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Fig.1 The green efficiency value of water resources in 13 cities in Heilongjiang Province
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Fig.2 Spatial distribution level map of Heilongjiang Province water resources

green efficiency in representative years

22 BERIELEKABRZCHERNZEBHEEST

221 Z£FBMEESW X AR RIBTLA KRS AR AT — 178 W) 22
S, HAR RIS X 522 ISR A R P 500 IR ot , i — 2Pz 25 i) A A DG 430 A ik i 5 /K 98 U
230 5 RS ] I I AR 3 F ) GeoDa B350 B8 T VT 45 4% b XK 98 YR &8 (5 30 %
B4R Moran’ s T 3880 1) , 5T &8 K R IRGHO R B CERFRE . 42 J7) Moran” s T #5844
Z (AR T 1.96, H P<0.05, i I e VT4 A /K S IR 8 0 850R 52 IE AR DG , TR A 7K 9% i 4
COSSCRAE AR AL A M X AR ARt 36 1 W1, 42 JR) Moran’ s T 38 50l 25 i 18] A8 b 52 d 3 T4
#2003 ~2009 4E M 0.101 ETHE] 0.197,2012 4E & E 0.116, 25 20 ETH,2018 4F |
F5) 0.157. fi 5 e Gett 2 0 R e, FR IR TT AR 1Y 7K B8 5 € 35038 25 ] |3 R O 1k S 488 i )5
55 P2 T AR A

1 AR RIIT A K BIRG ORI 22 )% Moran” s 14551
Table 1 The global Moran’ s T index representing the green efficiency of water resources

in Heilongjiang Province

TEbR 2003 4F 2006 4F 2009 4 2012 4F 2015 4% 2018 4F
4 J7) Moran’ s T 8%} 0.101 0.148 0.197 0.116 0.135 0.157
P 0.003 0.002 0.001 0.001 0.002 0.001

Z(1) 3.238 3.774 3.901 4.150 4.078 4.013
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Fig.4 LISA aggregation map of water resources green efficiency in

Heilongjiang Province in representative years
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Table 2 Simulation results of green efficiency of water resources under different scenarios(unit: % )
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FEAR 8.04 -0.74 0.03 -0.01 4.02 -184 770 8.10 -555 -1.95 -5.68 1.06
LA -140 02 376 -1.34 -13.84 653 558 6.4 -3.40 -1.24 0.00 0.00
(G -2.86 054 -3.16 136 -131 053 337 340 9.09 198 0.00 0.00

1 5 0.50 -0.03 5.50 -234 291 -1.42 292 291 841 1.8 -17.37 6.97

KU 11 1.13  -0.10 435 -152 474 -254 53 550 1011 255 -27.87 7.70
o0 -739 321 128 -035 6.11 -1.89 411 440 1206 3.00 -23.81 4.89

HEPHT -1.07 047 -094 0.35 7.85 -1.52 339 485 1.76  0.48 -13.40 7.41

AR AE S5 (4 £ B AT, FHOK St 57 801 77 1 % 77 480 R B R a8 %o 7K W i 4 (.38
R T SR T GDP Ak 25255 48 B0 /K B8 5 4 U R0R LA (e VR . i it
AL, FEARIEAS T AR AT BE A O FITHR T, A B 2 JR AR A 3 B R DU 28 5 4k 5 i &
J& , SEBK R IR B A BRI , A i IR SEEUK SRR S (O CR iR 4R TT

MHBIX ST, 7K BE RSk (O 5RAAR I F5 5 M8 IR (AL ARG PG | oAt S 25 G 48 BOR K 3%
TRERO BRI TH R B0 16.5% .5.46% F1 2.90% , 5 HABK Z AL, #H S48 18804 T
IR R YR 453 €00 355 TR T[] RE MRS 0 S35 5 AL RIS 55 W JR B 7K 0 R €0 350 R 52 57 3 1 ]
KA B0 1) S I 32 M DX A A E 2 K JR R AL 4 T 1 () B 07 12 7 5 b 00 3 e AR s 5% v
RAA, LA LA K ZEIR A AEAT £ SR K SRS G308 52 GDP i



No.4 TR PRIEVTAE K LR R (383 28 A B R TR 3R 0 # 1045

A G AR B R 8.10% .6.14%F1 3.40% , [ HE 225 S8 B EEA T F-& G T i K
FEIRER AR A AR PR A 2 T KP4 R o > b K 75 G4 36 BRAR L3¢ 4 BERl FnH R
TH ARTE T KIS RBTIGRE ST, A R TR SR SR (SR R T, (8 28T LS A R £ Ji) P
ROR B S R T R R B S B RS 1Ly RIRRI A PRV R AR KR 7 i b K
BEIREE ORCRITE AT WK 6.97% 1.70% 4.89% Fi1 7.41% ; 5 e FUUIG 111 1) 7K 5 Y5 4% €5,
BECR 2 FH K S i £ 1 5 ] BT 1 7K B 5 A € 35 R U 32 57 By 3 386 1 671 1) 5% B 7K
JE RS K R R A (0 S R B TR B R, 2015 4F DR B Hi X K R IR TS e vl A5 2
ARGATE, Iz DX A S B AR Y & T 1 G G HIL™ i R, () 2 <7 K IR AR 4
X, S5 e V5 Gl AyA B /N Tl DA /0 B /K HEfl s RN T /K 9 TR 2 (e 350%.
2.4 it
“COR R R R AR Y L K IR G AR SRS T R R A R AR 4

B B T 3T 2Pt ST 5T /K SR IR FH AR F ST 3 P e VAR K B IR Ak A RIOR
TR, 3% G PNA TGS A5 ) SR T4 7K R TR Ak (0 0R i MARAd F 3 I K S i 2518 — 3
YT AT AV K S HUEK, 7 S SRR 5 Fp AT 48 A L FH K R R A TS Y A5 T 1T )

BRI AR K FEIR SR (50K, (1 45 S B AT B 0. A, 7K B8 R 4 (6 300R IR o)) R R 9 48
PR e AR T RS A5 5 T, AT ST PR AR AR R IR A ST K B8 5 45 (0 34 3 BK
S, AR B IRV A 25 SO I S e o e & R R b SR R T TR A S S o i —
A5t

3 4ig

BT kRS M SBM BRI B IETTA 13 N HEIX 2003 ~2018 4F A 7K Bt 5
SR SCRAE I H 23 AL BRI TP, IR SR I 25 1) 1 A 6 3 0 HL 2 ] A SR Ak
ST, 2l A LA AT G I R R R AR T

(1) DB T) 2 B 23 A, R e VLA A R 7K B IR 2 (A 80R S 3l B3, M 0.306
R E) 0.517, (HEABCRA R 13 T P A 8 A5 BT AR 0.11~0.72;

(2) M7z [a) e AR i R A3 AT, AN [v) it X K B R A (0 3k R AR A 22 S A K, i i b IX Bk R Ml
T, AU R b X AR A /0N B YT AR oy AR o 7 R SR A S B, AR S
XAE A 7R X, FE PR UE K 0 5 €0 550 R R 2 4 T 118 ) B 3l B W R 0 F e B4 1 o), 2 st
25 Hb DX 22 3t 7K 9 U e 5OR AR AR DN B R PRI, 2t 3 v ¥ R b e DX 7K 8 T 4 €350
RO KR ;

(3) Mz [ ALV, R e VT A8 7K 0 DR o (00 R0 3 sy 30 Ml IX =2 [ A7 — 52 110 28 ) 5%
I X LA IRV Ay o 11 1 v SR AE DX, 7 ST AH DG AL, B 5] Lk e 4 T /K 5% U
RO AT LIGE ST ISR 2 B R A A VR T 2, s 5 R i b DX PR AR AR
TEFCRR AL & S () [R5 3 J0 30 b DX K 6 R 4 €838 38 A AR T X T 55 55 I JR Ry v 1)
AR SR AR I i SR AR XA A RN PG | SBRF o7 i W ) B 55 8 4 R 7KL A, 1 5 2R
SRR, 46 /N5 K X A 22 5 STER AR (bl Tl A i

(4) BEAUZERFI A7) Hiy DX 1% 5 A5 % 7K B8 U €0 803 ) BBURR B A o 22011, g 25
i DX SEZ o7 990 1) A DGO . Ak 55 55 M R TRIRS G 32 4 25 2 i 7K T 532 Wi A K 1) b X i R



1046 N IHEAl S TRERL 22 40 Vol.32

WAHEB BT I B , fle it M DX D e AT 4, St i IX 22 S A A B, 5| B E B R A
Pt o B KV S 1 UG LR AT VR /K A2 A Sy 3 5 W) PR 3R 1) s DX A /K B A
S RPN RE SR IR T 5 IE 2 Tr ki, I B 22 5 S8 5 T /K IR0 i R 3R, i 5 /K BRIk
15 Y BR BORFK G IR A AR5 BE | [R]RERE H 5 AR S B SR i PRI ML | 1 17 sk
TR T B AR S IR G IR A s AR R A .

2 % X #f

[ 1] R, ok BTG K REE (0 ml 9k S S FAPAR F T [ ] 00 R 5 T AR R4 2541k ,2016,24 (1) :34-46
Chen Yanfei, Zhang Xiang. Water environment resilience and its resilient assessment of rivers[ J].Journal of Basic
Science and Engineering,2016,24( 1) :34-46

[ 2] Liang L,Yong Y, Yuan C.Measurement of urban land green use efficiency and its spatial differentiation characteristics ;
An empirical study based on 284 cities[ J].China Land Sci,2019,33.80-87

[3] FRE, LIS 2R EUR BAZEH S Tl KRR —3E T 2002—2011 45 o [ 4 DR 19 0 [ 1] 8 SR ¢
R3] ,2014,29(12) :2001-2012
Cheng Yongyi, Shen Manhong. Factor endowments, inputs structure and industrial water efficiency: A study based on
China’ s provincial data during 2002—2011[ J].Journal of Natural Resources,2014,29(12) :2001-2012

(4] PNEZ FIGN, F AR T W7 0 Tl KRR 5 5K s B0 [ ] b Bk R 22240, 2007, (4) -
547-553
Sun Aijun, Dong Zengchuan, Wang Dezhi. Prediction of technical efficiency and water consumption of industrial water in
China based on time series[ J].Journal of China University of Mining & Technology,2007, (4) :547-553

[ 5] Dhehibi B,Lachaal L, Elloumi M, et al.Measuring irrigation water use efficiency using stochastic production frontier; An

application on citrus producing farms in Tunisia[ J ]. African Journal of Agricultural and Resource Economics,2007,2
(1):1-15

[ 6] Speelman S,D’ haese M, Buysse J, et al. Technical efficiency of water use and its determinants, study at small-scale
irrigation schemes in North-West Province ,South Africal J].Energy Economics and Policy,2007,2(3) :1-28

[ 7] Kok, PNE A B UK BRI AR BE S5FAN [ 1] K BEIR A S, 2021,37(4) :37-43
Zhang Yongkai,Sun Xuemei.Measurement and evaluation of water resources utilization efficiency in the Yellow River
Basin[ J ].Water Resources Protection,2021,37(4) :37-43

[ 8] P, 2 M X RAL. i E K BT URER (O CRIN BE R 2s (A% RS [ )] AR BT 2441, 2017 ,32(12) :1999-2011
Sun Caizhi, Jiang Kun, Zhao Liangshi. Measurement of green efficiency of water utilization and its spatial pattern in
China[ J].Journal of Natural Resources,2017,32(12) :1999-2011

(9] X, RER, EEE, W FETHORE ST 1T B R DA A PR [ 7] A0l TR 2= 41, 2014,30(9) :
110-118
Liu Jing, Wu Pute, Wang Yubao, et al. Assessment of agricultural productive efficiency for Hetao Irrigation District based

on data envelopment analysis [ J . Transactions of the Chinese Society of Agricultural Engineering, 2014,30(9) .

110-118
[10]  ZRWEME, BRINAE A igr | A5 . 2 T] 3 dal 3 77 A K 9 BRI 0 3 DA 2 3R 2 B 0 e [ 0] K B AR 9, 2022, 38
(1) :153-159

Zhu Xiaomei, Wei Jiahua, Yang Haijiao, et al. Evaluation and driving factor analysis of water resources utilization
efficiency of urban agglomerations in the Yellow River Basin[ J].Water Resources Protection,2022,38( 1) ;:153-159
[11] #R, FAi] TREREE A5 3T i B K BEIRAICRER A I BE By 28 7 5[ ) ] K BE IR AR, 2022, 38(2) :48-55
Jiao Shixing, Wang Anzhou, Zhang Chongchong, et al. Comprehensive measurement and temporal-spatial analysis of
water resources efficiency in Henan province[ J].Water Resources Protection,2022,38(2) :48-55
[12] Hu P,Chen N,Li Y,et al.Efficiency evaluation of water consumption in a Chinese province-level region based on data
envelopment analysis[ J |.Water,2018,10(6) ;1-21
[13]  #olE4: 280E5% o, 55 h E 2t K BRI AR I 25 43 A6 22 57 [ 1] KR 2885 ,2020,38(3) : 1-6
Zhang Hengquan, Cai Xiaoying, Huang Yuanlong,et al.Spatial and temporal distribution differences of green efficiency

in utilization of water resources in China[ J].Journal of Economics of Water Resources,2020,38(3) :1-6



No.4

TR PRIEVTAE K LR R (383 28 A B R TR 3R 0 # 1047

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

Wang K L, Wang J, Wang J, et al.Investigating the spatiotemporal differences and influencing factors of green water use
efficiency of Yangtze River Economic Belt in China[ J].PLoS One,2020,15(4) :1-24

TR R Tlb SR 0 2 UK BTIRAICR 19 25 UM JRARE [ ) ] BB 24, 2020,34(10) :43-49

Zhang Feng, Wang Han, Xue Huifeng. Spatial pattern characteristics of industrial green total factor water resources
efficiency[ J ].Soft Science,2020,34(10) :43-49

25 fg i A mUHE AR KR IR IR RO 25 22 S R R A3 B [ )] K BRI S K TR %4, 2021, 32
(6):10-18

Li Jian, Xie Heng. Calculation of green water resources utilization efficiency in Jing-Jin-Ji urban agglomeration and
analysis of its spatio-temporal differences and driving factors[ J].Journal of Water Resources and Water Engineering,
2021,32(6) :10-18

Zou D, Cong H.Evaluation and influencing factors of China’s industrial water resource utilization efficiency from the
perspective of spatial effect[ J].Alexandria Engineering Journal ,2021,60( 1) :173-182

Guo Y,Hu Y,Shi K, et al.Valuation of water resource green efficiency based on SBM-TOBIT panel model; Case study
from Henan province, China[ J].Sustainability,2020,12(17) ;1-17

Wang G,Chen J,Wu F, et al. An integrated analysis of agricultural water-use efficiency: A case study in the Heihe River
Basin in Northwest China[ J].Physics and Chemistry of the Earth,Parts A/B/C,2015,89.3-9

Charnes A, Cooper W W, Rhodes E.Measuring the efficiency of decision making units [ J ]. European Journal of
Operational Research,1978,2(6) :429-444

Banker R D, Charnes A, Cooper W W, et al. Constrained game formulations and interpretations for data envelopment
analysis[ J].European Journal of Operational Research,1989,40(3) :299-308

TR, B BV, A T 25 R TR B SR PR RCR AN ik 5 SHE——LA AR RG] B AR
4% ,2011,26(1) :97-109

Wang Chengjin, Yang Wei, Xu Xu, et al. Appraising model of utilizing efficiency of resources and environment for
industry and empirical study in Guangxi and Guangdong[ J].Journal of Natural Resources,2011,26(1) :97-109

Tone K.A slacks-based measure of efficiency in data envelopment analysis[ J ].European Journal of Operational Research,
2001,130(3) :498-509

Malin S, Linling Z, Qingxian A, et al.Statistical analysis and combination forecasting of environmental efficiency and its
influential factors since China entered the WTO ;2002-2010-2012[ J].Journal of Cleaner Production,2013,42:42-51
wiE A, Wouy , 2 A IEARII R i ol K B ek (I ST ——FE T SBM-Tobit TIARALAL[ J]. 7K F
£:7%,2019,37(5) :35-40

Zhang Henquan, Huang Yuanlong, Qin Teng, et al. Green use efficiency of industrial water resources considering

unexpected output based on SBM-Tobit regression model[ J].Journal of Economics of Water Resources,2019,37(5) ;
35-40

FEAg, B —21 X #F A EUER S T BORE [ M AE s Rl T A, 2010

Wang Jinfeng, Liao Yilan, Liu Xin.Tutorial on spatial data analysis| M ].Beijing:Science Press,2010

FRN W EA BT ESDA AR i B 25 4% S R A F I ——LAiRT g 4 S 61 [ ] 8 B e 2% Be 2 4, 2021,
36(4) :57-61

Xin Huijie,Pan Yujun.Based on the temporal and spatial pattern change of ESDA per capita cultivated land area—

Taking Henan Province as an example[ J |.Journal of Xianyang Normal University,2021,36(4) ;57-61

BT, AR i A PR €0 SR A B2 IR 0T [ ) ] S5 PR, 2018,34(12) : 114-118

Hao Hanzhou, Zhou Xiaobing. Spatial econometric analysis on chinese inter-provincial green development index[]].
Statistics & Decision,2018,34(12) :114-118

Anselin L.Local indicators of spatial association—LISA[ J].Geographical Analysis,1995,27(2) :93-115

RPDF MR 2 P AL S R R AR R R )] P EIZ5ST1, 2001, (13) 11

Zhu Qingfang. A new index system for measuring urban economic and social development[ J].China Economic & Trade
Herald, 2001, (13) ;11

REZ BRI I N R RARMERRVT [ )] g 593k, 2015, (2) 1 12-15

Zhu Xian, Wei Guodong. Discussion on the fine standard of dimensionless method in entropy method[ J].Statistics &
Decision,2015,(2) :12-15

Hoekstra Arjeny Chapagain]kﬂﬂﬂ?‘fﬁqzﬂﬂ‘[ M].dbst. BlE At ,2012

Hoekstra Arjeny Chapagain.The Water Footprint Assessment Manual[ M ].Beijing ; Science Press,2012



1048 7 AER 5 TRERR A4 Vol.32

[33] Bk 20, s, 28 I KRl i T SRR TER A 7 F K St 28R 5T
Brig [ 1] VTR B 5 B35, 2020,29(12) :2790-2804

Chen Hong, Wang Haokun, Qin Shuai.Study on green efficiency of grain water resources in Heilongjiang Province from

BT =B Bt SBM-Malmquist T8 5743

the perspective of water footprint; Based on Three-stage Sbm-malmquist index analysis method [ J ]. Resources and
Environment in the Yangtze Basin,2020,29(12) :2790-2804
[34] Zhang L,Dong H,Geng Y ,et al.China’ s provincial grey water footprint characteristic and driving forces[ J].Science of
The Total Environment,2019,677.427-435
[35] MBIRLAGI R BIAIHERE [ M] . Ant: b E S R, 2004—2018
Bureau of Statistics of Heilongjiang. Heilongjiang Statistical Yearbook [ M ].Beijing: China Statistics Press,2004—2018
[36] RIBITARMIT BICTCA KGR M ] IR BRIETT RS ARAE,2003—2018
Heilongjiang Water Resources Department. Heilongjiang Water Resources Bulletin[ M |.Harbin ; Heilongjiang People’ s
Publishing House ,2003—2018

Calculation of Green Water Resources Efficiency in
Heilongjiang Province and Analysis of Spatial-temporal
Evolution and Influencing Factors

JIANG Qiuxiang, LONG Ruirui, WANG Zilong, WANG Jinjing,
WU Yunxing, GUO Weipeng
(School of Water Conservancy and Civil Engineering, Northeast Agricultural University , Harbin 150030, China)

Abstract

Calculating the green water resources efficiency is of significance for achieving the green
development concept and the water resources efficient utilization. We measured the green water
resources efficiency in Heilongjiang Province from 2003 to 2018 and analyzed the spatial-
temporal evolution using the slack based measure (SBM) model. And the spatial aggregation of
the green water resources efficiency through the spatial autocorrelation method.The influencing
factors were analyzed by adjusting scenario simulation of input and output variables.The results
show that the average green water resources efficiency in Heilongjiang Province is at a low
level,,but it shows a fluctuating upward trend. The green water resources efficiency in the
southern part of Heilongjiang Province has increased greatly,and the efficiency in the northern
region has also increased.The efficiency in the eastern and western regions is relatively low and
has not changed much. The green water resources efficiency has the characteristics of spatial
aggregation. High-high aggregation and low-low aggregation are located in the southern and
western regions , respectively, and low-high aggregation is distributed in the eastern region. Water
consumption, labor, fixed asset investment and grey water footprint have a negative impact on
the green water resources efficiency,while GDP and social comprehensive index play a positive
role ,and the main influencing factors in different regions are also different.The finding can be
used to strengthen regional water resources management and optimize water resources
utilization , and further promote the sustainable development of Heilongjiang Province.
Keywords: SBM model ; green water resources efficiency; spatial-temporal evolution; spatial

autocorrelation analysis ; spatial aggregation ;influence factor ; Heilongjiang Province



