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Generalized additive models (GAMs) were applied to examine the relative
influence of various factors on nominal catch per unit effort of white marlin and blue
marlin in Taiwanese longline fishery operated in the Atlantic Ocean. Observation data
and commercial fisheries data from 2002 to 2006 were used for this analysis. Factors
including latitude, longitude, SST, SST frontal energy, temporal changes m SST, SST
frontal energy, bathymetry, and lunar index which may affect the availability of marlin
to fishery were taken into consideration in the GAM model fitting. GAM building
revealed the relative importance of the factors in explaining the variance in CPUE. For
white marlin, by decreasing importance, the factors ranked: (1) SST, (2) latitude, (3)
SST frontal energy, (4) ASST frontal energy, (5) ASST, (6) longitude, and (7)
bathymetry. For blue marlin, by decreasing importance, the factors ranked: (1) latitude,
(2) ASST frontal energy, (3) longitude, (4) SST, (5) bathymetry, (6) ASST, and (7) SST

frontal energy.
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Unit Effort) * ¥ X KRB EEA M T E HHEEHR - AMPERKEMENHE
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Mgk (%) 4E) B (oK) BHMMUREFREHBNEE - HRIA
BEABATEHETIHN ARFTREREZHHRG L FREAEMEAR
FIR-FHMAEEHHE  FHEEFRELENCPUESHHILRABENTRE
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MEREFELQHNTHETAHE  CAAMHALERRATILSF RO E
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At 45 #it(Sakagawa, 1989) 2 Mk & R BAT 0 RIAR B AR K L5 @GR
B 3 & T & B AT LA B A B (convergence) .38 4t A (divergence) » Bl £ &8
&P RS &5 H% 05 4 %4 (Olson and Backus, 1985) °

ARGERSEAFHNUMERLEHBELENREHEL - ROSHER
Bl ¥ NERALEF R AMALBH A ERMALRMERE - HERE
53090 AR MEFIEMEEER A AMEE  FEREEE 100250 2RT R
RN F R EERASA 250-400 2 R T &4 A B #(Bigelow, et al,
1999) EHBALLRFELBAI AN TSI REBERFALSEE - BREATAR
(RAE) RAKBHEBRET - ZAKRBRLE RRKBSTHETHRILE - BEAR
) AT e ARA B A4 B F(lunar index) -

AREHANATRRERABISRLBHALRAMEREAREHHE
M BH TR F TR B RNY R EHAKEN
BBFBEHENAASBABELEMERCAR IR ETREE B P
A BN ER R AR -

RSB R EIT SRR FHN BN EREBF LSRR
AR AME R RERE - FRGBTFoHRRTF (L -HE &
hAk@mkiE (KRAKEB) - RKBEDRET - AKBREE - RAKRFRRETHERIL
ERBRBEFE) AAMEAAFTTHEXE L _MHALREEAER

(availability )& B F oA & 7 6 & % 48 2 £ A 2014 &9 A 48 B F(lunar index) (Bigelow,
et al., 1999) ¢ F - KB4E AL E M52 A A Sobel JE 5 R34 B HH X AR B Al
g FRERETH - ASST THARAME RS HRQEEHEF  ASST
frontal energy & M 4 #| 765 & & R T R K PSR
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Q1-2, Wi, MAR*Z SRR T MALBETH o REFEEZ /84 A 2002 F4e
BRUAM T E R REE AN (KBSAE AP BEAEXREGLE - HRY
Sfsm R b RS m) -

(=) » BEATH

eI 2 2002 £ 5 2006 SR EEH - BWEERBEAARE]
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1. AKAFH

AEABAEEH (B SOF#) AREEEH (85 IOF45) B3 AR
o AR E R R BRI 105 5] 69 #R7 B 0 2002-2006 £ KB AR THLABRRE
4 5 F 9o 448 i T 5% £ A7 #2428 4 POET (PO.DAAC Ocean ESIP Tool ) #& #4432
I & 4T % Reynolds &% 4#%14#% &34 (Reynolds Optimally Interpolated

SST): shk /KB Bl & o % ARAT 5 48 41 31187 £ & M {E( AVHRR, Advanced very high
resolution radiometer ) S & 3335 F#} (in situ data) ¥4 Mm%

( ftp://podaac jpl.nasa.gov/pub/sea_surface_temperature/reynolds/oisst/) - #R& @
ABHHEGBREEOTRRBEZN SAREHRBAEZHER HERLSE
BEPEH% - AVHRR & /& X #3327 NOAA-14 L& NOAA-16 HfE#E L -

TS MR EUEA RS - BFEUAKXEZ M (Anonymous, 2001) -

2. RABRHSGEE

BEBREAL | PENRERED RASHRATELTE - HORKELY
s g R k& @& H B & M (convergence flow) - FHF A B TP THRIRA
bottom topography (3 ~ A ) ~ BARRETIEAR « ERSGE L&KE
MokAR@SE  REANSGHYARSE  SHARNERF e N8
B B b AR A — 8 oh 0% B A2 47 A (Breaker, et al., 2003) -

RAKBHERETHERLAMA Sobel BERK BB AR LR AN
& » Sobel operator ¥ M ABE M - AL Z R L£F4HAR - Sobel Operator #73E
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HEEE T4 T
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Gl=Gi G
Gx B Gy w3 & Riedoe X R Y Hathaf skt - B A ZGx &2 TGy % AFA
M R —EEEAABGABRAR T ARG AFAAEREL RECERE -
WRELEHERE Cx BEBRRRERE 2 G HEATHEH L THHELRE
Bk HNE-BH Gx R Gy HEALRE R RENF —RE L > AHFHME
7 e E sk AR SRR -
3. RAKBOHEE(ASST)R A KB Y 3605 % 818 B (ASST frontal
energy M T AKXt HEMmF
ASST=SST,-SST.,
/\SST, frontal energy—SST, frontal energy-SST,., frontal energy
4. Lunar index
MEMAMTARMELGBERR KRS —REHAMBBEES LML
A ey B 8 (He, et al, 1997; Bigelow, etal , 1999) - —EEBA#H 295 X TEH A
ZEABME  # A (newmoon )~ % A (full moon) * AR L3 A S F5% A (the first
and third quarters ) - B #FF ERWAF L 0 ARG HE A 4G4E - WK AAE
FHIBE -
5. Bathymetry
o2& Kk R # F OBM & F ® & ETOPOS # M &
( http://www.ngdc.noaa.gov/mgg/global/etopo5 html ) > #447 & £ £ 4 ( 5-minute » 1/12
B)e BBRATBKEMRE  SHFMTERARNES 1 BER S E0EEKR
B -

() - 2 o4 (Cluster Analysis )

FELAMANEEMEARB AN N L AKEY  FTHHRE
S EGBAENMIEY AR T BRI ERE TN R T A S0 AR
E T MR SRR EI o 45 2002-2006 FehaE A REHAHR—AEHE

FEE MW AL B EAE S 66273 % - FaUsH LB sELES.
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A HeMa(SUEMSE) B - TERAREREE - TREKABENER
Sz e B AR & s s e ek o

EZERANETHE  BUEATW T RBIEREST « F—MRIERMAFME
3 5# tk(K-mean method) * #] F 431 547 328 SAS #7244 49 PROC FASTCLUS —
B S5 AT 6 S 4% BRI BG40 AR B AL 0 R K(E K 50 ~ 250 ~ 1000
2500)fA2E 5 . M AN ENRBRENRGRTRNGRAAELRE-—F &
FoM > BELBRALTARFREGETRE TIREASTH - FMERKRA
& X B 47 ik (Ward method ) » # A 4431 447 $082 SAS AT 4289 PROC
CLUSTER T R B E — &AL 2 KBS R BT RAGTH - WA RH
WA - RURME 5 BRI H O e B E R AR R 2 435 5 iR (RMSSTD) ~ 44
R2(SPR) - R? (SPR) - dafB#t % M ey 368k - CCC ~ pseudo F ~ A&t 43t S E 445
B - BESWMERNEHEHRABEAABMER -

(H) ~ RRF
HE SRz M AR E (RR Reporting Rate) s34 F3R 69 77 4E #(Nakaho

and Clarke, 2006) -

_ Number of Sets with marlin

Total number of sets

(%) » 5 4 hosk A KX, ( Generalized Additive Models, GAM )

O R SUE IR R FZ MMM ARTIRARZ QMG > AURIKA LGN
Aok 3 XGAMs (Generalized additive models)i#E47 2 # © GAMs R AE 41 @ EFH
Ao HBEHIHREERA  EHAHNENSRT T HBRL TREHR
WER . SR FTELEAR LA REMEFORDTF L FIAL
BRMACERNE AT SRR TRETURFEENA L YRR
BEoEmTHAEEABES LB AFABATTHEHERBFEIZLAMEM
fo iy 88998 F 2 1R ALK W9CPUE -

AEL AR RIS 0 5B 4HE20024F 220065 £ B EHRELER



BFERFAE AR B ek (AR R F B3 AN A ) RBE20024 £2006
FREREH (BN -EF BN ARNE) E7GAMYH - FRGETHER -
B~ RAKB(SST) ~ RKE W% F(ASST) ~ & KB oy 8% 7 98 4L 46 B (SST frontal
energy) £ KB 2L & 6905 % B L4 B (ASST frontal energy) ~ A8 B F LR MG H
REANBGEFRAEGERF - EQNEHERENTHEEFE % FEA—
8 # (link function) #4EFE RS AR BT AL THA LA

B Feyst ok M A AEE - THREX T !

In{(CPUE + constant) = u + spline, (Latitude) + spline, (Longitude) + spline,(SST)
+ spline, (SST frontal energy) + spline (ASST)
+ spline ,(ASST frontal energy) + spline, (Lunar index)
+ spline,(Bathymetiy } + spline,(Time) + £

AF CPUE R&AEM% HieME . constant & 10% #3548 CPUE: p &
F T L e MM b KAd 5#(Possion distribution) = 4 X 8 &8 &AM SAS #3t
A8 3 {2 2 Procedure GAM 47 -



£ KB 48 & 65§ 093 A 48 o Fortran #2 X 89 3% § bR 347 > 24 2001 5 5 248
AbH (B—) WARKBHEBRETENERYE - AHBREAERTHER S
£y (2002-2006) FokKBEHES » B = Z2REE 2002-2006 438 5] 5 5 7 4
ARBETEIERANHI  BHESHAAHLALRAKR 1] BE 25 B0
U2l BAEAEB AT HARA BZ ZRHE 2002-2006 538 5] 5 A 548 K B &
ETuAResaaifinsth cAMEMBRRELT S Aottt
AEABITEE22EZM  R17EE2 M «ARLLBHEFRKR - B
g L3RR 2002-2006 BB A EFFBATERAMALBOBEN
W BAMAMABRGSBAAAKBITERE AR ITEE22 B B 4
WeLAMBERK -

(—)~  #E a4 (Cluster Analysis) $13 3% % 547 (RRF)

#1 A 2002-2006 5 B Hihskziads e Ean (KRESAURRESE)
e BB A F R BRI o B — MR JEME R B R 47 75 (K-mean
method) » #! Al #3547 33 SAS #7424 65 PROC FASTCLUS X B L A #h &2
SHERHMRE LA A R R 2B K(F 25 & S0) Bt R - PR BRERAIE R
KBRS H ik AR B3t 547 $k48 SAS #7448 69 PROC CLUSTER T £ & & —
M ER A 4 B 2 K AE B B AT Rk 69 4 89 A § 3K Ward method 24 & Two-stage °
BHEHEEREFERS RS 2° & F L Ward method 89 R F| R HAK(K— )
1389 FE ¥ sk RBERA - HEHHFR S ABPIRA Ward method -

AR B G PR B 28k (Ward method ) SER 9B E 4k A Bk ¥
REREHA 1389 F  BHESL043% (k) h#k A K 2002 £ 2006
SRMAHEHLE A AN AR AB AR - AR T £AKAENER P
SR B ER S BT AT A b Bl B ks o EAMAENI S L KE B
AT v e B RRBRT AU A HARBARA TR > Am ARG Qg T &
BAFMFERRE -

# )& 2002 2 2006 £p Akt EHN B R LR BAREER
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S AERL A R R A ) AR B9LE ] o dhdb R &8 S AL 4 69 4F ¥ 3T 4RIT 97%ER
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BEmEAHAEZ EEAMBABRFOMA - B ELE M 2002 £ £ 2006 4
LB NMERTEAMOIT G EE By B YABARCAME
B EEROAHE - bR AR RI LKA
WA AR RERER B -

(=) Mk (GAM)

2002 4 % 2006 F4% A A AHEHA TN EMAgH o REERE
+HRTHBEEEAHA SR At e e kLM sl fIETE
BB EREGAMEFTRHLARET BB RALRIINER > RELE
W E FH N R SRR Lo I A AR E AR e I TR b
ML FEHIREHVERETHOMNB T 2R =+ F LR EEE Ty
s F BT F o AR FRHLERE BWELR r BELRLK -

RemEm o ABETAEARKBSRETHRCERTEE  EROBETYE
RN aAR LN EABRFNHA - BELRAHIAERKER006) - E&
(0.04) ~ RSB @IEF(0.04) » £KRS Moy #I(0.04) - RRBHRI
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ERRMENRENSS ANRFRAKEOYILEATHE LW E
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TEE B a9 % 1L(0.04) ~ A (0.02) + £KB(0.02) ~ BZRE(0.015) ~ AAKREE
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# 0 it EHME (RRF)(Nakaho and Clarke, 2006) - 4E#Mb » £ B2 g g s
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BPHARLS AR EARNER - BRARB T AL A5 - Wi h Kk
FHURES AN MG  ATHEAERRERE S BABAERGPRE
BAEMEmabs . WWHP-SETREL T8 FRmMiLike e AR
(EAMARRIL) BRBBRELY > URETHFHRGEL RN F—FHBE
STHME -

—EET  RERRFSHETHRBABDEMEGEAG A FHA TN 78
FEEAH BMERAM  EBHREANRT - AEPPEARAILIEER 1997 Flety
HEATHASERAHRAROW AL R REBRFEZEWEB LT AME - #H
B BETRRAT AR ABRFRTEITRA b WRNELEMET R
FEEHEY B EET RAHNLT RGOS EMRGR o E7 2002 F4
ESH REBQBRRERRTAZSM T EHRBABMRGREEHATH &
FAEERERNREATHERABARTHMNE LB £/6H 8 at A
—2EHLEHA LM ORAS I RS SEARBREAMKEEFELAY
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HAEEHHBARZ P EETHETAAM 2 BERERTET - HITRAA
HAat TR AEARA PG AR AT LH 2 RBEREITRAUMGE
Moo HARERR L — A FHE T AEZ 2002 £ 5 2006 F 5 MHLBHAEADIRE
ARSI AT AR EARARTRAKBITRATRIELA BRI —F
BEBRAGBELAMKTREALE LGB T HEITZA - AAHEHGE
BWRAR RITRMFEFLZEHN AT R RRGTR ETHM  pREXE
3% % (Observer Uncertainty ) # % #.3% % (Process Uncertainty } &% & -

BB SRR TSI R ik R AT SR
1. rEEHEE
ETHOS,T@RES WA HA TG REFFRAEAWM
# % ¥4 % d OPRT(Organization for the Promotion of Responsible Tuna Fisheries) % #4
BB o
2, SR8 43 E M EUE IR T F AT R IR

BB REEH > FABa SO EMEREAEAFTE SRS
HAEEA  ARETRAAMENAL (VMS) e tanmieanai
B2 AR~ R .

3. & Gt ok AR 2 5 Hi(Generalized Additive Model, GAM)#LR B B # B B
BREXARIZELAT

A#2002F 22006 - B B EHE R ER G EREMERHURE
$EE T2 MM G &R MR TR R M o SRR b Ao R
X, GAMs (Generalized additive models)# /75 #F = #] F sbiZ G o ik A X 4B 5]
RAEBMBERGERZAMEBA B ENEA T UAHFYHAHEZ ARG -
FEOETRTHRAREEZEE - BE - ZACRSST) ~ kKBS S
(A\SST) ~ # 7K 53 #y 05 72 88 {64 B (SST frontal energy) ~ & KB 2 % &9 5% % #4L 4%
JE (A\SST frontal energy) ~ R A5 - A4 EBAR (thermocline) KA ~ 15
EeM BRAK  TEHMEMORT  RAHFNEART EEERERT
4 e ARGz R AN EEE ZTACAMZ RS A T EGHF S EEE T

HALERREME RSB ZARARBKAMERAZ LB FRRRER

12



z L eH KR Bitadl ) sURAE LA B ke 61 EAEN - pLER 5B
RARRMEFRAE LA 8 iR E2 MG BRARLEE
o RTFHAGERE R AAGORESTEE  NABRRIRMNEE A
FooprtiX IEH F e dh § skt ¥ )

MRBCAME BB R R EHAER LGB B RAHE A TR X KA
EHEMLKZ 2 BRAAEAGAMB A R a 2z 2 e e & ek
B 34 K A7 s sk 2 B A AU B IGAME X PR R 2 B o SO § i 8F
MR RAERESR  RERFHEANRORELZUALARLMBBZA
ERERGHEL R ERTHN -

5. frEEMEEH A RMREH T LY
BB E R ek AR TR B2 E T BRTILY
RATEIRAMMELE -
6. ITR FHEMEITRRI A A GAMM X 5hg L 438 14

FRTRA DM TP S35 FHME TR R B RS BRS e iR RAT
F 2+ FIEFHH GAM#BE X 838 R FHE TR A 2 472 1 -

B-FE MHNHRERSHTIRAEFRHBORB A SR BF A58
B KB Bifo B A SRt WA AR EE S BIEE MR KB Bl REHR
s« BE (1995-2004) B3 EEAHE - BEBALALATH oA B 38
RSB RoMERI I o# & BARE R —HF Foie Bkt mEl o B
PEBER > MAEBRAERL -

AETERNS AR SAOBENSFRBA T2 ML 2RAEFRRRT
MR EA-BREXEHR T URAFERBREEABAZAAHAAL L
A-MEEEY HE > BHARHEFELSANER - BEEAMRT
#H(Bigelow, et al,, 1999) * & R KB ey VMS FH BT 0045 2 & — F R e -
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£— B 20022006 £HE B HHREHRM | BRH K

Frequency  Table of CLUSTER by TYPE

Percent
Row Pct CLUSTER TYPE Total
| ota
Col Pet ALB  BET
809 1
1 5824 0.07 810
9988 012 5832
99.88 0.17
1 578
2 0.07 4161 579
0.17 9983 41.68
012 9983

810 579 1389

Total 5835 4168 100.00

Frequency Missing = 91

F = 2002-2006 FE B B8 A0 i 0 #

Type ALB BET YFT TUN SWo wHM BUM  BLM BIL SKJ SKX
ALB 0.96 0.0 0.01 00008 0003 0001 0002 0003 0002 0001 0.008

BET 0018 055 013 0000 0148 0.000 0.016 0001 0018 0007 0.085
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OTH

0.0
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&= 2002-2006 465 B3t TiaM AR o

Type ALB

BET 0.056

BETMED 0016

NALB 0.809

SALB 0.889

BET

0.594

0.659

0.018

0.021

& 2002-2006 g B AR

Frequency
Percent
Row Pct

Col Pt CLUSTER

-

Total

YFT TUN SWC WHM BUM
0.200 0.001 0034 0.003 0.007
0263 0O 0037 O 0.005
0.031 0004 ©£002 0001 0.001
0022 0000 0005 ©.004 0.002
Table of CLUSTER by TYPE
TYPE

BET BETMED NALB
5222 90 90
8.16 0.14 0.14
94.84 1,63 1,63
12.48 2.76 276
15333 1419 1
23.95 2.22 0.00
90.91 8.41 0.01
3664 4359 0.02
921 10 5884

1.44 0.02 9.19
479 005 3059
2.20 031  99.16
6010 494 23
9.39 0.77 0.04
89.86 7.39 0.34
1436  15.18 0.39
14359 1242 4
22.43 1.94 0.01
91.28 7.90 0.03
3431 3816 0.07
810 579 5934
58.32  41.68 9.27

Frequency Missing = 2249

21

BLM BiL

SKJ

0001 0001 0006

o 0.001 0005

0.000 0.004 0.007

0.000 0.006 0002

SALB

22
0.03
0.40
0.37

113
0.18
0.67
0.87

12418
19.40
64.57
95.60

161
0.25
2.41
1.24

126
0.20
0.80
0.97

12990
20.29

Total

5506
8.60

16866
26.34

19233
30.04

6688
10.45

15731
24.57

64024
100.00

SKX

0.033

0.006

0.005

0.017

OTH

0.057

c.010

0.015

0.022
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Summary of Input Data Set

Number of Observations 4639
Number of Missing Observations || 0
Distribution Binomial
Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2 00000
Spline(lat) 2.00000 f| 12618 12617.8917 [ <0001
Spline(moonind) (| 2.00000 [ 35459 35459.0399 || <0001

Spline(deep) 2.00000

Spline(keeptemp) |[ 2.00000

Spline(keepfe) 1.99964 || 12607

126071364

< (001

Spline(keepdsst) |[ 2.00000 | 10225

10224.9534

< (00 1]

Spline(keepdfe) 1.99960 || R970.676132

8970.6761

< (001

Spline(time) 200000 | 16707

16707.194 1

< (001

-19 -
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MESTHCAMBIET eMERY HeH$ GAM £ 5

Summary of Input Data Set

Number of Observations

144

Number of Missing Observations

Distribution

Poisson

Link Function

Log

Smoothing Model Analyvsis Analysis of Deviance

Source DF Sum of Squares | Chi-Square |[ Pr> ChiSq
Splim‘llon] 200000 fI OT706187 0.7062 (.7025
Splineilat) 2 00000 3.571731 35717 0.1677

Splinetmoonind) (| 2.00000 | | 134649 1 1346 (.5670
Spline(deep) 2.00000 || 2. 783809 2 TR3IR 0 2486
Spline(keeptemp) || 2.00000 |f 1] 796832 11.7968 00027
Spline(keepfe) 200000 | 1600808 16008 (). 4491
Spline(keepdsst) || 2.00000 |f 1346217 1 346 0.310]
Spline(keepdfe) 200000 1 2196273 2 1963 M ().3335
Spline(time) 200000 f| 1125634 1.1256 (0. 3696
=20 -
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Summary of Input Data Set

Number of Observations 4639
Number of Missing Observations || U
Distribution Binomial
Link Function 7 Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 200000 || 10.733900 10.7359 (0047
Spline(lat) 2 00000 || 9.822569 9 K226 00074

Spline(moonind) |f 2.00002 | 2 699370 2.6994 ().2393
Spline(deep) 1.99999
Spline(keeptemp) || 2.00000 || 14098745 14.0987 0.0009
Spline(keepfe) 200176 || 3.729698 3.7297 0.1551
Spline(keepdsst) || 2 00000 | 850 12350 R.5023 0.0142
Spline(keepdfe) 1 99819 || 3890627 3 8906 0.1427
Spline(time) 2 00000 || 76.209701 6.2097 <0001

iy




&+

MEAAHEAMEITAMEME /AR E GAM R &R

Summary of Input Data Set

Number of Observations

750

Number of Missing Observations

Distribution

Cramma

Link Function

- Reciprocal

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square | Pr> ChiSq
Spline(lon) 2.00000 || 1.184633 6.2429 0.0441
Spline(lat) 2.00000 || 1.874421 9.8780 0.0072

Spline(moeonind) || 2.00000 i 2 207460 11.6331 0.0030
Spline(deep) 200000 [l 0991299 5.2240 0.0734
Spline(keeptemp) || 2.00000 |f | 418071 7.4731 0.0238
Spline(keepfe) 2.00000 )| 2.435435 2.8345 0.0016
Spline(keepdsst) || 2.00000 | 0308090 1.6236 0.4441
Spline(keepdfe) 1.99999 { 2.158720 11.3762 0.0034
Spline(time) 2.00000 | 5307175 27 Y6R2 < (00
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Summary of Input Data Set

Number of Observations

5330

Number of Missing Observations || 21

Distribution

Binomal

Link Function

Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square || Pr> ChiSq
Splim:(lun) 2 00000 3.422275 3.4223 0 1807
Spline(lat) 2.00000 || 9190601 91906 0.0101

Spline(moonind) |[ 200000 1.332667 3327 0.5136
Spline(deep) 200000 || 6.098142 60981 0.0474
Spline(keeptemp) 1.99992 16.574822 16.5748 0.0003
Splint‘(l\‘cqlfv] 200033 1 4.594051 1 3941 0 1006
Spline(keepdsst) 200000 || 9793812 9 7958 0.0075
Spline(keepdfe) 1.99980 || 4.025427 4.0254 (. 1336
Spline(time) 2.00000 || 6.268480 6.2685 0.0435
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Summary of Input Data Set

Number of Observations 22

Number of Missing Observations || O

Distribution Gamma

Link Function - Reciprocal

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 | 2.004835 61280 0.0467
Spline(lat) 2.00000 1 3.724013 11,3829 0.0034
Spline(moonind) || 2.00000 | 0874912 26743 0.2626
Spline(deep) 200000 || 0.736666 29517 (.3244
Spline(keeptemp) || 2.00000 || 1.093278 3.3417 () 1881
Spline(keepfe) 2.00000 | 0.522307 | 3965 04501
Spline(keepdsst) || 2.00000 | 2 197493 67169 00348
Spline(keepdfe) 2.00000 | 2203430 6.7350 00345
Spline(time) 2.00000 [ 3462917 10 3848 (00050

=3 =
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Summary of Input Data Set

Number of Observations 5530
Number of Missing Observations || 2]
Distribution Binomial
Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 |f 42.479079 42.4791 <0001
Spline(lat) 2.00000 || 2.127192 2.1212 0.3452

Spline(moonind) | 2.00000 | 2105293 2.1053 0.3490
Spline(deep) 2.00000 [} 7.642907 7.6429 (0.0219
Spline(keeptemp) || 1 99993 || 153 952174 13.9522 0.0009
Spline(keepfe) || 200145 || 1541844 1.5418 (04629
Spline(keepdsst) || 2.00001 || 6147299 6.1473 0.0463
Spline(keepdfe) 200014 )| 3425116 5.4251 0.0664
Spline(time) 2.00000 || 45. 728787 435 7288
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Summary of Input Data Set

Number of Observations 902

Number of Missing Observations || 5

Distribution Poisson

Link Function Log

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr > ChiSq
Spline(lon) 2.00000 |f 3.247311 3.2473 0.1972
Spline(lat) 2.00000 I 1.062574 1.0626 (). 5878
Spline(moonind) | 2 00000 | 3 665109 3.665] 01600
Spline(deep) 2.00000 | 0.838383 (0. 8384 0.6376
Spline(keeptemp) (| 2 00000 [| 56826935 5.6827 (.0583
Spline(keepfe) 2.00000 ] 3.142253 3.1423 0.2078
Spline(keepdsst) 200000 [| 4.353658 4.3537 0.1134
Spline(keepdfe) || 200000 | 4241437 4.2414 0.1199
Spline(time) 200000 )| 18.579724 18.5797 < (00|
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Summary of Input Data Set

Number of Observations 16724
Number of Missing Observations || 110
Distribution Binommal
Link Function Logit

G AT H e — A & Tie ML GAM £ X

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square || Pr> ChiSq
Spline(lon) 200000 || 10.782330 10.7823 0.0046
Slllinc(lat] 200000 I 0.632366 0.6324 ().72R89

Spline(moonind) |[ 200000 | 2 670229 2.6702 0.2631
Spline(deep) 2.00000 f| 967461 R.9675 0.0113
Spline(keeptemp) || 200031 |f 13 309732 13.3097 0.0013
Spline(keepfe) 200525 || 4.791098 4.7911 0.0915
Spline(keepdsst) || 2.00004 |1 9616034 96160 0.0082
Spline(keepdfe) 2.00050 | 2.482048 2.4820 ().2892
Spline(time) 2.00000 || 71931253 71.9313 <0001
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Summary of Input Data Set

Number of Observations 568

Number of Missing Observations || 5

Distribution Poisson

Link Function Log

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 200000 | 0.916449 09164 (06324
Spline(lat) 200000 | 4617455 46175 0.0994
Spline(moonind) (| 200000 | 1167414 1.1674 (1.3578
Spline(deep) 2.00000 | 3.367913 3.3679 0.1856
Spline(keeptemp) || 2.00000 | 7793950 7.7939 0.0203
Spline(keepfe) 2.00000 f 2.45523 2.4552 0.2930
Spline(keepdsst) (| 2.00000 || 2199421 2.1994 (0.3330
Spline(keepdfe) [ 200000 |f 6012478 60125 0 0495
Spline(time) 200000 || 18.447508 18 4475 <0001
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Summary of Input Data Sct

Number of Observations 16724
Number of Missing Observations || 110
Distribution Binomial
Link Function Logit

e B EHeEm = 2 A &9k T b GAM Rl &R

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square | Pr> ChiSq
Spline(lon) 2.00000 || 8.789394 R 789G 00123
Spline(lat) 2.00000 | 7138010 71380 0.0282

Spline(moonind) || 200000 0.640221 0.6402 0.7261
Spline(deep) 2. 00000 )| 6388950 63890 0.0410
Spline(keeptemp) || 2.00043 | 4 565512 4.5655 0.1020
Spline(keepfe) 201244 || 10556828 10.5568 0.0052

1. 99998 || 5.325738 5.3257 0.0697

Spline(keepdsst)

Spline(keepdfe) 1.99390 || 10.139925

0.0062

Spline(time) 2.00000 | 76.77 1030

< (001
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Summary of Input Data Set

Number of Observations 2138

Number of Missing Observations || 2%

Distribution Gamma

Link Function - Reciprocal

| a Smoothing Model Analysis Analysis of Deviance
Source DF Sum of Squares | Chi-Square || Pr > ChiSq
Spline(lon) 200000 || 8.333047 30,2056 < (001
Spline(lat) 2.00000 || 1.661364 6.0207 0.0493
Spline(tmoonind) 200000 | 0965613 3.4993 (). 1738
Spline(deep) 2.00000 || 4 98879R IR.0O791 00001
Spline(keeptemp) || 1 99999 | [ 369640 4.9635 0.0836
Spline(keepfe) I 999R2 || 0.134466 0. 4R73 0.7837
Splinetkeepdsst) 200000 || 1725775 6.2541 0.0438
Spline(keepdfe) 1 99993 || 6.472294 23 ji_ﬁﬁi i—i!ru-]
Spline(time) 200000 || 5354691 19.4050 <0001
= 3() =




F+ A ies B E AR = AR B IFE BT LL] GAM £ & R

Summary of Input Data Set

Number of Observations 17358

Number of Missing Observations || 191

Distribution Binomual

Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr > ChiSq
Spline(lon) 2.00000 || 18.679782 18.6798 <0001
Spline(lat) 2.00000 |f 38.929711 38.9297 <0001
Spline(moonind) || 1.99999 | 5297167 5.2972 0.0708
Spline(deep) 2.00000 || 24 785206 24.7852 < 000]
Spline(keeptemp) || 2.00074 | 85425199 854252 <0001
Spline(keepfe) 2.01175 f| 27.150142 27.1501 <.0001
Spline(keepdsst) || 2.00009 | 4 814311 4.8143 0.0901
Spline(keepdfe) || 2.00108 | 1.199202 1.1992 0.5493
Spline(time) 2.00000 || 70.192748 70.1927 <0001

-3 -
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Summary of Input Data Set

Number of Ohser ations 1346

Number of Missing Observations || 28

Distribution Gamma

Link Function - Reciprocal

7 Smmn;h_i_na Model .-—\;l_‘\-.\iﬁ Analysis of D;\ iancc_

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 200000 f1 11.802199 26,6807 <0001
Splinelat) 200000 (| 14275014 32.2709 <0001

Spline(moonind) || 2 00000 |f 0409119 09249 0.6297
Spline(deep) 200000 | 30435280 L 8843 0.0320
Spline(keeptemp) || 2 00000 {1 13 497481 30.5131 < (001

Spline(keepfe) 199998 (| 1 192854 2 6966 .2597 b
Spline(keepdsst) || 2 00000 |f | 250552 2.8271 ().2433
Spline(keepdfe) 200000 1 1613716 36481 01614
Spline(time) 2 00000 13.640700 30 R36Y < 000
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Summary of Input Data Set

Number of Observations 17358
Number of Missing Observations || 191
Distribution Binomial
Link Function Logit

AR ARENF AR AWM A TAM L GAM FE LR

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square || Pr > ChiSq
Spline(lon) 2.00000 || 28.059985 28.0600 < (001
Spline(lat) 2.00000 | 110.604105 110.604 | < (001

Spline(moonind) [ 2.00000 I 1.726036 1.7260 04219
Spline(deep) 2.00000 || 4928334 4.9283 0.0851
Spline(keeptemp) |[ 200102 || 7917558 7.9176 0.0191
Spline(keepfe) 2.00003 || 309210935 30,9211 <0001
Spline(keepdsst) 1.99998 || 7.231862 7.2319 0.0269
Spline(keepdfe) 1.98949 (I 1.599754 1.5998 0.4469
Spline(time) 200000 || 103636691 103.6567 < (0001
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Summary of Input Data Set

Number of Observations 963

Number of Missing Observations || 26

Distribution Gamma

Link Function - Reciprocal

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 || 3.716768 13.0229 0.0015
Spline(lat) 2.00000 || 7.355606 25.7128 <0001
Spline(moonind) |[ 2.00000 {1 1138067 3 9876 0.1362
Spline(deep) 2.00000 || 1.857902 6.5098 0.0386
Spline(keeptemp) [| 2.00000 | 2220926 77818 0.0204
Spline(keepfe) 2 00000 | 1.000393 3.5052 0.1733
Spline(keepdsst) 2.00000 || 0410406 | 4380 0.4872
Spline(keepdfe) || 2.00000 || 5.077030 17.7891 0.0001
Spline(time) 200000 )| 13880714 48 6357 <0001
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Summary of Input Data Set

Number of Observations 5806
Number of Missing Observations || 9
Distribution Binomial
Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 || 8.885556 88856 0.011%
Spline(lat) 2.00000 || 5.622121 56221 0.0601

Spline(moonind) || 2.00000 |f 4349426 4.3494 0.1136
Spline(deep) 2.00000 || 12.907742 12.9077 0.0016
Spline(keeptemp) || 2.00007 | 5921092 2.9211] 0.0518
Spline(keepfe) 2.00035 || 12.009857 12.0099 0.0023
Spline(keepdsst) || 2.00002 || 5 167836 5.1678 0.0755
Spline(keepdfe) 1.99992 | 9.962533 9.9625 0.0069
Spline(time) 2.00000 )| 17.654219 17.6542 0.0001
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Summary of Input Data Set

Number of Observations 158

Number of Missing Observations || 2

Distribution Gamma

Link Function - Reciprocal

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square | Pr> ChiSq
Spline(lon) 2.00000 || 1.447423 5.0950 0.0783
Spline(lat) 2.00000 || 2.365257 8.3259 0.0156
Spline(moonind) || 2.00000 (| 1735595 6.1094 0.0471
Spline(deep) 2.00000 f| 0.836160 29433 0.2295
Spline(keeptemp) (| 2.00000 || 2401242 8.4525 00146
Spline(keepfe) 2.00000 | 0.471813 1 6608 0.4359
Spline(keepdsst) (| 2.00000 || 0104747 0.3687 08316
Spline(keepdfe) 200000 || 0.617306 2.1730 0.3374
Spline(time) 2:00000 Jf 0.532533 1 8746 0.3917
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Summary of Input Data Set

Number of Observations 5806
Number of Missing Observations |[ 9
Distribution Binomial
Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr > ChiSq
Spline(lon) 2.00000 || 8.631361 86314 0.0134
Spline(lat) 2.00000 || 3.119254 3.1193 0.2102

Spline(moonind) [ 2.00000 || 3 82149] 3.8215 0.1480
Spline(deep) 2.00000 (| 2.071476 2.0715 0.3550
Spline(keeptemp) |[ 1.99985 |f 12 840R872 12.8409 0.0016
Spline(keepfe) 1.99885 || 1.611975 1.6120 0.4464
Spline(keepdsst) || 2.00001 Jf 3378366 3.3784 0.1847
Spline(keepdfe) || 200011 || 3.643344 3.6433 0.1618
Spline(time) 2.00000 [| 38.261145 3R.2611 <0001
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Summary of Input Data Set

Number of Observations 412

Number of Missing Observations || |

Distribution Gamma

Link Funection - Reciprocal

Smoothing Model Analysis Analysis of Deviance
Source DF Sum of Squares | Chi-Square | Pr> ChiSq
Spline(lon) 200000 ff 4694128 156701 0.0004
Spline(lat) 2.00000 [| 1.159835 IR7IR 0.1443
Spline(moonind) |[ 2.00000 | 0859033 2.8677 (0.2384
Spline(deep) 2.00000 || 0.227027 0.7579 0.6846
Spline(keeptemp) || 2.00000 | 1.577730 5.2668 0.0718
Spline(keepfe) 200000 1 0922400 30792 02145
Spline(keepdsst) || 2.00000 |f 0127713 0.4263 (). ROR0
Spline(keepdfe) 2.00000 || 0.378771 1.2644 .5314
Splinc“imu} 2 00000 5. 705709 190470 <0001
-38 -
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Summary of Input Data Set

Number of Observations 15806

Number of Missing Observations |[ 5]

Distribution Binomal

Link Funection Logit

Smoothing Model Analysis Analysis of Deviance
Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 [ 3.518960 3.5190 0.1721
Spline(lat) 2.00000 || 6.270877 6.2709 0.0435
Spline(moonind) || 2.00001 || 0.265916 0.2659 0.8755
Spline(deep) 2.00000 || 2.670907 2.6709 0.2630
Spline(keeptemp) [ 1.99889 || 15.661807 15.6618 0.0004
Spline(keepfe) 1.99048 || 3.592698 3.5927 0.1647
Spline(keepdsst) || 2.00002 [| 2.655940 2.6559 0.2630
Spline(keepdfe) || 1.99739
Spline(time) 2.00000 | 18.939605 18.9396 <0001
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Summary of Input Data Set

Number of Observations 241

Number of Missing Observations || 3

Distribution Gamma

Link Function - Reciprocal

Smoothing Model Analysis Analysis of Deviance
Source DF Sum of Squares | Chi-Square || Pr > ChiSq
Spline(lon) 2.00000 f| 1.600645 T.1182 0.0285
Spline(lat) 2.00000 || 0.624962 2.7793 0.2492
Spline(tmoonind) || 2.00000 | 0.6083]| 2.7052 (0.2586
Spline(deep) 2.00000 | 0.449967 2.0010 0.3677
Spline(keeptemp) |[ 2.00000 | 2 762460 12.2849 00021
Spline(keepfe) 2.00000 | 0.627297 2.7897 0.2479
Spline(keepdsst) (| 2.00000 || 0887747 3.9479 0.1389
Splim.-(ku-mlfe} 200000 1 05326248 23403 03103
Spline(time) 2.00000 f| 2.204626 9 8042 0.0074
w8 =
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Summary of Input Data Set

Number of Observations 15806
Number of Missing Observations |[ 151
Distribution Binomial
Link Function Logit

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares | Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 || 5.844192 5.8442 0.0538
Spline(lat) 2.00000 f| 11.312366 11.3124 0.0033

Spline(moonind) |[ 2.00000 Jf 3273743 3.27317 0.1946
Spline(deep) 2.00000 || 2.539962 2.5400 0.2808
Spline(keeptemp) (| 1.99994 | 4629322 4.6293 0.0988
Spline(keepfe) 1.98652 [| 2.779473 2.7795 0.2468
Spline(keepdsst) || 2.00003 |f 1.689162 1.6892 0.4297
Spline(keepdfe) |[ 2.00153 |f 2. 584948 2.5849 0.2749
Spline(time) 2.00000 || 7.156043 7.1560 0.0279
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Summary of Input Data Set

b2
)
=4

Number of Observations ]

Number of Missing Observations || 31

Distribution Poisson

Link Function Log

Smoothing Model Analysis Analysis of Deviance

Source DF Sum of Squares || Chi-Square || Pr> ChiSq
Spline(lon) 2.00000 || 4447384 4.4474 0. 1082
Spline(lat) 2.00000 || 2.117060 21171 (.3470

Spline(moonind) (| 2.00000 | 1269916 1.2699 (0.5300
Spline(deep) 2.00000 [ 1.084033 10840 0.3816

Spline(keeptemp) (| 1.99999 || 5350160 5.3502 0.0689
Spline(keepfe) 200003 || 3.421491 34215 0.1807
Spline(keepdsst) |[ 200000 |f 6. 142380 61424 0.0464
Spline(keepdfe) 2.00000 | 1.617507 1.6175 (0.4454
Spline(time) 2.00000 || 8358737 R 338R 0.0153
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dim: 2

dim: |
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Smoothing Components Panel 1
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Smoothing Components
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