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Material flow analysis (MFA) of an eco-economic system: a case study of Wujin
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Abstract: The economy and ecological aspects of a social system are coherently linked and can be examined by its material and
_ energy flows. In this study, we used the material flow analysis (MFA) to model the material input and output of Wujin District of
Changzhou City, Jiangsu Province. We found that: (1) the total material inputs and the material inputs per capita increased with

economic development, while the total material outputs and material outputs per capita decreased consistently; (2) except water,
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the total material inputs continue to increase, and the input of solid materials grows faster than that of gaseous materials, while the
total material outputs kept reducing; and the gas outputs counted the largest portion of the output, resulting the primary
environmental pollution as fossil fuel burning; (3) agricultural water use continued increasing while industrial and residential water
use decreased by per capita. The total wastewater emission and the emission per capita decreased, with a faster decreasing rate of
residential wastewater emission followed by industrial wastewater emission; (4) the material inputs per unit GDP varied and the
material outputs per unit GDP decreased. We also found a decreasing trend in both water use and wastewater emission per unit
GDP. These results suggested that the efficiency of resource use in Wujin District has been accelerating as the economic and
environmental changes are tightly coupled. Additionally, we discussed the harmonic development between environment and
economy using the Wujin District as an example. Potential limitations of MFA’ s application were also discussed for future
research. Effective measures should be taken to raise the status and significance of practicing circular economy strategies in
constructing the environmental balance of an economical system.

Key words: material flow analysis (MFA); eco-economic system; material input-output; wujin district; material depleting

intensity ; material use efficiency
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Fig.1 Structure of material flow analysis
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1 MRRHFR

ENTRHEX A REH SEFHBEEE, BT K EHASEENKII =AM, B 2002 FHHiREX
J&, £ XHEMM 1582.4 km® WK 1242.3 km®,2004 4EJIE A 2% 96.08 77 A, GDP ik 388.77 12T (1990 4E R AF
M)o EER, RBEX KN FRBEALF AL, BRUATEH, BAED SR T RV EXOEFSF T,
HRHXSFERBEALFITT T REMERT, BRE A FRPURZREFHE TR NI ER 8
BAHER TP RAR LR MAMFB T —BEAE5RERE AEFETESX FEFERAARM.
REMFEFEREFER EIT KRN,
2 AREFRE
2.1 YRR R 5

HRER LEAMSFERBEER Y BHEACFREWERYES N . OLYY R, 0S4
ME_HEFENETR] QLYY R, GFSHT =NEAMBE, HPISMBESL GRS UL FEER
HAQOK ENARR PR RRK;OSR EALXETMEBENFPRABEENS ;O BHEE, &
KBEFEHTBRINRLBHGIEHKLIRAES, MEHEEKRENYES NEEREFY K E
SMHEMSED R 3E(E D,

21 ATLFRENBASHHYRLER ARG

Table 1 Input and output items and measurement indexes in the eco-economic system

KA I Y 4% A Material inputs Y 4% B Material outputs
tems £ 4% Indicators #* H Items 4% Indicators
EAEYY EEA KA B IEBEY TR B A E R FE 0ok 0 A 3 B A R 3 4 HE BB
Domestic biomass inputs  Agricultural, forestry, herd and fish yields Domestic solid waste outputs Solid wastes of industry and household
A5 46 AR i I B pesticide and fertilizer
uses
LEmR . SRETLTHR FL AR PR 70 Tl B
Fossil fuel, metal and industrial mineral yields Waste gas of fuel burning and industry
EakemmmA o e DAL RREGIFREROR g g e F0 4 HE U 0 = A B

SE . LT IR FE B & Oxygen consumptions in
fuel burning, industrial process, biomass breath and
soil breath

Y& R FE R Z EALB & Carbon dioxide

consumptions in plant photosynthesis

Domestic non-biomass Outputs of waste gas and other Carbon dioxide emissions of biomass and

gas soil breath
MY LA ERHERMESE Oxygen

emissions of plant photosynthesis

inputs

Tl F 4 18 Bk HE &

HAKEA ok B AKER B A B K S ]
. . . . Wastewater outputs of industry and

Domestic water inputs Water supplies or water uses Domestic wastewater outputs

household
B U EAWAY RN RRE R ¥ 373 W YR 8 L s B
Hidden flows Soil removes of domestic material input Hidden flows Soil removes of material output
O YR R R O R H oY & B e Oa
Import materials Imports of raw material Export materials Exports of raw material

*FHRERYTRFNEHTREFIERALAMNETFE HEBIINERRRERYEFEHHITESR
2.2 WHRUERBELITITHE

WMARKE R RSN IEEDMEYY RN KIS FEVYRALGHR &R . FERM I LY
B RAUR, PO BR il R Rl XA 3 WoEAR, &R EERA IV e B9850 8.
BRSO EYEAR. AUYRAREY SFFEONRKRKESBNRRE> /A
A

K E A B i R K Db FIOK SRR AR TS K R K S 20 AR, B AR b T K R 1 O At A K B9 AR FEER
Sr BB

BARSK T EQFEESM SR 250, A8 TEHETHORBREE Tl &/ AR &+ 3%

O REXBHEFAMFRBE BFRFRHEER-LHFEFERPTHREE SBERMIF+ 0 ,2005-30-10
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MRENE,GEFENETHEYNEEER. B TRAXFTENREITHE, XFBLHIEEARSHIT
BEY, TWEFRBEREMEMNBECERNGHEE M TURE., ARREREBREYXRAETERLY R
(CO,.CO.NO, .SO, H,O)HiX & FLUMEE . BT RA CO, 1 S0, WHEBEBE, BT L, REEAX 2 MR
HERRGE S TR E R B F R RE AR TFREITHHARTHES, o BB BN =K
e, 0.73 5 - EALRMHE RN 0.5 M, EAYTPREENITEIE P, BEWS IS
ok EETEHERENS D BHNES, ARTPREANES.ESALBENBYREELGE DHSE
ANEBETLHHEESYHERREN 0283, BERULKMEAOE Y, EFERFEHELRTFHRITMTALD
ABEYEER KT ERERS XEFESEHBBHTATEL"BHEERXEFIEATEHRRHHR
BHE BHYMAHTFLRNBEREZFETITHEAFEHRZERE RPN ES B &M XK & TH
mEs, BHYPREERNTE T ERASEAREFBCLEORUMMENELRESFFR FHIHE
HEEBHY, fl, 54 FHEENTREER N 970k, B F K7 4 L BFLL 970kg, (E18 3 Listh 4+
WP REEER., HKBERENFE BEHHMRENTREER, KEMRXERREERMAAE 2 LA
YRR AR, WA DRREER ST REARAAM, BAE D LAY P REERAEFF, L%
FREERFELSEA X CHMOTRBLRE" ERMAXITE, 44 LRER, FERRBETE, 82
Wik HAESFEERN 12.41 7 kg, ML IEFAHFERN Z SRR CUE AR M= BFELL 1.47 KB,
FOYRREFERE RLURR DB A MEFMEM R ENA GRS,

LR EREEYRSOQE T LEKRERY AESIRARA AEMREA R, BRE ACIEE N L
AN RENHBESHELRITRYEKAESKEsIMRLBFEHE,

FEAHM S BREEABEAMILEK 2 FH55,

BESHMHEMSEITES I RSEAR, SHNETUES , GF Tk S48 . T EEM Tk Hd; 8k
B, ERAARERE R A PR PR ES RE THEYEEER. Z8€4AR . Tk @
Tk ¥y BGRB8 Y g g, — S E S BIENE S BBk,

A R RH R HE R — LB R m(CO,) , RATHARITE ",

m(CO,) (FEBBK) = >, PF.C;

Kep, P, B MLARBHHEER, REESE AMARXAKALIMAEARH, SMRWHEHERR
EYMGE T ELEPHERAFELRITERIRELE ORMBE S, 2T EBB, F, 2% BILABREKTE
BEREARE, XBEME AWM KRS TYEREARE D55 0.982.0.918 1 0.98, C, AL H
HEHRE, B RN T ESHREN .85, Bt KN BRMEHREN 0707, B 1 IFERENRIEHRERS
0.403' %, PP P AKIFREERM SRR FASERYHE LRI 0.338 K44, Y1 L |0
W HE A —EABRB R n(CO)/n(0,)MELBIN 1, SR a s LEMFRFEARER. YL EERHER
ME SR, n(CO,) /(0B N |, HEYCAERANEN —EABBRE" ", HOYRERERER
DLRR B N B & R E A R R A G L

THERABER T EFMEREBREVRX DA A/BERERE XL WPSHE . FREXEEH
I 8 i 2k B3Rk 5 #2 (Universal Soil Loss Equation, USLE) &8 5,

E=R-K-L-S-P-C

X E RIS EHREZETH MR ER, R K.L.S.P.CHRNEW T R EKAFETNZF - H0T
MK B KL RIFEEAEEEEZEE T
3 BR55
3.1 YEBWASHEHRON

MEXERBF RS 2002 ~2004 FHYFWASWERLEL 2. ARFAIUEL MEHSEFHRE,
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YA B BEN N, Y3 7.9% B3/ F GDP MK EF(21.0%); MY HEH S 2N 2 IR WK &
B YRR 10.6% . RAMEESERSARRPRTHHRD  AHAXELFREZERKROIESD, X
EBRENBERE THENLER

£2 HRZESEFRENBASBHORE T X
Table 2 Statistic material input and output in the study ecol-economic system

E 4y Year
2 H Items
2002 2003 2004
AEEE (7 A) Population (10° people) 92.80 93.79 96.08
GDP ({Z.75,1990 £ RZEfft) GDP (10 yuan, price at 1990) 265.60 316.17 388.77
A GDP (3T/A) GDP per capita (yuan/people) 28621 33710 40463
Y A% A S’ Total material input (10° t) 77943.20 80849.24 90710.80
KA Y= & There into: biomass yield 70.69 66.26 65.60
LG B 7 B Fossil fuel yield 116.10 192.50 225.46
2R Tk H ¥ 7™ & Metal and industrial mineral yield 128.00 376.80 419.60
16 #A KA B #E B it Oxygen depleting of fuel burning 68.02 114.82 134.95
H By F U FE 4 it Oxygen depleting of biology breath 118.45 97.55 96.89
+ 3R PE 0 #E & Oxygen depleting of soil breath 71.26 69.39 60.35
Y Y6 A 1E AR — ¥ LBk &t Carbon dioxide absorption of plant photosynthesis 91.88 83.10 83.14
7K ¥ A B & Total water input (10° t) 77275.00 79845.00 89621.00
Hep &k 7k & There into: agricultural water use 46504 .00 46504 .00 63614 .00
T ok A 7K & Industrial water use 24968 .00 24968 .00 22925.00
3% S8 4 T Al 7K ' Household use water 4453.00 7458 .00 2687.00
#1F 7K 3 B Groundwater extraction 1350.00 915.00 395.00
Y% L S & Total material output (10° t) 15443.50 15267.38 12354.46
K Tlv BB H Y Thereinto: industrial solid waste 38.86 50.84 53.13
A& ERBE F Y Household solid waste 34.2 34.2 34.2
2 2L AE 1 I & Pesticide and fertilizer use 2.00 1.00 1.00
A6 BRI R 52 0 T ol B S HE BBt Fuel buming and industrial exhaust gas emission 93.18 106.50 131.93
H My IR HE B — AL B &’ Carbon dioxide emission of biology breath 109.12 89.88 89.79
+ A R HE i — L {L B% & Carbon dioxide emission of soil breath 160.84 132.01 131.08
TH Y% & 1E F B 5 &S B Oxygen release of plant photosynthesis 66.88 60.49 60.51
Bk B B & Total wastewater output (10° t) 1493462 14788 .65 11849.00
Heb . T v BEKHEBC B There into: industrial wastewater output 10409.00 10332.00 8787.00
4 75 B K HE BB Household wastewater output 4525.62 4456 .65 3062.00
R TEFH—H BT, TESITEAEHE K 1200 - ¥/ A & # Total material input
O ¥))%% 4 & & Total material output
MY FESASHERZERNECEZAMKBARSHERE 1000 Y 1089.8¢
Z %R, £
3.1.1 AU KMy ERmASRERENXRE EA 5 800
%KL T G0 R 9 A B2 O K 5
%, BD A 2002 4EH9 668.20 x 10°t, i | 7+ ] 2004 4F 5 7492 50165
i 1089.80 x 10°t, E- ¥ 45 3 1% 210.8 x 10°t, F YK i 400
BN 27.7% (B 2)0 [ HR 400 A B 10 8 0 O £
KT &Y R A & K% E K, 5T & M 2002 F K
L |

198.69 x 10°t, F#& I F+ ¥ 2004 4 # 485.20 x 10°t, FF i 0
HHE RN 56.3% , J5 F WM 2002 ) 349.60 x 10°t, /b

B EFE 2004 B 375.32 x 10°, FER BRENR A2 HARAREZFREAAFEKNYRBASHL S &
3.61% (B 3a); O RE BB LI RN K L, Fig.2  Material input and output amount of the studying ecol-economic
B 2002 4E ) 108.62 x 10*t £ 38 B 2004 4F f) 225.46 x e (ot imvolved vater)
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10°, EHKE N 4.1% (B 3a), NUEERTUEH MEHSETFMER, DR AREREE N, X
NEPEAEBEYFEHRERM, FOPENSEBERBRERNE L MK ENBAREKER,
WHAH SZFMEARIEY MY RNFRBUHNORE, MEAKYEFRENBEE MU ASRE
ERT BB,

RIMAFREYFRHLSBE SRS TEHBE B 500.00x 10° t £AES, HEWFERASBHHE
T A 2001 4E/4 78.7% T FE5] 2004 FE1 46.0% (B 2) . NI L&, SEYFRME R 5 84.8% , kY EK H
B 15.2%(E3b), RiFERYEEBIFERAX R AEERSROPEUASE N E, KPR ULR
BROBMR B Tl R R S HEB B AL M8 B, A 2002 £/ 93.18 x 10° t R L F+ B 2004 £/ 131.93
x 10° t, YRR 19.0% (X 2); M EEEFYREIN, EME T X HREM IR,

a b
600 - N [E{&%)F % A\ & Solid material input 1514449 jF 4 1 & Solid material output
S S 4KM) Fi4 A\ B Gas material input 500 = @ A¢ ik 7k i B Gas material output
0 #n D #; & Export

500

400

300

200

#/7 & Material amount (10%t)
/% & Material amount (10*)

B3 HRAXASZSFRAEEANEYERASHL BBHOHR

Fig.3 Components of material input and output amount in the studying eco-economic system {not involved water)

3.1.2 AUEVKESEKHEBRE T A SR SEBR BT A8 808 R 41 2003 4E 1 2004 48 A /K B R 5o B A &
BKHER BB (E 4),

ME 4a A7 LIE H,2004 ER R AT RGE S R/KE L 2003 3800 12.2% . FERAKMBEB S, RALAKSE
KERAFELG L, KR T K BEABEAK BT KMRE, EREISE, RLAKELEAMBEE, B
2004 4E Lt 2003 “EHE AN 17110 x 10* t, 4 %3 36.8% , H EL 61 A 2003 F 1 58.2% £ F+ 3 2004 £ 71.0% ; #H K,
T FKTFRET 2043 x 10* t, 80 4.2% , H L BIAH 7 #2003 45 9 31.3% T FE S 2004 4E 1) 25.6% ; IR 4A
AEFERAKEMM T RKOBBRERHE TR, D EES S, A KB B S Y, & KI5 8 5k A
KBEFHRHABEBEMSEK, ST EMAKEN LA/, R MAKERBARREERRED ,Hh T HE 88
INARR RS B RKERNE D

[ ,2004 4 5089 B K HE BB M 11849 x 10%t, EE 2003 T F% 19.9% , Hoo Tolk B /K HE B &t M 2003 /Y
10332 x 10°t T & F] 2004 £E /) 8787 x 10°t, FFEMEE N 15.0% , 4 1& B /K HE A B M 2003 4 fY) 4456.65 x 10°t
T RE 3 2004 4F i 3062 x 10°t, T REMRE 4 31.3% (B 4b) ., RKHEMB M TREEME THARNE HBRERE,
MHD TREAFERROEAFEEKHERENBS, HRET LEKHERENED Bl THEREKR, 5HK
KEHLFI(74.15% ) , KB H TREEEH LB KHERERNE LD, AT — S BREXN T ERE R ITE.
3.2 YEMmASRLNEE SHESN

HTEBZIFZEYRBASH D EENKE, 50T E R0 A OMBEA RN A ™ S E(GDP) MY R
WASHEEES), K, BRNEMBEEK 1990 FH ] HMBITE.

ABYFRBAR(REEK)EEEF EFAMEL, B 2002 £ 7.20 v A _EF+ 5] 2003 4 1 2004 5 1Y
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2 \ \% B TiHKE S 10000 X exclusion
= § %Z Industrial water use T %7 A
2 NV zZ 5 8000
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Fig.4 Water input and output of the studying eco-economic system

10,71 YAFI 1138 VNG EPRRMABRRECREFE MBS KERLERMER, FFNKER255% , HBXT
FIHIA OB K 3R (17.5%0) ; A9 54 5 B W A 2002 £/ 5.44 o AL F 2003 £ 19 5.06 /N, 3R JG &
18 _E 72 2004 /9 5.26 v A(HE Sa) , BIFEE A QMMM SL T LR, ) A FRE A 88, WK
WEBREREARFREE WA TARRREFN AR - FEKRBETRENKENEFRE, S —HE, PE =5 k¥
B 8 B IR SR T X IR

120 a 35 b

—~3
25110 - é 10
) 0 -
&% 100 ;"'"g 5
=3 &=
HWa 90 |- <325
=3 5 < —o— HL{UGDP W T\ &
ﬁ-g 80 ¢ Ai@%ﬁ.ﬁ)\g . ﬁé’ Material input per GDP

= =
<8 Material input per capita £

3 £5 0L —a— BRGDPHIERL &
£2 70 —8— AR i &3~ Material output per GDP
g& Material output per capita G E
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Fig.5 Intensity and efficiency of material input and output in the studying eco-economic system

Bl GDP MY RMAR (REIEK) EFE BEaRE, BIA 2002 89 2.52 v 7T 2] 2003 4E49 3.18 v/
T It, 25 X TR 2004 4E /9 2.801/ 77 7T ; RIHA A A1 GDP 4 fR 5 H B CR L8 7K ) T 2 B o 8 el A B 3, A
2002 4EHY 1.90 /5 JTCHLE 2004 FE# 1.30 v 7 JC, FEHEBER 17.3% (ESb). WEHEFYE L HRERD
HERES ORBMEAREAESEFRENHENAREERS RS

A RIKBZLE T, A 2002 £/ 832.70 t/ A L F+E 2004 F#) 932.77 Y N, E B EN 5.8% ; AHIE
IKHERCR N 2 TR, A 2002 4 160.93 o/ AT % B[ 2004 489 123.32 / N, EBBEBE N 12.5% (K 6a),
B} GDP /K B F 841 GDP BEK HEA B WA # [F) 43 ks %, Hop 54 GDP AZK B M 2002 42 #9 290.95 v 7
TCHE 2004 41 230.52 7T, FEHE IR N 11.0% ; 4L GDP BKHEBE M 2002 £/ 56.23 T TTHE
2004 £/ 30.48 t/ T T, SEHE B RN 26.4% (E 6b). HHMELFHNEABRAYA/KERERMT ,BAKK
REFHE T, MEAA COP FKHINEMNBS TRELETRHEXKFEEMNARENRIES, XKBEFHEK
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Fig.6 Intensity and efficiency of water input and output in the studying eco-economic system
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QEAZBKKARELT , R XY Fa A BRI R BT, B B R Y A K R R E T
KT SRY B0 B Y B4 B U 2 B T e 3, B ok UL SR ) i L B A0 TR B K, X 3R B v AR
BREY R U AR R ES T ES N E;

(3)HERR o KB4 L FIAR ML FIK 89 B 7, Tk A 7K 380 A 18 I K Rt R K 8 B e A 2 1 98 B 40 78
AR, B EBOKHERE R A HER R R, B XU A E BK HE BB r > B, 30Uk Tl BB ok HE Rk
B, KARRENTRAKFASENRS, A TFXETHRERRE  BRKEHTERE;

(4)% 47 GDP Yot A B 2 4b F B RS, B 8 842 GDP /99 o 5 HH B 0] 2 538 Wl By s R fur
GDP RI/KE M GDP B/KHM BN A HFE K BB EH. RIETREXKEAAMENRLIRR, XKHEE
FKMAEE N REZE LB,

5 it

HEFUEYRASHAUERARRXESET ARG A 2002 FURYTBMALBRRAYYFEBAREK
WP, XEXBEFHEREKESAFN, SR, XEAY RS SBEASYRIRENEAIFAL, &
ZREREMRMER, AL T/ E R R KR o X IR 5 E 5 3R — IR, 3k BB 5 R 22 08 Rkl SR 784,
RAXEZL MXBEFRSEFHDEALRI T AR,

MHA GDP YRR AT UES IR - HTHYRMHBAEEATEENRR .S T HAETYR
EIARAAER T —EBEMER, XN N ERIE 7 XS] FrE & RIRBE EAR LK, XERkK LR
BHE K, RN XA SHEEBEANELERE —EEH

RUVAKYEFASBTKRE - ERENEK, B, ZREBTHRKWET S LERIB S, LK
RIVERHAXKFREZEFHATEABRANER, A TAMBHAHSEEESRORIVAKRTEES
PR —ITH,

A B TAXRESNY S AGHREREEERTEN, BENZEKNMEZERBITEEB Lk, 0
BAFRENESRYN THRENEAMENRETS FRIFHENHMEH DY, TURAESEFRAEY R RS
Bt R BR , X 3 i B 9 o B S R 7 A B 2 5 &R 4 R A9 0 T i 43 BT (Substance Flow Analysis, SFA) HETH B
Bg—EH R,
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VERAEFEMMASRRRES MAFERT TEARBERSFARR, EXHBERPIRER
BERERAERDLRE, REERFEFS RS, WETREMRE BERRENEE FH ORI
B EREMIHARGNERTES BEWAYRRMTOEREMSEE, BEHLHROE - FT
APERRAF T EESANREF MR RE T NEHRO BB ETH,
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