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[i] 2k 1998—2016 4E , =3 [a] 5 [Fl oy 35°N ~45°N Fl
140°E ~ 179°E, Ge 3T W A 45 H W & )% (S
H i AR, 25 ) 23 BER O 10 x 10, KK
FEARAURRIR ¥ 45 £ (PDO ) SR T 58 [ 4R R R
PR M PR IS 3K 5 B 5T B I i (hup e/
research. jisao. washington. edu/pdo/PDO. latest ) ,
PR A0 A5 T R T UL (SST) FIMF 4R a Jii
W (Chl. a) , 3R JE T NOAA 11 Oceanwatch %G
(' http://oceanwaich. gov/erddap/
index. html) , 5} [B] 257 1998—2016 4 1—12 H , %5
)38 o R R A AE Y 2 AN s, 7 B0 35 16
SRR 1—5 J 5[ 20°N ~30°N (130°
E ~170°E"" 5 F M St SR i (1) g 7—11 7,
JEHE A 35°N ~50°N  150°F ~ 175°EM7) i ja] 43
PR A AW By 10 x 10 Pkt
B H iR A IE S 725 SST AIPEH4Chl. a.,
1.2 CPUE #rifEL

VLPR A il $57 5% 7 = 3R &= (catch per unit
effort, CPUE ) R RAE LM GT IR FJE . 1154 (.
REAi B 55 sk (CPUE) , A0

C
Yepup = E (1)

SR Vo 0 G008 58 0 B0 3 A
a) ; C HEHAE AR v/ as E VAR A

R SR 4 [8] U9 455 58U ( generalized linear
model, GLM ) Xf 44 X CPUE #E474r L. H1 T
CPUE 2 #1358 X 1~ (SST) | it 3% (] (o B (¥ b
OHIZEEE Lon ZHFE Lat) S5 220 , BT LK HAE
RS R, CPUE A i b A2 i, 25 B 4 (] FI 3
BiH 7%} CPUE 52 mil , LAFR#EAL IS % CPUE 1R
HFAGIR T RYIEIR
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AT AR
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IS, J5 228 W/ . 8 47 CPUE J¥51l) GM
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x1 SHWEFASREEEKR
Tab.1 Model types with multiple factor combinations

sk EEETS WSS ERETH O RESRY O KRRER
Model types T IR TR IR 2R R PR e P 2% O VA IS A
SGSST FGSST SGC FGC PDO

i 1 Model 1 P b3 ¥ P B3
% 2 Model 2 ¥ P P P
#i7 3 Model 3 P P X P
T 4 Model 4 X X PY P
17 5 Model 5 X% b3 Y P
i 6 Model 6 P P % P

T R Y T

Notes: ¥ indicates the factors included in the model.
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HXIRZE
Relative error/%
o ) =)
—
\m

S

6 8 10 12 14 16
B ] < B
Length of time/a
1 AEEHEHE CPUE F3) GM(1,1)
MR AT IR ZE
Fig.1 Relative error of GM (1,1) prediction model
of CPUE sequence with different time length

2.2 IRBXBESH

HR B K B BT 25 5 (£ 2) ok B, KF-
PR R 46 £ (PDO) 1Y 52 e 72 B2 85 K, HOIR
O ORI BE - B B K T 0 4 4 DA 1
Fie BEOCHR 1 P S (B HE PP, 25 BB 31 1 K )
/N HE P e PDO, B IR 37 F #5935 E IR R
(FGSST) , = Bp37 V- YoyifgF¢ i B2 (SGSST) , 7 by
Pt R a JlREWREE (SGC) , BB F- it
R a FIEIKRIE(FGC)

A FREE R X8 9% 15 = B2 52 e de K H Ay
AA, Hd 10 A1y FGSST #1 PDO .2 J SGSST .3
H SGC .8 H FGC 5 CPUE fy K 2SI B e K,
IEREEEIX S A 4 A PO AL P 26 fa 9 =F
JRE P A TR 1 OB PR

®2 ZFNEEFFFIIELHSF CPUE BFIHREXEKRY
Tab.2 Value of grey correlation indices between the environmental or climatic
factors subsequence and the CPUE sequence

o P TSy TS P T AT SOPIFAEAR
i T WEMIE  HAFRRKE PR JRRKE R

SGSST FGSST SGC FGC PDO

1 0.754 0.747 0.946

2 0.755 0.613 0.956

3 0.754 0.751 0.965

4 0.747 0.708 0.965

5 0.740 0.694 0.942

6 0.909

7 0.727 0.651 0.559

8 0.767 0.694 0.837

9 0.732 0.620 0.964

10 0.79%4 0.677 0.968

11 0.786 0.643 0.917

12 0. 898

SE-X{H Average value 0.750 0.761 0.703 0.657 0.902
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2.3 WMEBIM LR SiEE

MBS RIS IR 22 P HIME (K 3,4) K, GM
(O, N) BERIFIAR 3 F GM (1, N) R, A
2006 AFHERIBUE G 45 R (3£ 3,4) KA, g2
GM(0,N) B iR GM(1,N) B R B 4 ) i

THE Gz vy T AR Y R XTR 22 050 0 1. 18%
H1.20% o HF GM(0,N) BRI A AR UL 45
RIEEANZEANK, HALRY 4 Bk 25 R /N T H AR
R P LR B A SGC HF B 4 /R L
IRV 5 # BE  JEE TOU 114 e AR Y

®3 ALLXFFREFFEFE GM(0,N) UREHHEIHRE

Tab.3 The relative error of Ommastrephes bartramii abundance calculated by GM (0,N) model %
Ay A 1 A 2 A 3 Y 4 LAY 5 1A 6
Year Modell Model2 Model3 Model4 Model5 Model6
1999 3.89 3.78 3.93 3.74 3.16 8.39
2000 5.39 5.22 5.31 3.37 7.69 5.73
2001 0.38 0.01 0.25 3.24 3.42 8.85
2002 3.90 3.64 5.02 8.76 2.07 0.72
2003 0.95 0.76 2.97 3.21 2.75 8.46
2004 1.66 3.39 0.05 2.29 1.29 2.85
2005 1.37 1.78 1.01 2.49 1.09 0.18
Mﬁjé:&?{?iﬁiﬁf error 2.51 2.65 2.65 3.87 3.07 5.26
IHIE (2006 4 ) Validation 9.00 7.89 9.23 1.18 18.80 7.02

x4 FEILXFFFREFRFE GM(1,N) BAUEREHEIRE

Tab.4 The relative error of Ommastrephes bartramii abundance calculated by GM (1,N) model %

G0 A 1 A 2 FiAL 3 Al 4 FiAL 'S FiR 6
Year Modell Model2 Model3 Model4 Model5 Model6
1999 19.34 16. 14 19. 10 10.32 28.23 0.37
2000 4.09 0.83 4.14 2.70 4.11 18.15
2001 5.51 3.81 5.65 3.35 10.71 0.78
2002 11.14 12.91 11.01 14.40 14.13 62.42
2003 9.08 7.10 9.45 8.80 10.07 9.02
2004 0.16 4.46 0.70 0.97 4.15 3.89
2005 0.07 4.81 0.44 4.53 4.16 33.22

Meanﬁjlt?frﬁjg% error 7.06 7.15 7.21 6.44 10.79 18.27

BIE (2006 4F ) Validation 28.39 16.42 28.46 1.20 45.79 138.54

3 s ARSI G, H Ve (R AHAL” 1 AR A 230t i 3

AT KO RGBS R 1%, LA B A AL
YIS -5 AR R AR D HE A, 3 AL AP
FAGEIE RS T B2 T B4R
MR ST S BT A 45 2R (2 ~4) 1]
LA e P IR 58 R O B 2R A R (56
PREGR A E—F Joig GM (0, N) B RLif 2
GM(1,N) 7, HAR 6 (A% PDO) RYAINS iR
FERIIER T8 I 7 AR 1 A A7
XL PR AR AU PR Ik 7 16 2 PDO JE 2 ML K
THFRAFEFEENEENTFZ— RN
W, PDO 10 L 10 45 Ja 3 RUBE AR AL 1) R 1

http: //www. shhydxxb. com

B =R . PDO BRI I, S R 55 A F 5%
fi A K EGE , BRI T, AR PDO ¥
B % R IR e, T L, AR F 95 B0 SR Y
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PRULIC Ry
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FH 7= B0 37 R A 3 1) SST I S 00 52 £ 1) %
AL 70 L BR SGSST &5 FGSST [l 2 5
R 3 AR P TR A T AL 1 R R X
%, W] SST X2 0 BTN TR AR A BOR . 7™
U137 5 S HF-45 Chl. a XH4E CPUE A5 IR %
N XS EEEP PR AR . REH SGC
AR 4 AN AEL 5 RCR i, TOUIIORG J3E R K 4
Th PR B : (1) fEBCA VA T R fa ) HAR
iz AR A RTER T, 457 00 35 7 IE 5 nl fEA7 1
WP AVEER Chl. a SFI9MH, X 2554 Chl. a 1
SO 5 (2) AT RE S T2 B SRR O DL 0 A7 5 o
HATRSE 2 Ay I 3R X 7o A P U 1L T
FaREF N FIESMEREY, &6 F aff g
K, AT o B R b e R

KRG SR VFREA > AT 28R
AP, (HNZE R (P 1) AT DU Y REAS A 14
S € ME G, FEAS D Fad 2 A5
Wi B2 TN A R ARG BE o 3 8, AN TR B il GM
BB SR A — e 2 5, 45 R R GM(O,
N) BERIFUIAICR H GM (1, N) BB 2245 (5] 2)
{EE AN HA EE 1, % T AR AR CPUE 751
(PR B 2 T REAEAE AT 2 0 LA
HIUEMFE A (& 3) K F , CPUE 1221k e Jk
A b — 2, I HAE TR T A 400 (52 A 1 R A
INANBIMBEE R S HOR B, RIERE - a
-L71(3RS) Wl A2 rf K 30 4 A T Y 2% 1
(—a<0.3)"% o bR (o 500 A5 50 i 25 I ) A2
S, O BE AR 11 1o A2, A5 TR o
— AR AT B0, AR TIUIRE JEE Bh, (H X
TRAE S K BT 20— BT, 7545
AOBIEFE PRI IE A% P B, i A B 8% 2 1) 12
1E, DL e A R pR 5 TR A A o

s GM (0, N) #58Y GM (0, N) model
==GM(1, N)BEA! GM(1, N)model
—GM(I, l)ﬁﬂ GM(l, l)model
---- SEHEXTIRZE Mean value of relative error

M1 M2 M3 M4 M5 M6 M1 M2 M3 M4 M5 M6 MO
HEAIZRA] Model types

M2
Relative error/%
=

MO /R JFHAHERL, RIS INER 3G I 7 /9 GM (1, 1) R M1 ~
M6 7 GM(1,N) Hl GM(0,N) AL 1 ~ BEAL 6,
MO represents the original model (the GM (1, 1) model without
environmental factors). M1 — M6 represents themodel 1 ~ model
6 by GM (1, N) and GM (0, N) models.
2 AEMEBHNERE A
HRIRR B AR E
Fig.2 Mean relative errors of all model types

for different order prediction models

——H %{fiActual value
2.80 ol A1H Fitted value
2.60
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2.20
2.00
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WUEERE CPUE/ [t/ 48]
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E4y Year

B3 GtXFFFERFEFERATED
[GM(0,N) =R 4] IS ESEXEMILER
Fig.3 Comparison of the real CPUE and predict
CPUE sequence based on Ommastrephes bartrami
forecasting model[ GM (0,N) model 4 ]

*5 GM(0,N) &R 4 BFHSHE
Tab.5 The parameters of GM (0, N) forecasting model 4

a SGSST

FGSST FGC PDO

Z$0{H Parameters 1.71 0.05

0.30 -51.13 -0.19

SE R
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Prediction of abundance index of Ommastrephes bartramii in the North
Pacific Ocean based on different order grey system models

XIE Mingyang', CHEN Xinjun'?**?

(1. College of Marine Sciences , Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries
Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 3. National Engineering Research Center for
Oceanic Fisheries, Shanghat 201306, China; 4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Minisiry of Education, Shanghat 201306, China; 5. Scientific Observing and Experimental Station of Oceanic Fishery
Resources, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract; Ommastrephes bartramii is a kind of short-lived species which is one of the economic cephalopods
in the Northwest Pacific. Optimizing the resource abundance prediction model can provide a scientific and
effective basis for fishery production. This study used the fishing data of neon flying squid from 1998 to 2016.
Firstly, GM (1,1) models are established for resource abundance ( CPUE) sequences of different time
lengths. The CPUE sequence with the smallest relative error and variance is selected to perform grey
correlation analysis with the environment and climate factors of the spawning and fattening grounds, including
Pacific Decadal Oscillation Index (PDO), average sea surface temperature at spawning ground ( SGSST) ,
average sea surface temperature at fattening grounds ( FGSST) , average chlorophyll concentration at spawning
eround( SGC) , average chlorophyll concentration at fattening ground ( FGC) to evaluate the importance of
environmental factors. And based on the results, we established 6 grey prediction models of different orders
[GM (0, N) model and GM (1, N) model ]. Finally, we selected the model with relatively small fitting
errors and prediction errors as the best model to predict the abundance of neon flying squid resources. The
results show that the average relative error of the GM (1,1) model of the 8-year CPUE sequence is the
smallest (6.28% ). The prediction accuracy of the GM (0, N) models is generally higher than that of the
GM (1, N) models. The GM (0,5) model 4 which included SGSST in February, FGSST in October, FGC
in August, and PDO in October have the best model effects. Its relative error of fitting is 3. 87% , and the
relative error of prediction is 1. 18% . Therefore, we suggested that this model can be used to forecast the
resource abundance of neon flying squid .

Key words: Ommastrephes bartramii; resource abundance; timing selection; GM model
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