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Foreword

In 2005, the Education Bureau (EDB) announced that a three-year New Senior Secondary (NSS)
curriculum would be implemented at Secondary 4 in September 2009. Geography is one of the

elective subjects under the NSS curriculum.

The NSS curriculum has been developed on the basis of the recommendations made by an EDB
document in 2005 and a Senior Secondary Curriculum Guide of 2007. Within the curriculum,
geography is seen as a key educational discipline that provides students with a spatial

understanding of the Earth on which we live and work.

At the request of the EDB, the Geotechnical Engineering Office (GEO) of the Civil Engineering
and Development Department have prepared support teaching materials for the NSS Geography
curriculum under the topics of Natural Hazards and Earth Science. The materials written on rocks,

minerals and ores in Hong Kong are also suitable for part of the Chemistry curriculum.

The “Teaching Support Materials Kit" consists of 14 booklets, 4 posters, 3 CDs and other
supplementary information sheets. This teaching kit contains pertinent and up-to-date information
on slope safety, landslides, geology and geomorphology in Hong Kong, written at a level that is

suitable for the NSS Geography curriculum.

Hong Kong Geological Survey of GEO have compiled the teaching materials that describe the
geology and geomorphology of Hong Kong. The Slope Safety Division of GEO have prepared
the teaching materials on Hong Kong slope safety and landslides. Colleagues in the Slope Safety
Division are also responsible for the overall planning and coordination of this project. Their

contributions are gratefully acknowledged.

| am confident that, for years to come, secondary school geography teachers will find the kit
invaluable for preparing their classroom teaching materials. The contents will also be of interest

to the more general readers who may wish to learn more about these topics.

Wi...

Raymond K S Chan

Head, Geotechnical Engineering Office

Civil Engineering and Development Department
December 2008
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Figure 4. Building platforms are formed by cutting into the hillside.
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Figure 6. Buildings and roads are constructed close to steep slopes.
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Figure 5. Cut slopes are formed for highway network.
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Figure 7. The total number of reported landslide and annual rainfall in the past twenty years (1988-2007).

B1947FEHNBECOFER - BBBATOATLRILRIEE(ES) o MXBRE K #R1972
FMRE—KREE > BH13BART(EIR10) - MERMN1976F » B —REBEILRIEE
PER1BAELEBEN)(FEFSHABBNLRER—8)  c BRNEEERESH
ZRHEBRERARNB L NMETHE - BB —RRUEELHEROKE
EEEBREMNES BEREBIR T HIBEMITTERMAKL o

Hong Kong has a total land area of about 1,100km?, of which more than 60% is on natural slope
steeper than 15° (Figures 1 & 2). The population in Hong Kong has grown rapidly from about 2
million since the 1950s to almost 7 million in 2009 (Figure 3). In order to make space for building
and infrastructure development, large number of man-made slopes have been formed by
cutting into the natural hillsides (Figures 4, 5 & 6). In the early days, there was little geotechnical
engineering input and regulatory control by the Government on these site formation works. The
slopes formed were therefore susceptible to landslides, given that Hong Kong has an average
annual rainfall of as high as 2,300mm (Figure 7). These all explain why Hong Kong has a history

of tragic landslides.

In the past 60 years since 1947, more than 470 people have died in landslides (Figure 8).
Two major disasters took place on the same day in 1972 and killed 138 people (Figures 9 &
10). Four years later in 1976, another severe landslide killed another 18 people (Figure 11)
(see the Booklet on Landslides in Hong Kong for more details). In response, the Governor Sir
Murray MacLehose appointed an independent review panel of international experts to study
the problem. One of the recommendations was to establish a control organization to regulate
hillside developments and oversee the design, construction and maintenance of Hong Kong's
slopes. This led to the formation of Geotechnical Control Office within the Government in 1977

(renamed as Geotechnical Engineering Office in 1991).
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Figure 8. Number of landslide fatalities.
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Figure 9. 1972 Po Shan Road landslide (67 fatalities).
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Figure 10. 1972 Sau Mau Ping landslide (71 fatalities).

B11. 1976 F R RITIRIDREH1BARE
Figure 11. 1976 Sau Mau Ping landslide (18 fatalities).
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Slope Catalogue

Slopes in Hong Kong may be classified as natural
hillside or man-made slopes (Figures 12 and 13).
Man-made features such as cut slopes, fill slopes,
rock slopes, retaining walls, etc (Figure 13) are
collectively known as “slopes”.

To provide comprehensive information on the
sizable man-made slopes in the Hong Kong
Special Administrative Region (HKSAR), the
Geotechnical Engineering Office (GEO) started
a 4-year project - “Systematic Identification and
Registration of Slopes in the Territory (SIRST)”
in July 1994. Under the SIRST project, the GEO
systematically identify, catalogue and register
sizeable man-made slopes and retaining walls
(collectively termed slopes) in the HKSAR. To
ensure that the slope catalogue information
is comprehensive and up-to-date, a dedicated
team of professional and technical staff has been
deployed to administer, maintain and update the
catalogue with the latest slope data provided by
various parties including government maintenance
departments and geotechnical practitioners in the
private sector.

There are about 57,000 sizeable man-made
slopes in Hong Kong (Figure 14) registered in the
Government's Catalogue of Slopes, comprising
(Figure 15) :

» About 18,000 post-1977 slopes which have
been designed and constructed under the safety
standards and checking requirements introduced
since that time;

» About 39,000 pre-1977 slopes, many of which
may not meet the current safety standard.

or, in terms of ownership :

» About 39,000 government slopes; and

» About 18,000 private slopes.

Figure 16 shows the distribution of private slopes

and government slopes maintained by different

parties.
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Figure 14. Distribution of 57,000 registered man-made slopes in Hong Kong.
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Note: Slopes constructed after 1977 are known as “new” slopes.
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Figure 15. Classification of the 57,000 man-made slopes.
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Figure 16. Maintenance responsibility - The distribution of private slopes and
government slopes.
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Figure 18. Simplified concept of landslide “risk”.

KRAS: BRXTEENXSEARKY  BESHBWRES [Ek] NELESR -
73, The Hong Kong Slope KRA6: Promote public awareness and response
in slope safety through public education,
Safety System

publicity, information services and public

warnings,
\ The Hong Kong Slope Safety System (HKSSS) was
~ established with the aim to meet Hong Kong's ,
P , KRA7: Enhance the appearance and aesthetics of
~ needs for the highest standards of slope safety. It
1 . slopes.
R P P comprises seven key results areas (KRA):
o v o ncremsed ek
Siope Safely Systam g Sheck ek v Figure 17 shows how the major elements of HKSSS
PRVEEY - < L4 KRAT: Improve  slope  safety  standards, , S ,
EBURERAR : 4 effectively reduce the landslide risk. The figure

Landslide risk in HK technology, and  administrative  and
il rilon s regulatory frameworks;
. A L
ﬁgn%te ﬁiﬁﬁgope Redl_Jce the. risk
maintenance by improving

il D> Stop the increasing trend of the landslide risk;
Slopﬁblw KRA2: Ensure safety standards of new slopes; P .

shows that three major strategies are employed:

LS _ » Reduce landslide risk by improving slope
HTRERR KRA3: Rectify substandard government slopes; .
Reduce the risk by conditions;
reducing landslide
consequences
v KRA4: Maintain all government man-made slopes; A , ,
> » Reduce landslide risk by reducing landslide

1950 1577 2000
o consequence.
AL KRA5: Ensure that owners take responsibility for

slope safety; S o
B17. BERIERRRN T EEH o The simplified concept of landslide "risk” is

Figure 17. Major strategies to reduce the landslide risk.

illustrated in Figure 18.
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Figure 24. Number of government slopes maintained by departments.

Man-made slopes need regular maintenance,
and lack of slope maintenance has been a
major contributory factor to many of Hong
Kong’s landslides in the past. The Government
systematically maintains all its slopes through the
slope maintenance programmes of 7 departments
(Figure 24). The annual expenditure on slope

maintenance is around 600 millions.

Promote Private Slope
Maintenance (see kras)

As discussed above, regular maintenance is
essential for all slopes to avoid deterioration.
Under the Hong Kong climatic conditions, if slopes
are not properly maintained, in time it may become
unstable and collapse, causing injury to persons,
damage to property and disruption to normal life.
If this happens, suffering and hardship may result
and great expense may be incurred in reinstating
the ground and making it safe.
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Guidance Documents
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Public education and guidance information are
provided to general public, especially slope owners,
telling them how to maintain man-made slopes
(Figure 25). Through public education, private
slope owners are also informed to discharge their
slope maintenance duties as imposed under the
Code of Practice on Building Management and
Maintenance produced in accordance with the
Building Management Ordinance, Chapter 344,

Laws of Hong Kong.

If any existing private slope is considered to be
dangerous or liable to become dangerous, the
Building Authority will serve a Dangerous Hillside
Order on its owners. The owners will then have
the legal obligation to investigate the slope and

propose any remedial works as necessary.
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Hong Kong Slope Safety Website
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Figure 25. Public education and guidance information on slope maintenance prepared by GEO.
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Figure 26. Squatters on hilly terrain.
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Figure 27. Engineering works approach is normally not an effective way to
deal with slopes with squatters.

I Clear Squatters on Hilly Terrain

‘Squatters’ are those persons who live in
tolerated squatter structures surveyed by Housing
Department in 1982 (Figure 26). It is Government
policy to reduce the landslide hazards to squatters
through clearance of the concerned squatter
structures and not through carrying out of
landslip preventive works on slopes affecting only
such structures. This is because such works often
cannot be carried out without first demolishing
the structures, in order to provide road access
and working space (Figure 27). Due to the close
proximity of squatter structures to the slopes,
there are problems associated with construction
safety and subsequent maintenance of the slopes.
Therefore, clearance of the concerned squatter
structures and offer of rehousing to the occupants
at risk is the best solution to safequard them from
the landslide hazards. The clearance of these
structures also reduces other problems associated

with squatter areas (Figure 28).

By 1992, 64,200 squatters who were recommended
to be cleared on slope safety grounds were cleared,
many of which were cleared to release land for
housing developments. Of these 64,200 squatters,
58,000 were from the Hong Kong and Kowloon
urban areas. Since 1992, about 21,000 squatters
were recommended to be cleared on slope safety
grounds. However, about 10,100 squatters have

chosen to stay put as of December 2005.

When the Landslip Warning is issued, temporary
shelters are provided by the District Offices to
accommodate squatters or any members of the
public in need (Figure 29). Additionally, the District

Officers have been distributing warning leaflets,

produced by GEO, in squatter areas at the start of
the wet season every year. These leaflets contain
guidance on slope safety and urge squatters to

evacuate immediately and seek temporary shelter

at times when landslide risk is of concern.

El28. REBFED -

Figure 28. Example of squatters clearance.
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Figure 29. Warning signal is erected in squatter areas on hilly terrain to advise

people the precautionary measures to be observed when landslip warning
signal is in force or during heavy rain.
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Figure 30. Various kinds of promotion activities for public education.
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Public Education and Public
Information (see kra 6)

Government alone cannot solve the whole
slope safety problem as about one third of the
57,000 sizeable man-made slopes are of private
responsibility. Therefore, community involvement
is essential. The GEO undertakes ongoing public
education on slope safety to reduce the landslide
risk in Hong Kong. Some public education activities
are shown in Figure 30.

Public education plays two key roles in enhancing

slope safety:

» To reduce the probability of landslides by
reminding the owners to maintain their slopes

regularly;

» To reduce the consequences of landslides by
promoting personal precautionary measures

during heavy rain.

With the assistance of the universities and research
organizations, the GEO has been conducting
annual public opinion surveys to gauge the
effectiveness of the campaign and to formulate
appropriate strategies. The survey results up to

2008 are shown in Figure 31.
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Figure 31. Public awareness of landslide risk in HK.
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Figure 33. Some examples showing the duties of the
GEO’s Community Advisory Unit.

In addition to the publicity activities, the GEO also
proactively provides various kinds of assistance and
advisory services to help owners maintain their
slopes. A computerized Slope Information System
(SIS) has been set up to contain the Catalogue of
Slopes, which includes useful information on all
57,000 sizeable man-made slopes in Hong Kong
to facilitate owners to maintain their slopes (Figure
32). The internet version of SIS is available in the
Hong Kong Slope Safety Website (http://hkss.cedd.

gov.hk) to provide easy and free public access.

Apart from the physical information on slopes,
information on the maintenance responsibility
of individual slopes is also essential for prompt
action for necessary maintenance/repair works. The
information on maintenance responsibility can be
obtained in Lands Department’s Website on Slope
Maintenance Responsibility Information System
(http://www.slope.landsd.gov.hk/smris/) through
the internet.

The GEO has also set up a Community Advisory

Unit (CAU) to provide proactive outreach services to
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Figure 34. Promotion on slope greening.
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advise private slope owners on how to proceed with
the necessary slope upgrading and maintenance
works. The principal functions of the CAU include
slope safety talks and seminars, meet-the-public
sessions and advisory services on slope maintenance
and Dangerous Hillside Order cases (Figure 33).
Although the landslide risk in Hong Kong can never
be reduced to zero, the government is confident
that through public education and advisory services,
she can continue to upkeep public awareness of
slope safety and the concerted efforts of the whole
community to help reduce the risk to as low as

practically achievable.

In addition to enhancement of slope safety, the
GEO has also been promoting slope greening
in recent years to meet the ever-rising public
expectation for a better living environment with

“safe and green” slopes (Figure 34).

Public education, which is far less expensive than

engineering works, has greatly helped to combat

the landslide threat in Hong Kong.
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Figure 35. The government's target on the reduction of landslide risk for old man-made slopes.

The Landslip Prevention
and Mitigation
Programme (LPMitP)

Government’s concerted effort in the past 30 years
has brought about substantial improvement in
slope safety and a significant reduction in the
number of landslide fatalities in recent years
(Figure 8). When the current phase of the LPM
Programme is completed in 2010, a total of about
7,000 man-made slopes will have been upgraded
and the overall landslide risk from man-made slopes
will be substantially reduced to less than 25% of
that existed in 1977, reaching a reasonably low
level that is commensurate with the international

best practice in risk management (Figure 35).

However, after 2010, there are still remaining
landslide risks that pose a hazard to the community.
The majority of the remaining landslide risk comes
from about 15,000 moderate-risk man-made
slopes affecting development and about 2,700
natural hillside catchments with known hazards
and close to existing buildings and important
transport corridors. If investment in slope safety
were not maintained, landslide risk would
progressively increase with time due to slope
degradation and encroachment of more urban
development or redevelopment on steep hillsides.
This will cause, in addition to risk to life, significant
economic losses and social disruption as a result
of road blockages and building evacuation due
to landslides, thereby compromising public

safety, sustainable development and Hong Kong’s

reputation as a modern metropolitan city and
tourist hub (Figure 36).
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Figure 36. Long-term slope safety challenges.
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Natural terrain landslide risk is typically dealt with by mitigation measures, instead of extensive slope stabilization works.
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Figure 38. Some examples of natural terrain landslide mitigation measures.

The objective of the LPMitP is to contain the
landslide risks in Hong Kong within a reasonably

low level in the long term (Figure 37).

Unlike man-made slopes, it is often impractical,
costly and environmentally undesirable to carry
out extensive slope stabilization works on natural
hillsides. Instead, natural terrain landslide risk can be
mitigated in a more cost effective manner through
mitigation measures such as the debris traps and
barriers, which are commonly adopted in other
countries (Figure 38). A risk-based priority ranking
system will be used to select the most deserving
natural hillside catchments with known hazards for

action.

The anticipated annual expenditure required for the
LPMitP is at least $600 million, comprising some
$300 million for dealing with substandard man-
made slopes and some $300 million for dealing

with vulnerable natural hillside catchments.

Debris barrier in Leung King
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Flexible barrier in Tung Wan

Conclusions

The overall landslide risk from old substandard
man-made slopes has been reduced significantly in
the past three decades through the concerted effort
of the Government, the geotechnical profession
and the private slope owners. A comprehensive
Slope Safety System is in place to deal with the
landslide problems. The scale and severity of the
landslide problems in Hong Kong have been
much reduced. Rising landslide risk from natural
hillsides deserves increasing attention as more
developments encroach closer to steep hillsides.
The Government has also taken the lead in
pioneering research and application of landscape
treatment and bio-engineering in  man-made
slopes, and has started to extend its application to
repair natural terrain landslide scars. Continuing
joint efforts by the Government, the profession and
the public need to be maintained so as to reduce
the landslide risk, and to further enhance our
surrounding environment — to make Hong Kong a

safe and green place to live.
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