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Abstract

The national emission from energy sector accounted for 84.7% of all domestic emissionsin 2007. Of the energy-
use emissions, the emission from mobile source as one of key categories accounted for 19.4% and further the road
transport emission occupied the most dominant portion in the category. The road transport emissions can be estimated
on the basis of either the fuel consumed (Tier 1) or the distance travelled by the vehicle types and road types(higher
Tiers). The latter approach must be suitable for simultaneously estimating CO,, CH,, and N,O emissions in local
administrative districts.

The objective of this study was to estimate 31 municipal GHG emissions from road transportation in Gyeonggi
Province, Korea. In 2008, the municipalities were consisted of 2,014 towns expressed as Dong and Ri, the smallest
administrative district unit. Since mobile sources are moving across other city and province borders, the emission
estimated by fuel sold is in fact impossible to ensure consistency between neighbouring cities and provinces. On
the other hand, the emission estimated by distance travelled is also impossible to acquire key activity data such as
traffic volume, vehicle type and model, and road type in small towns. To solve the problem, we applied a hierarchical
cluster analysis to separate town-by-town road patterns (clusters) based on a priori activity information including
traffic volume, population, area, and branch road length obtained from small 151 towns. After identifying 10 road
patterns, arule building expert system was developed by visual basic application (VBA) to assort various unknown
road patterns into one of 10 known patterns. The expert system was self-verified with original reference information
and then objects in each homogeneous pattern were used to regress traffic volume based on the variables of popula-
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tion, area, and branch road length. The program was then applied to assign all the unknown towns into a known
pattern and to automatically estimate traffic volumes by regression equations for each town. Further VKT (vehicle
kilometer travelled) for each vehicle type in each town was calculated to be mapped by GIS(geologica information
system) and road transport emission on the corresponding road section was estimated by multiplying emission factors
for each vehicle type. Finally al emissions from local branch roads in Gyeonggi Province could be estimated by
summing up emissions from 1,902 towns where road information was registered. As aresult of the study, the GHG
average emission rate by the branch road transport was 6,101 kilotons of CO, equivalent per year (kt-CO, Eq/yr)
and the total emissions from both main and branch roads was 24,152 kt-CO, Eg/yr in Gyeonggi Province. The ratio

of branch roads emission to the total was 0.28 in 2008.

Key words: Higher tiers, Greenhouse gases emission, Cluster analysis, Expert system, Traffic volume
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Fig. 1. Road network systems in Gyeonggi Province.
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Table 1. Vehicle types classified by Ministry of Land,
Transport and Maritime Affairs (2009).

Vehicle type Description
1 Cars& Mini truck Car, 15< Passenger van, Mini truck
2 Bus 16> Passenger van or bus

Line-hauler truck
(2 axle, 1~2.5< Loadage, 1 unit)
Line-hauler truck
(2 axle, 1~2.5>Loadage, 1 unit)

3 Small-duty truck A

4 Small-duty truck B

5 Medium-duty truck A Line-hauler truck (3 axle, 1 unit)
6 Medium-duty truck B Line-hauler truck (4 axle, 1 unit)
7 Medium-duty truck C  Line-hauler truck (5 axle, 1 unit)
8 Heavy-duty truck A Line-hauler semi-trailer truck
(4 axle, 2 unit)
9 Heavy-duty truck B Line-hauler full-trailer truck
(4 axle, 2 unit)
10 Heavy-duty truck C  Line-hauler semi-trailer truck
(5 axle, 2 unit)
11 Heavy-duty truck D Line-hauler full-trailer truck
(6 axle, 2 unit)
12 Heavy-duty truck E  Line-hauler semi-trailer truck
(6 axle>, 2 unit)
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Table 2. A reference of CO, emission factors for each vehicle type provided by NIER (2009).

Emission factor (g/km)

Venicletype Fuel type V< 65.4km/h V>65.4kmh
Cars Light-duty Gasoline 887.12y 05703 0.9303V+30.821
Little-duty Gasoline 1,313.7v 06 0.5447V +78.746
Diesel 1,133.1v 0587 0.6175V+62.478
Middle-duty Gasoline 1,555.5V 057 0.0797V+144.19
Diesel 1,818.1V 0668 0.3184V +95.66
LPG 1,539.4v 05748 0.5056V +117.39
Heavy-duty Gasoline 1,970.1v ~0687 0.1791V+145.07
LPG 1,849.8V 06164 —0.1348V +159.9
Taxi LPG 1,805.7792V ~08322 0.3239V +114.0621
RV Small-duty Diesel 1,313.2v 054 0.9883V+68.771
LPG 1,525.2V 05875 0.5876V +98.74
Medium-duty Diesel 1,811.7v 0602 0.9521V +88.489
LPG 2,121.7V 064 1.0509V +95.347
Bus Light-duty LPG 791.33V 0522 1.0255V +33.036
Small-duty Diesel 1,923.2 x /05841 1.0658V +93.436
LPG 1,862.6V 064 0.4717V+125.54
Medium-duty Diesel 1,828.9y 04400 0.2162V +309.46
Heavy-duty Except for city bus Diesel 2,676.7v 0334 1.3034V +548.56

City bus Diesel 4,638.6V 0517 (v < 47.7km/h)
CNG 5,019.8V 05582 (V < 47.7 km/h)
Truck Small-duty Diesel 1,135.2 x \/ 704668 2.2307V +25.76
M edium-duty Diesel 0.1029v2—-14.937V+798.9
Heavy-duty Diesel 6,240.3 x \/ 703820

V =average vehicle speed on two-way road (km/h)
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Table 3. A reference of CH, and N,O emission factors for each vehicle type provided by NIER (2009).

Emission factor (g/km)

CH,

N,O

0.0351 x \/ 07754

0.0307 x \/ 708718

0.0913 x /096

0.1162 x \/ 11582

0.052 x \/ 708767

01479 x V709224

0.3267 x \/ 70796

0.6240 x \/ ~10010

0.0512 x \/ 708062

0.007 x \/ 705533

0.1509 x V122

0.02x V0%

0.0534 x \/ 10371

0.0142 x \/ 707368

0.2307 x \/ 713878

0.0099 x \/ ~0.7863

0.0305 x \/ 7052%8

0.12x V11688

0.1581x v 1773

0.0109 x \/ 7063

0.1794 x \/ 709135

0.4366 X V70.9723

14.669 x \/ ~1962

0.2808 x V126

1.34x V1748

0.2742 x \/ 70530

0.1744 x \V/ ~105%

1.2359 x \/ 078

117.64 x \/ ~105%

0.5438 x \/ 056

0.0328 x \/ 705697

0.1248 x \/ 705754

0.4064 x \/ 706487

0.0984 x V70.7969

Vehicletype Fuel type
Cars Gasoline
LPG
Diesel
Taxi LPG
RV Small-duty Diesel
LPG
Medium-duty Diesdl
LPG
Bus Light-duty LPG
Small-duty Diesel
LPG
Medium-duty Diesel
Heavy-duty Except for city bus Diesdl
City bus Diesel
CNG
Truck Small-duty Diesdl
Medium-duty Diesel
Heavy-duty Diesel

0.402 x V*0.6197

0.0522 x \/ 705206

W=average vehicle speed on two-way road (km/h)
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Fig. 2. A flowchart for developing an expert system in
this study.
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Fig. 3. Traffic volumes calculated on main roads only in
Gyeonggi Province which were constructed by
GIS road mapping.
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Fig. 4. VKT calculated on main roads only in Gyeonggi
Province which were constructed by GIS road

mapping.
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Table 4. The VKT calculated on main roads of each local city and county in Gyeonggi Province.

(unit: 1,000km - vehicle number/yr)

) Passenger . Mini Medium City Heavy Small Medium  Heavy

City cars Taxd bus bus bus bus truck truck truck Total
Gapyeong 142,942 1640 16,232 1,388 2,821 174 56,426 12,011 729 234,361
Goyang 334,208 7,246 25277 5,981 180 10,265 84,397 16,129 2,747 486,430
Gimpo 123,843 1,463 10,833 1,668 31 3,895 41,072 8,152 1,739 192,697
Gwacheon 57,177 1,060 3,378 1,247 0 112 5,640 1419 11,213 81,245
Gwangmyeong 21,431 0 1,835 169 0 226 4,415 927 162 29,165
Gwangju 200,050 1542 17,768 690 1 5,101 73,858 15,043 2,505 316,648
Guri 105,627 1,430 9,162 5,060 0 4,553 34,698 4,117 969 165,615
Gunpo 89,317 892 5,734 2,866 0 592 15,728 2,765 2931 120,826
Namyangju 267,385 3,160 25,664 8,369 32 8,901 94,959 22,969 4,995 436,433
Dongducheon 41,607 1,455 4,470 1,274 487 24 14,966 3,192 229 67,704
Bucheon 82,268 911 7,515 1,583 667 3,110 26,377 5,829 899 129,159
Seongnam 329,958 5243 22,513 4,530 81 9,612 68,924 7,414 656 448,932
Suwon 231,872 5647 16,888 4,102 6 8,456 63,199 15,077 3,691 348,938
Siheung 196,768 1,424 17,453 3,704 355 3,147 69,121 11,713 3,590 307,274
Ansan 203,462 2597 17,221 3,349 23 2,643 58,649 11,716 4,488 304,149
Anseong 327,597 6,433 27,418 10,558 5,811 5817 145,766 44990 10,992 585,382
Anyang 172,954 2,662 12,863 2,406 7 2,878 42,901 7,840 1,308 245,819
Yangju 169,664 2,739 18,037 3,268 224 6,321 73,106 16,809 1,482 291,649
Y angpyeong 192,882 2,025 17,137 3,321 63 5,892 62,794 19,072 2,005 305,190
Yeoju 225,283 1,859 20,396 3,507 76 10,833 88,602 20,945 7,645 379,144
Y eoncheon 88,022 3,608 9,626 3,001 515 1,344 43,096 8,348 764 158,324
Osan 67,300 1,259 5,414 1,292 1,349 1,199 17,102 4,331 750 99,994
Yongin 447,552 6,627 29,094 9,285 363 16,010 141,520 34,153 7,023 691,626
Uiwang 137,189 1,874 8,943 3,480 3 1,382 23,784 4,834 1,834 183,323
Uijeongbu 66,085 948 6,228 831 1 949 28,614 4,562 1,150 109,369
Icheon 268,803 4514 21,154 4,467 9 7,969 113,693 25,632 7,900 454,140
Paju 302,570 8621 26,022 4,807 8,520 4,743 105,914 33,284 5489 499,971
Pyeongtaek 340,374 8,007 27,317 4,462 1,408 8,985 130,709 34,881 8,408 564,550
Pocheon 211,363 7,205 22,861 4,708 225 6,669 109,474 21,823 3,148 387,477
Hanam 92,792 515 8,313 932 0 2,149 26,573 4,905 1,313 137,492
Hwaseong 446,706 7,566 35,073 6,002 555 12,067 186,213 42,706 6,817 743,706
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Sk ol 2 ATl TARYE AR ¥ f9E Aoz AND Aolw B 10 2
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+41-f-% (class or type)& 3l Foll 9123 7Fg el AAE e HA Aoz
QAL Es} W, mETFo] How Fgl Ale] ghob
3.2.2 MEIMIAH0 o8t AMERS| Yotst By AQFYY AT St ARY o2 Yaiy
FAENE pYste] e 1074 AMERE & ok 2R-200E % 1049 Fo] a&gon b 2
el A ZAEFE(profile)s Ak, ZAE2 Aol vls] wEF A 2AEAR ol AER,
7 2ol a5 e JUeAsgt 4 T nETE DT § Sl B w2t A
W7 A o] Aele BRRAL AR, R A4 B9 dEes wEEdY oz Wiy
A2} 5E Folo] 2 A9 FAR 9 AR o 2A-BAE F 2709 "ol a4t o)F I
o) BT AR 24 2 B4 ae AF9e wEFe] H1 QFUssl wekow, A
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Fig. 5. A part of dendrogram for classifying branch road types. A hierarhical cluster analysis was performed by the

Ward method and the squared Euclidean distance.
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(c) Class 4: Residence/Commerce
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Table 5. A statistical summary of each branch road type after homogeneously assigned by cluster analysis.

Traffic volume

Population Non- measurement

2
Road type (number/day) (person) Area(km’) road distance (m)

1 Forest Max. 4,372 19,369 231.0 40,440
Min. 1,487 3,594 1415 11,886

Ave. 2,806 10,139 1725 29,649

2 Heavy traffic Max. 133,202 58,708 15.2 21,865
Min. 68,022 9,235 15 7,796

Ave. 96,392 27,807 7.3 13,583

3 Agriculture Max. 32,541 13,682 1130 17,612
Min. 307 662 485 3,212

Ave. 6,453 6,516 73.0 12,062

4  Residence & Max. 58,308 31,784 23.9 20,405
Commerce Min. 641 1,966 0.8 2,411
Ave. 25,871 16,609 10.8 9,810

5  Urbanized Max. 54,158 45,452 52.2 34,569
rural Min. 27,543 9,257 1.0 3,045

Ave. 42,183 32,398 19.5 18,861

6 Rura Max. 41,666 81,986 715 76,717
residence Min. 6,162 49,614 27 19,470

Ave. 18,256 63,727 54.4 36,350

7 Leisure& Max. 18,758 25,125 102.2 42,426
Industry Min. 214 3,747 514 15,982

Ave. 4,548 11,504 68.5 27,219

8 Heavy traffic& Max. 52,730 175,026 46.7 151,553
Residence Min. 34,108 57,985 21.2 82,336

Ave. 42,315 131,294 33.0 108,693

9  Rura industry Max. 22,436 35,379 50.9 34,509
Min. 487 2,201 27.1 5,273

Ave. 8,779 11,508 375 18,500

10 New town Max. 23,912 52,013 73.2 63,651
Min. 1,973 14,156 41.7 41,295

Ave. 8,869 29,180 54.1 52,453
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Table 6. Linear regression equations for each road type
to estimate traffic volumes.

Road type Linear regression equation

1 Forest Y =0.146X,+0.021X,+719.1

2 Heavy traffic Y =-0.677X,—2,108.4X,+0.757X 4
+120,367.2

3 Agriculture Y =0.692X, —80.3X,—0.060X 5
+7,357.9

4 Residence & Y =—0.048X,+169.5X ,+1.572X 4

Commerce +2,776.9

5 Urbanized rural Y =-0.009X,+55.6X,—0.681X 5
+54,227.1

6 Rural residence Y =-0.272X,—-610.1X,—0.012X 4
+69,233.2

7 Leisure & Industry Y =0.141X,+27.3X,+0.022X ;+457.6

8 Heavy traffic & Y =0.188X,+0.131X 3+3,846.5
Residence
9 Rural industry Y =0.145X ,+42.9X,+0.194X 5
+1,916.1
10 New town Y =0.013X; —500.5X,+0.317X 4
+18,966.3

Y: traffic volume, Xy population, X,: area, X5 non-measurement road
distance

(a) GHG emissions from main roads
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(b) GHG emissions from main and branch roads
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Fig. 7. Estimate GHG emissions from each small town in Gyeonggi Province on (a) main roads only and (b) main and

branch roads together.
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Table 7. GHG emissions in the year of 2008 estimated on all the main and branch roads in local cities and counties of
Gyeonggi Province. Emissions on branch roads were estimated by new methodology developed.

(unit: kt-CO, Eqlyr)

CO, CH, N,O Total
City & County Main Branch Main Branch  Main Branch ~ Mainroads  Branchroads
roads roads roads roads roads roads (M) (B)

Gapyeong 145,805 56,305 1,453 552 1,459 566 148,716 57,423 0.39
Goyang 1,400,730 251,284 12,017 2,166 12,752 2,200 1,425,499 255,650 0.18
Gimpo 253,509 94,988 1,959 702 2,334 864 257,802 96,554 0.37
Gwacheon 477,480 48,257 2,323 352 2,717 388 482,521 48,997 0.10
Gwangmyeong 72,468 220,533 508 1,690 555 2,551 73,530 224,774 3.06
Gwangju 701,855 275,208 4,019 1,663 6,174 2,498 712,049 279,369 0.39
Guri 289,706 48,741 2,550 258 3,877 252 296,134 49,252 0.17
Gunpo 513,212 82,164 5,198 651 5,007 970 523,417 83,785 0.16
Namyangju 638,743 236,244 6,059 2,135 6,234 2,110 651,036 240,488 0.37
Dongducheon 37,347 41,015 415 395 416 401 38,178 41,811 1.10
Bucheon 328,737 235,705 2,892 1,682 3,175 2,032 334,804 239,420 0.72
Seongnam 904,660 738,330 8,004 5,582 9,127 5,962 921,790 749,874 0.81
Suwon 832,423 364,871 6,530 2,219 8,324 2,613 847,277 369,702 0.44
Siheung 1,120,942 251,521 9,004 1,177 11,408 1,432 1,141,355 254,129 0.22
Ansan 700,888 352,432 5,348 2,984 6,470 3,820 712,705 359,236 0.50
Anseong 738,882 81,135 5,313 536 6,042 731 750,236 82,402 0.11
Anyang 392,409 452,792 3,007 3,597 3,829 4,932 399,244 461,322 116
Yangju 461,955 66,416 2,959 501 4,736 687 469,649 67,603 0.14
Y angpyeong 252,503 91,019 1,888 781 1,971 882 256,361 92,682 0.36
Yeoju 403,588 102,566 3,393 878 3,181 993 410,162 104,438 0.25
Y eoncheon 105,572 62,054 774 558 882 657 107,228 63,269 0.59
Osan 200,127 17,564 1,574 127 1,823 186 203,525 17,877 0.09
Yongin 1,712,676 594,144 18,157 4,476 17,715 5,061 1,748,548 603,680 0.35
Uiwang 767,943 39,598 6,451 287 7,185 435 781,579 40,320 0.05
Uijeongbu 238,094 172,303 1,809 1,339 2,404 1,729 242,307 175,371 0.72
Icheon 761,960 159,330 5,613 1,160 6,897 1,372 774,471 161,862 0.21
Paju 521,450 110,401 4,110 923 4,628 1,053 530,187 112,378 0.21
Pyeongtaek 789,946 398,454 5,454 3,559 6,850 4,043 802,251 406,056 051
Pocheon 298,118 75,747 2,679 614 3,402 748 304,199 77,109 0.25
Hanam 349,216 49,900 3,124 382 3,314 481 355,654 50,764 0.14
Hwaseong 1,324,278 229,815 10,553 1,733 13,774 2,175 1,348,605 233,723 0.17

Total 17,737,219 6,000,838 145138 45658 168,660 54,824 18,051,018 6,101,319 0.34
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