BRFFES T E
Aggregate Performance Indicator for

Waste Collection

R A - 2

—_—

R R TR T

PERRA LS E



BAFFEF s b
Aggregate Performance Indicator for

Waste Collection

FopoA iRt Student : You-Ti Huang

hEFRFE IR Advisor : Jehng-Jung Kao

A Thesis
Submitted to Institute of Environmental Engineering
College of Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Environmental Engineering
June, 2007
Hsinchu, Taiwan, Republic of China

PER R4 L ESD



AP FEIRAP R LR RGP B A TUED > G
R ES R RS IR E IR EER A g L R
FES R A ¥ FTale 24492 (Data Envelopment Analysis -
DEA) %~ 47 - 'ﬁgiﬁ*ﬂ&?ﬁ?ﬁﬂgﬁ’“%’» PE gAY E - 6 w2 - DEA

TR NE N F P g S o R AKX THENT RRE KT 0 B

p
BFATHRN 2R DEA 2% REBE L > td ¢TI B2 R

i
7\“

N
f&
3
N
e
G
W
g

i

o e gt th o AT A RBA S T LG

,gﬁ

\E\‘?-
3

2E WRGEGREE S T 5 R 3 TG frnawT g

B

=3

S Rk
e e
g

i“ﬁ‘é

X3
Rt
=
o
Wi
\w By

<
;rs
\\—
|l
e

=3

BAR > g g BT BRI o A FA LR
%ﬂi“m¢”% (s

¢_—_'.

Ak AE

%
\\-:'/F

o

w

Aﬁﬂ
G
|

|
i
=
G
=i
(i}

“IE

FE AP IRE C ENRET HERE - BAER o WiE G ST AR

H ’:F FE = d\a‘ﬁfﬂ N pp%,%‘—@fé#ﬁr\ u
ﬁ%@iﬁ%‘ﬁi%lﬁﬁAP&%ﬂ‘ﬁ% AFELpiEEa
BipthiraE 2 edpthh+dpth o &a xR EZ 5 Ryp > 272 &

BE >~ F o L AR qpiR AP E HAMRE e FRAES GE R 0 R

|-

Beo i g g R REEE FEMER AR A SHETRLIBER
= 7

i 7R 4R ;J\,gﬂ;lju%t)\ BT+ > 2 37419 45

i T
FEEBIRES TSR 2 - YR FRAS B
Eimednth o v B A RN R F R o



Abstract

Municipal solid waste collection (MSWC) is a major and expensive task for a
local waste management authority. Assessing the performance of collection practice
for promoting MSWC efficiency is thus important. Beside the questionnaire survey,
two methods are frequently applied for performance assessment: a key performance
(KP) indicator and data envelopment analysis (DEA). A KP indicator, although
simple and generally easy to understand, usually can assess only one single aspect or
factor that is not enough to assess the overall performance. DEA can discriminate
relative effectiveness, but it uses different weight sets to assess individual groups and
is thus impractical. Although, for overcoming this problem, a method proposed by a
previous study can generate a set of comment weights, it is not easy to choose an
appropriate weight set from many alternative sets. Furthermore, spatial factors such as
population distribution and road density can significantly affect the performance of
MSWC, and if they are not properly evaluated, the performance assessment may be
unfair to some groups. This study was thus initiated to develop an aggregate indicator
that is suitable to assess the MSWC services provided by local governments in
Taiwan.

Available data for MSWC services provided by 307 Taiwan local governments
were collected. Related indicators obtained from various sources were analyzed for
their applicabilities in assessing MSWC performance efficiency. Six criteria were
created and used to evaluate the applicability of an indicator: purpose match,
measurement difficulty, adaptability, completeness, similarity and discrimination. An
aggregate indicator was then developed based on five major indices: cost per MSWC
quantity, MSWC quantity per unit collection time, MSWC quantity per collection
vehicle, served population per collector, and MSWC quantity per vehicle mileage.
The DEA method was used to analyze relative efficiencies of all local governments. A
method modified from a previous approach was applied to generate a set of common
weights for all five major indices according to the DEA results and four major rules:
discrimination, no exclusion for any major index, similarity, and skewness. To resolve
the fairness problem caused by spatial differences, three spatial factors of population
density, road density, and waste generation density were evaluated, and subsequently
a new aggregate indicator was proposed. The procedure proposed herein is also
applicable for developing a similar aggregate indicator for other problems.

Keyword: Municipal solid waste collection; Aggregation performance indicator;
Spatial difference; Data envelopment analysis; Common weight;
Sustainable environmental systems analysis.
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Bl 7 ootk VS A AT B (F = f dmi i@ B4R v A W (0)E =
BRI A T dcdp R v B A AT Bl 5 (C)E Bk 8 R Ak v B AT
Bl 5 (O)H B pRAx A v ficdp th Vs 2 B AT B (€)H 2 A2 Adp iR vs,

PR B (E =2 427538 £ 391 vs. 2 B 477 B
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Srd BAFFERRFELE

AFIRARPREGES 2 ZTHEED RehF gtk ERREF A
L
v

(ﬁp
J4
\-\\]-

3‘ o 1T RE AP 2 Luﬁ*wﬂ&;}ﬂﬁ-‘_ﬁ’zé‘i% PSRN (-4 By I O =
JeEEE § R E R R 2 R R R B e

o A AR AT E L Bk o

4.1 %

EgpfpE 2 2
411 EAE F BB

n‘riﬁ%ﬂm}\éf WY ¥ Ak Lﬂéigiiﬁf%i’fﬁéj CBE T

PSR R 2 blAeiaE fEE (Nardo, 2005) £#-2 =R P ARG

h

RER 0 LAALTHBPELEA R AR LA R R

[

- %%‘5% FRENEPE D FERFR LSS 2 0 ok 9077 0 @

e
h

Tl e % 4 47,2 (Data Envelopment Analysis, DEA ) ( Charnes et al.,
1978 ) ~ # ;% (Common weight) (Despotis, 2005) -~ k& &4 472
( Analytic Hierarchy Process » AHP ) ( Saaty, 1987 ) ~ # 5= % 4 15 (Impact
Assessment Analysis - IAA )( Pré-Consultants , 2000 ) % #g 5% & 4 47 (Conjoint
Analysis, CA) (Ulenginetal., 2001) % =z -
AHP 2 B 2R H 4R % — RIS ST R S S S Ao rE s K (A
PARELFERF AT P AR £ ¥ ek > - B pu
EET LR RO ARE VL JIAAFERESd B RE LTS #,5#%%—13‘_1&
Boga ApEE CA B8ET R R ARz L0 AT ik
Mo R T2 E TR 0 N Z MRS 20y XA A RPESR
ZLoDEA 2§ * 3G S ~ A N2 %R b L A iRE
Z a0 % (Efficency Frontier, EF ) (gt ] kb2 > 2 & & A 5 4 L2
*ET Flm g * DEAZEFRE Ap A 17 o vk DEA 2 B2 g E Len F
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AAHEE > LA RXERE AR A RREEITER KT D - L
* oo 3 AFT g 4% 7 Despotis (2005) sk diend R E R 0 EFE

-V ER Y L PO RE TR o 0T o uEit DEA 2 X F#

41.2 FALE %A 47 (DEA)

DEA - ;2 #.d Charnes et al. (1978)#7#& ! » 1 & § x5 %% s»c B4t EF
SRR R A TEAT 5 5 0 Ae® 9 7 0 ARG iR 1 SRS A
%2 A-B~C-D-EZ7BX=REz > d WXy 228 =2 Bip

e g ABE s ANBrE 2 Bz @RS EF & EF 1} 50 DEA

FER S (7 ASBE)-C2»xF3 5334 5 CC/OC - & & irgr
EF z_ jEdgant b k-2 - DEA 1 & ¥ & 5 B 2 R 3F ¥ (Constant Return
to Scale, CRS) £2 % # 441738 p* (Variable Return to Scale, VRS ) = = ;2 -
CRS 3¢ Bk 4 A BAAH A TR > §F- > B LE WV GIRSepr o A

FREFVR A F A B EAASIT RN PR N LR BRI
PP i * VRS H03Y o AP i @8 oa? > o 1 d TR EF ks o
P s Flt Ay E Y CRS V2 (73% 0% o

Worthington (2001) ¢ 3 % (2003) % ¢ * DEA =G &R ¢ %

& DEA ¥ > 250 FH AR E RS ER > §EHHE G JIhFF
BEVRAFES S > P EUGER LR W E I H g
P Hoakd E A FAE 1.0 B B E UL 102 & fod MR A

2 B0 EA B AR AR 0 G - 2RSS 0 KRR L Fet D
S0k BRSNS g A s R T L F * 0 DEA #2558 (Michael

and Stoker, 1991 ) :
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E, = MaxzurkYrk (a)

r=1

zurkYer]wjec (b) (5)
r=1

Uy 2&reS (c)

Y, =(01),jeC (d)

jud

OB S0k 2R hEEiu, 550 K3 r 2 KLY,
BEGE K IR 2R k® s VR A R0R Ik C :

F0lR2F 6 jeCRAREY chiZ- %0|% ;S s dpth B E S reSw
a%bﬂmﬁ—ﬁﬂok5®pﬁﬁﬂ’s ER- kg flogd it %
BT e B Bk o Frl 3 5(h) T B+ A FAZE 1o 7 5(C)
R G ELET RO @3 Ltk E S 00 2 UL A

JESe o R 5d)Y 0 BUAEEL A NEN 0N E N 12 P F 5

i

WL PFEL T FankdF o B0 E 2 FlRdedp H B3 - A 04cl 2

B3 @ Mg 2 Rieldy ) REB SR E Fo

413 £ kL

d 2t DEA »c @ 5045 — B2 32H = ho Fleh= & kbw s A
FHRHIFIFHIXIIREEDEL > T HRL R
(efficiency) ch= 28 =¥ > S e TR 10> 827 FIRH AR &2 5
LG fdF i R FEIERE G » ni™ i o Despotis (2005) %]
ZRT-BERREEINS MR IFELES o

YA B e BAEERYY CERFESZIGEe Rk
(Vector Norm) » % * chr £ dodcy Lo~ L, 2 L, =48> 4- R 10 #7577 » A~
Brghz o RERdv AER - o B FRERHE L2 4277 300

&L, norm 5= £33 3L, ~ L, shE RAp4e2fo~ L, norm 5 = 47

AN

ek B > L, norm FEBL, ~ L, ® g %2 & A& o Despotis
(2005) #+ L, norm 2 L, norm ¢h= i > 3¢ L3R B imia s p AR £ 47
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F2 w48 (global score) & € #:i7 DEA ;2 #7328 41k endieid » 7% T {7 2%

%7 i 7 R DEA R Bl o B 4o 5

C
G =min tizcjj+(1-t)z (a)
c4
C
du,Y,+d;=E,,jeC (b)
j=1
d;-z<0,jeC (cy (6)
u >greS (d)
2>0,d,20,jeC ()
Y, =(01)jeC (f)

Y GLDEAZ M EnLir: CL Kb % He: d; 5% bl % 2 DEAZ 448
BEOREML UL B Sl ZR R PR R ¥l SDEAZ RME
Fenb s A u ardpthz S FHEEL Y, 2500 % jF4pihra Hoxi o
N HE B FEAR ) (2 0 TN 2 DEAR % BB iTh- B L E T
FEE > SRR Y & 3 A A kB RIDEAS A chEded, (1) 3§
t=1pFDEAE 4 f @ T 354 5 (L, norm); (2) § t=0p*DEA# % %8
EFaE~BL (d,) @7k ] (L, norm) & B¢ 3 2
FRafEE o 6(Q@)5 PN P i AtERE T o RIDEA® H A E 2
Bl £FE o i N60) R Forimd B
hEELE e FRELLERELLIL A
Oe 6K TREWF 55| 5> MR BERK TS0 ZmIFE
SLf i N6(e)' gz d; F £ 2000 6(F)F > TR E S A 2t E 002
P E NI He > BAR BoTARET > F £01pE 4 7 F ok dF o

=y "f i $% * Despotis (2005) #riEik 1L, norm% L norm: &
DEAZ 38 & 7 chpbdes £ > 74 L, normiz -3 o> 7% o] -

T2 X e 4 aE 2 - AR g0t N (Quadratic Programming, QP) 0 i i =
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ehH ¢ - 7@_" E oo HH V4o 7)) 0
c 1
QP =min () d?)? (a)
=1

C
>u,Y, +d,=E,,jeC  (b)
j=1

u, >0,reS (c) . (D)
d;>0,jeC (d)
Y,;=(01)jeC (e)

HYQP:DEAZ A2 Fenbo| - T £5CH %00 %d:d 550l

% 2. DEAYE % %8 B cniEdE ; u, 5 rﬁ] T2 2 FEL Y REAEDER JF ;}FI

rz Frnid o BN ME B T2 L hBo ] R TR ELWDEAS F BB
if -

EREFTERFRE o 7@)5 PR P i FP-DEAZ BREE

E

KT L o A7) R 2 Hocied £ R iTDEAZ 2 F

o SWATEREEE S fE o S7(C)R L UL G -

& UF AR E 0

SRERE L 2L 2 S 7(d) U, 200 K7€) 0 FhE s A s

00 ] EA LR Ec o BAR S FoandkdF > F £ LA T Bk dF oo
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PEUZERHELEEERA N - o kG v BES - B RPHFENE
FARE L > FRAEL 2 RET T EYAE P R A AR AP
MR E K AEMEe BRA T - - EP 2
(1) &Y R - 3 REERMOES R L > 8- K-8 Hox

e R Sl S SUENUE S S LI LR R LN F R

B PR S RE AT ERR R - BRI

(2) 2w igfpih it -Fe GET BTS2 5E4
T Al i pREAREYEINEBLI LI FlYFf ERAiL
FIERES0PEFRE 2R B o

(3) PR FELEAHFTE  FRIBERLLEF PR » 4pin
BABefEd e 3 EAFER AT FA & * §¢ (v Bl(Scatter Plot)
R AR GEcE S 2RAALELE L AR OUp A o APM Rk 3
0.954R. 5 B 4p B 1% o

(4) BAR FRELE2ZPHERPF > TR ET- o AFgR*
= e g B2 3 ik A T die(Coefficient of skewn, Skewness) %
FGTip A o FEIGARBITRET LA G ALY TR ELRET &
W@ i A Tl o] g ] EEHRA R 2L e
é‘, °
AT kIR R EGE R R

(1) gAY ERAFTELERRE RS 2 FrcB et 13 &
R T oo

(2) &3 i v i R3ptRRpI#T L 09 E wd]d - g & Btk

TS EEL
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(3) &Ap 0B R BIEE 24 B 123 endp e o
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*FE 7 % Despotis (2005) #raEiken™ 2002 B T2 L VR

PEREL R PR Y 2INEREE s DEA TS B 130 1 2 R4~ 11 %
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DEA »2 5 5+ *% 0.95 chfR4Lie (7 REB-L P L » &k RF 137 kb
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%9 F rovEz FE Itk 22

oA S B o
= ,.—l- & ® A i"-‘ e B 3T X wm "’ "' g j_ % ¢ B 7_ ¥ ,
FORE A A AR 2 (Dt Envelopment .,y e a  sapa e e | RE TR TIER R R EE L AR L
Analysis, DEA) (Charnesetal., 1978) T RE B AL kTR
B ’;}i;;‘g:_'_if"‘_\ _ H PO lex ¢ i%’f——— s g
T‘P\»’"fé'jf_ - - f%éi;I-fg?p:}}W#EFﬁL’fﬁg‘_ ;E, i w TR é&ﬁg&'— #&ﬁliﬂr i xR A
(Common weight) ( Despotis, 2005 ) =g o H Hakd R
f s 47i% (Analytic Hierarchy Process » |i& * F % = 3% #eqg fecfn® s %1% | _ s r e R g am IoHoko% PHIEERR

. YR R s 2T

AHP) (Satty, 1987) 03 EU TS S 33 | PR LB N e
¥EE R A4 (Impact Assessmentifd B R LA F R £ R (RS ERPRG2ZFERE T BB ROTE DR
Analysis - IAA) (Pre-Consultants, 2000) |fri&m & g€ I + 451 it & 7

5 % £ & 5 (Conjoint Analysis ~ CA) [#£& 7 & Fo * W2 L ik ¥ BRI g stinz iR F | o
J lenai BELIXIBIALz+
(Ulenginetal., 2001 ) TR (TR )i
PERL L3Rt R §
- BEFRAPMRSPELR L3 EEEY R
(Equal weight) ( Nardo, 2005 ) Teer &+t B 7 e .
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7 10DEA 2 #7T £18 5 »xfF 2 fReELefg €
- DEA 4 »% ) _
e . Cost MQ [MQ_Time| MQ_Veh |P_Collector MQ_Mile
=R

e 1.000 0.001 0.653 0.001 0.001 0.501
oA R 1.000 0.305 0.001 0.154 0.526 0.404
L S i 1.000 0.001 0.786 0.425 0.001 0.178
P A B Ao 1.000 0.001 0.001 0.001 0.001 0.998
o B AT R 1.000 0.001 0.571 0.338 0.276 0.242
e L e 1.000 0.001 0.998 0.001 0.001 0.001
¥R R Y 1.000 0.001 0.571 0.338 0.276 0.242
IR 1.000 0.825 0.001 0.001 0.001 0.319
LBk 4 5% 1.000 0.001 0.001 0.001 0.998 0.001
B L RZ G4 1.000 0.998 0.001 0.001 0.001 0.001
B R 1.000 0.395 0.216 0.010 0.394 0.315
B iET 3T 1.000 0.925 0.148 0.001 0.001 0.001
BB s R 1.000 0.844 0.001 0.001 0.283 0.001
P LP 1.000 0.001 0.307 0.397 0.717 0.001
HE#EL  Cost MQ: H i ""F g = ﬂ\#ﬂ Z £ 5 MQ _Time : Hi-dpF
FEEHE2 L I MQ Veh: ¥ =2 miF F € 4542 £ + P_Collector :
Hmma pRart v gtk € S MQ_Mile : B> 2 fzj3i8 3 2 €
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AU AR LER* XFRLZTE L Tz L e

%5 |Cost_ MQ |MQ_Time [MQ_Veh |P_Collector|MQ_Mile FR4E tiE IR &3 R R
Cw1i 0.3259 0.0001 0.2535 0.5294 0.1604 307(all) 0-0.3 20.97431 (D)
CW2 0.1959 0.0000 0.4549 0.5670 0.0000 307(all) 0.4 21.11214 D
CW3 0.0009 0.0000 0.4893 0.5744 0.2648 307(all) 0.5-0.7 28.75851 2
Cw4 0.0001 0.0000 0.4783 0.5999 0.2578 307(all) 0.8 28.42478 2
CW5 0.0004 0.0000 0.4758 0.6021 0.2588 307(all) 0.9-1 28.39501 2
CW6 0.0304 0.0000 0.4251 0.6005 0.2964 307(all) L2 27.89084 2
CW7 0.1274 0.0862 0.2089 0.6723 0.3626 15(DEA=1) 0-0.7 27.13285 3@
CWs8 0.1040 0.1614 0.2620 0.5456 0.3268 15(DEA=1) 0.71-0.84 28.3021 3@
CW9 0.1181 0.1692 0.2359 0.5423 0.3420 15(DEA=1) 0.85-1 28.2795 3@
CW10 0.0827 0.2373 0.3173 0.4558 0.2788| 27(DEA>0.95) 0.01-0.86 29.73224 -
Cwil 0.0790 0.1476 0.3084 0.5514 0.2998| 27(DEA>0.95) 0.87-0.99 28.3958 3)-~@©
CWwi12 0.0000 0.1048 0.4516 0.5692 0.2167| 27(DEA>0.95) 1 29.06684 2
CW13 0.0000 0.2361 0.3147 0.4575 0.2807| 27(DEA>0.95) L2 29.69559 2

FERD (1) FEN A (2) AR B8R (3) Ak (4): malE
$EEE CostMQ: B if 8 & Ayt E s MQ Time: B =8 R @ #f4h2 € - MQ_Veh: ¥ =9 imifi8 £ 414

2 f¢ € ; P_Collector : ¥ =B 1 JRi+ 4 v Hcdgth2 € S MQ_Mile: B =2 f2 822 L
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2012 S A g e E 2o dp b il

CW8 CW9 CWI10 CWI11
CW8 1
CW9 0.999 1
CWI10 0.995 0.993 1
CWI11 0.998 0.996 0.997 1
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B 9 DEA »x % = % (Efficency Frontier)

A

L L1

I_
B Lz

Li=L;+L

Lz = VL121 +L122

L, =max(L,,L,)
Bl 10 = f27 FiEdpyt 5 = 50
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Value Using Common Weight

CWS8, CW9, CW10,CW11 W7
03 +
CW8
02 1 W9
CW10
01 1 CWI11
0 }
0 50 100 150 200 250 300 350
Case
Bl 12 2 Fi#EL 2782 %
140
cw7
46 Skewness:
CW7:1.023
CWS8:0.697
CW9:0.681
i CW10:0.661
CW11:0.756
80 -
a —cw?
cwsg
9 ——cwo
CW10
20
—CW11
0
0.0 0.2 1.2

Bl13 » P HE 2B EXL GFEZ B Gk

53




&db7

RSy oL ki » -
& 36 M ekt
Bk B B4 8 A7 40
L84, X I -
e B 54 B 1 46 i
HE SR T pf o

RN
ﬁhlﬁ%/\é*ﬁ

YA T

I ER W
E T R4 (Yo i)
6 8 B AR R
1
=¥ Xis 8'2
0.7
0.6
0.5
0.4
dh -
LS B ARET 8?
0

B R A R

Bl 14 = g €2 717 2 B

=

B
Sy
%
=

FE SR £ g iR ot e

54



¥IF YEZRFMEFS 5"@4"1‘?’ BFamFLE

TRPELE §PEER BN TP AP Fa ks BRAS
L
v

Atk AR AT I REFF TR gl L &

)

SEEERR SR o wwﬂ+"ﬂﬂa¢%wmﬁéﬁ i
Hi Tt L@ § TRPPFES T L0 &0 AR
Edpthz i it

E

RS ASE BRI T Y R P L R PR R o

7B E R G EEARY 2 S BRI R 2 R A 01
f

PER ER SER LT EELY LY O S RS SR )-F R

-
ERECIEFEE  H o g e el mFEELE - o 15
BA o v A e 2 EFEES L B dof 15(2) k7 ol 8
AT EREETEILAL B R (e pd s S0P L s ).

&

BRI ACIFRGFIRBRE > X hiFED BT FE

g



Foi o dp IR EAPHIGE 0 AR RFIE AT R R ARSI $RG

REBEHRK A AR T (G %) o R R 2
B i @R EApsRE o 5 0 B 15(b) e = dmibiE B 4R Bt
TENRER T (WEGEE) RE LGS AFERRG > # ThHiE
EARERE 5 AIH BRI T AT R ERLERFEAR ERGEE

MEP A o d B 15 (C)E [had ﬁi/ﬂ kﬂ#ﬁﬂ‘ls ¥ 'J‘ MR R Fl R FE

>~

RERERARN ERApFOFELRT ISR ke
TE XA

FEBBERS L AT FA FEG PR RAE FE e TR
FFPE S AP NG AREY FERARB SRR o a2t

B RPN EEZ FLF]S 0 T - - SR 2
) A+ FrME: s T BB EAMEE T AE T AN
B W2 3H AR R (R BcE 2 VA 4T & TS adp M AR £ SRR iE

ERR GEACRAECERFAFZBFFIZIFELETEG FAAME -
(2 Fl+ a2l kips A 5 p THpBEEE AT APITEREA
N2 FRPZFEFFIE AT EIRM BRFFEE T EpthoF
FARAE R T a BT wd N ERAS AL A FRERE
POBEET 0 Bl T 5 A YO TR AT
B BRAS DG LRE- HATOZFRIS  F - B

et A X s R R iDL

56



5.1.3 7 B %)+ &

AT A 511 TR ZREFS > B P RAEFEE &

TP AT L

(1)

(2)

F)+ AARB L 4oB] 16 2 5¢F Bern 0 52Q@)FEA T R AL FEE
23

BRZERAERTREAEY 2580 520)FE A v FREER G
BS20)F EERAEERBDAME RAG-ARRDER - ¥ 5 N

FAUBRAAFEERAZREG FAPMIE - &a X EZFEFF 2
ARRE aBc > 4o i 13 7 ’-2%3354 BRGGFEL AN ik
098> ZMBAMAL  FP G R PP R d WFEA T RARTH
BB BE R PR AN EGFERRA TS 0 REFEA T

BREFHBAR
FIF g AR B R A A 4E A G LTS 2 o R B P
ENEP L WEEPNT]S oW 17 om0 A F L g L R

i EAEIpBEg o #asAms I pBELes L <1.251.25-25 FF ~>25

B A AT aAn RN DR R TS B E S e
FAE B ARMET £ PEAE LRI R Ea § P K

FAFeng i > Pl T Y £

N

FREBFF c GFEA T BAE VSAS
B B2 PP @ onsw £ 4pikig Bl 4o B 18 #7577 - 5.4(a) & 5.4(b)
PERFEACRREAR C BAFFESFEPHRES R APH
ol w5 056706380 TIBAPMME S R & AT RAERE A €
Fl o @R o Fondd o om Bl 18(C)Acp mARE - Ap M Tl
0.107 » 4Rl FE IR PP F EF] 5 bk A T FR- L

R4 o 4o s R PR B A RMIE AL - F 22 Bh N iRR--E > Tt
ERWFTRAPFEEY B RA T RS ARG > A UK A TR o

i7iE

d T

LT RAEGHE TS S

57



M EBRE AT IR B R E S S RS R 4o F 19
s > 5.5a)(b)(C) ¥ & MATH &R o Ap M 5 8cA W] 5 0.184 + 0.094
0039, IR MApR > FIFrFR SR & *F‘i‘”ﬁ/p &g e BT

FEF T R R RFFEA T BRI Y ZELR 2 T

5.2 % WAL @S 0eF & e i 2 2

”

&b - g dreng B TS 0 AR -4 Andrew (2001) eniEjE o
RiPR AR B3 BEF]F g TR adpiRa - 0 A E S iE o T2
wATEE T BARSE 0 2 RY 412 1R I DEA 2 2 413 &7
RIDEPREZLENEZ 2 - BT EZRBOEIF FTEE ZIFE 4

R NRLFAXATEZFALAR TG AP 2 TR K REL g Y
4.2 & orif ey P& R ARAE (7 o
5.3 5 B HF & RSS2 ik

5.3.1 4% & 47212434 -DEA

4ok 4.1.3 & ¢ Despotis (2005) 2. DEA #53% » Gyt #5538 ¢ W H =55
FEA AL i@ @ik Hodjpi@dpth o1k
BACEIR  E L RFEEREL T BRI RRFEAY RRER

DEA i 4 45 » % 14 5| 4055 i@



JREA o L@ iTEL MR Fla TiE- HERERREE > T

o

ER

(=

7
~

‘\1“\:

532 ¥k~ tr&itwm-L L2

hodh - £ erit 0 kAT 4% Despotis (2005) #7iE hiny e g F 2 12
2ol T3 L et N I 5 2R S DEA s F B S 1
¥ Z DEA»cF im0 095 e e 7 KB L > 2 5] 12 &
PRzZEERLE L L EE Bick 15977 A P FEA 12 2fEE B L~
¥ E R RE RS R R ER ARG GERD 128w L
Yo H IR v EEE YRGB e B R S
F| 4§ HoRAES Bt A I 4 Hhend B 0 Tt &) DEA 3 AR
FTEEIERGRE -
5L

‘ “EEE L s B 42 HiE 2 FE RPE AR F EE

I

BE P AT

(=) EWARRP R EFUARATHLEEFELELEZ §ronEPici A&
B M3 FH ROl GHEE e
dod 15 #1570 53 H 5 8 o CW3 -~ CW5~ CWI1L -~ CWI12 % o
Eﬁ@iﬁ%&ﬁ@%ﬂwkﬁ’mﬁﬁﬁ’ﬁﬁ%ﬁwﬁw%o

(=) 2ic v it AN LA RRERAMEF L0 E
BRI FFE BTG A EORL -
Fd G EEE 2R i E 2 F ekt e FEACRAR 0 7
ALk > £ 14475% > CW2 ~ CW6 ~ CW7 ~ CW8 ~ CW9 ~ CW10
TFARSGEE0 A B BECFRS BfE LRl -

(Z) AR R R EAp R RAE N AP ML F ddpiiie > &0 B KA

HR B2 4 7 2 e

59



Yo RI2047 7 o Kflapind LY G TR 2ATER T e
B W eCWAR = *tF g W enCWLLE > > @ - ) 4 $5CW1 -~ CW4
PRt e pt R E 2 PR TR 0.022 0 &R MAR B 0 FIt i
BT L SRR i o
(2) WA R R 2 kR EHA R PR A R R E- ) EE o

Bl 21 #771F 2 B Eanfrcim o B2 A F A B e R 5 CWI
AR mE AL CW4A - B9 0 CWL 2 4L i B CWA4 -] (4
-0.661) » F|m E B2 o

dot = F it 0 DEA & B A 01 B RS @R (T A fE et
Despotis (2005) B2 3§ & £ 8 (7ecd > & B Bodrs BT el

ATy FTEREL » RE LR o Fpgd Ay v 2 aniiE
Ao ENens R iR E CWLo %55 g chgu R e g B & 3 dp ik

rb

o

e B

Ik

L
boB] 22(2)#7F 0 @ CWlenjgd e » B¢ H F @8 & hdpih - ¥
ARG ER gt Hixd e @ € 4pih » H B R ¢ ik - H
2 RFEELEET B RESFEA T $ A DEA v kiR
Zia ey § 3 RRFF 2 BRI EERFE itk Bl I AR
2P HBEBRAFGEG ARG o d B 22@)8 AT 2 5 k2 B 22(b)4s

Pefi o L RS R d AT BRI R 2T Fé&'ﬁ#?}*%’éﬂlf—ffg

w4l

BB A 4 T REEFSF & ¥

.E'_— Z’Kﬁrs ’ '&L"G} i"/’l’/l

DI
QLR E AL PR X & SLRE ¥ ¥-1L5 WIPLINE EIE 4

z S

e,
.

g

—\

2N

CARRBISE AT R KARAL s e 3 BES T R R i H ok

R
\m

5

BEPRERER oy R AN CERRAR S oY e 2R 0

o
ek
Y
o3
TE
“ﬂ
4
|
e
(w
i
R
&%

BABEE SR SARE R E o
B 35530 kY o)

60



W] 23 St 0 B AR A B AT BRGE I BILD e

2 R B ﬁ@ffp*ﬂ{?ﬁ:‘.ﬁﬂr}_ﬂ g PR R R
B2 mehHa @i r ARG UG R - " 512 &3 2 BH

4?‘;%@&@%“ Boga ERLEY FEA T RRESREDH G F
FHRROTPRFN AR AL FRPEO R A £ 2 B4
SRR AL f s el o 4o 23()(D)(C) T r 0 = ERZ B 5 AT
FOREF A AR > B 2 LTS B iE 2 Ap R R L 0 0.567
0.638 ~ 0.107 *# % 0.056 ~ 0.123-0.059> R AR 18 ¥ FlA v R E*THER S
P ERAT R B R AT R A 5 ] 23 ¢ ¢ g fecd o d b
HHT R E T ALY S GFE A T R R 0 f BRI

4 B HER G onah i g o

61



%13 & 2 TS 2 g Ak
FEACRAE FEERARE HERBA

FEATRR 1

FEERAR 0.98 1

R 0.17 0.16 1

# 14 DEAZ T R{FF »aF 2 R4 £ o
% Cost MQ |MQ_Time [MQ_Veh |P_Collector MQ_Mile |CPD

B PR =& R 0.000 0.003 0.001 0.003 0.008| 1.000
2 PR |m KT 0.000 0.003 0.022 0.154 0.283| 0.706
o P OBR [AeE R 0.004 0.003 0.002 0.028 0.122| 0.930
e At R %F?}?i ’r‘ 0.014 0.257 0.002 0.005 0.821| 0.940
oA RR R 0.014 0.257 0.322 0.162 0.719| 0.117
oA E 2 ET 0.014 0.200 0.322 0.162 0.866| 0.117
A IESS A 0.014 0.200 0.322 0.018 0.115| 0.975
oA BR | ESR 0.005 0.200 0.322 0.018 0.007| 0.994
oA RL R e 0.005 0.299 0.092 0.034 1.000| 0.661
oAV R (TR 0.005 0.324 0.008 0.527 0.475| 0.661
o I R 0.004 1.000 0.001 0.005 0.002| 0.994
FeFIRE | R 0.004 0.489 0.456 0.021 0.719| 0.160
FOFEIRE | T 0.004 0.644 0.344 0.208 0.219| 0.996
u F R R 0.005 0.120 0.001 0.005 0.010] 0.994
RN IR 0.005 0.002 0.002 0.004 0.122| 0.930
o KBk |aE T 5K 0.014 0.002 0.002 0.005 0.017| 1.000
L PR DAl 0.012 0.005 0.002 0.008 0.006| 1.000
iRy | 0.004 0.005 0.001 0.004 0.953| 0.119
iRy | F %R 0.004 0.005 0.001 0.150 0.290| 0.712
ERR B 2R 0.018 0.005 0.001 0.002 0.010/ 0.980
R | AR 0.018 0.005 0.001 0.002 0.007| 0.998
iERE e 4p R 0.018 0.005 0.001 1.000 0.007| 0.998
ERR |F B 0.738 0.005 0.001 0.005 0.014| 0.992
R | AR5 0.012 0.005 0.001 0.007 0.007| 0.986
¥R | R 0.008 0.003 0.006 0.005 0.105| 0.992
BARL 5o i 0.002 0.122 0.003 0.013 0.105| 0.988
B BL |z e R 0.006 0.122 0.003 0.004 0.080| 0.998
B Bh |0 R 0.028 0.122 0.003 0.008 0.080| 0.971
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BLE: [ILh4L 0.004 0.122 1.109 0.004 0.006| 0.994
B LR B AL 0.376 0.280 0.000 0.224 0.130{ 0.239
123 D IR 0.004 0.280 0.003 0.005 0.002| 1.000
® 2T |F T 0.327 0.775 0.003 0.004 0.006| 0.994
®AERE | BT 0.078 0.425 0.232 0.028 0.441| 0.169
B AERL YRR 0.003 0.425 0.232 0.004 0.006| 0.995
o oR Rk R 0.025 0.062 0.427 0.005 0.668| 0.156
o oR gk | PR 0.847 0.000 0.003 0.282 0.008| 0.996
SR 0.001 0.460 0.004 0.708 0.150{ 0.675
= - 0.001 0.457 0.004 0.708 0.150| 0.681

HE#EL Cost MQ: H | '~’F FE =~ d\a!ﬁ 2z L ;s MQ Time : H =& p&F
FER R L S MQ Ve H =2 fmi EE ik L
P_Collector : ¥ 1 ﬂ%k Rﬁ»& v B2 € 0 MQ_Mile : H
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215 UARLER EFELEZME LI RFLIEL R
Cost_MQ |[MQ_Time| MQ_Veh |P_Collector  MQ_Mile| CPD u+v |8 CW if i tiE HAE BB skewness

CWw1 0.245 0.001 0.061 0.305| 0.307 0.339| 15.698jall 0-0.7 -0.661
CW2 0.362 0.000 0.000 0.239] 0.256 0.351| 16.397(all 0.8 (2)
CW3 0.000 0.000 0.001 0.031] 0.119 0.914 9.324/all 0.9 (1)
CW4 0.001 0.001 0.002 0.002| 0.015 0.993| 12.124all 1 (3)(4) -6.436
CW5 0.024 0.000 0.000 0.062 0.162 0.843 8.971]all L2 (1)
CW6 0.504 0.000 0.000 0.305 0.247 0.177| 20.344|DEA=1 0-0.7 (2)
CW7 0.477 0.000 0.000 0.297| 0.266 0.197| 19.923|DEA=1 0.8 (2)
CW8 0.477 0.000 0.000 0.297| 0.266 0.197| 19.923DEA=1 0.9 (2)
CW9 0.207 0.000 0.000 0.161| 0.244 0.558| 12.384|DEA=1 1 (2)
CW10 0.424 0.000 0.000 0.270 0.261 0.267| 18.180|DEA=1 L2 (2)
CWw11 0.000 0.000 0.001 0.028/ 0.117 0.917 9.359|DEA>0.95 0.9 (1)
CW12 0.029 0.000 0.000 0.061| 0.158 0.842 8.968/DEA>0.95 L2 (1)
GERR (L) #FHAR(2) P& BRI (3) R (4) KA
HREE Cot MQ: 8 =84 A7 12 € I MQ_Time: B =2 B8 B 152 ¢ 5 MQ_Veh: ¥ =8 4w 8 £ 111

2_f# & ; P_Collector : ¥ if_B%‘iJ. AR A T Bdp iR 8 £ 5 MQ_Mile - Hir2fpp&gz2 e ;CPD: iAo
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