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ARSI, 4 FK R LT 8T — A5 Crp e N R KRR, 2019) , o 897K B H 25 08k,
T K TR JCEENR T 31X — 253 (Ma et al., 2020) , 7K B LBk B8 A il 258 6 28 5 al H s k-
JR I

N TR K IE G, B 45 BT 2015 4E & AT T KI5 HBIIATT8h R X Jeie 4 1Rtk
ISR PR N R GEPE Y BOR (FREE,2019) o FEHEDE KIS Yo it i, 2l & v F Ak =
i AL A e A I8 L B 4 B AT A W R K AL, R 2 4578 15 e M HE s s o
55 BE,2015) o SR, 548 52 Zy Wk 38 H 2 A00EE, At /2 At 4 13 (078 B oK, SR 2648 0y A6 7
Al CE a1 A [ B0 5 Yo HE R R AE T8 N X IR A i o AR S U 240 T #8548 52 & vh
WO 1) TEAT LB (255 1, 2018) o FLBERE X0 T (BREE BUANK,2018) K A 48
(RS B RL, 2018) (R TETHE , & 35 b DX AU 1] TR 775 e 235 B2 R 1477 M e 6 38 A5 R A 553 7 R
KR MBI (HHYEHESE 2018 ), T3 A 77 19 75 Y 5 AT 0 e D) 2 il 3 — e 3 i il (2
SUERSE,2018) o BRI, SR T S R AR 7 ity T A T ) ity , BEF U 93t B AT ( Peters, 20085
Yin et al.,2016; Mi et al.,2019) (A5 52 BIHOR 222 5 105 Bk, BIT5 L3300 fh 9 2 5 il
FE 48 IR i T 2 LS 48 BT b 2E F1 A48 17 7K1 (Serrano & Dietzenbacher,2010) . X — i)l
I BT O 55 B30 SRR S SR A T RS Y HE TR A B AR R 2, FLRESLR) K A X 5 R R
IR X RS YR BRAVENLT . AR(EAR I AR, 54 R 5 Th &5 sls i 8h 515 Y it B [m] i)
FEAE T D it B0 T ot 70 SR A T 5 B8 7 o ¥ e HE S in ) [ s s S hr s HE 2 B R K (ks L
45,2012; Wen & Wang,2019) , i 5 F1H 2o i 5 AE R 40 R IR THIE RO &R H X E %R
ERAHEITA TR BT 2 B RN Z

I 2 AR TR 548 B2 5 h & B s T 801 5 7K 5 e e B AR TRl — BT HE SR
AT T . R T ARG — (A B, 7RSS 210, A SCT A T B 8 e A&, 2 AT LA
Bl B Ay 545 52y v 2% 22 0% AR PR AR S A A 28 B A R 45 19 B 44 (Moran et al., 20135
Zhang et al.,2018) , 1] 52 5 WUy 15 Y HEO4HE B e 3G MBS RS e Y LU DR s . DRI T 2
T v ) 5 A0 40 I [T ) 25 R A RS e AN G A A REA S U 2 R S T 4R
A B B KA S 15 B T 15 Y RS I R R AL, 0K R AP B A5 48 s IR 3 o AR SR Ik s
BRI . SR, FRE B = 0S8 R 5 s et (SR (24552 07,2018) , H % B EIFRIL—
FHAETTEE RPN, BAERF ST 57820, A SCRE BT 22 X% A ™ H (MRIO) £
AR A FFR T TR AT S (AR 55, 20065 5k WSS, 2012) . MRIO S Hib %5 [H] 2
TRHR AR SRR T AN REIE B A T e 4 1y S 20 S AR IR AE LN 6 b3 S Il
(B 7% (AT, 2006) , 30 1] L A SR A AH 5C 28 B AU &4 103 [F]— 8 1T A2 P B AR K- 22 57
(B M55 ,2006) T a5 T 2 T (54 52 5 5 | B RE I 2% (Zhang et al.,2015) , faf5
e HEN (Wh K55, 2018) , 75 44557 (Liao et al., 2019; 25K JH %5, 2019) , KEHI/K 57 5 (1B 3% Ak
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25 ,2014) SEF AR A IR RE A . PRI, MRIO ADRR25 45 572 5) v i M R 22 57 R0 25 i 0 I Bk
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B 55 T 2548 52 2 vh oKk s e S5 38 B S RS I 10, LA kg B AH DGR 25 R 4405 L iR B T
AT, il BT X AP PR B SR AR o A SCRY QT AR BIAE =)y T : AR SEAR
1 BA ARG BT MIREE AT A5 10 £ BE PPN 2 i 0 A2 B U A e B, AR SCIO B0 o 58
XA S . WSS NS & DRI 2 5 548 1 5 5 | 8O icHE R sk ok <
TG EXKIE Y g 28 T LRI, A SO i Az B 7 4l Tolk iR 55k
L30T TS B HE . IWIFSE 51 B R Z B0 IFFE AR FH MRIO =4k T Ba /e 5
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BRI ARS 5

—. ARFESHEFRR

(—)HARTFTE

IREEY T B 70 B g PRI A B0 5 2 ] B8 55 400 1A ™ i R L
Wi 205 A o) SR B R C R R G (White et al., 2018) o ASCHE KI5 Gy HRHOE B
5 MRIO AHVE P Al ™ i 51 55 BT 9% S BOK TS I TE AR Oy BRI IRl 954 . MRIO
HAELE m DAY, BAE DA o TR R AL 5 i BEAE R 20 -

=Y YAy (p=1.2, s j=1,2, ) (1)

Horprs x[ 02 p & i BRI THOED" 5 a) R EAERBAREAE g & j 38114 SR Ay, p 45
PRI B, T2 R s X7 JE g 4 ABTIRE sy B p B iR I g &
AT RN,

a;q:%(pzl,Z,---,m;j:1,2,---,n) (2)

Xj

Horbrs " 02 p 4 1 BRI TR AL g 45/ AR IR
B2 D) HEEFEZR 5 | ABRZEERE 1l BRI 5l 45 .
X=(1-4)Y (3)
ooty (1- A) R BV KR, RO ¢ 48 MR RIN p 4 4 61 P 1]
FARA BRIl B BN % F K5 G A e ry i R GXTEAE, 2009) o
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E—2EH, p 4 i F TR KT S Y B HE R B wa! RTRoR R -
wa’ = W—; (4)
X

1

Hodr w2 p &I UKIG R . 4 diag(wa)” B diag(wa)’ 231 FR p Al g KT
Y HERL R B XT AR, A4 diag(y)” A1 diag(y)' 43 BIFR p Fil g 4 B il S ik 1
XF AR, A (S)
E" = diag(wa)’(I - 4) ' diag(y)’
E” =diag(wa)'(1- 4) ' diag(y)" (5)
EM=E"-E"
Hr: E™ JEH T q BT IE L 1IRNAE p MK PG EY Rl T4 p R4
FRERTH RS DRI g WA R HEG EL B p F g RS R AR E)) > 0, 3R BIKTS
PYINE q BRARNE p  ZWERVDKTG RN g Ham i 214 p o
WA AR T BB, I SRR 2 W 33Kk 2548 10 2 S EBE 73 L AR 25 155 00 (2= HiAfy
55,2019) T p 4 i BRI T2 5E 7 A BLEES B R va] AT RN
v
Hop v J& p B i EITERINE . 4 diag(va)” 1 diag(va)’ 23 AR p 1 g 48 B IE &
R AR, A (7))

(6)

p
va, =
X

F™ =diag(va)’(I - 4) ' diag(y)’
F7 =diag(va)'(I — A) " diag(y)" (7)
FY—F™_F?
Hor: FPYORMFE g WRETRIERGEME p WIMERIsh; F” 2 T4 p 4™
ST TRE DRI ¢ MIIMERISh; Fly 28 p Mg R, 2R Fryo> 0, R BIREIn{E A
B qBMARIE p R MERYIBINENE g BT EE p o
H L B2 51 5 oK T Y S R A f) R 4D A A 2 IO R A 1,2 £ > 0 H
Fr> OBF, p 48R AIKTS Y i 1] B ASEIE B2, 4 B <O HL F > OB, p &
WL KT Y i [l A IR 3,2 ) < O HL Fy < OB, p 8t th/K 5 e
() [t S R B4, 34 E2Y > O FLF2 < OB, p ¥ A KI5 Yy i [l s i i o 1
IE . H5 AFMERTR Y EL L F Ll 5 S TR — AR Ab 3R, SRR H s T IR AT 5484 RET™

VAR ARS8 52 5 oK 5 G M IEEE A AT AP SR, inaX(8) iR -
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REI™ = 2% (8)
F
(=) #iE kiR
KIS Y HE O PR SRR AT 25 (AT T T R A7 FR50
BIR = AT, Foh AL R AN AU I R EAOL A KD) , B E SR AAE R R
PET B B AR5 , K SRR KI5 58 oA 5 T b el ST ARS8 ) , 7K T3 Je i HET
FRHORIET 20— W A B 5 Y P84 ol 5 G IR NERHR R R BT “ & 8 AR 5K 3751
A7 HES RECFIE S EC S AT 5% T BIEESE(2012)  EAATAE(2018) RS
B s #5480 Tl K5 G B AR [B] b3 T 17K 75 Gt i HE ol U5 O [ IR SR e T4
%), B4 )7 —55(2013) 1 SCHRRF RAS i 18 8L 0K 7K 15 G ) S HE e 5000 20 3104548 1y
FIAS TR AL T T 5 228 A AN TR IR S5 b8 T T MOl A 5% 5 She s O L 565 = = SR HAF %) , 7K
15 Y IHE R BOR IR T — Uk 4 5 Yo I A W A 1 U5 HET S R BT A kS
T Ve i 2 FOAR AT (2014) B SCHR o 25 48 00 AS TRV 1T 9 385 4B -5 A8 ™ (5 R U T 2012 48
MRIO %", 1%2 Jy L3547 MRIO (Mi et al., 2018 ) , BV B 1 11 5085 [ P4 26 77 5045 2 775 e
930153, W] BB 548 BR B AZ R 0 S o A2 S A B BT K TS e R SR RN S B
TR A S ST, AR T T35 S A 27 A 5 & AU (Li et al.,2019) .
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540 R 5 (2019) BFEA5eARRL . S8 B — 2P BB BR (AN 2R 1 R, & B3R al ™ A= 1Y
S | PRI S T i B K T e R & AR AN R T HE & vh 48 S 5 A R 32
DXUMAT AL 2 TR , W TR SRR SR 8 B DL R AR G S5 2 U MROR Bl TR
BRI, ALK TS PR A ARl BB T HE & 0 FEE R R L8 VLG
AR T SRR K IR K T R 5 LU IREBOR

A AN FR T 7K 75 Y Wi B B R R B A R 22 5 B 2 SR 3k 2
FRs e WA ZEE , AKTS JeP i) 4 B EHHREC 1.33 T/ o0, A 14 M E
HeHE R B T X — B, JL A HEROR B R 5 AN 0 i KRB IMKUOR T - 1 B
VG LT AEARE R A, T A RO B e K AR Oy, R R B L 3.46
5o IEBI1ZTEE , K5 Yy i 4 P45 B HEHER R B0 1.33 T 50/ 5 70 AL 4 AR T B4

A IR - E R AR E
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*1 Rk = K FH AT LA G AL R HE 8
4 MY | BERAN | AFRAN 4t A | BE RN | KR
Pl 1.63% 95.93% 2.44% M 6.88% 91.42% 1.70%
K 2.65% 84.51% 12.84% Wk 3.96% 89.07% 6.97%
B4 5.60% 92.02% 2.38% MW 3.89% 89.59% 6.52%
iy 2.04% 97.66% 0.29% SR 1.34% 89.96% 8.70%
SE 4o 2.27% 96.77% 0.96% ] 3.19% 92.62% 4.19%
i 0.44% 97.28% 2.29% piea-a] 3.04% 82.63% 14.32%
= 0.66% 98.99% 0.35% e 5.91% 90.41% 3.67%
E kT 1.83% 96.92% 1.25% syl 3.67% 93.32% 3.01%
i 2.86% 90.93% 6.21% M 15.93% 81.50% 2.58%
L 3.98% 87.57% 8.45% =W 10.50% 85.28% 4.22%
Hrir 1.69% 90.80% 7.51% i} 2.65% 95.94% 1.40%
L 5.61% 89.03% 5.36% H 2.81% 96.87% 0.32%
YR 1.40% 92.96% 5.64% Hi 1.37% 98.46% 0.17%
banyic 431% 83.76% 11.93% TE 2.12% 86.82% 11.05%
& 1.84% 96.34% 1.81% it 2.78% 95.12% 2.10%
*2 A ETAI|IEEE AT LY E SRR (BAL:F5/% L)
E HEHKEH 17 HEHKRH
Pl 0.98 KA 21.78
R 0.98 B S TP R e 0.48
=g 0.91 EER R N e W i 2 0.07
1IN 1.17 4w Rt 0.47
NE# 0.82 FE4LET Kkl 0.16
T 1.01 BB A A A Tk 1.94
=R 1.35 A 2.62
Z kT 1.10 Iy SRR S B RO T R 0.74
L& 1.19 AR A e e R B4 3 0.19
LA 1.00 YR TR BOCER R R R 5.80
i 1.00 F i A Tk B RAZ R e Tk 0.35
28 1.39 T 1.27
7S 1.10 FEL BT PH &k 0.14
LT 1.50 4 JB Ve MR R FE S Tk 0.20
1TE:S 1.39 & B &k 0.33
1w 0.81 SRR R 2 0.07
Vil 1.48 2% 137 Bk A 2 0.14
W 1.48 L AU R A ] 3 0.04
IR 1.42 HAE I EALR T A 0.23
S 1.76 D& &2 0.08
bl 0.92 H A 2 0.29
3 0.97 WA B A R R 0.11
)] 0.96 IR ARy A P R 0.05
M 1.36 5 0.13
=W 1.42 AT KA 0.31
i 0.87 R FnEE 0.29
A 1.48 15 78 F 8 0.27
Hi 2.57 AT F A 0.35
TH 3.40 REEBE 5 A B R M A 0.87
HiiE 2.23 H R %k 0.17
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ARZS , DRLIHCTRA T T D DR T DR i DX ] L ol S A Sl o e ik LAY A8 T I AR T
AP TR R KA . AL IR AR TR AR U AR TS B
A0y, HILPERFAE A A T ARZS (GDP B K, D A2 H AR 3 I B bl 7 2R, AT 2l 47 B 52
Gy WS RAR YA i U 3 8, HLAOWART 1 /K5 G B R By , I TR 1L A4 o
AR A T A AR TR 17K TS eyt SRS o 4 X 038 7 Tl 3R T o, L 2R TT R 5 ) Y
B2 o S X AL R0 b A5 B e i o FE AR, M AE VTR 25800 27 R i
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IEAh B IMEARR AR B8 1y 22 0 R B8 Oy, R0 FiES 25 B (2013) , (046 ZR JL B X FY
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T REE IR S5 M JE IR A AT | b FR ST B R R Tl AR s i L R T
AT LR A R PR B ol , b 30T A S s 4 B A il VIR A R LR S
LB e AR Y 1B N = 2 V1 W2 1 R o o 1B = AR ) T i sy RE A RS B A R =i )
2R KRR AR L DX B SR VL, PHAE B XA HA 5T T L BTSRRIy LY
HERHBIXHY)PY R LA R P R IR S R SR BT, AT LU AR S ) TR
BA G IMEL T A K 75 e S 20 AR 5, T KR IR A8 3 WA B2, 1548 53 2 P A A3 T B A 3
B BR , BEE 52 5 s oK 75 Qe S 3 B A% 1) 07 160 RIS SR A DR IR AN I i
o

(Z)kiER0 5EMENERERIRS

PR, KIS QR Sl Th AT 218 2R ABERK L 217 25050 B, 29 644.03 T3 K 5 5
IR SML 5 T A 13 5 55 U RTINS ML B R A 201 ZRHA ASEB% , 144 25100 T BRI, 2
9.68 TACTLHG ML RARBUIIE RS B S b . SR 3FIR 400 1 3 [ 54 52 By ik i v /K

*3 KIFEMEEBEKRTA0T 0T 548 5%

5 5 4 3 BHEYE 5w BB E W 5 4k BN E
-4 50.61 A= 53.68 Fi-HE 53.17
- &k 41.48 BT R 46.86 HiE- K 87.64
(- S 61.36 L& Supll 48.39 Fig-14 )1l 66.32
Jb 7 -1 )] 49.90 wmE-T 41.76 TR 61.29
KE-i 50.91 VLT -3 b 62.48 TE-IT 46.49
K- bk 42.97 i 84.19 THLH 80.83
RE-J R 61.67 LW~ & 61.11 TE - 57.69
RiE-19)I] 51.06 VLT -9 )] 57.27 THE-RE 40.45
+= =T 4 55.50 R - 4 44.99 THE-L AR 95.45
FMH-TT R 57.87 WAk — 4 4720 TEH - 72.12
-1 )I| 52.57 S -4k 41.81 TE-#d 56.40
FiE-T4 62.69 F - 4k 57.44 TE-WH 57.06
e A 42.99 HFlg-i T 4450 TE- K 94.22
FiE- KR 47.79 FiE-LH 72.38 FE )l 68.22
Eig-#d 41.43 FHE-#r L 49.80 TH-#E 106.01
Lm-WE 44.67 Fik-L A& 88.79 HE - 43.33
B K 72.12 HFi-7"HE 64.58 HE-r R 41.27
Fi-m)l| 61.53 -k 53.54

TP G IME AL 5 KT 40 JT IS 10104200 52 Sy ik i, F BT 2 , AR SORE K T5 5
PRI I AL R A D3RO i A 3 o Bl R0, A A 3 1) 2 ) A1 AT WL 114
DX 55 | B0 T B2 1 B2 D) B, S A B AR RS ), AR s 48 03 1) 52 ) B S Sl R R R B
BT A 00, WS AR=T0 G TP AR T V= DU )1 205 i e R 7K 75 ) 55.50 T 61.11 7
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* 4 Wi 4% E KT 10101000 5 5 4 %
5 5 1k B GG E H 5w AN E R 5 b B AN E
TR E 1541.18 HIL-W & H 1021.64 HE-TE 1039.03
L H - 4k 1302.73 AL -F 1171.57 JTR-RE 1358.08
-1 7 1720.24 WT-T & 1144.53 SR 4 1133.63
TA-HEH 2148.24 BE-ILH 1318.29 SR 1643.41
LA —3 1018.37 W R-K 2 1098.33 JTR-NEE 1936.39
VL = Ak 1679.29 WA- LT 1297.91 ] HE-F 1481.92
LA -E R 1787.21 W R-HNF & 1589.50 JTER-B kT 1573.56
T - T 1289.75 i ZR-F AR 1221.63 JTR-EH# 1112.28
i 1633.97 WAR-B AT 1230.01 SR -EE 1448.48
L H—IL T 1674.85 W R -1 2 1160.48 JHR-ILH 1569.48
A5 1195.48 W HR-LH 1236.55 JTHR-AE 1010.55
busy il 1755.94 W R -#14 1141.63 ST R -#l4 1470.88
L H - 1548.39 W ZR-iw 1058.75 ST R-HH 1362.46
L= 1821.77 - 1331.48 SR H 1637.70
L - 1707.99 W R-¥E 1298.42 SR 1601.83
LA-E R 1941.17 R -F R 1476.72 JTER-EK 1781.37
VL #H—-1 1] 1221.89 W R -5 M 1612.87 S HR-m )l 1093.87
L =5 M 2009.05 WE-=w 1363.29 ] =M 1817.81
TH-=H 1753.37 W R-Pe 1201.04 S HR-=® 1594.40
LBV 1644.73 W ZR—H 1440.81 JR-KWE 1474.48
I A 1864.03 R -F i 1718.57 SR 1707.37
T H-F ik 2219.49 bW R-FH 1743.66 ST ER-F il 2020.57
TH-TE 2269.52 W R -5 1381.41 JR-TEH 2009.35
A -F 1884.02 T -F 1061.22 ] R-#E 1730.87

i .66.32 J7 Wi, VLI —AE (LA -1 PG T AR T8 R 43 e B 3 L 1755.94440C . 1297.91 42
I 1362464270, HFEFERAE R AL ST () 52 5y f (W 22 55, i vh 844 0 76 BG4 52 5 v
TSR 5 AR X B4, RILEAR S0 O TR AL D v A 0, DRI IG5 4 B ) e it b o
{ELR SRR IR RIS AR U VU R 8 R TR 8 1 (R R TR A8 1y S s 8 1 1285 )
i 2 IR AR (1) KBS A CR B 0 SRS A 3248 ) , W e YL VL5 et n)
2R = g 1) 25 40 R 88 4840 391 A 1787.214206 . 1381.41 427G . 1594.40 /27T . Zhang %5
(2018) 4 Hh R R A s A8 (3 An L 78 GBS S5 41 = 5 I RB IR BT IR, 10 ARV R TR 8 1y
PR T R A RRHE R JE R SR T 0 TS AR RS TP B S RS e
HEIME R B S D 3 ARG . INIRIREEREAR SR 6, KI5 Je o ol Bl i 48 10y i
8 2 RO IE A8 1y, SR T S 3 I LR a3 & BE IR AN AT VAN T S A RO AR
SR AT (KI5 52 o KI5 e B2 07 5t 22 0 BRI AELATS (R 0 8 ot B A T 05
KK T5 e A i dh 2 kAR NI KA Rl O HOE & & FR0k) Ka K Tl kB E
3 2Z 180, WL AR P ) 3 R o Ml ™ o 4 A B EE 24 R 42— ek IS A ) i
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L3 1) B VT TE 2R K5 e 8.21 JT N L 5.20 JT I 3.54 J3 I 5 AR 1) v 4 AR
Ko SCHATE FY o 53 5 e R PG 25 A% KT ) 1.90 T I 3.76 T3 I 4.78 T3
{EAS R WS, 548 52 5 i LS A AR MR 8, T /K ¥ Y I BRHEAE 57 5 e v v 1) 71
HNERPE il , B INE 5 K5 e 0 52 T KR e 1) A — 3, i3 T R R AN A 1Y
MERE , RN 12 e A ELAR B 5 B BRI RS AS A TR

(S)BELARSNAERTENELER

FRIE 301N (3 10548 B2 5 HIE i 435 2552 5 i B, oo — =R BRAM 5V A 104 4% .28
BRI B UGB AT BIVE A 190 25 113 555 (AN 2 IR ) o T BB 2, 23— =4 R

B IE (I o0)
e N BRI
" HR-TH .
REI=1.12
e *2x10 1
. Tt
MEE-VLPG , . o0t
REI=1.52 P gy ™ U
AR N e o
~ e teael Neelltt UL * %, REI=I. TR -
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Virtual Transfer of Water Pollutant and Value Added in
Interprovincial Trade and Measurement of Environmental

Inequality

Deng Chuxiong’, Zhang Guangjie' and Li Ke"
(a: College of Resources and Environmental Sciences, Hunan Normal University;

b: School of Mathematics and Statistics, Hunan Normal University )

Abstract: Paying attention to the inequality of economic benefit and environmental cost in interprovincial trade is
of great significance for improving consumer responsibility principle and allocating pollution control responsibility
more equitably. Taking the discharge of water pollutant as an example, this paper uses a multi-regional input—output
model to track the interprovincial transfer of water pollutant and value added due to final consumption, and to quanti-
fy the degree of environmental inequality. The results show that the emission intensity of water pollutant varies great-
ly among provinces, and the agricultural sector rather than the industrial sector accounts for more water pollutant dis-
charge. Developed provinces such as Shandong, Jiangsu and Guangdong tend to retain value added and outsource wa-
ter pollutant to other provinces, while developing provinces such as Ningxia and Qinghai do the opposite. The spatial
transfer of water pollutant and value added is characterized by the flow of developed provinces and surrounding prov-
inces and long—distance transmission to developing provinces. In addition, according to the measurement results of
environmental inequality, the transfer mode can be divided into four categories: economic benefits but environmen-
tal damage, economic damage but environmental benefits, both economic and environmental are beneficial, both
economic and environmental are damage. Based on this, this article recommends that interprovincial and interindus-
try water pollutant emission rights trading pilots should be carried out. The government can implement classified and
graded control and precise measures in the treatment of water pollution across provinces.

Keywords: Consumer Responsibility; Environmental Inequality; Multi-regional Input—output; Water Pollutant
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