a3k o
2024 44 A

GRS S S S
JOURNAL OF OCEAN TECHNOLOGY

Vol. 43,No.2
Apr. 2024

doi: 10.3969/}.issn.1003-2029.2024.02.009

PEEFEVESRERRTEN RISEL

B R, T #

GIFITE R PRl 2B, 107 K% 116029)

i E: ALATABZRAMEROGARTH ST NEMEFNIBARA R, 70 2008—2021 F
PEEEINIAL, TRABRGEFLELAZSRAARRREEZENKRT, BE4RE 2R
Kernel %8 EAE it ik o b BiiE b b A K A% EKTF > A Rtk 0 4, o
RAN: EHEFENBIES @, TEBFEE ALK Z G BT GRS ITHREE,
HAIREI X B sk S ROK-TFag 8t 27 2 LIS, BRI E A EMBIAEYS, KE
LB MERE, HEBLEXREENGTERNY T HEEE L AL R G REARTHRI;
HEBLAERRAGBMGENREN T HFELAESAGMEERTO R AT, ERPEHLH
@, AERZRBELMT, THEZWREFEN AR ZAMEBEKTFALALBORIMSE
Lk, £ 3SFAgRTIaSE R A RIS A X F RS TR RE], LA AR TR ZHRE R
RS T, FRERTARESLMHT, TESEEELASZAMEEKFEZ RS
THRGEMBZIN WE” AR, T 12~1.4 GEFARE RIFBRGMARRR B LR, Wik

F 0.6 ATFRELE 1.4 A ERIFBRAHR R Y HARAR R & A& 5 R £ BRAER
KR HiEEL;, ARRGER; HYFHEEAR,; Kemel & EAF

FESERS: F3264; S937.3

fat B I TR ER AL T Z A A B R AR R RS IR
55, XSO S Gl RS L ST L ik
£ EXEMCME T S . £ “HES
TET AR AT, W ATEOEER LS
FURT S NG BRI, H ™ A iR 2R
71, AAREEAENE . BEFR . YRR
ARG ARG A, DA RIEo By ek
TR RG 2, I, AT RRS sk As
TXRPKA PR BETE RIS RS R IR B i 1 2
YRR RRBERRRSLE R, PR, B ORI
P52 2510 W R G AR AR B AT RRL M, I S RE
A 2 MA B R G R, T hE
VIR A 2 S A TR R UM AR A i R o figp o

Wi AH: 2023-11-28

MERFRIRAD: A

XEHS: 1003-2029 (2024) 02-0078-10

FRLE R R

FI 1972 AR HTEEF /R NI 2 H T LK,
AR — HIRTE AR R GE A o] sk AT 3
WORMSFEIMTE . R T A S RGE X 8)
MR, RAPPORT D JW2: R8N {1 e LS4k
T AESRGHERX S, PRSI
BRGNS R B — RS R G FER
B RIEAHIHE . COSTANZA R 259\ 2 45 Al 748
PERIAREE, S TR A B R G ERFCRER 3 4%
HEbR, ESRGMF T LGB RGN 4180
WIMZRE . ZRE . SSPREM i, BEE XA+
LR ISR RAARWIRA , BB RGRFEM S
HMETESE— A, T B Al A 254 ST B

EEWE: UTEEETEHEARASGHERIZSIEARIT () WH (LJKR0310); L TFEHAFERE “HIUR" BRI 2022 4F

BEPR (JG22DB421)

EEEN: W (1976—), &, Wt Bl#EdR, FENFEKESGEHELETTM, HEL Tl FF2E L RITIE . E-mail: gyis1213

@163.com



5 2 4] wr IR, AF AR A S R GRS S 79

N HEBATSET - NSRS T, R
PP AESA A A A A RR R A A AR G N AR P A2
ZURPEMCIRIL R AF, REER B BER IR Sh A i
WA 2B SRRSO R R . RGN
FAR T IR RN BRI I AR E 1, R 4che
UEAERy [ B i H RS RIS E , BAT AT RE
71, I HREBARMEE P AR AT R A LR
55 o WA ORI R ST B R PP AL il T it A 25
RGNS W ELANE R AR S R G RE . RS
RUEZ B, RS R GRS 25
fERREC 5 DA 11 K Sl B U 2 4 728 8l e A 2
RGUERE, Bl 05 R S A S R UG
ANELT T B X T 3 IX A 25 R G R4S
TERFFENEE b, 90 TS R ST A8 LA
VA BEE RS TR Al Fpeiinl J R AR 25 R Gk L
FRIRZIR O S i A= 285 28 G D RE A2 4 Jes ik
FIFE AR ARVE AL UL A AR PR A BRI AR
TR EA Y 553 A s A A e T A DX A
ARG SR TR (R RRER R
TSR G RN . DIESC Tl
S RGUERRERIIT SRS T FRTR AR, A4
Wb T ORI RUEE TR B AR AR R SRR DL, T
FLId R AR A R GUIR S 9 A W) W B 2 5
BEAT PG, DL B MR SR A4 IR B R A
B, I SRS B AR nT ST R I A AR EAA T
RIECR AN . SR, T, SRR AR
A5 ZR G 55 R ARIEE T N T s 28 e 52 T3 B )
P Pk SR TR A N AR RSO, B RTR 24
R T R A A IR 5 AR 1S shifaa,
NZEH L Bl b Rl AR 2 R GE A B RIS N
SRENEMAE . J—TJrm, MRS RS
FEACF B 5T 8T W F AR INSL A, Z Al
A 2B BT — R 25 []FE  A AT AE™ Az 1R 2 ] 57
JEPE AN S (AR , 47 A L 453 75 LIRS S 3o T i
VA S R G FEAT R o

BT, 9 THRA T b EEEr A S R 5
TERRARDL, ASCE T A RGHERAR N, 1
A A U A A R G B F PN SR AR AR
3 TR M A 2SR R K P K T B Bl 2
TE SRR I H B B R R . ASCETE

AT LD FER G IR IEDTIE T, AT Ry 3
PR E R, SRR EM SRR AR S RS
fERERE T, SCEliRE M) Al R AR A

1 W57 ik SRR R

L1 EFElESREREERERGE

Rl A . I RERIGAZE (GEE 2
FARG) HHARRENMG, ARSI NI
WA RG, EIPRWIMBE, el RS R
GUAERRENE, BELFEONR%E, REHET
AR, BEE RGN A IEER A AW A 5K
A7 B AR () AR e B L O R R, 2 ER ]
ALK RE R TP E AR, 15— BI{ETEH
NI IR ENERS L B B AR E sl S PIR S . H52
B — B BOZ R G5 45 23 BRI R R BRI AT, 1)
il 7RG RGN, SRR A SRS EL
LA AL, MR AR S RS
T SRS EAWT T RE, Bt i BEa R o
mr S5RW @R EE” RBURS (U A 2R
LWV . REAIL R R IE) fE—%E
FERE LN 2T il A 25 AR 8 A A% 23R ]
PRI T3, Sl A S A 1 ) 0 i R ST ih
WEGR D, W7 CHAT CsET =R
FHAAL, EREHNGH R A S HBOR SR
BRI EZ T MR v 2, IR AR S R Gl
RN R R BT A TR EA R, NRREER Y
AW BT AT A RO R G EBET), BTS2 B
TR A 25 2R GEAR R 18] B KK T

ARICHE TR [ Ao o T AR AR E S IH
GRS, R AR SRS E N . T
Ml ARG HATE IR, BRI RS
A LRESH AR RE B iR S AE NSNS R i %)
SRBGWA MR I T B, REFE
ARGUKE vt ATRAAE ARG ™ i, $t
FARTIAE TR AR SS , IF06 A el =l
SR RINEDR . ASCEEZREYE . Blegtk . al
FUAE AR n] ZRAT RS S, e A 2 AR G B
TP M AR ST R Hh e A AR A A,
MR RN, Mt A 25 R G



80 IS S5 A N ¢

543 4

Wit R (£ Do ZIFMIERRDESRGMERK
o HERZ, MR SR I AIE ). A8
PEVE LR Z, DA KIIN 7= = /K 7= i 177
WERNIER S, k21 SRR Hrb, e
KN i B 7K™ b I T L VK™
KR, TR MO A B R B Al
A TR I 2 ARG N Ol 25 A
{8, WFEERYITGE | WK S A PR RS B FRAE
BRGNP IR ARk s K R G s
R, LA el A S RGN ). B
ST RR/ M XN 1 5t T o A TR/ M XN 12K
ORI — . KB S I AR S S AR
BN AWa o /A oA SR VA MR R A K 7/ 2 = o 11
B, WK EEAAEEL . Vel S5 R RS 5L

SIRIEAE S RGNS TETE . &Y
ZREPE S R S B E, DA e v i
WASRGEHL, RKHARN G P EgOiim A gL
Pl R A RO AR L MR L 2
A | KRR R A S R &
B | MR T R BORK T B AR LA %
RN S RETEZ RN G, GBB4EEr
TR A S RS H B RIEBEE, R H A5 )
RERYRE S, DA i v eIl AR S R G
1.2 MRAZE
1.2.1 A TAIT&BL ARG T IHEEFN
A

VEREFRG T B)— R R i, BT
ERAAY AT AR T TR M A F e Mo e, 5

®1 PEBFEVESREBRITINER

A Y Hohi X FE bR R P
W T AT T 7= 7= R M T 7%
WPl T B 5%
R VEBK T VL A B
R RS SR L B AAKT NS SN
RIS W 5 ) Pl 25 A Vil 28 4
W 35 & AR PR S 3 T
WK P A M= S PR
BB PR WS TTRYABIX A LAY (a7 A
WA 2 el FHEBALTTRYAL XA LTS OF bl 5 A)
- S B Pl XU R R PRl A 25 7 L
ARG RIS T R A M SR K DR A 2 RS B T
(S REHR WK A L KT S R R T
L Pl b T R L R B
WL, £ SR AR N e
RN A N5 KPR B, RS ASL %
WA SRS T HEE ) SR X TR

Bl 7 b R GE XTI MR AR AL R TR RE TS

e SRR
RYLHE:

SRl b R S T
W FERE RIS A R DL
St F IR PRI A B SR
S WAL BT T R FEOARAE e

© WEAE Yl 2R A R T 4
IKFHEARME BRI L
TR 5 Bt
TR PRI BT R T 4
IKTEAAE) WU /%

e s PRI SRR S OITERE: W= (S+APVI (S, +AP), S 9 i ZEiE PRl G AR S TBOE A, BV AN K ST 1 =
S BRI IR A ST B BRSSPl i ZEE R SRR AE SRR A, RV K SR P R ISR PO BRI R BRI AE S
TERBCRSY; AW R VY SRR TR . TR . R AR Z RS BUNBCR AN A . < MK FRAE A R T

e DIV‘:_Z(%)M(%)’ e SRR IRRAZEIN s 76 XA FRIAM R e, 02 i MUIX TR FR IS RO B SRR AR o ity M 45 497

=1

st 5= 5 [Woial 1| | O R, =1, 2, 3,

3 W AN Ml 285 R PR (E A L

o WA R ISC= VIZ(Ci- G MIC , Co i PSSR € X GDP AP s M, s i 7™l S i IX

GDP LT



$24 wOUR, AR AP A S RGP AN S sl A 81

A WLHACFIEAT Y DI RER. A SCR I ST A
T AR DA A B B A R 8 e [ 7 A L
H A5 ZR G MR SOHAL AR ARG i Rl R

(D) IR bR A A 2]

WREARSE R o li=1, 2, =+, n, j=1, 2, =,
T AP R = o N MU O g e A BT = A
WEE; n M p B E PR R AR R
T AT BR A AL PR 5 b B AR (A4 728 A R 2R A T
Gi—.

IEmPE bR .

Xy = [xg* - xmin(j )]/[xnnx(]) - xmin(j )] (1)
TSR R .
%5 = () = 25 W %ns7) = 2071 )

', () 2GS j AT FEHR B
ISEUE Y RORAE . FR/IME s IR AR B AR HE
fEAE.

(2) B Hbrea iy it

wa= (a, o , @) AT MM E, p
ARG ( {xjlj=1, 2, -+, p} , Hi=1, 2,
n, TULQUYQﬁLEﬁ~%ﬁ CAH Zio

Z; = Zajxij, i=1, 2, -, n 3)
M Eﬁ BRI
Q.=5.D. 4)

A, S.. DA AESEAE Z, (AR IE2E FIRS
B, RN,
ZUZEuﬂz
(5)

D.= Z Z(R—rg)'u(R—rij) (6)

K, E(Z)RFEY) (Z1i=1, 2, -, n}); RA
SR BE R AR sy SRR, 1= 1Z -
Zl; fF5RE u(R — ) BB ER RS, X5 R=1y
mF, PRECE N 15 MR <r B, BRBUEN 0.

(3) #% HirerEif

TRy 1) v LAl At 38 RS, SRR

5 H s s B KA B AT
Hpr R B R (7)o
Max((a) = S.D. (7
ARSI (8).
> -1 ®

j=1

TR QAR LN RGP IRERBOR , AEAETT
SR . DA BE A AR AR = B0 A e (L Ak 55
LA DL, o TS BARROR A S5 ARG
FRCSCEE R HAR, SIAN T MERIA I R

{jﬁﬁzf: o
4) HRABHHE
PURAEBCRE 7 W i A, S AR AN 45

PRUEfLEARSE, IR AR, fE AT 15 2] & A A N
mewﬁ DEis: ﬁmﬁnﬁﬁﬁmmWﬁ
TR A 25 R GRS P 43 9 AR TE 48—

bR, ASCHHE AR oy Ok, 80 -8R
IR BT 14 v Ml A 2 R G R K- X R RS
2% (0.23853, 0.7426]. HUHRZL (0.7426, 1.068 15],
I 5% (1.068 15, 128852] IR U4k (128852,
1.696 1] 4 NEEY,
1.2.2 % Kernel % B AF4t

1£4¢ Kernel % AL THE A —FHESE O, £
BTS2 Ml A AR . 20071k i 2% B it
2 Z I AL AR 1 A0 o A A3, DTN s AR £ 43 A 1Y)
i JEAAEERP, AR SCRH & % R B 5
TR AN A (%) v [ Y O AR S R G A B K P
it Hat@E AT,

N —

f<x>-N1—2 o

1

L | 9

K(x) = exp(—xzf\) (10)

Vﬁ?
2y, M) A AR 5 (9% BE BRIV WL
AN RRST RIS AR PURIAEL s 2 A WRMEIIE s h
A sE; K(x) R e it kgl
1.2.3 =18 Kernel % Z A&t
%5 18] Kernel % FE Al i1 7 I FEAL 58 Kernel % FE
flittSEal mAZSE R E, 7T LAGTHHREA I I BEL
At R AR R B R A, DA B A R
E T AR LA, DA T8 7o v [ Vi el A 25
RGP TE— B S KN R a3 . 7kl
U, RSO m i R g T, Bk
AT

gww=%%§ (11)
fudazhimgquf“)KJYix) (12)

A, glyle )RR TERENLE I & (9 554 T BEHL



82 o A ¥ M

43 %

ARAE y W AR s (o)t oo AT B A B PRI
S,y )02 x Fl y BIRS A% L PR
1.3 Bk

ASCH K BIFE bR RS FEORIE T Gl R i
SR A RO (b DL SRS O [ TR SE TR
S ST AR S ) Sl et FHAE B840 (o el T
SR BL AR ), LA RT3 IX G4 4
R HERAEAR (12 8 F [0 U135 Bl P A R b 42 55 1
AT BRI FIEE DB . R AOCEE . A SORYE
LB WG,

2 SERHT

2.1 HEEFEELESREERKENIHEDH
W B T BRI Y 2008—2021 4F i [
TR A= 2 R G RS B AL S Kernel 25 Al
o, 15807 b EEE LA 3 R G KT
FHEABRIZIPMEE R AT R, WA 1,
o, X ER R b RO AR S R G B REK T

1.0 15 20 25
el S R )
(a)

0 0.5

READY

05 1.0 1.5 2.0 2.5
O e R

(c)

WAER oA ], Y RS ARSRAR Gy, Z haRos i
oA . HENEE L A A R G KT S A AL
BE, e EBEN b O Sa R,
T A S FR G KT BB ] A 4R SRR
o 2008 AFIEVE L AR 2 R e R KT A TRV
G, BURG . WA, RIS L IX A3 5 L
18.2% . 54.5%. 18.2%. 9%, " ENGHEH AR
GeAgt K- A5 32 A e KU 5 88U ] . 2021
SEIF PRI AR 25 R G KO- T XU 2 . fUR S
I A% . RAFR X 43 50 5 L 18.2% . 18.2% .
18.2% . 36.4%. Ml A= 35 R Gl FE K V- B
5l SRSt XL o) S m KPR . AR
Er, R AR S RGNS 1A S b R A SR
BRI B2, R A R R G L S A
b O, iRl AR S R G E K
SrAi 2 £ BB BAH .

I DX T AR AT R B9 AN 255 RS Y ) i
VB S, FRAR T VRV %) TR AL Gl 7K S5k
PR . Ak, BRI . KA i B

0.5 1.0 1.5 2.0 2.5
Ol ARG

(b)

1.0 15 20 25
gl AR S RO

0 0.5

(d)

B1 HEEFRVESREGERKFEREEZEZETMKE=SEEEHL



5 2 4] wr IR, AF AR A S R GRS S 83

il AR S R S ROk S AR LS
BRI TRy, RECEEASE N
eI, MK A= B A= sh Wyl B2 oR i A=Ay, ik
—DHIES T IR BRI S BT . Ht, S
LR (gl T RESE 2 e e BE L B 2 3 . [l
H UL RS St ) A 1l 0 5 7 ot ) AR 1A
A, REUK BT SRR ARG A
PRI 2R, (AR E LB K, I P IS
TNREE o 537K 77 it A s A U 28 18 e 30 ) 0 95
B, PR A P AR AR EE T, T PR R A
TR, SXTCEEMUE T R AE TR, R A Y
Tt 0 A J O =R, AN PAE . NP T
FRELIA) AU A S R G RYTG 17 A4 T RIS
Mal, DTl 2497 9 3 Y Ml AR 25 3R 0 Ml B K T Y 4
Tt 2011—2020 4, HEFEMLAE “ R O
AT XSRS T R EN KR, JLHEAE
Wl AR 2SSOy T . R X il 8 224 25
BB JIEE, ANWrEdE N T A . R R G0k ™
PSR IRORAP X RO I E R POK A A A R
PRAP I . BTSN BE U515 24 RIS A AL it
WA e, UARBEIR . FREE A P BRI, 3K
TF Rl & R S TR AT Z M AR, DA
SRR AE S RG] RS R e . TRV
[ s Je A% BRGES T, MRl A
HEUEA AR AW =, R Y [ PRsE
G138 LI, [RS8 T O BT
ANABEFHOK AR R R, 2Ll 17
W BRSOl A & R AL 15 A
TIWSCHE, ARl AR R G A, 75N
AT, RERBMCERZS IR BIAR RGN
AR AL, o X PRl A S R S A
P RHE A I TR ERRAE , DA Rl & H
OPERBSRIIBE . WL AR S R G AR R
TR A S RGBT T oA
EEEMMAMGKE, FLERZED, B AR
FRYGENG SRRl AR S R G o A it B AR
AL BT R AR AR AT 2 A it 2 ) 2 HE
FREE @ FREEY R s, el A= A5 Al K
3T 2 FE IR R AR AR e 3 Th AR, FR 04 S
FeH/NEY R, BARE IR, H AR b X

el 2R BB FK P A3 22 50 58 ETHE Y, Bk
EAFAE MR
22 HEEFEVESRGREBEK NGB HES
2.2.1 RE&M Kernel % EAE

FIRMESE Kernel %5 25347 HREZ) 7 L AE
B RGUERKFHY I P A AE H b X TR 22 5%, I
ARERZ R HAC i A a3, Rt , s JEA-
Kernel % EEATH s, FEAZB R, X #lkn Y h
PR A S RGUERK Y, Z 3R X-Y F
NN HREEE W) . BES SR K
W KR — T A, Herh XOBh A Y Al )RR
PR A= A RGBT 88 B2 A R e )
FORAFR R, WEELT, A& BE T .G
MR, e, UL
PR, X A% 2 BE P QB BE N o R FHJC 451
Kernel %5 B2 Al 117772 g S e X af r [0 v a0 A
B RGOV 0A0 N ¢ F5) 1+ 3 F MR &
Mo R EE I P R 25 IE X R A TR )
B, UL ¢ B ¢+ 3 AR AR AR K F oA
PSS 6 T S BN RSN (695 -3 G i 2 N o o
WAED; Rz, HMR LR 45°% Lk
BFIT, D350 ATt e ol A 254 B K P U 3l i
Mo B 1+ 3 AR U AR SRR K B T RO
AR AR ARG PALE Y AN 20 B R BT
T Xl e BERA TR AR S R G K 3R
TUSL, TCIRTE ¢ 4F4% M X A TR VA AR 25 AR G ft
FREACEAb TR K-, 7E ¢ + 3 AREH b T W] — 4=
ST MRIGE 2, el A S R G
BT BT A5 Kernel %5 BE Al A8 FAAUTIE 45°
XF LA, U BT 2% M DX VR el AR S R G
FREACE BAA BRI E Y 5 LSLE, 18 3 AEAYITR]
BN RAZBOAL S, Rl EAS R G REK
-5 B I A PR B AT REMERS /N . BRI Z A,
WA A AE 4 N, A5 A 2RI
TEWE, 3T X f 03, 15, 0.7 FIL1 BHE,
TR AR 2 R GRS ) AR K AR K-
EIRTRISCS” BRI RENE . b 0.3 o7 BRI AN =
T 45Xt MLk, HRECHTT y =042, 15 (B
P WA T 45°X0 MLk, BEBATETC AR MBS T v
Tl A A EE AR T 0.3 AYHBIX 3 47 J5 A= A ik



84 IS S5 A N ¢

543 4

B
iﬁ é‘, R \‘\'\\\
\9'5& 1.&\\\\\\\\\\“&\&0\ ‘
% 12\\\\\\\\\ \ \\\\
% 047\ '

(a)
2 HEEFEEVESEGERKFELEY Kernel ZERZEET

KB T RTE 0.4, i T 1.5 BYHLIX % 5 18
3 AR AR SR K TR I
222 R FMHE A Kemel & E AT

TR UL A S RGBT P2 T B8R I e S
] IR RSE Y, 5 S FE <R SR A L D
SEORHRI . AR T 1B AS Kernel 2 BEAlTHRA
(7] 25 43 M 25 (AR RIS A DL, 25 I (] B2 1
BEN 4B A AR L DX ¢ AF v TR U A S R G R
I XA X ¢ + 3 4F Hh VR U A 7S R G R
KIS (B SCHROC R 5l A5, &3, X Bk
FRAHAR I X ¢ A T 1R vl AR S R KT, Y Bl
ARAHLIC ¢ + 3 AL AR S RGEOKT-, Z
WEOR X RMET Y BMER . A EE VR A A
RGBT G 2 I DO S, AHARIE HIX
[ 0 Y 2 285 R G A BRE K P A7 7 T 25 TR A DG
B R AP X 5 R A X A2 3R . RS 9 b X 5 81
R X A5, RS R 23 03 A 7EIE 45°% f &
. WEMORE, 163 4RI R AT, hEE

1o 14 l.;
1 %kﬂ%k&\ﬁ@@% falv A

1.0
0.6 0.8 .

(a)

161
141
1.21
1.01
0.8f
0.61

L+ 3 SRR A AR KT

04r

T 04 06 08 10 12 14 16
o AR A SRR
(b)

T AR S R G R ACOT AL 2 (7] B2 25 1T 1
AR E IR CWiRT M. M X /T o6, Ab
TARACE PR A S R G RR I, BER % B A
AT W FAm ey, P T Y Bl 0.9~1.3,
ULEHS 0.6 LAT XU 2 4= 745 2 Gt (R /K 7 AH 218 1 Hi
R i s 3 | O (S B O A TS - AL L N A R
A2 R GAR R IO HE T s AR QI DX A ¥ 7 1
WS R GRS T 1.2~1.4 B, R EARK
O FTELE 45X LRI, MR LA S R
G i FRE KT S R — e AR B A I 2 [ A OGP, A4
OB A . 978 I MEAEE R s, A
AURT AR m B IR I3, WD IRBE 5, 3k mT LA
Inas A, RO T T G PR, LA
T A S RGBT B ER R4 T . AR SR b
X AR A S R G RHK- RS 1.4 DL L, Ab
TR AR S RGERACT B, BEAR% B 320k
BASXT ALk T WA, XERE 5 KF A SR
Hb DA e KPR ST I AR S R G fad KT

1.61
14r

A SRR K
S = b

1+ 3 AEAR M X IR R I
o
N

=]
~
T

04 06 08 10 12 14 16

¢ AT AF IS 1l DX TR L A SRR K P
(b)

B3 hESFEVESRERRKEZERENE Kernel ZEREEETL



5 2 4] wr IR, AF AR A S R GRS S 85

Pl —ERE R, RS R XA, HE
PR AR S R SRR 2 — D i, R
AR ) T AR B

3 4% i

AR SCHEF L A S R SR HE bR
RZ&, %% 2008—2021 4FH FE U 11 448 . T A
¥ DA TR ol AR S R SR S 45 T R G R K
-, BB 525 6] Kernel 25 BE A7 8430 v [
VPRl AR S RGBT 43 A B A R
R ket PHRRY]: OFEMIFREHBIN,
A= 25 FR G g B KO BE S ] ) HE R 4 TR B
25 b DX VPR A SRR K B 45 25 S 5 A
¥, B GAEE IRk . S EERIZ 0 il
YORE, WA S RGN 0 2 T
el AR 25 R G KT B4 T o T FE TS R M B
T, W ARG R, ER i SR
Witz T RENE W BERRRAS MGG, SoEd
XUl A 45 R GRS R AL AN iE e kA T 4
B, PRAFEURE AR RGO PR 5T
A, DAL Shifgre il 4 25 2 Gt FE /K 7 i R 4
Tt @QAFIRZSE R FMT, WA L X
M A28 R GE A R AT B B B e 1k S Sk
FE 3 AR RLE BN AN ) R A IR AR By, Rl
ARG KT 52 L B X A GURAT 1Y T BE PR
AN, HAFE MK SRR K “fRARERIS” iyl
gt FIRSEBEREFMT, M SR
EBRGMEFK AR R R 4T
L.2~1.4 (G S5 R A7 G AH AR b X o] 47 7 #a ]
PE, AT 0.6 LT XEEHS 1.4 DL A R A9
XA 5 SRR AR X 2 A 25 T S F

DAL S50 0T I [ v AR vl A 745 R G fee
FEKRF BAEEWECR A~ 55—, HxhEgdE
Wl A= 35 R GERIE 1A R I 20 el AR 2 R G fik

FRACE ST IRIRL, [0 5 SRl A 7= el 1%
FREOR B i BE 2R VE byt Tl & SR o — 55
Flegdn e s (8], A B A0 e g ek 7 £l
K, DA BURE T 547 iRy, KA ek &
FIRPEEA B . FRFEM Sl . R 2
MPERCE, A EPRE NPT, $ETK" s
IRFGERCE, WEXME . 2R W BT
K IE BT R o SRR E MR AT A S R G
AR, SRR A A Wy BT I8 S A 2 A SR 4
SCRPUL ST 13RS A iR 55 Je 50%¢ . S Bt R AR K
MRS . TTSAMEATIEORIE ™, IR OG-
B, AMEZHHRES RGNS . 2, Bl
H: A5 R G RRKF R S THRAFAE T3 (B R 1] RUEE
A RE . TR R REER e R AR T
M4 Kernel % BEAli 1 K 23 M 55440 8138 Kernel %% B
TR ATAE R, i R A 25 R G K-
FEAELBIPEZE | SR AE M, SRS A R
EHIRFRICS G ENUEA b X v A S R G
{@ FERAS AR TS IISL, i 7K1l DX Sy
SNRE T2 . I AN [ M AR S el A 45
RGERSETH A RIS, M0 . 250
TR AR S R GG HUR T 2%, FTRCIA Y DX B
PERE TR sk & . el AR S R &
KT b DX 5 A b X R A%t 422, andbdis . AR
TERIRYIL T4 . ITAE A SRR 5 AR 1L R4S
ST IR IR TG T S VAL 5 T AR S IR
ABERE, FEA I L 22 0% e SR AN ML AN B i A
e R A 2, RS 28 RS S IR BT AT
GRIRT 20 Z Rl UM A I . T AR AR e
T RV T UL M K SR B A0S 3, AR Bl
PO . A, TR R AR RS 0 ] R
Jre R o DT 58 AT UM A 38 R GEfR KT 2 e
Mol aFh, Ak DX ) i v eIl 2F 25 R Gefd ek
A PRR SR TT



86 IS S5 A N ¢ 55 43 %

Sk

[1] BANNC, ALIDINA HM, ARDRON J A. Cumulative impact mapping: Advances-relevance and limitations to marine manage-
ment and conservation, using Canada’s Pacific waters as a case study[J]. Marine Policy, 2010, 34(5): 876-886.

[2] PIGGOTT JJ, TOWNSEND C R, MATTHAEI C D. Reconceptualizing synergism and antagonism among multiple stressors[]].
Ecology and evolution, 2015, 5(7): 1538-1547.

[3] NOGESP, ARGILLIER C, BORJA A, et al. Quantified biotic and abiotic responses to multiple stress in freshwater, marine and
ground waters|J]. Science of the Total Environment, 2016, 540: 43-52.

[4] RAPPORT D J. What constitutes ecosystem health?[J]. Perspectives in Biology and Medicine, 1989, 33(1): 120-132.

[5] COSTANZA R, NORTON B G, HASKELL B D. Ecosystem health: New goals for environmental management[M]. Washington D C:
Island Press, 1992.

[6]  JaM, BhbkAE, BRI, A% SHILRES bRl AR SRS AT ] BT, 2015, 34(2): 306-318.

(7] WRRWE, 2, XUARSY, 55 5T T I DA 25 SO FEEAN: DL s g 8 KRB BB A B s 2R~
2017, 36(10): 1270-1280.

(81 w2y, XUZL, [fifefit. /EASRGURMITA: BESHASIRPRIERE]. MRS A, 2001, 12(4): 627-629.

[9] KAINGE P, KIRKMAN S P, ESTEVAO V, et al. Fisheries yields, climate change, and ecosystem—based management of the
benguela current large marine ecosystem[J]. Environmental Development, 2020, 36: 100567.

[10]  FIMIE . SRS K i 17K sl IR SS A RAAE 5 Wl A A R G AEREIP A BRI 2L 00T (D). B3 BRI R, 2015.

[11] CASTRO-CADENAS M D, LOISEAU C, REIMER J M, et al. Tracking changes in social-ecological systems along environmental
disturbances with the ocean health index[J]. Science of the Total Environment, 2022, 841: 156423.

[12] DE JUANS, SUBIDA M D, GELCICH S, et al. Ecosystem health in coastal areas targeted by small-scale artisanal fisheries: In-
sights on monitoring and assessment[J]. Ecological Indicators, 2018, 88: 361-371.

[13] DE CARVALHO-SOUZA G F, TORRES M A, FARIAS C, et al. International politics must be considered together with climate
and fisheries regulation as a driver of marine ecosystems[J]. Global Environmental Change, 2021, 69: 102288.

[14] BIHEF, o HER, AF. H AL A AR FR S A BOR D2 W S BT AN ()] KRR, 2005, 12(6):
91-99.

[15] QUIROSTE A L, SUDO K, RAMILO RV, et al. Blue carbon ecosystem services through a vulnerability lens: Opportunities to
reduce social vulnerability in fishing communities[J]. Frontiers in Marine Science, 2021, 8(3): 671753.

[16] CASTRO-CADENAS M D, LOISEAU C, REIMER J M, et al. Tracking changes in social-ecological systems along environmental
disturbances with the ocean health index[]]. Science of The Total Environment, 2022, 841: 156423.

(17 2=, &, R, 55 bRl AR S RGeS T 2 AL S A 3R ()], A= 3824ik, 2019, 39(12): 4273-
4283.

[18] HERNANDEZ-BLANCO M, COSTANZA R, CHEN H, et al. Ecosystem health, ecosystem services, and the well-being of hu-
mans and the rest of nature[J]. Global Change Biology, 2022, 28(17): 5027-5040.

[19] RAPPORT D J, COSTANZA R, MCMICHAEL A ]J. Assessing ecosystem health[]]. Trends in Ecology & Evolution, 1998, 13
(10): 397-402.

(201 XUFFHE, SKIEFR, TRk, 25 BRI A5 AR Gt B 23 28 b B HOGH AR AR R ma Z (D). 2255l 2023, 43(7):
2594-2604.

[21] FRIEDMAN JH, STUETZLE W. Projection pursuit regression[J]. Journal of the American Statistical Association, 1981, 76(376):
817-823.

[22] ARFEHE, WHRPE, BB, 5. 5L THOY TR AR T M XAF A 20 R A4 ()], BB, 2013, 32(11):
2000-2008.

(23] FRUA%E, EHF, SR, SF. b b R i A A I s S K LB, MR, 2023, 78(4): 859-876.

[24]

ZEY, MRS, P EE XG2S 53R s AR[)] HiEE2EH, 2007, 62(10): 1051-1062.



5 2 4] wr IR, AF AR A S R GRS S 87

Health Assessment and Dynamic Evolution of Marine Fisheries Ecosystems in China

GAO Yuan, YU Miao
(School of Geography, Liaoning Normal University, Dalian 116029, China)

Abstract: This article constructs an evaluation index system based on the basic logic and scientific connotation of ecosystem health,
measures the health of marine fishery ecosystems and the levels of various element layers in 11 coastal provinces, cities, and autonomous
regions of China from 2008 to 2021, and analyzes the distribution dynamic evolution and long-term transfer trends of China’s marine fishery
ecosystem health level using traditional and spatial Kernel density estimation methods. The study found that: in terms of the dynamic
evolution characteristics, China’s marine fishery ecosystem health level over time to improve the effect of significant, the absolute
differences in the level of marine fishery ecosystem health of the various regions within the upward trend, and the polarisation phenomenon
there is a tendency to aggravate. From the distribution curve of Element layer, the decline of marine fishery ecosystem vitality constrains
the enhancement of marine fishery ecosystem health level; the change of marine fishery ecosystem resilience pulls the rising of marine
fishery ecosystem health level. In terms of long-term transfer trend, without considering spatial factors, the health level of marine fishery
ecosystems in coastal regions has strong stability and continuity, and it is less likely to achieve a leap in level within a three-year time span,
and there is a possibility of "club convergence" to low and high levels. Considering the spatial factors, the evolution trend of the health
level of China’s marine fisheries ecosystem under the spatial dynamic conditions shows the phenomenon of "fault". Convergence exists
between neighbouring areas at the critical level of 1.2-1.4 and the good level, while areas at the risk level of less than 0.6 and the good
level of more than 1.4 are less likely to be spatially correlated with neighbouring areas.

Key words: marine fisheries; ecosystem health; projective tracer models; Kernel density estimation



