F21EE 1
2023 4F2 H

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

Vol. 21 No. 1
Feb. 2023

XU T, H5R, FENE, 4. 36T PCA-HCA LR 557K 23 X LT]. B KL SR FIRHE ((h3e30), 2023, 21(1): 137-147. DENG X
Y, ZHENG J T, ZHOU X H, et al. Water-saving regionalization in China based on PCA-HCA model[J]. South-to-North Water Transfers

and Water Science & Technology, 2023, 21(1): 137-147. (in Chinese)

ETF PCA-HCA #HHEIP K ET KO X

AL, A A, AR, Bk 2 A, R, EE R

(1. FRUKFIRIAR ST T, BIAT 210029; 2. /K UK IR -5 /KR T ARl H R B 5 S0 %, I AT 210029;
3. AN R K SOR HIRABE, T 5L 210024; 4. W Rk e e 5t B S A TSSO, B AT 210008;
5. TLPA K FIRR2=BE, B E 330029)

FEEE: Oy Rt i B A 2 3R 5K AR, DAFRE 314 (IR IX ., BRETIT) i BEAl T, $2 IRGUB P ) . Se 23Rt
X A58 | R0 RN, IOKBEIRARSL . RS G AR L Al FIARRIE . Tl K RRIE A AR 16 FHKARRAE 5 A5
AR EN 14 WS AR, M1 KA KA PRI R o SR A4 29Hr (principal component analysis, PCA) F1 52 4t B 285341
(hierarchical clustering analysis, HCA) #B45 & B 771, ¥ 31 D48 (AR X ELFET) 2 0 A AR L HLIX | 42T Hb X
VUL X, AR g Vi L X, AR h L XORTPE R HBIX 6 K5 7K 43 X o 9 7K 23 KRR AIE 43 B 245 SR e BH , 4540 IX (R K 93 U

ZUAT S USRS AR 22 52 W35, K B IR BRI 22 B4t 22 R TS T 9 DK B 25 (2 AR T o
KB : KX RN RGURIET; TR R REAE AT

MESEE.TV213  XEEFEED: A

P [ Ay fiff e 7K G U e R ) R, 1998 AT T 42 [
WA AR INA 2, KT HEH AT K AR, KRR R
MEEE T, SR, B F 3R E B AR E 26 L K
BEVR R 2 3 A AN, Y K AT T I X
GUSASTA | W IS IRAS TS0, 1 KA it o 75
SR, b A ) 4 T K A DX D Hb B
ek T E K TAERY BB ARl . fEAHAE T R B K
W KAT A R KAT 3 — R G E RN K AR
M 5N, TR IR E K5 XS, X RFE e 5y
DX K AL R D Y K R S it B
S DI E 314 (YA X, BEETD (LT R
WF9E X)) R B TT, &t 3 5 7K 43 XA s 1 ), R
FHERG 505 RGEREMEE G I7E, RETT K
I3 X, IR BT 45 3 IX K BE R L #h o 205 DL K i
BRKAE, ARkt K b R B T 54 .

1 TkSEARER

Aolk Tl B A TG 1 K A U A
S NEEF, e E B A R EEESCEH, fol sy

riE B HA: 2022-03-21 & E BHA: 2022-11-26

DOI: 10.13476/j.cnki.nsbdqk.2023.0015

RS VPN I o F o | AN 21 NS TN S T
iy . B R T L PR R YRR RV R I AR
PTG SR X, WL 1, ANRIBCR SRR LB X
SN LG I, BORR I DXk AT AR A, (H AR R
K BE P X AT B R A S0 5 b X 5 53X
FTHE T P Gedy B DX Rl 9 SRR, 340 1 47 O B A afe
B e, BB H TS B B Tk AR AR 1 A
SO A RS IX . (YK BA St “ =17
P ) AT I R B I H 5K BOR ER ) G %
PR35 7K A 2 B ) R A 7 1] FME 55, RIS X
S /S e AN = | AN | AN SN < R SN R (50
RS, 3k A X7 AORATBEAL e 7 BUX Sl ) SRR,
SRS T K CARR S R . (T
RE LR RS ciana v d DE /i v e ol U N R
PE K AA: 2 i B SR SR | AT ST A
SRR B4, 5L 382 A X DX s A J) il — A0 A A o

MELERER, %48 (HIRX, BT &0
AV 7K R BUbR HE AR 78 73 25 REAS oK B2 IR 2% 1F A
P A BT E N R A& R RE R X

) £& tH R BT 18] : 2023-01-03

[ £ tH AR 3Bk : https://kns.cnki.net/kems/detail//13.1430.TV.20221230.1650.001.htm]
ELWA: “tIUH” FRE ST LRI E (2021 YFC3201100); K F K 7 IR 2955 H (126302001000210004 ) ; H5 5K FIRMF AL BE H o4

At PRI AT R AL 55 2% % T 5% 4: 751 H (Y522009)

TEE RN ABWiT(1992—), <, I AL A, TREVM, EZ T KIP . K87 AR% HK A %Y . E-mail: xydeng@nhri.cn

KX KRE R 2137


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0015
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0015
mailto:xydeng@nhri.cn

21% B 18 @A S ARA RSP ESO

2023 4 2 A

L, SRR MR M T 0 AT B XA AT X,
A — B MRS T K (TN St AR X
SMAESE) o A (A X BT )52 Byl oy
DX 2 o] B TR AR, XA R T AR R AR T,
HAS I T ] 52 J2 T A M 7K s ) A R RS
A 5 B AR T K E BRI, 2R 3 M7k

Xt A T K E BEAT 70 208 — 4% BT AL, 73
DRRRITT (BE0) - RIRTH (B0) L Aasly (0) L /iR
() 555 AR IRHEK B . oK B 555
PRI 4324 — I e B b P A6 8 T A T B T 4
Heo Hoh, 5 TR R 07 A T RO, ANl TR
HORE B BEAT 20 DXHET

®1 ZERETKTXIVK

Tab. 1 Status quo of national scale water saving regionalization
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Tab.2 Water saving regionalization index system
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Tab.3 KMO statistic test and Bartlett sphere test
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Tab. 4 Characteristic value, contribution rate and cumulative contribution rate of each component
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Tab. 5 Results of hierarchical cluster analysis
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Fig.2 Characteristics of the six water-saving regions
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Tab. 6 Results of one way ANOVA

Bl G/ EY) HiEgE3
iSE

F Sig F Sig F Sig
TGRS 5.586 0.001"" 4.444 0.005" 4350 0.006”
AR HUK IR 4792 0.003" 4.894 0.003” 4.399 0.005"
UNEE 1.441 0.244 1.469 0.235 1.508 0.223
YK A = 2.225 0.083 2.402 0.066 2.561 0.053
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Tab. 6 (Continued)
- Blrtkl Kl Hfnde3
F Sig F Sig F Sig

NI B P 1.155 0.359 1.137 0.367 1.127 0.372
gl K 5 L 2.466 0.060 2.626 0.048 2.675 0.045"
SRV F Y K 9.488 0" 8.947 0" 8.279 0"
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Water-saving regionalization in China based on PCA-HCA model

DENG Xiyuan"?, ZHENG Jintao"*’, ZHOU Xiaohui*, MA Tao"’,
ZHENG Hao'?, LIANG Xiu’, WANG Guoqing*

(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic
Engineering, Nanjing 210029, China; 3. College of Hydrology and Water Resources, Hohai University, Nanjing 210024, China; 4. Nanjing Institute
of Geography & Limnology, Chinese Academy of Sciences, Nanjing 210008, China; 5. Jiangxi Academy of Water Science and
Engineering, Nanchang 330029, China )

Abstract: China has the highest degree of water resources stress. Due to large diverse geographical and climatic
characteristics and uneven temporal and spatial distribution of water resources, current water-saving work is still
facing problems such as regional imbalance, insufficient potential excavation, and difficult implementation of water-
saving measures. Under the background of a series of major water-saving strategies such as the “National Water

Conservation Action Plan” , researching water-saving zoning in China is of great significance to scientifically and
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reasonably promote the implementation of water-saving policies.

The current situation of national water-saving zoning in the three major fields including agriculture, industry,
and urban living in existing policy documents and academic papers was analyzed in detail through literature
research. 31 provincial administrative regions were taken as the basic unit, and the principles of water-saving
regionalization were proposed. Fourteen indicators from five aspects were selected to construct the index system of
water-saving regionalization including water resources conditions, social and economic conditions, agricultural
water use characteristics, industrial water use characteristics and domestic water use characteristics. The coupled
method of principal component analysis (PCA) and hierarchical cluster analysis (HCA) was adopted to delimit water-
saving zoning. The characteristics of water resources, economy and society, and water use of different fields in the
six water-saving zones were analyzed.

Results showed that China's water-saving zoning research was mainly concentrated in the field of agriculture,
and there were few zoning studies in the field of industrial and urban water-saving. The main reason is that China's
agricultural water-saving development started earlier, and agricultural water-saving zoning is greatly affected by
regional and environmental factors, which have regularity in large-scale and mesoscale, and differentiation between
regions. Industrial water saving is mainly affected by factors including industrial structure, technical conditions, and
local policies, whose spatial structure is scattered. It is difficult to find the pattern of spatial differentiation on large-
scale, mesoscale, and even small-scale. Urban water saving is mainly affected by factors including water resources
conditions, economic and social development level, and living habits. It is regular from the perspective of large-
scale and mesoscale and differentiated between regions. However, due to the relatively small proportion of urban
domestic water use, the research on its water-saving zoning has not been paid enough attention. By the coupled
method of principal component analysis and hierarchical cluster analysis, and tuning small part of the provinces
according to the principle of concentration and contiguity in zoning, the 31 provincial administrative regions in
China were divided into six water-saving subregions: northeast China (Liaoning, Jilin, Heilongjiang), north China
(Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Shandong, Henan, Shaanxi), northwest China (Gansu, Qinghai,
Ningxia, Xinjiang), southeast coastal area of China (Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong, Guangxi,
Hainan), central China (Anhui, Jiangxi, Hubei, Hunan), and southwest China (Chongqing, Sichuan, Guizhou,
Yunnan, Tibet). Feature analysis showed that there were significant differences among different regions, and the
shortage of water resources and the development of the economy and society played a significant role in promoting
water conservation.

The six water-saving subregions are consistent with the existing zoning pattern, which shows that the zoning
method established has good reliability. The research results can provide strong support for the rational
determination of water-saving strategic layout and scientific formulation of water-saving promotion strategies in
China.

Key words: water-saving regionalization; principal component analysis; hierarchical cluster analysis; index system;

feature analysis
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