J. Korean Soc. Transp.
Vol.34, No.2, pp.107-122, April 2016
http://dx.doi.org/10.7470/jkst.2016.34.2.107

pISSN : 1229-1366
€lSSN : 2234-4217

Received: 27 July 2015

ARTICLE
T2t P22 0|83 2L ASAH IS
2% 2

o™ - 27|13
'Ot TODY|4 247ks EAIREATHIE, 0tz

Jjoh

i DEAAHESS}

Mobile Source Emissions Estimates for Intra-zonal
Travel Using Space Syntax Analysis

LEE, Kyu Jin'* - CHOI, Keechoo®

'TOD-based Sustainable City Transportation Research Center, Ajou University, Gyeonggi 16499,
Korea
’Department of Transportation System Engineering, Ajou University, Gyeonggi 16499, Korea

*Corresponding author: transjin@ajou.ac.kr

Abstract

This study aims to develop a framework to estimate mobile source emissions with the macroscopic
travel demand model including enhanced estimates of intra-zonal travel emissions using Space Syntax
analysis. It is acknowledged that "the land-use and transportation interaction model explains the
influence of urban structure on accessibility and mobility pattern". Based upon this theory, the
estimation model of intra-zonal travel emissions is presented with the models of total travel distance,
total travel demand, and average travel speed of intra-zonal trips. Thess statistical models include
several spatial indices derived from the Space Syntax analysis. It explains that urban spatial structure is
a critical factor for intra-zonal travel emissions, which is lower in compact zone with smaller portion of
land area, lower sprawl indicator, and more grid-type of road network. Also the suggested framework is
applied in the evaluation of the effectiveness of bicycle lane project in Suwon, Korea. The estimated
emissions including intra-zonal travel is as double as the results only with inter-zonal demands, which
shows better performance of the suggested framework for more realistic outcomes. This framework is
applicable to the estimation of mobile source emissions in nation-wide and the assessment of
transportation-environment policies in regional level.

Keywords: interaction of urban land-use and transportation, intra-zonal emission, intra-zonal
travel distance, intra-zonal trips, mobile emission, space syntax
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Figure 1. Conceptual structure of intra-zonal emission model
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Figure 2. Comparison of depth from the two roads
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Table 1. Designs of variables
Indicators Variables Contents Sources Samples
Explanatory ~ Social- Number of Population, Men, Women Statistics Yearbook 76
Variables Economic population
Indicators Number of - Statistics Yearbook 76
household
Total Area Area Statistics Yearbook 76
Area by site Land, Factory, School, Road, Statistics Yearbook 76
Park, Amusement Park, etc.
Number of - Statistics Yearbook 76
businesses
Number of workers - Statistics Yearbook 76
Area by site Land, Factory, School, Road, Statistics Yearbook 76
Park, Amusement Park, etc.
Urban Sum. Connectivity k Navigation Road Data, 20,440
Spatial Ci Space Syntax
Structure =l o
T Sum. Control ko k Navigation Road Data, 20,440
ZZG‘ Space Syntax
=l j=1
Sum. Integration k Navigation Road Data, 20,440
Z[i Space Syntax
i=1
Av. Connectivity k Navigation Road Data, 20,440
Z— Space Syntax
i k
Av. Control i i 1 Navigation Road Data, 20,440
— Space Syntax
i=1 j=1 Ci
Av. Integration kT Navigation Road Data, 20,440
z— Space Syntax
i k
PUI Index (un—u0) / uo Statistics Yearbook 76
(pr=po)/ po
PRSI Index (rn . ro) /7o Statistics Yearbook 76
(pr=po)/ po
Trip Sum. Road lengths k Navigation Road Data 20,440
Characteristics ~ of intra—zonal ZLi & KTDB Data
Indicators i=1 o
Sum. Road lengths k Navigation Road Data 20,440
of intra—zonal(Exp. ZSLI' & KTDB Data
Express) =l
Sum. Road capacity k Navigation Road Data 20,440
of intra—zonal Z(LiXCi) & KTDB Data
i=1
Sum. Road capacity k Navigation Road Data 20,440
of intra—zonal(Exp. Z(SLI'XCI') & KTDB Data
Express) =
Dependent  Trips by vehicle types = KTDB OD Data 76
Variables Trips of intra—zonal by vehicle types - KTDB OD Data 76
Avg. travel distance of intra—zonal = KNHTS 1,256
Avg. travel speed of intra—zonal mof KNHTS 1,256
Q. (;))/ m
=1 U

note) k: Number of directly connected links, i: Intra~zonal link, I: Control, Un: Land area in 2008, U0: Land area in 2003,
Pn: Population in 2008, PO: Population in 2003, Rn: Road area in 2008, RO: Road area in 2003, L: Road length,

SL: Road length except expressway, C: Capacity, Ij: Travel distance of traveler j, Tj: Travel time of traveler j
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Women 0.06 0.61 A.Con -0.11 0.334 Capacity 0.42 0.00
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Table 4. Goodness of fit for model
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Table 7. Intra-zonal emission in Suwon (Uint: tons/year)
Regions CO NOx PM VOC CO, Regions CO  NOx PM VOC CO,
Godeung 5,312 1,528 41 1,269 595,073 Yeongtong 2 31,879 9,166 242 7,619 3563912
Gokseon 11,817 3,497 9 2,804 1,357,116 Yeonghwa 11,008 3,176 84 2,619 1,245,818
Guun 9,421 2,832 76 2,258 1,055,589 Uman 1 11,767 3,295 84 2824 1,291,624
Gwonsun 1 5,042 1,437 37 1,214 550,027 Uman 2 3,454 1,083 31 831 387,198
Gwonsun 24,611 13,157 488 5939 3,243,288 Woncheon 28,243 8,528 229 6,418 3,582,191
Geumho 7,221 2,610 82 1,668 928,185 Yulcheon 13,670 3,963 106 3,250 1,552,967
Namhyang 821 245 7 199 89,507 Iui 1,940 685 20 434 262,388
Maegyeo 6,930 1,925 48 1,666 755,482 Ingye 55,066 16,231 427 12,719 6,718,053
Maesan 6,829 2,115 59 1,638 770,202 Ipbuk 8,194 2,310 60 1,972 894,336
Maetan 1 8,134 2,314 60 1,948 901,233 Jeongja 1 12,311 3,494 91 2,959 1,350,189
Maetan 2 7,487 2,090 53 1,802 814,134 Jeongja 2 8,567 2,428 63 2,057 941,563
Maetan 3 21,153 5,978 153 5,044 2,368,056 Jeongja 3 14,853 4,195 109 3,570 1,626,935
Maetan 4 6,162 1,832 50 1,488 674,742 Jowon 1 25,135 7,179 188 5,997 2,818,553
Seodun 23,453 7,117 194 5505 2,779,883 Jowon 2 3,702 1,512 51 895 441,850
Seryu 1 5,829 1,647 43 1,406 632,510 Ji 5,266 1,897 61 1,272 609,549
Seryu 2 9,957 2,954 81 2,371 1,132,826 Taejang 20,066 5,686 146 4,777 2,257,175
Seryu 3 1,960 1,026 39 478 250,119 Pajang 12,732 3,798 102 2,940 1,559,469
Songjuk 6,894 2,025 54 1,645 777,768 Paldal 470 147 5 115 50,864
Sinan 7,788 2,168 54 1,878 841,998 Pyung 23,971 6,846 180 5,775 2,616,089
Yeonmu 13,933 7,537 280 3,284 1,951,636 Hwaseo 1 7,275 2,109 55 1,751 798,586

Yeongtong 1 22,759 6,536 173 5,444 2,538,449 Hwaseo 2 12,244 3,552 95 2920 1,379,812

Figure 4. Intra-zonal emission in Suwon
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Table 8. Emission reduction for sample scenario

Hot—start Emission Reduction (tons/year) Cold—start Emission Reduction (tons/year)
Zone to Zone(a)  Intra—zonal (b) b/a Zone to Zone (a)  Intra—zonal (b) b/a
CO 5.5 2.6 47.3% 4.5 5.9 131.1%
NOx 2.2 0.7 31.8% 0.6 0.6 100.0%
PM 0.2 0.0 0.0% 0.0 0.0 0.0%
VOC 1.5 0.6 40.0% 1.2 2.2 183.3%
CO, 470.0 290.5 61.8% 458.6 670.8 146.3%
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