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Abstract: The most serious area with groundwater over-exploitation of deep aquifers in China is the Heilonggang
region of Hebei Province in the North China Plain (NCP), where deep confined aquifers are facing the risk of
depletion. However, as an important producer of high-quality winter wheat in China and the main producer in

Hebei Province, this region shoulders the important responsibility of ensuring edible grain security in Hebei
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Province. Thus, banning deep groundwater exploitation and stabilizing winter wheat yield must be taken into
account at the regional scale when proposing irrigation strategy for winter wheat. This is urgently needed by the
relevant departments in this key implementation area of the comprehensive treatment action plan for groundwater
over-exploitation in the NCP. Simulation using the distributed agro-hydrological model and further estimation
show that the average amounts of deep groundwater exploitation for winter wheat irrigation under the current
irrigation schedule and for other purposes are approximately 9.62x10° m’ and 12.47x10° m’, respectively, in the
whole region. Considering that deep groundwater exploitation for domestic and industrial use has been mostly
replaced by water diversion from the middle route of the South-to-North Water Diversion (SNWD) project in this
region, we propose to further increase the water supplies from the northern extension emergency project of the
eastward route of SNWD and from the Yellow River to the Baiyangdian Lake of Hebei Province diversion project
to replace the deep groundwater used for winter wheat well irrigation. If the water supplies from these external
water diversion projects can meet the demand of 9.62% 10° m’ for winter wheat canal irrigation, not only can stable
winter wheat production be ensured, but deep groundwater over-exploitation can also be curbed. Water amounts of
approximately 8.21x10° m’, 5.47x10° m’ and 2.74x10° m’ from external water diversion projects are required to
only meet the demand for irrigation three times, twice and once, respectively, during the winter wheat season,
while the total winter wheat yield will be reduced by approximately 8%, 34% and 56%, respectively, compared
with the current irrigation schedule. In summary, this study can provide a reference for the relevant departments to
plan external water diversion schemes considering the banning of deep groundwater exploitation and the
stabilization of winter wheat production.

Keywords: deep groundwater; banning exploitation; winter wheat; stabilizing yield; water diversion project;

canal irrigation
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Fig. 1 Average exploitation amount of deep groundwater for winter wheat irrigation during the simulation period under the current
irrigation schedule and the exploitation amount of deep groundwater for other purposes in each county of the Heilonggang region
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Table 1 Estimated average exploitation amount of deep

groundwater during the simulation period
in the Heilonggang region
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Fig. 2 Average variation in winter wheat yield under different limited irrigation scenarios compared with the current irrigation schedule
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Table 3 Estimated average winter wheat yield and the variation under the limited irrigation scenarios during the simulation period

compared with the current irrigation schedule in the Heilonggang region
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T * SRR IR L X A 2% A S R M DX P 1 DX R

5.10x10° m’ BB 51K A IL, A 2.36x10° m® A 2L
Ao DLAN, FEIRUE Hb X UR K AR K B T T SR B8 R i
2959 9.15x10" m™" T b 45 22 4R 5 2 B4 0 K )
219 2.46x10° m™, WA —E WF FIE S . Ik,
I B B 5 | K 12 AR B AR B, koK & 0T DL Rk —
A ) R 2 SOR K A SOK S Su e E K, ik, A
S P AN A T IR 2 MR K i 9.62x10° m
# B Fr .

T LB S S, AR SO B A 51 R AMIR K R AT IR
FE RO RS TT B AT IE R B < 18 A SR KA R TR
TS b DX PN g R e e T A R A R Y A R T AE XU, T
FIL 38 3 Aol RIS 118 A FE KR TR (HE 7K BH YA 3G 487 )
E N B

4 i

(1) 7L A4 PR e s b IX, PR e A% % - e
FHIRJZ M T 7K 5 8 DR A /N2 5™ B R 1) 8 8 SR s 2
JK B2 4 IR 2 4 (R BRI 5 O R A T

(2) 7E WAL A B e vk b X, X 4 /N 22 245 e R JH A
18l 3t K A SRR AU TR 2 T K O T8, ELAR AR fE

SR B K 2 9.62x10° m’, DA SC 4R 1 4 < L2 K 46
K B 5 58 B AT 5 A BSORF %ot 7 ik — AR AT 48
ot 22 4 B < 1k 5, AT S By R 3 X — 7R R K
AR A NI B AR,

(3) e b 48 B T s b X, 45 BRAF (R AN JR 5 | K &
HAesr k2 8.21x10° m’ . 5.47x10° m’ F12.74x10° m’
B, D)6 48 /N 22 A8 SRV T TR J2 b R KO8 AR A AN A
BRI R 3 B0 2R 9% . 35% il 57% HIACHT .

A SO B B 45 A 2R Z KA DR A
SR, JE TR ATIT 10 4F ok 76 12 b S S5t 5 g 9%
2 1T K™ E R R X —— SRR M X T T R Y Al
IR SCBERIE I TAE, 78 X IR b 722 W HB PFAS T X 4
JIN 2 T TR R A SR )2 M KT SR FH < A 3 i K IR
T X6 HL 7 B Y R R, 3K B R T 2 AR A AT 1 4 SR
JIT 1) 3 (49 WO o5 R 6 SR R A O 45 LS 1T B X IX 3k i
B K 2 4 5 AR 2 A UEAT PSR I B 2%

Bk BOSHATIE A A PR 27 BE S A A B 5 B A
R R ST Bl 2 v M X2 MR K HE i IR i
YT BOFE 2L, B KR e K b R R 38 A )
Je K i 7 S % v % AR U T K G TR A
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