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ABSTRACT

Network performance measure has been more and more important in transportation sector because
traffic congestion has been steadily increasing in urban area. VKT is defined a sum of traveled distances

Received 22 June 2017 of whole vehicles on the road network and one of the most important measure of effectiveness (MOE)
Revised 7 July 2017 for network performance measure. This paper aims to propose a methodology for estimating VKT
Accepted 22 July 2017 and to apply it to calculate VKT in 6 major cities in Korea. We calculate VKT in 6 major cities

by estimating traffic volumes on the uncollected road sections using regression kriging. It is expected

(©2017. The Korea Institute of (st the proposed methodology can be applied various cities.
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19709 o] % [ FA Y 2R 0T A A4S} LA 5o A ey &R AA 59
ABIA ZAE ALAH o2 BAEt L Qo 53] BAIR 229 &3 9 AA e wid 7 FAE Holar Sl
wE &3 2 AAE a4dtr] Adl TheFd weto] miEEoogto A HE] EAl= EolEA 4L Ak Hl=,
B, IF SAAE olE S A FEAE 2] $18] 2 EDBE 7NEO.E $F WHHES T A5 7HNetwork
performance measure)E A5t Tk 53] H]=-2] 749~ 2012'd Performance based Planning$! MAP-21(Moving
Ahead for Progress in the 21st century) Y435 T3t 2zt + A WU ES A A5%7 Aga 44 24
of wet dAA Y-S 2y 3 Yok WA E wFREY IT7|EE2 3 tEo] wFUES A A45H 7l
gk #Alo]l HoA L Yok wWEUESH A A5B e thEH < AFFIAYE & F AUtk
2238 41 2] (VKT, Vehicle Kilometers Traveled)+= 35

) 2 EFaw g, 247k wiEF A 5 oY
olt}. sfelell A= 1990t 5B wFDBE ©| 83t wF
Ae 1 FAR AFFR7EAE 7IR0E g AFFP Ao
3 AFFR A= EASHA v AAolth

BE }FEe| o)A FoE, E
& LEHARNY 2ARE ol §5E T AT
% & Al e glou, el
of met =28 - A A

2 = T 6t FANE s EAF AFFEAY AP FHetaL of W& &8st 2
FFYALYE skt F2o] Aot 2= AFFAAY AEH BEE V1ESD 12E T A7
FYAL A AT ARle AWEI £ =EA AFFAAE Al 3o AAE EESIT
3ol e AFFPAY AP THES FHet, Tl ot FAA o AFFPAY el o A5
H@h< Tl A2 A7E S EEeto] AFFAAE AAHFAAGH). vA Gz AR 2
A2 Aol o W F v TR wEY F4 Al YA E8e] F e 2L EEFCR
A A FF AT FAE =EsT

I. 71&ed g
1. A2 M AL
1) AT MYLHE

AFFEAY AL A wEel 7123 AT O8A g o FED Atk aF
7)1 %3 AP AE 2P W (traffic count-based model)> Aol ol ek A4 & &ste YHoE &
A 7P AzH s oIt o] e EETHY UM nEFE VIFoE AT FLTY AFF
FA o ZRFHY T4 FHAYE Foko] AEIth BE B2 tal wEF TRl e Ae AF
FA FAo] B s, tiFE FE TS B F20 7 RETY ARE Fal Aol 2E
FZ BN =29 Vel TE A5 AFFAAY ATl FEFS A= AR dEA Uk

A
WEF 7| %3}A] e AEFF3Y AT AW (non-traffic count-based model)S AR HT, 7=, T
d, A7, £AWAA, FALAAH 59 ASAAY A8, S nFF AEE &85t AFFIARE
A o] W2 A AAIY A5 F71HA S A8 B2 vEo] £A85H HIJTTt e T
At =3 wF | 7254 g2 AFFAAR FAXE IR LY AFA} vlAFA; Alo] o] A=A
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2 Rxo Bzl BATL e 5 Utk oA, 5PN ARl /|23 AFAALY FHA
A% gLl Bole AEst BF Y Y AL AgEA e £ dks BAE A+ ok

2) =Lhe| AFFAAR| LMF AR

T A= 25U FTH(Korea Transportation Safety Authority, 2012)01 4 “A-52F FFAE Hej &4 A
TE Tl AFFEALE AT A Atk wF A FHe A= sk ol ZASH 167] BHA - =
& R AFAAAEZA 2E(VIMS, vehicle inspection management system)2] A&2H5E0t~H 85
o]-g3to] AFFHPATE AL A7|A = VIMSS] AsAtEErt A AR 2RE NEERS T A
Y& FTHLTE Wie #ES Fobstal ol A FEFE o] 1Y i T3 7 2|(DVKT, daily vehicle
kilometers traveled)S AF&35}al, o770 ThA] AL S(B65Y)E Fole] A FIPAYE AHA 3T 5ot
Ao A ske AFFPAge AA AsAe] LHF7EARE VWO R dEsnE FHE FA=
frofme = o, AR WS aEste] HORES FE37] vl FE9 tixgolut Yrts}
H AARE =F5t7] oL AV Aok B3 3 F 49 W9k Aaks 2AA rREE A A 55
29 AA LYATE ThE A AGE AFFPAe = A vE F Ue HE et

a7l T dd e RENEE SAAE A4 A AFFAAE AR S 27|ed Tl
A AEE248370 A1), I (15877 AH), FAE
2011 719 E Ao E T EAFFY 12F AFEF 71F &7 segment, A= oo watz 3+ 73h3
o 7-ZH(section, YRI= = o]4o] AR FIhHe] AR P+ wFFH Tt AdE Foto] AFFAA
& AP eth o714 AR dHT wEHFE T W
o waAE wWEFO Wyt e FHE FERIIGOERE AAHoRE FUnFF 2oy B 9k
o Wiol] o3 AFFHA Y] 2L wETE A ARG} A AT AP E o] §dtEE HGThH] E&F o]y
AL &olg Aol itk T2y AR AT AR AHS BrFsst, w3 71 1 Agr Ao
T R Abe]l wEH WEE gloka g skr|7E oy e 1 AP A IAE st itk

o)M= HIWEZ I (FHWA) B FEZ(SHAs)o| A AH4-31= HPMS(highway performance monitoring
system) o] Tk HPMSHH 22 i) TEFH ] DVMT(daily vehicle miles traveled) 4+, ii) A< U] DVMT
4+, iif) Universe DVMT 4H4, iv) 5 ZA12] DVMT 4Hg <] 40A| 2 72 4= 9o, 3 WA 879
DVMT 4H4 o] % Z} gAY &4 A g3A+E 283tk S73715(EF, expansion factors)= A% 743}
a7 7Y FRU AgA ALS veidlE E Slo] VMTERIEFFAA ) F4A19F R27S A5E ¥
FAIAY FE3E AEE st ZoE, T8 7o HolHE WA &9 VMT FAHAAZ wged o A3
EZ 3 A FEAYA 7 AF olF AFAE AHEstal, AFAS HIAFAY

b BF-S SqskeH ol BT g e FAAS AT e ARl

ok 2Eu dEAEEA AT U ZE =2 Uik FAM AglE 878k ©o] ok

e}

RKumapley and Fricker(1996)2 n&%F 7|8k 255342 AW (traffic count-based model)F} ¥l 5
719k 2} A 7] 44 W (non-traffic count-based model)2] A S A AL Jd=H], &3] E5HF 7]4k
gAY g o 4 2o o= REFE HAAA TAY 9o, olF /st

[e) -(‘SH
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7]
7]
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A%, £837) © 2477 2% 5 Aol BEFEC] WS BESIYTE Gadda ot al Q007 A
FAAT 44 A DAL EF AT, AADT $4°) 2AA DAL factor(D BEAS, L WEAS 5)
AHF, A - B 0F B AHeRE AN, oo A7 ARE BET A4S, AADT 49 03

SHEITL ARl osA WY Aoz BUAT oo AUT VTR AHIE

2) el A Y

FHWA(2012)9ll 4= HPMS®WH 0.2 A8 A2 45 AT sampling ®WH S AAISEL itk of7]o A=
2| T7HTOPS, table of potential sample)©] F2gHe, AA T 7 71 BRIAVE ZH3= T8
T2 857 oty G 8T 54 Ze 7O EA, AADT, EE5H, EASTE, A
EF, Facility types 7|02 AAst=H], o] 57 7&E BT F5ske 71He @ gteE AR

7

22

2 =7
= (N =
91 242 9% 732 g@ o] Qo] AADT, AFANLES, SANF §5 T3, Wahd w5, Z3

o, 4%, UE, VCE BHE A5 BATUE LR ALk

ki JlN

3)

<3|

=237| &

L
0
g

FHWA(2012)> HPMSHH O 2 AFFd AT F4S A 2279 B2FZF A& AAsta 9}]\]:]' o
Z1Ae E2715E AADT Helol wet 127) RIS = H%

(variation), 41 7-7Hconfidence intervals) 2 % &% (precision level), TE1E | 7153 @ 17HTOPS) 7H—r
of wel TRV AH AT Frawley(2007)2 Local street] A HFFYAT F4 HEFZ=E Fol7] 3 u5F
ZAAH AR RG-S AN de 15 F ZAAHLS Yo FEFZ(random sampling)¥H S 2835t
AAst ZAAY = FF 2 2K standard erronE 7102 4GSR T I3 Frawley(2007)2 15 £
AR o] M3 AFFFP A FAR Y oxE AFL stA Kotfon, EE9 S TE glo] def &
F=o ofEdt FRAY wFF Jtes WFEA Koke FAE 2 Uth

o o od
Kim(2010)& EZHEA 71 Kriging o]-838le] REFE FReQev, o8 98] FHE 25F AR
3N AsAAL A4S Fotely) 5k variogamE A HUT variogme AT Az e
AgAL WF "ol F HolEzke] FolE AFE A JdgelH, HolHES fAES YEle HE
A ATk variogram@ 91514 FLF Aol e FEAZ 2 EAshE £ F%A(nuggeo A A7)

ol UetA g+ FAARGIH FAAAGI7HA S FEAG =z FEAR b 3333 &40l Yehde=
M Gt(range) & RAHATE o] Yol H FAFAVIHE o83 wFF T8 A77F B2t Selby and
Kockelman(2011) variogram =& #F&W - 2183 At 7|E82 &t U8 kiginge ©]-8-3h]
AADTE 5743521, Wang and Kockelman(2009)2 T kriging< 01%3}0# TEE— %7, Eon et al.(2006)

-8 kiigingS ©]-83t] AADTE FA3 vk Atk H2 w5olAe] Ao Hgos uF
nEIARFEE THY wEF FHES Hal FEATI™l Bol %%5] ]% Zog2 H]lY 3,
TUHEAE AR A A 71299 et euclidean distance == network distance ® AFF o] 7153,
Selby and Kockelman(2011)1A1& ©] F W 7F AADT 4 24& zkole A9 fle Ao = Helnl

o rlo
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o2 B ujj, A8 F=o] AhZ O & £0]3 euclidean distanceE AT S A EE Aol A A& Y
T Y& Ao HAvkHT)

. 2pgFP-2] PR E 49

AFFIAYE HFet= S w5 A5 7]¥Htraffic count-based model) WH Y} ¥l w5 A5 7]Wk
(non-traffic count-based model) o] ATt & =M= Kumapley and Fricker(1996)°14 dt# o2 3
ol oAl ¥ A e wEF AR 7 ARSI 53] =AM AA71E T w4
B7F AL 7] Wl olE Z&eks WS AEsks Zlo] A AN O FeEFolsta Add
o ok, wEE AR 7N AEFAAR] A glo] £4 tdA Y] BE ERTA wEE x}gﬂ
TS = 2ol o] WZel wEF v 7 A AR F7F 3 2w FA49He
ofell & A7elde FAVM S Adsted 4 AR W T vF 73 n %*
ol 7R AFFAAE AT o] HAHL IA AR o] & 5 3ok A, #
U f 7hs e A Aset wEE vy 7 aed F4e AR *}ﬁlﬁzﬂﬂ» 2 E
S 2 7]ZDBE T3 tK(Step 1). 23l 7|ZDBE ol &ste] &4 tdAR W nTEe HA3k(Step 2),

9

o
F_E‘
o
i

d

F

2 DES 3 99T AASHATHSep 3. o F BTHVE @EF A FHHE BT WY @
5P 44 wE @EY PI5Y BAT0 ) DEF FHSep 7L A, AFFAADE BH(Sep 9
s, AgAow HH AgTasle A9E AFSep O3 UKFig 1> F1)

Step 1
: Base Database Collection

- Collecting Socioeconomic index
- Collecting Traffic Volume by Road Type
- Collecting Information of Road Network Attributes

Step 2
: Set the Analysis Corridor

- Set the Analysis Corridor by Road Type in terms of Road Function

I

Step 3
: Set the TOPS

- On Expressway : set the TOPS for sections divided by IC-to-IC
- On the Others Road : set the TOPS for segments divided by crossing
points(ex: road junctions or interchanges)

Step 4
: Estimation of Traffic Volume on the non-collected section(segment)

- Using Spatial statistical method or HPMS

l

Step 5
: Calculation of VKT

- The Product of (collected or estimated) Traffic Velumes and Distance
of TOPS

Step 6
: Validation of Result

- Compare with other research

(Fig. 1> VKT estimation process
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1. 7|=DB 75

\2DBE ABFAAY HAL I LS 4%, BES

ool o) Fe] W B4 HYL A BAARER 4

1) E2 22|x SMx2

29 BelH SYAE F AFFYALY A M AHH GFol Y ARE OGPl /B
qo2 AgFAAY 4ol glo} Aol 05w Aol F& Aok sk, Aol o)%F
A 2ok g 4 9l7) wEelth, £2d4 AR KIDBY AlE
b MSEErCdaA4RE BESAT. 240)e) B8ARE 22ad 9 Reoz A2, AR(EALY
BE THE EESYARE AU AL TAHY) B SN ARE I FAYY HEY 2
$) 5 529 B4 SHARE @ ATV o ATE MSEF=EYIAA ] BFo] JATIR 7

re X

0

O

3) nSY FHE 2Ist tEIH|0|E{(Meta-Data)

A7F B8 EARE nEF ARE ITSEZLSHIAA 230 GIS data FE|e] wEH o E
(meta-data) 2 FE3E ol WEH w53 T wEF 34 A BRAEANEE AL 9% D5
Aoz, mEFe] FRHE FHH DI vI54R 7 3 A FEABVAL AR A AR
7} Btk FEAHAA s FHE A7 dRA o) YEhA S ARG T BRAH 7 FHE oE
Aol YeEhtE= W9 fhrange) -2 FAAHil)7HA 2 AglE SAF o H=E), ©15 9314 GIS data FEl
o] wehH|olE FEo] " olela Akstth
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Traffic count(flow) data Network attribute data
- Speed -
Road section description AADT Road section description | Link ID- |Length | Lanes L'?,e:i. Class [Function
Collected OOcH2-000AHHE| @ 44,351 OO0E-O00A A2 ¢ | 112405 | 1.05 | 4 80 1 | Arterial
ollecte
Raw-data COR-##Een o 52,258 OOR-A#wE8a ¢ 112424 | 0.85 3 60 3 Local
AaR-00% 26,687 AAR-OOY 112514 | 0.34 3 60 5 Lacal
" Link-ID |F node-X | F node-Y | T node-X|T node-Y| AADT |Length | Lanes Spee‘d Class |Function Road Name
Build Limit
Meta-data || 112405 | 13510.0 | 38432.5 | 87353.2 | 68768.3 | 44,351 | 1.05 | 4 80 1 1 | DOn=-000MH2 @
in 112424 | 23513.0 | 44235.5 | 67453.2 | 55468.3 | 32,258 | 0.85 | 2 60 3 2 QOR-k 4 FSR ¢
GIs 112514 | 13230.0 | 68432.5 | 24353.2 | 34768.3 | 26,687 | 0.34 | 2 60 5 3 AAR-OOY
format
/—LinkID: 112405
Meta-data
in
visualized
GIS
format

(Fig 2) Example of building a meta-data for estimation traffic volumes on non-collected
sections

Data source: KOTI(2014)

2 AFFPAY Y AERE ”7@0}t Aot EARAY W E29A TR F
AEE FEA] BHE A5Y 5] oY HEAE A AFTFYAYE AHske A ddH e
AAZ} 7|20 R AFFHAY 475‘ g 52 9 wEE5HS Ad3te Aol a3}
LB =RAAE BAAY Y HEAZEE AYS PN EE(2A LSS 2 (urban expressway), TS
Z(main-arterial), 2.F7H S 2 (sub-arterial)) TS AHFFHAY 4H didoE AYsAt &, E29 7T
B2 529 283 SN UNE 7|eF SH0E TR, E29 753 SAL AT BA W o
TF AYEF =v EAAGR 7 2 FoA(@F)E AAA AL]e)d et dAs AoR 7Hskal
o). olo Zr =Ajulth HEA - AFA =29 75l FoH =AW EHH) A E(Basic Plan for Urban Traffic
Improvement) ©| U A 7] A & (Urban Master Plan)ol| F3te] 24 4 U4 TA U =2 75 T8-S 34T
SEARFARA GG EAVEAGOE & J]5TE0 ”3@1'5}7\] Fe Ao T=go Fx. A4 7]
Zo e 72 8 A-QHI)HMOLITQ012), o] “FA 5 =47 % w32 H27VH(Min, intersection
spacing offset)’, 2|4 S (design speed)’, ‘%42l (direction separation)’ 7|F< 53| TZ7|5TES 3}
At} o] IR V|FeE ERI)% TE AFE A ‘=2A A o)W ES(Percent ratio of a route(corridor)
length to total road length, %)’ ‘=2 ZHAZ(Min. width, m)’ 2.2 71535 T}

i

P
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37 32|d 7I#HE 08T

-

AR AT A

s “Basic Plan for Urban
Traffic Improvement”
established?

Is “Urban Master
Plan” established?

Yes

re arterial roads
in analysis city
categorized?

No

Categorizing road types
Yes b

Functional road type classification criteria

{

Set the analysis corridors

(Fig. 3) Flow chart for deciding the analysis corridors

(Table 1> Applicable criteria for functional classification with respect to characteristics of urban road

Criteria Uban 1 \pyin-Arterial | Sub-Arterial | DSeUed | g ooq) Rogg | APPHcation way inthis
expressway Road study
Percent ratio of a used for validation of
route(corridor) length to 5~10 10~15 5~10 60~80 functional road type
total road length (%) classification
Min. Intersection used for functional
Spacing Offset (k) 1.00 0.50~1.00 0.25~0.50 0.10~0.25 0.03~0.10 classification
- used for functional
Design Speed (km/h) 100 80 60 50 40 classification
used for validation of
Min. width (m) - 35 25 15 8 functional road type
classification
Direction Separation Separatefi with Separatefi with|  separated non-separated | non-separated used for. fun?tlonal
median median / non-separated classification

Data source: MOLIT(2012)

o

. EI9iTZ MF

A E=0

Exo
(main-arterial),

g I A 7
FFE-EYIAA A

!

=1
A

HEDAE
7

A=

DBE
74

T29l
2 AFZax

EOEG
g % 9

T-ZHTOPS, table of potential sample)> 22 AHA2 =275 ¥
A7) g M 712290 S22kl T KOTIQR013)91 A= B9 73t 78 V&2 E27|3k+%
4“32W§1qﬂiﬁﬂiﬂtiﬁﬁlﬁ
°8 AAg =EAAY Y
= Z(sub-arteria) & T O =
HE 738 7%

g 27) ool AHE P2

T AFRE Hols Ao® ¢HA QUth 2 =

&4 THA= o R ApEF3

S48 S 2(urban  expressway),
A2 71E0E BT TR O, ITSRE
AAZ AgstTt o] o 17he] ©ejzto] ITS

v, B B9IF7 0 A Yao] WEYF AR

Mo Jlm o

FUHAER

L

Vol.16 No.4 (2017. 8)

The Journal of The Korea Institute of Intelligent Transport Systems

139




57 =322 7I#E 0|88 £A

5 AR MY

@EF $4)7h 40T A= AE Jas ANEHT

El
of
o
o
o
mt)
Ho
-+
()
1o
El
off
o
o
fr
il
o
ol
R

H P20 52 SRR Aol Afelle sid gl te sk AN
=25 % A (dominated) ] £44& T o] FAHLE Fosglon, of wj NE FAE H A

TOPS | A

| D
Link Length - 200 | 300 - 175 | 250 | 100 | 350 - 125 . 200 |

# of Lanes

wor [N | [ S - | W o

)

TOPS

>
w

|
Link Length | 700 | 250 | 700 | 450 |
|

ot anes | : ——
Yl

(Fig. 4) Example of process for setting TOPS

20770

2 =rdMe AT F vy 9973t wed F4 A SAFAVER] A e o8-8t 37
A2 FAATHA A4 A9 HoE IR AFES FINE F e ALE dBA
o

2 g
S AR AARA DA 27 WA o] S

AFYA L AHRiTE A9 Jhed 3 AFAE AR FAHS L FAhresidual)oll tHai A =2
& o) &she Wolth. FEAZIHE o] &5t F oA HASE Tk el s REgs &
A A7)Ige] EAE A d=gko] Bk biased)E 4 AT Ao FIHAQ Aol i u
Sl B A (weak stationarity)2 783l = ©HEE] 7 (simple kriging)©)Y A 1F 2.8 7] (ordinary kriging)
AR 9tk HE AR I AFEAE 1T RYFOE F U o] BIPHE AR stolBE
Rygo] AHEEIL Th(Alex B. et al, 2000). slo]B2|E R ThA] RF o] Arrise]| we} 3744 3
2 RS F A, ) AFLE 2FE & o & BRxdso o) & glo] REAX Y HHENE o] &dte

S YRF A7 (universe kriging), ii) Z3EFETro] obd ThE WGE &&3tA 9 FolE o] &3 AA
(KED, kriging with external drift), iii) 8 &/ 7 4=k2] F74o] 7|E Ao o A3E 55t 4
=3l WHE 3738 7 (regression kriging) &2 FEITY,

o}L [o (A o rr & W
©

140 =TS ==N| M167, M4=2(2017H 87)
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z(so) =m (80) +e (80)

:ki_)]ﬂ;- qk(s“”iﬁ" . els,) o
2(sy): seAHolA Y] 3RS =3}
n(sy): HAEE Fo|(drift)
e(sg): Ate 23
4.(50): soA -l I SPH49] 3k
By A9 AR A5
p: SERFY g
A ZRpe] FHE o E F2E w3 287 TSR

Actual distribution of the
target variable
(if we would sample it very densely)

Target variable

A
Field samples

i (s)

Zls) —— Regression
function (trend)
< -
z(x)
e(s) Final estimate

regression-krigin
Residuals by reg 99

B
P

geographical space (s)

(Fig. b) Conceptual graph of regression kriging
Data source: KOTI(2014) recite

ﬂll
M

AIYA L A% 7 HolE FARHCE 4% T APEA g2 WHo|FkApd
O(zero)Q! T<=E] 7 (simple kriging)S  ©]-&3Fo] Ui (interpolation)3l= HWHOE, ¢
kriging)o|t} 9] Fo]& o] &3t I AEKED)H U4t WY SHAAME FEHoE F2

=
2) 3|HEAM A
A A WA qAQ AN DA TEHAF] BE5 Tl FT dFS A SHESFE
sk DAA 3 A B (stepwise regression) T otk B AT A= i) ER7)F, i) AR, i) A TFEE,
iv) ESEE N7, v) B2, vi) A7 R vii) BT, vil) T EEHEARE SHASTE
AAsta, BE SPUSE uHste BAMOE 83 WSE HUsla FAZSE v §le HFE Al
: % =
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AR RFEE] A

kn

a7 3z2|d 7|He ol8Et
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ARE SR nEFARE 6tHFHA Y ITS AAVIE Bl FHEHE ARt d42A A5E &
& - A en, 4 A wEF FHES <Table 2>9F 2tk ITS AAVE oA 39 weF A&
24 A AYE A3 AYS gidoz 20133 197 19 dolE e HFE &S AADTE
srEstR o, ARRAE BiA FE nEEF ART ZAATI}E ZAI mhek AR, QYdRA,
LRAE T3l AADTE A&

(Table 2) Conditions of traffic count data collection in 6 major cities

) by ITS system by Field survey Total
. No. of links

City in city INo. of links collecting Collection [No. of links oollectinﬁ Collection [No. of links collecting Collection

traffic countl) rate2) traffic countl) rate2) traffic countl) rate2)

Daejeon 2,796 739 26.4% 229 82% 776 27.8%

Ulsan 2,514 175 6.9% 312 12.4% 442 17.6%

Busan3) 3,536 - 0% 145 4.1% 145 4.1%

Incheon 2,722 97 3.6% 293 10.8% 336 12.3%

Kwangjud)| 3471 123 3.5% 220 6.3% 308 8.9%

Daegud) 2,119 - 0% 71 3.4% 71 3.4%

1) ‘No. of links collecting traffic count’ means that the no. of links which traffic count data can be collected based on links by
MOLIT ITS standard Node-Link System.

2) “Collection rate’ means that percent ratio of no. of links collecting traffic count to no. of total links in each cities based on
links by MOLIT ITS standard Node-Link System.

3) Raw-data collected by ITS in Busan is recorded as ‘O(zero)’ value on all of links

4) Raw-data collected by ITS in Daegu is recorded as ‘O(zero)’ value on all of links
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(Fig. 7) Geographical conditions of traffic count data collection

in 6 major cities
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(Table 3) Conditions of traffic count data by TOPS in 6 major cities

Daejeon Ulsan Busan

No. of corridors 51 77 105

Total | Collected | Ratio Total | Collected | Ratio Total | Collected | Ratio
(A) B) (B/A) (A) B) (B/A) (A) ®B) (B/A)

Condition| Urban Expressway | 28 28 100.0 2 2 100.0 39 19 487
of Main-arterial 192 187 97.4 238 168 70.5 459 100 21.7

Traffic
counts | Sub-arterial 257 200 718 242 83 343 258 25 96
collection sum 477 415 87.0 482 253 52.4 756 144 19.0
Mean Std. Var. Mean Std. Var. Mean Std. Var

() (o) (o/1) () (o) (o/1) () (o) (o/n)
Urban Expressway | 35,287 | 27,811 0.7881 32935 | 22315 | 0.6775 | 61,795 | 27,655 | 0.4475

Traffic Main-arterial 40,088 21,750 0.5426 31,835 19,223 0.6038 56,439 21,437 0.3798
C;);I: Sub-arterial 23,838 13,708 0.5751 16,628 12,540 0.7541 30,389 11,747 0.3865
sum 31,932 | 20,390 | 0.6385 | 26,855 18,579 | 0.6918 | 52,623 | 23,353 | 04438
Incheon Kwangju Daegu
No. of corridors 93 38 75
Total | Collected | Ratio Total | Collected | Ratio Total | Collected | Ratio
(A) ® (B/A) (A) ® (B/A) (A) (B) (B/A)
Condition| Urban Expressway 21 21 100.0 20 10 50.0 49 16 32,6
of Main-arterial 355 195 549 118 56 474 297 38 12.7
Traffic
counts | Sub-arterial 476 80 16.8 211 108 511 201 21 104
collection sum 852 296 347 349 174 4938 547 75 137
Mean Std. Var. Mean Std. Var. Mean Std. Var.
(1) (o) (o/w) (1) (o) (o/1) (1) (o) (o/ )
Urban Expressway | 120,828 | 62,075 | 0.5137 | 51,761 34,180 | 0.6603 | 78,393 | 37,989 | 04846
Traffic Main-arterial 44,810 17,608 0.3929 35,324 21,643 0.6127 42,159 22,488 0.5334
C((;;Zt Sub-arterial 29,296 11,682 0.3988 28,963 16,711 0.5770 29,884 19,676 0.6584
sum 46,011 31,255 0.6793 32,320 20,352 0.6297 46,452 30,951 0.6663
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(Table 4) Spatial distribution of TOPS with collected traffic count data(1)

City Analysis corridors TOPS with collected traffic count data only

Daejeon

Ulsan

Busan
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(Table 5) Spatial distribution of TOPS with collected traffic count data(2)

City Analysis corridors TOPS with collected traffic count data only

Incheon

Kwangju

Daegu
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1. w82 £ Z1t
o 2 nE S AEE FEUSE AASIA i) 227)%, i) AR F i) ATFEE, iv) 2SR
v) o224, vi) A7 R vil) AT, vii) FUHAEEHEGRE SPHSE s, SYPHS
T A2, ATEE, HFuAENAT 22 A4S (continuous variables)= Pearson 4 #EA S, T2
T, sYEHUTT, AVl R, AT, SN EEHEGA R 22 MY M5 (categorical variables)
A A 2] EAA AR, AdEETt aE Y ARgol

(Table 6) Results of correlation analysis between independent and dependent variables

Daejeon | Ulsan Busan Incheon Kwangju Daegu

. correlation coefficient 0.063 0.025 0.188 0.366 0.138 0.191

Road Function(urban expressway) P-value 0.168 | 0.692 | 0000 | 0.000 0.070 0.000

Road Function(main-arterial) correlation coefficient 0.419 0.411 0.100 0.229 0.104 -0.029

P-value 0.000 0.000 0.006 0.000 0.174 0.495

Road Function(sub-arterial) correlation coefficient -0.442 -0.418 -0.191 -0.456 -0.166 -0.083

P-value 0.000 0.000 0.000 0.000 0.029 0.052

Median correlation coefficient 0.477 0.453 0.131 0.404 0.339 0.072

P-value 0.000 0.000 0.000 0.000 0.000 0.092

No. of lanes correlation coefficient 0.345 0.381 0.123 0.358 0.327 0.147

) P-value 0.000 0.000 0.001 0.000 0.000 0.001

Sneed limit correlation coefficient 0.355 0.237 0.101 0.319 0.172 0.139

P P-value 0.000 0.000 0.005 0.000 0.024 0.001

Urbanization area correlation coefficient 0.055 0.149 -0.155 -0.172 -0.014 -0.097

P-value 0.228 0.017 0.000 0.003 0.856 0.024

Ave. spacing offset of intersection correlation coefficient 0.159 0.040 0.207 0.126 0.156 0.143

V8- spacing P-value 0000 | 0531 | 0000 | 0.031 0.040 0.001

Administrative area 1 correlation coefficient -0.077 0.173 0.065 0.136 0.064 -0.044

- P-value 0.092 0.006 0.076 0.019 0.404 0.304

P correlation coefficient 0.179 -0.233 0.014 0.079 -0.023 -0.108

Administrative area 2 P-value 0.000 | 0000 | 0709 | 0.I73 0.760 0.012

Administrative arca 3 correlation coefficient 0.002 -0.312 0.088 -0.111 -0.232 0.029

= P-value 0.968 0.000 0.016 0.057 0.002 0.504

Administrative arca 4 correlation coefficient -0.014 0.239 0.021 -0.087 0.125 0.003

- P-value 0.755 0.000 0.557 0.136 0.101 0.937

P correlation coefficient -0.035 - 0.077 0.024 0.017 0.023

Administrative arca_5 P-value 0.439 - 0.034 | 0676 0.820 0.586

Administrative arca 6 correlation coefficient - - 0.093 0.037 - -0.038

- P-value - - 0.010 0.526 - 0.374

. correlation coefficient - - -0.052 -0.050 - 0.197

Administrative area_7 P-value - - 0.156 | 0387 - 0.000
S correlation coefficient - - -0.064 -0.211 - -
Administrative area_8 P-valuc - - 0.081 0.000 . -
Administrative arca 9 correlation coefficient - - -0.028 - - -
= P-value - - 0.437 - - -
. correlation coefficient - - -0.036 - - -
Administrative area_10 P-value . . 0319 - . -
S correlation coefficient - - -0.054 - - -
Administrative area_11 P-value - - 0.139 - . -
e correlation coefficient - - 0.000 - - -
Administrative area_12 P-value . . 0993 - . -
. correlation coefficient - - -0.053 - - -
Administrative area_13 P-value . . 0.143 - . -
P correlation coefficient - - 0.019 - - -
Administrative area_14 P-value - - 0.600 - . -
e correlation coefficient - - -0.073 - - -
Administrative area_15 P-value . . 0.043 - . N

Connecting main-arterials correlation coefficient -0.044 -0.022 0.313 0.249 0.143 0.129

g P-value 0.335 0.728 0.000 0.000 0.060 0.003
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(Table 7) Results of estimation of regression model for 6 major cities

Daejeon Ulsan Incheon
i i Busan i Kwangj Dae;
Inner area E);tlzr;or Inner area E);trzr;or ! Inner area E);tg;or wangju gl
Y-intercent 7491 8479 9,600 6485 | 10468 | 9.506 10.655 8203 8.586
P (27.749) | (40091) | (58.603) | (4.503) |(-68.058)| (71.793) | (76.362) | (-21.401) (47.689)
-1.310 1.734 0.994
Urban expressway | (¢'s12) . i . . ( 8.856) . i ( 8.524)
. . 0.282 0.607 0317
Main-arterial (41600 | (38842) - - i (4.793) . ' _
. 0444 1071 | -0.508 0.627
Sub-arterial - - (4.350) | (3361) | (4507) | " (-3.070) - -
0.129 0.088 0.117 0060 | 0.125 0.107 0.231
No, of lanes (0328) | (15935) | (4.742) © [(2643) | (6535) ) (4.130) | (9369)
. 0.021 0.054 0018
Speed limit (4211) - - (239) | -~ - - (-3.829) -
) 1.449
Median (13L.17) - - - - - - -
Urbanization area (%452215) - - - - - - - -
Avg. spacing offset of| 0.470 ) } ) ) -0.200 ; ; ;
intersection ((7.759) (-3.251)
Connecting ) ) ) ) ) ) . ) .
main-arterials
Yusunggu Bukgu - Namgu Donggu
0585 :-0.709 0218 -0.332
(-8.184) (-6510) (2.862) (-1.972)
Administrative area - - - -
Bupyeonggu Bukgu
0.172 £ 0357 (
(2.429) 2.822)
. 0476/ | 0771/ | 0367/ | 0469/ | 0213/ | 0438/ | 0420/
R [adjR 0.467 0.714 0.359 0420 | 0202 | 0426 0376 |0234/0216 0702 / 0.685
MAPE(%) 485 715 533 38.7 835 315

[rae) 44 Aol SARYS Ba FAY DB 75 B9 7o) BAERE A4S o) Lalal

T el Trke] S 2ASAT. AUAOE 24H LEY 1TE Bel ke WHe} 5w
3 248 DEF FHNE Fokel MO WEY TS v TN WEFS FHFAL. 2
A7 7e) 24 AT <Table 853+ 20} AT AL 047 YA F4ATe) HHA
9ls) FHWAS] HPMSHH & 4 8aje] 348 A5 29l vwaladr. HPMs P vl 27

d

g o
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(Table 8) Results of estimation of traffic count and VKT using regression kriging

No. of &H?OTdeI])ng Avg. Std. of observed | estimated
.| Category | No. of [TOPS’s with| S | traffic | ot | Avg. VKT|Std. off Total VKT
City . with un-known| traffic " VKT VKT
by function TOPS | un-known traffi " count " (veh - km/day)| VKT (veh - kn/day)
traffic count| "™ E};I%oun (veh/day) coun (veh - kn/day)|(veh - kn/day)

Total 477 62 30.6| 21,228| 6,587|  10,297(12,583] 10,363,963 638444 11,002,407
exggg’ggay 28 0 - - - - - | 3692835 - 3,692,825
Dacjeon Main | 199 5 27| 18,679| 5,558 8694| 3579| 4599748 43471 4643218
_alstg}’ial 257 57 279| 21451| 6,666|  10438(13,088| 2,071,391 594,973 2,666,364
Total 482 229 130.5| 15,935| 8,645 9,236|11,012| 5,494,390 2,115,069 7,635,613

Urban
G exprevay 2 0 - - - - - 153,787 - 153,787
san _al‘r’{g;‘igl 238 70 480| 24038| 9483|  16312|16066| 4,596,101 1,141,861 5,737,962
_aﬁggal 242 159 82.5| 12,367| 5,165 6,121| 5,505 744502 973208 1,743,864
Total 756 612 319.1| 42,640(12212|  22,852(22,104| 7,908,754 13,985456 21,894,210

Urban
. exprosaway| 39 20 33.1| 46,109 4515  76,581|47,599| 3205994 1,531,626 4,737,620
usan _al‘r’{glli‘;l 459 359 187.6| 51,847|11311|  27,068(19,026| 4233293 9,717,298 13,950,591
_arstggal 258 233 98.4| 28,156 2,121|  11,745| 9,078| 469467 2,736,532 3,205,999
Total 852 556 2719| 28,836/10,043|  14,159(13,374| 14,716,113 7,872,520 22,588,633

Urban
expreseway| 2L 0 - - - - - | 7460509 @ - 7,460,509

Incheon | Main
e 355 160 93.0| 40973| 9236|  22,732|20,664| 5,885,159 3,637,191 9,522,350
_mﬁggal 476 396 1789| 23,932| 4.858|  10,695| 6,136| 1,370,445 4,235329 5,605,773
Total 349 175 98.8| 24,780| 6,778|  15210(21,245| 4,716,174 2,661,708 7,377,882

Urban
expreseway] 20 10 22.1| 36,658 9259|  82,378(38,552| 1,553,504 823,784 2,377,288

Kwangj :
wangiu _mgg;l 118 62 314| 25284| 5684  13,179|11,367| 1,703,030 817,083 2,520,112
_mﬁg}’ial 211 103 453| 23324| 5946 9911 9,400 1,459,641 1,020,841 2,480,482
Total 547 472 2853| 35,106(23374|  19297(32,002| 6,517,857 11,032,689 17,550,546

Urban
expresaway] 4 33 440| 72,454|21,589|  92,327|71,989| 5,176,460 3,046,776 8223235

D .
aceu -arN{gIl%l 297 259 1574| 35983|16,785|  22,083|21,661| 1086261 5,719,524 6,805,786
_arstggal 201 180 840 26997|12,884|  12,591[10,555| 255,136 2,266,389 2,521,525
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(Table 9) Comparison between Regression kriging and HPMS

Results of estimating VKT
City Category Length (veh - kn/day)
by function (km) Rn.sg.ression HPMS (A-B)/B HPMS' by road (A-C)/ C
kriging (A) B) function (C)
Total 3253 11,002,407 10,554,784 -5.7% 11,096,435 -5.1%
Dagjeon Urban expressway 84.3 3,692,825 2,974,694 -10.4% 3,692,825 0.0%
Main-arterial 121.0 4,643,218 4,783,130 -4.7% 4,704,730 -3.1%
Sub-arterial 120.0 2,666,364 2,796,960 -0.3% 2,698,381 -14.0%
Total 331.8 7,635,613 7,862,907 42% 8,333,831 -0.8%
Ulsan Urban expressway 3.6 153,787 118,566 24.1% 153,787 0.0%
Main-arterial 202.2 5,737,962 5,973,392 -2.9% 6,026,794 -1.3%
Sub-arterial 126.1 1,743,364 1,770,948 -4.7% 2,153,250 -12%
Total 456.4 21,894,210 20,647,473 12.8% 23,992,361 -10.9%
Busan Urban expressway 825 4,737,620 3,902,085 12.5% 5,354,140 -10.1%
Main-arterial 259.6 13,950,591 13,521,785 15.3% 15,263,373 -11.7%
Sub-arterial 1143 3,205,999 3,223,603 10.6% 3,374,848 -10.9%
Total 5274 22,588,633 23,944,742 6.0% 23,804,351 -8.7%
Incheon Urban expressway 68.9 7,460,509 8,325,049 21.4% 7,460,509 -11.5%
Main-arterial 2320 9,522,350 9,994,792 32% 9,822,711 -8.6%
Sub-arterial 226.5 5,605,773 5,624,901 -0.5% 6,521,130 -5.0%
Total 226.6 7,377,882 6,540,361 -2.9% 8,283,660 -8.4%
Kwangju Urban expressway 53.6 2,377,288 2,113,180 29.7% 2,643,423 0.0%
Main-arterial 77.8 2,520,112 2,184,935 -3.9% 2,855,512 -4.8%
Sub-arterial 952 2,480,482 2,242,246 -1.5% 2,784,726 -19.0%
Total 384.5 17,550,546 17,206,383 2.0% 18,970,303 -1.5%
Dacgu Urban expressway 107.8 8,223,235 7,983,021 3.0% 8,746,432 -6.0%
Main-arterial 1832 6,805,786 6,709,334 1.4% 7,713,295 -11.8%
Sub-arterial 93.5 2,521,525 2,514,028 0.3% 2,511,075 0.4%

2 AFE 6B E e E AFo F53) 71 2] (VKT, Vehicle
Kilometers Traveled)E 4H43}7] 98] 5% FA 771 nE5HEFE F4 6}%{1:} olZ 93] ANzwE 7|2
02 BelTe WS, USTNE FAREY U AFTAA e HIEE A Sla) 8720
& ol8ste] wEFe FHNAT. AT g Al EA FARAAY AT g WEE o] 8dte] =4
SAFAA Y A FHAFFS B8 AT wE uFF WA ET F AYE VEoE BAMNE
ol¢gtsta TR, e IFRY e T AFFEAY F4 A7t FHWA
of HPMSH S A8310] 24 AL LA L W H 20l ol AuFAAL 44 A 44
& pAS & UMbk

Ty A AA Gl e 2 DB P A HES
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