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Research on temporal and spatial difference model of urban water use for
water-saving construction

SHEN Jijie, BAI Xinli, YI Peng
( College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)

Abstract: In order to solve that the traditional structure decomposition method cannot consider the simplicity of formula and the
uniformity of factor changes at the same time, in this study the structure decomposition method was improved and applied to the
research on the water driving effect of Taizhou City, the representative city of water saving. The research results show that the scale of
industrial water consumption in the region has dropped by 9.14% in the past five years. Technical effects are the main contributor to
Taizhou’ s water-saving benefits. The scale effect is the main driving factor leading to the growth of industrial water consumption in
Taizhou. Contrary to technical effects, structural effects that have the inhibitory effect of the growth of industrial water consumption in
various regions are showing a steadily weakening trend, but there is still great potential for structural effects in economically
underdeveloped regions. Based on the GDIM decomposition results, the two structural decomposition methods can draw similar
conclusions as a whole, while the traditional structural decomposition method will produce excessively high evaluations of contributing
factors for some areas where water use factors change drastically. The improved structural decomposition method is more accurate both in
terms of calculation results and in economic sense, and is suitable for water-saving construction periods when water usage fluctuates
volatility and economic influencing factors are complicated.

Key words: factor decomposition model; water consumption; spatio-temporal differentiation; water saving; industrial water
consumption; driving effect; Taizhou City
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FIFHAEEO fR BT 0T T 1900—2000 AF-HH 7K S FIZE Bl 1) N AEER R, DR 28 0% i stk J Fn A H
TR %) PR 498 R 2 S SO A R 1 0 % 3 D, R KSR R AT R 00 58 T K B R B
Luyanga 25" F1] FHHE B0 i BRI 909K LU E 1993—2001 4F FH /K 58 B 28 AL S0N AT 43, TERH 1 77 M 45+ 94
X TR A K B 10 B B 5 FE ST 2 SR A LMIDT A AU 5% i T S X FH /K i (A8 Ak, TR AR 300
K Y T BRSO

T T A5 A 1 K SRR BRI S A T — 2 A, A4 4 A5 1 ST 58 4 A0 A R0 %t vl [0 75
JG GDP /K AR S IGILIEAT T R A0 AT, TAA Hf [ 3 1 /K SRSl SE B T M5 R R v 5 A R 114
AR 5 i A O BT R 2 AR AR R Xt v [ KRR P S AR AR DR A T 43 A, DA R K TR ) S B 5 i ) 2
N BRI KGR B 5 T2 U758 FHES AR A T 0 B T 77 7 0 b3 T 2255 K B9 3K 30 7, Ik S 7
P RITE, Sk BERFIY 20T R SO, B T A TOK SR IR S Hb R R (050 A 235 SR AT ) 4R v A A RO B AR AL
JNF P B | 22T RS AON Xo FH K s R AR A
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BB IE , WO T DIAE G544 3 S R 45 S 20 5 2 8 SOOI sl o3 A 225 SR A 19 TR) At DA R P HR 1k A
TACHT B B K A b S S R R R

1 #ES5FHE

1.1 7Pl AKETH LGRS EEE
PAGEEARAFES B A RE VR 238 1 58 4 40 7 i (LA TRTRR R ) S, stk 45 4 43 A A o 4y
B2 M T 77l F K S AR A R BRS8N 73 28 SR 3 A 7 Mk R K AR Ak dk mT 43Ky
W, -W,=A(B, -B,) C, +A,B,(C, -C,) + (A, -A,) B, C, (1)
W, - W,=A,(B, - B,) Cy +A,B(C, - C,) + (A, —A,) B, C, (2)
Ay A I3 3— A I TE BeRT I 5 KA B GDP; B, (B, 7351 R — A TR] BEwT 0 5 R 5 — 5 = B =k
LTI A58 X GDP B ELA 5 C, €, 43 3R — A s TR] B 30945 A S 45 7= b3 T T R 7= s K &2
a0 MK (2) 15 R R R A
W, - W,=0.54,(B, - B,)(C, + C,) +0.5A,(B, + B,)(C, - C,) + (A, -4,) B, C, (3)
H R — TR LEA % ISP ARG T RSSO0, 5 — IR 25 A % [E A I U] Pl 285 40 A AL 1
BT AR SN, 25 = IR Pl S50 5 B AR K T BB Ay, H o Bk R ST HEBR Tl 25 44 A Ak
FIEE AR A R M0, A AR AR ACE R = b 254 A T B RN, AR RN, FUA AL o fife 25
A RGRE, NSRS L OmA LI AR,

W, -W,=A4,(B, -B,) C, +A,B,(C, -C,) + (A, -A,) B,C, (4)
W, -W,=A4,(B, - B,) C, + A,B,(C, - C,) + (A, - A,) B, C, (5)
W, -W,=A4,(B, -B,) C, + A, B,(C, - C,) + (A, - A,) B,C, (6)
W, -W,=A,(B, -B,) C, + A, B,(C, - C,) + (A, —A,) B, C, (7)

EEI(1) ~ (7)), L2675 ST P b 2548 4 AR K- FEUR K 45 B 5 20 i A X
Wo- W, =% (B, = B,)((A +4,)(C, +C,) +A4,C, +4 C,) +
(C,—Cy)((A, +A,)) (B, +By) Ay B, + A, B,) +
(A, = A) ((B, + B,)(C, +C)) + B, C, + B, C,) | (8)
B FHAK RN B AE— 1B 5 AR AR N, 25 MR, AR RN B AE XY Z 3 A KT a1, A1 30 %)
TREE AR S 3 A FHZK 7 0] BOARFRAS AL 2 01, 2544 43 i T 36k D 2 R A8 0 AR FR AR b 22 22 B &l o3 i, eleadt
Jei W SR o3 R AR P i DLIET 1 () | SRR S5 M o0 A Y PR i LI 1(b)
A 1 & 2 AT L R 5 A R AR TR FH AN A3 — T IR S S B kR SR, BV AR % R
FIARAE O] BF [B] A8 A HT SR RS2, A% FE AN R B30T B ARS8 0 -5 45 M 500 SR p e 52 e 17 R0tk Je e 285 44
IR LR R KRN R 434 3 A B RS G, BVt I 10 23 7 BB S5 R R0, AR RSN, B AR RO 358 B R



40 WK E el (AR RS R ) 55 50 &

T B R 20284, 2% i T WIS R Y] 3 Rt i) A RS I

Y L —— COuET o B - EEIK o K
SEHRON - © RERTIX S iR tAN ] i)
, ' 14, 128
= ! o 12 T —— {26 _
BB A BAK: BB 3 10 et T2 §
I i i = sl 12 5
& BRH z . ]5 &
____________________________ E 41 118 %
................................ & 2 u o 416 4
. 0 + 4+ 4 i 14
- 2013 2014 2015 2016 2017 2018
(a) BUEIGRZEH 53 R 20 1R A (b)) BEELEH SRR K Ay
E1 ZHsREiiERg 2 FMTERESETRAKETK
Fig.1 Diagram of structure decomposition model Fig.2 Changes in water consumption in

districts and whole city of Taizhou
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Be gl AT, Tl K& — B PRRAN AL . 7l FH K B R 24 T 28 0 T /K B R B Y 32 S o, BT
AT 20l K S B AR A A T — 2B T

3 FIMHE A RKETHHIIREN RN 55 47

3.1 =M= FHKE TN IR B R 9 B E 4L
R A8 A A 2548 0 AR | 3103 2013—2018 4FZ8 M T 43 X 5 41 7 b FH 7K 2t A8 b 14 45 J00 5% W 30, 45
R ~3, 1 ~3 A5 AF MU R, SRR =k 7K 127 331.4 J7 m’, T4 AR RN FN 25 #4550 0
A3 IE> T 104 368.5 J7 m® F150 080. 6 J7 m (7= b F /K , B BA ZH T A8 FH K e R B K sh IR A Ttk &4
i A e i il K 2 ka3 =2 R H AR I3 e
F1 2013—2018 EH M= AKET NN S IRER

Table 1 Decomposition results of scale effect of changes in industrial water consumption in
Taizhou from 2013 to 2018

LA/ TT m?
Hif Bt
el ZHEIX TR IX X 1T X e ] WYL M
2013—2014 4F 8448. 1 3277.7 635.5 1426.3 474.2 4907.7 -142.7 28350.6
2014—2015 4F 6647.2 2743.0 804.2 1278.3 427.9 4356.4 2857.6 21761.1
2015—2016 4F 11619.1 4634.3 1326.7 1289.0 431.2 5479.5 1686.7 25499.4
2016—2017 4F 13944. 1 5463.5 1708.2 1754.5 733.5 6843.0 3645.9 34727.4
2017—2018 4F 4326.7 2613.2 517.2 1189.4 563.1 3964.5 2243.2 16992.9
F2 20132018 ERMH U AKETUHRARABELSELER
Table 2 Decomposition results of technical effects of changes in industrial water consumption in
Taizhou from 2013 to 2018

- HORAE/ 7

a MlEl BEK WBK GEK R 4odm Th 4oOM
2013—2014 4F -5013.5 -2885.6 552.3 -799.9 -468.3 -2701.0 -313.9 -12378.3
2014—2015 4F -6651.9 -2437.4 -964.4 -850.5 -249.2 -2999.7 -1572 -16199.7
2015—2016 4F -7695.3 -4894.4 -1016.8 -1741.3 -14.4 -4970.4 -1778.8 -22049.8
2016—2017 4F -18816.8 -5927.4 -733.4 -716.4 1218.0 -2473.4 862.9 -26754.8
2017—2018 4F -18292.8 -3060.7 134.4 -608.7 -53.1 -4343.9 -320.5 -26985.9

R3 20132018 FRM T~ AKETHRIEERN 3 FER
Table 3 Decomposition results of structural effects of changes in industrial water consumption in
Taizhou from 2013 to 2018
i SN/ T m?

B Mkl REK mBK K @B gdm srm g
2013—2014 4F -6800. 1 -1710.2 -945.4 -815.6 27.5 -3739 -177.9 -22708.8
2014—2015 4F -1824.5 -1082.2 -171.7 -683.3 -272.6 -2225.8 -1763.7 -10189.7
2015—2016 4F -2451.7 -889.0 -242.2 -179.2 -215.9 -1103.7 400. 1 -3778.3
2016—2017 4F -1152.0 -1404.0 -526.4 -697.2 -584.7 -3707.3 -2064.7 -10541.5
2017—2018 4F 1473.3 87.2 45.1 -629.0 -268.8 -1255.6 -1192.9 -2862.3

FLUATIT R, BRI 12 13 4% X 7E 2015—2017 4F 349 80T W S5 A BB A8 R 488 4K, e D2 A T ML A%
PRI I K 7296.9 7 m’® o S5 A ZE N TN RBUN A A7 19 (2015 4 Wi 28 5 fin el B -2 A
SKRBGR) 73HT , ISR, A BRI AR AR BE B IR T 48N T 2 e S A e U T2

FH ¢ 2 WA, ST R P 45 X S A 3800 )T K IR ES 7 2013—2014 4F 3k B iRk, 369529 22708. 8 Ji m* i
KB, 225 B BRIl R A BT Ml 25 4 8 485 3 (9 5 KA T A6 R, 7 ZER 8 T K HOR A g
ST KA S B

25 DX AN, AU e Xk FH A S 0 ) £ FH B M 2 B s s 3, 455 (O T T35 2014 AR &1l 1Y
KA 2 B HARAE S5 B A0 2087 , IR IS8 BB ARSI BP0 AR IR 11 28 M T T 2 HR B At 8, #F
FEIT BT A RN B 15 KPR R HL 2015 4F 2 J5 AR, (9715 7K M8 i 2 T ek 45 R 280N, T DL S 3 )
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x4 FMNHEMWX=WAKESBERITLL

Qifjﬁ m3

Table 4 Comparison of decomposition results of

various regions in Taizhou

unit: 10*m’

BN AR
i B HIX - — —
RN BRBON RUBIRLN
Mkl -6800. 1 -5013.5 8448. 1
HE X -1710.2 -2885.6 3277.7
2013—2014 4F %E
T X 27.5 -468.3 474.2
YEYLT -177.9 -313.9 ~142.7
Mk -1824.5 -6651.9 6647.2
HE X -1082.2 —2437.4 2743.0
2014—2015 4E %E#
AT IX -272.6 -249.2 427.9
YEVL T -1763.7 ~-1572.0 2857.6
Ml -2451.7 -7695.3 11619.1
R X -889.0 —4894.4 4634.3
2015—2016 4F % i
T X -215.9 ~14.4 431.2
YEVL T 400. 1 -1778.8 1686.7
Mkl -1152.0  -18816.8 13944. 1
7 X ~-1404.0 -5927.4 5463.5
2016—2017 4F %‘E_ﬂg )
AT IX -584.7 1218.0 733.5
YEYLT -2064.7 862.9 3645.9
Mkl 1473.3  -18292.8 4326.7
25 X 87.2 -3060.7 2613.2
2017—2018 4F: %ﬁ )
TR IX -268.8 -53.1 563.1
YEYLT -1192.9 -320.5 2243.2

FEBM# 53 LMDI 55 GDIM PRl LDMI 55053 fiff A BE [R] s 2 Ar At 268 o5k [RZR A8 A0 0] FH K B A2 AL Y
DTRRFRRE, Il GDIM F55053 % 5o ik 17 LA BBk pa , P LA GDIM 85053 i 45 R et . LA T Ay 5] oK 2354
A4
JJ

fift A HE R R AE R BEAT U BT 45 R IR 5

x5 HHABESBRERIIE B om’
Table 5 Comparison of decomposition results before and after improvement unit; 10*m’
SRR BRI PR AT
Wiy [ WIReS B

M FHTX ZRM T RHTIX ZM T EHIX

2013—2014 4 -22708.8 27.5 -12378.3 -468.3 28350.6 474.2

2014—2015 4E -10189.7 -272.6 -16199.7 -249.2 21761. 1 427.9

Yk E SR 2015—2016 4F -3778.3 -215.9 -22049.8 -14.4 25499.4 431.2
2016—2017 4 -10541.5 -584.7 -26754.8 1218.0 34727.4 733.5

2017—2018 4 -2862.3 -268.8 -26985.9 -53.1 16992.9 563. 1

2013—2014 4f ~24046. 1 30.0 -13122.6 -502.3 30383.8 506.5

2014—2015 4 -10662.3 -291.0 -16943.8 -266.2 22958.1 462.7

MR AR 2015—2016 4F -3988.3 -230.2 -23238.5 -15.5 26885.8 446.7
2016—2017 4 -11361.0 -635.3 -28762.8 1341.9 37486.8 676.4

2017—2018 4 -2972.8 -283.9 -27990. 4 -55.6 18106.2 581.6

2013—2014 4 -22688.3 27.5 -12222.1 -469.5 28370.9 473.2

2014—2015 4 -10289.0 -271.0 -16156.2 -248.4 21625.7 427.1

GDIM 43 2015—2016 4 -3671.6 -215.1 -21913.8 -14.1 25648.9 430.0
2016—2017 4 -10748.9 -584.3 -26945.8 1218.0 34804.5 734.2

2017—2018 4 -2944.5 -268.3 -26843. 1 -52.1 16855.6 562.4

MR 4 m] DL DO A AR A SR 2 LT B R IS i) 20 R 4 2R AT GDIM 58 oy ik | kot i
IR R T 2 6. 64% WIRUBLRLN (i 22 4. 97 %o BIZEAE SO i 2 A B 5. 86 %0 HH A RN fi 22 , 1T 4 ik
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