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1 M55k

1.1 HiEskiR

A7 G T B SR &R I TA] Oy 1995—2001 4
7—11 A AENiE R 35°N ~45°N,145°E ~ 165°
E, Az PR GE s A 45 4 4 Ay ARl EoRn 7
o TR VE R BT RO £ 45 1 R I JE (Sea Surface
Temperature , SST') F1IE 3 1 & B FE V- ( Sea surface
Height Anomaly, SSHA) , 5 [R] 43 #E %0 A iy, =5
[ B A 1° x 1°, o SST %4 ok
FE B FE K2 Ml (http://apdre. soest. hawaii.
edu/data/data. php ); SSHA Z(#E kI T £ H
NOAA Ocean-Watch %{#& £ ( http ://oceanwatch.
pifsc. noaa. gov/las/servlets/dataset ) ,

1.2 HiEALE
L2.1 ARl gak 2

PR TE 1° x 1° 125 [8] 43 H 308 VR Ml v 4ok
VAWSE i R R L (BN AV Y ST SN g A
BN XAV R EL (V) o 253 AR R EUE R Y
[EP g (RRV S CINYNIEE & N (A3 iR
TE TSI RETE /ML BT o b BB R B
S I e B T REVE RS L AR
L

V% i, gomy = Vi g m” Vi (1)
KA V% i ;0 Fom 1 BFE AW m AR
DBGE AR BB E o e V0 B i
2% j AU m AAEIREG Y, R m H
AU X AL B R
1.2.2 CPUE &

CPUE ( Catch per Unit Effort) Sy Bafifi$; %% )
RRfa L, T AR O ta 26 R IR R B A SR AR T
7 GE 1A% i X AR o, 430 X -2 CPUE it
BT

CPUEG ;) =€y Vi jom) (2)
K :CPUE, |, IR i B j £h e X m H -3
CPUE;C; ; ., BN i B j LBEHAIX m F sk
1.2.3 W4 R HAL B

125 7 T ) At 45 2R V9 A CPUE 320 1
2.3 AR, A ERRN I IS S E +
P22 L BRI 3 95 I - ARUEZE LIRSl
V9 8 Z M EUE N 2 e BT A 0 # ]
DPS 7.05 % 4b B R ZEFl Excel 2007 B {47
ittt

1.3 WA *

N LA 28 ) % 2 — A4 K i o 2 ) g
L —FPE B R G, A SR Y BP
(Back Propagation ) {1 5 J 2% , R 33 ] 1% 4% 2% 2 55
P, AR  ROEUZ A 2 A F S EA
SefEih B IREZ M 40, Zad M & oo lE H R
)5, PSS SRk 22 W&o, /B
SR, Az DPS i b B R Gk T BP
P22 N 4 a7 AR TS, R 1995 - 2001 4E45 40
HEAT IR Sk, o A2 1 h 45 B 3R
T BE (SST) Fiig~F-Ti /= B2 - (SSHA ) | it J2
T4 V% F CPUE ; 3§ X5 Y| 2Rl 1) BP ift 28 ) 2% 45
RUFF 2002 4F 52 £ i 37 50008 64T PR S ik .
R T A Bl A i Bl 2 P 8 AR AR S
VR T 4 Py AT AL

(1) % A ¥l 22 £ B (SST  SSHA , i t A
TH V9% W55 9%, i 4-3-1 F1 4-2-1 BiFp BP i
e IS R

(2) % AR ¥ Ry 22 £ i (SST SSHA , i i Al
8 CPUE Wy55 9, 41k 4-3-1 F1 4-2-1 B Fp BP
F 2 ) LB AR

2 4k

2.1 HEGSEFEREEFHXR

UNCRE PR E R UCIEN: Shie s = 4= i I
MR 25.94% 11 25.89% 510 A BYF= K,
R 22.91% 511 AR, B A
19.49% 57 H =it o5 S 5. 78% .

MAFH) CPUE(E 2) k%, 11 A H ¥ CPUE
B i85 2.70 V39 HkZ, N 2.34 V38 A
F10 AAHZEESN, 40 W2 2. 170V R 2.190/V,7
HAY) CPUE ffif, 0 1.23 v/ (3:V R4 A
HIFELIRE)
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Fig.1 Distribution of monthly production
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Fig.2 Distribution of monthly CPUE
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Monthly Catch per Unit

LHT TN, 25 ] I PR 1 3
EES AR (R 1 ~3) I HIET AR AR
HE =i P55 1R CPUE) Al — 358 [H 71
TR B AT B 22 S (ELEUARIE BT 2 — X
Mo ZraR 1 ~3 Al LIfHA, 45 H sy SST jd H.
{HYEFE R 10 ~20 °C ,SSHA & HAE L F N - 20 ~
50 em,

*x1 ETFEgNEAREEFEREREE
Tab.1 The suitable range of monthly environment

factors on the basis of catch

i W/ C P R om
Month SST SSHA

7 H July 12.5~21.9 ~3.8~40.8

8 A August 15.2~23.9 -10.5~28.7

9 H September 13.8 ~21.6 -19.9~27.6

10 H October 11.2~18.2 -11.7 ~32.2

11 H November 9.5~18.2 -0.9~54.8

®2 ETCPUEHEANERFERETLCE
Tab.2 The suitable range of monthly environment
factors on the basis of CPUE

Aty WA/ T W T om
Month SST SSHA

7 A July 10.6 ~22.7 -11.5~40.8

8 H August 11.7 ~26.5 -23.6~47.9

9 H September 13.8 ~24.4 -23.9~38.9

10 H October 10. 8 ~21.9 -20.3~37.0

11 H November 6.3~22.2 -19.5~62.9

®3 ETHEZSHENSANEEFEEEEE
Tab.3 The suitable range of monthly environment
factors on the basis of fishing effort

it WL/ C WV BT em
Month SST SSHA

7 H July 12.4 ~21.9 -3.8~57.5

8 H August 13.0~23.9 -23.6 ~47.9

9 H September 14.3 ~21.6 -19.9~27.9

10 A October 10.8 ~21.5 -15.3~32.2

11 H November 7.6~22.2 -14.0~63.4

2.2 BRAREMMEEILE

i FURE B i [ 45 AR AEL A H Y R 22
Wit U TR , 0045 B 2 fi /DN 19 A e DG T A
o P, NFe4 A7 A e op B2 i i V%
(4 4-3-1 #4108 H e (LA Y 2 fai 1 V9% 4-3-1 A%
B9 A F AR R Ay CPUE fy 4-3-1 #2781 (10
HE T 2 i i CPUE fy 4-3-1 807 (11 H i
DT E R i CPUE [y 4-3-1 B (% 4) . (HAE
KL, 2 AP (E R AR it V% 1) 4-3-1 #
BRI -3 {EN 0. 104 732,

®4 7-11 A BP HERMKERINEKRE
Tab.4 The fitting residual of BP neural network from July to November

BP 1 22 [ £ A5 70 TH 8 J 10 A 11 A SEHIE
BP neural network July August September October November Average
i Vo4-3-1 0.076 266 * 0.088 616 * 0.134 426 0.125 823 0.098 531 0.104 732"
i V%421 0.082 299 0.112 942 0.143 585 0.141 719 0.098 245 0.115 758
i CPUE4-3-1 0.100 981 0.096 812 0.134 078 * 0.120 995 * 0.096 173 * 0.109 808
it CPUE4-2-1 0.101 427 0.096 692 0. 140 057 0.123 316 0.096 967 0.111 692

T+ FR BT e/ DY ILE AR 22
Note:; * means the minimum fitting residual in prediction model
Jioh, R LA LIE 7R 4-3-1 Bl 7 8
FA5 V9o A ki Hh I TS R 22 B 5 B85
9.10.11 A iy CPUE 1% fi th [N 7 45 5% 22 52
N NGB (E42-1 BRI T A Ay V9 1R
o A SR BN, A RO B4F 58 .9 .10
11 A {5y CPUE fka th N FA AR 22 80,
HORBT
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2.3 FEREZABWARFZMEELE
FE4-3-1 A (R 5) Han i 1o Vo 11
DU T H RSB 52 Wi R fe K, SST A2 e
JEfe/IN 58 A e 48 B i 5 Wi R JEE B R, SSHA 5%
WA FERE /N9 HSST BIRZ IR B e K, 22 F 32
MR /)N 5 10 A 43 B 1 2 iR E B K, SSHA (1)
MR L fe /s 11 H 25 B2 RSS2 IR R JEE i K, SSHA
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FAIRESE S 2\

4-3-1 Rl (3 6) i th 12 CPUE 9%

UR T A
/N8 H SST

Wi 2 J3E fe K, SST B 52 Wi e JEE

M e R e K, 20 J8E 1) 52 ) A JBE

fe/Phs9 H O SSHA HYSEIRFEJE e K, 20 B 14 52 i e
JER/N ;10 A S A R2 iR L Bk, SSHA HYSZ M
FEEEfe /s 11 H R LY

Wi 2 JEE /N

RS HWHAVEH 431 BEE 1 BREERT RNEERK

R e K, IR

Tab.5 Matrix of each node of the first hidden layer of 4-3-1 model output V%

A1y 51 B )EAS ACE R

Month Matrix of each node of the first hidden layer
2% longitude -0.2237 -4.514 6 -7.030 5
7H i latitude * -9.3799 4.402°5 -0.727 1
July sst# 1.130 9 -1.276 2 -2.357 1
SSHA 1.910 2 -6.249 4 4.370 3
2% longitude * 15.618 0 -16.117 4 -1.780 8
8 H 2 latitude -11.012 5 5.4117 -2.797 1
August SST 0.743 4 5.167 7 7.020 3
SSHA* 1.494 5 -3.3029 5.6330
2213 longitude” -5.196 3 2.714 4 2.299 5
9 H i latitude 3.608 7 2.299 3 -5.374 0
September SST * -9.333 1 -8.5124 -2.136 7
SSHA -4.0757 4.078 3 2.353 4
2 JiF longitude -6.694 8 -1.5975 0.418 8
10 A i latitude * 11.037 7 2.696 5 -2.565 1
October SST -3.065 3 -2.204 1.3615
SSHA* -0.73717 4.4247 0.3573
25 i longitude -1.3234 -7.2582 3.6180
11 A A latitude * -12.366 1 1.099 8 2.428 1
November SST 5.1059 -0.499 0 -5.8235
SSHA* 4.5356 0.987 2 -4.251 8

e+ FREIFEE RO T, #3R 52 FE B /M R 7, 3% 6-8 TRl
Note: * means the maximum influence level factor, # means the minimum influence level factor, the same in Tab. 6-8
*6 %A CPUE f94-3-1 ERE 1 REEET RINEERK
Tab.6 Matrix of each node of the first hidden layer of 4-3-1 model output CPUE
S0 U B J2 4 AR

Month Matrix of each node of the first hidden layer
25 i longitude 1.2813 0.290 2 -3.003 2
7 H i i latitude * -4.7859 -3.141 8 0.4105
July SsT* -0.2972 -0.135 1 -1.3873
SSHA 0.206 8 -0.612 4 -1.0911
2% longitude 4.5225 2.040 4 2.9154
8 H £ A5 latitude® 0.106 2 0.807 8 6.3412
August SST* -3.702 0 -3.8355 -6.5392
SSHA -1.980 5 -1.470 6 -6.106 2
2% longitude -3.428 4 -2.98417 -3.2792
9 H 25 latitude® -1.8585 0.505 8 0.858 1
September SST -1.2156 -2.5719 0.470 6
SSHA * 4.6558 -2.1254 1.476 9
22 JiF longitude -2.1522 0.298 4 -6.274 1
10 A i latitude * 2.0830 -3.747 8 0.687 5
October SST -4.632 8 -0.564 8 -4.598 4
SSHA* -2.402 6 1.2657 1.1913
22 JiF longitude® -0.7057 -2.1051 1.701 3
11 A A latitude * -2.44217 -3.8389 -6.7827
November SST 1.022 5 -3.424 1 3.782 4
SSHA 3.108 3 4.546 6 1.038 5
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4-2-1 BRI (R T) T V9% 1 DL
N7 AR R R, SST 52 M A% 4
/N8 AR REE e K, SST (1452 1 72 JEE 4
/N9 H LR MR Bk, SST 9 52 M 7% 2 4
/N5 10 7 23 5 19 52 0 A 1 fie K, SST (14 52 i A JiE
I/ 11 A AR R RE L ok, SSHA. {52 1 e
/N

®T WA Ve 4-2-1 K2
F1REERT RINEER
Tab.7 Matrix of each node of the first hidden
layer of 4-2-1 model output V%

Ay 55 1 B )2 45 ACGE R R

Month Matrix of each node of the first hidden layer
251 longitude -3.2257 2.3293
7H 25 JiF latitude * 5.744 6 -11.270 7
July SsT* -3.901 3 -0.1232
SSHA -8.178 2 2.040 0
2% longitude * 3.488 2 -6.0156
8 A 4 latitude -6.0520 2.681 4
August SST* -0.0116 -3.0717
SSHA -0.301 8 -6.460 7
2 J longitude * 8.162 7 1.895 1
9 H i latitude -5.901 7 -4.6939
September SST* 0.1117 -0.649 3
SSHA 7.746 0 0.991 9
25 % longitude -2.456 8 6.672 4
10 A 25 latitude * 6.202 1 -11.7455
October sst# 2.870 6 0.584 6
SSHA -0.4854 4.760 7
2% longitude 5.642 0 7.512 8
11 A Zi % latitude * 14.206 5 2.870 1
November SST -7.783 2 -2.068 1
SSHA* -6.020 4 -2.5212

4-2-1 BRI (K 8) i it 72 CPUE 9%
DT, T H AR R REJE e K, SST (14 52 i i JiE
fe/lh;8 A SST HYFZMAREE e K, 28 B2 1 52 i R JEE
F/I;9 A SSHA HYSZNARERE A K, 28 B A2

JE /N ;10 H O SST [y B2 A2 B2 5k, 45 B Y S
FERE S/ 11 H 26 B2 R I R d ok, B2 BE 3%
WA FEJE fre /N, TRILEE 8

x8 A CPUE iy 4-2-1 &
F1REERST RINEER
Tab.8 Matrix of each node of the first hidden
layer of 4-2-1 model output CPUE

At 51 B 225 mAE R

Month Matrix of each node of the first hidden layer
21 longitude -1.664 1 1.582 7
7H 43 latitude * -0.564 4 -4.854
July SST# 0.031 6 -0.499 5
SSHA -1.043 5 0.1452
Z2J3F longitude® 2.7872 2.298 2
8 H ZB ] latitude 6.598 5 0.8025
August SST* -6.798 0 -4.294
SSHA -5.987 5 -1.2875
223 longitude® 0.4219 0.947 8
9 A 2B latitude 3.062 7 -0.5362
September SST 0.177 4 -1.462 3
SSHA * -3.8538 -5.1552
2% longitude -2.050 2 —-4.404 9
10 H ZH B latitude® 1.611 8 0.4519
October SST* -4.3118 -4.9271
SSHA 0.587 8 1.765 9
ZERE longitude“ 1.227 3 -1.747 6
1A i latitude * -7.805 4 -2.7314
November SST 3.0223 -2.7545
SSHA 2.4253 4.421

3 Wik

3.1 HEAFHRERE

STLPO M0 &7 /P i i 3 R N GOk i s SR
NIRRT T BP 222 [0 245 7512 BT L 9 4%
JEA—FERY, ASCHITFE R H AAE T FHAS ) ) g 1
PR LA A ] A T 75 31 e 10 4 s 37 1 41 A6 7
(£9) I BRI Ay ) R 5~ ) A 22 5

®9 JARMBMRE

Tab.9 Optimal forecasting model of each month

A 7H 9H 10 A 11 4
Month July August September October November

T AR A Y i Vo Kty V% fi ity CPUE ity CPUE ity CPUE
Optimal forecasting model 4-3-1 B 4-3-1 FiAl 4-3-1 FiRY 4-3-1 FiA 4-3-1 Fim

9 1350 ,4-3-1 BERIAE S 4> H A TR T #R
DT 4-2-1 KA (B AN [R) A 43 14 doe {0 P4 A 7R
o L R AN TR 7.8 ) S O TR AR L Ay i e

http: //www. shhydxxb. com

V% 1) 4-3-1 #7159 10 11 7 d5e L B A5 54 Ay i
i CPUE 1y 4-3-1 BiR1. [H ik, AR H 4 id 5 10
M2 P 28 BRI AN [R] 1), 25 S A B3R 58 R 9 52



334 BLOHE, A5 DAL RS £ BP e [0 26 3 7 TS B LRI 5 455

M 2 AL A AN ] o
3.2 [ BP #HEMEER R L

SCHSRALT - 11 A el 4 Bl e Ep e 145
AT, 73 B JE SST SSHA M4 @ik

BP 22 W25 73 At B A5 SR Al i, AN [R) A 0345 R
B 1t V9o Al CPUE B 52 10 72 B2 & AN [ 19
A 2002 457 - 11 H 4 g 3035 1 Kot xt
4 PRLRLGELT B 0 E , 45 R UL 10,

Fz 10 2002 F£& A 4 FRBITHNHR
Tab.10 Prediction effect of four models in 2002

b H 1} Month
Forec;sting ?nzodel H 8 A 104 1A FHE
July August September October November Average
4-3-1 V% 88.00% * 75.00% * 32.43% 56.67% 70. 00% 64.42%
4-2-1 V% 80.00% 71.88% 45.95% 51.67% 70.00% 63.90%
4-3-1 CPUE 64.00% 59.38% 62.16% * 81.67% * 100.00% * 73.44% *
4-2-1 CPUE 76.00% 59.38% 59.46% 55.00% 90.00% 67.97%

VE: " For s ) BECR
Note: * means the optimal forecasting model for each month

i 10 7] 61,2002 4 7 .8 H 43 F i) 4% 2R 5
SR oA Vo 1 4-3-1 #5811 9 — 11 H 43 1
I35 SR b B ol CPUE [ 4-3-1 A6 L
TR RS AR R TE 75% LA b, 9F B g R 5 3.1
RIS 925 H 0 e D TR 78 A 25 SR AR ), 2
—EIE T 3.1 R AR AR B R A 4 IR AR
RUTRIN SR 0 7 Y fE b, i i O CPUE |y 4-3-1
R -2 o v o 73. 44% TRt i R R
CPUE 1 4-3-1 4514 1) BP fif 28 X 8 4508 S ph ALK
SV S Y T TR ) B AR

RS ~8 Al A1, M th K0 Voo B 0L T,
4-3-1 LAY H 2] BE ()5 e B B A A ] AR
#,SSHA W2 AR BE R/ 5 T 4-2-1 f AU rh | 2245
FEXT 37 10 5 e B B A Ry W i, SST X 337
AL/ N o B RSk V9% B P RS R ]
DAE 4 B X T BAA B 35 1 52, 26
JE RS2 e e 37 1 SRR B . b
i CPUE BYfEHLT ,4-3-1 BB h 45 FE X 45 H 157
M R 5E MY 5 78 4-2-1 FE A v SST A1 43 i %) 45 F
HA BN W R R, I 5 SST 2K 4 H v 76
VI A6 T, R, fE S o CPUE 9 Fh
BRI AT DUE M, 26 B0 250 e 37 B Ry S 3 1Y B
BEA T 7E 4-3-1 F14-2-1 BIRh &4, % H 43591
K V% I CPUE [RIRSEHR Hh 25 B ATh J2 2 5 M 2 i
J B ENIREER T LR as Rl g
Fe ik ol V9 F CPUE |y 4 RS8R, BT L4550
S R R () B LA R -, SST 2L 26

FE A, BRI SST 76 FAR Bt 2 52 2 12 fry B
i, 2B R SRR E

Wi T s 43 A 2 ) 4%
XFAC AP 22 0 S 7R B R V-3 25 52 £ ( Dosidicus
gigas ) WAL AR TN HEA T 3% 10 T, Ak i
T 4 A1 ) U PR R 0 DA S v
SV T 25 B P 25 /F iy AR T, CPUE {1 i
P A T b I R TR R AT L e, AN B SE
Yt LT 180 2 CPUE 1 V9 WA, B G T 1A
FC A3 IR i s PRI Yo Y AT A R F 5

Fe iR PEEI RN 2, b g
Sy SRR A A T A ST Y PEER
DRI 14785 1 2 A0 R 536 W il 8 D42 v 4345 14
DX, SECH O R R RS . PRI AR
PR TR A T R 3 R AT Y TR, T
Y17 TR U0 0 T o 16 P B 05 PR A 0 ) A T
5%, WA SR T SV B R T 2 i o
Z2, A RE P W00 1) 64 B 55 55090 v 0 114 % ¥ 37 2
A 37 AT AR A Uil A 77 op 2t W DL AR
B AE PR . BP P N4 2 HRTE
TR BRI 7 3, B TR T 2 on4e i Fii
BB AR B R R AT L LR
WERIXT S AT TR . (H il T P B
At , LT R SRR A ¥ 2 B 3 M o
ST 0 2 A i 3 TR Sk — 25 T T
FEHIAE S5, LASE I 52 B 3 25 W 10 0 40 0 4 ¥
5.
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Comparative study on the forecasting models of squid fishing ground in the
northwest Pacific Ocean based on BP artificial neural network

WEI Lian', CHEN Xinjun'*?**, LEI Lin"***, WANG Jintao'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries
Exploration, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 3. National Engineering Research
Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; 4. Key Loboratory of Sustainble Exploition
of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Squid is one of the important economic species in the northwestern Pacific. Using Catch per Unit
Effort and V% as the target of central fishing ground and adopting BP artificial neural network, we forecast
fishing ground in the northwest Pacific Ocean. The study was based on the data of squid fishing and relevant
marine environment factors, including longitude, latitude, SST and SSHA from July to November from 1995 to
2001. The input factor is marine environment factor, the output factors are CPUE and V% and 4-3-1 and 4-2-
1 model total 4 kinds models were used to compare which is the best suitable model for fishery forecast. The
minimum fitting residual of model is the best one. Result shows that 4-3-1 is the best suitable model for each
month, but the best suitable model for July and August is 4-3-1 with output V% and best suitable model for
September, October and November is 4-3-1 with output CPUE, the minimum overall average error is 4-3-1
model output V% . Research suggests that there are differences as a center of fishery forecast targets by CPUE
and V% , and the 4-3-1 model output V% can be used as forecasting model of squid fishing ground.

Key words; northwest Pacific Ocean; squid; forecasting fishing ground ; BP artificial neural network ; CPUE;
fishing effort
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