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F Qo] AR A &L A% (Extended Producer Responsibility);
£ Judgement Post-Stratification.
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£ 9ol oje B3 2% 277} Qo] gtk olo] B £EL AT F
A gt FolollA EatA ¢35 o] X 9+ Judgement Post-stratification
(1% JPS)TH: BB REZA PR AeH B AL AR B rF

dlMe JPS Wi 84S BANTE L F3t A AHEEI = Simple
Random Samphng (0]% SRS) M} v, BR4VF L2 AL O 54 E
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B A]33}3 9l EPR(Extended Producer Responsibility, A8 4F2} 2 ¢ | &8 A
5)E 2Rog 3lo AFH T Yr}t. o] 7] EPR(Extended Producer Responsi-
bility)2] 7o) tisl AgaAtd, A9 AAAEL AEEo] A2 A 722
AEL BAELe] o8 Fusle AEZAIT ALE AL, AR T 4R FH7E2
Anjzre] Adojglont, o) ML ol e AME T dAEE FH7EY ARSI
A BAatare) Aoz HAAE FAusitie ovjojry.

EPRY Al3e] QoA A ta £ (25 A, 443 =34, 724,
ol#, &&-F, Elolo], AR F, AAAE 55) ol EA EulE EAol T8
3 EAolth. #7182 Xa AF %ol H7|E A AJAY ol& AFEHE F
23 Aoz FriE e YoM AFT FE F7)EC Aol 718 2FES
Yoz A% HE(F, EYuE)d uet AFo] AR 7] wfEelty. AE &
Zol AEE APFe A FolHS AT U2 EFEL BF EYEEE
2FH). o] AFAFAY EulEo] 40% 2 ZAFE A% o] ¥A7F 100Kge] AH&E-&
A8 AL Audriets A $HRZRE o] H= AF L2,

AR AEE AH = & A WA (1- EYuE)
= 100Kg - (1 —0.4) = 60Kg
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E30n)1g2) A6 glo) BT FA)o s oF B AFo] A BEA )
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24 HgAe) 4L Fot AF AL EY RES FEF BRI FHE S
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B A= 4 AAEE 4 438 Y9Foz 13 BE Al 3H -5 AL
Pt A=t AR %WV]— 1009 & Jdeuths ZolA AdAtel B A
oj2igo] EA%ITE =, A H°]¢°ﬂ JolA T & EHS AT 7€y BE
F23 2A 2 944 ‘i-l 29l og oz Q3] AL A FolHUAR
SR BFY(TAF Aé)% FA & F A BE A BEY Al 87
=] o] A gt

B =FoAE oA dF" EPRASE Y3 £YulE& RAIA dAs=
o)L 3 A3}7] Y3t Judgement Post-Stratification (©]3HPS) = ol&
3F ZAF ¥PY -2 A< 3itt. JPS+E Ranked Set Sampling(©]3} RSS) ol2hs 2334
o BE F& o] HgH el MacEachern % (2004)9) 93t} A2 A<t H
R HZ A AFAE Y3t AFHAA L Aok (Wang -5, 2006b; Ozturk,
2006; Wang 5, 2006a). 53| JPS w2 AME&L e E94ul& ALt Al
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0%5}7“ AREE 5 Atk ol AEE Al AR 28 119 vTke A9
Tl Bxol =AY &S Foto] niv) Rl theh tjeFH o] Hdo ] 7V
'5]"'/]' webA, 919 3-53]o ZA WHE A" 3R v H]“H A &
o thek ek HE 2 o83 §lo] AdE £ St o] B% ALE &+
imprecise ranking®]3 ¥ =F-o| A= X2 MacEchaern 5 (2004)9A4 & ey
¢ imprecise ranking©] Fo] A A2} JPSo|| thdlod gt 18 dict.
T4 di4de] Hle 382 AT A 20040 ER[EALE AR AR
3 PETH F5o) thgh 43] A EQu]Eolth. 97|14 43] A= 27188 F
499 ZAE AABIASS Yty 7 340 At 339 BEFE| EX)
stod F 123]9) BEE &S 7. A7 1239 ol AL FAEAY
FAFZANA Y AEEAIA AL YA T A ofefgo] EA = v, B
ATE SojHAME 12 A% R SAE Foluxt 3= Wyl thst =297 3
23 =HJow ojRo] B Af=Eg T3 Lot A} = utoltt. wHeF JPS
WS ARSEHA H W A7 123] 9] 2ASAIAM EYulES AR A oF ok 3
T 430 B E ALY ZgAdo] vl SoiEnh =3, EYPuEY 33
L @ e A3el aA tEA &S BolaA} gt
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BAAL FA] E A | AR AL B

BEZE Y d & 1239 2AHE Judgement
Ed U ER F& Post-Stratification
= d 12319 ZAME AL REXANIFER
H 249 A YA AEAES
A gol 2AF 2RS4 JS

O

A F FAF diste] A3t} 3ZoAE o8 7R EE2RY A A
g o]§stod AR JPS Wi 719 dedoSE (°]3} SRS) WS B

Aol At 84S ol &3t wimEdnt. 4ZoME AA AEALS F3
JPS W] AAl dnp} {83 AR 2 § JEXE BAFRR, vpA e
5Zo e BEA AF3}A] E3} multiple rankerE o]-€3F B} 822 JPS
WS A AFIEA o] =EE upAch

=
(o3

2. JPS9] 47

13] ZAb M 7)9] o] FEEE 4AFo] N3 2AEE 43S 78 B
ZF. JPS Mg ol 13 A M7 BEEZA 3 F2) digt A Z(37AE=
EYvE)E WA T, thE B8 e SRS Pk A U MA ®
2 Wl MY ¢ E 7185 ES 42k JPS L tge FAAE uaA
gt A4 N x ME9) R23ES AZHEA AR Po A shte] FEo it
ZQ3E AL yolzta Ha UHA M — 1719 23 AAH o2 u|nst
o 78 Aed re FIRES Ak F, 13 AR M BES EYuleS ¢
SRR T A4S, 2 o) MA R FA X8 A5 A3t (yi,m)olet
A AR AR, M — 1709 FE i+ SAUE ALE 2871 Qi
ojg} 22 HABE NN P EF FHL3ld NAY (yi,r) RS ZEE 3} o]
doll A ABE e 29es 4% 19 2.19 2t}

218} Zro] Judgement post-stratifiedd Xtg oA HF =R
B7F Fo|F A%+ ranked set samplingo| A2 2R3} HE3
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22 2.1: JPSWH Y] AR

dsto] 19500 o) F B ATF7L ol Fo)A gtk o|FF AFS AMT 2
€ H2 F09 Chen 5 (2003)14 431 & % St} | F B FAHO= 43
2 TR 2k JPSE o183k (yi,m),.. ., (yv, ) & BS S AT 3
Zh A7\M =9 BRE o8-8t ry = k<l yz%kce kA A (k 2,..-,M)%
o] AFzrow BRsir) e Hpxlog § __yl
ok oi71A, k¥ A Fol thstod E}—«l N
o A T B R 5, gt b A 5o BERES BEBT, e
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MacEachern 5 (2004)= $12] RSSojAle] B FAHHFL £33 &7t =
o] JPS At 2 &Y ALY AL Xﬂ"" U]—‘,’ii o]o]A] Stokes 5 (2006)& ©] &
Ao Qubdoz Be AL AT A8 £AHoR Btk 58 97 of
FA=S 3, oAl Lot &5 3L yi} B3 <H7F F F2E A
Tj)r-'x:— G2 visty] JHEEgo] kA A S Btk AAZ o] B
deale) 2zt 5840 2o
% AT oA Add AR FAF AEe WFHs] At 894 &2
A3 (51mulatlon study) & ©]&3lo] AH FAFT 7)o ALY FAL
A Bato] 2@ Al SRS A A REAES vLT|E . o]F
3 JPSY) AR TS 0|88t FA3taA} gt

M
~ 1 —
var (t) = var < y[k]>

(1 + M]\; 1) : (2.2)

olell t-&5= SRS B¢ H B4 FHFL BEY N7t nfd BF

1 N
i=1
o2
var(f) = N (2.4)
o] "ot
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=5

3.1: RYAEE T A4 T4 v

o AtjagA
(M,N) |n=N|n=2N | n=3N | n=4N
AGEE (4,10) 1.36 0.73 0.49 0.38
(4,100) 2.32 1.10 0.72 0.60
(4,1000) 2.26 1.15 0.74 0.53
(8,10) 1.29 0.69 0.46 0.35
(8,100) 3.75 1.74 1.22 0.94
(8,1000) 3.99 2.06 1.26 1.00
(12,10) 1.25 0.64 0.40 0.28
(12,100) 3.54 2.41 1.69 1.20
(12,1000) | 5.38 2.94 2.08 1.27
ZupE 2 (4,10) 1.33 0.71 0.48 0.36
(4,100) 1.82 1.09 0.72 0.56
(4,1000) 1.82 1.19 0.81 0.58
(8,10 2.07 0.70 0.40 0.36
(8,100) 2.70 1.60 1.11 0.87
(8,1000) 2.73 1.87 1.22 0.90
(12,10) 2.93 0.66 0.41 0.30
(12,100) 3.51 2.37 1.47 1.06
(12,1000) | 3.49 2.50 1.77 1.22
2> (4,10) 169 | <0.01 [ <0.01 | <0.01
(4,100) 2.17 0.25 0.18 0.13
(4,1000) 2.21 0.28 0.19 0.13
(8,10) 169 | <001 | <001 | <0.01
(8,100) 2.41 0.40 0.28 0.20
(8,1000) 3.78 0.45 0.31 0.24
(12,10 406 | <001 | <001 | <0.01
(12,100) | 4.45 0.47 0.34 0.25
(12,1000) | 4.98 0.60 0.38 0.32

AABT} o714 FFEE Hoke gvl B2}, vl RERCR: (227} S
£ nEE zt=t}.

B A Adbe £ 3100 AA AUtk & 3.1004 n-& SRSOIA AT &
B A3@zke] Jigolth. & 31004 B £ Rl BT B2 AdAglel JPS
ol o]3l 2Aeke 2o 770l THo| tidk SRS XA W o8 FAHFR
U 52 8848 e Aoz (Fe B4 324%E 2 A2R) UrEP;&D} =3}
SRS Wye] BE 37|71 JPS vhyel B8 37|H 2u) o) He BA¥E U w2
FEAE Roje 497t @kttt SRS WHHY ¥ =717} JPS “@4 £E 27
Hrl 3w o] We A= 7@%—‘3&?&9} ZupRE ol A F&Ao] 2] Wol v
A A& gksket. AW meE|7} P FEL B2 A9 duidez JPS Uy
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E4ol SRSETH: RgF oA L 47} o @ SRSET= Z&{3HA] &
€ Boith FPAoz JPS WA St RrbHes dE w9 HEE 2
gFgo =R SRS WL BEHoE OA T 5+ dee U

1% rlo

4. AA Aeel o] A&

ol oA 2ol 4718 JPS WEE AAl ARel ASTO2H I H8
ol Hate] olopr] At Gk Sei7k of FoIA S AA ARE BF A
4 BA7h 200430] AN T PETHe] tha TG 2AR 1d2) 247) QA
thsto] 7k QAPE 43 WEST 72 BEA 33 2ARG Agolth 24 AA A
o4 JPS ol ol @A ALg HEAE AHEA. 2 Yol Qo] 38 ZAF B
e FHHL (o] AYL FH A Hof glo] 12 PR L ) 138

£ 4.1 AA Aol JPSet SRS B 73k Bl

Company | SRS (n =12) (s.e.) | JPS (N=4,M =3)
A 0.03 (0.02) 0.00
B 0.21 (0.07) 0.15
c 0.57 (0.20) 0.57
D 1.34 (0.54) 0.74
E 0.33 (0.10) 0.46
F 0.46 (0.06) 0.50
G 0.22 (0.10) 0.35
H 0.49 (0.13) 0.65
I 0.29 (0.29) 0.00
J 3.95 (0.76) 4.54
K 4.40 (1.14) 127
L 0.32 (0.07) 0.38
M 0.74 (0.04) 0.77
N 1.35 (0.26) 1.84
(0] 0.02 (0.01) 0.04
P 0.00 (0.24) 0.00
Q 4.30 (1.40) 3.34
R 0.89 (0.43) 0.22
S 1.47 (0.28) 1.93
T 0.66 (0.16) 0.43
U 0.77 (0.12) 0.94
A% 0.27 (0.05) 0.29
\'% 0.96 (0.26) 0.96
X 1.22 (0.41) 1.25
Y 0.94 (0.20) 1.25
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AN E s TYu S $AYL F3to] ALsth a8 YR 23] A
Barm) ulmstel A4 A" EY6E €98 £2& JHEet 71EER (F
Uz 2324 thstels o) o3 Age EulE 2AE A ?%f—:‘?})-
A7|A Fo2 W7]lE 49+ imprecise ranking©o] E 1 o] wjol] 28X 2R
MacEachern 5 (2004) 5ol o8 #Al¢td 339 422 F AF=HAA Aok

97 A9 BAS) 24} ASE o B3ke] Aoz IPS 2A) ATE The
Zo] TEQrth 7+ WHEo glo) R 13] AL Hol dis] AA EJulE AME
AEST UnA T HEY 24 Bt wasel 1 «AE Stk weh
JPS¥HA N3} Mo k-2 Z+7} 48} 3] "t

ofgfe] ® 4.1+ AA Aso) AolA 1239 SRS WH 53/\}% o] &3 H7
2423} 43]9] JPS WL o83 HF FAFL v AT EE GA 3
oAl JPS ¥hgell 3 FA o] SRSHPHO 2% AT 2uje] BELAES
(42 standard error) okof] ¢ %-% ol 2= 9l wWElA B BE (n = 12)9] 1/39 3

E=EoAM+E EPR AE Ao glof 4] ﬂ—‘\f EYn)89] A Ao 7]
S ol olg 2Ae B84 tiehos JPS el e 2AE A 3
‘Riﬁ} O B =Roxs AL B3l Aok JPS whdol SRS el Hl
sto] $49He BT, £ 20043 BAAAFAY 2AF A FF AAA 78
42 vk

AR zZA Qo] ol 9 9] WAL BAGSA Hi olE BE T 5 3
L Wb o 2 multiple rankero] 93t JPS WS A gezHN B =7 u}x] &
st} Multiple rankerel] 23 JPS H@holel <=9 3k AbEThe] R 3
olJgl o7 AMge] AE EgAoz £ B = AL gtk o] 7
of B FAZ g ojz) 77 A Hol fx 2-A &7 A MaCEach—
ern S (2004) Soll g3 AlokE AL A3 F2 FAFYC] H2 Stokes T
(2006) ) &j3te FH=H AT
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Application of Judgement Post-Stratification to
Extended Producer Responsibility System!

Wansuk Choi?, Johan Lim?, Jong-Ho Lim", Hyunjoong Kim®

Abstract

Judgement post-stratification is a new sampling method developed by
MacEachern et al. (2004). This article suggests that the judgement post-
stratification method can be a good alternative for the simple random sam-
pling when analyzing real-world environmental data. It becomes an impor-
tant task to accurately measure the output of a recycling facility since the
EPR (Extended Producer Responsibility) system takes effect on 2003. How-
ever, the total weight of materials processed in the recycling facility may not
be a proper measure because the materials are frequently mingled with other
non-recycling materials. Therefore, it is necessary to estimate the mixture
ratio of non-recycling materials among the total materials admitted in the
facility. Unfortunately, the size of sample in a recycling facility is restricted
due to the inconvenience of sampling procedure such as safety, odor, time and
classification of non-recycling materials. In this article, we showed the rel-
ative efficiency of the judgement post-stratification method over the simple
random sampling method for equal sample sizes using Monte Carlo simula-
tion. Furthermore, we applied the judgement post-stratification method on
the 2004 recycling data and showed that it can replace the simple random
sampling even with smaller observations.

Keywords: Extended producer responsibility; mixture ratio; judgement
post-stratification; simple random sampling.
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