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Abstract

Focusing on the over-exploitation aquifer in Hebei province, its present situation, causes and counter-
measures were discussed. The annual over-draw amount of groundwater resource was around 40 x 108
m3 - 60 x 108 m3, and with the precipitation growing less in recent years, the over-exploitation tended to
be more serious. The main cause of the over-exploitation was due to mismatch between the crop-growing
that need too much irrigation and limited water resources. Thus shift the cropping system from high ir-
rigation-relying to less irrigation-relying was one of the efficient countermeasures. But the adaptation of
the less-irrigation cropping system would limit the water use and lead to yield and income decrease for
farmers, so subsidy had to be paid and cost occurred for over-exploitation mitigation. According to the
analytic result, for the adopted two main models, the winter wheat growing season fallow and summer
corn season growing model had a direct cost 3.03 RMB/m3, indirect cost 4.57 RMB/m3, and total cost 8.21
RMB/m3, and saving irrigation water for 2475 m3/hm? each year, with yield reduction for 45.5%; the to-
tal rain-fed crop growing model had a direct cost 3.64 RMB/m?3, indirect cost 5.56 RMB/m3, and total cost
9.2 RMB/m3, and saving irrigation water for 3300 m3/hm?2 each year, with yield reduction for 61.2%.
Making a comparison of the two models, the first one had comparatively lower cost and less yield loss, it
was better than the later one.
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FHEERT, SRR —SHHREREERERARN3.0375/m3, HEHREL.5770/m3, L£E5HA8.2175/m3,
Fa VA MEWEK2475 m3/hm?, RN EREERERT45.5%; TLENFREEREBIEERAN3.6475/m3,
FEERAS5.5670/m3, L8 A9.270/m3, Fan] FHLAER/K3300 m3/hm?[F i i E ERRHT=61.2%. H
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1. A de A TKBRIRSBRER
1.1. M TRKBRMK

HRAE 2003 EFF R AL KB IR AT KL, b /K R IR A & 204.7 12 m?, W R FK R EL) 80%. # 4F
FH/K & 200~220 12, m®, 4FE/K ZEIEGER FHHE 40~60 12 m® [1][2]. T4E, BEAE ERRAEL, WIbE PN & 2P 5
W, BB RAE 10 a I8/ 7.6 mm [3], ML R R KT RER 2 e ks, 70 4488 88.0 42 m’.
80 AN 123.5 12 m*s 90 4EAR N 122.3 12 m*y 2000 40 128.6 12 m®, 2003 FEHURAEIA LT L2 Hh R /K (K FF
KNFHEBER(TDS < 1 g/L), P4 FKAFEE 4], SWHALE R N KGER Bt 20— e inés. T
2014~2016 SEAET] 648 S (O3 R /KRR A, 2013 SEHEE B EBREIA R 59.6 12 m®, I LAAE NBRIA
PR EAR[S]. T 30a 24 C BiHERH T /K 1500 12 m® [6], PRI Jb6 48 1R /K8 SR 16 B A 7E JE

1.2. TEBREEH

PR e 5 7K B B IR AN UG IE O 7 JE 2 T B4 R AGEER AR AS SR R, el AT s oK R+ B =
U ) B2 3 R OK, BT R AGE R o 1 VAT AR TS KA WG N, KRR REE K R KR A
TR T H R KGR SRR S B A

Py sk b Abas 2R K BN U R, ABCT — SR X 2 B R T g 2 gy b i 2R e i
M DXE VA SRR BB 2, R KA, — BRI A™ B O T IARIK 1963 B TR ¢ — R AR IR
M5 o B L XK AT H R R A, AR AW I, (B RN T B, bRk 2 46
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THHE, HUROKFRSIHER, Wk T ORTEE A R KRR o AR 2016 EAKBRIRA K, AR K E A 5 e K
70.1%, SR HEBL K (5 64.1% [7]. b /N ERHE L) 233 77 hm?® (3500 J5 1), 6% /N K] ET 7E 400~450
mm, AKFEITREN N SRR RN 1/4~1/3, FHAR T BRI 28], M AL &4 721 90%K H #EBE &
b, PRI AR e F A E A M2 T b 4 R /KB R I BB R R 2 — . 5 4hBESE N I8N, bR AR % FH 7k 3
TR T R KR

2. HEMESRGENRNEF D

EWE A AET AL K R L il o, DRI R 454, R RE KPR, 57 57K R 3 T AR
DG TG, 0 A 1) b 7RG RV BRI R S il —

H 2014~2016 SAEW AL A9 T KRG B, SRR RHE T OB e . BT “—Z:0kH8f, —
EWFE” O REE 13.3 77 hm® (200 JTH)) [9]. FAMNE/NEAR A T B AN F RIER . % TR 5%
G /N TR AE PR AR L, R I A RRESR, HHFEAF M AESIMERA ., Fi R
DL FI/INE FORPAE A SO R R, A RS BN A K BRI 7 S S AT RS b, A
IR F1] 55 R B R KR SR AL IR (5 %5

EI BT IRAE HE T PR 1) P R Ry B RS A R B W R, — P “ — R — B B, RITE R )
N TR ERERR, R —F oK, ANEETRR, & hm® #7500 7o; —FUR e W R 2R, B
INE T K IARER (), (B a5 gE, SR EE hm? #MIG 12,000 6. N HEEAS R R B TL5 20

A6 N TR — WA & R R 1 B, o — R /N2 TR 3 koK, RIEK . R KA 16K,
TFRERZ —RERK, ZWEMD KB KTIK; BERKHFRME, AKEENEARHEEKT
K, H—MFmRE—XHHEK, DRIERE M. HETREMRETRER S K, ZHEMEE 3 K, —REME
4 7K. BRRBEKHEKE 825~900 m’/hm’. AJFEME, RRPKEE 825 m'/hm®, £ WM 5/ W EM HBLT
BRSO AE HEAT MR KGR SR B I T AR A B SRR — AR 4 K, TR A SR R 3300
m’/hm?®, [R5 T 97 AT 5 Z08EE 7K 3300 m*/hm?®, ARF/NE AL 3 iEB /K, 57K 2475 m*/hm?.

2.1. ARIE AT AR

2.1.1. —FWMF—FHKH
KH—FWFE—FWHE, AFNERTEE hm® S0 K 2475 m®. 13.3 J7 hm? WATLHEK 3.3 12 m®, Bf
WD R AGER 3.3 12 m®e WRHET 66.7 75 hm? (1000 737 89) A LAY/ L R K IFR 16.5 42 mP.

2.1.2. EEWFER
K3 52 4 R4 hm? 1] Z0EE K 3300 m® HE 13.3 73 hm? W35 29 BEBL /K el 1 R K PR 4.4 12 m
WIERAET™ 66.7 5 hm?® WA BLURZD H T K IFR 22 42 m®e 7 K EB A AR R 2 T 7K 8 K 1)

2.2. MiESIEREGIEBRE AT

2.2.1. EERARBAESTH

1) —ZFRH—Fm IR

H TR R X AN — 2 KA 7500 Jo/hm?, T5203EB K &N 2475 m’/hm®, HIEHHE, RA—Z
MR — AR, AT T A8 m® KA AN 3.03 J6/m’ (7500 J6/hm” + 2475 m’/hm® = 3.03 J6/m’).

2) SEAM IR

IR SN RTTK 2475 m¥/hm?, FKATHK 825 m¥hm?, £ a 541K 3300 m*/hm?, SE4F 3 H
IS () ANV R A 12,000 JG/hm? (800 JG/HT), 44 HEUR AN MU BRAERI T K BeAL BT, 58 A IR a4 /K A EE N K
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AN 3.64 76/m’ (12,000 7&/hm” + 3300 m*/hm” = 3.64 J&/ m’).

22.2. FERBRLEREEBRANBRE T

IO LA E KB NPRA, BRI KB AR, i R AR ek B0 75 L3 R A e T
AN A o

1) —ZFRP—FW IR

7 AL I AR 93D R R K RN, s> TRRE (NI, SRS BR T BT, A N
7500 kg/hm’. WIFALHR 2018 A/ NEHE LA THEL, 2018 4F/NEE P 3E RS 2767.89 T30/ t,
Prér(d@ i 1 370540k 6.9 JCILH)1.91 Ji/ke [10]. FHZFH/N M ER, N4 a IR FEBA 14,325 J0/hm’
(7500 kg/hm® x 1.91 Jt/kg = 14,325 J0/hm?) I AR S/ AR £ 72 H DURIRRR B 22 4, 4% IR I 1 20 R /K (1 ok
P, W4 5.79 so/m’ (14,325 Jo/hm* + 2475 m*/hm* = 5.79 J6/m’).

2) SEAM IR

R e AW RIS, BBRIEF RN K, WARSE B KRB R 1], MAREP H N 8115 kg/hm® (541
kg/H), H/hEZ 1710 kg/hm?® (114 kg/F), EK 6405 kg/hm?® (427 kg/F). #08 H 1T HIAEP7KF, BINEHIE 7500
kg/hm®, F2K 9000 kg/hm® TH5L, 584 W 75 PR R D & 7= 8385/hm” (559 kg/HT). P58 &M I 2/ 220
kD= 5790 kg/hm? (386 kg/B), T AKKF IR/ 7= H 2595 kg/hm® (173 kg/F)-

218 2018 4EFI3E LN M 1.91 Jt/kg, /NI 5790 kg/hm?, T a3k 11 R RE 22 /N2 75 BN AR, 5790
kg/hm® x 1.91 Ji/kg = 11,055 J6/hm*; 2018 4EE LR KPR A% 4y 224.1 300/t [12], HTAGERHE 1 320504 6.9
TEN B TR D) TR 1.55 T0/kg o kD 0 T A H fn SR 3 11 [ R 40 75 B2 AR 4022 J6/hm? (2595 kg/hm?® x
1.55 Ji/kg = 4022 Jo/hm’)e SEAMFRFIE/NE TR AR ERA 15,077 70/hm® (11,055 J6/hm’ + 4022 Ji/hm” =
15,077 JG/hm?)o 38 B T AR N () % 4 K 5 B T AR YT Z0E R K 1 B, mT DATHA 58 A R R 1 20
WK ISR %A A 4.57 76/m’* (15,077 F6/hm” = 3300 m*/hm” = 4.57 Jo/m’).

FEAM IR, EEAME BN BRI FE R A 22 4l TR B AR B I T 52 I KA 8.21 Jt/m’ (3.64
Jo/m’ + 4.57 7o/m’ = 8.21 Ju/m’).

HRALRAEFAMT, NP & 114 kg/5, (ESEBRHLSCFIFRNA SO, BN AT, A
KRFreH, Sbr FRATATH . XPFAE R &M F/ANER A ™ H 7500 kg/hm?, AR 1710 kg/hm®s JE LT
B, AR IR LR R B B A BN A 7500 kg/hm? + 2595 kg/hm? = 10,095 kg/hm?,  Hei T K yak2b 7= H 2595
kg/hm®o Gk (R £ 75 L3 0 [ R 7 BN R AR 14,325 J6/hm?(7500 kg/hm® x 1.91 Jt/kg = 14,325 JG
/hm?), Tk 14,325 JU/F + 4020 7/hm” = 18345 Ju/hm*, & A 18,345 76/hm’ + 3300 m’/hm” = 5.56 J6/m’.

2.23. GARESH

1) —FhB—Fm IR

LR R BB RAS R BN AR, BRI K K AR A T K R B AR 8.82 Ji/m’ (3.03 Ji/m’ +
5.79 Jt/m’ = 8.82 Ju/m’).

2) FEAMIFHA

LRE B R HERN AR BN AR, EaM IR, BN SR 22 i TR R IS
T KA AN 9.2 76/m’ (3.64 JT/m’ + 5.56 J6/m’ = 9.2 Jt/m’).

23. WEREFASH

2.3.1. —FWMFE—FKH
— BN IE ARG, R NEFE R 7500 kg/hm® . (5 EENE TR AR 45.5%. 13.3 J3 hm* (200 /3
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R /NE 1012 kgo Fpl/b 7 O FE R S A L. [R5 5 SRR i P A G . SRS 66.7 73 hm®
(1000 J3HT), WIEREE 16.5 12 m*s FIRHRAD/NEF=H 50 12 kgo 1% 2018 4E[ L&A M 77 & 370.1 12 kg it
H13], W=IRE LA AE 2 2018 SR AR 81 13.5%.

2.3.2. TEREMF

BIFFRATAE, AT HUIETE 355 LR (B EEIABE A, 0TGN I B OK TR 5 a5 R R ) B AR
6405 kg/hm®, 5 IE /N2 T K AR & 16,500 kg/hm® Z9987 10,095 kg/hm?, 87 61.2%. WIRHE 13.3 77 hm®
(200 JiTT), W/RE 13510 kg, HAg A /NELES 1012 kg, I FK 3.5 12 kgo WIHRHET™ 66.7 75 hm* (1000
JIET), M 77 8 67.3 12 kg, Hrf/NER B 50 12 kg, TR > 17.3 42 kgo 1% 2018 Fi L4
R 370.1 12 kg VHEL, DT IREEEAR 2T 2018 SRR AL AR BT R 18.2%.

3. ZR5EW

1) b E R SRIE A LLE™IR, 78 2014 FEH N AGE G PR S Seiiz v, 2P R EEY. Hf
FAEL s FE /KA E DA A ERE /K 2 E B R 2 — o BRI R SE M, AT & /KPP AR V6 BEHD R /K R AR A
itz —.

2) HAGRA AR, “—FAB—FWIR” B E RN RACH 3.03 J0/m’, RN A 4.57 J6/m’,
AN 8.21 Ju/m’, [RIR i B/INEE BRI AR B 45.5%, 4 a FTZEE/K 2475 m’/hm’ (165 m’/HY),
WRHET 66.7 73 hm* (1000 73 17 A] DL R K IFR 16.5 42 m?s

AN IR RERE BN AN 3.64 J0/m’, [AHEBNRA 5.56 J0/m’, A HNEA 9.2 Jo/m’. [l iE
BN KRR 61.2%, B a i) TTZIHEM /K 3300 m*/hm? (220 m*/F). WISRHE™ 66.7 73 hm® (1000 J5 F)
U ] DAY/ 1R KR 22 42 ms

3) FIFEEER A A, — RN — W IR A B AR A, I R =D . BAKER A
MZEAEE, BT RBCRIE, KBRS LB, TEWREE AR R, JFHREEEERK,
KIEARHE B E, FRFRRER R,

4) TEVREI LA M KRS, @i ERBEH R A, REMHERX UL IR B AR EEEE
DX =45 B — e AMs2, REAEEEE MR PR B A ) 8, E BN AR AN R A, ki vl R oKk e
KX G HE AR o

& H
[ 5% B S AR A = R R B TR A (2018 YFD0300505) . (2016YFD0300205-04). (2017YFD0300904).
SE 3k
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