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MR R GLM Ay CPUE #5
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H T B AR R B A B BR s B AE , BRI T GLM AR RYSE B 35 72 3F KA : CPUE trifEfl; BIAMAR
LR R TS W AEAFTERARAFT , EERERIXT CPUE BfR LR B GLM R
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HRLE A, R, 2Rl SRR PRAG R,
Zxt CPUE #474r#EAL, T CPUE HIARAE(L L2
Wb R UR VR BB R TR A A
S TR PG A5 R

— % 2% 1 #5 AU ( generalized linear model,
GLM) £ Y4 /i [ Ffr . CPUE #x 1k i 3£ A
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1.1 #3E
1.1 7R CEDMg G f KT 6 FE W ik s

1998 % 2010 43R F %k | B i 65 A AT L W
WL EIE R B EgEE KPR, Z
WESEBB(EA) LA R AR AELAL
B (B3P R 0.5° x0.5°) HH5 MK /85
FERAETEY MRS AT B Ml AR R
25 (8] 3 A SRR = BRI X 4308 3 M FIX
B:32°N DILARA 1 X, KILH &AL 2
X, ARG SR 3 K, A St
1 X5 3 R EIEH T, Wl R4
X CPUE(Nominal CPUE) F=(1) 5.,

H m,c
e =Ni—m (1)

Ky N m A ;e LA FI 45 ; H N4
Birog (F6) , —%60 20 keg; N RHHiMIK; 0
% Y CPUE,
1.1.2 HRHEE

1998 % 2010 4F & 8 ¢ 5 & 22 1k B 4F 3L
(V) AR (M) Fefalb 22 w8800 (C) Wk
1, 45 L CPUE 7] |y F X5

0, .= BxIyxY) xM, xC, xe (2)
K B NBEYLEL; I, 9°F 44 CPUE, BN H G E
FTHiiA% X CPUE 5H 5 CPUE Z [H X R

B e WMELRET, 2 E N 1.0 B, W4 L
CPUE 5H3L CPUE ZRIFFAELRER R, HE R
7 1.0 B, |44 X CPUE 5H.5% CPUE 2 [a] ) 5%
REBLKMER S . WSCEVE,E MBUETEE 7]
MO.5 ZF 1. 54020 Kk E RM[0.7, 1.3]
WES3 6. e R N(0,0°) MIERS i, o (8
FAXTEEK (0.4 ~0.5 ) A o fBBEHNO. 25, H
F 1998 2 2010 4F {78 L B 65 £ KT % B I il
#) CPUE B L H 4% R 0, HHAH 2% 1)
CPUE KFHF-#{H 8 £5 LA Lsi/h FH - ¥{E
20 fE A L, 33X S B4 53 7] BB b 579 fE (outlier) o
RHAERLI B 3G S AE L B A B 1% mHE
RAEXE][7. 4, 12.2] 5K [E[0.02, 0.05] H1FE
HUEUE , 94 % FIMEZE N 1. 0,4% MIREREL O, itk
FIXFE A, A X R BEHL T E 5 B 433 % F
LOMIEN . &5 EArR, A UL DL T B A B O,
Ys 1:E 5B 5% F 1.0, i 2:E /RN
(0.7, L3]SI 540, B il 1% MR
XE[7.4, 12.2] 5K [@][0.02, 0.05 ] # pEHLE
1H,94% IR 1.0,4% HIHEZR 0,

PRI, AR S s v B8R 9 4 7 iR
18R (2) X E 5 B WA, AT A RS ek %R
AH A BE SRS R R 51 o X LRI RME I, &
R 2 000 K, 4370774 2 000 RS H T4
Bro

x1 & /. RAMEEE
Tab.1 The data of year effect, month effect and company effect used in simulation

RO AR 2 RIS
L) fi A 16 AEGT !
1998 1.00 1 1.00 1 1.00
1999 0.86 2 1.05 2 0.66
2000 0.62 3 1.09 3 0.34
2001 0.78 4 1.14 4 0.32
2002 0.65 5 1.18 5 0.50
2003 0.64 6 1.23 6 0.49
2004 0.88 7 1.27 7 0.60
2005 0.72 8 1.32
2006 0.63 9 1.36
2007 0.79 10 1.41
2008 1.10 11 1.45
2009 1.11 12 1.50
2010 0.92

AR EUR S h LRSS Y OFRL 1998 4ERBAR s il A RIROSARSE B SCITRBRR T 5 A RN B .
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1.2 Fik
1.2.1 SRR

1R B i S A R — R R A
K, BAWEREEE 5 2 B BEE 0 2 AW T
£, DA I8 P 722 B 3 5 M % 4 [ i
AR R R B, BIH I 2
P, DAV A 1) 20 B 19 S8 B IR AR
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Cross-Validation) #i € , BNVEUEL A F/MHXTR Z W)
W R
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P& IR 22 G50 AR R X BUE S 40 A, R B B
FEAE CPUE $E 4 0 (5, R, R A LA T 548
& GLM A& %) .
g0,,.,+8) =Y +M, +C, +¢ (3)
K g NEE R, AN log, 8 B4 X CPUE
FHIEH 10% 7 e HIESHAIRED,
1.2.3 BT HRDIEEE 75 ¥ L

Xf GLM AR, Ml 2 5] 3500 5 48 3500 1) Al
THEER A GLM BRI [ R E ., X [ TR
BLEMBEAE A 5 AFHE T B
CPUE, K5 735l & 2% Wl A R 5 S % 547,
R AEMRIES A B &HT&BLAFS5S
il R [E] i) CPUE 2Z B oA 23 R R85 ZEAH [R]
AR5 ABFGT, & 5SF4F K CPUE
ZHAERON N o R B 3 i Al 2 7
L RS A B ol

o HCBE B A 5 GLM A A Al BUR , 45 3¢
HE TS FEME(A) SHIrRERE (R) KA
¥rmiRz(S) , A\ RS il (4) . X(5) 5
K(6)iH5H,

A, =2 (4)
(5)

S= k=1i=1 (6)

Step .0 KA HE, 0 WESLE(FE 1), i BRE
ABRSE b REER AT, %k AR, H
752 kAR, n 13,

1.2.4  FEFZR EW6R AT % B Rl 5048 1
LS

FIFH GLM #5574 5 [ 5 4§ 455 8 3 51| X 4R L 8
Yty £ AT s Bl 19 ¥ Lk 4% . CPUE 38 3647 4 o
o GLM #5700 A% 8 45 308 B 5 [ S L%
% B4l 2 T B4 B 2% 0 A 7R AR BRAE AL,
[E] Y AR R AR RO R T B4 L T =451 56
— W EF AW CPUE & — RS H A5 (&FH
O\ T AR S AR PR AR AL R R BN RETF,
PARBRZA RIRON s 5 58 — 2508 B4R & A0
CPUE BRAZ%4EMR H 4y 9 CPUE, AERR A%
BRI 3 55 = 0555 — 25 RS 10 b SRR AR AT
¥, % EE B R e L CPUEH™

2 R

2.1 #HEMEHER CPUE fREHL

GLM #R B3 B Hh 32 (13 4,12 1~ H .7
AT, EERER R 5 1R 2O
10,352 A 13,

FIFH GLM KR 5 [0 ISR RS, 23 51 4 31 |
A 2 000 BB R 19 4280 5 k23 F] K
B, TR T A RN P ML, 3905 R R 22 R
PR RE AR R 2.3, 3R 1.2.3 Al A,
TEBA AELNE B e HAR MR T (AR 193
1), GLM KR 55 [a] AR 20 24 BB B 47 Al 1 4F
RURE 520 W RO, {H GLM K EL A5 1 i 5 14 8 58
BORESHE, W IRIRES BT RIREE D,
ORI T EAMIREI (R 1 ~3) .

HEBARAAEAE LN X HER AR T (8
WEHE B 5 2) , GLM AR5 5 [a] S A A6 0 il 1
A SR TR BRZ 338 K, [ AR B A5 31
9~ RO AP E S GLM ARl T 45 R AR
b, BRI THE S REM S84 (R 1,2),
H BT RREMRMBN (R 2) .

GLM KEAY Al i1 i 47 2800, - 446 15 (8] Y AL
RS Z5SRAH E, GLM MR THE S B &
B (£ 1,3) /5 GLM ARSI T RIREBR
(£3). XK CLM AL X R SHHE
EARH BUR, SBR A EEAE X R SREE
i, G55 BRI Bl , AT 7™ A K 1 39 77
WirZ. EEWMRIEESHA T, BA BB
PR % (Step Function ) $$4E , PR b oAl B AT REA
i, (B SBIRAFTEAR LR R 5 R W (E R, K4S
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REIRME (Robust) , (I SR BT RIRE  BUb.

F2 GLM #E 5O A#ER AR Gt bE
Tab.2 The comparison of company effect estimated by GLM model and regression tree model respectively

GLM 7 B S AR A
ATIGE Yt Hit2 758! Ykt 2

Ak Rk Ak Rk Ak Rk Ak Rk

1 1 0 1 0 1 0 1 0
2 0.67 0.01 0.61 0.13 0.65 0.03 0.65 0.12
3 0.38 0.04 0.31 0.07 0.35 0.01 0.35 0.07
4 0.35 0.03 0.29 0.06 0.35 0.03 0.35 0.07
5 0.52 0.02 0.45 0.11 0.54 0.05 0.51 0.13
6 0.52 0.04 0.45 0.10 0.54 0.05 0.51 0.11
7 0.57 0.03 0.51 0.26 0.55 0.06 0.57 0.13
0.03 0.13 0.04 0.10

Ay I, R, A7 HRER2E , RN — 1T 0 BT ARG 2, B S; AT E R (4) K (5) 5K (6).

*3 GLM ER 50| FRER FE R G R
Tab.3 The comparison of year effect estimated by GLM model and regression tree model respectively

GLM £l (Bl ) R ALY
0y %1 ikt 2 Y1 Y52
Ay Ry Ay Ry Ay Ry Ay Ry
1998 1 0 1 0 1 0 1 0
1999 0.87 0.03 0.91 0.27 0.83 0.08 0.96 0.20
2000 0.63 0.02 0.61 0.17 0.69 0.08 0.84 0.25
2001 0.78 0.03 0.79 0.23 0.81 0.07 0.92 0.21
2002 0. 65 0.025 0.64 0.18 0.69 0.06 0.85 0.25
2003 0. 66 0.03 0.65 0.21 0.71 0.09 0.87 0.28
2004 0.86 0.04 0.90 0.33 0.96 0.11 1.01 0.25
2005 0.71 0.03 0.72 0.27 0.72 0.05 0.89 0.23
2006 0.52 0.11 0.51 0.22 0.68 0.08 0.84 0.25
2007 0.78 0.04 0.82 0.40 0.87 0.12 0.98 0.30
2008 1.06 0.06 1.16 0.51 1.14 0.11 1.27 0.41
2009 1.04 0.09 1.16 0.75 1.16 0.11 1.27 0.47
2010 0.86 0.07 0.95 0.64 0.94 0.07 1.03 0.31
0.05 0.38 0.09 0.28

Ay I, R, A7 HRER2E , RN — 1T 0 BT ARG 2, B S; AT E R (4) K (5) 5K (6).

2.2 REXR.HFHRELTHERMEL CPUE iR
i

1 [X 10 £538 SIS I f /N R 15 25 5 7 14 4%
SRR BCH 6 (B 1A) 37 AmtF35 i (& 2) 53
X 10 538 X8I B /INAH X 45 22 5k 7 F4 4 2 4R
¥ 13(E 1B) 3t 14 At FH R (B 3). 1 X
[ 4% (1 2) REARTEE 12% 1) 4425 2% ( deviation ) ,3
XEEH# (B 3) BB EEEN27T%, 1 X
GLM KSR G B MBS %0 11% ,3 X GLM 5
FIRBAR TR MBS 25 7 18% [ I AR AR 760 o A 4
4B 1 X g 6 (AT N ENE A B s AR )
3 Xy 13, GLM #iRIHr 25 [ 5 ) AR B 4K, 1
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B 2.3 Al AL R T [l 4 g ad 72 &
H R b A RIZERE FEAR P ER . BE 2
AL, kA B 1 R R A AR B B AR B AR
Ak, B 1998 . 1999, 2002 4F H 74 # K ) CPUE
(3 489%8/ MK ) , T 2004 445 30 F 4 25 (953. 3
/MR o 7] 3.4 B R E PR LA B 2
B\ F] 4 762006 4 f53R H Tz, K AT i
WA E 3 RS WA T, AR A S5 kA
R BRI AEAS LT CPUE FRuEfbisEm ., &
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3B/~ T CPUE 54 H Ml /AR Z B R4
AR UE Wl A F 1 HRE SR
FEEPRARfL, 8 A (3 KFEEAE=H ) ,1999,
2002 4E CPUE 3} 4 006 45/ R, Tfi 1998, 2009 4F
CPUE 24 1793 $8/MK. [RIRE, k235 3 55
MR .

1.05
% 1.00| -,
%—0.95 e S
0.90
0 10 20 30 40
Vig ¢
(a)
1.00
%4 0.95 \
B 0.90f o .
N . N
0.80
0 10 20 30 40
PiE 2/
(b

1 HEIHRERERS RABEHENL
Fig.1 The relationship between the relative error
and the number of split
(a) 1 IX,(b) K3 X,

F4 [EEAKS GLM A iR F R
Tab.4 The year effect estimated by GLM

model and regression tree model

P 1X 3 X
BEEABR GLM AR EISAMBE  GLM A5

1998 1.00 1.00 1.00 1.00
1999 1.00 1.13 1.15 1.03
2000 0.83 0.76 0.64 0.56
2001 0.83 0.79 0.64 0.47
2002 0.83 0.99 1.26 1.19
2003 0.65 0.47 0.70 0.59
2004 0.95 1.02 0.70 0.66
2005 0.83 0.75 0.70 0.61
2006 0.65 0.38 0.64 0.62
2007 0.65 0.59 0.64 0.42
2008 0.65 0.59 0.70 0.70
2009 0.65 0.60 1.17 0.91
2010 0.65 0.59 0.70 0.57

GLM A7 55 [a] Y= A4 45 70 Al T4 B 47 8% B (3%
4) BipREfLE) CPUE, FE50fE EA77E22 5% (B &
IR EMAE(R >0.92, P-VALUE <0.001) , 3% %
B, AR AL AL T G 4S80 AR AL 35—

H=8,9,10,11

953.3 3489

B2 1XEE#MER
Fig.2 Regression tree for area 1

i CPUE 47 5/ P

3 Wi

B — RSB T, EATE
PSRRI AL B H AR B Z B R R, T 2id i
B3 5375 ¥ (binary split) , B Zh¥k$% B & B4
7% B TE S 7S [] 328 28 3l 43y JR T BB ] i ) 28
B2 I AR TR BB ERSH
EBERRR, XERBGEIER TE,F
FT ot B, 7B dEfrtE. R, 4248
I FATEARZRIESR R, B 5 i B i 32 EL O B4
ARG ( BB HAR B ) NP1 e 7 4L
& (outlier ) 4 [a] & B, [ 5 4 2 & B & i
#2320 4 VAYSSIERES 47 H#: T GLM,
GAM 5 CART( Classification and Regression Tree)
TrETI YR o A6 RBCR , 3L CART BG4
(RO RE 7 s XIFESE™ A1 ZHENG 45 A o]
JFAAERL LY GLM AR B BB 4 B B RE ) o

fEXt CPUE TR LT, GLM #5215, GAM
KRN (AR R 72 R, GLM 5 GAM 45
R—E HEACEAE E CAM BRIFEAT L)
BFRBCRZ G, TN 0 iy CPUE %48 55
AT IRZEGEMRIERE SR 0 i) CPUE £
R b3 5 RO CPUE ARiEILRI SR o
AN, ZRHE R YA REXT CPUE 5 FEE KX R
7 AR AN 2R TR B T T v B M ROK IR L R
BE DA R 2 BE (B BESET 0 SR GLM 5 GAM
RERY R, A8 B e K S H. 6 R I 18 H AP AE 7]
RO 7 SR [ SRS R OO T 3B S 3R A
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#=00, 01, 03, 04, 05, 06, 07, 08, 10

HA=2,3,4,5,6,12

4£=00, 01, 06, 07

AT=3,4,5,6,7

B3 3XEAREE
Fig.3 Regression tree for area 3

[+ CPUE B A4/ P

) FAASEAEL SR ot PR 2 Fy R O, 7E LA
LR R G R HEAEREL T, BAR R
5 GLM HEY 35 BEXF 4 2500L \ 2% R O0E 44 i - B
AT, (8 T B R AR Y A HELEL A B BR R L
RHIE , GLM AE 7Y REFS 21 LU 8] Y AR A 2 B8 47 F) A
BORHFEARLR IR R S R EER, GLM A
A7 AR R 22 LU B I WA B K, SR B GLM 8
BT ELER R S FHEB®R. Hit, 5 GLM
REEUA EL, (BRI B B A e

FESE PRy A 7= Fp , piy T3 L 20 I p Bl
PLRFEFAT , CPUE 5 ¥ I & (7] A] RE A7 78 S AR )
AR R il B B A L B
P ) i 1 S U 1 A IR PR 1 O, LV 8030 Y
AR AR B ARE ", B R A A R
X B B, R AR T A 45 R 2 A A
SEA A] BEAR A AR X B N A R 2

K23 Ap AL s T IR A A R AR
B RS AR A AT, AT R BLHL A R 1R
BRI B RBREE " %4
1998 2 2003 4F-46 AT 't Bl 100 i b 504 23 i 45
SRR AR | FRERCREK, AR %
Xt 1998 2 2006 4R AT I 1 MV B8 733 9
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GERMMEYIA T 2 W PR R, H I,
ONFL L AR R AT A AR B AR A TT B R A AT 45
RAFFEZESF IR MAE GLM R 1R e 73
Bl 2 7 AR A R AR . RS, 1
23 BT CPUE 54 A b/~ 7] Z [F B = 2%
KA XFPRR—BET LM R R B RIE

S GLM AR 5 [a] Y AR TR A 4 i) 472800
FAAE AR, W T S R A IR AL 3 —
BOEEAMERA T EORER (A HE), IR
o0 22 5 2 ) Al T, R AR e ol B0 9 A
Hh, [ AR L GLM MBI B () 240, 3K

T S AR R i A, 8 R OR A SE X
IE ( cross validation ) J7 ¥ 7 & 1 70 24 U K- 0
10 538 Xk J5 % , BHs Sdie BEALE 53 3530 10
T MU 9 Bt s a7 1 B
T IEARRY, Al B AR X R 22 — bl
A 5 ZEUCH R B T, AR Xk R 22 Bl 2 ek /D, 1L AR
I3 ZREUBIHE— 25 5 T, A R 22 0 AT BE Bl 2 38 K
(1), R EA /IR 1R 22 B AR 0 B8 )
4o —MABOLT , 2R SR/ M X TR 2E sk — i~ v
VR E] P, F0 B8 7 A B A , IR 7E 1%
DX 6] EL A 5 2 RO Bl e 4R O B
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YRR X 1-SE MU, B TR A
AR BE 2 BELEGE 8, B, W i R
AR MAFEE, Mo, BEM BRI 7E A fE
SRR H AR ) B S AR A BEIRIE
TR YR g 2 Ry doe s W O 4544 A T BE RE R A
BRI AL T A IRKA [ S5 s T #k 2
PE R BB BT R, B R R W R B
-0 L T AR A T X b LA RS i R, R

1, EERAE A AR R AT i R 50 1 T
H

N0
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Comparisons of regression tree and GLM performance in CPUE
standardization

GUAN Wen-jiang"*>, CHEN Xin-jun'?, GAO Feng"*, LEI Lin'?
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources ,Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: CPUE (catch per unit effort) standardization is an essential task in fisheries stock assessment and
GLM ( generalized linear model) which has been used as a standardized method in the CPUE standardization.
Before using GLM, the error structure, independent variables, and interaction between variables in the model
had to be assigned and it would cause a great error if the assumption was wrong. Moreover, GLM could not be
used to handle missing values automatically and to detect and extract complex interactions from the CPUE
data. Outliers also had a great impact on the results estimated by using GLM. In contrast to GLM, regression
trees may do a great job to deal with the above situations. In this paper, based on simulation data and chub
mackerel ( Scomber japonicus) catch and effort data from Chinese lighting-purse seine fishery in the East China
Sea and Yellow Sea, we compared the performance of the regression tree and GLM in the CPUE
standardization and the results showed that both models could do a good job if there were no outliers in the
data and nonlinear relationships between nominal CPUE and abundance. Because the regression tree was
characterized by a step function, the GLM was better in standardizing CPUE in this situation. However, if
there were outliers and nonlinear relationships, the regression tree would harvest less root mean square errors
and explain more deviations with fewer variables than GLM. The regression tree also could detect the complex
relationships between independent variables and response variables by visualization which was ideally suited to
explore and analyze the catch and effort data from fisheries.

Key words: catch per unit effort standardization ; regression tree; generalized linear model
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