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Environment of Taiwan
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Geography and climate

Source:US National ParkiService]

Position:

Tropic of Cancer (23.5" N),
margin of the Pacific Ocean
Climate:

subtropical and tropical,

Eastern Asian monsoons
Typhoon:

3 to 4 typhoons between July and
September

Precipitation:.

~2500 mm/yr on average (mainly
from typhoons)

(*Puli Basin: 2120 mm/yr)

- Strong weathering
and erosion
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Ongoing mountain buildi
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| andform evolution In
Taiwan
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Processes of rivers

River deposition
Alluvial fan in Taichung

River incision
Da-an Gorge in Miaoli
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Processes of erosion by rain

Rain washing gravel
Huoyan Mountain in Miaoli

Rain washing mudstone
Moon world in Kaohsiung
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Processes of gravity

Slope failure due to rain
Shiaolin Village in Kaohsiung

Slope failure without rain
Highway No. 3 in Keelung
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Processes of tectonics

Fault creeping
Chihshang in Taitung

Faulting in bedrock
Dachia River in Taichung
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Processes of seismicity

Landslide in gravel
99 Peaks in Nantou

NS

Landslide in bedrock
Jiufenershan in Nantou

_“(NMNS)
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Endogenic and Exogenic processes

e Endogenic processes (deep in the Earth)
- Metamorphism
- Magmatism - volcano
- Tectonic movement -

e Exogenic processes (on the Earth surface)
- Deposition - alluvial fan, delta
- Denudation -
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Questions

e How did/will natural phenomena develop?
- Survey -2
- Monitoring -
- Forecasting =

e Will natural phenomena turn to be natural
hazards?

- Evolution -
- Hazards - reduction, prevention
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Procedure of research

STUDY AREAS | . phenomena .
smgle site event cases
Field work
 Evolution Distribution
Forecastmg Susceptibility
............ R
~ Disaster prevention

RESULTS

SUGGESTIONS

................................................................................
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STUDY CASE — PULI BASIN
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Puli basin In central Taiwa
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Alluvial fan deposits

Alluvium
o T (gravel)
F,i'riﬁe?graiﬁé Fine-grained
/ sediments sediments
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Formation age of the tableland

——N
TMO02-E:
5404 s i eathered cover sediment (Fm)
= i W Vi Il
fluvial sand TMO3-A: *
silty sediments (Fm) ¢ 10.9+29ka i
alluvium (gravel (Gmi))
TMO1-A: }__/si.’ry sediments (Fm)
460 = bedrock (quartzitic sandstone) 123+ 1.7 ka
o — Unconformity aliviunn fgravels)) projected Taomi River profile
T S T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Distance (m) (Tseng et al., 2016)
Characteristics:

clast-support;

maximal size of gravel: < 20 cm;
moderate to poorly sorted;

Imbrication and stratification;

locally including stratified fluvial gravels.

- A type of alluvial fans: Transitional-flow
deposits (T1)(Wells and Harvey, 1987).
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Source of the alluvium

Different imbrication directions of gravel,
being consistent with a pattern of alluvial
fans

t River capture of the Nangang River,
leading to shortening of the Taomi River

An old Yuchih Basin lake, which was drained
about 6 ka (Chen, 2003)

Outcrop sites
@ Borehole sites

L1

l:l Alluvium (gravel)

""" % Potential alluvial fan area

Potential drainage basin
25 5
km

Altitude (m)

PO IEL PSSP ELL LT 9
A A
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STUDY CASE — DIP SLOPE
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Dip slope failure (FribAiE X #LL)
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Dip slope in Dalun Mountain
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(SWCB project, 2018)
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Tension cracks at campus
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Tension cracks outside campus
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Monitoring systems
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Geology context

Elevation (m)
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(Tseng et al., 2021)
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UAV Images for Iandform evolutlon
| | ¥ (2014 08.24)

Orthorectified images
analyses by GIS

(UAVEHE I 512 38)
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(MOST project, 2017) {5
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Landform evolution

|1 ST R RTINSO

o R UAV-DEM-—
i o AR e T
i 0 R DTM e
2 . LY.
sttt ottt I, : |

N )

DTM analyses by GIS
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On-going projects

Sliding surface from inclinometers
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Slope runout simulation

319200 319500 319800

2763900

Model elements:

A. Wall: 20,394 isosceles right triangles
with 10 m legs

B. Ball: 40,000 particles with diameters
ranging from 3.5 to 5.8 m

(PFC3D simulations)

2763600

e Failure takes place when u =
0.13.

« The campus with the sliding
block may slide down in 100
seconds.

(=}
(=4
oM
m
[T
~
o~

8

(Tseng et al., 2017)
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Long-term monitoring

Velocity field of the slope(ZEE1%)
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(Tseng et al., 2021)
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On-going projects

Movement behavior in 2017
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GPS stations in Dalun Mountain
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GPS time series during 2016-2019
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Groundwater (m)

Cumulative horizontal displacement (mm)
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Movement by continuous GPS

ID Location Geology Trend
HFO08 Crown Fill Non
HFAN Upper Fill SW
HFO03 Upper Fill SwW
HFO7 Upper Boundary SW
HF10 Upper Fill SW
HFO01 Upper Fill SwW
HFO04 Upper Boundary SW
HF09 Outside Bedrock Non
HF02 Upper Fill SW
HFO06 Upper Fill SW
HF11 Middle Fill SW
HF13 Middle Fill .
HF12 Middle Fill Sw
FTPL Outside Bedrock Non
HF14 Toe Fill Non
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STUDY CASE-

EARTHQUAKE INDUCED
LANDSLIDES
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1999 Chi-Chi EQ-landslides

250

24°0'

2

2%

120°0° 12170 122°0°
I T I

* Epicenter of Chi-Chi EQ
B Chelungpu Fault
[ Landslides
Isointensity
Bl 7 (> 400gal)
6 (250-400 gal)
5 (80-250 gal)
4 (25-80 gal)
3 (8-25gal)
B 2 (25-8qal)

e More than
triggered by the 921

EQ.

e Most of the landslides
occurred within the region of

- made
based on before
and after the EQ (Prof. Chyi-Tyi
Lee).

e Also
occurred.

Geomorphic evolution by endogenic and exogenic processes in mountainous area of Taiwan - 2021.04.09 37



Factors controlling landsliding

landform

2, aipstope
rotational failure f

translational failur

: Seismic Earthtquake-triggered
| wave .
* landslides
Hypocenter
GEOLOGICALFACTORS
.~ Slope Aspect |
e : Weak Plane Strike
EARTHQUAKE| Input  RocksStrength 1+ gutput | MAP OF LOCATIONS
— ——» | WHERE LANDSLIDES
OCCURENCE
. _SEISMICFACTORS _ MAY OCCUR
> Epicenter Location

PGA

|
Propagation Directions :
|

Arias Intensity :
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Hongtsaiping landslide

I?YE 121°E 1231 229200 231200 233200 235200

2649000 2651000 2653000
2649000 2651000 2653000
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] o 235200
ek ( e —— e e T

400 600 800 1000
= OSSiIDle region of the Hongtsaiping landslide

(Tseng et al., 2009)
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Remote sensing method

24650500 24651000

2650000

230000

230500 231000 231500

before and

after the 921 EQ.

: = Compare
45 & In each
Bt g pixel.
% o
(24 m), ,
can be revealed.

L =
N

230000 230500 231000 231500

(Tseng et al., 2009)
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Statistic analysis of EQ landslides

Factors applied: Data analyzed:
Lsope  mmomk
INIStry O e Interior

2. Aspect Y
3. Ele_vat_'on _ e Landslide inventory of 921
4. Arias Intensity EQ (provided by Prof. Chyi-Tyi
5. Openness Lee)
6. Curvature Seismic stat

. e Selsmic stations .
/. Lithology

Central Weather Bureau

(ORI EE ~ BIEE)
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Logistic regression

Logistic regression run in SPSS

X1 10 X7 f value
0.476x, — 0.905x; + 0.032x, — 0.001x, Curvature 0.217
Openness 2.136
P EEREFEME (Confusion matrix of classification)
predict Slope 0.104
observe landslide Percent Aspect (SIN) 0.476
0 1 %

Aspect (COS) -0.905

Land 0 5666 1302 81.3 -
slide 1 979 | 5989 | 86.0 | lintensity 0.032
Accuracy 83.6 Elevation -0.001
Coefficient -3.350

(A& BE ~

%)
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Susceptibility of landslides in Taichung

121°0'0"E

Taichung : » Choose 50000 points

W@ » Input the values of factors
of each point into Logistic
regression equation and it
can get probability

» Plot on the ArcMap and use
Krigging Interpolation to
draw susceptibility map of
landslides

ORI ~ B1EZE)
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Susceptibility in Taichung

121°0'0"E

e R

Value
o High : 0.984

“ Low : 0.002

Bl =l aEpolygon
Kilometers * EpI_ChIChI

121°0'0"E

24°0'0"N

 Most of the
landslides are the
red area

In the landslide events :
15472 grids < 0.5
51593 grids > 0.5

Accuracy:
15472/51539=76.9%

(ORI EE ~ BIEE)
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Conclusions

e Topography in Taiwan is dynamics, being
controlled by

e Understanding geological context is

essential for and
movement progress.
o and
are complementary to each
other.
o and can

be achieved by the study of geomorphic
evolution.
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Research projects organizing:
e MOST, 2016-2019
« SWCB, 2018-2020

e MOST, 2021-2022
« MOST Taiwan-Czech bi-lateral project (B&-EREIEFE), 2022-
2024 (in preparation)

Thank you for your attention!
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Perspective of continuous GPS monitoring

e Single-frequency (L1 (19 cm)) : 13 stations of 1Hz sample
rate

e Dual-frequency (L1+L2 (24 cm)) : 2 stations of 1Hz ~ 20Hz

 Calculation software :
Dual-frequency and Single-frequency :
RTKLIB v.2.4.3 and Bernese v.5.0

e Long-term movement trend :
A. daily average (daily solution)
B. with rainfall, groundwater and inclinometer data

 Short-term/event movement behavior :

A. deformation of sliding mass derived from 20Hz data
during speeding-up sliding
B. sliding behavior when cumulative rainfall exceeding
threshold amount
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Basic concepts of luminescence dating

exposure to sunlight buried after
due to erosion deposition

\ transport /

sampling

energy absorbing stimulating in
from cosmic radiation / laboratory (B-ray)

% and radioactive decay
=
S D
v % .
0O q incomplete
6 9 bleaching uranium (U), thorium (Th),
B CICJ and potassium (K)
T & 0t (20 pm)
> W
=
g = complete B (2 mm)
o = bleaching

_ _ time/age
overestimated residual

age signals
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Principles of GPS technique

« 3D spatial positioning by measuring distance between GPS satellites and
receivers with 4 GPS satellites (1 for correcting time error)

e Errors of GPS data:
- satellite orbits (B E2# B2 E)

- ionosphere delay (EBEEELE)

- troposphere delay (17t /& L)

- multi-passes of GPS signals (Z B E)
- receiver positions

- phase center within antenna

- cycle slips (K IRSE)

- cycle ambiquity GERIS& R E(B)

- coordinates of constraint stations

Geomorphic evolution by endogenic and exogenic processes in mountainous area of Taiwan - 2021.04.09

49



select

Landslide Ratio from DEM grid

the grid of landslide

total grid in area

Assume 1 for landslide, O for non-landslide

7
Ex.: Landslide Ratio = e = 43.75%

Calculation Area

(ORI EE ~ BIEE)



regression
Logistic regression

P;
In (1_P> ﬁﬁZﬁkxl—Y

P; is probability of event occurrence

B is coef ficient
x; 1s value of factor

P is weight of factor

(CRAERE ~

)
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