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Commuting Efficiency Comparison of Metropolitan Areas in South Korea
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Abstract
To evaluate the efficiency of commuting patterns, various commuting indicators such as excess commute and
commuting potential utilized have been developed and used. It is crucial to calculate these indicators
reasonably to reveal the differences in commuting patterns among metropolitan areas and to consider these in
the process of formulating commuting policies. However, commuting indicators are generally calculated at the
administrative district level, and thus, they are not free from the problem of the modifiable areal unit problem
(MAUP). This issue can undermine the rationality of comparing commuting efficiency between metropolitan
areas, making it necessary to handle the calculation of commuting indicators carefully. Therefore, this study
utilises Monte Carlo Simulation to calculate optimal, actual, and maximum commuting distances, and thereby
presents the excess commute and the commuting potential utilized. To apply Monte Carlo Simulation to the
context of South Korea, a constrained Monte Carlo Simulation is conducted, where residential and workplace
locations used in the simulation are selected based on the actual locations of buildings. The analysis is
conducted on 13 metropolitan areas with established metropolitan plans using the 2016 Household Travel
Survey data. The commuting indicators calculated through the simulation showed minimal differences
compared to the results obtained through conventional methods. The comparison of commuting efficiency
among metropolitan areas revealed that even if the degree of spafial balance between residential and
workplace locations is similar, the actual commuting patterns can differ significantly. It is suggested that
further research considering characteristics such as the area of each metropolitan region will be necessary in
the future.
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Table 1. Summary of Commuting Indices
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o] Hz pug uiso R RE E2APL /g W 3
o8 FIE A IS 5 U= AU Y B 52
22 g ou)= A 12l F) B AE A A
= 997} It} (Kanaroglou et al,, 2015; Ma and
Banister, 2006a; Ma and Banister, 2007). o|Z 4|
AR Fd] 5 A9 A S A, 1 A
Al Bt 5L AE EE5f o el He] 5
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He H ]% A0 2 & 4= QIti(Ma and Banister,
2006a). T3, 2] B 719, 24 5 7], 1

Index

Meaning

The average commuting distance when all commuters

Optimal Commuting Distance C

min

commute to the closest workplace. The lower value represents

that the housings and jobs are spatially balanced.

Actual Commuting Distance C,,

The actual commuting distance of commuters.

The average commuting distance when all commuters
commute to the farthest workplace. The commuting pattern

Maximum Commuting Distance G, ,,

could be investigated by comparing the maximum commuting

distance to the optimal and the actual commuting distance.

Excess Commuting C,,

C,=(Cu—Ci)/Cy

ex obs min

The lower value represents that commutmg distance is close
to the theoretical minimum distance, and represents that the

commuting pattern corresponds to the urban spatial structure.

G, :(Q)bs 7Cr(nin)/(cr(nax - C:nin)

u

The lower value represents that commuting distance is short,

Commuting Potential Utilized C

compared to the theoretical maximum distance, and

represents that commuting pattern is efficient considered the
spatial separation of housings and jobs.

Source: Kanaroglou et al. (2015)
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Table 2. Comparison of the Commuting Indices by Calculation Method

No. of
Metropolitan Area Method o0 Optimal Actual Maximum
Commuters
B Conventional* 8,054 2.28 km 7.71 km 20.06 km
usan
Monte-Carlo 8,003 2.17 km 7.22 km 19.40 km
Conventional 1,088 2.91 km 8.08 km 21.11 km
Cheongju
Monte-Carlo 1,066 2.68 km 7.46 km 19.48 km
b Conventional 3,943 2.58 km 9.08 km 18.14 km
aegu
& Monte-Carlo 3,877 2.34 km 8.44 km 16.86 km
Conventional 4,206 2.45 km 7.63 km 29.28 km
Daejeon
Monte-Carlo 4,163 2.07 km 6.65 km 27.87 km
Conventional 235 3.97 km 8.85 km 43.33 km
Gongju
Monte-Carlo 196 3.83 km 7.54 km 40.27 km
Conventional 2,831 1.80 km 6.74 km 13.07 km
Gwangju
Monte-Carlo 2,797 1.64 km 6.41 km 12.16 km
Conventional 199 5.89 km 9.81 km 34.54 km
Gwangyangman
Monte-Carlo 147 4.60 km 9.99 km 32.23 km
Conventional 4,238 2.32 km 7.53 km 30.21 km
Haengbok
Monte-Carlo 4,221 1.95 km 6.46 km 29.11 km
Jeon] Conventional 325 2.80 km 7.72 km 32.35km
eonju
) Monte-Carlo 239 2.95 km 6.87 km 28.89 km
Jeonnam Conventional 136 2.59 km 5.88 km 20.37 km
seonam Monte-Carlo 102 4.25 km 6.31 km 17.55 km
Masan Conventional 1,651 2.45 km 7.95 km 23.06 km
Changwon
Jinhae Monte-Carlo 1,596 2.35 km 7.35 km 22.27 km
N Conventional 593 4.76 km 11.25 km 63.67 km
aepo
P Monte-Carlo 557 4.02 km 10.69 km 61.53 km
Seoul Conventional 61,886 2.87 km 9.07 km 38.41 km
eou
Monte-Carlo 11,134 2.93 km 8.75 km 38.07 km
* Calculate at TAZ level, used d; = v/ R/= for intrazonal distance of zone i.
If the minimum distance between zoneiandj Y,; < d, (i = j) , D; = (¥;""/d,) x Y™™ was used instead
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Table 3. Results of the Constrained Monte-Carlo Simulation by Metropolitan Area

Metropolitan Area Simulation Optimal Actual Maximum  Excess Utilized
Area Rate*
Busan 1,899 km? 99.4% 2.17 km 7.22km 19.40km  69.90% 29.30%
Cheongju 3,403 km*>  98.0% 2.68 km 746km 19.48km 64.03% 28.43%
Daegu 4,977 km* 98.3% 2.34 km 844km 1686km 72.24% 41.97%
Daejeon 5,123km?  99.0% 2.07 km 6.65km 27.87km 68.90% 17.76%
Gongju 2,584 km? 83.4% 3.83 km 7.54km 40.27km 49.14% 10.17%
Gwangju 2,995km*>  98.8% 1.64 km 6.41km 12.16km 74.37% 45.30%

Gwangyangman 1,853 km®  73.9% 4.60 km

9.99km 32.23km 53.99% 19.52%

Haengbok 3,597 km®>  99.6% 1.95 km

6.46km 29.11km 69.81% 16.59%

Jeonju 2,457km*  73.5% 295km  6.87km 2887km 57.08%  15.14%
J;::;;;“ 3711km®>  750%  425km  631km 1755km 32.63%  15.46%
Masan
Changwon 1,624 km*>  96.7% 2.35km 7.35km 22.27km 68.08% 25.11%
Jinhae
Naepo 3,507 km? 93.9% 4.02km 10.69km 61.53km 62.39% 11.59%
Seoul 11,704 km? 18.0% 2.93 km 8.75km 38.07km  66.56% 16.57%
Average** 4,494 km®  42.6% 2.91 km 7.70km 28.13km 62.24% 22.53%

*If the count of the housing and non-housing building
undersampled to match the number.
** Arithmetic mean of each metropolitan area, not weighted.
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