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Abstract: The increasing amount of municipal solid waste (MSW) has imposed great challenges to healthy and sustainable development of the cities.
Study of the relationship between influencing factors and MSW is crucial to explore the metabolism of MSW generation and forecast its dynamic trend,
which is fundamental in guiding the sustainable management and regulation of MSW. To investigate the relationship between factors and MSW generation,,
a case study of Xiamen city was conducted by employing path analysis based on time series data of MSW, economy, residents’ living standards, urban
development, socio — demographic and natural characteristics from 1979 to 2010. The results showed that the proposed path model exhibited good fit
indices and could explain the causality between factors and MSW compared with simple correlation analysis. The direct effects of city size, per capita
disposable income, urbanization rate and GDP were 0.58 (p <0.001), 0.55 (p <0.001), 0.52 (p <0.001), and 0.51 (p <0.001) that were all
greater than 0.5, which indicated their significant positive effects. Household characteristics had a relatively significant negative direct effect ( —0.40,
p<0.001). GDP had a positive indirect effect (0.13, p <0.001) through tourist population, and city size had a positive indirect effect (0.31, p <
0.001) through household characteristics on MSW generation. Total effects of variables were ranged as city size (0.89, p <0.001) > GDP (0.64, p <
0.001) > per capita disposable income (0.55, p <0.001) > urbanization rate (0.52, p <0.001) > household characteristics ( —=0.40, p <0.001)

> tourist population (0.19, p <0.001) > mean annual temperature (0.09, p <0.001). Tourist populaiton had weak positve effects and temperature
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can only influence inner-annual variation of MSW generation rather than inter-annual changes.

Keywords: municipal solid waste; generation; factors; path analysis

1 5| & (Introduction)

Bl L2 2T I e i K BT 2R AR Y
SRR WO AR TE SL IR P H R R 2010 AR TR
ST A TG B T i i 15804 8 T o, HHER 1979 4E
12508 J7 ¢, M T 5 52, FF MK R E B
6.1% (WP EZS R, 2010). FEJLFE 2/3 BT E
Bk AL L, I L3 A 6 [l P8 46 8 3 1) AR R
ik, AETE R IRRI G 51 R B — RIVIREE A RA 2
(R0, 7™ LA 1 36k T At B 5 AT RS & i€ ( Giusti,
2009; Pan et al. , 2010) . TEATT L T A= 16 4 3% 7
R IR R R 58 o 4 7 A 6 Bz 38 A LA, VE R A
P ARG RSR S A AR, 3 S5 00T AR b 3 T R
SRR EA T EEE L.

20 4 70 AR LK, B A5 43 N R BE |
YT ISR 3 AN RUBE gl A T sy 30 A 1 R T PR 3R
TR FBE R BT 00, A 36 By 3
PR SNE AT s N EERIE AR
17 R ' % M ¢ (Dangi et al. , 2008; Ojeda-Benitez
et al. , 2008 ; Thanh et al. , 2010). 3 ] EE 40
FEFRI, IR ALK ph S &0 TR S AR T RO
WAHBERZINAEBCR. B0, % ¥ B4 (2011) BF
G T IR AR B A )k X by 3, 2 B i A
AT A DXy 3 7= i v T IR A X A K MU
(1997) WHFEINA, i A7 R 2 v i A 1 LR GDP
Bl O A 3 5 R A R R ] i B LR O A OG
Buenrostro 55 (2001 ) Fl Beigl %5 (2004 ) W57 8 i,
T NS B3 ™ e 5 5 i R 5 B 3 R AR O, il
N VS35 ) J B AR 308 a7 33CR A 35 M 2B 36 2 3 A
i [H AR R AR AR AN T 200, 6 R 8 T S
Uity S A6 2 4 T RE 5 Ak 7 35 7= £ 11 S IR 38 ( Chen
et al. , 2007 ). EZKRJE _F BT L2 LU AHE 2
257 N SHERR LAY, GDP |, Toll S = A
N 3 s o DX AR T BT 2 S AR S I
A T i W A S R ) IE A S S &R PR A
Z T E R R E AT bR E R
( Daskalopoulos et al. , 1998; Fh%Z2 845, 2006). 4%
M A W98 AR I T 7 B AH 5C 73 AT sl R 2437, AL
SR BB AT M 2 W 3 T A 3 ey 33 2 5 PR 2R ] A A
Ktk AEAREHE— 2L 48 7 R 2R 5 2R T 4 3™ it i ]
KR HNREE 2 B 2 XA PR AR G R 9 L A ]

FEAERIZCR. DR AR LU T S 491, 3 Skl
ROEE 52 me A % S 0™ B ) 2N R, A &2 3
PTG T S SRR AR N AR AE | A AR
7 TR 285 A B I R ) LA R RE R SE R
LS S 3 A 3 5 B R (IR S il

2 #5575 7% (Materials and methods)

2.1 HAEKRIE

ARHWFSE i FH Y 1979—2010 4F 5 1] T A8 16 57 3%
THia i MATE A TEACE ki kR ks A
SRR | SR SR OC T T ECHE SR R T (R S AR
SN BT TERe X AR S ) S ) T it 2 3 45 1/
AL,
2.2 BRI

PRAR M AL 22 5 Sewall Wright T 1921 4F
HREE SRR 2 H AR 2 ] PR 2 AR
MIGETHROR  FH ARG 35— EAE A D] SRABE A 174 o
TR SRR A D0 £ A ) R 2R G R (5 55 ( Streiner,
2005 ) . JUTFA g A {150 R AR o A 55 UL (0 o ) AR
FVE AR AR i I AR e 2 AT DA oo 0 B A E
An i AR K 7 B 2 5 W 0 AR o DU T B
ORI A et A A7 ok, AR R 18 2 . Oy AR
RS R I AE TG B O e BRUR C R gt E
IR A 9 5 3 R e PR R B AR A AT AR AR R F
5% FH D3 A3 T A 3 B3R A AR R AR TR B 3R
PR R A 36 b 0 2 1 5 by 3™ i 2 OE e, — B
PN ) E 61 28 B0 8K, BRI AT LSS OB AR I ELA
JE GDP A AT SRR IR A 3 T AL K
BEFRIE AERITRIEAE 6 AR IR R AT AT K
S kTR JBAKT At S N T2 B SR T TS A
R, R T IR T A M T, R B A TR Ui
UK. IR d7 3% A K OF | RSO R A A
PR 22X LA A Ak, DR A 780 A 57 B R A 2 L i g
IR R R & b, GDP A ] L FC A 3T Ak
R RN U RN AR 357 30 B S DN A ) SR EE R AR A
3T RS A Vs AR AR o, SR RRAE B G RS | 8
AL A PR XL A% £ s, 3k T ARSIk Tl A
X T AR OR I T R AR O D SRR 3 TR ABE A
(Streiner, 2005 ) Fl— % 48, F s W& 1 Frs A
IR R GDP A AT S B 3R T AL 3
RIS iR A | A1 Y5 1 B 0 52 B R I 0 2 3% r
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Wi A HHS WA, GDP 3 3 iR i L U A 1R
FH 3T R 38 5 B 5 A B A A R A= 306 7 3%
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Fig. 1  Path analysis diagram for the relationships between MSW and

N\
e

related factors ( Single headed arrows indicate direct effects,
double headed arrows indicate the simple correlations, e

presents other factors that are not included in this model)

A 5T E A 43 Bt RS L A4 #5858 SPASS17. 0
FAMOS17. 0 B BEAR S BT A R A B AR 4005 AR B
Wi R GIHE () JFRZEH TR (RMR) T LR
ZE¥ 77 (RMSEA ) #8046 BE 45 % ( GFL) | I % 4
AR EL(AGF) | LB A8 50 (CFL) K HL 4l
BHEEC(NFL) Z55 k36, A SR AR 2 850 A 1 ] B
RRTGHITEA R E (p >0.05) RMR <0. 1,
RMSEA <0.05,GFI >0.9, AGFI >0.9,CFI >0.9,
NFI >0. 9, W 156 B A R AR 4 b 400 1 %5080 , 55 780 3
T B8 ( Schumaker et al. |, 2004 ; BEAS Z8 45, 2004 ;
Kline, 2005).

3 Z5R (Results)

3.1 BN

3.1.1 BEANA MRS IR AR AR B
AMOS17. 0, AT A 75 D) S, AR HL 5 R0R R
£ HGHE x> =25.318,p =0.201 >0.05 A AL
% ,RMSEA =0.024 <0.05,RMR =0.039 <0. 1, GFI
=0.960 >0.9,AGFI =0. 931 >0.9,NFI =0. 952 >
0.9,CFI =0.963 >0. 9. X LEF5FR AL ik A LRI X 5L
o 00 R At U 156 ) P R R RS TR AR A
R T AR SRR O B R R,

3.1.2 HEARW E 2 WA IR R R
T A% 28, W S T 45 DR 25 T A v
PR R, 4550 W, GDP A AT ST

AR T3 AR SIREE | FIE R IR
RO AE NG S ™ A B, o) RO R
FRIERI U HESE R, S5 3% 1RGSR
RE A RHER N, PZR 1) B i RO HE T S 3k
THHARL(0.58, p<0.001) > AXa] TR A (0. 55,
p<0.001) > ¥kTifb % (0. 52, p <0.001) > GDP
(0.51, p<0.001) > ZKEEFFE( -0.40, p <0.001)
> IR (0.19, p <0.001) > 4EHJ IR JE (0. 09,
p <0.001). GDP i 2 Jiig P A\ UK 38 Ty RARE 36 3eh 5K JeE
FRIE R A= 15 17 3 7 1 30 A [A) 4252 ), A FH /N 43 )
0.13(p <0.001) F10.31(p <0.001). EFEF 0
FEORA] 52 Mo 22 B0 AR B Sy B e ZR 28, 4
1 U, 25 PR AR T 457 30 B B M) 3R R /)N
HEF g 398 T AR (0. 89, p < 0. 001) > GDP (0. 64,
p<0.001) > AHn] 2RI A (0.55, p<0.001) >

) @59
B o IF'ﬁm\
0.95 €2 093
\/}_4/
CRIERHEX. 0,40
077 ’
| DN0.52 0498>
;@ﬁ?mﬁ%gg \\(\),09 Wi fbE //
an
ERKEH | WEAD /
[ xm : L
& ©

B2 EANEEZMETERURTERERY

Fig.2  Path coefficients of the proposed model

®1 TEEEE EENASNARY

Table 1  Direct, indirect and total effects of variables

A TR R B Wit 0.52 0.52

GDP 0.51  0.13 0. 64

AN 0.55 0.55

T AR 0.58  0.31 0.89
FKEEFFHE -0.40 -0.40

e A H 0.19 0.19

AEL IR 0.09 0.09

FBERRE FEERHIE 0.95 0.95
T LA -0.73  -0.73

JA 50 FEEFHIE 0.93 0.93
T LA -0.72  -0.72

i3I GDP 0.69 0.69
FEEFHE I T A -0.77 -0.77

IR TR TR 1 1
wWHEAD I T A 0.99 0.99

TR BTG p <0.001.
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WAL (0,52, p <0.001) > ZEEHRAE( - 0. 40,
p <0.001) >JigliF A (0. 19, p <0.f001) > iR
FE(0.09, p<0.001). i 50 R & v, 3T B
A SR GDP FHU T Ak 5 1 52 ) 2R 5503 K
T 0.5, WIS A T B 37 1 2 AR K 5 58 BE AR 1Y)
S R K0 -0.40(p <0.001) , 156 B X A2 375 b7 37
RS AR TR AR 52 i R ECK 0. 19 (p <
0.001) , Ay 450w 55 5 A0 3R H AR PR 2R 09 4F 187 B2 1Y)
AR 2 ECHAA 0.09(p <0.001) , I H 4555 1Y 52 )
RO AR L2 BT A R R 3T BB A B
M 280 R Y 4 R Al PR 3R ki RRABE  N H8 AT S
WA GDP HI T AL 3R 55 4 A~ Y AE TR 1 5052 T 24
R R T N2 iR AR AR AR &R

(YA ST
3.2 XM

Xt 25 PR 2R 5 30 A 06 357 3% B Pearson A5G
PO AT, G553 2 Pron. Fr R ki AR S
I AR B R A OC R B K, B 0 3 Y IE A
KX FIRELTKFH GDP AR F I T MR A 7
J DR TR AR RN 1T 55 3T A 3 s 3 R A A O R
BOEAAHR], B 35 0 15 A G OC &, W i T 3k
itk NI A] SRS 5 3T AR T 3™ i R
R AR OC 2R 80 AR S FRAE 19 P 2l | S B
RIS ARG R R B A DGR mifCER
H AR PK 2R A AF 28 BE 55 20 006 b 3™ Bt A OC R 4K
4 0.556(p <0.01).

x2 BIEEENEXREY

Table 2 Correlation matrix of variables

EEAR Ak miick ESRE GOP Pl gemE TOC gepan ST
ARV b O B 1
ik AR 0.990 1
Wit 0.979 0.993** 1
ARSI 0.556 0.510*"  0.553** 1
GDP 0.987**  0.994** 0.985** 0.503* 1
F ol -0.749 "% -0.760*" -0.782** —-0.587** -0.724** 1
FHERBL ~0.754** —0.768** -0.789"" -0.561*" -747"*  0.881** 1
X TR 0.987 0.989**  0.978"* 0.493*  0.996** -0.701"* -0.722*" 1
WA 0.983 0.996**  0.995"* 0.513*  0.994** —0.741** -0.757*" 0.992** 1
NI PN 0.979**  0.986** 0.984** 0.529*  0.991** -0.745** -0.776"" 0.988** 0.989** 1

H:* p <0.05, * * p<0.01.

4 iFi2 (Discussion)

H LA T8 B AR DG 2 B 1 7, AR IR T N IR
AR B i R B S AR DG H AR A b &
BRI Ui N R L5 e R AR PR A 0,19 (p <
0.001) , 5 e 5 2R Sy v 45 0 355 5 157 B AH OC 43 A v
GDP A AT SZFEEICA Ik o BB RN a7 AR 5 A 1
B3 fe R I S 3 AR OCHE HL 2200 K (H % A2
A3HT 4 LB A U Y S R R RS AR, HoOR T
FUEL > GDP > A Al S B A > 3k {25 S L
BRI TR G, 5 BEAR 3 B i i B AR — 3, R
FE AR B B2 50 R 5 A G 23 A b R B 3R OC
FAAE 4TI B8 52 B o A 3% 7 3 ) B R R R A
0.09(p <0.001) , tHXT 48855 , FEA AT LLZ W&, A UL,
BEAR AT ARG B 4 R 25 R AR, OF HL AT e
B R TR LR R SR e &R IR T AR ST

A T B3R PR R ST I B B A R34
ST A T S 3 A R AR N TE p S
N FRRRAE A HARFBOR N 5 25 WTER
(R FIATL AR A2 £ Bt T 8 05 K i | T B A T /K
v I R 5k AT A KB T A I SR
R IR R R A R R,
GDP A GDP 3 A 1R B 3k v A 1 e
FER T 5RO /2R EFWEHCKERGE
HOBAE 1997 JAZRLI4E | 2003 ; Beigl et al. , 2008
FFHIFEE, 2010) AR EATZ A 0 RR G &R Mo
PG — 20 BRI, T B AR 23 BT 45 2R 3ol T RLARE
GDP X507 S L A 03 T Ak S % A 3 by 3 i
ARZ I AR AR R, BRI JE R AT JLRL > GDP > A
Pn] S EC A > ST AR, ST MR G IS A B R
M) A 2 S50 5 M T 0 3 K, D DR A R S 3 T Y b
KA AR 3R L 2 ] 2 b S 350 T 0T A B
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Bve Y QB 11 B oV QN N EVA SR L v T ) A =Y L e 3 4
B A T A T 3R OK TR Y A T S, RN AR
FHASCR A5 A . AR A 35 7K S 19 A 34 AT 37 e e A Y
FLAEFZIE (055, p <0. 001 ) LU T3l i RELASE, DA 4R
TG B 5 A TG KP4 i BB AR OC, A2 s K P 4 i 5
AL 114 I T o A S 68 0 RN 3 2 3 5 B0
B3 5 4R BT A5 i R A 9% a3 R A e T B A 9 B 3
SRR i E A AR A TR GDP S R %K
HEFVEE — ) R M3l iy A= 398 B 3% 32 B P2 A 3 W it
IE R T B IR, 280k S sh o B A 4 5 W ) T
B, ARG KT 5 2 500 2o B 22 0E b, e, 3
T 255 & R 7K T S 5 Wi A 3% 7 3% ™ i 1Y) o B[R]
#EZ—. Sokka % (2007 ) 11 Liu %8 (2011) FJ#F5TIN
I R B A S B — i KF, GDP By 4R 23 K
Xof 57 3 e g Bl I AN B, (E DA B AR 43 A i 1 R
F, HHET GDP X Az 3 45 % ™ 1t 19 B B2 52 i) 3R 80K
0.51(p <0.001) , IEALTFHELE Y IE 520 B Bt BLAk,
GDP 38 32 il it A 0T Az 3% 7 35 ™= St 1) ] 2 4 FH 2
H T 28 0% & e R BUR IR IR B 2, KR e & T A
TNT R My 3 S Y A AR A AR TR S SRR
AR B T AL R R | A T e 3 R A A
B U AR AR BIHIESE.

AHITE N G E FRAE I A BEAIE 9T T AE s N A
REIE A A 6 7 3 ™ e () S ), 245 SR B R A HR AR I
TSR | PR R S B IRASE 4 /N e BN 38 A 3% b7 3
PRI TR EE T AN AN WG PR Bk T
o= fE AR N 3G . Beigl 55 (2004 ) A58 T 55 4~k
NI AR T B 3™ A I s i DR 2 25 SR 3R B AR
B3 i 5 AR B AT 2 W 3 UM O BB A, i A
FIRBE K OB 2 2B SRR BUF
R R S EE ARSI AN LR T —EW
T (Bandara et al. , 2007) , {H X 8L K 2 49 52 W #L
AR /N A Ry — 25 BF 55, Yousuf % (2007 ) Fl
Falahnezhad 4§ (2011) W55\ R, I E AR fb 5 2245 B
o A TR B R AR N AR Bl SR AR 3 BT
SRR R EN EEZW HEA 0.09(p <
0.001) , X455 , FEAS AT LLZ W6, B i P+ 2
o | 7 3™ S AT PN AR B 1T AN 5 T A B AR Ak, 30T 47 ok
T BUR A9 72 IR 42, b7 3 s | ISk 43 2 BR iR
T FH A5 A 5 BUHRE PR 28 6 A T 457 3 7 Az ) 5 ) 72
JITEH 2 (Sokka et al. , 2007) . IMKAT g 52 Wi 157 5% 77
A BIF ST L A8 248 | Afroz 25 (2011) 34T & 30, 36
BEVo e TR R RO 2 Y RN I 3 43 2 7 R X R Tl

A B R A A S UK, T 2R A (2011) /Y
(SR ISESE N R S & I S | R E NS B
DU AL , AW ST R Sl 5 oK 5 1 — 3 Il i 4k
BRI A PR 22 51 Hoaz T B A A5 15 0 —
TS

5 Z5i%(Conclusions)

1) AH P T B A AR DG A BT 1T 5, B A2 43 AT R EL
W HLIE 7R 45 TR R 5 A 06 b 30 e A AR 6 &R IR
A ACH R e R TR R S R AR

2) TR  GDP A 15 KRNI T A 2 5
A T By i B FE I N FE R R R KNI Sy
WAL > GDP > A 16K > i Ak, ) 0L, 38 i
RIS T FH M TG 3 K 15 K 2 Ik Tk i AR
s Wl 7 — 22 71 P12 28 il dsr 3 7 e v e K B A
ReAe. WYEE T+ 3 BRI, 2015 4E GDP ¥
22010 4F (1 P AS, 380 Ak R A0k A 80% | Tt
85% , NTE R 22 1) fey 1 34 KB 5 3504 1 i 3 i e
BETL IR DT A I B I A TN %A 7 S 25 T A
LR VA BUA b S A B Ak R B g B RIGE
BRI SR A R B IR LR A B R

VAR AR S N T 2R AE B 5K JRE FLASE 5 7 35 ik
b XA i 5 B A R 1 B R MR R i e #
B IEHL A E T B I g 2 E RS KK
il TR EF ORI AR 15 e L 8 38 5 5 it AT Aok 4
il 17 3

4) Y T | R A T S 3 ™ A AR P R Bl AN
SCMARBRAS AL, AL G ) 8] 7 51) I SF- 35 28 HE 47 3% Ak 3
Qb ¥ RS B R 2 B s S U ) TR B DRI T I AR
A T 7 3 7 R AT PN AR Sl R A B b 2 HE AN 43 T A
PRt S I

EEEERE N EBE(1973—), B, L R R, EE &
SR, ZENERTAARLBRSAEHAR, EEENATY
KR HL50 % & . E-mail: shcui@ ive. ac. cn.
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