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Abstract

Based on the complete decomposition method, this paper decomposes the spatio-temporal dif-
ferences in water use in the Yangtze River Delta from 2000 to 2015 into population effect, income
effect, structural effect and intensity effect. The results show that: 1) Economic growth and expan-
sion of population size are main factors to promote the increase of water use, while the decline in
industrial water intensity and upgrading of industrial structure are the factors that inhibit the in-
crease in water use; 2) The water use efficiency in the three industries in the Yangtze River Delta
has generally risen, which has effectively promoted the decline in water use, especially the sec-
ondary industry. The role of industrial restructuring mainly comes from primary industry; 3) The
main reasons for the higher water use in Jiangsu and Zhejiang than Shanghai are the large popula-
tion size and low industrial structure. Therefore, to achieve a reduction in water use, we should
further reduce industrial water intensity, optimize and upgrade the industrial structure, of course,
still need focus on different industries; weighing the relationship between economic growth and
water use, and controlling population size are also important ways to reduce water consumption;
Jiangsu and Zhejiang can reduce the difference between water use and Shanghai by controlling
population size and optimizing and upgrading industrial structure.
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1. 5|8

T8 1978 SEABMARHEL, 1978~2017 ErF[E GDP EJIE K RIAF] 9.51%, PUEL T K H 2 LT
TR FERAEE S GO . Horp, JKBHIR R B LR, H/KEFEEKEN 0.64%, 1 EZR—
ATEEHOKIE R, ABKEREAR R RN 1/3. KEEMZIE., =23, Rx2HE, A%
IR IR BRIRI 23 oy A AN ¥ v ] (0 A B AR, AR K B IR TG I TR 312 R, /K SR
B AKIGYEE, KAESHEDES W E H E R, SRR 24 S G AT RS R R R R B 1], A
Uk, 6 FH K S A B AT o B T R AN R PR 2ot K B RS e, B R T 1 AT ml
PERDE I IR BRE SR, X “ =50 40487 A1 “XUZATEN” Mk st BAA H R .

EARFCEI T KEKT H/KEEHK AR R 8500 0T 7T BRAR S0k B Tk
VIR R FE AL A RN S5 AR BRI R A B[ 2] XUBN AN 22 08 Tl K EAR L A RN L 45
A2 AN FH 7K S8 BN, 435 SR S 7 AR 807 2 X 50 Tl P K B I 32 B2 IR 2%, 1 I /K S B R0 N 425 4
RSB T Tl K Bk (3], TR AL S 585 52 1 45 KBS 1) 22 s ol F 7K B 3G i DTk [4] -
% B SRR B TE A A P K B A RN G BRSNS R RSN F KB AR R[5 A G FA
B b [ Pk K AR RN A B KT RS PR GRS L FH KR FE RN AN AR R R (6] Xu
WAL R 1978~2012 S RAEVIK R AR RN TTKBEAR N . FIRE SR RN 7= AR RN 3k Tl
AR SAN N VBN 7] o 506 55 S H [ 31 A8 AR G R R AR A 3 il R 38 36 B0 5 R 8B 2355 28
B JFR BB AR [8]o MRAR S TRIFREHEE T XIRE G A0 v B FH /K &2 A ) 520 9]
[10], 534h, KRR SEIL /0T T XN F o Adt K BRI [ 11]. WA TR KRG, FKEE
FAZK SR BE AR R 34 1) ot 2 B AR TP T T A, B 28 () 22 SR ma R R P o . [ 40 23 Ie) 22 S B B
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SN RIE 5¢ S T i - RS E PRI AT 12 FH 7K 25 1) 2 52 B3 0 43 AR 01 2 SUHE T R TR 2 K
b2 5 T B S R RT3 X 7T DA T FE K 5 22 F i X T8 5 1 5 o 4, 2 S s
BUH KRR “BHK , HE “Humk” .

KT = A P X [ 2 5 R R RS X, th 2 /K BRI 2 R TR TR S R IX . AR
MK = A Y IX AT Tt 5, WIS IR0 2 6] 5 00 £ A K = A B X PR /K B IR Bh 408, A
T4 F K B 25 2 SRR TR 2, sl PR /K i B B SR AL
2. {ERIE

SE AR Sun [13]F 1998 4R, & HREUAM I b ) —Fh B BRI, A SO FZ R 4 K
VL= 1 o X PR 7K B 4% 2 B Eh 2 «

T X K S B 7 ph A (1) R

3 3
W:ZVKzZPx%X%X% (1

Xrb, P A G AR N DO E WA= B8, G, 0 oR s @ P g A K&, I Hasi 2
G=23:Wi (i=L2,3).
B 2 (DI 2P 25 e @) A
W:ilenchiin 2)
XH, Ine=G/PRRNBENEF=EAE, S,=G /G FmRH i Fol b & E AN A S Em T E,
I, =W, |G, Fox 5 i P KR .
R 0 2240 E] ¢, HIK S EAAE AW W LT A 35((3) R
AW:W'—WO:iP’xlnc’xSi’xI,’—iPoxlncoxSioxlio (3)

i=1 i=1

A LUK K S AR AW 73800 4 NSRBI, 40 A 3K(4) R :

AW =AW, + AW, + AW + AW, “4)
e “ILmGE, FEHRC” N3], 4 DRSO 5 a2 3(5)~(8) FTr :
NEEIVF
3 3
AW, => AP-Inc’-S} - I} +%ZAP-(A1nc-S,° AP+ AS, - Inc” - I0 + AI” - Inc® -S,.O)
i=1 i=1
3
+12AP.(A1nc-AS, I} +Alnc-AlL- S +AS, - Al .Jnc‘)) 5
1 1;1
+ZZAP~(A]nc~ASi “AlL)
i=1
N IVE

3 3
AW,, =Y Alnc-P*-S" -1 +12A1nc~(AP-S,.° AP+ AS P I+ AP S))
2

i=1 i=1
3
+§ZAInc-(AP~ASi~Ii°+AP-AIi-Sl.°+ASI.-A[I.-P°) (6)

i=1

3
+lZA1nc~(AP~ASI.-AII.)

i=l1
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i=1
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i=1

3
+§ZAII.-(AP-AInc-SI.°+AP-ASi~Inc°+A]nc~AS,.'PO) (8)

i=1

3
+%ZAL(APAM0A&)
i=1

o AT AW, A BIAER A CUSON . OGN, S MRS R AR, 4 R A
BB ZHERK . P R 7 P A BRI A ot P A A AT (IR

AT @)~®)EIL T FIAK I W MR 0 (L] ¢ I, FAKA AR 1L B AW BRI 25 (EPIA
HBIX, 4)5IF RO A R1 Fo, FHAS TR 197 (1192 5 1 SR (0

Kef, AW, . AW,

AW =W -k = iPRl x Inc® x SH x X! —ZSZPRO x Inc"® x SFO x [ 9
i=1 i=1
AP R LENEG X EAXGMAE, AAL AR R RFRESR, MAKG)RRIAZESR.
K HX R1 AIHEIX RO FH/K G823 (8] 22 53 AW 5RO 03 il oy 4 ANIRED R, BN EVRRE L WAL
LRSS L RN, U0 T «
AWR17R0 _AWleRO +AWR17R0 +AWR17R0 +AWR17R0 (10)
- P N 1
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i=1
1 3
+ZZAS1' -(AP-Alnc-Al)
i=1
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i=1 (14)
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3
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i=1

R, AR ATFERO | AR ARt 515 N ST IO s SRR R R

Sl X R1 S5HX RO N IR 2 57 . Rpr K 2= 5. Poab s by 22 S e b FH 7K o P 22 S5 6k FH 7K s
A 2 7 AWRRO R .

3. BURKIR

AR SR A IS TRV ES B2 4 2000~2015 4, B SR Aa 5 v N O Fabe . SIn{EFa ks H /K &FE4R,
B RIET A (PESTHES) (14780 CREKEIRAIRDY AUTRR) [15], SAHRE SR :

1) ANOfabr. NOFaER NEENOR P EN OB D2, S5 RBHS T KM AN DRs), H
SRR R AR, Rk, FAEN DR E A — AN X A ERIR B

2) HhMETEAR . =PI IMESRYE 2000 AR BT IR EE, DMEHEBRIMIEE R W, N
AP A E R S 0 = U I e A 2, N P A S A R DA T FR AR E

3) FIKESER. (REUKZEIEARD) 58 bR ER S AL K. T HK AR AE
K, ARG = OZREA TR, AT AKEORS =R O —8, Wik, FEXHK
BOJT R, SRENN: BV HKIERSE K, BT @S KR SRR, Tk K
TENESE ALK, [, SHA BRI 5%, ARG FKIERNSE == A K, KRB EB =X
PN K IEAF 2, P KR RE H 7 M A 7K B B DA 88 i - 51 3
4. SCHEST R
4.1. KIZAMEXAKBELES

B 1~5] 3 o3 s B TR AT K AR A A

1) MBI ARG, TR K A A 2000 £E1 445.60 12 m® 8GN 2005 4E 1) 514.76 12 m*, M 2010
FE(F) 548.99 12 m® 0% 2015 £EH) 572.50 12 m®, 2000~2015 4 16 EW[A], XK EA 1.68%, H,
S KRR H L E R K, 4 NMERERE 40%Lh L, 2000 ST 60%, 5 P HKEIRZ, B2
PN K S e o
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Figure 1. The change of water use for Shanghai from 2000 to 2015
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548.99  °72:50
514.76

600

(o)

o

o
T

m& 400 F 445.60
= 304.23 53900
% 300 261.42  207.90
%
B 191.85
200 ¢ 142-41 A= —c 279.10
263.81
100 F 4177 43.05 52.91 54.40
O 1 1 A
2000 2005 2010 2015

e P K = B ki T

=P ik —8— KB R

Figure 2. The change of water use for Jiangsu from 2000 to 2015
B 2.2000~2015 L7 AKEZNFR

LA KB M 2000 4E (1) 201.15 12 m® F &3] 2005 4E1) 196.15 172 m®, I 2010 £/ 193.74 12 m’
REE] 2015 4E1) 180.60 12 m®, 2000~2015 4F 16 £, 4E NN 0.72%, i, H—P L HKE
FT i EEE AR, 4 MERERTE 45%LA F, 2000 FilEid 60%, 25 =\ HKEIRZ, 5= HKERN.

iR K R 2000 411 108.38 42 m® #8i0F] 2005 £Ef1) 119.55 12 m®, M 2010 (1) 125.07 12 m’
NREE] 2015 4Ef1 103.00 12 m’, F TR RS, Hb, BV EKERT S IERK, 4 MER
HAE 60%LA -, 2000 FIEE] 70%LL E, B 2000 F4b, =2 HKERTE k.

2) WNFEMAKE, LIRHKEELE 4 MEMRK, WLke, bigsh. Hr, =Rk HKE
HRT IR, FH— =P HKEINTIRZ, L#EEN, W b H 2 LRz, Witih.
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Figure 3. The change of water use for Zhejiang from 2000 to 2015
3.2000~2015 FHIAKETLIER

4.2. KII=fiMitX Ak B EZER BN 5%

I 2 20(4)~(8) T KL =y i 1 X FH 7K i B AR AN B SR BN BN 7 R N VRO . WK 546 28
FURE R, SRR 1 PR,

1) £ 2000~2015 “EHAIR], 175 A /K2 R8I0 T 126.90 12 m®, b, WNZR AW, RN FIR0NE
AW, 53 AL 875.53 12 m® F1 45.70 12, m®, Fi& 254 (0 19 5, RIFL A8 Y K2 HE 3 F
KB IN E BE RN 3R . SRS AW, RIES RN, AW 53 BTEE-479.95 12 m® FI-314.38 12, m’,
R SEH 1.5 %, RIS B T B AN M 45 R DA T 252 40 1) P A e 52 398 o ) 3 R0 Y 22 ]
o

BT [ A TUAE e Set— ML A TR BRI F 52, K 2000~2015 AR5 = A1 TA] B -
2000~2005 FF( “+F” BF#A). 2005~2010 4F( “+—FH” B H)AT 2010~2015 FF( “+=H” B HT), =
RIS K BB BN T 69.16 12 m. 34.23 12 m® 1 23.51 12 m®, FI/KSERINEZE4E /N, “+ ~H”
IG5 ™ R K SRR B P ) ) BT St DA OC o WO AR AW, FIN IV RUSE AW, R
JEIEME, RZFFIGKAMN DR K202 FKER IR R, JCHARATE . RN AW, Figs
PR AW G2 A Af, B P KB BE T B APl g M AR AL K S I Rl 3, 02
AT o T ZUF AT N RS DO B K & R 3R F 58 R0 1 77 KSR BE N BT = Mk 5 44 i fk
T K BRI E R, & S BHKER N

2) WITAEH SN AR S B B R T 20.55 2 m®, b, RN AW, RN RS AW, 43 ilik
) 281.07 12 m’ A1 34.32 {2 m’, RIERJEH N 8 fiF, RUILFFIKFN CUMBLY K A2 S 7K A 2 3
) BERIR LR 35 . 5% S AW, FIGERBUNE AW 43 ik $11-223.10 14 m’ I-112.84 1, m’, Ri#H R JE#
() 2 i, IV KRR FE T BT b 25 A DA T 2 3 7K el B i) R AR R 3 . = AR
KERESHTRET 50012 m’ 2.41 12 m® F1 13,14 42 m’s WWNZSL AW, RN CIROS. AW, #2 IEAE, &
B2 G KA S R IR 22 FK B8 I HEZh B 2, JUHGR AT o SREERUN. AW, FIE5 R38R AW
IRATESUE, R RIZKGREE N BT ML 25 A T 202 FK BRIl R &, JCHZRT# . 5T
AR AL, 77l FH 7K B B T B AR Ml 45 R e A T %ot F K S PR ek A FH R - 28 0 35 KRN RIS K
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Table 1. The driving effect decomposition results of water use in Yangtze River Delta from 2000 to 2015
= 1.2000~2015 FAT =AMt X Aok 2 8T AYIRENRL 7 RLER

Ay RORE 2000~2005 2005~2010 2010~2015 2000~2015
AW, 17.48 20.44 7.78 4570
AW, 284.12 335.57 255.84 875.53
LI AW -112.31 -119.99 -82.08 -314.38
AW, -120.13 —-201.79 —158.03 —479.95
AW 69.16 3423 23.51 126.90
AW, 13.41 17.69 321 34.32
AW, 114.38 95.32 71.37 281.07
HHL AW —46.67 -39.86 —26.30 -112.84
AW, -86.12 —75.57 —61.42 —223.10
AW -5.00 241 -13.14 -20.55
AW, 19.08 24.88 5.56 49.51
AW, 47.71 41.92 35.25 124.88
g AW -7.71 -13.37 -16.69 -37.77
AW, -47.91 -4791 —46.19 -142.01
AW 11.17 5.52 -22.07 -5.38

XFRZK R IR RE A, SIS KR I .

3) BN AKERERIT IR T 538 12 m’, ok, WNEN AW, AN RK0S AW, 43 5ilik
F) 124.88 12 m® 1 49.51 12 m®, [I& 2S5 1 2.5 1% . REALHFHKAN DB X HES F K 2 = 8
(I ERRELN R . SR PE RN AW, FIEE RN AW, 435I E]-142.01 42 m’ FI-37.77 1. m’, R 25 #
(1) 3.8 %, BN IKEREE T FERT 45 4 Ak T+ 3 7K B R R R 3R . =Rk A
KB BZESHN 1117 12 m®y 5.52 42 m® F1-22.07 12 m*. WNZERE AW, RN RG0S AW, #6552 1F
H, RGN DY K22 FKERMMHEZN R 2=, JUHGZ R . SRS AW, FEsH 3L
IS AW SR Z I8 AR, 2B P K R JE T BRI L 25 R AL TR K S 1 4l R 2%, el mr .

FH T 5 P BN AW, RSSO, AW FE = IR0 AR B B R 78 5, K1t P 7K S ol S st 2 T
ME . %2 BN T 2000~2015 AT = A Y b X 45 g 35000058 B 0 AE = U077 Ml PR 3 1) 22 5

7E 2000~2015 S HA] S A& TH [ B, 4k BF, VLI WIVLSRfE RN AW, i & fE, K=
PV K B B v, A A T K ESE N, SRR RN AW, FESE L s R, Bk,
BN RIEEREERN AW, TESE . =Pk NI R Ul HAES e R,
AAXAE 2005~2010 FE M GdE, oA [A] BT 9 IEAE -

GERLUNL AW TE =0 A 22 S 1 0 T AR 5 9B FE RN AN ], AR b 5 R R A, 25—l
B =R, BIEE— L LEE IR AR/, S =R BRI K. S5 N AW TR
PN AR Y AR, REZECE R, MR KR TR, X5 — B R R 2 BRI
HREAENER T = =k, Bk, RS T 257808 AE S8 — P NI K/ e KV = A i
X SER RN AW FEER — P L N R AR 2R Al , RIS — L EE N i (e o 7 K& FRE, (2R
PRI RHERS 55— h EE N e K& R BRI DTIRIZ I 4e /)N, FEE RO TR N SR .
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Table 2. The industrial difference of driving effect of water use in Yangtze River Delta

= 2. WIL= At X Ak 8 TR R A =l = 5=

AW, AW,
A RO — — -~ . -
il LR 14 L4 il L1 Bk
2000~2005 ~127.91 15.94 -0.34 ~36.86 -57.72 ~25.55
2005~2010 ~126.67 474 1.94 -20.14 ~158.00 ~23.65
L5
2010~2015 ~85.32 228 0.95 ~78.05 ~55.06 ~24.91
2000~2015 ~339.89 22.96 2.55 ~135.06 -270.78 ~74.11
2000~2005 -50.18 2.56 0.94 -37.91 -32.54 -15.67
\ 2005~2010 ~41.86 ~0.50 251 -28.84 -32.15 —14.58
GRAN
2010~2015 -27.37 -2.70 3.77 -18.25 -27.75 —15.42
2000~2015 ~119.42 -0.64 7.22 ~84.99 ~92.44 ~45.68
2000~2005 ~11.42 427 -0.56 458 ~48.74 =375
2005~2010 ~10.49 -3.99 111 -0.95 -37.81 -9.14
iy
2010~2015 ~8.40 ~1L11 2.82 035 -35.89 -10.66
2000~2015 -30.31 ~10.82 336 3.98 —122.44 -23.55

4.3. KI=fANEXAKEREERBE 2R

£ 2000 4F. 2005 4. 2010 4FA 2015 4F 4 NMFE4r, RigHKSERE R/, B, PLEEAZSE
%, A RNEILIRE B, WS B KRR E S RIS T AR10)~(14), KHKEE
IR ZE T RN B WNRINL . G5 HA ON RI R P SO8E, o3 il a3k 3 FIEE 4 Fows

1) VL7525 bBifg K S &2 0 2 F IR AR /0. 7E 2000 5. 2005 4. 2010 4FF1 2015 4F, VL5
FK BB L B 0122 337.22 12 mP. 395.21 12 . 423.92 12 m® F1 469.50 12 m?®, ZFEIZET K. Hr,
N EVERE AW RO RSSO, AW RO G2t IR, RTINS BighH b, N R, Pk gii b
K, RILHBHKSERT RERHESIRER . WNBR AWR OG22 74, RFTLHS B, A
¥ GDP B/, il TILIR /K S ES BRI, Aid H XA R RRE, U PN IX 25 Kk
JR K22 St Bl FH /K R B 22 SR VR MR 46 /1> o SR BEON AW RO FE 2000 40 2005 -4 IEAH, 7E 2010
FEAN 2015 FERNGE, KT HKGRE B T R AN T B, BRI T4/ RN X K e
25

2) Wil g F /K e i 25 (0] 22 S I IX S RN 70 il : - 78 2000 4F. 2005 55, 2010 4EF1 2015 4F, #WiiL
AR B BILE F#E% 92.77 12 mP 76.60 12 m®. 68.67 12 m® F1 77.60 12 m® . Herr, A IRLRE AW SR F1
SERRIN. AW RO R, RWHTE FA L, ANCEBEE R, Pl g M bt dk, AT HKEE
KT FHERIHESN R 2 . SN RLSE AR RIS FE RN, AW, RO IR 28 i ql, RIAWIL S R, A3y

Inc

GDP B/, Pl FIKSRFE S, AHTT K S BR T i BB R R
5. &R 5EW

AR SC R FH 56 4 o AR AR A YT = A 9 M X P 7K A B 25 2 S A N U REOBE s WAL 45 K 2T
HIBREERASE, 1B 4518
1) 2000~2015 4L IR B, 5K (AW, RN RS R (AW, )& A3 KT = A i1 X H
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Table 3. Decomposition effect of water spatial difference between Jiangsu and Shanghai

= 3. IIn S EERKETEES S HEHN

AW Rk AW RIRO AW Rk AW RIRO AR
P Ine s I

2000 409.25 —320.52 204.11 44.37 337.22

2005 424.25 —290.28 243.21 18.03 395.21

2010 378.15 —184.15 262.64 —32.72 423.92

2015 356.86 —126.90 283.85 —44.32 469.50

Table 4. Decomposition effect of water spatial difference between Zhejiang and Shanghai

4. IS EBRKEREESR S ERHN

A RI-RO AW FIRO AW RI-RO AW FIRO IN
P Inc s 1

2000 181.25 —151.06 109.21 —46.63 92.77

2005 176.47 —129.48 129.48 —99.87 76.60

2010 159.39 —103.33 132.38 —-119.76 68.67
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