'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 42, No. 3, September 2026, pp.460-472
https://doi.org/10.5572/KOSAE.2026.42.3.460

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™=

Ho

SEX|-28X| BUX|0| 12 T2AE HE T HO| 73 B4
Spatial Transfer of Road Traffic Emissions Driven by the Mismatch
between Vehicle Registration and Operating Locations

of712l*
o}t TOD7 |9 2|47 s Al - Al E]

H 202641 68 102
25 20264 62 269
FHEH 2026 78 219

Received 10 June 2026
Revised 26 June 2026
Accepted 21 July 2026

Kyu-Jin Lee*

TOD-based Sustainable Urban/Transportation Research Center, Ajou University,
Gyeonggi-do, Republic of Korea *Corresponding author

Tel: +82-(0)31-219-2541

E-mail : transjin2970@gmail.com

Abstract
between vehicle registration and operating areas. Using operating-based vehicle kilometers traveled (VKT) estimated from real-

This study empirically analyzes the spatial transfer structure of road traffic emissions resulting from the mismatch

world traffic data via the Urban Transportation Emission Assessment System (UTEAS), the analysis proceeds in two stages. First, a
log-log stepwise regression identifies the determinants of operating-based VKT. Second, at the municipal level, trips are
categorized into internal, inbound/outbound, and through types to quantify the emission contribution of through traffic.
Ordinary least squares (OLS) and multiscale geographically weighted regression (MGWR) are then applied to estimate the spatial
heterogeneity of emission determinants. The results show that operating-based VKT is influenced not only by the scale of
registered vehicles but also by the expressway network structure and external inbound demand. Through traffic accounts for
approximately 35~45% of operating-based emissions, with the highest share in PM, 5 emissions and in inland provinces where
national arterial networks are concentrated. MGWR significantly improves explanatory power (R%: 0.81~0.82) compared to OLS
(R% 0.46) and eliminates residual spatial autocorrelation. Notably, through traffic exhibits a small bandwidth, indicating that
although it is generated through wide-area networks, its emission burden is concentrated in specific pass-through regions.
These findings demonstrate that the locations generating travel demand and those bearing the environmental burden do not
necessarily coincide, implying that registration-based management alone is insufficient and should be extended to a wide-area
framework encompassing national transport networks and logistics flows.

Key words: Operating-based VKT, Through traffic, Spatial transfer, MGWR (Multiscale Geographically Weighted Regression),

Road mobile-source emissions

.4 B

2o, E2olF5 e Y-S =7t AAASHE (NOx)
(e}

HlE9] oF 30% 5 AAshe dlEAel egde= <

1.1 A7 ud & =5

T 2WE A AR ] AR ET EFAAE 9
g A ekl FAle, 7] ¢ Hztet tf7| e H-S #
ok 9 S ol U 4% F2-2 Ty
2] &H|9] oF 20%8t 2ATEA FajETF] oF 14%E

Copyright©2026 Korean Society for Atmospheric Environment

274 it £35] NOxt= Z0|AHA] (PM,5) 2] 8 A
TEHRZ Zgste] =AY th7|dat =9 A7
27429l JIFE nAckE HolA I o] FaA
o] A|&H o2 7= Qlet.

T ERRE AL T4 g Al

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0)
License, which permits copying and redistribution in any medium or format, provided the original work is properly cited. The License does not permit
modification, adaptation, translation, transformation, or the creation of derivative works.


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2026.42.3.460&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

olth. 2k @A A5 wEo] FAEE 71k 5
A= = F987]8] (Vehicle Kilometers Traveled, ©] o
VKT)9] oF 55% <=0l Batoto], tbmz] £7ko] v F3Ho
S L& QoY 55 i o= iEstl ol I
3

ot olef] wet wE FEo

o1FHT U WA T F
24 E4gol vz A4 2 BelAAe] 325 waE @

A 2ot AL ZAfT,

o U
41 of
[
DT

ol
e 4

of
i)

o]t 1= E5] S (through traffic) ol 4]

= 461

oz RS, HiE o A RRuF HjEe] 3714 o] 25 BAsL &
Sl s e 5] FtawEel AE wWiEgE F4 vixe 9=
= AFHoER fUste Ae HH LRt olF fI5]
b A9 uF Eee WF W -7 T 5

2 ZF % 5440l wiEgel n|

oL Feiinh Sus-2 539 7] 4ol B 1.2 G7 LIS & 2

S A spo] GGl B4 4GS Bk @ A7l 094 wE B0 G4 WE 27
A EES AT SR, A AF T5 4 A BA4S FEsH] Aol 7 EAQ E4S ARt
R A ws48et BaoHA TS et F AL BE ASY wE S5k 7|6ke] VKT ¢
ot oA FanFe] vt E A dox= AR v 8jE%E APgSkH= UTEAS (Urban Transportation
£} PAA T FAZE BELASE 4 9lem, o= Emission Assessment System) T of| 7]RFSICE
A2 91 9] wiEs Brie A= 4 e AR, 2B2] VKT FFRIS AR Ak x
Alofe & ok Ik 7|E s A AAY] AEx s &9 Azl 2I-271 ARG S A§
TE 5T WEU] 2UL Fol oo, FRWE  sjol, A9 LF Tl A% g FHE ol
o] 2| 7t vjEL] F7HH Holof| mA]= JF2 FE M E2YO X TF T AR F 589 9F

Bottom-up Analysis Framework Based on UTEAS
Operation-based VKT & emission estimation from real-world traffic volume

v

I
v

Analysis of VKT Determinants by Operating Region
Province x Vehicle Type x Fuel cross-section (n=269)

Analysis of Spatial Transfer of Emissions
Nationwide districts (si-gun-gu, n=228)

!

!

Log-log Stepwise Regression
Registrations - Highway share - Tourism demand

Composition of Emissions by traffic category
Emissions by Internal, Inbound-Outbound, and Through Traffic

!

v

Identifying the VKT Determination Structure
Independent effects of through & inbound trips

OLS - MGWR Spatial Econometrics
Variable-specific bandwidth - Spatial heterogeneity

!

Linking Determination Structure «— Spatial Structure

Spatial transfer of road-traffic emissions from an operation-region perspective

Fig. 1. Analytical framework of this study.
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Table 1. Candidate variables for driving-based VKT.

Category No Variable
1 No. of businesses
2 No. of employees
Economy 3 GRDP
4 GRDP per capita
5 Population
Population 6 No. of households
7 Urban population
8 Total
9 Expressway
Road 10 National highway
(Length) 1 Metropolitan road
12 Local road
13 Municipal road
Tourism 14 No. of tourist sites
15 Total
16 Lot
17 Road
Land use 18 Urban
(Area) 19 Housing
20 Commercial
21 Industrial
22 Green
23 Total
24 Passenger car
Vehicle
X - 25 Van
(Registration)
26 Truck
27 Special vehicle

Tourism 28 No. of visitors

Table 2. Descriptive statistics of key variables.

Variable N  Mean S.D. Min Max

VKT (10°veh-km/day) 269 3,418 7,894 0 73,961
Registered vehicles (1 0% 269 95 270 0 3,097
Expressway ratio 269 0.038 0.018 0 0.061

No. of visitors (10%) 269 23,836 18,172 1,654 64,335
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Table 3. Stepwise regression results for driving-based VKT.

Variable M1 M2 M3 M4 (Final)
Constant 5.322%%%  5182%¥*  4753%**  3196%**
In(vehicles) 0.851***  (0.859***  (.859***  (.851%**
Van dummy - -0.190 -0.183 -0.221
Truck dummy - 0.389** 0.384** 0.347%*
Expressway ratio - - 11.197***  8.713***
In(visitors) - - - 0.105*
R? 0.903 0.910 0914 0915
Adj. R? 0.902 0.909 0.913 0914
AIC 716.0 700.0 688.1 687.0

#*¥p <0.01, *¥p <0.05, *p<0.10.
Reference vehicle type is passenger car.
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Table 4. Operating-to-registered VKT ratio.

Province Passenger Freight Province  Passenger Freight
Seoul 0.9 0.8  Gyeonggi 0.9 1.0
Busan 0.6 0.7  Gangwon 14 1.0
Daegu 1.1 1.0  Chungbuk 13 14
Incheon 0.9 0.8  Chungnam 13 1.1
Gwangju 1.0 0.8  Jeonbuk 1.1 1.0
Daejeon 0.8 0.8  Jeonnam 1.0 1.0
Ulsan 1.2 1.1 Gyeongbuk 1.2 1.2
Sejong 1.2 1.1 Gyeongnam 0.9 1.2




Fig. 2. Operating-to-registered VKT ratio (left: passenger, right: freight).
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Fig. 5. Operating-to-registered VKT ratio in the Chungcheong region (left: passenger, right: freight)
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Fig. 7. Operating-to-registered VKT ratio in the Gyeongsang region (left: passenger, right: freight).
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Table 5. Diagnosis of spatial autocorrelation (Moran’s |) for key
variables.

Variable Moran’s | El] z-score  p-value
In(NOx) 0.152 -0.004 4.08 <0.001
In(PM,5) 0.154  -0004 412  <0.001
In(CO,) 0.168 -0.004 449 <0.001
Self-generated volume 0.067 -0.004 1.87 0.062
Speed 0.548 -0.004 14.40 <0.001
Through traffic 0.292 -0.004 772 <0.001
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Table 6. Composition of national operating-based emissions
by traffic category.

Internal 1/0 Through Total
Pollutant traffic traffic traffic emissions
(%) (%) (%) (ton/yr)
NOx 328 324 34.8 343,079
PM, 5 253 30.0 447 4,486
o, 335 320 345 106,216 (X 10%)
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Table 7. Composition of PM, 5 emissions by trip traffic cate-
gory across provinces.
Internal  1/O  Through  This  Reference
Category traffic  traffic  traffic study (CAPSS,
(%) (%) (%) (ton/yr)  ton/yr)
Seoul 123 326 55.1 366.7 2123
Busan 16.2 479 36.0 2725 102.5
Daegu 27.2 38.9 339 2559 106.6
Incheon 17.1 61.4 21.6 218.1 138.2
Gwangju 34.8 39.7 255 118.5 511
Daejeon 27.6 395 329 101.3 60.8
Ulsan 27.6 384 339 126.9 55.7
Sejong 15.7 26.1 58.2 224 18.5
Gyeonggi 237 303 460 7373 766.9
Gangwon 41.8 29.0 29.1 180.5 130.5
Chungbuk 16.0 21.2 62.8 252.0 182.5
Chungnam 236 229 535 281.8 221.7
Jeonbuk 224 17.0 60.7 2254 148.4
Jeonnam 382 256 36.1 300.8 164.4
Gyeongbuk 227 23.6 53.6 486.4 3204
Gyeongnam 225 214 56.1 4323 255.2
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National 253 30.0 44.7 4,486 2,993
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Table 8. OLS regression results (dependent variable: log of
total emissions).

Variable NOx PM, 5 co,
Constant 3.987*  -0.752* 9.076*
Self-generated volume (In) 0.150* 0.147* 0.152%
Speed -0.009* 0.003 0.001
Through traffic (In) 0.117* 0.109* 0.118*
Through traffic variable Truck Truck Passenger
R? 0.455 0.465 0.469

*p<0.01.

Table 9. MGWR bandwidth and model fit by variable.

Variable NOx PM, 5 Cco,
Self-generated volume bandwidth 42 42 42
Speed bandwidth 65 65 63
Through traffic bandwidth 44 44 42
MGWR R? 0.814 0821 0812
MGWR AlCc 368.4 3629 375.1
OLS residual Moran's | 0.187 0214 0.189
MGWR residual Moran's | -0.031 -0.026 0.007
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