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Abstract: Due to long term excessive groundw ater exploitation, the North China Plain has become an area with the most exces
sive groundw ater pumping, the largest area of groundw ater depression cones and land subsidence, and the most complex subsid
ence type in the world. In this paper, GIS spatial analysis method was used to conduct comparative analysis of deep groundw ater
yield and land subsidence in the North China Plain and Cangzhou City. The results show ed that the annual subsidence volume of
the North China plain is 10. 73% 10* m’ until 2010 while the annual deep groundwater yield is about 24. 5x 10°~ 26. 75x 10°
m’. Therefore, the land subsidence volume accounted for 40. 1% to 43. 8% of deep groundw ater yield in the North China Plain,
indicating the proportion of released water from the compressibility of aquifer and the aquitard of the total deep groundw ater

? and the annual deep groundwater yield was about 3.44x 10° m’ in Cang

yield. The annual subsidence volume was 1. 98 10° m
zhou region between 1970 and 2008. T he proportion of subsidence volume of total deep groundw ater yield was 57. 6%, w hich
was much higher than that of the North China Plain and can be explained by the lithological structure and recharge condit ions of
deep groundwater in Cangzhou region.
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Table 1 Average groundwater yields of different times and areas

in the North China plain

& m/a
wo G Bin aun s
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AT R 13.80 16. 02 27.56
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Fig. 1 Schematic diagram of the administrative divisions

in the North China Plain and location of Cangzhou City
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60— 70 AR, My IR A A A AL D H <F v s B 80 4FARH]
], A T JE BB Y KT 500 mm i X (6 THIA 294 29
km?; #) 80 4EAC )G, K F 500 mm Hu X K AL 3G 508
km?®; 20 {40 90 FAC IF4E, M N /K I R 36K fa 2%, Hb T it
Rée B [ B3 AR AT TR o AR SR H mapgis BAT 17 ) S
TS B, S0k 253 1 11 2% ] 1) v AN [ v SR AR I AR RREAT o1
R
2.1 AP RIREHT KT REME

R 1991 45— 2003 FFEHHRDT, Al ~F SR =4 R K Hb
BN B RAT N 29.38 40 m?/ a. TN B AN 45 FIEG T
IR, 43 12. 26 /4 m*/a F1 8. 38 42 m*/ a, T i) LN F
FAPERRIK S5 Ny 4. 83 44 m3/ a F1 3. 91 42 m*/ a. NFE 2 W[ LA
3, R R A R K AR A A B T AN E
TR REAARM 41.73% , Fi LR K 28, 52%, i
A 16.44% o
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Table 2 Deep water recharge resources in the North China plain

W)W R KANE R B AL R (fL m? -+ at)
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HRA AR S (¥ 98 ), 225 T 4261 JR T 0 B R 43 X
B E 2), FIH mapgis 25 ) 5387 B B X A6 T Jr 1T e B
PR I Gel, 45 3012 X Hb 1T 6 2 BUA B 429. 21 12w’
M3 LLF H, REDEE R KT 500 mm [F 10 2k
34 680.49 km?, AR NPT FEAAFL K 150. 40 12 m?; BT
Bt T 1000 mm [ITHARZ 5 9 620. 81 km®, %1 (19T
PRBN 40,4712 m® o WU B0 Tk WoR, b DT BEb R
JESRAE 20 1AL 70 AR JG, T LA A b P R X B4 1)
VUKL 4 10. 7342 m?, SRR PTREEL 0 0.57 m, 4
YU R 0. 014 m,

2.2 PR RARME U S0
M Qb ST Jt b THI I B B T B e AT T S A SR [R) A 5 2 (2010 )
AEIB 2 20 42 60 FEARK 70 HEACHI . KHE I 5 InSAR Fig.2 Distribution map of land subsidence
HEI G PS W Wl Je 2 2 A5 1 45 0ok R W, AR A6 P J5UAS [R] Hs in the North China plain (year 2010)
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Table 3 Statistical results of spatial distribution of accum ulative land subsidence in the North China plain
AR/ mm XA/ ALm? R A2 m? PRI %) DX I A/ k m? F kA km 2 A EE B (% )
0 0.00 1139.19 75 644. 11 100. 0
0~ 100 69. 56 429.21 100.0 4 366. 44 74 504.92 98.5
100~ 200 65.01 359.65 83.8 7 180. 22 70 138 48 92.7
200~ 300 57.25 294. 65 68.6 8 084. 05 62 958 26 83.2
300~ 400 48. 89 237.39 55.3 11 603. 10 54 874.21 72.5
400~ 500 3810 188. 50 43.9 8 590. 62 43 271. 11 57.2
500~ 600 3167 150. 40 35.0 4 774.97 34 680. 49 45.8
600~ 700 27.13 118.73 27.7 3 740.07 29 905. 52 39.5
700~ 800 22.74 91.59 21.3 4592.93 26 165.45 34.6
800~ 900 17.17 68. 86 16.0 7 823.47 21 572.52 28.5
900~ 1 000 11.22 51.69 12.0 4128.24 13 749.05 18.2
1 000~ 1200 14. 63 40. 47 9.4 3 160.74 9 620. 81 12.7
1 200~ 1400 9. 64 25.84 6.0 2 121.60 6 460. 08 8.5
1 400~ 1600 7.09 16.20 3.8 1 094. 15 4 338.48 5.7
1 600~ 1800 5.23 9.11 2.1 1 008.91 3 244.33 4.3
> 1 800 3.88 3.88 0.9 2 235.42 2 235.42 3.0
&l 429.21 75 644. 11
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A8k PR Moy A 5IR EH T AKIF R K A
WX PIAE R 2 T K IR E MR 4 fiow, ZEIF
K KN 24.5~ 26.754¢ m® ATLLSE H, JFRE 1 40. 1~
43. 8% Sy B4, AR DN TAE A S NN H 4
S (41.6% ~ 44.3% ), AHZE T 5K IR 5 50 1) X A0t 71 45
SO G DGR RS Ji 1) s % e K a0 il o i JE R KT
KB 29.6% F132.9%) o
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Table 4  Statistical results of deep groundwater yield in the study area

I 8] FEIIFRES AL m3 BRIFRE/ 4 m3
20 22 70 4E4C13 15~ 17 150~ 170
20 {40 80 44101 %~ 27 240~ 270
20 {40 90 4EALI11 30~ 32 300~ 320
2000 4 517! 29~ 31 290~ 310
EZCER ) 24.5~ 26.75 980~ 1070
3

i UM 2 35 R BRI I B0 1 9 1 4
L TR 20 IE22 70 SFEAR LK, AN K . 31 B
PHBUR IR K. 1 A2 2207 % I N R T K A L
KT BN, M K Sk TR, B BT B i 5 R e
I A AL i K Sk B SR 9 51K T M R
MBS M T 3

T e 2 23 DX P (I 3) o

3 1970 - 2008

Fig.3 Distribution map of accumulative land subsidence

from 1970 to 2008 in Cangzhou

FIH mapgis 25 0] 43 §7 T 68, %35 JN Hb X dh [ e 9%
T MG RS h AT LLG 2, 1970 4 - 2008 4,
W M X M T ORE BEUAR RN 75, 11 14 m?, R AEDL R 4K
BN 198 2 m*; BAUIRE A 12 784. 32 km®, %%
ROV AR 0.59 m, A YLRERE K 0. 015 mo
%2008 4 R YL 2K T 600 mm i F £9E 8 830.12
km? , A7 6 (T BEAA AR 28. 99 14 m? ; EFRVT B KT

3.1 AMHEX B ITE S 1 000 mm [T BIZ K 2 015.22 km®, A I3 () 35T B 44 R A
FR P B LR 22 ) T3 MM X 1970 - 2008 4= R A 3.61 f&m?,
5 1970 - 2008
Table 5 Statistical results of spatial distribution of accumulative land subsidence in Cangzhou from 1970 to 2008
SRR/ mm KRB L md  BREELmd  EEEI(%) X E A km?  BBER km2  EREI(%)
200~ 400 25.41 75.11 100. 0 1554.93 12 784. 32 100.0
400~ 600 20. 71 49.70 66. 2 2 399.27 11 229.39 87.8
600~ 800 16.25 28.99 38.6 2162.18 8 830. 12 69. 1
800~ 1 000 9.13 12.74 17.0 4 652.73 6 667.94 52.2
1 000~ 1 200 2.93 3.61 4.8 1525.76 2 015.22 15.8
1 200~ 1 400 0.47 0. 67 0.9 372.05 489. 45 3.8
1 400~ 1 600 0.13 0.20 0.3 71.91 117. 41 0.9
1 600~ 1 800 0. 06 0.07 0.1 29.78 45. 50 0.4
> 1 800 0.01 0.01 0.0 15.72 15.72 0.1
it 75. 11 12784. 32
3.2 M MR M@ IR B T AT AR A KR PN, 5 5% 7 A TR W« M T 5 103

PRI ML X 2 4 TP R e v, 1972 45T 60 R 7KK
FEFFR!, 1972 45— 1990 4RI B2kl T K FER B 2 55. 96
& m?s 1991 £E— 2000 IR ZHU N /K IR0 41,15 14 m?;
2001 £E- 2008 4E 3 2 F K IF R & A 30.23 42 mi12,
1972 4= 2008 “E¥R ZH N K1) STIF K= 127, 34 42 m3,
ETFRE N 3. 4L m’.

HH mapgis 28] 73 H7 0] 0, 1M B IX 22 45 P2 T AR
24 1. 98 47, m?, T %X G H R K& 4R 39 9F R 40
3 4442 m?, PR EH T K Z AP I RER 57.6% 52 4F
P YU AR — B, 1 45 3 KT 4N AR A6 R ST IX 1 3
HEEH(40.1% ~ 43.8%) . FH R A, 36 M X K2 & 55
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MPCREr, KA+ B R ik 214,42 m, WEE - B EE
131.41 m, EEIF K B 200~ 400 m [ %61 B 5 ik
179.01 m, AU RS K28 $e 4t T4 iEnt. Bkah, 24E
S N IR 2 R 7KK Sk TR Bl A 2, Y M BB X
TE AT AH Y. IR R 7K BT 2, b S 00 oK e <k e SR
T M 1 VG 0 K S A, AT M B D JE L TR IR
B TR SRAT R 1R Ah 2 B /D, TR, ¥ I B X R 2 R K G T
SR M THT 30 B (19 5% M 45 B Ko
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