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Change detection in monitoring series

Content

» What is a time series?

» What are we monitoring?

» What is a change?

» How can we detect the time series changes?

» Example for streams/rivers
» Example for landslides
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Delft University of Technology
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What 1s a time series?

time series is a sequence of data points, measured
typically at successive points in time spaced at uniform
time intervals

Time series analysis comprises methods for analyzing
time series data in order to extract meaningful statistics
and other characteristics of the data
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Characteristics of time series

Plot of hydrograph
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Characteristics of time series

Mean: central tendency Variance: variation around mean
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Time scale effect on time series
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Time and spatial scale effect on discharge
time series
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Scale effect on rainfall time series
Example of 9 rain gauges Luxembourg
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Decompose a time series
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How to test periodicity?
Serial correlation
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How to test period
Serial correlation and confidence limits
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IMme series
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What are we monitoring in natural hazards?

Floods: discharge, water level height, bed topography, ...
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What are we monitoring in natural hazards?

© REMOTE-SENSING

W LIDAR data

optical correlation (aerial & satellite images)

GEOMORPHOLOGY

® GEOTECHNICS
D: core drilling, percussion drilling
PD: portable hand-tool drilling
OP: open pit and trench

soundings

D PD OP

GEOTECHNICS & HYDROLOGY

geotechnical tests

GEOPHYSICS

. SAR interferometry
“\‘ hyperspectral ¢ KINEMATIC MONITORING
% differential GPS
“\ extensometry
% tacheometry

In: inclinometry
MS: micro-seismic

¢ GEOPHYSICS

Pt: dynamic or static penetration test (DPT, SPT), cone penetration test (CPT)

Dt: dilatation test (Menard pressuremeter)
Vt: vane shear test

Pi: piezometer and interstitial pressure cell
Whn : volumetric water content

e HYDROLOGY
permeability test
hydro(geo)chemistry

s: seismic tomography (reflexion, refraction, SASW)
e: electric tomography

sp: self-potential

tdem : electro-magnetic sounding

g: georadar sounding

a: acoustic measurement (seismic noise, H/V, network)
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What are we monitoring in natural hazards?

Landslide: displacement, groundwater level, precipitation

Slope movement
Sensor

Monitoring Instruments

| Direction of
movement

. Shallow Pore -'
Pressure '

Battery ; Geophone

K
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Deep et

. Pore Pressure

& USGS
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What is the difference between a cause
and a trigger?

Time scale | Short time scale Long time scale
Process

Shear strength | Increase of | Instantaneous hydrological factors | Long-term hydrological factors
decrease pore water or hydrological triggers
[Internal] pressure

Infiltration & percolation Regional ground warer flow,
Change in land use or climate
Decrease of | Instantaneous strength factors or Long-term strength factors
material strength triggers

strength
Artificial freezing-thawing, Weathering and dissolution
chemical trearment Increase strength by roots grow
Shear stress increase Instantaneous gravitational factors | Long-term gravitational factors
[External] or gravitational triggers
Earthquake, excavation Erosion or Accumulation
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What is the difference between a cause
and a trigger?
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How to detect a change?

Methods

» Visual inspection
> Double mass (residual mass) &
» Statistics

» Physical modelling
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How to detect a change?
... data quality and extremes
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How to detect a change?




How to detect a change?
... data quality and extremes

]
TU DEIft —m wﬁ% Challenge the future 21




How to detect a change?
... data quality and extremes
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How to detect a change?
Visual inspection
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How to detect a change?
Visual inspection

w

b2

| I B A
]

s

c

i

r

r

———

rate of displacement
i day

L

20 Manual Incla profile recorded Manual Inclo profile record ed Manual Inclo profile recorded
g E T Masnual Datum shift T 1 Manual Datum shift \\i ] Manual Datum shift —————" 5 epositioned
- IFI 11568

B B 0 11 [! P111569 14.5m - 16.5m depth 4. Sm depth
L= 1

= r
L3 1 k T PI11568 12.5m - 14.5m depth [
=5 20 — | :
E 2 . IF[ 11567 4 Tmdepth !

[+ L m - Tmdep
a2 40 — I

Rl -

D
)

Fore Water Fressure
[kPa

oo B0 M
7
N
N
¥
]
>
I
B
3
P
i
R
.
?
M
{*=
‘
#
9
p
>

> 7
=3
i
K]
-E'.\
it

\j.
-

A

uo
12 - T NN e ~7 \r" oo
V h"d
g
E
= a0
£
=
8
= 40
®
m]

—
e
—

£

11-Cet-03 —
11-How-03 —
11-Feb-04 —
11 Apr04 |
11-Jun-04 —
11-Jul04
11-Oct-0d —

Patterns of movement In reactivated
landslides
Massey ey al, 2013 Engineering Geology

M Challenge the future 24




How to detect a change?

Double mass plot

Plot cumulative observation
time series against another
(averaged) cumulative time
series

Double Mass curve
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How to detect a change?

Double mass plot
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How to detect a change?

Characteristics of Time Series
Stationarity

e Stationary: probability distribution doesn’t change with
time

e First-order stationary: mean is a constant

e Second-order stationary: mean is a constant and
covariance is only a function of time lag, not actual time

e Non-stationary in the mean: presence of a trend or
periodicity
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Characteristics of Time Series

A stationary time series
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Characteristics of Time Series

Non-stationary time series with a trend
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Characteristics of Time Series

Non-stationary time series with periodic changes

Groundwater level (m)
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Detection of a trend

. Step trend
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Detection of a step trend

- Hypothesis test

Hy Hi1= Ky
Ha W= U
t statistic _ Ixaimxe| t(n-2)

25p/\/ﬁ

* t test result
Given a(5%), find t ,(n-2) from Student table
Ift>t,,(n-2) accept H,, step trend 1s significant
Ift<t,(n-2) acceptH,, step trend 1s not significant
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Detection of a step trend

_ 1 60 — 1 20
L h =420 b= $h=40.0
Zh 50 2. h
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120-2

|42.0-40.0] _
= =9.89 to.025(118) = 1.96
2*1.1/120
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Time interval (15 days)

< Groundwater level © Step trend
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Detection of a linear trend

0 12 24 36 48 60 72 & 9% 108 120
Time interval (15 days)

< Groundwater level € Linear trend
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Detection of a linear trend

- Hypothesis test

H, B =0
H, B,= 0
- t statistic | b | < t(n-2)

V12,7 /n(n+1)(n-1)

- t test result
Given o(5%), find t ,(n-2) from Student table
Ift>t, (n-2) accept H,, linear trend 1s significant
Ift<t,,(n-2) accept H, linear trend 1s not significant
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Detection of a linear trend

Example of detecting a linear trend
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- Groundwater level © Linear trend
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Detection of a linear trend

Example of detecting a linear trend

1 o
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Detection of a periodic trend
Characteristics of a harmonic function

h=A+A SN2z f t+6,)

A=2 amplitude Hramonic series

A=0base level |

Harmo nic function
A
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0 2 4 6 8 10 12 14 16 18 20 22 24

Time (month)
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Detection of a periodic trend

Fit of harmonic series with 2 harmonics

h = 49.97 +2.23cos( 2% )+ 1.68 sin( 2 )+0.86 cos( 1 )+0.53sin( 2™ )
24 24 12 12
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Shifts in the Mean

1. Student’s t-test 9. Regression-based approach
2. Bayesian analysis 10. CUSUM test
3. Mann-Whitney U-test 11.  Qerlemans method
4, Wilcoxon rank sum 12.  Signal-to-noise ratio
5. Pettitt test 13.  Intervention analysis
6. Mann-Kendall test 14.  Markov chain Monte Carlo
7. Lepage test 15. Lanzante method
8. Standard normal homogeneity test
'ifU Delft Challenge the future 40




Shifts in the Variance

1. Downton-Katz test

Shifts in the Spectrum

1. Nikiforov method

Shifts in the System

Principal component analysis
Average standard deviates
Fisher information

Vector autoregressive method

I
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Example: Min Tu — Assessment of the effects of
climate variability and land use change on
the hydrology of the Meuse river basin
(2006)
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Example: Min Tu — Assessment of the effects of
climate variability and land use change on
the hydrology of the Meuse river basin

(2006)
800
— Meuse 409
= o 204 289
E 400 4
&5 200 4
0 f . . f ; .
1910 1920 1930 1940 1950 1960 1970 1&&1 1 2000
Hydrological year 1978|\_ | 1990
E00
% 600 Meuse
t 239 172
E 400 4
3 20
0

1910 1820 1930\154& 1950 1960 1970 1980 1990 2000
Hydrological year | 1533
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Example: Min Tu — Assessment of the effects of

climate variability and land use change on
the hydrology of the Meuse river basin

(2006)
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Example: Min Tu — Assessment of the effects of
climate variability and land use change on
the hydrology of the Meuse river basin
(2006)
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Example: Min Tu — Assessment of the effects of
climate variability and land use change on

the hydrology of the Meuse river basin
(2006)

» Climate-induced increase in
the magnitude/ Trequency of
winler floods in the Meuse
river since the early 195R(0s;

# Marginal or stanstically
p!|  undetcctable effects of the
historical land use changes
on the discharge regime of
the Meuse river during the
20 century.

]
TU DEIft l % Challenge the future 46




Change detection in monitoring time series

Summary

» What is a time series?
» What are we monitoring?
» What is a change?
e Step, linear, periodicity, etc

» How can we detect the time series changes?
e Visual, double mass, statistical, ....

Thom Bogaard
Delft University of Technology
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