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Evaluation of Efficiency of Snow Removal Operation Resources

using Data Envelopment Analysis
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ABSTRACT

PURPOSES: This study evauates the efficiency of snow removal operation resources using data envelopment analysis (DEA). The results
of this study can help decision-making Strategies, especidly for resource alocation for snow removal works on nationa highways.

METHODS: Firg, regiona road management offices (DMUSs) for efficiency evauation were set up, and a database (for years 2012-2016)
for andysis was formed. Second, DEA was carried out by selecting input and output variables based on the congtructed database. Lastly, based
on the results of the DEA, the efficiency of each regiona road management office was evaluated. In addition, the potential for future

improvement was determined.

RESULTS: The results showed that there was alarge variation in efficiency of snow removal operation resources by regiond offices.

CONCLUSIONS: The results of this study imply that the evaluation of efficiency for snow removal operation resourcesisimportant when
decisions related to snow-removal strategies are made by road management offices.
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Table 2. DEA Efficiency (2012~2016)

Region | DMU Year |CRSTE|VRSTE| SE RTS

2012 1.00 1.00 1.00 |constant
2013 0.93 1.00 0.93 | constant
ANHRO| 2014 0.96 1.00 0.96 |constant
2015 1.00 1.00 1.00 |constant
2016 1.00 1.00 1.00 |constant
2012 0.69 0.87 0.79 |decreasing
2013 1.00 1.00 1.00 | constant

B NHRO| 2014 0.95 0.96 0.99 |decreasing

2015 0.64 0.78 0.82 |decreasing

Metro 2016 0.95 0.98 0.96 |decreasing
politan 2012 | 1.00 | 1.00 | 1.00 |constant
2013 1.00 1.00 1.00 |constant

CLGO | 2014 1.00 1.00 1.00 |constant

2015 1.00 1.00 1.00 | constant

2016 1.00 1.00 1.00 |constant

2012 1.00 1.00 1.00 |constant

2013 1.00 1.00 1.00 |constant

D ERO | 2014 1.00 1.00 1.00 |constant

2015 1.00 1.00 1.00 | constant

2016 1.00 1.00 1.00 |constant

2012 0.90 0.91 0.99 |decreasing

2013 0.88 | 090 | 0.98 |Increasing

ENHRO| 2014 1.00 0.90 0.98 | constant

2015 0.84 0.89 0.94 |decreasing

2016 0.95 0.95 1.00 |decreasing

2012 0.74 | 0.80 | 0.93 |decreasing

2013 1.00 1.00 1.00 | constant

FNHRO| 2014 1.00 1.00 1.00 |constant

2015 0.67 0.79 0.85 |decreasing

Gang 2016 | 0.90 | 0.94 | 0.96 |decreasing
won 2012 0.69 0.95 0.73 |decreasing
2013 | 0.84 | 1.00 0.84 | constant

GNHRO| 2014 | 095 | 1.00 | 0.95 |constant

2015 0.72 0.92 0.78 |decreasing

2016 0.80 1.00 0.80 |constant

2012 0.64 0.81 0.79 |decreasing

2013 0.72 0.78 0.92 |decreasing

HLGO | 2014 0.77 0.79 0.98 |decreasing

2015 0.72 | 0.82 | 0.88 |decreasing

2016 1.00 1.00 1.00 | constant
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Region | DMU Year |[CRSTE|VRSTE| SE RTS
2012 1.00 1.00 1.00 |constant
2013 1.00 1.00 1.00 | constant

Gang

won [ ERO | 2014 1.00 1.00 1.00 | constant
2015 1.00 1.00 1.00 |constant
2016 1.00 1.00 1.00 | constant
2012 0.91 1.00 0.91 |constant
2013 1.00 1.00 1.00 | constant
JNHRO| 2014 1.00 1.00 1.00 |constant
2015 1.00 1.00 1.00 |constant
2016 1.00 1.00 1.00 | constant
2012 1.00 1.00 1.00 |constant
2013 1.00 1.00 1.00 | constant
K NHRO| 2014 1.00 1.00 1.00 |constant
2015 1.00 1.00 1.00 | constant
2016 1.00 1.00 1.00 |constant
2012 0.90 1.00 0.90 |constant
2013 0.78 1.00 0.78 |constant
L NHRO| 2014 1.00 1.00 1.00 |constant
2015 | 0.84 | 1.00 0.84 |constant
Chung 2016 1.00 1.00 1.00 |constant
cheong 2012 | 1.00 | 1.00 | 1.00 |constant
2013 | 0.98 | 1.00 | 0.98 |constant
M NHRO| 2014 1.00 1.00 1.00 |constant
2015 1.00 1.00 1.00 |constant
2016 1.00 1.00 1.00 |constant
2012 0.85 1.00 0.85 |constant
2013 0.71 1.00 0.71 | constant
N LGO | 2014 0.76 1.00 0.76 |constant
2015 | 0.55 | 1.00 0.55 |constant
2016 0.75 1.00 0.75 |constant
2012 1.00 1.00 1.00 |constant
2013 1.00 1.00 1.00 |constant
OERO | 2014 1.00 1.00 1.00 |constant
2015 1.00 1.00 1.00 |constant
2016 1.00 1.00 1.00 |constant

* NHRO : National Highway Regional Office

** LGRO : Local Government Office

** ERO : Expressway Regional Office

% CRS TE : Constant Return to Scale Technical Efficiency (CCR)
VRS TE - Variable Return to Scale Technical Efficiency (BCC)
e SE - Scale Efficiency, CRS TE (CCR)/VRS TE(BCC)

R RTS @ Return to Scale
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Table 3. Summary of DEA Efficiency (2012~2016)

The cause of
Region| DMU |CRSTE|VRSTE| SE \';]:g'c'er;CEy
TE
ANHRO | 098 | 1.00 | 0.98 0
Metro | BNHRO | 0.85 | 0.92 | 0.91 g
politan| ¢ LGO | 1.00 | 1.00 | 1.00 | - -
DERO | 1.00 | 1.00 | 1.00 | - -
ENHRO | 091 | 093 | 098 | *
F NHRO | 0.86 | 0.91 0.95 *
(i?;ng GNHRO | 0.80 | 097 | 082 | *
HLGO | 077 | 084 | 091 | *
| ERO | 1.00 | 1.00 | 1.00 | - -
JNHRO | 1.00 | 1.00 | 1.00 | - -
K NHRO | 1.00 | 1.00 | 1.00 | - -
Chung| L NHRO | 0.90 | 1.00 | 0.90 *
cheong| M NHRO | 0.996 | 1.00 | 0.996 g
NLGO | 072 | 1.00 | 0.72 *
OERO | 1.00 | 1.00 | 1.00 | - -

* NHRO : National Highway Regional Office

** LGRO : Local Government Office

*** ERO : Expressway Regional Office

% CRS TE : Constant Return to Scale Technical Efficiency (CCR)
VRS TE @ Variable Return to Scale Technical Efficiency (BCC)
e SE - Scale Efficiency, CRS TE (CCR)/VRS TE(BCC)
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Table 4. Potential Improvement for CCR
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Input variable Output variable
Region | DMU  |Planned budget|Highway length ML) SNOWI\\ mbber of used| Used budget [Used CaClo/day| Used NaCl/day
o removal operation| . o
(Million won) (km) —— equipments/day| (Million won) (ton) (ton)
Meto | ANHRO | —51% 23% 23 % 192 % 21% 00 % 142 %
politan | B NHRO -155 % -155 % —24.3 % -34.8 % 0.0 % 745 % 136 %
E NHRO -84 % -12.0 % -415 % -84 % 0.0 % 108.1 % 89 %
G F NHRO -136 % -136 % =337 % 275 % 12 % 62.7 % 14.8 %
angwon
9 G NHRO -19.8 % -19.8 % -46.8 % =345 % 0.0 % 2689 % 585 %
H LGO 229 % —76.2 % -46.9 % =311 % 0.0 % 61.7 % 33.7 %
NHRO —96 % —96 % =172 % -125 % 0.0 % 15 % 15.8 %
jgr‘% MNHRO | 04 % 0.4 % 103 % 13 % 00 % 00 % 0.0 %
N LGO 217 % =749 % -59.4 % -487 % 51 % 1014 % 38 %
Table 5. Potential Improvement for BCC
Input variable Qutput variable
f N
Region | DMU  |pjanned budget|Highway length umber of SNOW I jumber of used| Used budget [Used CaClz/day| Used NaCl/day
. removal operation| . -
(Million won) (km) N equipments/day| (Million won) (ton) (ton)
Meto | ANHRO|  00% 00 % 00 % 00 % 0.0 % 00 % 0.0 %
politan | B NHRO -81% -81% -16.1 % 283 % 56 % 96.7 % 138 %
E NHRO 6.9 % -86 % -389 % -1 % 0.0 % 106.3 % 124 %
s F NHRO 93 % —93% 265 % —26.6 % 19 % 84.4 % 1.3 %
angwon
9 G NHRO -38 % 2.7 % 212 % -11.6 % 43 % 2205 % 312 %
H LGO -16.0 % -46.6 % -35.0 % 237 % 0.0 % 923 % 36.9 %
NHRO 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 %
;he‘g;% MNHRO | 00 % 0.0 % 00 % 0.0 % 0.0 % 0.0 % 0.0 %
N LGO 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 %
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