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Land subsidence trend of Taiyuan City,
Shanxi based on Grey Verhust Model

ZHOU Yanping
(Yulin University, Yulin, Shaanxi 719000, China)

Abstract ; Land subsidence represents a common hazard impacting extensive areas worldwide. Land subsidence
has grey characteristics by analysising its inducing factors. The paper applies the Verhulst Model to predict the
land subsidence of Taiyuan City, Shanxi Province because the curve of land subsidence-time is similar to the
Verhulst Model. The Grey Verhulst Model is proposed based on the accumulated settlement data of 30
observation points from five subsidence centers of Taiyuan City. The Grey Verhulst Model is used to predict
the land subsidence of Taiyuan City in 2010 and 2015. The results reveal the range of land subsidence extends
in 2010, especially in Xiaodian. The annual average rate of land subsidence continued to be slow in
Wujiabao. In 2015, the rate of land subsidence was stable in Xizhang and slow in Wanbolin and Xiayuan.
The land subsidence had little change in Wujiabao. The subsiding area of Wanbolin, Xiayuan and Wujiabao
had linked together. The maximum settlement value was 1 508 mm in Xiaodian center, and the annual average
rate of land subsidence was 45 mm/a.
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Fig.1 The curve of Grey Verhulst Model

1.1 K B Verhulst #5271

S RA R R IR B E A S = s (1),
$O2) s () XS K Bl S (Hp
1- AGO ), 2 % S = {57(1),s"(2),,
s Cn) b, 2 O Sy AR A R BT A 0 R
SO wazV = b(Z7) " K GM(1, 1) AR f AR A
P, o WRIERB, b KA &,

EX2: =20, 88 +az' =b(Z2") N
JR A% Verhulst f5 7Y

N dS(l)
E X 3 K d

Verhulst 1 7 () F {6 77 72
FH /N 3 KW AR R BRI A 7oK A AT S H 0 L b
Wikt [a,b]" = (B'B)'B"Y, &4 B A Y 5351 -
(S (1) +8V(2))%/4
(87 (2) +S8"M(3))%/4

+ aS'"

= (") K

(3)

S (S (n=1) + 8V ()2 (S (n-1) + 8 (n))/4



- 96 - JEHE M - 3 TR (8 Verhulst #9801 1Ly 75 A JiF b 18T 370 I 8 34 Hr 2018 4F
Y = [89(2),8(3),,8"(n)]"  (4) 2, AT LUARAS B HE JS T SR
JR A%, Verhulst #5558 (4 4k 7 #2 1) f o - o0 1 e m
Z (tkn) = f dt
S“)(L) aS(l>(1) (5) by — by, 1 ( m _ ) —c(t-1y)
- 0
S (1) + (a - bS™V(1))e" S ()
Fisf ] g 1o =R (12)
(1 m )
S(l) — aS (1) 6 1 ]
(ZL-H) bS(l) (1) + ((l _ bS(l) (1))en(u+1*t1) ( ) Y(I) (zk+1) = = sz‘Lk 1+ ( <1>m ~ )6_0“_'” dt
AT 25 445 s Ik iED o, BRT pl b 2o HH MR 7 0 T R i 5 (1) o
13

1.2 REERFEE K8 Verhulst f57
JK A Verhulst #5781 50 A9 F FLHGE O
ZV (1) = 0.5(8" (1) + 8V (1)) (7)
YU (e,,,) =0.25(8" (¢,,,) +5(e,)) (8)

f’kus“) dr
t

o, 20, B S IR,
Lps1 (S“) )zdt
Y (1) T WM

— P A P B 8 R [ ) B AN R AR ORI i s
FEAAEAE 22, (7) 55 (8) FRE B AT AGRAIE . H 7 AN 25 1
Sl ] ) B 5 R A 0 3k 1 O 2 77 A AR ) i
Je B A AT TR 22 , DT S BRI i 22 30K fE—E R b
S T KA Verhulst BERIEGRIHT . PRI, o 1 s i i A ik

TS (i f%y”unwz
5 AR = Hi

ko1 T b L — 4
FRAFSR A% L SR L C B U B0 7 SR (B A T 58 20 50, T AT
0 A e T A RS E
B (1,0, ] B4

Sty =

m

(9)
m _ —c(t-t})
b+ (S(U(Lk) 1)

AR [a'b']7 = (B'B) ' BTY LR (3) 5
mm*maﬁmxém=§5#aﬁﬁﬁ@%¢gm
AR R, BORE R AT LA (9) % By 1 2% 5 5K
2 B 1 (R,

m

S (t,,,) = - (10)
1 + ((])7 bl 1)6’_0(1,”1_”')
S ()
CIRYS i
m
— =1
(S(l)
c= 1y () (11)
lpyy = L ( m _1
S(I)(tk+1)

M (12) F0(13) 3R G AE M B, 7E 15K HH AR 8 2 40
a F1 b, R FEARE A (6) BIVATSR HY X7 9 10 B 5

2 MEIERZEHIK BT

M T L 1 6 5 [ 22 4005 1 4R I 22 A I 2
I S IR £ 2 R (0 22 7 s 2 19 b T
VMR ISR R S 2
VI 6 e T 1K B B 2 P . R, o T
I 26 P 0 Y 0 B 8 0 e R 6 7 7 2
PR 2 AT 0 2 B 3 LA i A 12 5
VLM 6 R PRI, D6 R 1 0 40 UL P 45
TR 5 3 B 1 R A

T 5 6 5 2 — R P i — A0
A E ARG AT E R ARG T R
(1) RAE RSB HOR IR, BT W A R 52 % |
(AE R SIS DA R B 4 B OB i 75 B
B A2 R, 52 L B T A 7 O 1
Bl A 4185 P4 75l 0 K5 (2) 5 W M T U e 0 PR 5
BRI M TURE B AV £ B0 R R 5 4
B B 2 B a9 XOHE DL & Ak, T B &= Ak A0 31 L BEHL
Al (3) F LR 55 1 4% B R 02 R B, 2 PR 2 A
WO CRE £ 4T 2 00 6 R R B, R —
WL — N2 B B A WA LA
A AR S EL AT 0 8 R 1 K £ R 0 R
55 T 7 P T M T A P R M

M 2O AR AR 6 &l & AE W T UL
BB T 205 S (1 2) 6 ol A I B T 1
SCREHE TR 2k W BE ab B . BT I S 7 48 3
Bt s oI I B SR AT K s B T B be B B9
MRS I KB B s 6, S LK LR L B B

ed Bt : RV 0 32 366 0o B, s 40 82 39 O, {HL 8 3898070
FA IR de B BNULRE B T 42 € B Be, s SN E T

Ofgﬁ?ooﬁwglﬂ@xﬂu%ﬁn@ﬁmﬁi



Hh ) 5 K 5 B R S 4R - 97 -

0 A T ¢

A\

{

YRR

B2 3T B — R E K R 4%
Fig. 2 The relationship curve between

land subsidence and time
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cumulate subsidence of part leveling
marks in two methods (unit:mm)

J= =2 1981 1989 1994 2000 2004 2006 C.P

SCE 7 49 8 97 101 95 (€=0.0629
[P .
T (A 7 51 85 99 101 101 P=1
ST 62 214 343 443 505 516 € =0.1254
B 21 .
i 04 62 193 316 445 499 553 P=1
ScfE 11 30 36 56 65 72 € =0.1402
2T
00 (B 11 23 33 49 59 63 P=1
SCUE 178 476 667 845 921 929 € =0.041
W4T
SRR 178 450 654 840 915 939 P=1

SCM{E 163 490 752 1009 1135 1165 € =0.0358

Bttt 52

Wi 163 459 723 1002 1125 1167 P=1

S 99 214 331 508 652 710 € =0.0257
Wiss

WO 99 210 322 504 646 719 P=1

SIUNE 246 824 1132 1472 16221676 C=0.087 6
M 57

TRNAE 246 681 1052 1424 1581 1634 P=1
" SCUNE 590 1309 2434 2815 2908 2983 €=0.2170

, 63

WM 590 1880 2554 2896 2973 2992  P=1

ST 827 1730 2282 2797 3022 3122 €=0.014 8
R R 65

WM 827 1699 2272 2793 3014 3 093 P=1

A P Ay LIRS P A AR G O — S (B ) R AR
SN e s N S R N N <R N TR o g
FANFEE JE P AT, OF H A B BOR
3.3 BERYR Y K SIS 2R o3 p

A SCR K A5 Verhulst F0 AR5 F A& 30 4> 7K
HENLIN A5 AE 2010 4F 5 2015 4F i SR BUL I 2R A7 4L
(% 2) .

AR b TN 45 2R, 6 HdiE SR e L A T 9k
HIFH MAPGIS R4 1 KT 2010 45 2015 4R (Y
Ho TR SEE AR, TR DL IR 3 FIE 4

Fz2 2010 £F52015 EFAXAERN RN BRNEETNER (£AL:m)
Table 2 The cumulate subsidence forecast results of leveling marks above in 2010 and 2015 (unit: m)

e 5 8 13 16 21 27 29 31 32 38
2010 4 -0.101 -0.591 -0.726 -0.406 -0.532 -0.09%4 —-0.086 -1.168 -0.722 -0.113
2015 4 -0.102 -0.59% -0.739 -0.411 -0.543 -0.127 -0.123 -1.209 -0.731 -0.171

= 42 47 52 54 55 57 60 63 65 67
2010 4 -1.752 —-0.950 -1.208 -0.158 -0. 831 -1.719 -0.166 -3.049 -3.205 -0.370
2015 4 - 1. 826 —-0.965 -1.239 -0.182 -0.934 -1.770 -0.245 -3.060 -3.283 -0.531

5 68 69 71 76 78 80 81 84 85 91
2010 4F -1.285 —-0.528 -1.209 -0.944 -1.190 -1.366 -0.511 -1.058 -0.781 -0.962
2015 4 -1.332 —-0.552 -1.349 -1.253 -1.417 —-1.508 -0.612 -1.326 -0. 885 -1.320
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Fig.3 The land subsidence isogram of Taiyuan City in 2010
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Fig. 4 The land subsidence isogram of Taiyuan City in 2015
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