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Fig.1 The river system and subbasins of the study area
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Table 1  Simulation scenario settings

BB 5 BEACESUmm  EREE Hmm KN [8]

H# HUE

EY NI AEE IAREK 4 Ik, FERS K ARNRERE KA B0 1~2 DREREE, P340 356 mm
“90 mm-
90 90 WATH
—K” &R i
“45 mm-
45 90 IR ULIE i
KT R e
30 90 ERAHAL AT AN AR
“30 mm-
=k” 30 90 BT Al S

“30 mm-=JK” JFRW KT
TEAI TR 7E S )1 s )
WA 25, A 15 DTN
P, MR,
Fohth 7 TR
W EAR R, X B
b 7K R R ) A5 A S S - 497 3t
SN AR, HARVER

Zhang 452 AR AT R0,

4H5H

4 5HM5H5H
11H1H. 435 HM5 350

475H.5A5HM15H

1.3 B R RANE R

BT DR R E &N B X 2 —, BRI =
AN X O ZEIRAKHERE AR A T 1 AN 0 R
JE BRI E % 5 R RS M R o [, ANFERR
J7 5N = R K AL R ARG IR 52 T i R AR A%
TERIZ R FEATTTLX, Z/NARIX YA 2 m IR
FEAZREANEEE T B K R, A
W FE K KK SO R 5 1 A LB 2 8] R AR LG
R, BRRAERA R B ER . ER TR
HZH T KM FANABEREAK TR, 55—
GYWAFAE AN RRIX YN 2 m PR BE LA, 2415y
K SR )R KR 5 W2 AR 2 BN, i
AERIEIT K TR, & BEAFHRETT S N R VTR
TR AN B 7K B 22 AR DX VR P 18 7 A 2 KA E ) 2%
o T AFRER T AIA/NZRIX A 2 m IRE AR
B R SR SRS RCE (BT IZESR, ATNGE
EAAR FK U SRR 8 S R 7R AR )
Ji PR SR A AR

AHIFORAE 3 FHER K RERLTE 5 F B i B
WA N B2 (kg/hm?) s 3% 23 R KA 284k 5 5

(m/a) AEMIR R 3K B ECmm)FTET,.(mm).

WAk, Sy PRI R HAEAT BRI T %, SR AME
VI HL R KB AE TR 1 IX —FaAs, B CGWP (Crop
Groundwater Productivity ), X} #F-Jtsk P (1) 3 Fis il
& ST ARIE T R A /N 22 A R E W e AR 1)
ANEE KR [ X Rt . CGWP KRB T “/K—He”
BT AR, AT ekl R K Y FE R &/ N PR R T
Wik o AW 9T 08 L CGWP N FAE 2% 5 R R 26 R A L,
ERIZHRKAL (m) BN FE— AN AR R BRI
PP (kg/hm?). FEitk, CGWP {Hlie, Wi IEm/K
X AN P R R DUROR , BAC /NG [ B 3 7 1
THFERRZH T /K IR Sk, ol 15 B A
R RER R s . R AN

YLD;-YLD,
P=— T
CGWP; SHGWHT;-SHGWHT,

A CGWP % | MERT (=1, 2, 3) Bt
I B (/B T KR AE 7 1 (kg/m®); YDL; 9%
i PGSR (=1, 2, 3) BN AT BN A&/ N A
PeaE (kg/hm?); YLD, AREILL A BT inf BEA & /N 7E
FEAM T HAER & (kg/hm®); SHGWHT; 4 i

3

x10%, (L



FEBLHEZK 23] http://www.ggpsxb.com

fBET (=1, 2, 3) BHUHTI BA I E R 7K1
HEZR (m); SHGWHT, R iy BEA & /N AE R 77
AT BRREH AR (m). Hor, &N
FRAAE N IS S Zhang 25700 fE R .

2 RS D

2.1 e B R

FERIE W E ST B, BR 7 dxd 4b, Hofth
WAL 90 mm ML E AN 1 & /N 22 7 Y AT AE
4 000~4 700 kg/hm? (£ 2). Xftb 3 il i, 7Ei%K
PR =X BRGRE A& Dz 8, XA
10 MFRIBIIRIN “45 mm-—/K” 7R &AM Xt
F R FHE, “30 mm-=/K” HFEMT “90
mm-—7K” Jr%. Hr, Ttk dx2 (R T IRE X
A6HD EAFFER T R AN B E R (il
s HRAE RN ZEED &, “45mm-—UK” 5%
TR “30 mm-=/K” 7R M E A T
400 kg/hm?, [F, dx2 2 E——4> “90 mm-—7K”
Ti RBAEL /AN Z B DT R AL T “30 mm-
=K TR SREAE S, £ “90 mm-
—/K” . “45mm-—/K” . “30mm-=/K" FETF,
KT AT P~ SR 87 A A /N 22 1 20 k7 28 73 33
N 24%. 21%F1 23%.

%2 2AKRFREZBRENETIRBLA 3
BMEZTHLANEFFH 2
Table 2 The annual average yield of winter wheat in the
subbasins under the three limited irrigation scenarios

TR N “90 mm-—sK”  “45mm-—sK”  “30 mm-=sK”
FTLE UES kS kS
KEBW=HX  'i(kghm?) FEikghm?) F=&i(kg hm?)
dx1 3261 3504 3418
dx2 4263 4430 4034
dx3 4451 4683 4567
dx4 4380 4639 4533
Jeis O 4202 4358 4254
VEPH dx6 4283 4 475 4372
PR dx7 4216 4381 4208
dx8 4431 4528 4405
dx9 4401 4660 4553
dx10 4222 4335 4233
SS9 4211 4399 4258
zyl 4444 4687 4547
zy2 4478 4679 4541
zy3 4481 4618 4 498
zy4 4570 4803 4628
zy5 4536 4 657 4416
: 7y6 4564 4558 4476
5"%}? 2y7 4420 4633 4211
TR 28 4384 4389 4197
zy9 4566 4 476 4338
2y10 4484 4525 4366
zyll 4645 4629 4382
zy12 4787 5077 4657
SFH4 4530 4644 4443

TR, “45 mm-—/K” HR A NE
P EARIRAE RGO AR, ABA G AL KIE W
PO R AR (3R 2). X T A fE+ 4 Hh
IR ik, “90 mm-—/K” HFR MR CIER
PR E R B “45 mm-—K” R T E. 50
TVETTFIRARLL, FF PR 12 DTk &
FE B AEAN AR AU 50 T 00 2 18] e o 1t BE K. 45
“90 mm-—7K” J7 RAET AP RIS R K
Wi, XF ozyl. zy2. zy3 Fl zyd (Z0fTAFEE
HIXD X 4 ATk, s NN R HAD
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AT T HREEAIE & Hu XD 31X 3 AN, iZE s I
/NS g A 2 P A LA R s . HERA
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FUE dxl (7 TR EHLIX LSS R TR EH T
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0.17~0.27 m/a( & 3) o Xf T 5 X e 38 (1) 7 T ~F I
Hok 2 R 7KGER R T 35 FH LU ORI VAT Ve 7 ~F Ji B R
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VEWE 7 5T IR 2 T K AL 35 A T RS 43 i R
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P W RCRBCR, M zy2 (T A X
HHZRFRD (R Z R KA, R Bl BEAT ik 1.0 mia BA L
(R 3. BAKRE, ELKE T, “90 mm-—
K7 T7 S5 HAth 2 M7 EAH EEAA EALTS ) T KR
RACR, X PP AL RIEIVE P8 B A 1R B 14
dx2 BAZR ) 9 ANtk LK 1 A ) zyl.zy2.
zy3 il zy12 Fiitdk X 13 NFIishr TR e X
AFEHX IR SR .
2.3 ZINERXNE 2 m TERERNTIEKSRE

AN 2DIKBFPFE =X NS PRI S =R X
(B 7E 3 FPREME IS 5% T A/ N R X YA R) 2 m L 2R FE
WH LK BRE (UFRIRBIRE). ERIEN
VEVUT R, ST IIAE 3 FIBLIG 5 F-FAE TR
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Table 3 The variation rates of shallow groundwater table in the

subbasins of the Dianxi Plain of the Daging River basin and the Plain

of the Ziya River basin under the three limited irrigation scenarios

T “90 m‘m- “45 m‘m- “30 m‘m-
oo —K” TR —K” R =K R
K=K e SR AR AR
WEE/(mat)  EE(mal) HE/(m a™)
dx1 0.27 0.18 0.19
dx2 -0.25 -0.30 -0.23
dx3 -0.17 -0.23 -0.23
dx4 -0.21 -0.30 -0.29
N dx5 -0.20 -0.25 -0.24
«é\ﬁiﬁﬁ dx6 -0.58 -0.64 -0.64
dx7 -0.13 -0.16 -0.16
dx8 -0.33 -0.37 -0.37
dx9 -0.26 -0.31 -0.31
dx10 -0.37 -0.42 -0.42
4 -0.22 -0.28 -0.27
2yl 0.02 -0.06 -0.05
zy2 -1.08 -1.19 -1.19
zy3 -0.20 -0.25 -0.25
zy4 -0.61 -0.67 -0.62
zy5 -0.35 -0.39 -0.36
‘ 7y6 -0.56 -0.61 -0.55
?fg 2y7 -0.70 -0.75 0.71
zy8 -0.31 -0.35 -0.33
2y9 -0.34 -0.34 -0.32
2y10 -0.37 -0.39 -0.39
zyll -0.50 -0.56 -0.52
zy12 -0.30 -0.36 -0.34
T -0.44 -0.49 -0.47
2.4 RHEFKE
W FCIX & F-IRIRAE 3 FPEERETS 5 N AP ET,

I 530~576 mm Z[i], H5IEANE SAH G I FECHE
F&/\Ilm%%ﬁﬁu@ 2 fim. HFIIEAE “45 mm-
KR €30 mm-=K 7 I SRR ET, BIEIRZ)
4 13%~18%, £ “90 mm-—/K” 15 F4EFH ET,
PR IR 29 15%~19%. 75 RIE e P ~F )i, “90 mm-
~7J<” 5 R ET, BE “45 mm-—7K” F1 “30

m-—7K” 15550 K 10.3 mm F1 8.8 mm;
E%ﬂﬁﬂ%ﬁ, “90 mm-—7K” {5 F T ET,
b “45 mm-—JK” A1 “30 mm-=/K” 15545 5 F
FEAEK 7.4 mm A1 5.8 mm. HEIR “45 mm-—7/K” Fl “30

m-—7K” & TP ET, Z 7 AT 2 mm,
B “45 mm-—IK” T EAMUBEAE S ZEE, 1mH
SR P4 R 2R R BB T4 30 mm-=K 7

UE T
& 4 RFFTREGFRAT F AP RN ETRIBA 3
IR T OEHR R T 2m TRGSF-FH KB RE
Table 4 The percolation from the soil profile (2 m) in the subbasins
of the Dianxi Plain of the Daging River basin and the Plain of the

Ziya River basin under the three limited irrigation scenarios

“90 mm- “45 mm- “30 mm-
TS —K” TE v S =K IR
HFHEm TR S PGy EPBK G
KB =7 IX BiRE/ Bl Bls=
(mm a?) (mm a™) (mm a™)
dx1 59.8 50.8 58.2
dx2 60.3 51.6 56.0
dx3 61.2 524 53.1
dx4 62.2 53.3 57.0
dx5 62.5 53.6 54.4
I)Ej:@fif{@ dx6 62.9 54.0 54.8
dx7 63.4 54.5 55.2
dx8 63.5 54.6 55.3
dx9 63.7 54.6 55.3
dx10 62.5 54.8 54.3
15 62.2 534 55.4
zyl 57.1 50.0 51.9
zy2 57.4 50.3 52.2
zy3 57.8 50.6 52.6
zy4 58.2 50.9 52.9
2y5 58.1 51.3 525
zy6 58.4 51.2 52.9
%EJ?%T 2y7 58.3 50.7 52.4
zy8 57.8 50.5 52.1
zy9 57.6 50.4 52.0
zyl0 57.6 50.2 51.6
zyll 57.3 50.0 51.4
zy12 57.1 49.9 51.2
F-15) 57.7 50.5 52.1
. i

1395 1346

353

A EMAR R
9 47%  63%
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WY ALY T A R R B L

Fig.2 Spatial distribution of reduction in actual

evapotranspiration (ET,) under different simulation scenarios
compared with the current situation and the proportions
constituting in the ET, under the three limited irrigation scenarios
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Table 5 Crop groundwater irrigation productivity under
different irrigation scenarios in the 10 subbains of the Dianxi
Plain of the Daging River basin and the 12 subbasins of the

Plain of the Ziya River basin
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Table 6 The spatial distribution of the recommended irrigation schemes
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Table 7 Average yield of winter wheat in three simulated
scenarios under different precipitation exceedance

probabilities (PEPs) of winter wheat growing season
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Adjusting Irrigation Frequency to Ameliorate Winter Wheat Yield Reduction Due
to Restricted Groundwater Extraction for Irrigation: A Case Study

HOU Yonghao, WANG Nan, DING Beibei, ZHANG Xueliang”
(China Agricultural University, College of Land Science and Technology, Beijing 100193, China)

Abstract: [Objective] Over-extraction of groundwater over the past decades has resulted in shallow groundwater
table dropping at an alarming rate in most regions in Hebei province. Reducing groundwater extraction for wheat
winter irrigation has been proposed as a remedy to reverse this trend. Quantitative understanding of wheat yield
reduction due to the restricted groundwater extraction and its consequence for groundwater dynamics is essential.
Taking a piedmont plain of Taihang Mountain as an example, this paper investigates how to minimize the wheat
yield loss by optimizing irrigation frequency when the irrigation amount is the same. [ Method 1The study was based
on numerical simulation. We designed three scenarios with the irrigation amount kept the same at 90 mm, but the
crop was irrigated at different frequencies. For each frequency, we simulated the winter wheat yield, variation in
shallow groundwater table and soil water balance in the 0~200 cm of soil using the modified SWAT model. We
divided the simulation area into 22 sub-basins, and the optimal irrigation frequency for each subbasin was calculated
based on the index of crop-groundwater irrigation productivity. [Result]l (@ Irrigating the crop twice, one at
jointing and one at the heading stages, at equal irrigation amount (45 mm) gave the highest winter wheat yield, with
the average yield reduced approximately by 20% compared to business-as-usual irrigation method. @ Irrigating all
90mm of water at the jointing stage led to largest irrigation water leaching. @3 Increasing the irrigation frequency
from two to three with the same irrigation amount in each (30 mm) did not noticeably change water leaching and
evapotranspiration, but increased soil evaporation at the expense of transpiration. @ To minimize yield reduction,
13 subbasins (approximately 54% of the studied area) should irrigate once only, 8 subbasins (approximately 40% of
the studied area) should irrigate twice each with 45 mm of water, and one subbasin (approximately 6% of the studied
area) should irrigate three times each with 30 mm of water. [ Conclusion] Reducing groundwater extraction for
winter wheat irrigation to 90 mm could mitigate shallow groundwater table falling by 60%~75% at the price of yield
reduction of 20%~25%. To minimize the yield reduction, different regions should adjust the irrigation frequencies
based on its heterogeneous aquifers. Optimizing irrigation frequency should consider the trade-off effect of irrigation
on groundwater conservation and crop production, as well as irrigation water use efficiency.

Key words: limited irrigation scheme; irrigation frequency; winter wheat; groundwater irrigation productivity;

SWAT model
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