbEHENHERTFEL R TWAAED., HIERICHY
THRORMA T Y. REKEAT R EOEBRREFENTZ 27 FUIizkD F=F - ¥ra
FHOWHEBANY YL LTEESWS, 757 by k@WETsS v 7 0%
e D ERMICITERREEICOBEI Y. DLIANEBETCEL 2L V. BRI
BUXARICHWSONETHSS L. ~HFEEBETEC 2 2o WMBRFBHILEEICERL.

—299-



HEFUERZREOOWTERARICEETSINENLHFEIN S, SHICEEEBICED. X
SICHBEINEZBETH. BRRFBENY v EXZAFELTWSRI . EETHU XS
BIZEDEBOBILERZRBLE EZOND, $4bb, FIRTEHLEZEDE
.V UDBHEANBETEE. BV T 77 ML 3BHEERETFOEKREZROEE
BiILARMEBRICLOZARANOREBLRA—IC2 2 HifFfchd, LENF>T, LK
F-FEHMOBHEEIN+2IR . OB T (BEOFEFOHERN, FHEES)
ZWBTHIELNTEIZEThIE. 1978F BT 2 (LARHEREORRADOEREBRLED
BEEBICRAESENZEERICHA TSI LICLD . 19T8FICBIT 2 RRTO_MILRERR
BEBNEIWELS>2ZkICRS, LPL2EL, EBRICE AR -RERBOMEB I
B s D, BROHRPRERT 52EZDOLERHEOHEE. HOWEEDEREOXRESL
JURBHRTOMET 2WEOREORERBELTHET 210, UTOREENFEI L
Beixbd,

2. 2. EEFETTNVCZLZFEOHE

2. 2. 1. HWEZEOMELEE

AEHFOBILERBEEICOWTIE, 1959FE1FIHE T2 EERE (—F) . 2hllg
WITEETHEERTHTIILAERMOBREICL 3 KRT_BILERZBEEOHEAXE2RD., 2
LTS EIHIH» 6 BIEZMB LA HEL (EEERTR > 2., FAILERMOEMMK
HEZBEDEDIIBEIAIE»S —EFELREL .

., BREERZEOLY., FIRDOLEZ 2 &3 HEEETW., 2@ TORMIED T ~
JErYICEEENSZERELE. COREFERBERBT CRZIUREETH S, UTT
. KEPLOEREEGEXT., FRY V. BEROUB—-ETHEILPHEROAD
EFEESI T B0. VI OWTHELERTH %,

BREORERELL LTIk, B—RERZThZ2WESG 2 (1), EIC1959F 0 519784
ETIEERMPOARICHEBEINAZZBILRZEOS> D, ARICEEL ZIXTOZEEL
REZRIULS>ZMBHEZIICE LEMTRET2H8%2 (2). AEZ1978F ) 519874 X
TOWEMICH —Ic8AET B2 Q). 1918 —FEMO - BILRFOAREZEEZRML
SHEBEBEIPSEBEMAT2HEE (). 1918F 2B I 2{LARK» 6 O Z#LKFRE
MBEEZ2BRNLS 2B+ EBEHMIZBEZG)LUTTIRETILIZT 5,

EFNEFNROFEICBITABEABAL-ABEGTEREORRBE/LZTig. HIRLE, K
FOEBTTRHEOETFNVICLBIETERTETV. ARP_BILEFEEBLURE.
FEFORE. EROBEOERELZRD =,

2. 2. 2. WW7I7 b EEBELETw BxEFINEAWTHEEOM)RZ FMid
BE0IZEALERGE

RETEZMAEEEOEMNZERRBEOEEEZILEFIMES 22D HEETOH

—300-—-



BRRODBEELFEBETOERRFEBEIC-REREL. TOHREEKEKE LT,
—FHFREEBICBWTIWREBANY T LEABINTHD . FEETORBANY I LOE
BIEEIZO ol a3 TH s Uk, BB, KETWHRBAINY Y LILGEHRMTHD . DX
WY I bAF Y ETHZBRFEELTVWSLOT. XAROKBREFEIE 2B RN,
BEZTHLZVWESCEBEATOREEOCRREVE/ET. @777 b rick
LZRFDEEEIT—FE. AL BN TES, —HEEZTR2o2BE1E. B0 AEME
REFCTHEB TS0 b VIZEIDIRTEEIR, ZOL EOBEREOHEMASEAL L L
o RETHM I V7 bV ICEEINAEBRRFHICEEINIERLY Vid. &EEMIC
WIREBRETHMURERL 2 2, TOLEDEEZT2>2BAKCIE. BEBEOREEEE
VLI EAUVBERATOREEOERE NS 2, REEOHBEOHEINIC L Y
TSN OBERECEMS A BENOZZRERP»ORKD, AL LE, RBREET
HHAEEDIE. EBICBIZEMT SV P OBEEICEDNIEZEDEICTRELTED .
FEOEFREEIFO nol n 32 L -,
2. 2.3, WWMTIITUILFyOEHEEZEEL ETwo BoxETF I ORZ R & MEISEM
19594E1HIHZEERBLEHEEL. LERMEEDOZBILRFEDO AR DOHEAAKTFE
LD OMHEEE KEFT_BMILEZFORIZRXY £Ees. (1), D)D&SiIcE5 2%, wlIEHT
ZhBHIBIFETORRPOZBILRFIEBEZBUMED TH 5315.57 ppnk L,

ra(t) = (2.57X1015%/12Va) -exp{0.37 - (t-1959)} (D)

Va-(dCa/dt) = [-kam(Ca-Cao) + kam: & 'Cao/Ciso ' (Cis-Ciso)] Sur
+ ra(t) Va 2)

BRI L AEM TS 7 P OBEREOHEMDAN L REBEDOBREDBEMNIC L 5HEY
TSR OBEEREDEMIAEEE LD, RETOEKKZR. HEEFA.
REBANY D LDORFERXIZ. Bas. (3),(4),(Be =3,

1

Ls - (dCis/dt) = -3/2 (A+A’+4”) + (knd+Uv)(Cid-Cis) + kam(Ca-Cao)

-kam+ & +Cao/Ciso+(Cis-Ciso) 3
Ls+(dCas/dt) = (A+A’+A”) + (kmd+Uv)(Cod-Cos) - Usp:fp'Cos (4)
Ls+(dCcs/dt) = 1/2 (A+A’+A”) + (kmd+Uv)(Ccd-Ccs) - Usp:Ccs (5)

FEFEBETCOERRZOABEAEEZFBETOAMRRZREIC LKL LAY, Kl
BroE#ERHEeABRZOREZRE, Eas. (D, (DO& SR 2, —FH. BEBETO
REEAN YT LOWMEHNIEEG. (B2 %,

Ld(dCid/dt) = -(kmd+Uv)(Cid-Cis) + Ko'Cod + Kc (6)

-301—



Ld: (dCod/dt)
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Nomenclature
A = substractive rate of fixation and decomposition of carbon

by plant biota without fertilization

[mol m~2.y~1]

A’ = additional fixation rate of carbon directly by fertilization [mol m~2.y-1]

A” = additional fixation rate of carbon by circuation of added
nutrient

C = concentration

fp = fraction of POC in TOC

k = exchange coefficient

Kc = rate of solution

Ko = rate constant of decomposition

L = length

r = rate of emission from fossil fuel

Sur= surface of sea

t = time

U = velocity

V = volume

£ = buffer factor
<{subscripts>

0 = initial

a = atmosphere

am = between atmosphere and surface

= CaCD3
d = deep
i = inorganic carbon

md = between surface and deep
n = nitrogen

o = organic carbon

s = surface

sp = sedimentation

v = vertical direction
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Table 1 Initial conditions for model

Ls=75 m] Ld= 3125 m]
Ciso=2.01 {molm~—3 Cido=2 mol -m~3
C0s0=0.33 |mol'm~3 Codo 055 mol-m~3
Ccso 0.103 [mol m~3 mol m~3
0=0 mol m~3 Cndo .036 [mol:m~3
2/3 (kmd+Uv)(Cldo Ciso mol-m~2.year—!]
Ko=-2/3 (kmnd+Uv)(Cido- Clso)/Codo m-year~1
Kc=(knd+Uv+Usp) - Ccs mol m~2.year—!]
Usp={2/3:(Cidg- ClSo)+}C0do Cosp)}
£p=0.1 (knd+Uv)/(fp- 00503 [ ]year“1
kam A +(0.95 CisgLs+0. 84 Cldo d)/
Cao' (1- [m year~ 1}
(kmd+Uv)=2 :0.84:1Ld/0. 11 m year~1

Table 2 Unit for urea fertilizer ¥’

urea  naphtha C0, power steam water
1.0 0.299 0.750 5.83 0.85 55
ton ton ton kith ton m?3
(46 % N) (1.27x 10 Pa) (25 °C)

Table 3 Unit for urea fertilizer %’

fused phosphate serpentinite phosphorite power
fertilizer 0.450 0.750 1000
1 ton ton ton kWh

(20 % P20s) (31 % P20s)
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Table 4 Performance of ship 6-13?

diesel engine .15% 106 §x4
capacity tonnage .80x 104 ton
power .94 107 W

77X 102 kgry~1-h-1
.20X 103 kg+h™?
.78x10 km'h-?

specific fuel consumption

fuel consumption

PR O = DN B W

velocity
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The total amount of nitrogen [Pg-N]

Carbon and nitrogen canc. [mol %]
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Summary

Focusing on the fertilization technique as one of the countermeasures against
the global warming using the ocean, the effects of fertilazation of ocean
with nutrients, such as nitrogen and phosphate, are examined on the propagation
of the plant biota, and on the decrease in the surface-ocean partial pressure of
€02, which enhances the drawing down CO, from the atmosphere.

In the present study, we evaluated the validity of this countermeasure from
the view points of mass balance, energy balance and dinamics. By using the two
box model, we numerically simulated the time-varying effects of fertilization
for several ways of fertilization, considering recirculation of the inorganic
/organic carbon and nutrients and carbon fixation by plant biota, where the
desired amounts of nutrients were determined on the bases of PNC ratio in the
plant biota in ocean.

The results indicated that this technique possibly have an expected effect on
~ the restraint of the increse in atmospheric CO, within a few years, while its
effect on the oceanic organic carbon in the surface is only doubling the present
thin concenration for hundredyears’ fertilization. The energy evaluation also
indicated that the amount of CO, produced from the manufacture and
transportation of the fertilizer of both N and P is no more than 9 % of the
amount that is expected to be taken up into the ocean from the atmosphere.
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