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Agricultural irrigation water efficiency in the Yellow River Basin from 2007 to 2020.
Based on the three-stage DEA model and Malmquist index

JIAO Yumeng, CAO Jianjun, CHEN Jie, WANG Hairu, LI Yumei
(College of Geography and Environmental Science, Northwest Normal University, 730070, Lanzhou, China)

Abstract; [ Background ] Currently, the Yellow River Basin contributes one-third of China’s total grain
production, but its agricultural water management is inefficient, with irrigation water accounting for over
90% of total usage. Efficient utilization of agricultural irrigation water is crucial for sustainable
agricultural development and environmental conservation. Implementing efficient irrigation system
improves crop yield and quality, enhances drought resistance and adaptability, reduces costs, and
mitigates soil salinization. Therefore, efficient agricultural irrigation water usage is necessary to promote
sustainable agricultural development and ecological protection. [ Methods | This article employed the

three-stage DEA model and Malmquist index to conduct static and dynamic analysis of agricultural
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irrigation water use efficiency in the Yellow River Basin from 2007 to 2020. The three-stage DEA model
can eliminate the impact of non-operational factors (including external environment and random errors )
on agricultural irrigation water use efficiency, thereby more accurately reflecting the internal management
level of decision units. The Malmquist index can analyze the trend changes in agricultural irrigation water
use efficiency, which helps to better understand the development trend of agricultural irrigation water use
efficiency. [ Results] The First Stage of the DEA model revealed that, from 2007 to 2020, the annual
average comprehensive efficiency, pure technical efficiency, and scale efficiency of agricultural irrigation
water use in the Yellow River Basin were 0.786, 0.913, and 0. 864, respectively. The regression
outcomes from the Second Stage of SFA revealed that the regression coefficients of per capita gross
domestic product ( GDP) and per capita water resources with respect to the input slack variables
associated with effective irrigated area pass the 1% significance test. In contrast, input slack variables
associated with agricultural water use and personnel employment did not pass the significance test.
Furthermore, fiscal expenditures on agricultural and forestry water affairs did not exhibit significance in
relation to any of the input slack variables. In the Third Stage, the results of the DEA model indicate
that, after controlling for external factors and random errors, the annual average comprehensive efficiency
for this period decreased by 5.2% , while pure technical efficiency increased by 1.8% , and scale
efficiency declined by 7.2% . The annual average comprehensive efficiency, pure technical efficiency,
and scale efficiency in Henan province all remained above 1, reaching their maximum values. The
Malmquist index revealed that, from 2007 to 2020, the overall trend in irrigation water use efficiency in
the Yellow River Basin demonstrated a fluctuating upward trajectory with an average growth rate of
10. 3% . Specifically, the change in technical progress exceeded 1, and the variation in scale efficiency
corresponded to the changes observed in the Malmquist index. [ Conclusions ] Based on the above
conclusions, the agricultural irrigation technology in the Yellow River Basin is at an advanced level.
However, the pure technical efficiency of agricultural irrigation water use is underestimated, and the
scale efficiency is overestimated, leading to the inappropriate scale of agricultural irrigation. Therefore,
while ensuring the adoption of advanced irrigation technologies, it is imperative to prioritize the
exploration of the scale efficiency potential in agricultural irrigation water use. This approach will further
enhance the efficiency of irrigation water use, promoting the sustainable development of water and soil
resources in the region.

Keywords: agricultural irrigation water use efficiency; three-stage DEA model; Malmquist index; The

Yellow River Basin
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Tab.1 Evaluation index system for agricultural irrigation

water use efficiency in the Yellow River Basin

A5 B Variable FEFR Index

¥ AAZ i Input variables

7= A8 B Output variables

4545 B Environmental variables

QW T W

T A A KA, 10° m? ;s B A RGE L EBL, 1000 hm? 5 €Ak A
WG TTN D A A7 B E ACTG B N E AL BT, 0/
FOABPK SRS, m*/ N 6 EE Bkt g5k 258, TR,
Notes: A:Agricultural water use,108 m®. B.Effective irrigated area, 103
hm?. C:Agricultural employed persons, 10,000 persons. D: Gross agri-
cultural product,10® Yuan. E:Per capita gross domestic product, Yuan per
person. F':Per capita water resources,m’/person. G :State finance agricul-

ture and forestry affairs water expenditure,10% Yuan. The same below.

2.4 RETEEE

T Y o 28 UK K B R R R DL S BOR
e M 4) AR R R XfE LA A o) ATk A (X AR
T FH K 505 7= A s ), DR I 28 3 4 i) 6 BN 3
GDP | A7k 5t 1 [ 5 W B A MoK 3555 52 th 1
MR R (F D),

3 ERGMH

3.1 3 [rEX DEA SCiES 4T

3.1.1 %1 MEf% DEA B2 42 551 (B
iz DEAP 2. 1 DB L 9 M8 X 2007—2020
R ZE A ARBOR , 4l F R ORI AR
HTAERR S, R L 2 IR AR 4548 X 2007—2020
SRR EIE, W 2 PR, TEAN S RIS R A
BEHLIRZE BRI R, 258 K L5 S HARBCRIEHEF H

MR > AR > BEPE > N5 > 7= > I > 1vE >
Hl > i, Hodaifg RBCEHEF . LR =
W = TH = H > BEvg > NEEE > I > il >
o, BUSCRHEE TR > ILZR > 52 > Bk > H
> > TE > I > HifE,
3.1.2 #2 MrB SFA EIAL R #57 SFA [ 4R
#3847 Frontier 4. 1 84, 753 BIAZ5 R J=XVNil}
5 ,2007—2020 AEHFAERY SFA [BHZ5RAR LA i H
L2020 4E MM, fhge 2 IUL, I SUBR ELRG 56 T (58
KFHMAR B FHE 2. 706 , 45 260 S A5 %, 156 FH AR AU 3 BT
AT SFA AT BIH 4087, Horb y #4371, 3R ITEIR
BIRZET P AR i A2 A PR Z5
LI, N¥) GDP A BK BT IR AR L, XA
VA 2 A 200 TR T T R P 35 KA st 75 8 4 ] 1 2R
BRI, A X A R R 1 R ) 45 A A Bt A e i
1% B S ZEPERG 50, A lb MOlb N B FR 48 AR ot A5 o
ot AR RS XU FEZ KT
HKGER & A X, Al P 7K 2 RN A58 Tk AL
P AR5t A ek o ZE AN, AT T e Al TR T K
&N TN U N NGO & W N RN
FHER AR KRR, B AR 55 7K S H X
ARl FH /K BB AR AR F5E A (] )5 R B000 15, XA 24
TR T RO MO B3 AR SR A B, HL o
W RS, BUN R KR E S S ER
FHZK LRGN AN 52 e ARl 4 W FH /K 380% (R AT
DA I S0 R T ARG TS AR MOl AR, IR
A BT R A KSR
3.1.3 #3MEEAEENEH DEA MELE R M
BRANBIREE R R FIREHLIER 22 5 A &5 S 0L 3, it
XoF G 2 L3 R0, Vi 4k PN 4% 48 DX ) e Ml T8E
IKECRAEE B R, 7255 3 Beh, = E 51|
FAXTECES 1 BYBEEE B AR RCR AR K, b T 5
ZEAH R BOCR YL AL 3 T R RSOCR A
27. 2% 5 MU 2545 BEARBORBLAAG T2 Z 4l F AR
BORPLARAG 12. 6% 1 5 44 76 T BR S5 1 55 52 1)
P i 28 A R AR RCR | aliF AR SR RIS 3 R 3
IR BN HE R AR T . LR G BORZCR(E A
XFE I 9 A X K (0. 350) , Hibali 5 R s R
{HAFLBRCRAE A 31 1 A1 0. 350,
3.2 E-T Malmquist 35 A K N 7K LR B 55 #7
K H Malmquist $8 2088 | i — 20 B 92 8¢
TS A THE R FH /K 35300 14 4R R R e % I
DEAP 2. 1 $R{K5 3 By B i 8 AR 2 FLpl 4 7=
ASEAE A Malmquist 15808 RIHEF T



74 K AR R 2024 4

k..
[100,0.539] [ (0.807,0.924] 110,0.583] [ (0-865,0.937] [100,0.530] [ (0.924,0.969]
[1(0.539,0.632] [ (0.924,1.000] [1(0.583,0.854] [ (0.937,1.000] [1(0.530,0.807] [ (0.969,1.000]
[1(0.632.0.807] [1(0.854.,0.865] [1(0.807,0.924]
() ZEEHARZCEIIE Mean value of (b) AFARFCRIH Mean value (c) HUBTHCRIAE Mean value
comprchensive technical efficiency of pure technical efficiency of scale efficiency

2 551 BrBL:2007—2020 4F 9 48 XA HE BRI K 25 5 BoARBCR I AR BRI (H R BRI
Fig.2 In the First Stage: Mean values of comprehensive technical efficiencies, pure technical efficiencies, and scale

efficiencies for agricultural irrigation water use in 9 provinces from 2007 to 2020
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Tab.2 In the Second Stage: Results of the 2020 SFA regression
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