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Efficiency Measurement of Road Transport Industry
using CO2: Application of undesirable SBM and SDM
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Abstract

In Korea, the road transport industry is pointed out as a major cause of air pollutants, so management
control is needed. Existing studies used only positive input and output variables to measure regional
efficiency. However, it is necessary to consider the environmental pollution problem in efficiency
analysis. In this study, an undesirable SBM analysis using CO2 was conducted to measure efficiency
of domestic regions. In addition, SDM was conducted to examine the ripple effect between domestic
regions. As a result of the analysis, the efficiency of the capital area such as Seoul, Gyeonggi, and
Incheon was high in the road transport industry. However, the efficiency of the road transportation
industry in Daegu and Gangwon was low. In the SDM analysis, it was found that the regional
equipment capabilities had a great influence on efficiency. In order to improve efficiency, it is
necessary to increase and improve the equipment capacity of the road transport industry.
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Table 1. Input and Output Variables for SBM

Category Variable

Reference

Industry volume Firms (X1)

Labor force

Input
Land and facility Fixed assets (X3)
Desirable output Sales (Y1)
Output
Undesirable output CO2 (UY1)

Employees (X2)

Park(2012), Oh(2018)

Ha and Choi(2007), Choi(2012), Oh(2018),
Bai et al(2022)

Ha and Choi(2007), Choi and Park(2011),
Choi(2011), Oh(2018)

Ha and Choi(2007), Choi and Park(2011),
Choi(2012), Oh(2018)

Choi(2012), Bai et al(2022)
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Table 2. Descriptive Statistics for Inputs and Outputs

Variable obs Mean SD Min Max Unit
X1 102 20,961 23,936 561 88,569 one firm
Input X2 102 50,911 64,258 1,311 265,146 one person
X3 102 529,213 1,068,954 2,469 5,608,298 one million won
Y1 102 3,153,852 4,655,675 61,261 20,500,000 one million won
Output 102 5,416 5,235 292 26,190 Gg CO:zeq
T 2 W s, vagA) W Cco Aol BojAl= Ao ofad = Jlvh A=
= Model 1, Model 2% :yl-r—o]-OI] A vE— W42l Yi(sales), UY1(CO,)= &UA], v A
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2012 RIS AlgAlE A A9 20149
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Table 3. Undesirable SBM—-Model 1

DMU 2014 2015 2016 2017 2018 2019 mean
Seoul 1 1 1 1 1 1 1
Busan 1 1 0.677 1 0.863 1 0.923
Daegu 0.610 0.681 0.570 0.674 0.722 1 0.710
Incheon 0.643 1 1 1 0.873 0.792 0.885
Gwangju 0.795 1 1 1 1 1 0.966
Daejeon 1 1 1 1 1 1 1
Ulsan 0.628 1 1 1 1 1 0.938
Sejong 1 1 1 1 1 1 1
Gyeonggi 1 1 1 1 1 1 1
Kangwon 0.422 0.476 0.552 0.535 0.534 0.464 0.497
Chungbuk 0.640 0.667 0.466 0.648 0.570 0.568 0.593
Chungnam 0.469 0.694 0.669 0.654 0.635 0.639 0.627
Jeonbuk 1 0.823 1 1 0.698 1 0.920
Jeonnam 0.762 0.644 0.733 1 1 1 0.856
Gyeongbuk 0.567 0.624 0.538 0.555 0.566 0.512 0.561
Gyeongnam 1 0.781 0.633 1 0.478 0.630 0.753
Jeju 0.664 0.643 1 1 1 0.573 0.813
= QT Eet AAl B Akglo] Ay ole] HjHog g&4¢] v SHE AY
o] glo] Ay ez thE A4 vj&| £Y A o= di+, QA A, A&l AR UEyt
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TE AR EReEAl) 29 TEE 27 A 2elEae o g mRedne &
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8L e Aoz N & ot g A FA el A=A ke Q77 AFstar Al o
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719 st JE Aes yelyith A 3 T g A de] EReEAy 29 E84
F, 23 AEE &4 HF7E 0.9 ol R Nt dEe] 22540 MiEEs o
2EH 290 =X AR & 5 o 719 dEAe] #eztsol dasitt, o9 7
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Table 4. Efficiency Scores in Capital and Non-capital Areas

2014 2015 2016 2017 2018 2019 mean
C.A 0.881 1 1 1 0.958 0.931 0.962
Non-C.A 0.754 0.788 0.774 0.862 0.790 0.813 0.797
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Table 5. Desirable SBM-Model 2

DMU 2014 2015 2016 2017 2018 2019 mean
Seoul 1 1 1 1 1 1 1
Busan 1 1 0.772 1 0.913 1 0.947
Daegu 0.720 0.722 0.638 0.736 0.749 0.801 0.728
Incheon 0.784 1 1 1 0.872 0.838 0.916
Gwangju 0.896 1 1 1 1.000 0.941 0.973
Daejeon 1 1 0.926 1 0.864 1 0.965
Ulsan 0.777 1 1 1 1 1 0.963
Sejong 1 1 1 1 1 1 1
Gyeonggi 1 1 1 1 1 1 1
Kangwon 0.556 0.584 0.650 0.584 0.580 0.580 0.589
Chungbuk 0.839 0.828 0.579 0.781 0.697 0.716 0.740
Chungnam 0.629 0.864 0.843 0.827 0.825 0.818 0.801
Jeonbuk 1 0.977 1 1 0.853 1 0.972
Jeonnam 0.926 0.778 0.880 1 1 1 0.931
Gyeongbuk 0.753 0.805 0.706 0.726 0.752 0.672 0.736
Gyeongnam 1 0.952 0.805 1 0.637 0.804 0.866
Jeju 0.754 0.697 1 1 1 0.608 0.843
Table 6. Efficiency Scores in Capital and Non—capital Areas
2014 2015 2016 2017 2018 2019 mean
C.A 0.928 1 1 1 0.957 0.946 0.972
Non—C.A 0.846 0.872 0.843 0.904 0.848 0.853 0.861
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Table 7. Summary of Model 1 and Model 2 Efficiency Scores

DMU Model 1 Model 2
Min Max Mean SD Min Max Mean SD

Seoul 1 1 1 0.000 1 1 1 0.000
Busan 0.677 1 0.923 0.133 0.772 1 0.948 0.093
Daegu 0.570 1 0.710 0.152 0.638 0.801 0.728 0.053
Incheon 0.643 1 0.885 0.146 0.784 1 0.916 0.097
Gwangju 0.795 1 0.966 0.084 0.896 1 0.973 0.044
Daejeon 1 1 1 0.000 0.864 1 0.965 0.058
Ulsan 0.628 1 0.938 0.152 0.777 1 0.963 0.091
Sejong 1 1 1 0.000 1 1 1 0.000
Gyeonggi 1 1 1 0.000 1 1 1 0.000
Kangwon 0.422 0.552 0.497 0.051 0.556 0.650 0.589 0.032
Chungbuk 0.466 0.667 0.593 0.075 0.579 0.839 0.740 0.098
Chungnam 0.469 0.694 0.627 0.080 0.629 0.864 0.801 0.086
Jeonbuk 0.698 1 0.920 0.130 0.853 1 0.972 0.059
Jeonnam 0.644 1 0.857 0.162 0.778 1 0.931 0.090
Gyeongbuk 0.512 0.624 0.560 0.037 0.672 0.805 0.736 0.046
Gyeongnam 0.478 1 0.754 0.214 0.637 1 0.866 0.144
Jeju 0.573 1 0.813 0.207 0.608 1 0.843 0.178

Haloll 7]dsh diule] 7o R whs EHo|AY ole} 77k A ¥l AL & F 3
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o] EFAA} 7 Bdl 7ho] AL vjEY A& Ao Z UERSTE Model 104 WA o
o] 8 g2l Aoz zmetHETt Model 19 Bt A%, AE, FHER, THAEER
APk 12 Model 298] S B}y @o| A3} Model 29X= &&4 H7t 5718kt sl
FAT Hitgk, EEHXFIAE Model 271 & IR G e FUAY F vjEd A& iy
AY Ge FFolug MEHS R nEdis CO, Hl&=Fo] FHA BRI Uth= g 2
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b= Boe e Ve =i A Akse] A
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B2t Model E-&4 #he] Hg EUIZ v el g A o= vl e FHold
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Fig. 2. Maps of Model 1 and Model 2
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Notes 1. Model 1 - Undesirable SBM, Model 2 - Desirable SBM

2. Average efficiency score from 2014 to 2019

Table 8. Variables for SDM

Category Variable Unit
Model 1's efficiency score Efficiency EFF -
GRDP GRDP one million won
Regional volume )
Population POP one person
Road length ROAD m
Equipment & Facility EQ one million won

Transport industry size

Operating expense EXP
Added value ADD

one million won

one million won
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Table 9. Descriptive Statistics for SDM

Variable Obs Mean SD Min Max
EFF 102 0.826 0.199 0.422 1
GRDP 102 102,000,000 114,000,000 8,635,120 462,000,000
POP 102 3,039,293 3,205,194 156,125 13,200,000
ROAD 102 5,930,382 3,813,155 325,206 12,900,000
EQl 102 43,208 52,273 1,104 216,432
EXP 102 2,729,878 4,103,777 50,004 18,400,000
ADD 102 1,672,189 2,391,994 30,899 11,100,000
Table 10. Model Fit Verification
Model Methods Equation 4 with W
LM-lag test 12.226™*
Robust-LM-lag test 10.526™*
SAR and SEM
LM-err test 1.850
Robust-LM-err test 0.149
N LR-lag test 17.34
Simplified test of SDM .
LR-err test 17.15
Fixed effect and Random effect Hausman test 26.57"
Spatial 5.24
LR test
Temporal 55.18"*
2) 71&8A ERE W, oo ol 0.320, frolgEe
0.0002.2 37t JHdS e o= YEr

207 B ALgE WS eEs
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2] FZE I R 8 (Spatial Durbin Model: SDM)
g7l tEiME HEE Hart it
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Table 11. SDM Result

Variable Coefficient Direct effect In—direct effect Total effect
0.747 0.791 -1.466" -0.675
InGROP 0.433 0.448 0.608 0.623
—-0.155 -0.171 0.180 0.009
InPOP 0.225 0.222 0.400 0.534
1,055 1109 -0.640 0.468
InROAD 0.354 0.345 0.561 0.595
InEQl 0.103* 0.099* 0.287" 0.386™"
0.051 0.048 0.086 0.110
0.451™* 0.452"* 0.148 0.600
InEXP 0.161 0.161 0.301 0.352
-0.004 0.001 -0.086 -0.085
InADD 0.136 0.136 0.214 0.261
N -1.455" - - -
W InGRDP 0.620 _ _ a
" 0.187 - - -
W InPOP 0.459 _ _ _
N -0.642 - - -
w*InROAD 0.567 _ _ _
N 0.309" - - -
W InEQI 0.095 _ _ _
" 0.208 - - -
WInEXP 0.314 _ B _
* -0.102 - - -
W*InADD 0.2 _ _ _
tho -0.070 - - -
0.000
R-square 0.251 - - -
log-likelihood 96.837 - - -

Note 1. dependent variable is efficiency score of model 1
2. p€0.05, **p¢0.01, ***p<0.001
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Table 12, Result Review

Category Choi(2012) Park(2012) Oh(2018) Model 1 Model 2

Industry Road transport Logistics Logistics Road transport

DEA-Window DEA-Window undesirable & desirable
Methodology GML & Malmquist & Malmauist SBM
Period 2001-2010 2005-2009 2007-2016 2014-2019
Capital stock, Firms, Firms, Firms, Employees,
Input Employees, Employees Employees, Fixed Assets
TOE Fixed Assets
Sales,

Output Sales, CO 2 Sales Add value Sales, CO 2
wmmary O S€0ul - pign: Seoul,  High: Seoul,  High: Seoul,  High. Seou,
(effici y yeonggt, Busan, Gyeonggi Gyeonggi Gyeonggi
efficiency Gyeongbuk . . . .

. Low: Daegu, Low: Daegu, Low:Daegu, Low:Daegu,
level) Low: Daegu, ;
Kangwon Kangwon Gwangju Kangwon Kangwon
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