%194 55 M
2021 4E 10 ]

9 7K A6 IR 5 K R BB Crp 3 30

South-to-North Water Transfers and Water Science &. Technology

Vol.19 No. 5
Oct. 2021

DOI:10. 13476/j. cnki. nsbdok. 2021. 0097

ZG e L R 5 A AU S LR DX R AR 0 BREIE A [ ). Pl 7KL IR -5 R B £ Ch 3300 . 2021, 19.(5) + 930-940.
LUAN Q H,WANG Y.ZHANG H.et al. Healthy evaluation of farmland water-cycle in a typical irrigated area of North China
Plain[ ] ]. South-to-North Water Transfers and Water Science & Technology,2021,19(5):930-940. (in Chinese)

et IR 8 B X R H KB I & RV

AL A RE R W A AT

(LT TR AT A RO A B R S22 b HRH 056038 5 2. e Rl B2 55 TR B » B AL 2100985
3. HRHE T KR Ry A A AR MK e Ak AT L HRHE 056001)

E N TS WAL SR DA PR AR R A o i ™ 0 4R ™ o 78 A M i DX PH R G PR 45 4 (19 S Aty 482
FEL Bl R /KA P AR ABE A5 » 26 FHTJZ R 0 BT A A BV T A A A I RUBE AR R PR AN 1A % 5 7 3R I 25
FEROE AR R € S A3 M X EE AN ZE BB X 20102019 4E4R UK EFMEEHRAROL . FEFRIEAN25 T B B3
IXAETEBE /K 5T AGNE B A2 S 08T S KA R RS T i 2 S B A7 5 R0 — B B DL R AR B 5
H1 2010 4R 4 ANHEICE 2019 AR89 9 A ZE VPO 45 R 7R B K 75 B A e BREAR 00 B 22 BEARE T 457 K
UK T B RTREK Tl R R KM HRR LA BB A S T . BT - %5 B 9 DORPE PRSI 10 AR5 3 1
ARG IFH 2 M7 AR YE R s A RN A R AL A AR — Bl WFSE A IR AT Dy AL I DORS 20 46 A LA

LR TR R R R BERL R IR IR ISR 2

KRR A T AR FK OB R s HE X s R R MWL 15 s SR 1R B0E s IR GG Hr

hESFES:TVI3 XHAARER A

TEFR [ AL A AR B 7 XL Al K T 3R
SR AR FH KR TR AN A8 S » (815 T Xt 4 e
TE XA RUK 3R AT A SR-AE 2 — oo @™ 2 .
THE DXAE D N IO 7K 5 A A3 35 1) BRI R 22 B
AR K B IR A 2255 85 4 » IX UK AR BF B AR HLAE B
ARSI B WA 51 K TV U X T K
R S AR ASTERALSE R S T R X A =
A . AERERPR SRR L a0 ik X AR K
TEPRARAS A “REMRR”  H- W AR

IRAGEMEEE 5 A RS h R 7 21 i
LB BB KRR E SO ARG —. .5k
NN R KB PRy b i KA Jie K A
Hifig . BAL 2K A B AR RIEIA I L 5
KPR R A5 IA A i B 11 K A0 21 1098 B 3o o 1) 5
P R P e PN T R s 1) S A f

I #s B #A: 2021-05-06 &6 H#1:2021-07-14

TRl (FIRERS ) FRER (OSID)

JRE PR IR T KOG PR AL 5 A A A AN R AEE IR . A5 A%
L RFHNT T ARG SR A A [H] L (2
HR W B — 35, ¥ T 4R 2K 5 A AR
IKAE IR DR 5 ] L

FEAR K AEERME A 58 1 il 1, AN/ DB R 2F
BOYETF T IKAG IR VE A 1F 52« Pal 480 H845)
T KGR BEAR , I PPAL T 4515 YL 4] 7K A1 BF fik
RS ) 5 1k = BB LA TR L A S8 A A I 5 X S
BT AR IR KT TR KGR B LR K&
S JR) VU2 B 1 S UK BB R P8 AR IR R . 22
TSR [ K ) g o 28 HE 1) X TRL G 1P 22
X XSRS T KA R M B PR A T S b
T I RGEUR KRB KA KRR K E
IKAEER A R R IE SR T (@B IEAY s Zhang 255 A
ARG KT K B IR B KGR T S

[ & tH AR B 18] : 2021-07-19

[ & H B 4E - hetps: //kns. cnki. net/kems/detail/13. 1430. TV. 20210719, 1021. 002. html

BEE£WA : FHEZELAV AT H (2016 YFC0401401) ; 5 A SRR 5455 H (51879066)

BB 481978 ), L LI AL #UR L, F NG K SCF BK R EMFSY . E-mail: carol97011202@163. com
BEVEE Ik (1975, B 3Ttk N R TARRN . 22 A KA £ 5T . E-mail : hdslzh@163. com

+ 930 « KXKF R



gk, &

A6 R S A KRB K 1 BT B REE

A AYEFER R T KR VA TR R 5 i A AL
AV TR K A 25 B s = A S T 7K AT
PRE FEVE AR 7R 5 0 B A A 43 S0l DA
TR A 15 201 B3l i g K = O i 7
K AT T SRR P AR S M T AL A PP
PRZ FE LI L HRER 30 DO B BEAT T PR4 . LR
X AR PO I ST I 5 - A AR L 5 NEIX )
HEAST5 T B BT AR A T AR el kY
ST T —SE X IR IS R A A RE A IR
WS FER A R G PP

£ bl AR R E - H
AP SE 32 A AP Sl i DX 3 A 9 R EIX X — A
IR RIS A 951 26 DB L A 253501
Hr T AR KGR — o) kS UKEh S kA, A
FEARRTR  HE X5 T (R AR HAT — i IO AR (AP
AL 0™ FARAE IR . BT B A5 ST i
AR AR & B A DGR A8 R G A T IX
KPR A5 A 45 AE A SR L fige A A 1 et BRE 7K 778 2R
A& A AR RGP PP PR BRI 2R L X4
JEF S R X — L B B 75 B 9 DXl 10 4R K
TP HEAR ST VAT LA X XK B3 PR A8 AN
o e R AR AR .

1 R B RKIEIRAE

1.1 R RIEIR G BIEIR
AR HUKAGER B B F ARG FR L 30 T KOG ER LA

THOKIEIREZ A FIRF S R . TN T
AIRIRARAS T A KPP 2 2R K 28U I
TR ZRIE . AR K A B4 oK
R MR A MR AR B 3T FE R £ 2B K
TEK PR 5% S B g B4 REAE RO BBl T 28 i e J2=
MO E B R AR AS T
DRI AR L AF — R S B A 43 A BT I 3K
s TR HEA RIS PO 7 e A o A R
ARSI RS . R ARAC T K AR 36 %
UL 1,

z R
R

(emmwisroks] | wERR
| 4 =2
e [ S v kb

B1 RAREKBARER
Fig. 1 Natural process of farmland water-cycle
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Fig. 2 Dual process of farmland water-cycle in irrigated area
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Fig. 3 Evaluation index system of farmland water-cycle in irrigated area
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Tab. 1 Weight of evaluation index system
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Tab. 2 Healthy threshold of evaluation index system of farmland water-cycle
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Tab. 3 Healthy classification of farmland water-cycle
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Fig. 4 Study region location and river system

3.2 N ERLE M o — BN T WA IR A WA 45 R A S L
3.2.1 FHiFher PR BRI M R KRR ™ L S B

TERPRURIET T H— e BRI I 3Rl 1, 5 M TIRABAFGRE IR I Z A REATX]
HAE 2 PR R, A KGR 4 hr i B0 SR A BT T R IR e 5 b T /K LA
BRI L 5. MR T E 10 ARGk M R BOERE %  AK 2 HRS A — HAL T
A E BT AR R ik b Bt R BO HHEBRRUE R — AR TR Rk
VEWEORIESE b T KA SR IR R A T 10 AFE XM R /KGR RIE BKIE ™08, 4 F -
TR S 5 bR, P ARMBBHES 2 THE R R IR LR W 2 1 155 )

5 ERREKEREIMERITMER

Fig. 5 Healthy grades of farmland water-cycle index in irrigated area
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Tab. 4 Evaluation grades of farmland water-cycle dimension in irrigated area from 2010 to 2019
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Healthy evaluation of farmland water-cycle in a typical irrigated area of North China Plain

LUAN Qinghua'? ,WANG Yi' ,ZHANG Hai*, LIU Tianwei' ,DONG Sen' , HE Shuai'
(1. Hebei Key Laboratory of Intelligent Water Conservancy , Hebei University of Engineering  Handan 056038, China;
2. College of Agricultural Science and Engineering , Hohai University , Nanjing 210098 ,China;
3. Department of Agriculture Water Conservancy and Handan
Bureau of Water Conservancy s Hydropower, Handan 056021 ,China)
Abstract: With the rapid increase of population, agricultural water demand has increased largely, which resulted in the continuous
construction of irrigation and water conservancy projects. The effect of artificial drive force on farmland water cycle has become
more and more prominent, especially in the main grain-producing areas such as the North China Plain, which led to the
"nature-society" duality of the farmland water cycle in the irrigated areas. In past years, the irrigation managers only focused on
human living and economic benefits, while ignored the natural law and farmland sustainability, caused groundwater over-pum-
ping and ecological environment deterioration, then influenced the high-quality agricultural production in the irrigated area.
Thus., to solve the above problems., it is crucial to systematically illustrate the farmland water-cycle "health" and scientifically
"diagnose" the related "symptoms".

Based on the analysis on the structure and the corresponding health conception of farmland water-cycle in irrigation areas,
the evaluation index system of farmland water-cycle health including four dimensions (water source, water transporting, water
consumption, and water withdrawal &. drainage) and fifteen indexes were established, according to the selection principle of An-
alytic Hierarchy Process. The indexes” weight through the combined Analytic Hierarchy Process-Entropy Weight Method were
calculated to improve the corresponding objectivity. The threshold values of different health grades in the evaluation index sys-
tem of farmland water-cycle were set according to the relevant national standards and reference to the related researches. Junliu
irrigated area of Wei county, Hebei province was selected as the typical one of the North China Plain. The health of regional
farmland water-cycle from 2010 to 2019 was evaluated through comprehensive index method and modified grey correlation anal-
ysis, respectively.

The index evaluation results show that: the water quality, non-point water pollution of fertilizer and pesticide, and utiliza-
tion coefficient of irrigation water are mostly "ill"; the indexes such as water source diversity, the leakage proportion of canal ir-
rigation water, the piping proportion of field irrigation water, the high-efficiency proportion of water-saving irrigation and rea-
sonableness of planting structure have improved year by year in recent years. The total number of "normal" and healthier grades
increased from four in 2010 to nine in 2019. The dimension evaluation results show that the health of water withdrawal and
drainage is the worst and most of all are in "sick"; while the health of the water source, water transport,and water consumption
was improved year by year. The two comprehensive evaluation results both show that the water cycle in the Junliu irrigation ar-
ea has been improved gradually in the recent decade. The evaluation results of grey correlation analysis show that the health
grades of farmland water-cycle are "seriously ill" from 2010 to 2015, then upgraded to "normal" in 2016, and reached a stable
grade in 2017 and later maintain "sub-health". The scores of the comprehensive index method range from 2. 36 to 3. 58,and the
corresponding health grade was gradually improved from "sick" in 2010 to "normal" after 2015.

It is indicated that the comprehensive health of farmland water-cycle in Junliu irrigation area has gradually improved in the
recent ten years due to the integrated management of groundwater over-pumping. The non-point water pollution of fertilizer and
pesticide is the critical focus for the irrigation. The comprehensiveness and dimension health trends of grey correlation analysis
and comprehensive index method are similar. By contrast, the results of grey correlation analysis are more reasonable as the
healthy scores approach the critical value, while the results of the comprehensive index method are relatively objective to the
whole trend indication. The results could provide a scientific basis and decision-making reference to the management and high-
quality development of irrigated areas in the North China Plain.

Key words: healthy farmland water cycle;irrigated area; AHP-Entropy weight method; comprehensive index method; grey corre-

lation analysis
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