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1. A &

AT FARAR AT A2t FAF olE uiFEHI Ak 7T IAH FAQ
IPCC (Intergovernmental Panel on Climate Change)+ 2007d 4% H7}E1ANA Xd 1003
ZF (19061 d~2006d) AT 5= 0.74C Asstgon, 53] Ad 5007 L5 A5Z o] 1001 d71] v
o 20 72 w0 ARG ATFLIHE FAE A 2 AT e LANLE B 4 A}
(Park 5, 2012). 5d17]%W3}g ek (United Nations Framework Convention on Climate Change;
UNFCCC)ollA & 247k~ 2597 H7H8 AR, 1 w7125 247k iiE3 55759
SIHIE 2] (inventory)ol]l &3+ HuE Q735w ot SIHEZ o A3 Y& uE ]9 %2 H e}
I AHEF A BFE (uncertainty)E ZE3ITE 2A7FA AWME A BT AL A H
ol 71 AFFY FARe g 745ditt (Lee 5, 2012). IPCC 7Fo]=1¢l (IPCC, 2007)0) o] at#
24712 v W Fel Bahe el 5% A0S AHS T AL W itk ek A
o Arel B} AR AY 712 ATREES AN AT R B Aol 5T
THHdAY 25, & ¢ A=E 2= A5 A A4Ex }7§-4 A 77 F o] A7etA] ot

I-m

B xpo »220879 35A7TAY (FAWS: PJ008IS605)S] A Qo o3 o] Fo]d 2.
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A7t et e B Y AR HH% Aol ek vt AP A4z FEidd A7 Wk olH e A
¢ BHER RO A 2L EsH UL ol o) BREE AU T2 vtj A BE

2% AAGos FHAns BHAS IENE 297 B, BHE 2 HE 29 LA
S AT FFFE o &3} (Egglestond} Buendia, 2006). Wb 2 A= Fo =8 7
= ARe A% BT A4S A3 A Yo AFRIT /G B0 02 AH 7L 24
3 Ao RAER WS Asto] ol vk AF e FA sk vl 2453

A4z Ry 22 BEWS X0 gho] tEE AL gl ASAUT, X9 gkl 57
ok SEYL 0ol AL Jehe A} oS 2 B2 Fol Sioleh. ASLE GRS
w ' 9> 00 BE 4 (2.1)3 2.

{EX =0 (2.2)

ARz B 09 AFFE FAHAS PR+ HAeE £ (maximum likelihood
estimation)ol] &3t 7 Sprott™H, ZHolAlF W 5 Al 7HE 2 ATolA a1t
A, ASE FANS 088 AFH whgl AL 0] MLEZF 6 = Y7, Xi/n = X o], ¢§7]A
nS EHe| £5 gkt nol AW (H2Fn > 25) 02 FE3 B 27 fodes A (2.3)3F

E@) =0, Var= ————— 1) = - (2.3)

o7]A I(0)™'+ ZMAR (Fisher information)e]w, L(-)& & < (likelihood function)o]t}. &
A% 0o TAH LR o] 0ol WAkl 62/ne) AFEES mA| Hul, 4] (24)9} 2o B T 4
otk webd BBEF 0ol that (1 — a) x 100% AZF7H A (2.5)9} e},

vrO=9) N1 (2.4)

= Z1-a/2 = Z1—a/2
hedX(1- X (1 2.
E{( ﬁ)’(+x/ﬁ)} (25)
A (25)00A nol vl Zow Mg 8 ko] $45 7P £ Atk old A A= 3% % 02
2 AstAY 229 2715 A sfoF Arke v o] At} (Lawless, 1982).
T W E Sprott (1973)= FE 7F 2 AL gHT} (6) /3] ARz

29 AT
Aol sl BT PR ALAT, ()-8 2EE A (203 2u, o1E FLH sl 4
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(2.7)7 o] el 5= 9t

@)~ N (91/3 "_1/3> 6
) 3\/5

(5)—1/3 _ 0—1/3
0-1/3/3\/n
wpebA] 23 0ol et (1 - a) x 100% A=) 72h 4] (2.8)3 2o] vhebd < gitk. Sprott <
SRS glolg¥ut olUz) =2 dlo]H (censored data)e] AFF7F FHE 71531t} (Sundberg,
2001).

~ N(0,1) (2.7)

(% X X 2.8
\TF o aeav U=z anfovar 28)

Al AR 2 FholAlF S FEWUS X, Xo, -+, X9 Bl 09 AeREE wmEY, Y X+
B nd 08 Zte AuEEE wEA doh gulRze} slolAlFE2e] dAd et A (2.9)2F 2]
29 & 4= 9t} (Epsteind} Sobel, 1953).

b Ao AFREE o 83te] 4] (210)3} 2o] B & 4 9

ot
2 n
p {Xi/2,2n < 9 ;Xz‘ < X?—a/2,2n} =l-a (2.10)
2] (2.10)E o] &3to] B Aol thst (1 — a) x 100% AFFL7HS 734 4] (2.11)37 2ot

0 e { IS } (2.11)

Xi—a/2,2n  Xa/2,2n

oA AF s MLEE ©]§3t %, Sprott®, ZholAlg -2 AF2xE M348 244 3ol
th ol e 54 X E /PSR 2 vEsA Y og s RAER Wy o] thxFoltt. RAE W
HE B2 Bgof gt 714 Qlo] o R o2 HE BEAFE S 8 BT B4E F450= &
S 71A 2 Jtt (Dicicciod} Efron, 1996; Sohn3} Shin, 2012). BAEN WHolE ZAEF WEQ
U, deb RaER Y, 25319 t-R2EF WY 5ol ok

FAER WEAL pHE RAEF 3RO F@gE] MEFE o] 85te] AFH IS Fohe It
shaiwio g 7 AxE o2 2th (Chung} Han, 2013).

(DAL Fol2 nrle) EROZRE nole BEE HARE dlo] BFL oL, ol Koo} o) o

(GA12) AA B B2ER %R FFUES SAUE ALk 9714 a/2 x 1009292}
(1—a/2) x 10095457} BAF 6o st (1 — a) x 100% A1 77k A= e}eta} A Aste] =

oz Yud RAEg WYe RAsy BT Ay REUAE o] ARNTUL 245
A5 2t} (Efron¥} Tibshirani, 1993).
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(2A1) 014 n7le) RRORE nije] RS BY2E sl BFL 7911, o8 X,2} oAl o]
H4S B wEST (b=1,---, B).
(HdA2) R2EH RHOoZRE AA BAaEN FF Xps ZZAA 552 A (2.12)8} o] 3t

B B
Xp=) Xu/B, 65 = \j ﬁZ()?B ~ X5) (212)

(27413) Kpo} 558 o183k 4] (213)7 Po] FFREES e 22 (pivotal quantity) S H2)
sttt

Z=""—~N(0,1) (2.13)

(RA) 4 (213)2 ol85e] BFF 001 BT (1 — a) x 100% AH770e] A58} A 382 A
(2.14)8} o] 77 % k.
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(coverage probability), AZ]F7Fe] 2] (interval width), A2 ] (relative bias)E
Wi BT BRSES Rolad ATE Qoj7 5000700 AR T 5 BRFE TP e
AFZ7Ee) v&S Be= Aoz 4 (3.1)3 2t} (Zhou, 1997).
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Table 3.1 Coverage probability, interval width and relative bias of two-sided 95 percent
confidence intervals for various parametric methods
n 4 Method Coverage probability Interval width Relative bias
traditional method using MLE 0.9002 2.4809 1.0000
2 Sprott method 0.9546 2.8738 0.2335
chi-square method 0.9498 3.0005 0.0120
traditional method using MLE 0.9046 1.2410 1.0000
1 Sprott method 0.9516 1.4340 0.3058
chi-square method 0.9470 1.4910 0.0340
traditional method using MLE 0.9042 0.8264 0.9916
10 2/3 Sprott method 0.9464 0.9586 0.2090
chi-square method 0.9458 1.0042 0.0554
traditional method using MLE 0.9082 0.4151 1.0000
1/3 Sprott method 0.9496 0.4758 0.4762
chi-square method 0.9530 0.4997 0.0553
traditional method using MLE 0.9070 0.2476 1.0000
1/5 Sprott method 0.9538 0.2875 0.2208
chi-square method 0.9534 0.2982 0.0043
traditional method using MLE 0.9440 1.1103 0.7643
2 Sprott method 0.9492 1.1448 0.1575
chi-square method 0.9540 1.1510 0.0174
traditional method using MLE 0.9416 0.5539 0.8014
1 Sprott method 0.9472 0.5701 0.0909
chi-square method 0.9520 0.5744 0.0417
traditional method using MLE 0.9360 0.3685 0.8125
50 2/3 Sprott method 0.9480 0.3794 0.0615
chi-square method 0.9458 0.3843 0.0185
traditional method using MLE 0.9416 0.1854 0.7123
1/3 Sprott method 0.9484 0.1901 0.2093
chi-square method 0.9444 0.1918 0.0863
traditional method using MLE 0.9332 0.1106 0.7545
1/5 Sprott method 0.9502 0.1146 0.1406
chi-square method 0.9446 0.1151 0.0469
traditional method using MLE 0.9530 0.5544 0.4723
2 Sprott method 0.9544 0.5594 0.0965
chi-square method 0.9512 0.5590 0.0328
traditional method using MLE 0.9432 0.2770 0.4859
1 Sprott method 0.9456 0.2792 0.1103
chi-square method 0.9542 0.2797 0.0480
traditional method using MLE 0.9536 0.1849 0.5345
200 2/3 Sprott method 0.9534 0.1861 0.0472
chi-square method 0.9536 0.1864 0.0690
traditional method using MLE 0.9452 0.0925 0.4453
1/3 Sprott method 0.9480 0.0931 0.0538
chi-square method 0.9506 0.0934 0.0931
traditional method using MLE 0.9546 0.0555 0.4273
1/5 Sprott method 0.9496 0.0558 0.1667
chi-square method 0.9522 0.0559 0.0711
traditional method using MLE 0.9500 0.3503 0.3200
2 Sprott method 0.9494 0.3521 0.0593
chi-square method 0.9522 0.3514 0.0795
traditional method using MLE 0.9518 0.1752 0.2448
1 Sprott method 0.9498 0.1757 0.1394
chi-square method 0.9514 0.1759 0.0453
traditional method using MLE 0.9528 0.1168 0.2203
500 2/3 Sprott method 0.9492 0.1173 0.0157
chi-square method 0.9480 0.1173 0.0154
traditional method using MLE 0.9518 0.0584 0.4274
1/3 Sprott method 0.9528 0.0586 0.0085
chi-square method 0.9532 0.0586 0.0085
traditional method using MLE 0.9476 0.0351 0.3053
1/5 Sprott method 0.9554 0.0352 0.0045
chi-square method 0.9486 0.0352 0.0973
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Table 3.2 Coverage probability, interval width and relative bias of two-sided 95 percent
confidence intervals for various nonparametric methods
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n 6 Method Coverage probability Interval width Relative bias
bootstrap percentile method 0.8624 2.1161 0.7180
2 common bootstrap method 0.8576 2.1558 0.8230
standardized t-bootstrap method 0.9420 3.6929 0.6966
bootstrap percentile method 0.8670 1.0707 0.7173
1 common bootstrap method 0.8482 1.0733 0.7945
standardized t-bootstrap method 0.9360 1.8707 0.6313
bootstrap percentile method 0.8648 0.7087 0.7485
10 2/3 common bootstrap method 0.8600 0.7249 0.8343
standardized t-bootstrap method 0.9390 1.2173 0.7705
bootstrap percentile method 0.8622 0.3530 0.7765
1/3 common bootstrap method 0.8606 0.3615 0.8307
standardized t-bootstrap method 0.9414 0.6171 0.6997
bootstrap percentile method 0.8572 0.2135 0.7479
1/5 common bootstrap method 0.8590 0.2165 0.8241
standardized t-bootstrap method 0.9376 0.3665 0.7308
bootstrap percentile method 0.9214 1.0664 0.5420
2 common bootstrap method 0.9282 1.0778 0.6657
standardized t-bootstrap method 0.9442 1.1899 0.1685
bootstrap percentile method 0.9288 0.5345 0.5843
1 common bootstrap method 0.9250 0.5376 0.6640
standardized t-bootstrap method 0.9460 0.5931 0.1556
bootstrap percentile method 0.9262 0.3562 0.4797
50 2/3 common bootstrap method 0.9240 0.3598 0.6421
standardized t-bootstrap method 0.9464 0.3966 0.1343
bootstrap percentile method 0.9216 0.1785 0.4184
1/3 common bootstrap method 0.9220 0.1792 0.6769
standardized t-bootstrap method 0.9456 0.1977 0.2647
bootstrap percentile method 0.9300 0.1072 0.5200
1/5 common bootstrap method 0.9188 0.1076 0.6453
standardized t-bootstrap method 0.9420 0.1182 0.1517
bootstrap percentile method 0.9450 0.5476 0.3309
2 common bootstrap method 0.9456 0.5510 0.4265
standardized t-bootstrap method 0.9498 0.5628 0.0040
bootstrap percentile method 0.9420 0.2733 0.3241
1 common bootstrap method 0.9460 0.2750 0.4222
standardized t-bootstrap method 0.9446 0.2803 0.1625
bootstrap percentile method 0.9440 0.1828 0.3357
200 2/3 common bootstrap method 0.9464 0.1833 0.4179
standardized t-bootstrap method 0.9516 0.1868 0.0579
bootstrap percentile method 0.9432 0.0914 0.2183
1/3 common bootstrap method 0.9448 0.0918 0.4203
standardized t-bootstrap method 0.9444 0.0936 0.0072
bootstrap percentile method 0.9356 0.0547 0.2236
1/5 common bootstrap method 0.9426 0.0551 0.3589
standardized t-bootstrap method 0.9542 0.0563 0.1092
bootstrap percentile method 0.9400 0.3485 0.1733
2 common bootstrap method 0.9492 0.3493 0.2756
standardized t-bootstrap method 0.9450 0.3513 0.0473
bootstrap percentile method 0.9438 0.1743 0.2456
1 common bootstrap method 0.9502 0.1750 0.2289
standardized t-bootstrap method 0.9518 0.1758 0.1369
bootstrap percentile method 0.9450 0.1158 0.1927
500 2/3 common bootstrap method 0.9492 0.1166 0.2598
standardized t-bootstrap method 0.9432 0.1172 0.0352
bootstrap percentile method 0.9432 0.0579 0.1901
1/3 common bootstrap method 0.9438 0.0583 0.3381
standardized t-bootstrap method 0.9494 0.0585 0.0356
bootstrap percentile method 0.9484 0.0348 0.1163
1/5 common bootstrap method 0.9450 0.0349 0.3018
standardized t-bootstrap method 0.9496 0.0351 0.0635
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DEA3GTE AA AFRE B4 2xE
WHEE AT Aol 2 AF 247t MIEE] 50 QlojA 2ATR wjEFFe] F418 vt o]
I AFEEY FRiE Wkl & A9, 2 i Sl ol d3E tig e <l el Al
o] 7 ¥t o g veton, vESA B F BE3E t-RAEF o] 7P A3 Zlew
ekt

ARz Fol ik A0S 243 o] B AFolA A3t RAE Wby 2o ¢-
pivot¥H, BCA (bias-corrected and accelerated)® 53 Z¢] o thgst TAE HES o] 83}
of AFE FA4 - & ¢ g Aotk B4A ARFE 4 Al AFREE 7P, AS
Fxnk opyze} gfo|BRx, AviEx, I EREST Zo] thE vt Y ExE 7HE S Aol dis
AE AZFL 2 HS Al 248t} o T e AFEAS A Al ARE AEAA
BeA e RS A RAE PSS vl A7stot
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Abstract

An estimation of confidence intervals is essential to calculate uncertainty for green-
house gases inventory. It is generally assumed that the population has a normal distri-
bution for the confidence interval of parameters. However, in case data distribution is
asymmetric, like nonnormal distribution or positively skewness distribution, the tradi-
tional estimation method of confidence intervals is not adequate. This study compares
two estimation methods of confidence interval; parametric and non-parametric method
for exponential distribution as an asymmetric distribution. In simulation study, cov-
erage probability, confidence interval length, and relative bias for the evaluation of the
computed confidence intervals. As a result, the chi-square method and the standard-
ized t-bootstrap method are better methods in parametric methods and non-parametric

methods respectively.

Keywords: Asymmetric distribution, bootstrap, confidence interval, exponential distri-

bution, inventory uncertainty.
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