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Introduction




Introduction

o What is the role of geomorphology in landslide hazard
assessment?
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What is
Geomorphology?

/‘Geomorphology is the interdisciplinary and systematic\
study of landforms and their landscapes as well as the

earth surface processes that create and change them.’
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Geomorphology is the science concerned with \
understanding the form of the Earth's land surface and
the processes by which it is shaped, both at the present

N\

day as well as in the past.’ /{/d

\ BSG British Society for Genmnrpl'mlngy/



http://www.geomorphology.org.uk/
http://www.geomorph.org/main.html
http://www.geomorph.org/main.html

Geomorphology is the scientific study of earth’s
surface through time, with a particular emphasis
on the , ItS , and

What is
Geomorphology?
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Position of Geomorphology in science (after Gregory, 2000)




Or simply....
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HOW GEOMORPHOLOGY CAN HELP ASIA COPE WITH ITS
ENVIRONMENTAL CHALLENGES.

Text and Photos: DAVID HIGGITT

Geomorphology seeks to
Geomor phOl()U\ can be regarded as the ‘science of scen- understand landform dynamics
ery.’ It seeks to explain how landscapes develop over time, the and to predict changes through
careful field observation, computer

operation of earth surface processes such as erosion, landslid- modelling and experimentation

ing and river flows, and the interactions between these proc-



What geomorphology involves?

o History and epistemology of geomorphology o Hillslope processes and mass movements

o Geomorphology and earth system science o Fluvial geomorphology and river management

o Planetary geomorphology o Sediment budgets

o Mega-geomorphology o Coastal geomorphology and management

o Tectonic geomorphology o Submarine geomorphology

o Volcanic geomorphology o Aeolian systems and arid geomorphology

o Magnitude and frequency in geomorphology o Tropical geomorphology

o Geomorphic processes and long term landscape evolution o Cold region geomorphology

o Rock control on geomorphic processes and landforms o Methods in Geomorphology

o Quaternary geomorphology o Geomorphology and global environmental change
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http://www.geomorphology-iag-paris2013.com/en/sessions



Landslides as a major Geomorphic Hazard

* Landslides is a type of mass movement processes
that involve downslope movement of slope —
materials under the force of gravity S e

* Result in lowering the landscape and affect the society

Landslide Mapping Course in Ethiopia



Landslide Hazard Assessment — a key topic in Applied
Geomorphology

GEOMORPHOLOGY SSY  Geomorphological " W Engineering

ENVIRONMENTAL 3= _ . = i Hazards . Geomorphology
o : and Disaster 7

MANAGEMENT = o ,", : Prevention P o A Theory and. Practice

R.U.COOKE anp

Landslides:
Causes,

Consequences and
Environment

JC.DOORNKAMP.

Crozier, M.J.

Note: This is not the actual book cover

* Understanding the interactions between ‘form’, ‘processes’ and ‘materials’ helps
explain how landslide behaves and mitigate its impact



Application of

Geomorphology on
Landslide
Assessment




o Geomorphology mapping is used to record the
morphology, processes and materials
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Use of
Morphological
Mapping Symbols

Morphological mapping symbols

~v—v Angularconvex x v Angularconcave
break of slope break of slope
¥__y Smoothlyconcave 1, Direction of slope
change of slope {angleindegrees)
T * Breaks of slope TTTT *Changesofslope

* Convex and concave too close together to allow
use of separate symbols

P -
5, b 1
8—}i> g
L, !
|l|
[, -
o .
6 3
—
b 8_{'—'
- .

v——v Smoothlyconvex
change of slope

mwww Cliffs (bedrock
40° or more)

—x— Convexslopeunit
—+— Concaveslope unit

After Savigear (1965)



Reading the landscape...
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API for Landslide Hazard Assessment at Tai O




Key Skills — Field
Mapping

fih ,‘4}2@ PR AN SR L SERS T ¢ AR
the IAG Regional Conference, Ethiopia
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Fubelli et al. (2011)

LANDFORMS DUE TO GRAVITY AND
RELATED DEPOSITS

Debris flow

ﬁ

Fall landslide scarp

Rotational landslide scarp

Translational landslide scarp «

Fall/avalanche landslide body

Rotational landslide body

Translational landslide body «
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Translatlonal rock slide, DeSS|e Basm Ethlopla
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Key Skills — Field
Interpretation

DORO MEZLEYA

[ s, “

e lateral erosi

1) 3k

Rotational earth slides inducted by th

%7

LG



/7DEBRI

What and where is
the risk? \
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o How geomorphology was applied in landslide assessment
In Hong Kong?

o . A

Landslides triggered by June 2008 rainstorm on Lantau Island



Application of
Geomorphological
Mapping in HK

GEOMORPHOLOGICAL
MAPPING

METTRODS AND AFFLICATIONS

Geotechnical Engineering Office, Civil Engineering and Development Department
The Government of the Hong Kong Special Administrative Region

GEO Technical Guidance Note No. 22 (TGN 22)

Guidelines on Geomorphological Mapping for
Natural Terrain Hazard Studies

Type I Landslide (Large Multiple)
L between the upper and

e 4 - Reconnaissance Morphog

Warwrial
Propertes

Type I Landslide

I he head and flanks of incised valley y
located just below ridge lines within shallow hollows at the
" . ,

Figure 2 - An Example of Regolith Mapping Guide (MFJV, 2002)

Figure 1 - Major Break in Slope Associated with Landsliding (Halcrow, 2003)

Map for North Lantau (Ove Arup, 2004)




Geomorphology on Landslide Assessment in Hong Kong




Geomorphology on Landslide Assessment in Hong Kong

Is it possible to apply quantitative geomorphology to assess landslides?




An Application of

Quantitative
Geomorphology




Application of Quantitative Geomorphology

An opportunity comes up ...
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June 2008 landslides

« > 1,600 landslides were triggered by
heavy rainstorm in June 2008 : o

Rainfall from midnight to 6 pm
on 7 June 2008 (in mm)

200-300 mm
he&Chau 300-400 mm
‘ 400-500 mm

114°E 500-600 mm

2 ',N_\;,“{ - R

Source: Hong Kong Observatory

145.mm in an hour
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Shallow debris slides and flows



 To quantify the relationship between the geomorphological
parameters and landsliding process in a regional scale
An Application of

Quantitative
Geomorphology




Study Area

e West Lantau Island
« 31 km? (refined catchments)

Geomorphology | Key Characteristics

Form Steep terrain up to
750 mPD

Processes Fluvial dissected
hillslopes; mass
movements

Materials Weathered volcanic
ash tuff; colluvium




Use of APl & Field Verification

 To confirm presence of streams and
study area

 To identify / verify June 2008
landslide locations

Methodology

e

Tai O Cemetery Study Area




» Strahler’s ordering system can be
adopted to classify natural streams

Methodology — and the associated catchment

Drainage line

delineation and
classification




How to delineate a drainage line?

« 1:1,000 scale topographic maps
* API Increasing certainty
* Field Verification
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Methodology —

Measurement of
Parameters to
characterise
Drainage Basin
Morphometry

* Drainage order (No. / order)
* Drainage length (km)

* Drainage area (km?)
« Drainage density (km/km?)

 Drainage gradient (ratio or degrees)
» Hypsometric Integral

"

divide of main

drainage basin




What i1s Hypsometric Integral?

« Calculation of area-altitude distribution of drainage basin

Percentage Hypsometric Curve: Characteristic curves of erosion cycle:
1.0 1.0
Inequilibrium
(young) stage
0.8
Base plane 'CII -
E S Equilibrium
> 0.6 o I mature) stage
Contour % L ( ) °
(O]
S =
= 0.4 8
EJ & Monadnock
phase
0.2 -
0 0 .
0 0
Area a Area A Relative Area, % Relative Area

(entire basin)



Fluvial Landform Evolution

INITIAL STAGE

Early stage

Mature stage

BASE LEVEL

Easterbrook (1999) Figure 6-35




0 DTOE2re Study Area (refined)

| GIS
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Geomorphology -

references AERE S e

| Topographic maps




How it works?

AP (1963)




APl — Drainage line
Identification
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Drainage line
classification using
Strahler’s Order

Legend

Drainageline classification

— 1storder
2M order
3" order
4th order
5th order
6th order




~_ 113%5375'E s 30'E

22°16'0"N-"

Drainage basin
classification using
Strahler’s Order
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Legend
Drainage basin classification

15t order
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5t order ~ NV (.
6th order '
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API

Identification of
landslides triggered
by the June 2008
rainstorm
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. Results



Results

Which geomorphic location is most susceptible to landslides?




L) L) L) L) L)
113°S3E 113°54°E 113°52€ 113°53°E 113°54E
(a) Legend

®— Landslides

(b)

Legend

Drainageline classification

: y
1storder 3 Sub-Basin order
2" order 1 1storder
3 order = d
i 2" order
4t order rd
SHordat 3 . order
&% order 4th order
5t order

6th order

Key Findings —

Spatial Distribution

of the June 2008
Landslides in West
Lantau

22°15N
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Key Findings —

The Geomorphic

Position of
Landslides

Legend

] 1*order (N = 1323)

Landslides

Legend
2" order (N = 328)

®— Landslides

Legend

-—

] 4™ order (N = 18)

Landslides

Legend
] 5™ order (N = 4)

-~ Landslides

Legend
[ 3" order (N = 80)

®~ Landslides

Legend

[ | 6" order (N = 1)

®— Landslides




Key Findings —

Drainage Basin

Morphometry

Frequency

Drainage density (km/km?)

1500 -

1323
(a)
1000 -
500 - 328
80 18 4 1
0 T T
1st 2nd 3rd 4th 5th 6th
Sub-basin (Strahler order)
15 -
12.5 Cc
11.5 ( )
10 - 9.5
6.8
55
5 36
0 T
1st 2nd 3rd 4th 5th 6th

Sub-basin (Strahler order)

Drainage area (km?)

Drainage gradient (ratio)

15 -
13.3 (b)
10 ~
6.0
5 -
31 03
0.8 03
0 T T T
1st 2nd 3rd 4th 5th 6th
Sub-basin (Strahler order)
05, 05 ( d)
0.4 -
0.3
0.3 02
0.2 A 0.2
0.1
0.1
0.0
OD T T T
1st 2nd 3rd 4th 5th 6th

Sub-basin (Strahler order)



Application of Quantitative Geomorphology

Which Stage of Landform Evolution?
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Key Findings —

Landslide
Distribution In
Strahler’s Order

Landslide Frequency

600 -
500 -
400 -
300 4
200 A
100 A

509

154

99
56

1st 2nd 3rd 4th
Sub-basin (Strahler order)

5th

6th

Landslide Density (No/km?)

50 4

40

30 A

20 A

10 A

384
315
25.5 24.8

3.6

(b)

0.0

1st 2nd 3rd 4th 5th
Sub-basin (Strahler order)

6th



Discussions




Discussions

What are the implications for landslide hazard assessment?




Academic
Perspective

Fig. 1. Drainage network development showing (1) initiation, (2) elongation, (3) elaboration, (4) maximum extension and (5 and 6) integration by
abstraction and absoption. (1-4) Drainage network extension and (5-6) drainage network integration (after Glock, 1931).

Ng, (2006) Landslides Locations and drainage network development. Geomorphology, 76, 229-239.




Academic /(==
Perspective U

Area eroded
by river area mass Wastlng,

downcutting sheet wash, and

original land level

Simple V-shaped valley profile.




Practical
Implications

 Overview of landslide
distribution in a
geomorphological context

 GIS facilitates the
quantification of various
morphological parameters
for the analyses
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Significance

o Reveal systematic relationship between
fluvial morphometric parameters and
landslide distribution

o Rapid quantitative geomorphological
analyses on ‘where’ landslide occur at
a regional catchment scale

o The relative simplicity of Strahler’s
ordering system make this approach
readily followed and understood by
non-specialists




But still there 1s a gap....




Little is known on when and where landslide will occur
despite advances in research and practice







Future Prospects

Applied geomorphology in assessing hazard and risk
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and Research....

» Advance knowledge
* Publish research papers in high impact journals
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On-the-Job Training and CPD

A professional accreditation awarded to
geographers who demonstrate their
geographical skills and knowledge

Administered by the Royal Geographical
Society (with IBG)

Privy Council status awarded in 2002

o) ecg post nominals: GIS, Economic,
Geomorphology, Teacher

>400 CGeogs worldwide
About 13% abroad

Collaborate with the AGI on CGeog (GIS)

Royal
Geographical
Society

with IBG
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Conclusions







An Application of Quantitative Geomorphology on Regional Scale Landslide Hazard Assessment in HK

Thank you

June 2008 landslides, Sham Wat



