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monitoring stations in Gansu Province

Distribution of analogue water level
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Tab. 1 Parameters of M=5. 0 earthquakes from 1987 to 2011 in Gansu Province and its adjacent regions
M i e #2011
el AE-A-H e/ (°) A/ (°) HiAT Ms BEO1 3t BEOSIE BRO6JE  BE18JE

. 1987 -01 -08 34.17 103.23 Hrak 5.9 (443) 324 243 269
1987 -08 - 10 38.05 106. 28 THRR 5.5 231 312 312 278

) 1990 - 04 -26 36.06 100. 33 A 7.0 (638) (566) (474) 313
1990 -10 -20 37.12 103. 63 HARH 6.2 354 332 261 64

3 1991 -10-01 37.80 101. 40 TR TR 5.2 (565) (538) (458) 251

4 1994 -01 -03 36. 10 100. 10 LRzl 6.0 (658) (588) (495) 332

5 1995 -07 -22 36. 50 103. 00 Hor Ak 5.8 398 346 261 68

6 1996 — 06 —01 37.20 102. 90 HArRB 5.4 (419) (390) 313 106

7 2000 - 06 - 06 37.10 104. 00 Hil g 5.9 322 306 240 65

8 2003 -10 -25 38.40 101. 20 HA RS 6.1 (603) (589) (514) 306
2003 -11 -13 34.72 103.90 HgE R 5.2 363 248 163 212

9 2006 - 06 -21 33.10 105. 00 HilscE 5.0 (409) 277 251 (400)

10 2008 —03 -30 38.00 102. 00 Hl e 5.0 (522) (506) (432) 224
2008 -05 -12 31.00 103. 40 pu s 8.0 687 555 518 618

11 2009 -09 -19 32.80 105. 60 BEVY T 5.1 (412) 285 280 (450)
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Tab.2 Anomaly judgment methods in middle-short term
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Fig.2 Month mean values curves of analogue

water level in Gansu Province
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Fig. 3 Abnormal curves of subordinate function

of analogue water level in Gansu Province
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Tab.3 Anomaly feature statistics of subordinate function of analogue water level in middle-short term in Gansu Province

Wy S| R 2 X LR
5 i SOk REMM MR MK WM :
W5 sp-g /4 - F /A /A AR i/ 4 M =l
1 1987 - 05 1989 05 24 3 0.79 1987 -08-10 5.5 THRR
2 1989 —07 1990 - 01 6 15 0. 54 1990 -10-20 6.2 Hl
3 1991 -04 1991 - 10 6 — 0.55 L R P L
4 1994 —08 1995 - 01 5 11 0. 56 1995 -07-22 5.8 Hl AL
P 1996 - 02 1997 -04 12 — 0.57 L R P L
01 6 1997 - 09 1998 - 03 6 — 0.54 0. 09 iy
H7 1098-05  1998-12 7 — 0.56 TH2 R
8 2000 - 03 2001 - 07 16 3 0.70 2000 -06 -06 5.9 Hrat#
9 2002 - 01 2002 - 09 3 22 0. 56 2003 -11-03 5.2 Hephig Ee
10 2008 —04 2008 - 08 4 1 0.59 2008 -05-12 8.0 PayITEsal!
11 2009 - 10 2010 - 07 9 — 0. 67 TR RE
1 1991 -11 1992 -10 11 — 0.75 A R P A R
2 1995 - 03 1995 - 07 4 4 0. 54 1995 -07-22 5.8 Hl AL
3 1995 - 08 1996 - 08 12 — 0. 66 L R P L
5552 4 1998 01 1998 - 06 5 29 0.57 0.07 2000 -06 -06 5.9 Hitm4
ST 2003 - 03 2003 - 09 6 8 0.62 2003 -11-03 5.2 HAR £
6 2005 - 04 2005 - 08 4 14 0. 63 2006 - 06 - 21 5.0 yipe
7 2007 - 03 2007 - 08 5 14 0. 56 2008 -05-12 8.0 PayITEsal!
8 2008 - 11 2009 - 09 10 10 0.62 2009-09-19 5.1 S
1 1993 - 03 1994 03 12 28 0.73 1995 -07-22 5.8 Hl AL
B 2 1997 - 11 1998 - 06 7 31 0.53 2000 -06 -06 5.9 Hol 4
06 3 2002 - 09 2003 - 07 10 14 0.73 0.008  2003-11-03 5.2 HAR £
H o4 2006 - 04 2007 - 09 17 2 0.62 2006 - 06 - 21 5.0 yipe
5 2009 - 01 2009 - 12 11 8 0. 68 2009-09-19 5.1 S
1 1989 - 03 1989 07 4 13 0.53 1333 :(1)3 :zg 7 j?ig
2 1991 —09 1992 - 09 12 1 0.58 1991 -10 - 01 5.2 G TR
3 1993-03 1993 -11 8 10 0.56 1994 -01 -03 s
" 1995 —07 - 22 H AR
18 4 1996 - 12 1997 - 11 11 — 0.70 0.08 THRERAE
g 5 2002-03 2003 -11 20 19 0.62 zggz :1(1) :(2)2 s EQEE
2008 -03-30 5.0 i 3
6 2008 - 02 2009 - 04 14 3 0.58 20080512 8.0 E?: i fﬁ
7 2010 - 08 2010 - 09 1 — 0.51 TR R

T BRI ] RS R IR W SRR M Z R 2, S Be R AL IR R A — K R A R
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Tab.4 Anomaly feature statistics of variation rate of analogue water level in middle-short term in Gansu Province

W SRR oy 2R X 2

4 i ol W MR EK WH ‘ "

S /4R - J /A /A A5 i MR/ SRR M e
1 1987 — 04 1990 - 06 38 4 11.2 1987 -08-10 5.5 THRR
2 1991 - 07 1992 - 02 7 — 2.8 A R P A R

B3 1994 —06 1995 - 07 13 13 2.5 1995 -07-22 5.8 Hol A

01 4 1995 - 12 1999 - 04 40 — 2.9 0. 020 A R P A R

s 2000 - 03 2002 - 11 32 3 4.6 2000 -06 -06 5.9 Hlrg4e
6 2008 — 05 2008 - 07 2 0 2.0 2008 -05-12 8.0 ylEral!
7 2009 - 11 2010 - 08 9 — 3.2 TR RE
1 1987 - 07 1988 - 08 13 1 15.9 1987 -08-10 5.5 FH AR
2 1992 -01 1993 - 02 13 — 62.6 AR
3 1995 - 03 1996 - 12 21 4 35.7 1995 -07-22 5.8 HirAz

i 4 1998 - 01 1999 - 01 12 — 18. 8 TR RE

05 5 1999 - 10 2001 - 09 23 8 9.5 0.033  2000-06-06 5.9 Hilrg4

s 2003 - 03 2003 - 11 8 8 21.3 2003 -11-03 5.2 HAR £
7 2005 - 05 2006 - 01 8 13 22.1 2006 - 06 - 21 5.0 yipe
8  2007-02  2010-09 43 15 24.6 zggz :2; : 12 : (1) :ig g;;
1 1987 - 04 1988 - 07 15 4 1.0 1987 -08-10 5.5 THAR
2 1992 - 12 1994 - 10 22 31 2.7 1995 -07-22 5.8 Hir A
3 1996 - 03 1996 - 07 4 3 0.5 1996 —06 - 01 5.4 H R

w4 1997 - 11 1999 - 03 16 31 1.2 2000 -06 -06 5.9 Hitm4

06 5 2001 - 05 2001 - 06 1 — 0.5 0. 004 Py

Hos 2002 - 07 2003 - 11 16 16 2.2 2003 -11-03 5.2 HAR £
7 2005 - 03 2005 - 05 2 — 0.5 TR R
8 2005 - 08 2007 - 11 27 10 1.7 2006 — 06 — 21 5.0 Hl 3B
9 2009 - 01 2010 - 06 17 8 2.1 2009-09-19 5.1 e
1 1987-06 1990 -03 33 2 34.7 0.089 13;7) :2? :;2 j Z ;iiz
2 1991 -08 1994 - 12 40 2 39.8 1991 -10-01 3.2 b

" 1994 - 01 - 03 6.0 FHAEILHI

18 3 1996 - 12 1998 - 03 15 — 30.0 TR RE

% 4 2002-03 2004 -04 25 19 21.1 zggz :1(1) :f)z 2 ; Eiig
5 2008 - 04 2009 - 06 14 1 11.5 2008 -05-12 8.0 pliEd]l]

T BRI ] RS I AR ) R RN M Z R 2, SR B AR I AR DA — K R AR I B
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Fig. 4 Abnormal curves of variation rate of analogue water level in Gansu Province
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Fig. 5 Abnormal curves of trend rate of analogue

water level in Gansu Province
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Tab.5 Anomaly features of trend rate of water level in middle-short term in Gansu Province
9l I L diging| e XoF I A2
M N e o
- /iﬁﬁ /ffﬁ ﬁfﬁm ﬁT?E Zg R/ %M, i
1 — 1990 - 03 >14 >21 0. 96 1990 - 10 - 20 6.2 Hlr R
2 1991 - 08 1991 -12 4 — 0.56 L R P L
3 1994 - 10 1995 - 03 5 9 0.55 1995 - 07 - 22 5.8 Hir A
5 4 1996 - 04 1997 -05 13 — 0. 59 2 R B
01 5 1997 08 1999 - 02 18 — 0.55 TR &
It 6 2000 - 05 2001 - 11 18 1 1.00 2000 - 06 - 06 5.9 Hitm4
7 2002 - 03 2002 - 11 8 20 0. 59 2003 -11 - 03 5.2 Hepli
8 2008 - 06 2008 — 09 3 — 0.56 B2 525 R
9 2009 - 12 2010 - 08 8 — 0.82 THEREE
1 1992 -01 1992 -11 10 — 1. 00 L R P L
Eﬁ 2 1995 - 10 1996 - 09 11 — 0.73 Tk MR RS R
i 3 2003 - 07 2003 - 10 3 4 0. 59 2003 - 11 - 03 5.2 Hephig Ee
4 2009 - 02 2009 - 10 8 7 0. 62 2009 -09 - 19 5.1 5
1 1993 -05 1994 - 05 12 26 1.00 1995 -07 -22 5.8 HirAz
B 2 2002 -11 2003 - 09 10 12 0. 86 2003 - 11 - 03 5.2 HoA IR £
06 3 2006 - 07 2007 - 03 8 — 0.57 S H MR S0
el 4 2007 -06 2007 - 08 2 11 0.53 2008 -05 - 12 8.0 pason
5 2009 - 05 2010 - 01 8 4 0.77 2009 -09 - 19 5.1 e
1 1989 - 05 1989 - 11 6 11 0.54 izzz :(1)3 :zg Z (2) jgi;f
2 1991 -11 1994 - 02 27 26 0. 68 1994 - 01 - 03 6.0 HAGSLA
igi 3 1997 -02 1998 - 01 11 — 1. 00 TR RE
ek 4 2002 -05 2004 - 02 21 17 0. 81 2003-10-25 6.1 AR
2003 - 11 - 03 5.2 HAR £
5 2008 - 03 2009 - 09 18 2 0.70 2008 - 05 - 12 8.0 pasE
6 2009 -12 2010 -11 11 — 0. 54 TR RE

e RTINS I ARIN ) S RN I RN 22, S I B A WU R B — WK AR BRI T 138

JB R RIBE: 1986 429 H ~2011 49 H; A%
RS RN B, 1987 451 H 22011 49 A,
FHorppl 01 JfK AL Bk AR fL i BE AR, 1990 48 10
H 20 H M52 B0 e 3 R 75 T 4 B T R RE 1 2
PRI IHY, 35 P ks A s SR ) ] B O 1990 4% 11 A ~ 2011
F£9 Ho FHEHBIIERRITENSEIE 6,
M6 Rl LUE H 3 FRBI RN R>R,, B
BIHNBUK LA B R g, B R B R (E

HASH k. Ry N RBBIRMEA 97.5% &
B R{ERAEN (GRERSE, 2001),

ST
(1) FAMNERE 2R, BHERTT %R

BCH AR UK L B0 B 2 H B B, X 1 4t R AOR
POEBCERAY s @ X 5 W IR AT 36 I RRETRAR, A
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Tab. 6 Efficiency evaluation parameters of abnormal identification method

FHEBU HONF Ik dis} HON 5 H B H —— RYE BA 97. 5% B
PiE:S HRRE HRKE W () HuE () KR Ry fH.
R 2 £y 263 1204 10 0.47 0.188
A ek 21 £) 196 1188 1 0.49 0.188
ek 14 31 171 1164 17 0.30 0.179
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Abstract

Using the methods of subordinate function, variation rate and trend rate, we extracted the earthquakes pre-
cursory anomalies from observation data of analogue water level in Gansu Province. The result indicated that:
(1) 4 items of water level data included 31 subordinate function anomalies, 29 variation rate anomalies and 23
trend rate anomalies from Jan. , 1987 to Sep. , 2011. Among them, 22 subordinate function anomalies, 21
variation rate anomalies and 14 trend rate anomalies corresponded with the M >5 earthquakes that ever occurred
in Gansu Province and its adjacent region. By the analysis of the features of these anomalies and their relation to
the earthquakes, the method of time prediction for the moderate-strong and strong earthquakes were proposed,
and the empirical constant, anomaly threshold value of variation rate and trend rate were obtained from subordi-
nate function of analogue water level in Gansu Province. (2) Using the methods of subordinate function, varia-
tion rate and trend rate, abnormal result which was quantitatively extracted was better. R value was greater than
R, value obtained by the effectiveness evaluation of abnormal identification method. The results showed that con-
fidence level of this method is at least 97. 5% , which indicated these three methods are effectiveness.
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