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Abstract

Since Greenhouse Gas Inventory & Research Center (GIR) of Korea was founded in 2010, the annud greenhouse gas
inventory reports, one of the collections of GIR's mgor affairs, have been published from 2012. In the reports many items
related to greenhouse gas emission quantities are included, but among them uncertainty values are replaced to basic vaues
which IPCC guideine suggests. Even though IPCC guideline suggests the equations of each Tier levd in detals, the
guideline recommends devel oping nation’s own methodol ogy on uncertainty which is closely related to statistica problems
such as the estimation of a probability density function or Monte carlo methods. In the road transportation sector the
emissions have been caculated by Tier 1 but the uncertainties have not been reported. This study introduce a bootstrap
technique and Monte carlo method to estimates annua emission quantity and uncertainty, given activity data and emission
factors such as annual traveled distances, fuel efficiencies and emission coefficients.
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Table 1. Comparative european road sector greenhouse gas
estimation

Data collection

Y = Activity data  Emission factor
Finland Tier 2 National DB  Its own national
Germany Tier 1 emission factors
Ireland Tier 1
Netherland Tier 1
Sweden Tier 1
England Tier 3
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Table 2. Greenhouse gas calculation method comparison
Data collection

Country Level M D v T £
Korea Tier 2 X A X o o)
USA Tier 3 ¢} o X o o
Finland Tier 2 o} X X o o
Germany Tier 1 X X X o o
Ireland Tier 1 X X X o o
Netherland Tier 1 o X X o o)
Sweden Tier 1 X X X o 0
England Tier 3 X o X o o
Japan Tier 3 X o X o 0
Australia Tier 2 X X X o o

M(Monte carlo), D(Distance traveled), V(Velocity), T(Type of vehicles),
EF(Emission factor)
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Tibshirani, 1993).
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Table 3. The statistical results of General-large-private car(gasoline)
average distance traveled per a car in 2013

Number of vehicles 571,909
Location Maximum 86.7589
information  Third quartile 465008
Median 32.0586
Mean 34.8325
First quartile 20.7385
Minimum 0.0007
Spread Variance 343.3663
Information Standard deviation 18.5301
Range 86.7482
Interquartile range 25.7623
Etc Skewness 0.5838
Kurtosis 2.7599

Coefficient of Variation (CV) (%) 53.1979

i)

(Park, 2012).
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Table 4. The percentile for general-large-private car(gasoline)
average distance traveled per a car in 2013

Percentile (%) km/day

25 0.0007

10 6.2067

20 12.7867

30 18.3447

40 23,0193

50 27.4744

60 32.0586

70 37.0708

80 43.0083

90 50.5788

97.5 61.7075
0018}
.01

£ o 20 a0 60 80 100

mean of distance traveled (km/day)

Figure 2. Kernel density function for general-arge-private car
(gasoline) average distance traveled per a car in 2013
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Table 5. Summary of the bootstrap results of general-large-
private car (gasoline) average distance traveled per a car in 2013

Location Maximum 34,9263
information  Third quartile 34,8492
Median 34,8323
Mean 34.8325
First quartile 34.8157
Minimum 34,7131
Spread Variance 0.0006
Information  Standard deviation 0.0248
Range 0.2131
Interquartile range 0.0335
Etc Skewness 0.0018
Kurtosis 3.0276

Coefficient of Variation (CV) (%) 0.0713
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Table 6. Summary of the bootstrap results of general-large-
private car (gasoline) annual distance traveled in 2013

Location Maximum 1.3850e+10
information  Third quartile 1.3819e+10
Median 1.3813e+10
Mean 1.3813e+10
First quartile 1.3806e+10
Minimum 1.3765e+10
Spread Variance 9.702%+13
Information  Standard deviation 9.8503e+6
Range 8.4512e+7
Interquartile range 1.3278e+7
Etc Skewness 0.0018
Kurtosis 3.0276
Coefficient of Variation (CV) (%) 0.0713
Uncertainty(%)=2xCV 0.1426
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Figure 3. Kernel density function of annual fuel efficiency for
General-large-private car (gasoline) in 2013
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Table 7. Summary of the annual TCO2 statistic for applied
bootstrap and Monte Carlo to general-arge-private car (gasoline)
in 2013

Location Maximum 1.9628e+8
information  Third quartile 1.9575e+8
Median 1.9564e+8
Mean 1.9564e+8
First quartile 1.9552e+8
Minimum 1.9495e+8
Spread Variance 2.7980e+10
Information  Standard deviation 1.6727e+5
Range 1.3305e+6
Interquartile range 2.278%+5
Etc Skewness -0.0165
Kurtosis 3.0212
Coefficient of Variation (CV) (%) 0.0855
Uncertainty(%)=2x CV 0.1710

Af-eAbel AR Ass
S 2A, AREA)e s
o} pl e 2422l v 2 JJr“fi Bl FHIL AT
=3 7 g% }E ‘3-1 HEAIF7E WAt e 9l =

0l UWQOM & Aot dE

Eo]—z‘ﬂ— 2= o] =

rEL
_(
09:,‘
X
©
N3
O
m
=

] =
o] Hetd & S&‘% ?é}i—?ﬂ 228 A

REFERENCES

Efron B., Tibshirani R. (1993), An Introduction to the
Bootstrap, Chapman & Hall/CRC, New Y ork.

GIR (2014), 2013 National Greenhouse Gas Inventory
Report of Korea.

Hastings A. F., Wattenbach M., Eugster W., Li C.,
Buchmann N., Smith P. (2010), Uncertainty Propagetion
in Soil Greenhouse Gas Emission Models: An
Experiment Using the DNDC Model and at the
Oensingen Cropland Site, Agriculture, Ecosystems
and Environment, 136, 97-110.

IPCC (2006), 2006 IPCC Guidelines for National Green-
house Gas Inventories Volume 1, Generd Guidance
and Reporting.

IPCC (2006), 2006 IPCC Guidelines for National Green-
house Gas Inventories Volume 2, Energy.

Jhun M. S. (1990), A Computer Intensive Method for

701



Article A Study on Edtimation of CO, Emission and Uncertainty in the Road Transportation Sector using Distance Traveled: Focused on Passenger Cars

Modern Statistical Data Analysis |: Bootstrap Method
and Its Applications, The Korean Journa of Applied
Statistics, 3(1), 121-141.

KEEI (2013), 2011 Energy Consumption Survey.

KEEI (2013), 2013 Y earbook of Energy Statitics.

KimT. H, Lee S I, Ju Y. J, Son H. J. (2010), Im-
provement Study for Generated Greenhouse Gas
(GHG) Amount Estimation from Transportation,
Transportation Technology and Policy, 7(5), 69-79.

Monni S,, Syri S, Savolainen|. (2004), Uncertaintiesin the
Finnish Greenhouse Gas Emission Inventory, Enviro-
nmental Science & Policy, 7(2), 87-98.

Park C. G, Soh J. Y., Lee Y. S. (2012), Estimation
Methods of Fuel Consumption Using Digtance Traveled:
Focused on Monte Carlo Method, Journal of the
Korean Data & Information Science Society, 23(2),
247-256.

Ramirez A., Keizer de C., Van der Sluijs J. P, Olivier J,
Brandes L. (2008), Monte Carlo Andysis of Uncer-
tainties in the Netherlands Greenhouse Gas Emission
Inventory for 1990-2004, Atmospheric Environment,
42(35), 8263-8272.

Winiwarter W., Rypdd K. (2001), Assessing the Uncer-
tainty Associated with Nationa Greenhouse Gas
Emission Inventories: A Case Study for Austria,
Atmospheric Environment, 35(32), 5425-5440.

& FEMA - HZY

S W AH A HEHZA

S ==2F1Y 2014 9. 3

& =2AA - 2014, 10. 23 (1RH)
2014. 11. 6 (2%b

S AAFEREY 2014 11, 6

& BRI ¢ 2015, 4. 30

& 391 ol Altg

& 12l abstract m&&

702 Journal of Korean Society of Transportation Vol.32 No.6, December 2014





