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Abstract

Local governments on a private operating system basis are more difficult than those semi
public operating system, indicating that appropriate evaluation is needed on the impact of
differences in the city bus operating system on the city bus transportation industry. Therefore,
in this study, DEA (Data Envelopment Analysis) and Malmquist Productivity Index analysis
were performed on 16 local governments in Korea to assess the impact of city bus operating
system on the urban bus industry. First, for analysis, domestic local governments considering
the urban bus operating system were divided into two groups: semi-public operating system
and private operating system. Input variables for analysis include four variables: number of
drivers, number of employees, operating costs, and subsidies, and two output factors including
number of passengers and revenue were considered. Next, the operation efficiency of the urban
bus industry was analyzed using the CCR/BCC model, which is the DEA's representative
analysis methods, and the Malmquist productivity index model. The result showed that first,
regardless of COVID-19, the operation efficiency of semi-public system was higher than that
of private system. Also, regions with a large number of passengers, such as Ulsan and
Gyeonggi, even though they have private operating systems, showed high operation efficiency.
Second, in order to secure the operation efficiency of the urban bus industry, it was found that
an additional 11.8% of drivers, 13.1% of employees, 11.3% of operating costs, and 14.0% of
subsidies are needed per bus. Third, due to COVID-19, productivity was found to have
decreased by 7% in the regions with semi-public operating system and 14% in the regions with
private operating system. In particular, the rate of productivity decline in private operating
systems was found to be about twice as large as that in the regions with semi-public systems. It
is expected that the results of this study could be helpful in establishing efficient operation
plans for the current urban bus industry by identifying the operation efficiency of the urban bus
industry and establishing policies to ensure operation efficiency.

Keywords: bus operating system, city bus industry, DEA, malmquist productivity index,
operation efficiency
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Table 1. Previous study on bus related efficiency analysis

Authors Analysis Analysis Input Output
(year) target method variable variable
Chang and Kao 5 Bus DEA Capital, Labor, Diesel fuel Vehicle kilometers, Revenue,
(1992) company No. of bus traffic trips on routes
Kim and Kim 81 Bus DEA Labor, Fuel ,Vehicles, Maintenance City type bus, Seat type
(2002) company worker
Oh et al. 69 Bus DEA, Labor, Fuel, Vehicles, Maintenance No. of passengers, Travel distance
(2002) company  Tobit regression worker
Oh and Kim 57 Bus DEA Fuel, Drivers, Maintenance worker, Travel distance, No.of passengers,
(2005) company Management, Vehicles Travel distance+No.of passengers
Sheth et al. Bus routes  Network DEA Headway, Operating cost, Vehicles—mile, Passengers—mile
(2007) Intersection, etc
Han et al. Bus company DEA No.of Vehicles, Travel distance, No. of passengers, Revenue
(2009) No.of stops, Intervals
Lao and Liu Bus routes DEA Operating time, No. of stops No. of passengers
(2009)
Jung et al. 95-97 Bus DEA, Route Length, Fleet Size, Frequency, Monthly Revenue, No. of Passenger
(2013) routes Tobit regression Frequency per Vehicle, Headway,  per day per vehicle
Costs
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Table 1. Previous study on bus related efficiency analysis (continued)

Authors Analysis Analysis Input Output
(year) target method variable variable

Hahn et al. 58 Bus Network DEA Total costs, The ratio of stops of Total riders, The error rate of
(2013) company median bus lanes to all bus stops,  average headway, Air pollution cost

The ratio of CNG vehicles to fleet
of vehicles, Vehicle=km, Travel speed

Di et al. Public transit ~ SE-NDEA  Local authority, Bus operators, Public transit system’s production
(2019) systems model Passengers, Uncontrollable environ— efficiency, Service effectiveness,
mental factors and the externality ~Operational effectiveness
Sung(2019) 45-57 Bus DEA Travel distance, Travel time, No. of  Total riders, No.of transfer riders,
route Vehicles, Headways, No. of Operation Total revenue
Sung and Kang 134 Bus DEA, Travel distance, Travel time, No.of =~ Total riders, Total revenue, No.of
(2019) route Tobit regression Vehicles, Headways, No. of Operation transfer riders
model
Gadepalli and 8 City DEA Bus held, Total staff, Total cost  Effective kilometers, Passenger
Rayaprolu  (Bus company) kilometers, Total revenue
(2020)
Kim and Sim 87 Bus DEA No.of vehicles, Bus stop, Facilities for Intervals, No. of passengers,
(2021) route elders and people with disabilities, ~ Railway station, Redundancy,
Curvature Revenue
Kim and Hong 515-695 Bus DEA, Frequency in operation, Operating -
(2021) route Tobit random distance, Whether the line is via

effect model highway, Highway toll, Whether
the line is via capital region
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A5l flsll ANE =Sl HHALE ZAM= aed dadhs 8017t obd THAE AL A4 (Malmquist
Productivity Index, MPD) 2= 801 AF8-3ttH(Caves et al,, 1982). WHAE A4 = i@ 2tE FEZ Ao
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Table 2. Input and output variables

Type Variables Unit Data source
Inputs Number of drivers (z;) Drivers/Vehicles/Year Handbook of bus statistics
Number of employees (x,) Employees/Vehicles/Year Handbook of bus statistics
Operating costs (z) One billion KRW/Vehicles/Year Report on the transportation survey
Subsidies (z,) One billion KRW/Vehicles/Year Federation of bus business associations
Outputs ~ Number of passengers (y,) One million person/Vehicles/Year Handbook of bus statistics
Revenue (y,) One billion KRWW/Vehicles/Year Report on the transportation survey

Table 3. Average of input and output variables

Input variable Output variable
Category o = = - " "

Semi—public Seoul 2.34 0.36 2.52 0.46 18.80 2.53

operating Busan 2.25 0.37 2.49 0.68 21.62 2.47

system Daegu 2.49 0.26 1.68 0.91 14.01 1.67

Incheon 2.41 0.29 2.09 0.75 13.35 2.09

Gwangju 2.35 0.32 2.13 0.58 11.48 2.13

Daejeon 2.38 0.27 1.97 0.71 13.63 1.95

Jeju 1.91 0.21 1.67 1.05 9.10 1.04

Private Ulsan 2.17 0.26 2.17 0.81 10.65 2.06

operating Gyeonggi 1.72 0.28 1.75 0.24 12.39 1.60

system Gangwon 1.52 0.50 1.15 0.59 7.13 0.86

Chungbuk 1.94 0.34 1.87 0.59 7.58 1.19

Chungnam 1.70 0.29 1.39 0.44 6.82 1.10

Jeonbuk 2.09 0.26 1.60 0.99 8.31 1.01

Jeonnam 1.73 0.29 1.29 0.49 6.05 0.82

Gyeongbuk 1.58 0.29 2.20 0.41 6.55 1.69

Gyeongnam 1.87 0.28 1.83 0.62 9.68 1.52

UM AR FYHpe} S o] Hig A WAS 4 E = Table 491 At WA 2} Q2 p7H0] A

+ #4 —0.263001A4 2] 0.542 =20 & et ZF SRt = Ha 2R A 242
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Table 4. Results of correlation analysis

Number of ~ Number of Operating e Number of

Category . Subsidies Revenue
drivers employees costs passengers
Number of drivers 1
Number of employees -.232" 1
Operating costs 5427 -.058 1
Subsidies 409 -.263" 130 1
Number of passengers 6127 204 5617 -.057 1
Revenue 674" .053 879" .053 755" 1

note : **<0.01, *<0.05

T2k DEACA DMUS| & AdsHA Aot A2 4470 A4S =o17] 9ol Alefalof & F8
Aotk DMU9| & Aok 7|52 dit o g Fjoju A o] 5 T eote] FIH4ef 4SS
SF 7ko] XA 28 T 3] o]Ato] AASith= AL AT} wol Q1857 QItH(Zhu, 2009; Banker et al., 1984;
Boussoﬁane et al., 1991). oA AR A o et A H FEAwa 4719 S0l 2708 7152 = 24 DMU

S AT 79, F4 1270 o140 DMUZF E @tk whebA 2 Aol A A7 16719 DMUSH =Y 2 &2

o=z

mlm o
W

r$
i
in)

O

F

A DEA 290) el 5} A8 40] 2 AV} 92 A0 Boar

4z 24
1 oA S 67H AN ol CCRR S 90 714 THA(TE), BCC BRI Fol 2471 184
(PTE)}S B8t R ALY B FE40(RTS)S AT E3F CCREGS B8 v R4 RAE 59
£ BAjsto] AU oh)

sto] SHA A T T - "JER;«] e BAskIh T e e 2 HHAAE AR
_]

1. CCR, BCC 28 &4

1) CCR, BCC 289l 89 &4 Zut
CCR 27 BCC = o854 2017956 2021874 5AZF 167] A2 S AR FAA = F-2510] 7]
=8 E8H(TET +712884 (PTE)E E46t% 2™, Table 5= SFAAE B+ T&4l EH et 242
T YA 2192 0.99, MGA A9 2 0.829] Bt 7I&a&7d0] ‘/’rE’r‘)’E’r
24 (PTE)2 =334 A9 1.00, FFA] 219 0.960.=
AA S 7B AGA A2 G84d0] 7 EotHlZa & 4 Atk 20181 o] %ok 2017d} H|5=3t
< &r7leae A (PTE) ] 7lea e (T Eet 7 vehd o= 7leaadol tig vl aeA
A -] A ] 2 7)Aol Hit o] Zpolof tf Qla= & o Aot Aol 25t 7emad(TE) ol 4
A os 2 222 Wi-el 71aA 9 Haae] 11 Qo] rtal wed.

Table 5. Results of efficiency analysis

Category 2017 2018 2019 2020 2021
TE PTE TE PTE TE PTE TE PTE TE PTE
Semi—public 0.99 1.00 0.94 0.99 0.97 1.00 0.96 1.00 0.98 1.00
operating system
Private 0.82 0.96 0.80 0.97 0.83 0.98 0.77 1.00 0.77 0.97

operating system
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2) HRESY U 7249 24 A1

167 2| oJo] chet FRAEEA B F0] HAATHE Table 67} 2k, 20179201990 7-87) 2|oJo] s
AR 1 w]gke] B 58219l gro] hekiteh, TR HOZL 38T 202090 87) A Aol TR A SO ekt
7 -

o1}, 202199l 11712 W R4 Aol Shejgl 2102 ekttt Ao B4 A ue 229 /e
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+ TRAEEY GH7F olHR 202 Ut

Table 6. Results of scale efficiency and returns to scale analysis

Category 2017 2018 2019 2020 2021
SE RTS SE RTS Sy RTS SE RTS SE RTS
Semi-public Seoul 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS
operating Busan 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS
system Daegu 0.98 IRS 1.00 CRS 0.99 IRS 1.00 CRS 0.99 IRS

Incheon 1.00 IRS 1.00 IRS 1.00 CRS 1.00 CRS 1.00 CRS
Gwangju 1.00 IRS 0.99 IRS 1.00 CRS 1.00 CRS 1.00 CRS
Daejeon 0.99 IRS 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS

Jeju 1.00 CRS 0.66 IRS 0.78 IRS 0.72 IRS 0.86 IRS
Private Ulsan 1.00 CRS 1.00 CRS 1.00 CRS 1.00 CRS 0.93 IRS
operating Gyeonggi 1.00 CRS 1.00 CRS 1.00 CRS 0.87 IRS 0.87 IRS
system Gangwon 0.75 IRS 0.72 IRS 0.84 IRS 0.67 IRS 0.65 IRS

Chungbuk 0.81 IRS 0.81 IRS 0.69 IRS 0.57 IRS 0.61 IRS
Chungnam 0.80 IRS 0.71 IRS 0.80 IRS 0.75 IRS 0.81 IRS
Jeonbuk 0.74 IRS 0.61 IRS 0.78 IRS 0.68 IRS 0.60 IRS
Jeonnam 0.70 IRS 0.70 IRS 0.61 IRS 0.57 IRS 0.89 IRS
Gyeongbuk  0.95 IRS 1.00 CRS 1.00 CRS 1.00 CRS 0.92 IRS
Gyeongnam  0.93 IRS 0.82 IRS 0.83 IRS 0.78 IRS 0.82 IRS

olgt A4, £ FLE ZAsto] FQuiH] A& o] -89l 84S WA 7] & Ao] " asitt Table 62 4
B 2T 537 2 Al =ER(CRS)S A6 s A F2 A, FAT 13 3712 vetstom, o
T, BF, U7, 24te] 474 A EAA7)E AlLletH o EH(CRS)FE O Sl A o= byttt vhde] vl &
&40 2 2P Y= AR IR H A FLRE LA Qe e tiet A AHZ(RS) Aol Sle A2
2 Yepetet. ol digh =)Aol s AR FRE 522N 88498 ATAIZE 71 gl whEkAl
71884 TR 57 ea80l 242t GFS vl 9o o] A gER A 1L sl 2G5 A
S5 B E I TR AFEE Soll A BY /AT A4S 7| A] Eet HE O 2 vl g-g/do] TS Qlths RS ofn|
gich mEkA] ZF 219 9] g4 NS sl Bdaao] A F Gl i 7|esEe] Tt ok
mo HlEEAE AlASH ] flote] AT/ Ol Qs A H-2 AL g Siste] ZTHo =M G848 STl
4 7} Qlok. FR4e]o] IRSAE)] A FEL i A8 HThe A 1 A8 BolA tL 88482 5L &
A Ao woEct

2. 2|97t CCR 2¥g A&S Haed &4

B oA 5 Bt A=t A A 2590 B 848 V|E R FUHH 0 R Has BEYENAEES A
A eGAA 2 FR6te] A Heton] BA AT Table 71 Zth WA A= AYHA 25910 B G384
702 AME 739 vA 1t 24714t 11.8%, TAHA 13.1%, 2948 11.3%, A LF 14.0%, $6<
A 8.5%, &N 8.7%7t F7HH o2 "agh 702 eyttt WA 2AHAE 752 A E F9, F5 YA A
oo 20l g Aol Wt 2.9%-5.4%, NGA AL 12.9%-15.6% 5=22] 71 Fgo] e st Ao & vepyrt A
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Table 7. Results of inefficiency analysis

Category T Ty Z Zy % Yo

Total Raw value 2.03 0.30 1.86 0.65 11.07 1.61
Projected value 2.27 0.34 2.07 0.74 12.01 1.75

% 11.8% 13.1% 11.3% 14.0% 8.5% 8.7%

Semi—public Raw value 2.30 0.30 2.08 0.73 14.57 1.98
Projected value 2.37 0.31 2.14 0.77 14.83 2.02

% 3.0% 3.4% 2.9% 5.4% 1.8% 2.0%

Private Raw value 1.81 0.31 1.69 0.58 8.35 1.32
Projected value 2.08 0.35 1.93 0.67 9.23 1.47

% 14.9% 12.9% 14.2% 15.6% 10.5% 11.4%

UAAE YNG4 24

3
2 A A A A AL elel BRIAE A Sl
A Heke] FlS mefstr] flste] HFAE RS 7l (TO) S} 2 a8/ HakA]4=(Scale
Efficiency Change, SEC) 18|11 =47 |&8-&/dH3tA| 4 (Pure Technical Efficiency Change, PTEC) 2 E&]|5}o]
=A%t A= Table 87 Aot 17|, AxE HHLE YA +MDE A EH, 20173-2018E FFFA| Al
AL 8%, TJA A G2 5% At/ do] Aastelen, 2018d-2019dfl= Aol ZH2} 6%, 3% 571t A=
LFERg T SEATRE 20199 -2020' ©f FHAAE AR A= 1R 22 2 0 = Ureh, H 2 LG AAof] A glo]
T Aol dadt Ao yEbgTh ] 1? %5.7%4—: 2020 0] A-Eet 2199 711 A0 =2 wrhE
5] B4 A0 PHALE AAHAS FARE 14%E FTAAAG] 74-21 T} wwslel v 2 A4
ol AT ASE Uelstel T 20204-2021d9] AL T 212} 2%, 578 AT AOE ekt s
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| 0% Uittt A, BHIAE AR5
(MDE 714 ¥8HA)5(T0) 2} H2 88U 4(SEC) 2 i ate] Azl
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Table 8. Results of mamquist productivity index analysis

Index Operating system 2017-2018 2018-2019 2019-2020 2020-2021

MI Semi—public 0.92 1.06 0.93 0.98

Private 0.95 1.03 0.86 0.95

TC Semi—public 0.97 1.03 0.94 0.96

Private 0.97 0.99 0.94 0.93

SEC Semi—public 0.96 1.02 0.99 1.02

Private 0.96 1.02 0.91 1.10

PTEC Semi—public 0.99 1.01 1.00 1.00

Private 1.02 1.03 1.00 0.95
F21H9 Mt 27141391 20198 -20209 9] 7[R (TO = WA FAA Cl AEglo] 6%4 gt |F
% FRSEGUSECI0E 2394 142 1% A9A A4 0% T Ao2 Uehin 2 71 99
AE AR 4=(MD 2] Aol BlgA] A|Ho] B 2A] EAH A 1o, [GA| A2 F =21} A7) 9] HA
2g7uEs éwg 109 el S0 Aol S0 205 oA 5 A1 oI 20008-2021e] 42
oAz FREEGASAG(SEC)7H Ak tiH] ZH2F 2%, 10%% S7tote], R4 SN = B84 E

o
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