FRILT ¢ |7
H@A RTICLE

T [m)imin tl A A HEENREHRER KETRIEN

Al

2 3, 1,23
=g 7K {N

(1. P EBZEBEFEITAN, IR H8 266071; 2. FEBEERE K2, JLE 100049; 3. FE A KFETER),

AR HE 266580)

. F Bt 4% % K{E(Deep Chlorophyll Maximum, DCM)IL & ¥ AWM A AR HEEREAE LR
G A RBAR G ERARASZ—, 22O T G H I BN e B fkbt, SAEEX T4 AH
HARAEMAENERGTRT —FTRENRE. L, 6 AV A K (vertical turbulence diffusion)
RAER T @8- 09 M B AZ b ARAE A48 AN R A ) A, € BT 69 R R F B2 12 B A R K
84 A b, ARS8 3T A AF 4ok AL (5 40) 3 (Conditional nonlinear optimal perturbation related to
parameter, CNOP-P)7 ik, BFR T &% Ay 4 4 $0) R 2 AT A X AEM L Ry ®om . RNMAN, &

1) % AT 3K A HAT DCM AR BT A F K #rhbt) CNOP B ahis T A = H B EF3 4.

HFH, A

FHERNEAT RAKNRELE, BXBMOKRARER SRS T 80%. T, E@a@AY#rTA 5%
G R AR EBE T 2R, Rt E® B AT KA THZH, 37 DCM ¢ 3AEIH &

EGER: M AL, BAT KA RADK,; £ IEKKEZALIKLII(CNOP)

FE4ES: P731.26
DOI: 10.11759/hykx20180911001

WRIZ 28 ZE i K{E (Deep Chlorophyll Maximum,
DCM) 3 G S 4 B v i 77 72 (R IE 2 — 2, — i
HE AR 7 i AL ) 7K R B0 T B T K A ) 3 3R 2 A
60 =) oy B R Wl U 7 R (5 2% Sl W = 2 N R 2
MR B /N F R R R T B2 5 Y A4
KA 2 RE IR L 5ok A B S e s s e E RIS,
KRR, (AECIR, R, IREZRE, =4t
X i i L) IO i A AR 2 5 e PRI A ) e 1) B A
SR FE B A PRI ST, AL ARG
L RERAEY S R S, Wfl & ik
AR AR S H b, AR Y Bloz fd 2
R EE [ i ) R BUE IR B Y SR —.

TRE it TR A 30 ) o R R R T T KU, TR AR
B, B A i LR L, R TR B, i,
RESE AR, O i T O AR S e 2 U 22 4k,
[F] o B R AR T R AR SR G R . /N
) it UL 4 FRORT PR AT ) A i R, B R, AR KR
A TE BB AT AT, AR AY 0]
IR [ R, FEAEA IR Z AR R BUE Mk . B
20 {42 60 4FA, MUNK i 5 i 1 4E R R 24

CHERARIRED: A

LEHE: 1000-3096(2019)02-0034-07

SRR E, RIENFHY BRBE DT ELT
107 m®/s (M HE 2% . (HAEBEJS BRI 5256 & B, A i
BB AKX, HY 8RN 10°~107° m¥/s &
K. HZE 20t 90 FARLUE, —LeWIESL T 5850
()5 9 B VR A R AR AR G B, R g, T,
VR R 2Y, Y BOR BT 10 m¥s, S ET
5814, Chai S 7E R —AN 5 4P A T8
(AU ZE RS, HAERIZH 75 m BUT R%HN 10 m’/s
L U800 T2 ) i) R AL, 75 m LA Y IXECE 0,

Fennel 25U T 54000 107° m*/s A2 47 BB TR BE AR ALY
)i i HUR L, AT IR AR S SR E AR A R Y
5% . Liccardo S5 WEEUA A o | A T B ] 25 fL 1

Wk H #1: 2018-09-11; &Ml H 4]: 2018-11-16

& H: BEARBFEEEZ RS- IIRAE N RBUMEG R
D IRA BB H (U1606402); [ 5 17 SR Bl 2% k4 28 B30 44 1 H
(41421005)

[Foundation: The NSFC-Shandong Joint Foud for Marine Science
Research Centers, No. U1606402; The NSFC Innovative Group Grant, No.
41421005]

EF @A BRI (1981-), 2, IWARIMA, BHb, fEi+4, £
FNFB X S HAH E NP, BIE: 18661878556; E-mail:
jzgyl625@163.com

34 TEPERLF /2019 4F /46 43 45/ 45 2 3]



Bt

e[ fm iy AR R, I OB T R Y S R
B, pAT W, AEHTBUERC DCM EA TR,
e ) it YL R B BUEAF AR R 22 5 o IS 3 o i
A IR B AN B 2 P 1 I 4 T R S
JEHIE DCM LR BB, A7k T /ERERYRZ IR g 7
A SR A 45 4 Al 2 P 4% AL 4 3l (Conditional
nonlinear optimal perturbation related to parameter,
CNOP) J7 VA58 — Yk i Az 2545 2 ey 22 1] i B 47 HKC
FAH A E PEXT DCM B 520

1 FEEEANE

11 —HEFESEX

R S 0 — 2 P2 25858 (Nutrient-Phytop-
lankton model)fEVF2 DCM HIBHZE ST Z BT,
VR A R R

x1 BEXHMEESHRE

.MmAmmf

Z—P = growth-loss-sinking+mixing
t

, (@
N T op
=———P-mP-v—+Kk—
Hy+NH +1 oz ozt
ON . .
i —uptake-+recycling+mixing
. ; 2y @
=—0————P+samP+x
Hy +N H+1 oz*

o, 10 = e PO ek A .

T B — e A BB ) B RUR % B K fi s X A
BRGMFZW, DI FRATT IO T v 3R T 2136 T —
FETRBEAL 1 2 EUK A ABESE X4, 2 Ml ¢ 3 5l 3R s oK
FE AR TR B2 RIS ] o P A N AR 3R 7 1 AE ) (Phytoplankton)
& FEEE (Nutrients) IR E . « MInRY B8RS, H
S0 SCRERE L2 1,

Tab.1 The standard values of parameters in the NP model
(iRe) Z PR EL¥ 220
Hy BIRER A mmol/m’ 0.025
H, G AR 2L mmol/(m*s) 40
m VAR 0 2 1/h 0.01
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Kig 55 1 it 7R 5L 1/m 0.05
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Abstract: The simulation of deep chlorophyll maximum (DCM) is one of the most important parts in the study of
the ocean surface ecosystem and global carbon cycle. However, the complexity and limited observation of the
physical parameters in the numerical model usually cause various errors in the output results. Among such parame-
ters, the coefficient of vertical turbulence diffusion is difficult to be directly determined by observation; therefore,
its uncertainty in the model is very large. This study investigates the influence of turbulence diffusion on the nu-
merical model output results using the conditional nonlinear optimal perturbation method (related to parameters).
We determined that the strongest perturbation of the vertical turbulence diffusion occurred in the productivity layer,
and proved that eliminating this perturbation resulted in significant improvement of the model output. This illus-
trates that the physical condition is very important for the development and maintenance of the ocean ecosystem

model.
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