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The Spillover Effect of the Liner Shipping Performance for Coastal
Countries
Po-Yuan Huang
Pei-Chun Lin
Department of transportation and communication management science
National Cheng Kung University

SUMMARY

This paper aims to assess and empirically analyze the effect of spatial interaction on
liner shipping performance of coastal countries in order to detect how a country’s
liner shipping industry interacts with that of others. We use a spatial data analysis
approach to explore the spatial dependence of port container throughput and liner
shipping connectivity of 138 coastal countries in 2010 to 2017 as well as build spatial
econometrics models to estimate the spillover effect and verify the relationship
between throughput and connectivity. The data were collected from the UNCTAD
database. The results show that connectivity is a significant explanatory variable for
throughput, and there are positive spillover effects. The container throughput of a
coastal country will be affected by neighboring countries. In the context of
globalization, the country's marine freight transportation will be affected by other
countries, and this impact will vary according to different relationships between
countries. This is important information for the related authority, including port
management units, governments, and carriers. They can predict the future trend of
freight volume based on the results of this study and focus on those countries that
may be affected. Finally, policies for the liner shipping industry should also be
beneficial to the country.

Key words: Spillover effect, Liner shipping, Container throughput, Liner shipping
connectivity index

INTRODUCTION

The importance of maritime transport for trade and economic development cannot be
overemphasized (Hoffmann & Sirimanne, 2018). Liner shipping plays an important role in
the global supply chain. The scale and capacity of the shipping industry are also important
factors affecting a country's competitiveness. Container throughput is a common indicator
used to evaluate the performance of liner shipping industry in countries. The Liner Shipping
Connectivity Index (LSCI) can be defined as the ability to transport cargo to other countries.
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Lun and Hoffmann (2016) pointed out that characteristics of economies with excellent
shipping connectivity include high throughput. We assume that the level of the LSCI is
related to the amount of container throughput. The rise of spatial econometric analysis has
placed additional emphasis on the effects of spillover, especially in the area of transportation
involving spatial movement and connectivity. Previous studies have investigated the impact
of spillover effects on transport infrastructure, economic growth, and trade, but the spillover
effect on freight volume is less discussed. Thus, the first purpose of this study is to examine
the relationship between container throughput and LSCI; the second is to prove the spillover
effect on throughput and LSCI as significant factors affecting the spatial interaction between
liner shipping performance of coastal countries. The scope of this study includes 138 coastal
countries with both throughput and LSCI data in 2017.

METHODOLOGY

Spatial data analysis is used to handle data with spatial elements, which includes (1)
processing spatial data of 138 coastal countries; (2) the spatial relationships between
observations must be quantified and presented in the form of a spatial weight matrix in order
to transfer the abstract spatial concept into the mathematical model; (3) inferring the spatial
autocorrelation and distribution patterns of container throughput and LSCI by inferential
statistics and confirm the variables have spatial dependency; and (4) building econometrics
models to find out the relationship between countries of throughput and verify positive
spatial spillover effects.

RESULTS AND DISCUSSION

According to the Moran's | to test the container throughput and LSCI whether they have
spatial dependence in four kinds of spatial relationships. Moran's | test result (Table 1. and
Table 2.) shows that the throughput and LSCI showed clustered distribution, which can be
seen throughput and LSCI expressed clustered phenomenon.

Table 1. The result of throughput’s Spatial Autocorrelation Global Moran’s |

Model 1 II I v
Variable In TEU In TEU In TEU In TEU
Weight Wsp Wry Wiskcr Wgrra
Moran’s | 0.478946 0.118566 0.322691 0.167509
Z score 9.962963 3.959969 12.695892 6.43666
p-value 0.000000 0.000075 0.000000 0.000000

Distribution Cluster Cluster Cluster Cluster
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Table 2. The result of LSCI’s Spatial Autocorrelation Global Moran’s |

Model A% VI vl VIII
Variable LSCI LSCI LSCI LSCI
Weight Wsp Wry Wiskcr Wgrra
Moran’s | 0.357614 0.157771 0.435971 0.059626
Z score 7.565307 5.222165 17.188773 2.492913
p-value 0.000000 0.000000 0.000000 0.01267
Distribution Cluster Cluster Cluster Cluster

After confirming the throughput and LSCI has spatial dependency. Next step is building
spatial econometrics model to find out the spatial characteristic of container throughput. This
study will focus on SLM, SLX and SDM with panel data in order to increase sample number.
Through the above models, we can infer the spatial interaction between countries’ liner
shipping industry. Analysis results such as Table 3. First, the result of SDM with W,
shows the throughput of country i is positively related to the throughput of its neighboring
countries. Second, the result of SLM with W;, shows the throughput of country i is
positively related to the throughput of its trade partners. Third, the result of SDM with
W;ssc; Shows the throughput of country i is positively related to the throughput of its highly
shipping-connected countries. The last one is the result of SLX with Wgpr, shows the
throughput of country i is positively related to the throughput of its trade agreement partners.

Table 3. Spatial regression model results

Model SDM SLM SDM SLX
Weight Wsp Wry Wiskcr Wgrra
0.007™" 0.007" 0.006™" 0.007"
p (0.001) (0.001) (0.001) (0.001)
0.246™" 0.636™" 0.512™"
p (0.047) (0.058) (0.102)
0.013™ 0.007™" 0.019"
A (0.002) (0.002) (0.002)
N 1104 1104 1104 1104
Wald statistic 229.21" 235.57"" 24251 199.57
Hausman statistic|  2954.78™" 285.27"" 1114.21™ 255.4™"
R? 0.546 0.633 0.71 0.457
LIK 266.623 264.279 271.706 255.853
AIC -525.247 -522.558 -535.413 -505.705
SC -505.22 -507.538 -515.386 -490.685
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We calculate the spillover effect for four models with different spatial weight matrices
(Table 4.), and all effects are significant. According to the results, when a country’s
connectivity increases by 1-unit, the throughput of this country increases by 0.044~0.053.
This is a direct effect. In terms of the indirect effect, when a country’s connectivity increases
by 1-unit, the throughput of other countries increases by 0.023~0.11. We determine that the
spillover effect in the LSBCI matrix is the highest, while the sea distance matrix is the lowest.

Table 4. Direct and indirect effect

Effect Direct Indirect Total
LsCl 0.007752™" 0.01872™" 0.026482™"
(0.001227) (0.002464) (0.002529)
Effect Direct Indirect Total
LsCl 0.007385™" 0.012541™" 0.019926™"
(0.001246) (0.003068) (0.003669)
Effect Direct Indirect Total
Weight Wisscr Wiskcr Wisscr
LsCl 0.006374™" 0.020063™" 0.026437™"
(0.001287) (0.003357) (0.00355)
Effect Direct Indirect Total
Weight Whgrra Wkgrra Wsrra
LsCl 0.00748™ 0.018824™" 0.026304™"
(0.001277) (0.002033) (0.001899)
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CONCLUSION

Our research through empirical research inferred concluded as follow: We find that a coastal
country’s liner shipping performance is at the same level as its neighboring countries, trade
partners and highly shipping-connected countries. We also proved the existence of a positive
spillover effect in the liner shipping industry. The changes in a country’s connectivity will
affect other countries, and this impact is greater than the influence on the country itself.
What's important is the degree of spatial interaction between two countries, which is more
related to shipping connectivity than geographic distance. Our study uses more spatial
relationships. It is helpful to analyze the impact of spillover effect from different viewpoints.
The results are important information for encouraging carriers to explore potential markets
and reminding governments to track the expansion of business, investments and
developments of port infrastructure in other countries.
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5 T M l‘*é’}ﬁé“m}f%u_l BEE LWy, > T AEE PN AT - E

WA F R Y A5 50 R s B0 0 Ao 5N 3016 Aot -

U:ZW. (3.16)

W {1 > B 742§ % BFTA
Yo mdgjA & % BFTA

Wy B2 B 5 25% » Apdit 8 i B chB B A Wepp,® % 30 0 e

|k

fﬁﬁig%#ﬁé’%@ﬂ%@ PR TR B RS ks o 4 FIERA T B R
BEFT VR MR FREAPFT N ERS TR S DR T AT R

Wirra i€ (734 F ©

33 ZEFHAH

G FAA - AT AR A 2 B R e § R feak st o
A o g T JEsh e Fdah O ol B A o 0 T
te T H & F 12 (O’sullivan & Unwin, 2010) - 7 B Ffl2 BB sife R 5 2 7
#p i& |+ (Spatial Dependency) @ % 77 % B ¢ JHRTHE Fo 05 Adp B > T oA
AR Eor ek BAp i & A BT F A “/JI* £ 3 403 w3l o iy (Cliff &
Ord,1973) - z & p 4p B 4 47 (Spatial Autocorrelation Analysis) | 2_7 & 74L& 7
PoBRF Y RBIEZRAARES VAR IRE AR EE G A
HREIRL - 2B p MR ¥ %4 5 2% 73] (Global Spatial Autocorrelation) 2 ¥ 3

%] (Local Spatial Association) = #& > ~#* 7 #-i¢ * ArcGIS:2 7 Z FF p 4p M & 15 o
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331283z F p Pk

DEINZEAAPM AT & P A 1T BRI e LR LT
H

\.

%

FAFTRApRE B EL P EFERIFE AR EEE R TE AR E
A2 T HFOPHE  Ea A NP E Ahpr e L E RER EH
s FA G Pz apAM AT 21 &I R S A ulE
Moran’s | (Moran, 1950) ~ Geary’s C (Geary, 1954) % General G (Getis & Ord, 1992) -
Moran’s | &2 Geary’s C énf£ 4 4802 » & Moran’s | €3+ 8 & - B3 B H ~ i
Birg FRE A BT o2 BFad @ Geary'sC £ R EZRFE &
FiLEL? TR2ZPMIFE ~HZ & 5 General G R AT 1138w 0 A 17 4
B E(RE) S MBEE(S )RR c @Y R

#
KX EZFFROEE R AP EE TR 7

o

Rp 2703 A
T REE L
BARRE A 472 2 B3t Moran's | shat o A2 X5 3 Eih- R FR AR
T®F Moran’s | 2 227 282 p a4 47 BIE 2055 MR E %D

b5t 38 T Hadag il fhdp ez B Ap ik 2 - Moran’s | €02 H3- 5 g5 N e

T AR
N ZZWU(X'_)Z)(X]_)?)
I =S—>< B S — (3.17)
o XXX
-1
E(l)_m (3.18)
Z:I—E(I)

(3.19)
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Y PR BGRP 4o T

I'* Moran’s | 45 #& -

Xt M2 BRe(P ot » e suddid Pipix)

Xt ARz pra(fimsL i~ 2 sdd d it i)

X R e(P et ~ L Fufdid i) T0E

Wij t RIpdE B Rz RHEE E(Wsp ~ Wry > Wigper > Wiery)
N : R psnid#ic> N =138
':.-Fw’fgé"é“ﬂ"”f\‘ﬂzllz 3

E(I) : Moran’s | 4p#c2 8} % (& »
Z * Moran’s | 4p#c2. Z %~ ¥ »

Var(l) * Moran’s | 3p #icz. % & @ -
Br 5031778

Tohlans # N £ 3-2 5 Moran's | & % Z|F R o e pFs

RN R N T

R

GRTES Eaee

BREEE DN Z o8 B- HREFMRE T £ 3-3 5 Moran’s | & g F

o B 3-1 55 AR5 2 B o Moran’s | 2. B3
0 RSB E(E LT ~ T E

Hy & BB (e

ek § o~ T Hp Aad

3 ) §

e TACT ProT L
@wwﬁﬁm;ﬁgw%o
LEGARM -
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% 3-2 ~ Moran’s | & % 23 s

o

FRFER DA H

| EAXRIT 142 T HEREARS
TAL R RApichs E

| EAXFET-1 & 7 AR AXF
| &=0 7k RE A
% 3-3 ~ Moran’s | & = % % 5P
T * HEEmp
? IEE m & BXK
P >4 F -k F
SR A SR R
P B <% k¥ 1EF BB
Zr R it LT B AT S HEAS
P E <& F-KF 165 bR Bk
ZA¥n | B BB TR % B A F S MR

Positive spatial No spatial Negative spatial
autocorrelation autocorrelation autocorrelation
Moran’s >0 Moran’s =0 Moran’s <0
Cluster Random Dispersed

Bl 31~z @A # 7R E
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332 %#F A Fp ik

DR ZE pAPM A ATk % T G BRI TR R s T 3o 1 A
BRI 2 AL FERPM DR R AZ T A AP A 7w i
A2 e wz P TR AR FIRERR T H/T - HHAHER DT
Bo TR A Ok 2 AT B G B F 1 o Anselin (1995)4% 4 0% 2 A
% R B %5 4 #5-(Local Indicators of Spatial Association, LISA) €2 = % Moran’s |
A A R RBAZE g AAM AT 2 0 B TFE % Moran’s |
IfE o F At 3 B E A LISA 41T 521 £ 2% Moran’s I(# 3¢ 3.24) » LISA
T - BrREAPRHAMTIFE ~op i DRI TE LG

BT I o LISA 15 43 B S e 2 X 323 47

X-X) o r
l; = N( _)2 2 Wy (X;-X) (3.23)
Z(XI_X) j=1, i
.-;'i (3.24)
TN

YR HCGR Ao

I; * B34 Local Moran’s | 4p #c

X; " A2 B a(f e g » e gl g i)

Xi - g2 B e(f e » W #udgd i)

X WREHE(P et » T HBdd Pipin)2 T0E

Wit IS Rz FRRE E(Wsp ~ Wry » Wigpe » Wepry)
N @ R peshii#icr N =138-
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HiE LISA » 17 > * Bz B HE ~ % ¢ (73— & Local Moran’s | 4 #c » I &
FEFEONRIR BN TREFFRRLORS - "B FppM 47
i % 77 ¥ FiE 7 4L B (Moran’s Scatter Plot)e3; 5% & 3R o 5 B 571w Bl 4

SaAER A AR ZRE ASERE ) ARz R E A

MERET TR EEE ST e T 30E > i F 3 phlicE R L 575

o

RER o AKCHB BT AIRE L AL 0 F BRARES L

%{2@E£sBﬁ%ﬁ%ﬁﬁﬁ%i@ﬁiﬁié%ﬁ%m’ﬂ&@ﬂﬁ
ABEFRAFTT L Moran’sl - ZFHCTF B A 22 B %' L AL FHE A
GHPMEFE AP h Ny FHBFE(LISAp1R) » A L8 BitiEs B
FHH) » Bl iEz BFER(LL) - 3 B Ez FasgHL) » B Ez B
Fe(LH) - B 3-2 5 2 B BT Bl o % 3-4 5 hiRZ AMIEFL TR -

HL HH
ERoEACRER:L iE &) 22 [ B 48 B

hXCEASREE ] BB 48 B
LL LH

Bl 3-2~ 7 B4 Bl & B
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4 3-4 - LISA 5 % 3p

12

[ESE =

¥ - % 'Y(HH)

% F!LT"IV—’L—{E?; B=S Y

TRHE~ ﬂiﬁ/m}g’,}’*m" PR T
HAg B E" g o 253 5 iR

md

B A 7 is o 2 i AR

R

%z % '(LH)

B E T BT
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34 B EANE

‘_
]

SRV EEAE LR GRE the B3RS UKL A

RARES B
th

I e (Anselin, 2013) o 3 B a k™ 4 5 2 RAp Rt 2 B R it &7 BAEA

PEAB T 2R EEATE S AR ARSFF S GRS AT 7 AR

FE K G LR R AIERE R A YRR RE T

FREAREY R AT HAET A S EE R T CFF AR TS B

TR THL B AE - PRy FRAEE - #4504
BRER Ry EHGFREN AR ERB e EPRES R BH LA B
PR Ly o R E B R g GRR RS EHRFHER R TR
Ao REAG LA ] RERKAER PR AN > T T ] B A ER g
Fid o iea R B 0 0 1 0 LA ek 8 L 51 F R 342k (Hsiao,
2005) -

AT RAF RSO T o R B R G A EHRFTHES AT
o2 JHEMBR FRNE PO Y REZ R ERALTE
P ESREEERRLF RS SR E AT RRE TR AR
Mt g s B ERCR s 2 B p R B E B3] 2 & Durbin #23) 0 4o B 3-
S%ﬁo%wi&fﬁw%y»%nw¢$¢ I R | IR - L R
BRSPEFRE T N0 L F Ik HEE o doBl 3-4 17 o T ]
hlpdom BOLE BFE R B e s By Bipiaf N2 22 2 @3

RARELS Bl s Sl
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[ FE A ]

h 4

i B &R @ GF AL A ] [ 7 B ot F AR A ]

‘:lv‘b\
I H (e
‘c:: o|
“;ub|
H 1l e
‘o c:\
“é—:"b\
H H e
‘c: c:>|

[ 7 o] 5 AL A ] [ R B B E A ] [ 72 [ Durbin#st ! ]

B 3-3~ 2 B3 L AL E R IR

B HE TR

RIELL
JiE S ABR

6 A%k R

IE 4B,
AR

Bl 3-4 £ B R HAE B A
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3.4.1 F T % &2 " 8 2 % (Fixed Effect & Random Effect)

hir RGO B REAEAY AR RE AP ET G A
PEE LR REDPTEERE L F AT R LR o B
tefp it ARk e o B ehfR Ay AR T AGELZ R P B0 B2 AT
FEIEp > A BH A R gk B3 (Elhorst, 2003) o

FJL R e 2T 4 5 BRonk BRIk 0 Bl R0tk K4 R EER S
PR > T iF A ez B AT WA ERFER R LT LR
Tl RS SRR R E Tk o MR A B E
Bu p FEOM GEAREW g YRFEF T - R E B2 A 7 (Independent and
Identically Distributed, IID) > T35%c % 0 ¥ R i of g ¥ o> 005+ %
kB E PR EENR AT G ONEER R AR o A a2 B
FHA? A FREPBERADE A TR D FE AR AT LA F

PR OH GEBIGT R G E R Rk c FlaO R BNk i E T
%% Hausman # T_(H-test)enid % > H-test sz £ &+ > o e pd R K 3
LAY p B 7 e TR o FREL m A B AL IEREPETE
FIE9 m & BIK 0 B A L 4% T 2ok (Elhorst, 2014) o # B 4o T AT
Hy @ "E8 2%k enfg 3h 43 225 o

Hy @ SEf00 % i - e o
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3.4.2 § ¥ sutie A7

i §F & 17 (Regression Analysis) &~ fE5u3- & 1+ 4~ 41 dicdpch™ 2 0 P oehft
TfES B S BB LTAPM > U E AP D e BB R 0 XS 2 BF
ARG Tl JRu R R B R A 3 M T R R
ML FHA AR B FA W R B P AP S TR BT B AR iR L

WL EE R R e e R AR L 23

—=

FAMMORE  PARALGEEFNIFRRME ) 278 F A LI0EHA o
Bk Pt S RE 2 Z R R g R A Bap Rl o 3 i Y
it R T g B R IR A R B > SR (0 R
Alend R o i H St 3 GF ORI K AT AT

Y. =X +u+e (3.25)

2N RGP o

YV P IR 5 & o

SORN R SR ETELICE SRR EE
p+ I FEE R (g eehdp B
QR EEIE

& : K—{fﬁ&;ﬁé °
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3.4.3 7 ¥ % & #-7| (Spatial Lag Model)

R EEAH R SR ERTNETRE A2 By B3 08% o Zen

bk R fff H AU FHCA L Rt r 2 R AR 2 Bl £ A T

FREFARFEWY BT B E A kRl T80T 5 f Fc T B35
ZRFEGEp FUFERTRFDEREHIFI ~ AP DR TRA - 5]
AR LR A - A T AR R o O kSR - 2
PPETR B SR e P SR RER R E e A B0 FER
FRARATpREFREEF L0 EF AP IEFOLE AT LRSS L

EA IR X FMITR Fend L 2B o B AR 2T Hio
(1) & & % 53]
Y. = pWY + X, + 1 +¢, (3.26)
2R 3 SHETI
YV, ' B 5t 2
SORN R SR ETELICE SRR EE
pi AR T BB Gk
W: 2 EHELEL(Wsp > Wry > Wigper > Wpperg ~ We)
Y pHhEtEaie g o
B+ T EE A g B M T
p - BEER

& : Kl?f’}}k’;i‘i’- °
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(2) & BT 403
N
Yo = pD WY, + BX, + pt + &, (3.27)
j=1

S FCRBGRLP o

PR RtE DR B

PR et E ) ALl g g

S R RN R Y
Wit IE R FEE E(Wsp > Wry > Wigger » Weprg ~ We) 2
B+ T HUEE R A Beedp B Tl

¢ - BRI

g - LWIEA o

344 7 F p % %% EH573] (Spatial Lag of X Model)

B p RBFERG a0 & B SE00 R p RBceh B
BRFHEWX: 2R EEEES f $lce £k ft 0 THETZTE A~ p $chih
T 353 - Lesage & Pace (2009)45 &1 » i 3 75 R A R i AT R Rl
ik pRETTA G AL FEEORENE ) Z L FhareE: > T i
§ERIC G P ARG P R B RGN § R R D
AREHTTE A AL RN ERAE - UAFT S0 FEF RETA

_‘3

AR %7 5 02 B P P HFDRE > 27 ERDIRELED

IR0 g X IMIT R Reh ) SudE gl }'aL;}F]g;;E 2o HRA K T AT AFT
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(1) &5 #3
Y. = AWX+ X, + u+e¢ (3.28)

RGP 4o

YV " B 5 g o

X; ¢ R R S i

A R U deehy B Tl
FEEREEL(Wp » Wry ~ Wigper > Wepra ~ We)
DR E A e B

DR AT i i T

tmxg

DR EETE
gt EWFEA -

(2) £ BT )

N
Yo = AW, X+ BX, + e + &, (3.29)

j=1

2R RGP T

R RtE R AL E

DR R et eh R S g
AR SE gy e I
WU RN ]}ﬁ‘«]'j’\}mg 1€ E(Wsp > Wry > Wisper > Wepra > We)
B+ T HUE R A Beedp B Tl
i - BEET
g P MEWFAL -
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3.4.5 7 & Durbin #-3](Spatial Durbin Model)

Z B Durbin #3] 5 2 FEEF &2 p FEFEHA DR E - R
ZRFLAREWYSWXAL p R4 b3 2 58 hiipf o Jf - 35 AT
FROORBHRE )RR TE A AL R RHROPERRE A T AR

'ﬂ

PR REFEWATNFEHE - SRSk B WAL A F
Z B Durbin #-3chp &A% Y72 5 02 R S PRF R A A7 ¢
WA e B i § LI R RN k5 8 R sl

#ﬁ&ﬁﬂ*E%%‘Oiﬁé Bt el ong P fsa s v o4 359777 > 8 %

M

BEe Ry gig oz B Durbin 03] 3% 24 Bl4e 2 3¢ 3.30 & 3.31 #17F -
(1) & 5 53
Y. = pWY + AWX + X, + u+¢, (3.30)

YR HCGR Ao T

Y R AL

PORN N SEREE TELAC R RN R R (S

p: E AL E g BEE G

A TP EGE g I“’L#pgim:r— NER Y

Wz EREEL(Wp » Wry > Wigpe > Waprg > We)
Y! PR EAw &

X P IuFR il 2dp eenile £

p - I EEE R (g Beehdp B T

po- B EEIE

& - A o
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(2) & B A
N
Vi PZ ij Jt+ﬂ’zwijxjt+ﬂxit+:uit+git (3.31)
=

SR BGRP o
RN AtEDE RS E
S SRR gk & TELAC R RN R RE (S
RS LT R
A R AT A g deeh B T
Wij t RIpdE R 3§z B L E(Wsp > Wry > Wigper > Wepra > W)
B+ T EE A g B M T
¢ - BEETE

Eit : Kl?f#ﬁ;i‘é- °
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%\’3'5‘3‘1; ag@ii%ﬁi@

g T % Bl
Xi Xf
A
% R R
YLy
(SLM) :
& [ &
X; Xj
A
B p R8T AR
Y; Y;
(SLX) - <
&; Sj
X; Xj
A A\ 4
7= & Durbin #23)
Y, Y
(SDM) :
€ | &
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35 #WAFREARE T

AP RY RS PRE LA OR S 3 HREA R Sk FRE
LSl L~ 1 o prin Sl L e 2X 4k i (Log Likelihood, LIK) & # >t it g
Bl e & 0 F LIKAR L M A fife R 483 > & 7320037 R afief & o
P i vt # 2 (Likelihood Ratio Test, LR-test) & - #& ] * LIK 3+ ¥ % & anfeig
Bte o dfd 1 29 BRI LIK B4 & hdimag se ol dp oot i ¥ 5031 % 5
e A oo B3 E 2 N EER AT Ao

LR =2(LIK, - LIK,) (3.32)
Hy: 53 - &3 - e LIK AR %520

Hy » 83 - 2831 - dLIKZE 7 330

FIESG m & BR > %74
BB SEEE A P BB EREARF ORI T R 0 AT g ehff

S O % A R A el R o A AR R BB i

S Al G o AR R o LR R T AR

B R afedl Al LIK @33 A F ek R 8 R (Akaike
Information Criterion, AIC) £ *5 X & % R(Schwarz Criterion, SC) > & 4 & & & ¥

ARl ehfe it Ripth o £ A LT R AMER 2 g & - AIC &
LIK i@ ie— H 3 R pd Renh 3 4 @ % 500 chp S8l KL PR3
PLIARRE 0 g% AIC BEAR] 0 4 r’«u*zui ehficif B o SC BRI T 4 » 7 BB
BN Y R 0 2 A2 AIC ARk > T SC AR il RARE > A
B REBEREIBERERERY 2 B o o040 A3

AIC =-2InL+2K (3.33)
SC=-2InL+KxInN (3.34)
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3.6 ZRHER

FREGERERGpE - R E AT FE AR e
GHER 0o Z R RBOCE P A E R AT RER
Hd WA ST
Jy 7 B 3k e L (Spatial Multiplier Matrix)Wy,, > H i 424 #7155

S5 W R AR P CE R T

(1)4-F’&/\='~ﬁ:
Y = pWY + X
Y — pWY = BX

(1, - PW)Y = BX
Y = (1, - W)X
Wy = |:Wij:| =(l,-pW)" B

OEL SRS SR
Y = AWX + BX

Y = (AW + Bl )X
Wy, =[W; [ =AW+ 3,
(3) Z B Durbin 3]

Y = pWY + AWX + X
Y - pWY = AWX + X

(In_pW)Y:(ﬂ“W-{_ﬂln)X

Y = (1, - pW) (AW + A1,)X

43

§ oo

AR P R g5 o =

(3.35)
(3.36)

(3.37)
(3.38)

(3.39)

(3.40)

(3.41)

(3.42)

(3.43)
(3.44)

(3.45)

(3.46)
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W, =[W; |=(1, - pW) (AW + 81, (3.47)
OV HECGRP AT
I,: ¥ 4% N =138
pi ARy B G
At LSCI =7 B % 3 thde
W: B EEL(Wsp » Wry ~ Wigper ~ Wapra)
Y! fhdtEhie g

RTINS PRY TR

Woy & EW;; % & Bl Ry $ticnd B g sn il o % BRyep 9o 4o -
BH P Rz g g il - F"*%Lﬁ:t«ﬂ?“iwm“f TV ERES B
Bl R B envhEonfl 7T - 3t 2 R R 0 a8 ok
oo B4R E AW, P AR Ty L BenT ol R4 B Rehp Sk
BEPE AR OERSEATI AP B o T iaE o MRtk £ W, ? ;}r‘,ﬁ%
HERT PREE E15 0 & 7 (Column) i foinT i > (8 4 i Bl R B
BopE o HH ] RIR BT AS R T e T el W IR Ny RPN
Tyaz bt o B AR B Tk R e L ok o B e L B

50 VUL - IR EERREIET > BB E s
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Fr® BE:LS4

AR A ZRFTREA 2 R TIBB R ARAFN IR I LT E T
PauE g By e PR R R R A T EEREE  RYRFHE
Mipe FEAS R RO 2 L RP Gl R L E SR B
BFenbf i 2 A RIPHLEAZE2 BFen3 B3 (8% 5 B o B8 BB

FREOERFS L

FREREGE BRI B G028 R B LR fRp Ll

Feif Binth o FaR ¥ By B AR S

B A ERH 6 RS R T T AR AR e puE R ? B ik

B3 AR oo

Bz BPREAEAS > R FARY R THEAIT 2 R IREK
FEGFalFns MipiRit o AT &% Moran (1950)4% J1ch 284 2 F p 4p
B 2T AR R B A At A F g B AP R 0 |
- A% Anselin (1995)# ! cnFH B A 2 B p Ap M = 2 > & 45 B B B Rehdt

%"\?Jﬁg\ °
411 23|72 F p 4p i

TR A L BT L (W) BEE ST ERE(Why)
2 @@l LR L (Wygpey)  BE T 5 12 TR E (Wppra) ¥ 2 BE R
BE T 4R gk T 0§ 138 1B 00 i B R2017 & chf 1§ B L B (In TEU) & 2.3 5%
Fi il g B(LSCl)sha # Ay fide T H Bk e ™
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H, -

& B NI SuE £ 47 1R(In TEU, LSC) 2 A B #4105 o

Hy @ ip i B pen e #0684 RAp i(InTEU, LSCI) 2 A F Jh >0 3 R 28 Laiicst -

*AT Y #4138 B W

2 ZRERE BT R Y ArcGIS 6 - #* 1 E 2

¢ Spatial Autocorrelation (Morans 1)i& (7 # %> B % % 40 % 4-1 977 o

41~ 2EFINFE PR R LS

Model I II I v
Variable In TEU In TEU In TEU In TEU
Weight Wsp Wry Wisscr Wirra

Moran’s | 0.478946 0.118566 0.322691 0.167509
Z score 9.962963 3.959969 12.695892 6.43666
p-value 0.000000 0.000075 0.000000 0.000000

Distribution Cluster Cluster Cluster Cluster
Model \Y VI VII VIII
Variable LSCI LSCI LSCI LSCI
Weight W, Wy, Wisscr Wsrra
Moran’s | 0.357614 0.157771 0.435971 0.059626
Z score 7.565307 5.222165 17.188773 2.492913
p-value 0.000000 0.000000 0.000000 0.01267
Distribution Cluster Cluster Cluster Cluster
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241 % HT 0 973 i F 2005 2 001 B F KR TIEG R &

"

Bk Hy» ® | Z EF 420 00 57 2017 & & Wenf 5l £ 80 24 buid
DA PR D fHE AL AR 2 A AR EEARA 0 pT s &

Rena a8 2 % 4 g th » &2 H AT R R (Wsp) ~ L & 7 2 3 &2(Wpy) ~ 5
B RSB T (Wispe)E F % 15 T ' (Wppra) P& 5 T ARRE - g & 7r
B OMEZFERANFE AR RO LA E AR PRt > R ST E L E

Gl % T R YRR R IR o F e kg 26 B R

fis.

T\4
o

B, 3
K’ﬁ,—g‘ °

412 %332z F p ip M

FERAZF AR DA RE 2 AR IR R AR R F D
THRT 0 TP AFL R E 4L ok o EHE Model T PIVITE A fE S 0 TR
* ArcGIS &1 £ 2 & Cluster and Outlier Analysis (Anselin Local Morans I):i£ {7
T AT ERDERS 22 g Hp Ul A 2t v - 8 LISA gtk

Model 182 V4 47 #7 {# 3 1 LISA dp #h4c Bl 4-1 &2 §] 4-2 #7757 > A  ch HH &
WA EAPT B AT BT F e LF A ATET A BN R TR

ﬁﬁﬁ%’%5§W?j%é?ﬁﬁﬁﬁﬁﬁﬁ%éﬁﬁm&’fﬁaﬁﬁﬁ

>

HURPEF ARG IF ERAEEAL AL T LLTRFS T 8 & PERS

3,

ARG TR - HHHELE R RN J AT BRI KB ER B
FAEFE oLL RIE P el 3 R g 240 R p4pak > 2 R RS §
AP MER PR T T HEAEFTEL, RLEE FMS- BELEE
By L MESER o LH R RS AT S A ERE E R o bl
FERIUBEAEEL IS EE L > 02 e 2 LA RS R R Fp

THpSaE A ¥ AP RO ERIT R R AP RE o
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[ LH

Bl 4-2~ BEigis P TR £ 2 ¢ R R Sl il 2 dp # LISA dp ik
(Model V)
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Model IT ~ IIT ~ VI ~ VII4 47 7 {8 5] 51 LISA 45 454 # 4& 5 4p 02 > 4o K] 4-3 7]
B 4657 > LFZREF L2 P HuB A E2 Fog RAPM > & 300 O
FLEAIZFIPLFREERADEIIDEL L ERFYF T L I8
£ (Wry) & f3f T8 48 @ i 14 € 42 (Wigpe)) T AP I enig i I & B e +
AEApEaR sl SR RE RS o L e IS LISA Jp iR
HH & LH & 46 > # ¢ 4455 HH chp b 58> 1 & 5 @ BgF R Fo &)
CaErdBR g et 85 TRHASLRFELLLZ TP E(Wpy)

MR UE R R B F(Wigpe )i B A F R E F 8 0 B HEF E

R om LH 5 L R EARFERIN I E LR B RKOR o B P w2t
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Ba-4-FERF&EFFHRL2 L MUY Sl i #ic LISA 4o 1%
(Model VI)

I i
[
o8

W 4-5 e gL 2 L R 5 & LISA 5 #-(Model 11I)

50

doi:10.6844/NCKU201900589



LISA

Ok
[l L

B 4-6 ~ Fif T Bl g E 2 3 R R Sl @l ap # LISA dp ik

(Model VII)

& Model IV VILA 45 #7 {7 7| é77 LISA 45 154 @) 4-7 22 §] 4-8 “71 » H ¢
HH R %5 2 R gA o > S E R difgle  HEF 7 2 202
S LA R EEL G T AR A A T E L A R B R R
HL 4ptR % W AmE R T BE s - BES SN 2 B2 e R
ERZFIPHURG AT RS ABE LG R Eond om0 fERESL
EEAMETR T TEFIRFY BRE Y W BTG ARG S
FREARREFENTHELA L TR I R LT E L Rk
g T AR R E o LL 3y o e Bl A T TR EHE
fh THPHUE A ERB A L 0 FF FAeEt £ b 4 (CARICOM) » 3% L F 25
FMESEE o LH P f L RBEEOR RO FIEAE EERHRE N E
AFRHAOLIBIRT ERGEFTIRFE L TERITP L0 5 i

ERFE LR E o
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LISA
I i
[ HL
R
e

LISA

Ok
[ LH

B 4-8~ {§ F i £ 2 & B ) #ud i i 144 fic LISA 4y #%(Model VIII)
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42 ZRE‘ELH

R FpARM AT o AR F R L R 2 g R R
Bz Bk - A s L BB Po Ra 2 B3 £ 000 L ¥ st
Al ® o G S fE R R Y PR AT PR A
Bt E s g ] e T B A el R 0 T 3 R AN R R
BREF RO FEZ TSGR LRt o 2 B gAT
O R BBk % A fT 0 A ik T & (SLM) p  HeE B (SLX) &
FREZECOM)F= AL 2 " hEi* e FTREEHRFHER
Boiehe st TR R P FHRF DA v L E AR R e

42.1 f§f B Spse fg

Al g o< RIGE Bt T T i A B(LSCH ¥ R 5

ks
a\

%k ﬁ;‘l/‘fﬁx v % drk 4-2 95 o B¢ F oo 2 LSCI enfhdicy £ 5 33 A

m-k'g

9%, % > @ LSCI e fF fhdic s 0.056 » % 57 2017 & eh ) il i i 124, B

R E B2 B et ARM B o &5 LSCl - BEH = FiF5Eh
AR 2 G 0.056 o AR B ETIRA > * AN T p % ik F M Wald
+§ 52503 = H pvalue o] AT K 0.01 0 & 7 I B @ Py By
FHE BB PARFene % X PRiE B3 afal v 7 B R2 k=
AR o bR AT EEEAY SO A R R o P T K
PE B (LIK) ~ 7 8 t;*r;mg_(Alc:) L EXEGC)A AL EG R EHT
peif B dpih o £ R R RO B R IAI A RDEL T
Woe BEALTE > MEHFALB LT LG B &V EAROBHE|E RS IB 5
2§ % 896 pvalue | > BEE -k 0050 £ 7R A A LET AP L FBEA

oo AT E-HRFZEpARM 2 AR SR LA > B kded 4397
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oo s AT T (Wep)E BEF T 5 1 T E (Wpprg) e 27 0

Moran’s | &% < 0 ¥ &5 83t P B F P & > 27 B3R 4 w

I

B
chz BAp ikt > T2 W 4 B2 H AT R T (Wsp) & F 5 12 T & (Wppra) #
Bt ARRE e o ek E e 0 A T2 g B SRR ¥

BRI e FREERERE AT ﬁﬁ:;‘ﬂ'*f RN ALYy B Ap ik 3E

U XA R0 Sl EAREIE (S o TFEARRLF T F 25 0F

242 W AUE A PIp B PR S B2 [ H R A AT R

Variable | Coefficient Std. Err. Z p-value 95% conf. interval
Intercept 11.891 0.153 77.54 0.000 11.59 12.192
LSCI 0.056 0.004 15.82 0.000 0.049 0.063

Parameters Value p-value

Wald statistic 250.3 0.0000

JB statistic 8.96 0.0113

R?=0.645 ; LIK=-226.759 ; AIC=459.518 ; SC=468.299

243 ERMe FHAR LT 2B UZR A M A TS

Weight Moran's | Z score p-value
Wsp 0.258765 5.472919 0.000000
A -0.04015 -1.03559 0.300395

W,ssci -0.02056 -0.51136 0.609099

Wapra 0.108462 4.278896 0.000019
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422 7 B B

R L e e R SRELS Bl I 7 o SES el A B L R F S X AR B
AP e FAR S L E T B AL BRSO ) T R ITENE ARE Y

e u]
@4k dckt %%% SR 32 LEREE S ERN L E T £ RN
b E el o Ao E g 2017 el R G TR 0 R A ) B EEd

vt

\F‘b

BEWsp) B3R &5 53 E (Wpy) B 2 5ud il g € 2L (Wepe )
ERT IR TEE(Wppra) e B2 FEL B L R T AR P B ey BB 5
5 Model1 5 4> 5 8 % B+ P2 8 7 Glicehie 25 B 2 % bod 4-4 957 o
o @AY i #oof ~ LSCI dhiw §F e PR S L B e B A Thdiep o
i Model 2 2 3 ¥ HT 3 B 3 3tV BEF el & B Ghen s & 0.01 i8p

FRBETIEGE ABRK 0 FL T GHEcA £ 00 B P v B4 0 LSCI %
Eﬁfl’fﬁﬁ“ﬂ:ﬂ/} B % 0.047 ~0.053 ~0.044 2 0.053 > = w422 i3 ¥ e ftﬁ?ﬁ:ﬂ] 1P
fooo Zoon 2017 # cnT A gl g el AR S ek B 2 B v 07 A AP B chl
thomm Y % BT iR 5 0.348~0.549 + 0,732 22 0.399 » >+ 1t
sz Bl B AT R R (Wep) ~ L & 77 5 P (Wpy) ~ 568 3 R S
FWispe)E 7 5 12 TP E(Wapra) PR B2 B ARG RS 5 4P
B 5 L RTEHI L ERAF ARDF LB € R S Ekn (7T
bro P UWigpe & B E ciModel 33 & B chz & ilicpr d2 F & A 5 Model
28 45 % % Wep 2 L s Model 1 675 42 (28l 2 > 4 7 BT B3 B
BERFE LR T I P L Frokse R B T AT R Ree

A2 ¥renit 4 > Model 1 3] 4 s Wald szt # 4 %) 5 335.82 ~ 288.66 ~

401.65 #7 2929 > ¥ ¥ % 0.01 b F KB 2% T TIES B & B 0 {2 P hud
U P e (R eI AR EREH IS LE
B U Rl e B4 ik AIC 5 459518 0w 3 A 5B 403 s AIC

R F AR F e AR
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T“éz: 9 A\

‘3;

[EAPERRY il Jz\ifu%*ﬁs?ﬁﬁrhwﬁfi
» pl 12 Model 3 5 & iF

144 FRG FHELLE

s B Y
BB A

B L 475

H) % 436.333 ~ 449.652 ~ 418.386 £ 447.971 > % 1 i
P Rl (R il
M0d6| 1 > 4 —I;’E’ 2 ’ %‘E'/:]_ &WLSBCI

RO 0 H hlican @ PR Sk x L )T"«l—J%‘-ﬁ B

F R BITEF R

Model 1 2 3 4
Weight Wsp Wry Wisger Werra
Intercent 7.484™ 2.727 0.442 6.381™"

P (0.833) (2.521) (1.539) (1.448)
8 0.047" 0.053™ 0.044™ 0.053™
(0.004) (0.003) (0.003) (0.003)
0.348™ 0.549™"" 0.732™ 0.399™
p (0.065) (0.151) (0.098) (0.104)
N 138 138 138 138
Wald statistic 335.82™" 288.66"" 401.65™" 292.9"
R? 0.677 0.667 0.752 0.67
LIK -214.167 -220.826 -205.193 -219.986
AIC 436.333 449.652 418.386 447971
SC 448.042 461.36 430.095 459.68
*** n-value<0.01 > &5 5 % o
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423 2 p BEFEHT

P REFEEHA e W HUE R P BE R G R R
AEPFREAREE L W7D LSCl HAREIFE L EHEEBAR - A & *
2017 & cff o AL 0 0 2 BERUA P ARFREAEIR E (Wop) ~ HEEH & 1 5 4718
£ (Wry)» %%% I HuE g R E A (Wgpe) %§ 1 THE £ (Wppra)
w BE BMEELE > Model 53] 8> i * S X #EI2 87 iz 3t ehi & 40
# 4-5 #75r o hw BHECAY > vy hy #E ~ LSCI eae Effl/?ﬂiﬂ—"’i’ LSCI a7
B el & 2001l el ¥ RETIES B & BK > Flt v akhiry Gk

7 %> 0-Model 5 7] 8 e LSCI ET'; %8B~ % 5 0.048~0.052~0.039 £ 0.055-
S FEEEADRE YR A7 2017 £ puF i il Py i B

b B2 Bl A AR o TR A GHEAP ZAE S 0.022~0.024 ~0.04 &
0.024> % 3+ it o eng A 2hE s B or ARSI R 7 Wsp)~ 2 & 7 5 35 &1 (Wpyp)~
FEE B R R T (Wispe) 8 | 5 1 T 2 (Wppra) P& #ud g 3 {2 #F‘ L
ARDEREFLEZ LAY § LR P ERA T ARHELE S §
FIH hE T Em 2 R o et FE TR R IR 1 AR E I Wgpe = 18 £ 7 Model

7 BBy BFEEGEA Model 6 & 8 chikfikiEdp e o @ Wop 5 B E o
Model 5 % ¥& hficim B 14 > 2

N8

BEEZFFANAMR 0 A RN 8L buE
FRAERFELL PG A F W ATRFe EFLL L
GAp e ey B E ARk T > SLX 63E i (AP & %t SLM shiE B tdpe

-

A F A E R R AR T UFER Al RRenE L B AR R Rend il

CENCED ST S S F T
A2 %t s > Model 5 3] 8 snWald st 8 4 %] 5 286.46 ~ 283.98 ~

396.31 2 271.99 > # ¥ ¢ 4 0.01 endg F-K ¥R T T IFQ m & B3K 0 43 LSCI

82 LSCI eh% B 55 B S s 155 oL £ 6B B LB ¥ o - Model 5 7| 8 e i

- 2]
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Bodat AIC & % 5 449.23 ~ 450.039 ~ 417.467 £ 454.016 - ¥ -] ** i H sufrie
FHCAE AIC Ha ik o R ApBOTE TR 0 R f Model 7 il & i
== )

487 SLM thi L4 R 3t SLX o hw B2 B S BOT B 2 FF oh ik

b g s IR E U Wiepe & L% T s Model 7 % 8 > & B 7 Model5 -~ 6 £

8 o
245 - FE e TR ZEFp REGTEL A ITESE
Model 5 6 7 8
Weight Wsp Wry Wisger Werra
Intercent 11.447 9.867" 9.206™ 11.065™
P (0.192) (0.603) (0.395) (0.333)
8 0.048™ 0.052™" 0.039™ 0.055™
(0.004) (0.004) (0.004) (0.003)
4 0.022™" 0.024™ 0.04™ 0.024™
(0.006) (0.007) (0.006) (0.009)
N 138 138 138 138
Wald statistic 286.46"" 283.98™" 396.317" 271.99™
R? 0.675 0.673 0.742 0.663
LIK -220.615 -221.019 -204.733 -223.008
AIC 449.23 450.039 417.467 454.016
SC 460.939 461.748 429.176 465.725
*** n-value<0.01 > #5505 238 o
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4.2.4 Z & Durbin #-3)

% B Durbin 4] 2_SLM £ SLX enig & > 2453 ? B4 » F 5L E
hiE B B Y SuE G g R B S R g BB E o
EATERFE R AGAPAY - BHE-RF A LREL RS F P
JE R 2017 EPBER G TR UE Bl SLFIEREE (W)~ BE R &
FrPHEEIWr) Bz i P E L (W)  BEF 2 BT EE

(Wgpra) % m B2 BB Bprise = Model 9 3] 12 » @ # o 102 & 7 thdicis

;3

Peng S drd 4-6 7 o hw BHCA Y S BoEIRA 0 W Model 9 & 12 § ¥
& #& o v BHcA e LSCI i@ b 8By 2 0.01 R EORE T ARG R & K 0 A
L] % 0.048 ~ 0.052 ~ 0.04 ¥ 0.053 > ¥2 SLM ~ SLX e’ & 4p v » & 77 2017 & &9
T AR A PR E LR Tl 2 T ARRE o 2 R e
W Model 9 82 12 ch {1 5 et £ 3 F 538 G ¥cphf ¥ >~ %] 5 0418 87 0512
TR F(Wsp) & 7 % 12 T & F 3 L (Wepra) e b
et EARNEHE L 5 Ak 5 LSCl chz B4 Gl s # % 7

WL Bk g o BT ARS

500 BA4ERH 3 A E el E A 0 b & RK o

Model 9 3] 12 7 Wald %3+ & 4 %] 5 342.45 ~ 288.79 ~ 404.37 £ 296.76 -

T2 7 001 indg ¥R K LT RS m & BRK o fih W @il g |
BEt B B E AR LSCl h; B AREH IR BB T INF

e feip R 4pth AIC & ®] 5 437.65 ~ 450.8 ~ 417.619 &2 449.467 > 82X % |- »¢

i E s el o AIC 748 0 ¥ 4535 SLM 7 SLX éhpei R Ap A o fe

SDM #&taficizit etk LT 2 B E %_Model 10 £7 11 » & LSCI sae ‘ETF
GBS HEFRE > SNSRI - B S o
59

doi:10.6844/NCKU201900589



46 FE s T2

Z B Durbin =3 & 7.8 %

Model 9 10 11 12
Weight Wsp Wry Wisger Werra
Intercent 6.749™ 5.325 4.697 5.194™
P (1.194) (3.991) (3.25) (2.149)
8 0.048™ 0.052™" 0.04™ 0.053™
(0.004) (0.004) (0.004) (0.003)
0.418™ 0.335 0.365 0.512™"
p (0.105) (0.291) (0.261) (0.185)
1 -0.008 0.011 0.022 -0.011
(0.009) (0.013) (0.014) (0.015)
N 138 138 138 138
Wald statistic 342.45™ 288.79™" 404.37 296.76""
R? 0.677 0.67 0.748 0.671
LIK -213.825 -220.4 -203.809 -219.734
AIC 437.65 450.8 417.619 449.467
SC 452.287 465.436 432.255 464.104

*** p-value<0.01 » ** p-value<0.05 > 355L ) 5 225 o
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425 % B BF A A

KRG PR B Rl kg 0t ) B R0 L B i3 e
GR R LgRT L TR FRE Y AE - BT g F g

ERPRRLT FRERF AL L B Fpt ATy R+ 2010 £ 3 2017 & 138
A RREE RO RGO EF R SRl 2 BB R B A KE
7 AR B AR ARG R -

Aol R LR GEHGA L A AT IR L (W)  EE T &
PIEE(Wpy) B 258 i P B L (Wype) BEF 2 2B
(Wipra) & w 5 P RS 4E a2 = % B 5533 03] Model 13 7] 16 > ¢ # B P2
2R GER T R R Ao 4T A o hw BHCAY 5 AT F Ak AN
2% iE 7 5 2 e Hausman st & 4 5] 5 551.61 ~ 285.27 ~ 153.22 2 471.49 »
2yt 001 B F KB RTTESRABK > A7 R AR RIR
7 »c% o Model 13 3] 16 1 LSCI i §F f#cfer 1 5ok £ chy B 58 fdicp >
w00l i E RETIEG R B BER o F VG G 2300 H Y v BL
A &7 LSCI i&ﬁfﬁ“l’,’iﬁ&ﬁ/’a\ % 0.009 ~ 0.007 ~ 0.007 £ 0.008 > # -7 T _Hp 47l i 30
P P 5L 830400 o @ 3 %8 thipn] 5 0.365 - 0.636 ~ 0.707 &
04735 B2t 1t % e [ b g s 0 BE 7 ST B F(Wep) ~ 4 8 7 5 35 & (Wpy) ~
BB R R T Wispe)E F 5 1 T E(Wppra) PR 1R 5L & 0 2 AR D]
e 2 2ARR o HEPTRB R PR E G D FFEEA AR > 25
% Model 15 ~ 14 ~ 16 £2 13 -

Model 13 3] 16 &7 Wald %t & 4 %] 5 196.71 ~ 235.57 ~ 254.43 ¥ 195.61 -
T2y 00l PR F LERTTESREBR  Hh TR P |

PR B B AREM L E DB ELF e Rtk AIC & 9

=

5 -495.898 ~ -522.558 ~ -529.146 £2-497.212 > ¥+t i@ * {5 TR g H ML
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1‘]1 ETF »«—-;u]';“ 31; Fé&;_l_% 5;—/‘3",}.

23] AIC 4 1 3

A hgEnT R 0 BT % HRF AL D

a/p@ﬁ‘ —;Fﬁ*rgmﬁ“lﬁ)i°u:‘l IB%E: ]7 Fm‘mﬁ‘:‘lﬁ)'iZ\iﬁabLﬁ&’l;}:;‘ﬁ-
Model 15 ~ 14 ~ 16 &7 13 -

47T~ EREFHE2Z

2B EAKA A

Model 13 14 15 16
Weight Wsp Wry Wisger Werra
8 0.009™ 0.007™ 0.007™ 0.008™"
(0.001) (0.001) (0.001) (0.001)
0.365™" 0.636™" 0.707™ 0.473™
p (0.04) (0.058) (0.061) (0.052)
N 1104 1104 1104 1104
Wald statistic 196.71°" 23557 254.43™ 195.61""
Hausman statistic| 551.617" 285.27"" 153.22™" 471.49™
R? 0.665 0.633 0.721 0.66
LIK 250.949 264.279 267.573 251.606
AIC -495.898 -522.558 -529.146 -497.212
SC -480.877 -507.538 -514.126 -482.192

*Kkk p-VaIue<001 ) ;},‘_E' %’fw P\ é *%L‘—)ggi- .
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248 L EHFH UE RS TR EE (W)  BET ST S
FERE(Wpy) BFR 2P P L L (W) BFEFT 2 B E
(Wopra) e B 7 BB el = cnz B p R80E £ 801 F35% % - Model 17
7] 20 1 Hausman et £ A~ %] 5 682.48 ~ 310.74 ~ 1017.18 ¥2 255.4 5 % # 0.01
SRS EF R BRI TIEG R A BE AT & kiR B RG »%F - Model
17 3] 20 # LSCI i fF t3dcf s LSCI ehz ¥ 5538 thded » % & 0.01 e08g % -k 3
TIEGRABRK  FPL TG GE E 0 Y v BEA DT HFG U
dp Beetiiw §F BB A %) 5 0.008 ~0.008 ~ 0.006 £2 0.007 » # 7 ¥ I 4l i 1 o dp
B AL S APR o @ F A E S AR 5 0.01940.011+0.016 £ 0.019-
B3t ch B b3l B TR R (Wp) ~ 2 & § 5 3 2 (Wpy) ~ 58 3
Kt g B B Wispe) 8§ % 1 THS & (Wppra) &) S i il M ipdic > &2 A B en
PP E oI APM e B E R RAEE T ER FE G TROZRE %
HEBRA T T LR U Wy 5 18 £ e Model 17 £ Wypr, i9 Model 20 4 % 3

e

i il 2% 4 A Model 19 & 18 £ 77 fude » 5 BEF S84 F] 4 14 -

w

BUEE TR PN E A L MR BT AE R AL LR T LR T AP
et FE sl o @ EHFAHSLX & SLM At fdp e B R T 0 €

BGBAREP R YRR G kg B R TSR ok ARG
R -3 S

Model 17 3] 20 s Wald vzt & 4 %) 5 194.61 ~ 171.56 ~ 211.45 ¢ 199.57 »
2 oF 001 PR F-RER LT IEG B A BK 0 18 T SUE @ oy B
LSCl ehz B F 2 R f 5L 2 P B Feh o feif Riptk AIC & 5] 3
-501.581 -~ -482.209 ~ -515.504 £2-505.705 » #+ i¢ * if i F 4L SLM > AIC :}Fl
7% Model 17 & 20 5 *7 % o e BHA2Z Fopfpeg R AR R &RE 5
Model 19 ~ 20 ~ 17 2 18 -
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%48 PRFPLZF P REFZEHA S8 %

Model 17 18 19 20
Weight Wsp Wry Wisger Werra
8 0.008™" 0.008™ 0.006™" 0.007™
(0.001) (0.001) (0.001) (0.001)
1 0.019™ 0.011™ 0.016™ 0.019™
(0.002) (0.001) (0.002) (0.002)
N 1104 1104 1104 1104
Wald statistic 194.61° 171.56™ 211.45™ 199.57"
Hausman statistic| 682.48™" 310.74™ 1017.18™ 255.4™"
R? 0.546 0.613 0.707 0.457
LIK 253.791 244.105 260.752 255.853
AIC -501.581 -482.209 -515.504 -505.705
SC -486.561 -467.189 -500.483 -490.685

*Kkk p-VaIue<001 ) i’é' %’fw P\ :‘; *%L‘—)ggﬁ- .
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2049 2R EBHFH R g b AT IEREE (W) BT & 4
HRE(Wpy) BRI RTRAPREEL (W) BE T * R TRE
(Wypra) % 3 % BF B BBt s = ch7 @ Durbin #7222 % % - Model 21 5] 24
e Hausman %e2t & 4 %) 5 2954.78 ~ 270.95 ~ 1114.21 22 283.17 > ¥ % 0.01 ekg
FREXRTTIEG m & B > 20 * FEonk BT 53 RG »%cF - Model 21
3] 24 7 LSCl i jF th#cf~ 1R 5 et £ ey BFJE 8 thiip? LSCI ehz %8
Bl Model 22tz B SR ABAA B E > HApt 4 0.05 A ¥ K ET 4R
B FIR T iah hEcd 22000 H P v B4 90 LSCI iiﬁfff,’?ﬁﬁxﬁ/’a\ B &
0.007 ~ 0.007 ~ 0.006 ¥ 0.007 » # 7+ = # ﬁ)iﬁ@ﬁ'f“i#ﬁ BEPHEEE LA
Moo 2 R EERliep s 0.246 ~ 0.617 ~ 0.512 ¥ 0.221 » b it v e B ¢FE 2%
Jo o BEom AT R 7 (Wep) ~ L & F 5 35 2 (Wpy) ~ 508 8 B8 % B 7 (Wyspe) &
P AR L (Wepra) D p 5k 2 BARDE B E S ApM - H P 1y
Model 22 sh¢b Z »c 3 B B % > & B % Model 23 ~ 24 22 21 - Model 21 ~ 23 &2
24 ey B TV i AR] 5 0.013~0.007 £ 0.012 0 B3t ey B ehE 2R 0 B
FHTR R A8 RASRFE T I R LR FP Lo G d gl
BAFDEREEE S EARM o AR TR R DA B R TR
SLX 4pk » MWy 2 #EE s Model 21 % 5 % > &% §_Model 24 ¢ 23 -

Model 21 3] 24 s Wald %t & 4 %] 5 229.21 ~ 233.36 ~ 24251 & 207.42 »

T2y 001 chdg ¥ KBRS b & Bk o fiwh TP gl g e

=

T By BBy LSCl chz B R BB EH IR B E4HF
10 feif B 315 AIC 4 %] 4 -525.247 ~ -520.648 -~ -535.413 £1-509.639 > $f1* i
¥R EF R ISLM & SLX » % 7 Model 220 # &3 h AIC Hp R F T

fw BHAZFaofef B AR 0 kA 5 Model 23 ~21 22 22 24 -
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% 4-9 ~ #HRF A2 3 & Durbin #0344 47 5% %

Model 21 22 23 24
Weight Wsp Wry Wisger Werra
8 0.007™ 0.007™ 0.006™" 0.007™
(0.001) (0.001) (0.001) (0.001)
0.246™ 0.617" 0.512™" 0.221™
p (0.047) (0.085) (0.102) (0.089
1 0.013™ 0.001 0.007™ 0.012™
(0.002) (0.002) (0.002) (0.003)
N 1104 1104 1104 1104
Wald statistic 229.217" 233.36"" 242517 207.42™
Hausman statistic| 2954.78™" 270.95™" 1114.21™ 283.17"
R? 0.546 0.629 0.71 0.517
LIK 266.623 264.324 271.706 258.82
AIC -525.247 -520.648 -535.413 -509.639
SC -505.22 -500.621 -515.386 -489.612

*** p-value<0.01 » ** p-value<0.05 > 355L ) 5 225 o
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43 HIAEEH R

A EF R PR O R H SR R R B S T
Z PR AR > B F 402 4-10 #1710 195 Model 1 3] 12 srap-value > #775

it S AT A 001 P FRERTTIESREBER AR FEG T

)\4_

HlaE 2 B g f E s Al (i R oo AR
TREFLEZERI E chff Bt fFcdl 290 RS LR T

Poug gl ehy BAp it S04 > R B st Rl Vo A 2 g

4

1
B
[\
|l

o
=1

Bte r RHchy BAp R 288 Al R Al H &
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Model 1 3 4
Type SLM SLM SLM SLM
Weight Wsp Wry Wiskcr Werra
x2 25.18 11.87 43.13 13.55
Model 5 6 7 8
Type SLX SLX SLX SLX
Weight Wsp Wy Wisser Werra
x? 12.29 11.48 44.05 75
Model 9 10 11 12
Type SDM SDM SDM SDM
Weight Wsp Wry Wisger Werra
)(2 25.87 12.72 45.9 14.05
67

doi:10.6844/NCKU201900589



d R R TRSEHRT RO B R LA AR b EE R

* LR # 200 RCA ehpe i AR 0 Bl AFT R ¥ fedl R4 iR AIC 2 SC s
PRt A TR AR EAAIL R CAICE SC ¥ T A LIK E3k 8 AIC
A R 2B HZL R 5 SC R A AIC el @ b 5o~ A @ * ahfk &
# o Model 1 3] 24 <1 AIC ¢ SC feif R dqthird 4-11 957 o 2 dh L P a5 7
FREEARA gz R RE LR s Y BT R H g R AR R
TR S F Lol > SRR n - HEF o HEF
é#%?ﬁ@:iiﬁ*ﬁpﬁw@ﬁwﬁﬁ i GFRCLIPT 0 R0 R YRR R ey

o nF R p o 03¢ > BB R

SIFHSEE BE R MMEL @Ry B el A Hie-

i A el eny BT ANCA S 2 R p R EHCA 2 2 @ Durbin #5730 e

o

FRIFORER > IHEY EFFE RO IR EE O E IR

B r BRila P ST ERAE E (Wsp) 93 3 BT AR @ > 3 B Durbin 23
77 Model 21 $ B 1 AIC #2 SC & » A 5] % -525.247 £2-505.22; i¢ * 7 &
TR E (Wpy) e BRF A3 ¢ 0 3 598 507 5 Model 14 & i1 AIC
¥ SC & » A W %-522558 ¥2-507.538 ; & * i ) sudidid PEL B
(Wisper) i BEE #2831 ¢ > 2 & Durbin $23) <5 Model 23 7 # i< 3 AIC & SC
B > & % 5-535.413 ¥2-515.386 ; ¢ * Hif {4 15 TR E (Wapra) 38 BEF HL 10
4] ¢ » % B Durbin 3] 9 Model 24 4 & i:0 AIC 1£-509.639 » 7 F¥ i % #ci%
4577 ¢ Model 20 $ # 0 SC #-490.685 - d ¥ v 0 & Wyp 22 W gpc 573K
LT oY E S g ﬁ#ﬁﬁxe’v’u TR RET nE TR
B R AW R T R RS R B ARG G R fE
B4R Wepr o0 RIS o |1 ) v i i M dp ficehy %8 9l

i ;}Zq.x"/r B mf‘g DL

68

doi:10.6844/NCKU201900589



AL B G TALE R R g B AT R

Model 1 13 5 17 9 21
Type SLM SLM SLX SLX SDM SDM
Data |Crosssection Panel Crosssection Panel  Cross section  Panel

Weight W, W, W, W, W, W,
AIC 436.333  -495.898 449.23 -501.581 437.65 -525.247

SC 448.042 -480.877 460.939 -486.561 452.287 -505.22

Model 2 14 6 18 10 22
Type SLM SLM SLX SLX SDM SDM
Data |Crosssection Panel Crosssection Panel  Crosssection  Panel

Weight Wry Wry Wry Wry Wry Wry
AIC 449.652  -522.558  450.039  -482.209 450.8 -520.648

SC 461.36 -507.538 461.748 -467.189 465.436 -500.621

Model 3 15 L4 19 11 23
Type SLM SLM SLX SLX SDM SDM
Data |Crosssection Panel  Crosssection  Panel  Cross section  Panel

Weight Wisscr Wisacr Wisacr Wisacr Wisscr Wisscer
AIC 418.386 -529.146 417.467 -515.504 417.619 -535.413

SC 430.095 -514.126 429.176 -500.483 432.255 -515.386

Model 4 16 8 20 12 24
Type SLM SLM SLX SLX SDM SDM
Data |Crosssection Panel Crosssection Panel  Crosssection  Panel

Weight Wsrra Wsrra Wirra Wsrra Whrra Whrra
AIC 447971 -497.212 454.016 -505.705 449.467 -509.639

SC 459.68 -482.192 465.725 -490.685 464.104 -489.612
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Effect Direct Indirect Total
Weight W, W, W,
LSCl 0.007752™" 0.01872™ 0.026482™""
(0.001227) (0.002464) (0.002529)
Effect Direct Indirect Total
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(0.001246) (0.003068) (0.003669)
Effect Direct Indirect Total
Weight Wisscr Wissc Wisscr
0.006374™" 0.020063™" 0.026437""
LSCI
(0.001287) (0.003357) (0.00355)
Effect Direct Indirect Total
Weight Wgrra Wgrra Wgrra
0.00748™ 0.018824™" 0.026304™"
LSCI
(0.001277) (0.002033) (0.001899)
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