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Analyzing Impacts of Telecommunications on Travel Using Structural Equation Modeling
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The purpose of this study is to analyze telecommunications impacts on travel in a comprehensive
system, considering demand, supply, costs, and land use. This study first presents a conceptual model,
considering causal relationships among travel, telecommunications, land use, economic activity, and
socio-demographics. Then, based on the conceptual model, the aggregate causal relationships between
telecommunications (local telephone calls, toll calls, and mobile phone subscribers) and travel
(vehicle-miles traveled and number of transit passengers) are explored in a comprehensive framework,
using structural equation modeling of national time series data spanning 1950-2000 in the U.S. The
model results suggest that as telecommunications demand increases, travel demand increases, and vice

versa. Additionally, transportation infrastructure and land use significantly affect travel demand.
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oY v FRENY 3G o8-S s
e FHIFAE 2(ubiquitous) AHElel AME F7dln
ek, AAZ A 3087 FEERS] Ul wEe A}
3], A, B3} EANYH, 1¥ 5 2E Fold dx &2
F&E YR Yek(el, Castells, 1989: Graham and
Marvin, 1996). 53] FREA S $-8¢ AHZE, &
2Rl &3, 3Pds]e] 52 712 FYeo] g W
£ 7k F3 vh(Mokhtarian, 2000).

HHEA] 0] 23 3E BHE 20003 AAAT-E
o 399 ool QIEYIE o] &3t3 glon, oF 50%
AE7t vs# AUtk AR Aoz ZAMEIATHUS
DOC, 2000). 28]z 2000189 3¢ 1999 o]ie] 1]
Qo] o} FAge) 7448 ATHCTIA, 2002). $-2lvet
9] A= 2000 199wk o] QQEHlE o] &3k3 9]
on, o)A JRIAGTE 2 dld 209Ee] Aoz
FAASAL. o] 2 FRENVE9] g} Eilo] g9
ZUE 2% & - bR o g nd Aoz sy
A=

B d7odxe FA42 (aggregate) BRNA B
(telecommunications)©] &3 (travel) ol "X 93
= 58, FF, HE, EXolE 5o JABAE 22T ¥
Q1 AL EX43he Aoltt. o1& 93] 54, &
A, EXol g, AAEF, ABIAT ¥ 52 neld g
7 28 (conceptual model)-& 7Nt} 23 o 7
¥ 29 ENE nl3e] 1950~20001 A=gsie] A)
A (time-series) AIEZE 0|83} E3(vehicle- miles
traveled(VMT) &+ diFn %ol 844)3 SN A
353, A HSHEskr, olBHIgAS) 9 P2
A4 28 (structural equation model) & 2381
on, o|F B3l $4lo] B3l vIX|= Y& BA3H.

I, 7IEHT EHHAE

HO

71297 BRHEE 247 Sno B9 S 4
FATA S A3 AEA (empirical) @F AAGARE
o] &3 WFT L AR Yol the) FpsIYT)
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Aol BaiA =staxw FAH B AsH APAL
gl Fhgel 73t o] & B/ dFAR(Plaut,
1997, 1999; 3/43. - Mokhtarian, 2005; Selvanathan
and Selvanathan, 1994)& &3l A} e}, o) Q4
B I, &M, BeiF o] &% WA 28T B
Ao ZEPAE FH3%.

HA Selvanathan and Selvanathan(1994)&
1960~1986 9=3 T3 AAEAEE o83
W7 AR E, dEwE, B4, 7Iehd #¢ &
H)2} A& 8E o831 Rotterdam 82 FE 373
). o] 2¥AT AIA(CIer Al9]) Ao AH)A]
Zo| wat /AR Ao] e greg Vel AJwEH
24, dsugd Elztde A (substitution) £7
7t 9 Ao E FEEHIAY. ol 549 A&l SV}
W 2% BE diFnsd g LuAER IRt
£ Ao}

WA 3483 - Mokhtarian(2005)-& v]59] 1984
~2002:3 &R AEAEE o] §3td nFT AT
AEARYE B8 o] AFlA &uA A& A
AFE F 2% 2 4 #E FES 5709 o FEM
FUE, AFTY, AFEY, AAZAAAA, A5
Aoz FEI F Linear Approximate Almost
Ideal Demand System(LA/AIDS) 71¥-2 o]-83kd
&H|A} 2R S NS o] B3 AT n
537 54e FEEE A (), denseldd A%
Avjrie] o)) B Bek(d), NAAFTHT ARFAIN
t]e] o] 4) @A} e AoE FHEEU

Plaut(1997)& A4 n%d EAFA AMvlx F 3
#9] 23 =7} ARdAT o] 8H 1 Ye HE FE3lA
AAA SN wEH B4l BAE M3
o] A7 1980W9 9/ RPFEAST/IY FAE
(input-output) A2E o] &3dlgor RE AdEof
(44~59270 FE)ol 3t w5 Bl F4ASF
9] 270t (Spearman) ABATE FAsgd. ol
BEo| JEATFIE 49 #E 7R Qo] nEF B4l
o] 4% B¢ complementarity) #Ald J&& ¥
t}. o] ofd Adel HiF T (mB) e FYel &
7FESE O 30 di@ 2859 BRlE St
ke Aolth. oA Wi, F4liiqlo] mwEAle] &
88 FAIvE RAorlz &tk o]9dl Plaut
(1999)= I ¥FEFEA I71, wF, Avct 59
FAAEAEE FYF WHoE u%d il Aud
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A BAsigon o A7ARE wER Bilol AR
BARA &S 4T o d7Ee ddd
(cross-sectional) AEE °|83tm 3l AAEAA
FAE Fyshede AV de Aoz Jeiwr

FHHoz w%n BA9 TEH e oA
o A2 AF24 Choo, et al.{(2005)2 549 &
£AHIQ ATt BAFL) vREe 9TFE 5
Ak, o] AFelME w=e] 1966~1999de] AAE
ARE o &3ision 2uA i BES sfdaith
o] B¥e] 29WSFE BE(VMT), MY F(AYZF
5, 1988~1998d ARE o|L), BIHE, AF
2 ARAEAXE Solth. R¥ATN AYIF= 94%9]
NBE FEA 2k 0.34% BEQ VMTE A4
€ AeF vyt

HollN dAG aFF BAld Ui FAA d7ES
AEH FNo] ARA T BATAZ ded HA
F3 9t} o] 2 Aole ?i-?tﬂ’;}(iﬁlx} Bin<kl
297 oj43)3 diolye
A%, AGF zte])d 71Q1%

; Aeelc)
2. AMAE xtzel nErR FHIH

NAGARE o] &3 FAFH nETL BFL F=
g 8(d, Aol gAR, dsanP e FEF
42 (induced demand, E=2-&37|40] F3ho w
AE G HopllA MEHAT B3l AAEARS
%“45“94 Akez < F2 VMT7E 535789 F5

F2 AgEen, FaFde F2 IAENH
Q—"‘: 2dubA 4719 (single equation approach)<
o] &-&th.

#d-f(gasoline) F89] A% W& A7, Dahl,
1986: Springer and Resek, 1981: Schimek, 1996)
Bo| A9 AALGARE o] g3l RES "‘@5}
AqoH, F2 A5(GNP Ex= GDP), 3df 7H4,
BEEY, SRR o] MFE o] 83t ’d‘é
(linear) ®v 23X ¥ (log-linear) Fele VMTIS
g FaAgyos F8AT o9 FAH, e
29 A9 VMTEFE AT, &5, 2&z A
?l(lane miles) &9 ¥|FE o] g3t FHsIATh

T SloA AFE AALGARE ol 43 B dA
A7PgEe 43 EJQUS(d, A be) Y A5 oAt
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g3} A3a@AA 7} 9ol A Hel(endogeneity bias)
2 o|AA FHMEY kg HAZ § dtHCevero
and Hansen, 2002). W=k 8784 (simultaneous
equation) @EJSl F2¥ 2 (structural equation)
7} 2o RFE o] g5t B AA Y BYFH0| 7k
ata, AR Bz 3 BAR S s, e ©
FEZM AEAABAE THE F AT,

N&e] ojz] AF(dl, Giuliano and Gillespie,
1997)E0] B4, 23, Exo|& AAEEF, AT
(socio-demographic) &4 % 7 84F 749 33
AAEL AAEATH E7, Mokhtarian(1990) = &
Az} B3he] o9 FHRY dekt #AE ZlEdd
o B dpoaE 99 takgt 848 g 71E o
F-o] Aztet B Apolr] g3 AARA & TR
o ahte 3l Add =¥ (conceptual model)
& Adagnt. (a8 Del vehd Az} 2o, g
YL g7lel A AR(BArL, nBAEEH, F
P&, BAFLL BAANETE, AL, EXolE
AALE)TH T A JAR FEARFITFAR) LR
o|FolA] qtt. Zzte] FEL A e NEAFER
FAEo] glom, #AEE 7 (hypothesized)d ¢

AR

T e 8 H A
(32 1) £ S4lo| HHEA 28(Conceptual Model)”

D) AT G5e SgEsoln

, BEFEQ veA 8 5 2R fANSEY.



A9 weke Jepdoh, AMdd 2gdld 13 e 2
JEE e FeWAE BE e 20

« B8 © BAse: BAred B &
JU 1HAAE 7L Yon & B &¢
g ZE= Aoz /e o BA(ED)
-r—9L7} 7k BB res Tt e 3
A%the A& guigt. A2 AYTFe B2
S Y 7 o, A2 d8FAd u
BFEE 7N FUME F Uk o] TE
W, AT 2L UA Ee BABAE Ads
91tk Salomon, 1986; Mokhtarian, 1990).

« BY(BA)FR © 3B (ENANETF = SY(E
28 AR £, FF, HE9 o[EAH,
S (EN T a5 (FNEATFT R 9%
& Fe AoZ JMgsiet. B9 Ex A8
7k 4% ABAAEEY 718 278 ol
®3, 2 (induced)Fao AT oz} AF(d,
Hansen and Huang, 1997; Noland, 2001) 2
e} o], aFAEY V= BAE SVMIE
Aoz AT fARH BA8AY e
AgE3lre 7 Rolt}, a8l vl F
ol 7HE g AANE, nE (@AY 3
F= B (EuL-2 Sl Aoz /s
. "’5"]@"—:‘ & E"V‘]’S T ZBANAT T4
Aol FFE FIU 4% A= ez 7K
&t Gll%% . BA BAAA(Y, BEACE
HEHI) S 2 aBAEE(, =8, A%, A
)& o] &3k AX|sIHtH Mokhtarian, 1990).
3 AN FEAF T AL A A 8
BN E 29 838 F7MTe Ao=E e
%tH Costantino, 1992).

s BF(ENANLETF © EXlE = FH(BAF
8 FFEAEY FEH EXol &L 45zt
o AFE A E AL 7HEAY & ER
AN (2EEZ)] FAs 24loze] 24
£ IAA =A19] 293 (suburbanization) &
& 7EA711 992 (Cevero and Landis,
1997), B4AAe] B3 A4 o]l & =
Algee] B2 HEgE 1 YrHGordon and
Richardson, 1997). &# A mejs} @4 =
Aoz HIHE Ev} A7 8l 21
FEAAT} FAAEY 84 ga g 3’ V)&

rO

l'll

s AR (ENANLTF

gkl Aol BAlF B3] MNEH RYPol| #3
gslgen, 7t FEIt AGAAE FLF
go g2 e, mEtA £ dvdMe A
£ 2387 Y&l WA (endogenous) Bt &
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9] Be AF(d, Pickrell, 19994 FEg A
7} o] Exol§L Y (B 9%E vAn
Ak, AE E9, E"]I’Lﬂﬁ}—— E2AGE 2
e 5 Egged] 2& H3E AT =3
Exjo|&e] Hzl= AAE TR AY2F 7}
Zo] BYAR 52 FUAA o2 AT Aol &
E 7kl Jde Ao eyt

« FP(EN)EE = EXolE: FPolu BAHIE

o] EXolge] dFe F= o=z JPsiN
B3] AZe dAY AFE 7Pt o,

C EaAn|ge AT Agle IAE FEIA )

w #o]tH(Cairncross, 1995).

© ZAAgE: 15E=A 49
2 °‘ﬁl\«} B21e) o84S IR LEA
A3 18-S IIAA BAd 2ZA 7193
H(Keane, 1996) =3, A (GDP)7} B3
#2 R n&eRd g AT 3 vk
ey, AEANEEZEY AAEES AR 9%
HWE Aoz st fAEHA, B4
g3 FRSHNE 5 AAA Aoyt 7
A9 ZeAE SUAA A Jldstn Ao
(Saunders, et al., 1994). wgld BAAE
AAGZE 43 s e A= A

« AAEE (AFATEF) = FH(ED)rest n

E(EBNANATF: BAREIT ARBRIFAES]
ER(ENFY 2B (EAEFE qFE F
' Aew 7ach & Ao dFd A 2 -
o], 719 2348 AF(d, Schimek, 1996:
Schafer, 1998) 2%, ZAA&FHF(d, GDP,
GNP)7} 352 (VMT) ol 98& ujX&e Aoz
EAE fASHA, B AREITAE(A, &
FE, 7 TELE, LA BER BUFL
o 9 VA Aoz Ugxton, FAreE
BAZEIG ALBQITHTFE 23 %‘?%}—Er ]
oth(Saunders, et al., 1994).
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istmEas X M43 3%, 20064 58

9 9 M (exogenous)HF7te] ATAE A&
TR BYE o|fstax}) gt} dwbHoz 3
W RE7HE (1) FEE ARBAY Ae3
A 3“45\—1}&‘1401]7\1 SIS A (bias)E Al
A F AoH, (2) & ¥FE e A3 a7 (direct
effect, o, X — Y1), &I} (indirect effect, o,
X =Y — Yo, F&F(total effect, AHEI} 7H
HEHY ES FHY & don, (3) HF, A
¥, FAl(atent) 59 thdgt FHl9 WFES UE
T st

Mueller(1996)¢ JErg2e] & ufzd 3¢
Zugale] dut myge osa}

é e rE

Y= BY+ I'X+¢

71M Y& A4Sl WE (vector), X& AW
F¢] e, Be AW AH a5 Jehle A
o] g8, I'e AT YAl gt a7
= Wﬁ}lﬂh g, 1= x| ¥Eloltt, ayjm, ¢
Aol EAM(variance-covariance) €& &, o4

-Q]*E"LE 2 WE~(0,)olth. F2HEA 2Ed
‘\_94 HEH4Q X9} Yol g B4k s &
Aol 2= 09 ez BAE 4 9tk 2
‘_r" e FARE7E §I7] Wil =(0)E B, T, 9,
UE o] &3] Thg3t 7ho] e 4 i),

re r_‘EL _>[’_. ok
l‘iF
E

Zyy(0) 2yx(6)

O 50(0) 54,6)

_ [(I—B)’l(mf+u7)[(]-3)"]’ (I-B)'p
sr'((7-B &

714 EX)=E[Y)=00]1, AHFe a1
AZEJAAEXY ] =0)o i}, =gt 2glvhe] BAkg
2] Feloz HolskA] (unbiased) FEo] £4+ S

(E 1) Hed 280 324 Fous
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2 23%c} 1R 24 (parameter) B, T, @, U= &
E(sample)d 43 #3149 2 (model-implied)<]
BARZke] AolE HasAzl oM —"F@a‘?}

Tz 239 47 = #9543 (maximum
likelihood), ¥HkelE 42158 (generalized least squares),
ADF(asymptotic distribution free) &°] glow, &
Aol e eAkakat J&’—T‘?“; So| Ui B EXE
AR s HSFPEE ol 88lsier, F &
o] zojol Tk ﬁi}—rF S, ())& HaAA =g
=g st A3 o) EE8SE o
2t}

>r¢x:£r

=

o uf
o

F,,; 1S, £(0)] =1 Z(0)l—InlS—trS2(8)!|= (Wy + Ny)

od71M Nx9t Ny 4z oJAuee YAadsee A
&5 onjgtt

T2 S FA e AZES 0] H7]A= LISREL,
EQS, AMOS % o8 7FA7} ok, & drelde o
g <lelslolx 715 o8 HJAQd AMOS 4.0
(Arbuckle and Wothke, 1999)& o]&3f] a7
A& F8uc

V. AIAE Xtz

E Aone TEEAE 343 98 S8 A
] = XH%M 1950~2000< AAEA =S o
sisich. o] AREE FN7 80 T2 AN Ts=
HIX N 3 JEH FooA] 55 Bl FEAH
Mz BFM AAZ 2t FEEE dEete WFES 7]
FAREY] B9 3 BT RYPEAM FE A
AFE 2 AAG ARR A5 7Fed WPES 1efsl]
on, AFE WMEES (F Dol Rt it ol
& ABF7IES] s 3 ddee] A
52 £8 2A3SITHChoo, 2004 Fx).

A e
o -z oX 1o
_?L
=3 ﬂ

o

¥
i
ro
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m
N

pEEA]

o7 VMT
5% o) g

Federal Highway Administration (Highway Statistics)
American Public Transit Association(Transit Fact Book)

TA B pEA G AR
(lane miles =3xS =2
W52 %3 A (vehicle-miles)

Federal Highway Administration (Highway Statistics)

American Public Transit Association(Transit Fact Book)

goperg |32 QEAVT 95 AL A
: A g3 iEnEe] 28148 HA%(CPD”

Energy Information Administration (Annual Energy Review),
Bureau of Labor Statistics (Monthly Labor Review )
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Py Fou4 AEEA
Al A58 (local calls) Federal Communications Commission
A A3EsAL(toll calls) (Statistics of Communications Common Carriers, Trends in
A48 Telephone Service)
ojFREANAS Cellular Telecommunications & Internet Association
(Semiannual Wireless Survey)
AN (line) F+(FAL, 494) Federal Communications Commission
A (A (wire) 2ol (Statistics of Communications Common Carriers)
5 [7IAZcell site) Cellular Telecommunications & Internet Association
(Semiannual Wireless Survey)
A Asjold E AA Aol AHAEBIIAS*  [Federal Communications Commission (Trends in Telephone
saug | ) Service)
Lol A3} AL (FEAS)? Cellular Telecommunications & Internet Association
(Semiannual Wireless Survey)
Exols 3989 (metropolitan area)o] gk U.S. Census Bureau (Statistical Abstract of the United
29 (suburban) A9 9174 States)
W8 FUFHLHGDP)** U.S. Government Printing Office (Economic Report of the
AAEE A3 (FRB) ©|A& President),
ARE Bureau of Labor Statistics
=57 ATFE A7) (Monthly Labor Review),
AT U.S. Census Bureau (Statistical Abstract of the United
Ve States),
AT |7
TARH A A Federal Highway Administration (Highway Statistics)
AR AR A &

F 2 AE7I = EAA4H]2Hall urban consumers) 7IE2.2 1996 = 100.

** Chained 1996 dollars. 23 ¢te aj27sel Raxwyl
V. PRUEA Y| £5
1. 289 75

Tz 2g o]gHE HolEHe AAYE A
olng Zjzte] W= A3 (stationarity) & 7R3
ojof itk B Ao 2ole RE AEEFo| v
A (non-stationary)°|B2 ol 98 Ad=2az WA
(natural log-transformation)dt ¥ 13 A
(first-order differencing) & £3 2xid}e] A713#
“d(autocorrelation) & &°lx A= QASAT
w3, WAEsel JARse] AlAH(lagged) BFE &
A (contemporaneous) {58t ¥4 sl Y&
Fgslct. dukgog AAS= FEWUSTE opd A
A (pre-determined)¥sroll #dect, 12lx zt ¥gE
% Fit(normal) B-EF 7L & A2 YT

Tgo] F3o) AL HolHe 4= 13k AlApa
TE ol $8 A5 497401t} 28y AdE 8L 87
o] YA (8719 g4 ¢} 17]9] AR o] Fo]
A glew, W= (feedback) F=(loop)E A1 ¢

o] B¥2H(E3| 2389 identification)d A} U
o}, wahx, oA Vo 2XF A8 A AL A7
ZAZ(path) 52 0.8 Al 23S Fs1490).

2. D&e| Zn

2 dfdMe FFA s kA BRFHVMTS
WERGol &R T A7 FAFEAN R Az
Hakgshre ol gdsIAe) & 23t 5 (VMT
o} AAE Aeslr B FPE o2 A 7
22 R¥S FEAT BE ZREY 449 A
g AFag 7lestn Ml ite SeaSaA
T8 HAFE(EAFL, AL, EX0l])9] B &
8 5704 2@e e FHeke vla N3

1) ST St 2

(B 2)e iz Bi5ad 55 I3
vehlie 2389 2857 total effect)dl ATge 3
23 Aolt}, L Asghe EFE3IH o] duiva
7} 7Fsdts, AFgol &9 F3old B4lF 5ol
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( 2) L7t EdFQn EMSQ710| 25 TH(total effect) (E 3) EAM % EX0|89 s8¢0l st 570
24 (total effect) &4
=y =53 58 = 54 2y 54 = 58 54 = 54
VMT$} 0.329 0.246 VMT} 0.377 0.177
AN A3 s s (0.306) (0.229) Al A 35 8l (0.293) (0.165)
VMT$h 0.804 B VMT 0.528 0.163
AR A E S (0.804) FAAA a8 (0.467) (0.163)
VMT$ 0.046 VMT$ 0.647 0.327
ol A A ] (0.046) ol A IR (0.584) (0.327)
dgmEol &t 0.738 0.426 WEm o] SR} 1.009 -0.699
Al Esl (0.589) (0.341) Al B3l (0.806) (-0.559)
HEugol &xleot -0.036 UFusol g9 0.344 -0.461
ol BRI ] (-0.036) ol BRI RIAS (0.344) (-0.461)
FBE AL ¥ standardized)d @, TEFE FH F 1 RE ASge BE3(standardized)® #Y. T3S AFE
B9 (direct effect)E Jehd. Wizt 74]Xq o7 #93A & FH(direct effect)E VERE. VMTHE 239 aFAHL £4)
of A7t 095 velY Q@A Q&L ovlF. A9e zaddgeln WEnEdd 282 SPAYY.

B (substitution)#Alol™, &9 Hzopd A
(complementarity) #Alolct,  AAA G  Auto]4}
(1074F 6709) Aol B4zt F3o] BABAY R
o2 Yehiith ole BA(E)Y o] fo| FrlelE B
F(EN e Fhte A& ouigd. Fa3e a71g
o E’x\l°] 3ol vXe Fo] 3ol Filo|

R c} Aoz 2 Roa e,
Ye Pew. qFwuselsiie o EAAIYA
o) B mxﬂ%w Ao vt ol UER

FARIATE At
ot} o] 2 AL wFYeH dutdow dFw
o|§Ae] 5ol W] wEe] olFHsld sIIE)}
FQH R Yrhe AL uidit, AA )2 oF
A3gle] o] gaw 1990 FWA] wl¢ Eskeh o)
Sh= W R $83F o8] Fvhe oAl o8
FMNE Aoz EAHY

YR TP} FAFIHVMTZF AAR S8t olF
Asglel vXe G, ol dsuEdl vHe 9
Fele BAHSZ FoA% AFAAI} gl Aoz v

oft X

(£ 3)& aFALZTHY EAJo]&o] Eala0 |
Ae 43 FHEE FUI Aotk VMTS #d
A7 2 el =29 Z7F VMTE 37}
A7le AR Jehgrt. o A 7|EY s
ArATSE R, E2aANAR] 10% FohE
W VMT7h & 4~6%3 % Z7kete AL ovidit)

FAFSHA EZM*‘-’* 9 =A st F7hE VMT
g /M7l Aes ekt o]L oA 71
2 Q3 3P| Friek) WEel Aow Ay

NEugd #HE 2359 Af, dFuEssdA
27} /1S dEuseldAsE A F7kske A
o2 vepEch e EAlmestEe] I tiFal
5ol 8A4E #Aa7)E AoE UENT ol EA]
oo It $8a ol&e 7 7H 7
& do thFuF ol&ol FaEE Aotk

olffell /A RPN ZPgd A} o] ARl
-r(7H~%L e, 7, Y BARFAF(GDP,

EFFRTE AT E Sdead A - A
o2 gL vA= Ao e

| 2

[

£ d7dMe %’301 EEM nAE FAY 4
eI EAjol&, BAAEE, A3
®E °Urﬂr74]—§— g SR AEA
MEEgTt. o] /dd 2YE vhoR vi=9
TE99 1950~20009) AAEAEE ©] 835
JTHVMTS diFusol$24)3 SATTAIH
ﬂiﬁ}-r AR dsteslr, ols st
Z3d oA (AFngolearet AAE At
ol RS et 23334
o BAl B BAE A= &
Bgo] gAR S HHAd s
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A&Recz FAH(EE £EF, net effect) W
A Tz n3g B9 Fd5a9 Falgace
AEZEAE ke 453 die BA(ED) L
277t B (B 8E F7HTE AeE Jeiyh
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