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Motive and Purpose

® To explore the anomaly time and pattern of
seismic groundwater level (GWL) by the
objective and guantitative method (outlier
analysis, OA) and the specific function may be
used to explain the transfer mechanism.

® The results of OA are used to assist or support
the anomaly announcement form (AAF) and the
suggested threshold value are also proposed for
the practical application.



Introduction

@ The anomaly phenomenon take place
frequently before and after the earthquake,
such as changes in magnetic field, ionosphere,
crust strain, and groundwater. Among which,
the groundwater is recorded to be highly
sensitive to crust strain In many studies; it
could detect slight crust strain (10”-8 volume
strain).



Introduction

@ The groundwater is apt to receive influences of
the environmental factors or noises, like as
rainfall, tide, atmospheric pressure, river water-
level and artificial pumping. It increases the
difficulty to analyze the variability of
groundwater induced by the earthquake.



Introduction

@ To analyze these effects objectively, the noises
to affect the groundwater must be filtered out In
advance. This purpose is convenient for
analysis and the interpretation of phenomena.

@ The BAYTAP-G model developed from Japan
IS selected for noises filtering.



Introduction

@ For the purpose of anomaly detection, the
outlier analysis (OA) in statistics Is selected for

the study.

@ The OA method Is used to analysis the
anomaly of GWL data series after noises
filtering.
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Outlier Analysis (OA)

® Time series observations are sometimes
Influenced by interruptive, unexpected,
uncontrolled events, or even unnoticed errors
of typing and recording. The consquences of
these interruptive events create spurious
observations that are inconsistent with the rest
of time series. Such observations are usually
referred to as outliers.
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Outlier Analysis (OA)

® When the timing and causes of interruptions
are known, their effects can be accounted for
by using the intervention analysis (IA)
discussed In previus studies.

® The opportunity to use the IA:

The starting-point of intervention event is
clear -

Specify the possible pattern of intervention
Impact.
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Outlier Analysis (OA)

@ In practice, howerver, the timing of interruptive
events are usually unknown. Because outliers
are known to make the resultant inference
unreliable or even invalid, it is important to have
procedures, like as the outlier analysis (OA) In
this study, that will detect and remove such
outliers effects.

® The detection of time series outliers was first
studied by Fox (1972).

® The main reference In this study is Chen et al.,
(1990).
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Outlier Analysis (OA)

@ It Is important to detect outliers for a number
of reasons:

Better understanding of the series under
study.

Better modeling and estimation.
Improved intervention analysis.
Better forecasting performance.
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Outlier Analysis (OA)

® The full equation of modeling the effects of
outliers includes:

1. modeling t
2. modeling t
regression.

ne noise effects by ARIMA.

ne input effects by dynamic

3. modeling the outlier effects by specific

function.

input effect outlier effect noise effect

/\

Y .=C, livj(B)X}QL(B)L(t%N )

/ N
{
\
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Outlier Analysis (OA)

Y, =Cy+ zv‘i (B)th +oL(B)L () +N,
=1
Y, output variable at time t
C, constant
X, input variable j attime t
, polynomial of B
Vi(B) express the relationship of Y, and X,
® appear the preliminary effect of outlier or noise to output Y,
L(B) polynomial of B | | |
| appear the dynamic response of outlier or noise to output Y,
L(t) indicator variable at time t,
e I.(t,) assumes the value 1 when t=t, andis O otherwise
N noise variable at time t
' assumed to follow the ARIMA model
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Outlier Analysis (OA)

® Four types and L(B) functions of outliers:

Additive Outlier (AO): L(B) =1

Innovational Outlier (10): L(B) = ‘g(dB)
(1-B) ¢(B)
: _ 3 1
Level Shift (LS): L(B) )
Temporary Change (TC): L(B) = 0<o<1

(1-0B)
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Outlier Analysis (OA)

® Additive Outlier (AO)
An AO Is an event that affects a series for one
time period only. One illustration of an AO Is a
recording error.

# Innovational Outlier (10)
An 10 Is an event whose effect is propagated
accroding to the ARIMA model of the process. In
this manner, an 10 affects all values observed
after its occurrence. An 10 often represents the
onset of an external cause.
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Outlier Analysis (OA)

® Level Shift (LS)
A LS Is an event that affects a series at a given
time, and whose effect becomes permanent. A
LS could reflect the change of a process
mechanism, the change in recording device, or a
change in the definition of the variable itself.

# Temporary Change (TC)
A TC Is an event having such an Initial impact
and whose effect decays exponentially accroding
to some dampening factor, say o .
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Outlier Analysis (OA)

® Chen and Liu (1990) propose an iterative
procedure for the joint estimation of model
prarmeters and outlier effects.

# This procedure provides the basis of the SCA
(scientific computing associates) software for
the estimation of a time series model in the
presence of possible outliers.
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Anomaly Announcement Form

(AAF)

@ The control and management procedure of data
from the groundwater observation wells in this
project is to go on according to the following
several steps:

(1) Measurement of environmental information

(2) Recording/Storage of environmental information

(3) Checking and processing of environmental information
(4) Noise filtering and data analysis <——— By BAYTAP-G Model

(5) ldentification/Determination of anomaly
(6) Data explanation and anomaly description
(7) Making and proposing of form
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An Example of AAF.,
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An Example of AAF.,

Time Series Plot (TSP) of Observation
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Factor/Noise Filtering

® The BAYTAP-G model is to filter the
Influences of affecting the GWL, including the
atmospheric pressure, tide and irregular
signal, etc. through the step-by-step
removing. The main purpose Is to appear the
micro-behavior of GWL series.

# The BAYTAP-G model i1s adopted by this

project, detail please consult earlier stage
reports.
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Case Studies

% OA for Real Cases - Part (I)

@ Suggested OA Threshold Value of
Observation Wells — Part (1)

® Comparison of OA and AAF - Part (I11)
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Acquistion of Data

® The data sources come from the observation
stations of Water Resource Agency, Ministry
of Economic Affairs (the title of project:
Planning of Groundwater Anomalies
Associated with the Earthquake).

® There are 8 observation wells for the study.
The sampling frequency of GWL and water
temperature is 2 minutes. Furthermore, the
sampling frequency of atmospheric pressure
and rainfall is 10 minutes.
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Research Scope

¢ Region

= Talwan

= 8 Observation Wells
@ Data

2 September, 2003 ~ May, 2004
2 Data (Groundwater Level) Recording by

Hourly Time Interval

@ Data Filtering by BAYTAP-G Model.
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Part (I) - OA for Real Cases

Anomaly Detection by OA

Background Statement of 12 Cases Used for

Tmme Period tor

Case Station Name Anomaly Event Notes
Analysis
C1 Liu-dar (7<HH) 03/01~03/31/°03 Artifical Determination 744 1n total
2 Liu-Jar (75HH) 12/01~12/31/°03 AFF(Earthquake) 744 in total
C3 Na-Ba (H54) 06/01-06/30/°03 | AFF(Earthquake) 790 in total
C4 Na-Ba (#5i%) 09/01-09/30/°03 | AFF(Earthquake; Ranfall) 770 1 total
C5s Don-Her (ERH]1) 09/01~09/30/°03 | AFF(Earthquake: Raintall) 720 in total
6 Sin-Pu (#1H) 06/01~06/30/°03 | Artifical Determimation 720 m total
C7 Sin-Pu (¥ ) 04/01-04/30/°04 AFF(Artificial Disturbance) 720 1n total
CS8 Hua-Lien (1ei&) 02/01-02/30/°04 | AFF(Earthquake) 790 i total
9 Hua-Lien ({&3#) 04/01~04/30/°04 | AFF(Earthquake) 770 in total
C10 Tong-Lou (#h§) 03/01~03/30/°04 Artifical Determination 770 in total
c11 | Tung-Wei (HL[&]) 05/01~05/31/°04 | Artitical Determmation 744 in total
C12 Her-Don (7H/ER) 04/01~04/30/°04 | AFF(Artificial Disturbance) 720 m total
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° Part (l) - OA for Real Cases

Concluding Remarks

@ The OA method has the properties of rigorous theory
and complete procedure. It can be used to detect the
known or unknown interruptive event. For the need
and purpose of this project, affecting factors or noises
should be filtered out if possible. It is expected that
the result of OA can be “clear” to reflect the influence
of earthquake event on the groundwater level.
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o Part (l) - OA for Real Cases

Concluding Remarks

@ The anomaly pattern of GWL caused by earthquake
and rainfall is mainly the innovational outlier (10).
When the earthquake and rainfall coexist, the OA is
not easy to distinguish between them. If the rainfall
can be filtered out from the BAYTAP-G model, the
OA may be more suitable and easy to explain.
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° Part (Il) - Suggested OA Threshold Value

Suggested OA Threshold Vaule of 12 cases

. Suggested Value for Suggested Value for

Seza i seeheluls Individual Case Individual Station (Well)
C1 Liu-Jar (75ER) 20 20

C2 Liu-Jar (7<H) 20

C3 Na-Ba (%) 10 3

C4 Na-Ba (A1) 8

C5 Don-Her (5Fl) 8 8

C6 Sin-Pu (¥1ih) 4 4

C7 Sin-Pu (¥1ih) 4

C8 Hua-Lien ({ti&) 4 4

C9 Hua-Lien ({ti&) 4

C10 | Tong-Lou (§i®#) 10 10

C11 | Tung-Wei (1)) 10 10

C12 Her-Don (ju]ga) 4 4
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° Part (lI) - Suggested OA Threshold Value

Concluding Remarks

@ By the OA results of 8 observation stations, it is found
that the number of anomaly seems partial more with
the statistical test of 95% confidence limit. If we
Increase the testing value appropriately, it can
contribute to the explanation of the anomaly. In this
study, the preliminary suggestion value of 8
observation stations is provided.
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Part (lll) - Comparison of OA and AAF

Summary Statement of AAF of 8 Observation Wells

Station Name of Observation Well
Date of AAF
(Year/Month) Liu-Jar Na-Ba Don-Her Sin-Pu Tong-Lou | Tung-\Wei Hua-Lien | Her-Don
(75H) (B3%) (FEF) (Fr i) (HA#E) (At (f£3E) ({36
YES
2003/09 = = = = = = =
(H/V)
2003/10 = NO = = = = = =
2003/11 NO NO NO E(E“S) — — — —
YES YES YES YES YES
2003/12 NO NO =
(%) (¥ ) () (¥ ) (¥ )
YES YES YES YES YES
2004/01 NO NO NO
.9 (#) () 5.9 (#)
YES YES YES YES YES
2004/02 NO NO NO
(#) (#) (#) (%) (#)
YES YES YES YES YES
2004/03 NO NO NO
(#) (V) (#) (#) (#)
YES YES YES YES YES YES
2004/04 NO NO
(#) (Y) (#) (V) (#) (#)
YES YES YES YES YES YES
2004/05 NO NO
(V) (H/V ) (#) (#) (V) (#)
Not available {—); Anomaly in AAF (YES); No anomaly in AAF (NO)
Artificial disturbance ( # )
Instrument damage (o)
S ULAC L The meteorological factor, such as rainfall, etc. (¥ )
Earthquake ()
Unknown reason [ ? )

[Notes] The Sin-Pu (¥f1#) station is moved to the Chu-Ker (47%}) station and the Her-Don (JAJE) station is moved to the Tung-Si (&;%) station.
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Part (lll) - Comparison of OA and AAF

Comparison of OA and AAF in Liu-Jar (7xH) Station Comparison of OA and AAF in Na-Ba (#f#g) Station

Station Name AAF OA Station Name AAF OA
Liu-Jar(7<E) Time-Point Pattern Na-Ba(#53%) Time-Point Pattern
11/2003 NO - - 09/2003 604 - -
T=226 10 10/2003 NO - -
o T=228 [e 11/2003 NO ~ —
T=229 10 12/2003 NO - —
12/2003 T=230 10 To247 o
229 T=231 10 2l T=248 LS
T=231 10 =
230 Too3o o 01/2004 257 Ll ©
01/2004 336 to 600 -- -- T=277 10
02/2004 NO - - 207 T=278 LS
03/2004 NO -- -- 59 T=60 LS
04/2004 NO -- -- 02/2004 65 T=65 10
05/2004 NO -- -- T=67 10
[Notes] The symbol “--” means that not any anomaly is detected by OA. 398 T=400 LS
03/2004 415 T=417 [@]
491 T=493 [}
T=715 10
04/2004 715 T=716 [0}
T=717 [®]
199 T=200 LS
05/2004 T=471 [}
471 T=472 LS

[Notes] The symbol “--" means that not any anomaly is detected by OA.
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o Part (lll) - Comparison of OA and AAF

Concluding Remarks

® To compare the results of OA to the AAF, the success
ratio iIs near 82%. The AAF with seven-steps
procedure is moderately subjective, but the OA with
the standard operation procedure is more objective.

@ The OA can be used for the automatic detection of
anomaly time-point, the automatic detection of
possible interruptive event, and the automatic
arrangement of anomaly pattern. These properties can
not be adequately provided by the current procedure
of the AAF.
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Suggestions

® Further studies are focused on the topics as follows:
It seems to be sensitive that adopts the 95%
confidence limit to parameter testing of the anomaly.
We suggest that the suitable threshold value can be
analyzed and adjusted based on the historical record of
every observation well.
The effect of rainfall is still not filtered out by the
BAYTAP-G model. It causes some difficulties of
Interpretation, so the filtering of rainfall data should be
necessary.
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