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Research on the relationship between groundwater level and layered subsidence in typical regions of Beijing
JIANG Yuan, TIAN Fang, LUO Yong, WANG Rong, YANG Yan
(Hydrogeology and Engineering Geology Team of Beijing, Beijing 100195, China)

Abstract: Groundw ater over extraction in Beijing causes continuous decline in groundw ater level and rapid development of land

subsidence. T he time series data of layered subsidence and groundw ater level in the corresponding aquifer at the T ianzhu ground

subsidence monitoring station were used to develop a multiple regression model. The model was verified based on the observed

data. On the basis, the main subsidence layer and main controlling aquifer w hich has the maximum effects on the land subsidence

at the T ianzhu station were determined. The research results can provide scientific reference for the reasonable regulation of

groundwat er extraction layer and prevention of land subsidence.

Key words: land subsidence; water level; multiple regression analysis; main controlling layer

PR AL TP A R T 22—, SRk i B
JE A, PURRE A AT, 24 Rk Ui RS n. %
FIH TR A SRR B Al LA T ) S5 D 3R (1 S, A T AR R —
RN 9T P b T R Ao R

LR W - 12 1 R A R A 7 A e T TR Y
TR 5t R KO RO T B A I B RS B
TOT R B SRR B 5 TR KL T B 28R 1 4 2% DA
Ko ATAER, WML I A8 M LR B 4 i AR 4 24 b T DG
Beethy U Kbl B g S BB, AR T M B S R KA AR AT
UG OR AR, DA S IR i KRR B PR ROk RN
Abmt X AT M BCR Sis,  Z fr R U R R S %R
BRI FR) 5 7K 2 A R LA R R BE R e TR, 2 W s
YR T BETTHRZ SO YR 52 W B K IR 5 K 2 B2 A, 35T

: 201405 19 12014 1F11

)2 Hb TR L R A AR A 9% A LRI 5, X B ST R
DX T C AR 7 4 A T A R T S LS R

1

1.1 b7 X i £

JE Rt HL DR R R R TS S 4 AN BE: TE Y B
R BB R BN PO R R BT .

1955 - 1973 S N RIVT R TR LB Br e F 2R AL R
2\ B PR — 7 DRI R K T SR B0 JF4h H
YRS, R R AR DU 16~ 28 2 mm.

1973 4F— 1983 4T 24y My [HIC B R B B o AT TiT M R /KK
IR, bR K ARSI T B, 2R 0 MBI R s R Ak

1987 - 1999 4= byt ey R BB, B b 53\

12014 1203

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20141203. 1126. 001. htm1
AT RS TR A (2 131100005613022) 5 oIk 3507 AR M X /K 98 95 n] 457 828 F 9T 72 2131100005613001)
D PR(1984 ), e (VIR AR, EE A ST Ry I A5 LAE . B mail: yuan. 12. 3@ 163. com

KRS IRIEMR 95



%13 % 5576 - MAAHEE KA FL - 20155F 2 A

KT IBAT RN B K R KT R A B AR it 2R % Hh
DX K IT R s ok, b R KA T B A B Rk 28, 2R
DR B e ok 2., (H Y0 I TR AR 0 SR, S T BT 1Y)
PUEIX .

1999 4E LK. BEI )b pt B 4L+ 2, KR IR HE R o7
JESE W, AR B K, SRR K, PR X R K
WM 1998 AR M) 11 9 m FFES] 2012 KM 24 3 m. T4
Sk, A6 HTH T T B v 0 i AR BRI 28 0 ) 58 v, DR
X IR AR B K, BB EEF T

MBI LA AR5 SR, AL R0 T X T /K B &4k
5T B AR A B B A — B R KA Bl T, 7R E R
a1 20 S TR a1 b S A Nl 1 s = M S A v
PR SEIFRZE 2010 4E HU R K R SF AT 1955 4E- 2009 it
HTRTCRR (P 1) AT DA R BT IR 0B B SR 1 BT\
AL B 4 2 B BH =10 55 VI B R 7 DA R 3k X LK
YRR AR T T K BRI IR S 2 e B SR, A6 RTE R
[N e = Pt P DRI O SN P 1 @ A R A (T
DLEEAY) A .

1.2 o EENEL

A 565 DU AR ORI AR ORI M 5 K 2 244 M
TRAK R A R R 2, A6 st X S K E TR 4 R POAS 2
A B AKIEAL, B R K SR K AT X K 2 TR
HZNTF 50 m (K% 2 B H0R B8 RN SOKE 4L -8
IKIZEH A AKX, E /K2 AR SNRE 80~ 120 m; 5 =5 /K

1

1 2001
1955 - 2009

Fig. 1 Comparison of groundwater depression cones in 2001

and 2010 and land subsiden ce distributions from 1955 to 2010
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Tab. 1 Borehole marks and corres ponding aquifers at the Tianzhu station
R KA bbr D32 D33 D34 D35 D36
K EE AR m 210~ 218 120~ 146. 8 85.7~ 91.3 59.3~ 63.4 27.5~ 31.0
KA 7R 7K K
I IEbbR S F33 F34 F36 F38 F3 10
M JE LR BE/ m 148. 49~ 218. 89 117~ 148. 49 82.3~ 102 48.5~ 64.5 2.4~ 35.43
Eog Wl @ M Wa A My M kL
y=Bix+ Bwo+ Bixs+ € (1)
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Tab.2 Results of multiple regression analysis
)z [ESprp e R R2 F P
D32/F33 y= 1. 750x 1+ 0. 108 0.933 0. 871 58.727 0. 00
D33/F34 y= 2.095x 1+ 0. 662x >+ 2. 038x3+ 0. 199 0.926 0. 858 52.227 0. 00
D3-4/F36 y= 1.219x 1+ 0. 657x 2+ 1. 918x3— 5.240 0.942 0. 887 67.900 0. 00
D35/F38 y= 0.248x 1+ 0. 092x ,+ 0. 128x 3— 0. 662 0. 894 0. 800 34.673 0. 00
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Fig.2 Comparison of the measured and calculated

accumulative subsidence at F33

3 F34
Fig.3 Comparison of the measured and calculated

accumulative subsidence at F3 4
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Fig.4 Comparison of the measured and calculated

accumulative subsidence at F36

5 F38
Fig.5 Comparison of the measured and calculated

accumulative subsidence at F38
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Tab.3 Approximate prediction intervals and practical monitoring

data of accumulative subsidence of each monitoring layer

iR YIRS

R L o JTARL TR BX |
2 Aor S mm BEE mm A X[
D32/F33 -24.985 -24.070 2.90 (- 33.111,- 21.511)
D33/F34 - 24.888 - 26.039 2.72 (- 28.048,- 17.168)
D34/F36 - 14.903 - 17.985 2.15 (- 18.071,- 9.471)
D35/F38 -2.432  -2.634 0.3 (- 2.755,- 1.555)

2.5 W&k is

M 3 2 TG VE RV 43T R B, 4% M 27 B B 2
T K2 275 B P T8 7KL S W B K, 0 R
T OB 2B L RE 2R BE T LS T £ B i 2k
Y AT Ay W IR S5 2 o R AR f S o M M R AT B,

KRS TR 97



%13 % 5576 - MAAHEE KA FL - 20155F 2 A

M e RS VR A B AR Y R R, L 1 6. 3K 4
4

Tab.4 Results of curve fitting of each monitoring lay er
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[Ey PN PR A R R R2 F P

D32/ Hilh y= 1. 722x 099 8§

F33  £Z8  Iny= In1.722+ 0. Pllny 0-9490.900 251.50 0.00
Déi/ etk y=2.170x- 6.415 0.869 0.756 86.714 0.00
]?;g Pt y=1.188x- 0.087 0.837 0.701 65.737 0.00
D3 5/ )

. &P y=0.241x+ 0.300  0.858 0.735 77.850 0.00
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Fig. 6 Comparison of three fitting methods for subsidence

and groundwater level of the monitoring

layer F3-3/D3-2 at the Tianzhu station
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Tab.5 The characteristic values of subsidence at the T ianzhu station (2005- 2012)

5 EFR RS F32 F33 F34

F35 F36 F37 F38 F39 F310

15.27 8.54
D32

0. 986

9.86
D33
0.995

SESUTRE DIk L (%)
R KA AR 5
A R B

27.43 6.01
D3 4

0.989

21.43 0.76
D35

0.953

3.76 6.94
D36

0.335
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Fig.7 Dynamics of groundwater level and accumulative

subsidence of each aquifer
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