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Abstract 

This paper addresses urban and rural landslide risk management in an overall context, focusing on the formulation 

and implementation of integrated landslide risk management. It is evident from systematic studies of slope failures 

that anthropogenic activities are involved in various ways either as the trigger or predisposing factors in many 

landslides. There is an emerging crisis associated with the inadequate performance of tailings dams. The growing 

prevalence of major collapses of garbage dumps is also a cause for concern. In addition to the impact on man-

made slopes, human actions can also adversely influence the stability of natural terrain through emission of 

greenhouse gases or heat island effect associated with industrialization and urbanization. This could lead to 

climate change and result in extreme rainstorms with increasing frequency and intensity, which in turn may trigger 

debris flows and avalanches with escalated propensity, scale and mobility. The root causes of the landslide hazards 

need to be diagnosed so that appropriate and effective risk management actions can be identified.  

Many of the landslide disasters are found to be associated with weak engineering and inadequate risk management 

practice (including inadequate quality assurance and quality control), together with poor regulatory practice. 

These call for upskilling of professional competence as well as implementation of strategic landslide risk 

management customized for a given place that is subject to specific landslide hazards and different physcial setting, 

risk profile, socio-economic and political environment, public expectation, resources constraints, etc. 

Human inadequacies can be the source of many landslide problems. We need smart practitioners to mastermind the 

solutions to these problems and the geotechnical community to promote enhanced risk management policy and 

mainstream improved professional practice. 

 



SCG-XIII INTERNATIONAL SYMPOSIUM ON LANDSLIDES. CARTAGENA, COLOMBIA- JUNE 15th-19th-2020 

2 

 

1. INTRODUCTION 

Landslide disasters continue to strike worldwide 
causing considerable fatalities and significant 
socio-economic losses. In particular, the 
occurrence of fatal landslides caused by human 
activities has been increasing in recent years 
(Froude & Petley, 2018), which reflect the 
increasing pressure placed by humans on the 
environment. It is projected that over 900 million 
people are now living in overcrowded, poor-
quality slum settlement with inadequate 
infrastructure. As many of these settlements are 
illegal and situated on land exposed to hazards 
including unauthorized site formation works, they 
can be susceptible to landslides which pose a 
threat to people’s lives and livelihoods. 

In many cases, anthropogenic activities play a 
key role in causing landslides or aggravating the 
consequence of slope failures. These can lead to 
serious social problems and jeopardize sustainable 
development. It is essential that the various ways 
through which human activities can adversely 
affect the stability or susceptibility of slopes are 
properly understood so that appropriate risk 
management strategies can be formulated.  

This paper charts the evolution of the 
comprehensive slope safety system in Hong Kong 
over the past 4 decades to illustrate how a city can 
transform from a primitive locality in dealing with 
slope safety problems to become a role model in 
landslide risk management. Some of the novel 
developments, together with the notable lessons 
and insights, are highlighted. Drawing from the 
operational experience of landslide risk 
management in Hong Kong as well as some other 
places, the various strategies and approaches that 
may be suited for places with different 
background, context and constraints (e.g. 
advanced economies, developing countries and 
less-developed countries) are explored. The 
importance of understanding the risk profile, 
including the nature of risk drivers, is emphasized.  

This paper addresses urban and rural landslide 
risk management in an overall context. It focuses 
on the formulation and implementation of 
integrated landslide risk management, instead of 
the technicalities involved in tackling landslides 
on individual sites. 

2. LANDSLIDE RISK MANAGEMENT 

Landslide risk is a measure of the chance of 
occurrence of slope failure causing a certain 
amount of harm (e.g. fatalities or economic 
losses). Landslide risk assessment is the process of 
identifying the landslide hazards and estimating 
the risk of the hazards by analyzing the likelihood 
and consequence of failure. For an individual site, 
landslide risk management involves assessing the 
landslide risk, evaluating whether or not the risk is 
tolerable, and undertaking appropriate control 
measures to reduce the risk where the risk level 
cannot be tolerated. In the overall context, 
landslide risk management calls for systematic 
application of management policies, processes and 
practices to the tasks of identifying, analyzing, 
assessing, mitigating and monitoring landslide risk 
(Fell et al., 2005). 

Risk can be quanitifed as the product of 
probability of failure and consequence of failure. 
This may be expressed as follows: 

 

 

   

 

where P is the probability (or likelihood) of 
landslide hazard 

E refers to the exposure to risk (i.e. the 
number of people affected, taking into 
account the density of usage of a given 
facility and temporal presence of the users) 

V is the vulnerability to landslide hazard 
(i.e. the degree of loss or chance of being 
killed given the landslide impact) 

U refers to the value or utility of the 
element(s) at risk 

i refers to a specific landslide hazard 

N refers to all credible landslide hazards  

Risk can be mitigated by reducing Pi, Ei or Vi, 
or their various combinations. Under a risk 
management framework, possible strategies to 
deal with landslide hazards comprise the 
following: 

(a) avoidance (i.e. reducing or eliminating Ei); 

(b) stabilization or prevention (i.e. reducing 

Pi); 

(c) mitigation (i.e. reducing Vi); 

(d) tolerance. 

consequence 

probability 

(1) 
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The avoidance strategy may be implemented 
during the land-use planning stage in citing 
proposed development away from hazardous 
slopes to prevent risk creation. It may also involve 
relocation of existing facilities, if feasible (e.g. re-
routing of an access road, or clearance of 
squatters). Landslide hazards may also be avoided 
by alternative means of transportation across the 
threatened area, e.g. using tunnels, viaducts or 
elevated roads on embankments. Other examples 
of hazard avoidance include the use of landslide 
warning system to promote precautionary actions 
or temporary evacuation, use of warning fences 
(e.g. trip-wire system) for a railway, or erection of 
warning signages. 

The stabilization strategy involves the 
implementation of landslide preventive works 
(such as trimming an over-steepened slope to a 
gentler gradient, providing drainage or installing 
soil nails) to reduce the probability of slope 
failure. This strategy is generally adopted in the 
upgrading of substandard man-made slope 
features (e.g. cut slopes, fill slopes or retaining 
walls). 

The mitigation strategy involves the 
construction of defensive works to protect the 
affected facility from damage by landslide debris 
impact. For example, barriers may be used to 
arrest the debris (i.e. containment system), or 
training walls may be used to divert the debris (i.e. 
deflection system) from natural terrain landslides. 
Unlike man-made slopes, natural terrain extends 
over large areas and involves highly variable 
ground and hydrogeological conditions. 
Conventional geotechnical approaches of detailed 
ground investigation and slope stability analysis 
are not practicable for natural terrain. Also, 
extensive stabilization works on natural terrain 
would be costly, impractical and environmentally 
undesirable. In light of these considerations, the 
landslide risk of vulnerable natural terrain is 
typically dealt with by means of mitigation 
measures, such as debris-resisting barriers or 
boulder fences.  

The risk of a certain hazard may be tolerated if 
it is not perceived to be a priority concern as 
compared with other types of hazards or 
community needs, bearing in mind the availability 
of limited resources. This may be supplemented 
by procurement of insurance in transferring or 
spreading the risk. Alternatively, monitoring of 
slope performance may be adopted to guide future 

action (i.e. observational approach).  

As a modern metropolitan city, Hong Kong 
faces acute challenges associated with landslide 
problems because of the dense urban development 
in adverse topographical and climatic settings. A 
holistic strategy for managing urban landslide risk 
has been developed and effectively implemented 
through a comprehensive slope safety system. 
Insights and lessons learnt in Hong Kong are 
highlighted below as an example of good practice 
of managing urban landslide risk in an integrated 
manner.  

3. EVOLUTION OF LANDSLIDE RISK 
MANAGEMENT IN HONG KONG 

3.1 Overview 

Hong Kong has a relatively small land area of 
about 1,100 km2 with a population of around 
7.8 million. Some 75% of its terrain is steeper 
than 15º and over 30% is steeper than 30º. The 
geology of the urbanized areas comprise granitic 
and volcanic rocks, which have been deeply 
weathered, locally in excess of 60 m. The foothill 
slopes are typically mantled by colluvium. The 
climate of Hong Kong is sub-tropical, with the 
annual rainfall averaging about 2,300 mm, 
approximately 80% of which falls during the 
period of May to September. Rainfall intensities 
can be high, with historical one-hour rainfall 
record of about 210 mm and 24-hour rainfall 
record of about 950 mm.  

Hong Kong has long suffered from landslides 
because of the adverse climatic and geological 
settings, together with the dense urban 
development. The vast majority of the landslides 
are shallow failures (i.e. within the top 2 to 3 m) 
triggered by heavy rainfall. On average, about 300 
slope failures are reported to the government in a 
year. Most (around 80%) of these landslides occur 
on man-made slopes and are of a relatively small 
scale (about 90% of these failures are less than 
50 m3 in volume), but some of them can be 
sizeable (500 m3 or more). Landslides on natural 
terrain typically have a volume ranging from 
several hundreds to several thousands cubic 
metres. In the event of significant entrainment of 
additoinal materials along the landslide trail, the 
landslide hazard may involve a much larger total 
active volume and could impact on the 
community, depending on the runout distance of 
the landslide debris. In a densely developed city 
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like Hong Kong, even a relatively small landslide 
in close proximity to buildings or roads can result 
in serious consequences. The landslide casualty 
toll escalated in the 1960s and 1970s in 
conjunction with rapid urban development and 
population growth after World War II. The 
sustained efforts by the Hong Kong Government 
and geotechnical profession in combating 
landslides since the late 1970s have brought about 
major improvement in slope safety and suppressed 
the current landslide risk to a reasonably low level. 

The annual landslide fatalities recorded in the 
past, together with the indicative overall landslide 
risk trend based on the 15-year rolling annual 
average landslide fatalities, are shown in Figure 1. 
The significant reduction in landslide risk that has 
been achieved is underpinned by effective 
landslide risk management. This comprises not 
only good practice in slope engineering but also 
the robust slope safety system that Hong Kong has 
pioneered in developing and applying to manage 
landslide risk in a holistic manner with sound 
governance.  

It is noteworthy that the practice of slope safety 
management in Hong Kong has been evolving 
over the past 40 years. The evolution entails an 
enhanced understanding of landslides and failure 
mechanisms, together with technological advances 
in slope engineering. It also involves continuous 
improvement of the slope safety system, which is 
essential to meet the changing needs in risk 
management as the risk level continues to reduce 
whilst public expectations have increased sharply. 
The notable advances made may be broadly 
grouped according to the following four periods of 
development (Figure 1): 

 Pre-1970s: 
Empirical rules of thumb 

 Late 1970s to mid-1990s: 
Applying modern geotechnology 

 Mid-1990s to mid-2000s: 
Enhancing robustness 

 Mid-2000s onwards:  
Tackling new fronts 

3.2 Before mid-1970s: empirical approach 

In the post-World War II years, Hong Kong 
was a developing city with major influx of 
immigrants from Mainland China. During this 
period, rapid urban development necessitated 
extensive site formation works by cutting into the 

hilly terrain to form man-made slope terraces 
which serve as platforms for buildings and 
infrastructure.  

These man-made slopes were typically formed 
to a prescribed geometry based on empirical rules 
of thumb with no territory-wide geotechnical input 
and no geotechical control, except for critical 
facilities such as water dams (Period I in 
Figure 1). The vast majority of these old man-
made slopes do not meet the modern slope safety 
standards. Disastrous landslides often occurred in 
the 1960s and 1970s, particularly during heavy 
rainfall. Given frequent failures under Hong 
Kong's subtropical rainfall conditions, by the 
1970s these existing slopes no longer met the 
public expectations of safety in a modernizing 
metropolitan city. These non-engineered man-
made slopes are potentially substandard and pose 
a long term landslide threat to the community. 

The dire consequences of the 1972 Po Shan 
landslide with 67 fatalities and the 1972 Sau Mau 
Ping landslide with 71 fatalities, followed by the 
occurrence of a similar failure in Sau Mau Ping in 
1976 with 18 fatalities, revealed the serious 
deficiency of this rules of thumb approach of 
slope engineering. These landslide disasters 
resulted in public outcry. With the awareness that 
the level of slope safety in Hong Kong should be 
improved in order to meet the community’s 
expectation, the Geotechnical Engineering Office 
(GEO) was set up in 1977 by the Hong Kong 
Government as a central organisation with 
multiple roles to regulate slope safety and provide 
continuity throughout the slope engineering 
process of investigation, design, construction, 
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Figure 1. Periods of evolution of landslide risk management 
in Hong Kong 
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monitoring and maintenance. This laid the 
foundation, in relation to governance and 
technical aspects, for a complete revamp of slope 
safety management in Hong Kong. 

3.3 Late 1970s to mid-1990s: applying 
modern geotechnology 

The milestone of setting up the GEO marked 
the starting point of the application of modern 
geotechnology to engineer man-made slopes in 
Hong Kong on a territory-wide scale. In the 
ensuing years, customized guidelines on best 
practice for slope and retaining wall design, 
ground investigation, soil testing, detailing, etc. 
were drawn up and promulgated. Technical 
advances were made in ground investigation, 
characterizing the properties of weathered rocks 
and saprolitic soils, understanding the 
performance of man-made slopes during heavy 
rain, undertaking engineering geological 
appraisals, and carrying out slope stabilization 
works given the acute site constraints. These 
placed Hong Kong amongst the world leaders in 
the application of state-of-the-art geotechnology 
to manage the risk of man-made slopes in a 
densely urbanized setting. 

At the outset, much attention was given to 
setting up and operating a slope safety system for 
effective landslide risk management. This 
included the formulation of legislative and 
administrative framework to ensure that new man-
made slopes would be formed to the required 
geotechnical standards; systematic identification, 
prioritization and retrofitting of existing 
substandard man-made slopes; control of land 
development planning; and operation of a 
landslide warning and emergency response system 
to deal with landslides, etc.. This set the scene for 
a systems approach to integrated landslide risk 
management.  

Slope engineering with proper geotechnical 
input has enabled man-made slopes to be designed 
according to sound geoscience principles 
commensurate with good international practice. 
The slope safety system has helped to ensure that 
such expert geotechnical input is provided in the 
design and construction process. This, together 
with the systematic retrofitting of existing 
substandard slopes in accordance with a risk-
based priority ranking system, has led to 
significant reduction in the overall landslide risk 
in the two decades after the setting up of the GEO 
(Period II in Figure 1). Evidently, slope safety was 

much improved by replacing the rules of thumb 
approach with the geotechnical approach to slope 
engineering. 

3.4 Mid-1990s to mid-2000s: enhancing 
robustness 

As time went by when more engineered slopes 
(i.e. post-1977 slopes or existing slopes that have 
been upgraded) had been formed and their actual 
performance tested under heavy rain, it became 
evident that even slopes engineered in accordance 
with good geotechnical practice to the required 
design standards did have a finite chance of 
failure. Many of these are small-scale landslides, 
either wash-out failures caused by concentrated 
surface water flow, or slope instability controlled 
by local adverse geological features. Sizeable 
failures of engineered slopes occurred from time 
to time (e.g. the 1997 Ching Cheung Road 
landslide) typically associated with adverse 
geological and hydrogeological setting that was 
not recognized and addressed during the design 
stage. 

Through the systematic landslide investigation 
programme, the GEO has been studying all 
reported and other known landslides since 1997. 
The study provided rigorous and comprehensive 
data on the failure rates of different types of man-
made slopes, together with important findings on 
the causes of failure (e.g. debris mobility for 
different failure mechanisms) and areas for 
improvement. The 10-year rolling average annual 
failure rates of engineered slopes, based on the 
comprehensive data collated since 1997, are 
shown in Figure 2. The average annual failure rate 
of 0.12% in the 5-year period from 1997 to 2001 
was not negligible. 

While Hong Kong's slope engineering was on a 

Figure 2. 10-year rolling average annual failure rate of 
man-made slopes in Hong Kong 
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par with international best practice and slope 
safety has been greatly improved as compared 
with that in the late 1970s, the enhanced 
professional awareness of the actual performance 
and causes of failure of engineered slopes 
provided the essential technical insights and 
impetus for further improvement. At the same 
time, public expectations of slope safety increased 
substantially as the quality of life continued to 
improve. This was reflected by the strong society 
reaction to a number of fatal landslides that 
occurred in the 1990s and the grave concerns 
expressed in respect of failure of slopes with past 
engineering input. 

The above set the scene for a new round of 
evolution of Hong Kong's slope safety 
management after the mid-1990s, which was 
aimed at improving the robustness of slope 
performance and the slope safety system. It 
covered five notable aspects: 

(a) enhancing the robustness of engineered 
slopes through the use of design schemes 
(e.g. soil nailing) that are less sensitive to 
uncertainties in the geological and 
hydrogeological conditions; 

(b) improving slope drainage and surface 
protection, thereby making the slopes less 
vulnerable to adverse effects from 
concentrated surface water flow and 
subsurface seepages, and regularly 
maintaining the slopes to minimize 
deterioration and upkeep their condition; 

(c) developing and applying Quantitative Risk 
Assessment (QRA) as a novel tool for 
quantification and evaluation of landslide 
risk, which facilitates the formulation of 
strategies for portfolio landslide risk 
management as well as risk management 
decisions for individual sites (Wong, 
2005); 

(d) further enhancing the slope safety system, 
including expanded public education and 
publicity initiatives on slope safety, 
promotion of slope maintenance and 
improvement of the landslip warning and 
emergency response system; and 

(e) undertaking independent review and 
international benchmarking of Hong 
Kong's slope engineering and landslide risk 
management practice through the Slope 
Safety Technical Review Board, which was 

set up after the fatal Kwun Lung Lau 
landslide (Morgenstern, 1994). 

These took Hong Kong's slope engineering and 
landslide risk management to a higher level of 
reliability and safety. The improvement achieved 
is reflected by the progressive reduction in the 10-
year rolling average annual failure rate of 
engineered slopes down to about 50% by the mid-
2010s (Figure 2). The overall landslide risk in 
Hong Kong has also continued to decline during 
this period (Period III in Figure 1). 

3.5 Mid-2000s onwards: tackling new fronts 

Up to the mid-2000s, slope engineering in Hong 
Kong was primarily concerned with reducing the 
risk of man-made slopes. Before better knowledge 
of natural terrain landslides became available, 
there had been some early presumptions that the 
natural hillsides in Hong Kong are old and mature 
landforms and hence should have evolved into a 
relatively stable condition. 

With the ample data available from the study 
of extensive natural terrain landslides triggered 
by the severe rainstorms of November 1993 and 
April 2000, analysis of the historical records of 
slope failures in 1966 and 1982, and the 
comprehensive review of the available aerial 
photographs for compilation of the inventory of 
natural terrain landslides, it is evident that the 
steep natural hillsides in Hong Kong are 
susceptible to rain-induced failures, as part of 
the on-going hillside degradation process. 

As Hong Kong is now developing closer to 
the steep natural hillsides in its ongoing urban 
growth, the overall risk of natural terrain 
landslides is increasing. In contrast, the risk of 
man-made slope failures has reduced 
significantly (75% risk reduction by 2010 as 
compared to the risk level in 1977 when the 
GEO was established) due to the slope safety 
system. In the mid-2000s, the GEO estimated 
using QRA that the overall risk level of natural 
terrain landslides would be comparable to that 
of man-made slope failures by 2010. This led to 
an important change in the slope safety strategy 
to devote expanded efforts to deal with natural 
terrain landslides. As a result, the requirement 
for studying and mitigating natural terrain 
hazards as part of the new developments in 
close proximity to natural hillsides was stepped 
up. Systematic study and mitigation of natural 
terrain hazards affecting existing development 
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was included in Hong Kong Government's 
Landslip Prevention and Mitigation (LPMit) 
Programme from 2010 onwards (Period IV in 
Figure 1). 

Consequently, the geotechnical profession is 
tasked with this new front of tackling natural 
terrain landslides, in addition to engineering 
man-made slopes. This extended responsibility 
calls for development of new areas of 
competence. It resulted in further advances in 
professional practice embracing such areas as 
natural terrain hazard study, modelling of the 
mobility of landslide debris, analysis of debris-
barrier interaction, design of barriers and further 
application of QRA for managing natural terrain 
landslide risk. The concerted efforts of the 
geotechnical profession have not only brought 
about continuous development of slope 
engineering practice but also reduction of the 
landslide risk. 

With the recognition that the global and local 
weather conditions are being adversely affected 
by climate change, meteorologists have 
concluded that this would not only increase the 
annual rainfall, but also escalate the frequency 
and severity of extreme rainfall events in Hong 
Kong. 

Figure 3 illustrates the relationship between 
landslide density and rainfall based on the 
available data in Hong Kong. When an area is 
subjected to severe rainfall that exceeds the 
threshold (rolling 24-hour corresponding to 
about 20% of the mean annual rainfall), natural 
terrain landslides would overtake man-made 
slope features as the principal landslide hazard 
under extreme rainfall. The corresponding shift 
in the risk profile associated with the occurrence 
of extreme rainfall (which may be exacerbated by 
climate change) has major implications on 
landslide risk management. 

The above poses an unprecedented challenge 
to slope safety management in Hong Kong in 
the years to come. The frequency and scale of 
failure of man-made slopes, including both 
non-engineered and engineered slopes, could 
increase as extreme rainfall events become 
more frequent and severe. Washout failures 
could become more frequent and serious, due 
to the projected increase in short-duration 
rainfall intensity resulting in concentrated flow 
of surface water, particularly in the urban 
setting. Widespread natural terrain landslides 

and debris flows could occur, with escalated 
propensity, scale and mobility. Concurrent 
occurrence of multiple hazards, such as 
landslides, flash flooding and storm surge, 
could lead to compounding effects, thereby 
aggravating the consequence and rendering 
weather-related emergency more difficult to 
manage. Hong Kong has been gearing up since 
the early 2010s to meet this new challenge (Ho 
et al., 2017b).  

3.6 Capitalizing on technical advancement, 
innovation and evolving technology 

Notable technical advances have been made in 
the geotechnical engineering discipline over the 
past decade, which entail the following: 

(a) pervasive field sensing technologies and 
data processing methods with real-time 
feedback (i.e. enhanced data capture and 
transmission capabilities); 

(b) 3-dimensional analysis capability that 
represents soil behaviour more realistically 
and can consider large deformation 
problems by Finite Element Method, 
Discrete Element Method or Material Point 
Method for debris mobility modelling and 
soil-structure interaction (i.e. enhanced 
analytical capability); 

(c) emerging constitutive modelling abilities 
supported by high quality experimental 
data in addressing factors such as time 
effects, cyclic loading, thermal and multi-
phase interactions, etc. (i.e. enhanced 
understanding and modelling capability of 
complex soil behaviour). 

Figure 3. Variation of landslide density and risk density 

with increasing rainfall in Hong Kong 
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Apart from the above, the GEO has also taken 
a lead to drive significant advances in slope 
engineering practice, which are underpinned by 
extensive application of innovation and 
technology in hazard identification, risk 
mitigation and management of residual risk (Ho, 
2020). Some examples are highlighted in the 
following: 

(a) hazard identification: development and trial 
application of deep learning algorithms 
using the convolution neural network 
methodology combined with computer 
vision analysis to automatically acquire 
accurate locations and geometric 
information on new natural terrain 
landslides from ortho-rectified aerial 
photographs; rainfall-based landslide 
susceptibility/frequency analysis; 
formulation of a rational framework for 
systematic hazard evaluation and risk 
quantification of natural terrain landslides; 
judicious application of remote sensing 
technologies for slope assessment and 
landslide investigation1, etc.; 

(b) risk mitigation: advances in the formulation 
of rational design methodologies for rigid 
and flexible debris-resistant barriers (Ho et 
al., 2019); innovative drainage tunnels to 
combat deep-seated natural terrain 
landslide hazards, nature-based solutions 
involving soil bioengineering with field 
trials to test the effectiveness of promoting 
vegetation re-establishment and succession 
through direct seeding of native tree and 
shrub species using drones; development of 
a simple and cost effective non-destructive 
test based on Time Domain Reflectometry 
(TDR) principle to check the length of the 
steel reinforcing bar and the quality of the 
grout annulus in soil nails, etc.; 

(c) management of residual risk: development 
of a novel stress testing technique to assess 
the implications of extreme weather events 
on emergency preparedness and response; 
enhancing crisis communication and 

                                                 
1  These remote sensing technologies include terrestrial, 
hand-held, mobile and airborne laser scanning (i.e. LiDAR), 
unmanned aerial vehicles, digital photogrammetry, satellite 
and ground-based INSAR (the use of radar imaging is 
subject to challenges and constraints, especially for steep 
and heavily vegetated slopes), use of Google Earth (freely 
available) and other optical satellite sensors. 

community resilience; risk assessment of 
low-frequency, large-magnitude landslides 
that may be triggered by climate change; 
enhancement of early warning system; use 
of smart barriers in providing real-time 
monitoring and alerts of landslide impact, 
etc. 

It is envisaged that the slope engineering 
practice will be further enhanced with the wider 
application of innovation and modern 
technologies (which include artificial intelligence; 
machine learning; virtual reality and augmented 
reality technology; robotics; 3D printing; digital 
design,workflow automation and use of digital 
platforms such as Building Information Modelling 
and Geographical Information System for 3D 
spatial data analysis; advances in material science 
and nanotechnology; Internet of Things and big 
data analytics; cloud computing; quantum 
computing; optical computing; blockchain; etc.) 
in the years to come. It is important to ensure that 
the anticipated trend of expanded implementation 
of innovation, technology and data science in 
slope engineering will be rooted in our domain 
knowledge (i.e. soil/rock mechanics and 
engineering geology). 

3.7 Insights from operational risk 
management experience in Hong Kong 

3.7.1 Systems approach 

Tackling urban landslide problems calls for the 
application of a holistic risk management strategy 
and system. This entails the use of engineering 
and non-engineering approaches, involving policy, 
legislative, administrative, technical, educational, 
community-based and emergency-preparedness 
provisions. The comprehensive slope safety 
system in Hong Kong embraces all these 
components. 

The slope safety system incorporates the 
application of fundamental risk management 
concepts on a policy administration level. The key 
components of the system, together with their 
functions in a risk management context, are 
summarized in Table 1. 

The system incorporates a range of initiatives 
that serve to manage landslide risk in a holistic 
manner. The goals are: (a) to reduce landslide risk 
to the community through a policy of priority and 
partnership, and (b) to address public attitude and 
tolerability of landslide risk to avoid unrealistic 
expectations. The system aims to avert potential 
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fatalities and improve the built environment at the 
same time. 

Table 1.  Slope safety system components and their 
contributions to landslide risks (Wong & Ho, 2006) 

Slope Safety System 

Components 

Primary contribution by 

each component 

To reduce landslide 

risk 

To address 

public 

attitude 

and 

tolerabi-

lity of 

landslide 

risk 

Reduce 

likelihood 

of 

landslide 

Reduce 

consequ-

ence of 

landslide 

Policing 

 Checking new slope 

design & works 
✓   

 Slope maintenance 

audits ✓   

 Recommending 

clearance of 

vulnerable squatters 

and unauthorized 

structures threatened 

by hillslopes 

 ✓  

 Exercising 

geotechnical control 

through input to land-

use planning 

 ✓  

 Safety-screening 

studies and issuing 

statutory repair orders 

for private slopes 

✓   

Works Projects 

 Retrofitting 

substandard 

Government man-

made slopes 

✓   

 Natural terrain 

landslide mitigation 

and boulder 

stabilization works 

✓   

Research and Setting 

Standards ✓ ✓ ✓ 

Public Education and 

Information 

 Slope maintenance 

campaigns 

✓  ✓ 

 Risk awareness 

programme and 

personal precautions 

campaigns 

✓ ✓ ✓ 

 Information services ✓ ✓ ✓ 
 Landslip warning and 

emergency services 
 ✓ ✓ 

The Key Result Areas of the system are as 
follows: 

(a) Improve slope safety standards, 
technology, and the administrative and 
regulatory framework; 

(b) Ensure safety standards of new slopes; 
(c) Rectify substandard government slopes; 
(d) Maintain all government man-made slopes; 
(e) Ensure that owners take responsibility for 

slope safety; 
(f) Promote public awareness of and response 

in slope safety through public education, 
publicity, information services and public 
warnings; 

(g) Enhance the appearance and aesthetics of 
engineered slopes 

The notional risk trend and the key risk 
management strategies of the slope safety system 
are summarized in Figure 4. 

3.7.1.1 Role of a regulator 

Rapid urban development without due attention 
given to the potential landslide hazards can bring 
about drastic increase in landslide risk, which is 
not conducive to sustainable development. Since 
1977, territory-wide geotechnical control has been 
exercised in Hong Kong to ensure that newly 
formed slopes are designed and built to the 
required safety standards. This serves to prevent 
further increase in landslide risk and thereby 
freezes the size of the problem. To take forward 
this policy, the GEO implements a comprehensive 
geotechnical control system to audit the adequacy 
of the design and construction of all new 
geotechnical works including slope works, site 
formation, earth-retaining structures and deep 
excavations. The geotechnical control covers both 
the private and Government sectors. To empower 
this regulatory function, various legislative 
amendments and improvements to administrative 
instructions have been made to enhance the slope 
safety management. 

Geotechnical works of private developments are 
controlled under the ambit of the Buildings 
Ordinance (BO) (Chapter 123, Laws of Hong 
Kong) and its subsidiary Regulations. It is a 
statutory requirement in Hong Kong that only 
qualified geotechnical engineers (i.e. Registered 
Geotechnical Engineers) are eligible for signing 
off the design of the geotechnical aspects of 
private building works, hence ensuring the quality 
of geotechnical input. 
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The mandate for the geotechnical control of 
public works is derived from administrative 
instructions issued by the Hong Kong 
Government. Under the instructions, any 
Government departments responsible for public 
works projects are required to submit the design of 
their proposed permanent geotechnical works to 
the GEO for checking, where this is warranted in 
the interest of public safety. Tenders shall not be 
invited for any part of the geotechnical works that 
have not been agreed by the GEO. Existing 
substandard slopes that are affecting or affected 
by the proposed public works (e.g. existing slopes 
along the alignment of a new highway project or a 
road widening project) need to be studied and 
upgraded by the project proponent under the 
project as an integrated approach. 

To facilitate the effective execution of 
geotechnical control and slope works functions, 
the GEO sets slope safety standards and 
promulgates good geotechnical practice. The GEO 
publishes technical guidance documents based on 
the findings of technical development work. 

It is more cost-effective to start managing 
landslide risk at the land-use planning stage. For 
new developments, the potential landslide hazards 
and the associated risks have to be identified and 
considered by the project proponents.  

Natural terrain management criteria have been 
formulated by the GEO based primarily on 
possible landslide runout distances. For sites 
potentially affected by landslides, they may be 

categorized as meeting the ‘in-principle objection’ 
criterion (i.e. to relocate the proposed 
development or amend the development layout) or 
meeting the ‘alert’ criteria (i.e. the project 
proponent is required to carry out a natural terrain 
hazard study and incorporate the necessary 
landslide risk mitigation measures as part of the 
proposed development), see Figure 5. 

3.7.1.2 Role of a safety manager 

Since the late 1970s, the GEO has embarked on 
the Landslip Preventive Measures (LPM) 
Programme as a systematic Government-funded 
slope retrofitting initiative to deal with 
substandard Government and private man-made 
slopes. Under this programme, old man-made 
slopes formed before the establishment of the 
GEO are selected for study in accordance with a 
risk-based priority ranking system that takes 
account of the relative landslide risk posed to the 
community.  

Where Government slopes are found to be 
substandard, they will be upgraded to modern 
safety standards (see Section 3.7.2) and 
landscaped at the same time primarily using native 
vegetation species (Figure 6). Where prima facie 
evidence is established that a private slope is 
dangerous or liable to become dangerous, a 
statutory repair order, known as Dangerous 
Hillside Order, will be served under the Buildings 
Ordinance to the private slope owners requiring 
them to investigate and upgrade their slopes 
within a designated time period.  

Figure 4. Key landslide risk management strategies in Hong Kong 

1
9

5
0
 Year 

1
9

6
0
 

1
9

7
0
 

1
9

8
0
 

1
9

9
0
 

2
0

0
0
 

2
0

1
0
 

2
0

2
0
 

2
0

3
0
 

O
v
e
ra

ll
 L

a
n

d
s
li
d

e
 R

is
k

 

Contain risk from  
new development 

Reduce risk associated with 
existing developments 

Minimise landslide 
consequences 

Establishment of the 
Hong Kong Slope Safety System 

by the Geotechnical Engineering Office 

1977 

 Land-use planning 

 Geotechnical control of new development 

 Take enforcement action on unauthorized site 
formation works 

 Discourage illegal cultivation 

 Upgrade and maintain government slopes 

 Promote private slope maintenance 

 Mitigate natural terrain landslide hazards 

 Clear squatters from hilly terrain 

 Issue landslide warnings and erect warning signages 

 Educate public on precautionary measures 

 Provide landslide emergency services 

 Promote capacity-building of the public and enhance 

community resilience 
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The LPM Programme is a successful long-term 
retrofitting project to reduce the risk of existing 
slopes that are substandard. Two supporting 
initiatives are instrumental in the effective 
planning and implementation of the LPM 
Programme. They are: 

(a) Compilation of a comprehensive Catalogue 
of Slopes, under which all sizeable man-
made slopes in Hong Kong (about 57,000 
in total) identified from the interpretation 
of historical aerial photographs and field 
inspections are registered. The Catalogue 
of Slopes provides the essential information 
for assessment of the scale of the problem, 
risk quantification, determination of slope 
ownership, planning of the retrofitting 
studies and works, demarcation of 
maintenance responsibility and slope safety 
management. The Catalogue is freely 
accessible to the public via a web-based 

Geographic Information System (http://
hkss.cedd.gov.hk/hkss/eng/slopeinfo/index.
htm).  

(b) Development and application of a risk-
based priority ranking system for selection 
of slopes according to their ranked order of 
priority for studies and retrofitting under 
the LPM Programme. This not only 
maximizes the rate of risk reduction 
achieved by the LPM Programme, but also 
provides a rational and equitable basis for 
determining the priority for spending public 
funds in retrofitting, given the relatively 
small number of man-made slopes that can 
be dealt with each year under the 
Programme. 

The GEO estimated via QRA that the risk of 
natural terrain landslides would be comparable to 
that of man-made slope failures by 2010 (Ho & 
Ko, 2009). This provided the basis for an 
important change in the slope safety strategy to 
commence systematic study and mitigation of 
natural terrain landslide hazards affecting existing 
development under Government’s LPMit 
Programme, which dovetailed the LPM 

Figure 6. Landscaping works on slopes upgraded under the 
systematic retrofitting programme 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Notes: 

1. A natural terrain landslide hazard study may have to be 

undertaken for development sites which meet the following 

criteria: where there is natural terrain outside the site, but 

within the same catchment, which is at an angular elevation of 

20° or more from the site and where there is natural terrain 

sloping at more than 15° within 50 m horizontally upslope of 

the site, provided that there is a credible debris flow path to 

the site. 1:5,000 scale topographic maps should be used to 

judge whether these criteria are met. 

2. For sites that fall outside the above criteria, if it is considered 

that there is a reasonable chance that natural terrain hazards 

could affect the site, then a study will be required. A natural 

terrain landslide hazard study may also be required for the 

development sites which do not meet the above criteria, e.g. 

development sites which are either intersected by or adjacent 

to a natural drainage line. 

Figure 5. Screening criteria for assessing the natural 

terrain affecting new development sites in Hong Kong 

(Wong, 2003) 

 

http://hkss.cedd.gov.hk/hkss/eng/slopeinfo/index.htm
http://hkss.cedd.gov.hk/hkss/eng/slopeinfo/index.htm
http://hkss.cedd.gov.hk/hkss/eng/slopeinfo/index.htm
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Programme which was completed in 2010. Thus, 
from 2010 onwards, expanded efforts are made 
under the LPMit Programme to systematically 
combat natural terrain landslide risk pursuant to 
the 'react-to-known-hazard' approach (i.e. where 
significant risk becomes evident), in accordance 
with a risk-based priority ranking system.  

The GEO has identified about 2,700 natural 
hillside catchments with known hazards posed to 
existing buildings and important transport 
corridors (referred to as historical landslide 
catchments, HLC) from interpretation of low-level 
historical aerial photographs. Unlike man-made 
slopes, it is often impractical, costly and 
environmentally undesirable to carry out extensive 
slope stabilization works on natural hillsides. 
Instead, natural hillside landslide risk can usually 
be mitigated in a more cost effective manner 
through mitigation measures such as debris 
barriers or debris traps. 

3.7.1.3 Role of a service, education and 
information provider 

The sole use of engineering measures to retrofit 
existing slopes has the following limitations: 

(a) Implementation of retrofitting works is 
demanding in terms of time and resources. 
Even after many years of concerted efforts, 
there still remain a large number of 
potentially substandard slopes that have not 
yet reached their turn for treatment. The 
safety of these slopes needs to be managed 
by other means. 

(b) Landslide problems cannot be solved by 
Government alone. Partnership with the 
general public and other stakeholders is 
imperitive for risk management. The public 
that are at risk should play their part in 
minimizing undue exposure to landslide 
risk and reducing their vulnerability. 

A suite of non-engineering initiatives and 
resilience measures have been implemented as part 
of the holistic landslide risk management in Hong 
Kong. These include the following: 

(a) Operation of a Landslip Warning System 
by the GEO to forewarn the public of 
landslide danger during periods of heavy 
rainfall. 

(b) A 24-hour emergency service by the GEO 
to advise on emergency and follow-up 
actions, such as building evacuation, road 
closure or emergency works on the failed 

slopes, to minimize the impact of landslide 
incidents on the public. 

(c) Provision of slope-related and landslide-
related information services to the general 
public and the geotechnical profession, 
including data on slopes and past landslides, 
geotechnical and ground investigation 
reports, rainfall records, groundwater 
information, etc. The GEO also operates a 
Slope Safety Telephone Hotline to provide 
general information and advice, and 
establishes a Community Advisory Unit to 
answer queries and give site-specific advice 
to the public on the conduct of slope 
maintenance and rectification of dangerous 
slopes. 

(d) Implementation of public education and 
publicity initiatives to enhance the public’s 
understanding of the nature of landslide 
risk and promote awareness of taking 
personal precautionary measures in order to 
minimize their exposure to landslide risk 
during Landslip Warning periods. 

(e) Posting of warning signages at selected 
vulnerable locations. 

(f) Providing advice on clearance of 
vulnerable squatters on slope safety 
grounds (Figure 7). 

(g) Promoting the slope owners to carry out 
regular slope maintenance. This would help 
to reduce the chance of shallow landslides 
caused by surface infiltration and wash-out 
failures due to concentrated surface water 
flow, which are common in an urban 
setting and can be aggravated by blockage 
of surface drainage channels and defective 
slope surface protection associated with 
lack of maintenance. As part of the 

Figure 7. Vulnerable flimsy squatter dwellings on hilly 

terrain 
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recommended good practice for slope 
maintenance, man-made slopes are to be 
inspected by a suitably qualified 
professional at least once every 5 to 10 
years. This provides a mechanism for the 
detection of signs of slope distress and 
deterioration, as well as changes in site 
setting that may adversely affect slope 
safety, so as to facilitate timely follow-up 
actions. 

3.7.2 Upgrading of substandard man-made slopes 
in urban cities 

The investigation and upgrading of substandard 
man-made slopes in a densely-developed urban 
city like Hong Kong are subject to severe site 
constraints including difficult access, tight 
working space and close proximity to buildings 
and busy roads. The acute site constraints, 
together with the need to carry out works on a 
steep, potentially dangerous slope, mean that 
equipment and materials delivery and site safety 
are key considerations. 

The technical standards for the slope works are 
given in GCO (1984), which takes into account 
the risk-to-life category and economic risk 
category. 

For existing soil cut slopes, cutting back to a 
gentler angle used to be a favoured option but 
these unsupported slopes turned out to have a 
fairly high failure rate because they can be 
sensitive to geological weaknesses and 
unfavourable groundwater conditions that are not 
accounted for in the design. Drill-and-grout soil 
nails (Figure 8), installed at a close spacing of 
typically 1.5 m to 2 m, have proved to be a more 
robust and reliable solution for soil cut slopes, as 
reflected by a lower failure rate. Soil nail 
construction is simple and versatile and provides a 
more sustainable solution than cutting back in 
terms of carbon emission and avoiding the need to 
remove existing vegetation and minimize spoil 
disposal. 

For more sizeable soil cut slopes, other 
measures such as rock-socketed bored pile 
retaining wall or hand-dug caissons (before they 
were banned due to workers’ health consideration 
apart from exceptional circumstances) have been 
used in some projects. 

For the upgrading of existing loose fill slopes, 
the conventional approach in Hong Kong is to 
recompact the top 3 m of the slope to at least 95% 

relative compaction, together with provision of 
subsurface and surface drainage. This would 
necessitate the removal of existing trees and 
vegetation, which is not desirable and often 
objected to by the public in recent years. An 
alternative method is fill replacement using the 
‘pit-by-pit’ approach, which involves digging of 
trial pits to be backfilled with soil cement fill, 
mass concrete or no-fines concrete, which can 
avoid disturbing the existing trees. However, the 
process is slow and labour-intensive. A novel 
approach to upgrade a loose fill slope was 
developed, which involves the use of soil nails in 
conjunction with a reinforced concrete grillage 
beam to resist the uplift earth pressure due to 
liquefaction of loose fill (GEO & HKIE, 2011). 

During the construction stage, considerable care 
is needed to minimize disturbance to the affected 
stakeholders. Mitigation measures are taken to 
keep the noise and dust levels down. For slopes 
alongside busy roads, hydraulic mobile platforms 
(Figure 9) can be used during non-peak hours to 
facilitate soil nail installation whilst minimizing 

Figure 8. Drill-and-grout soil nails 

Figure 9. Use of hydraulic mobile platform for soil nail 
installation 
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prolonged disruption to road traffic. For slopes 
within squatter villages or slum settlements, it is 
sometimes necessary to carry out the soil nailing 
works from within the squatter dwellings because 
of lack of access. This calls for careful planning 
and detailed discussions with the owners to get 
their permission and collaboration. 

Guidance on the design, construction and 
quality control of soil nails is given by GEO 
(2008). Experience and case studies of upgrading 
of substandard man-made slopes in a densely-
developed urban city are summarized in HKIE 
(2005 & 2011). 

4 CLASSIFICATION OF SLOPES  

4.1 Slope classification with respect to 
geotechnical input and human influence 

By reference to the different levels of 
geotechnical input and human influence, a slope 
classification system is suggested in Table 2. 

Class 1 slopes refer to man-made slopes formed 
with minimal or no geotechnical engineering 
input. They are further sub-divided into illegal 
slopes with no engineering input (Class 1a), and 
slopes formed on the basis of empirical experience 
or rules of thumb with input by engineers with no 
geotechnical expertise (Class 1b). These slopes 
are often only marginally stable and can be 
vulnerable to environmental changes. Where Class 
1a slopes are posing a significant risk to life and 
property, regulatory enforcement actions should 
be taken. This may involve removal of the illegal 
geotechnical feature, forced eviction, or 
compulsory engineering study and upgrading of 
the unsafe slope if the culprit can be identified. 
For high-risk Class 1b slopes, they should be 
subject to detailed investigation and design and 
implementation of the necessary preventive 
measures in order to bring them up to modern 
safety standards, in accordance with a risk-based 
priority order.  

Class 2 slopes refer to man-made slopes that 
have been designed and constructed to modern 
design standards. Despite this, they have a certain 
probability of failure posing a residual risk. Where 
failure of these slopes may lead to notable 
consequence, a higher safety and maintenance 
standard should be imposed. Slopes treated with 
non-robust engineering measures (Class 2a) tend 
to have a higher failure rate than slopes treated 
with robust measures (Class 2b). 

Table 2.  Classification of slopes based on human 
influence with potential risk management strategies 

Slope 
Type 

Class and Sub-class 
Potential risk 

management strategy 

 Class 1: Non-engineered slopes 

1a. 
Illegal formations. 
No engineering 
input at all. 

Regulatory 
enforcement actions 

1b. 

Based on empirical 
rules of thumb. No 
proper geotechnical 
input. 

Upgrade to modern 
design standards using 
robust engineering 
measures 

Class 2: Engineered slopes 

2a. 

Up to modern 
design standards 
incorporating non-
robust measures 

Review performance 
and implement robust 
measures as appropriate 

2b. 

Up to modern 
design standards 
incorporating robust 
measures 

Regular maintenance 

Class 3: Special engineered geotechnical 
structures Note  

3a. 

Water dams 

(e.g. embankment 
dams) 

Quantitative Risk 
Assessment and 
improved asset 
management, together 
with use of smart 
instrumentation for 
real-time lifelong 
health monitoring 

3b. 

Tailings dams; 
Colliery waste tips; 
Landfill slopes/ 
garbage dumps 

Enhanced regulatory 
control and 
governance; input by 
independent technical 
review boards; 
performance 
monitoring using smart 
sensors; periodic 
performance reviews  

 Class 4: Quasi-natural terrain 

4. 
Disturbed terrain or 
hillside pocket 

Preventive or 
mitigation approach or 
monitoring 

Class 5: Natural terrain 

5. 
Natural terrain 
catchments 

Mitigation approach or 
monitoring 

Note: Other slope types include landfill slopes, garbage 
dumps and open-cast mining slopes. 

Class 3 slopes refer to special engineered 
geotechnical Structures which embrace water 
dams, tailings dams, etc. In the event of a failure 
of these structures, the consequences could be 
disastrous and hence special attention is 
warranted. 

Man-

made 

slopes 

Natural 

or 

quasi-

natural 

terrain 
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Water dams include massive structures at 
national security level or those of a smaller scale 
used for irrigation in developing countries. 
Worldwide, there were a number of notable 
disastrous collapses of water dam or problems 
associated with major water dams facilities in the 
1960s (e.g. the Vajont disaster in 1963) and the 
1970s (e.g. the Buffalo Creek Dam failure in 
1972; the Teton Dam failure in 1976), which 
resulted in major loss of life. In the last 3 to 4 
decades, similar multiple-fatality incidents have 
not recurred and the overall performance of water 
dams appears to have improved. However, the 
2017 Oroville Dam spillway incident, which 
involved the owner of the tallest dam in the 
United States of America, under the regulation of 
a federal agency, with repeated evaluations by 
reputable external consultants, in a state with a 
leading dam safety regulatory program, was a 
wake-up call for those involved in dam safety 
(Morgenstern, 2018). This incident led to the 
mandatory evacuation of more than 188,000 
people. The forensic investigation noted that the 
inherent vulnerability of the service spillway 
design and as-built condition reflected lack of 
proper modification of the design to suit the actual 
site conditions. The failure was attributed to the 
presence of poor foundation condition at the 
spillway, which was not recognized and not 
rectified.  

The notable failure of the auxiliary spillway 
(which was retrofitted in 1970) at Toddbrook 
Reservoir in England in 2019 further rang the 
alarm bell. Thin concrete slabs of the spillway 
chute collapsed into a large void, which was 
caused by seepage erosion, undermining the 
integrity of the embankment dam and a full-scale 
emergency was declared. The investigation report 
(Balmforth, 2020) concluded that the most likely 
contributory factors to the failure included poor 
design and detailing, lack of proper maintenance 
and inadequacies of the past engineer inspections. 

Morgenstern (2018) advocated the expanded 
use of data-driven risk assessment process, 
including the performance-based risk-informed 
design process, or the precautionary risk-informed 
design process based on real-time monitoring. He 
also recommended, inter alia, the formal 
requirement of the preparation of design basis 
memorandum and deviation accountability report. 

Tailings dams, probably due to their remote 
locations or temporary nature, tend to have a 

higher failure rate than that of water dams. It is 
noteworthy that there is an emerging crisis 
associated with tailings dam performance. This is 
elaborated in Section 4.2 below. 

Class 4 slopes may be regarded as quasi-natural 
as they comprise largely natural terrain with a 
certain degree of human influence. These include 
disturbed terrain or hillside ‘pockets’ that 
comprise small tracts of natural hillside 
catchments located within the developed areas and 
affected by human disturbances to varying degrees 
(e.g. traversed by water pipes or walking trails, 
abandoned squatter or illegal human settlements, 
presence of localized fill materials, past military 
trenches, previous surface mining activities, etc.). 
For these slopes, either the preventive approach or 
mitigation approach may be suited depending on 
the site setting, access constraints and scale of the 
landslide hazard. 

Class 5 slopes are generally subject to the least 
human disturbances, which may include 
deforestation and hillfire triggered directly or 
indirectly by human actions. For these slopes, the 
mitigation approach is usually more suited. 
Landslide risk mitigation measures may be 
divided into three principal functions, namely 
flow control, erosion control and deposition 
control (see Table 3). Some recent advances in the 
design of various forms of debris-resisting barriers 
are presented by Ho et al. (2019). 

Table 3.  Typical landslide mitigation measures 

Function Objective 
Typical Mitigation 

Measures 

Flow 
control 

Flowpath 
diversion 

Deflection structure 

Transport channel 

Debris flow shed 

Energy 
dissipation 

Drop structure 

Debris flow impediment 

Debris-straining structure 

Erosion 
control 

Reduce erosion 
potential of 
channel bed 

Check dam or baffles 

Deposi-
tion 

control 

Arrest/ contain 
landslide debris 

Debris-resisting barrier 
or embankment 

Debris retention basin 

Boulder fence 

Human actions can also influence the stability 
of natural terrain through emission of greenhouse 
gases or heat island effect associated with 
industrialization and urbanization, which can lead 
to climate change and result in extreme rainstorms 
with increasing frequency and intensity. This in 
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turn could trigger debris flows with elevated 
propensity, scale and mobility.  

4.2 The emerging crisis of tailings dams  

Compared to water dams, tailings dams have a 
much higher failure rate, with several high profile 
collapses in the past three decades that resulted in 
environmental disasters due to the spillage of 
toxic chemicals, as well as a considerable number 
of fatalities. These major failures of tailings dams 
(e.g. the Stave failure in 1985; the Mount Polley 
failure in British Columbia, Canada in 2014; the 
Fundao dam failure in Samarco, Brazil in 2015; 
the Feijao dam failure in Brumadinho, Brazil in 
2019) are located in technically advanced regions 
of the world, operated by mature mining 
organizations and designed by recognized 
consulting engineers. They have given rise to a 
crisis in terms of loss of confidence and trust 
associated with the design, construction, operation 
and closure of tailings storage facilities.  

Tailings dams are complex systems that may 
start their life as a starter dyke and then grow over 
time, in some cases over decades, as the mining 
operations expand. Their prolonged development 
evolving over many years opens up ample 
opportunities for human errors. As compared with 
the downstream method or the centerline method, 
the upstream method of construction tends to 
result in comparatively more susceptible tailings 
dam structures, especially for the older tailings 
dams. Hence, for new tailings dams, the 
downstream method or the centerline method is 
generally preferred.  

Forensic investigations have established that 
many of the major collapses were associated with 
an inadequate understanding of undrained failure 
mechanisms leading to static liquefaction. 
Morgenstern (2018) undertook a detailed 
diagnosis of the problems based on a review of the 
major tailings dam failures. The key root causes of 
the problems are associated with weak 
engineering and inadequate risk management 
practices in respect of design (such as 
inadequacies of geological and geotechnical site 
characterization), construction and operation (e.g. 
inadequate quality assurance and quality control) 
of the tailings storage facilities, together with poor 
regulatory practice or decisions by the regulator.  

A range of improvement measures have been 
suggested by various jurisdictions and 
organizations following the disastrous failures in 

recent years. These include enhanced guidance on 
the wider use of risk-based approaches, the use of 
Best Available Technology (BAT) and Best 
Available Practices (BAP) for tailings 
management, increased use of independent review 
boards, enhanced guidelines on design, 
construction, operation, decommissioning and 
closure of tailings storage facilities, revised 
regulatory requirements and improved corporate 
practice with emphasis on enhanced governance, 
promoting an improved safety culture and the goal 
of moving towards zero failure.  

Morgenstern (2018) further recommended that 
the operator should be required to develop a 
system for performance-based, risk-informed safe 
design, construction, operation and closure of 
tailings storage facility (PBRISD) for regulatory 
approval and subsequent execution at various 
stages of the life cycle of the project, starting from 
the conceptual stage, through feasibility, design, 
construction and operation stage, to closure. The 
underlying principle of PBRISD is accountability, 
which is to be achieved by multiple layers of 
review, recurrent risk assessment and 
performance-based validation from construction 
through to closure. It is recognized that the 
regulator also plays a vital role in reviewing and 
validating the proposed waste management plan, 
and serves as the custodian of any prescribed 
regional practice.  

The forensic investigation of the 2019 Feijao 
tailings dam failure in Brumadinho, Brazil by the 
expert panel (Robertson et al., 2019) concluded 
that the failure (which involved static liquefaction) 
was unique in that it occurred with no apparent 
signs of distress prior to the failure. The dam was 
extensively monitored but none of the 
instrumental methods detected any significant 
deformations or changes prior to the collapse. This 
implied that the catastrophic failure 
(9.7 million m3 in volume) was extremely brittle. 
The tailings contained a very high content of iron 
(greater than 50%), which allowed them to 
become bonded (due to iron oxidation), hence 
introducing an element of brittleness. 

The key lesson from the Feijao tailings dam 
collapse was that the failure could not have been 
anticipated by monitoring. This has major 
implications on the application of performance-
based assessment by means of the observational 
approach using instrumentation, as the monitoring 
results could be misleading in the event of a 
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tailings storage facility that is liable to fail in a 
brittle manner without prior warning. It transpired 
that the operator and the designer would need to 
have a much more nuanced view of the properties 
of the tailings and their propensity to fail in a 
brittle manner, together with the conditions within 
the tailings dam. 

4.3 The growing problem of garbage dumps 

In recent years, there have been a spate of 
disastrous collapses of garbage dumps resulting in 
multiple fatalities (e.g. the 2000 failure at the 
Payatas waste site near Manila in the Philippines 
with almost 300 fatalities; the 2005 failure at the 
Leuwigajah dump site near Java in Indonesia with 
about 150 fatalities; the 2005 failure at Bello near 
Medellin in Colombia with more than 40 
fatalities; the 2005 failure in Bandung of 
Indonesia with more than 140 fatalities; the 2008 
failure in Guatemala of Central America with 
more than 50 fatalities; the 2017 failure in 
Ethiopia with more than 110 fatalities; the 2017 
failure in Sri Lanka with more than 30 fatalities). 
Many of these past garbage dump landslide 
disasters occurred in places with relatively poor 
waste management practice and many of these 
concerned garbage dumps were not engineered or 
they only had rudimentary engineering input. A 
typical scenario is that a large number of very 
poor citizens are scavenging for recoverable items 
in the waste dumps, hence giving rise to undue 
exposure and vulnerability which can further 
exacerbate the landslide risk. 

A recent major garbage dump landslide 
occurred at the Ermua landfill at Zaldibar in Spain 
in early 2020, which inundated the highway below 
and led to the death of several workers at the 
dump site. This highlighted that the garbage dump 
landslide problem is not only just confined to 
developing or less-developed countries, but it can 
also be a hazard in advanced economies. 

In many places, the garbage dumps amount to 
loose fill deposits formed by tipping with no 
proper compaction and little geotechnical input. 
These non-engineered garbage dumps can be 
susceptible to sudden collapse during heavy 
rainfall. As the failure mechanism may involve 
static liquefaction, the ensuing debris mobility can 
be very high. In some cases, the mobility may be 
further increased due to the presence of large 
numbers of plastic bags, which could facilitate 
internal shearing deformation of the landslide 
mass.  

The scavengers may unknowingly destabilize 
the garbage slopes by excavating material at the 
base. The shear strength of the garbage may 
degrade with time, particularly if the rubbish 
contains organic materials or materials that are 
liable to decompose with time. In some cases, a 
sudden, explosive release of methane gas may 
contribute to a rapid reduction of the shear 
strength of the waste and trigger a failure. Also, 
any ongoing fires within the waste may 
progressively weaken the waste materials. The 
practice of placing layers of soil on the garbage 
dump for odour control purposes may also 
increase the susceptibility of the landfill slope to 
failure because these soil layers may become 
potential planes of weaknesses.  

The precarious conditions of garbage dumps 
and the risks posed to the population are of grave 
concern. There is a pressing need to enhance 
waste management practice, landslide risk 
management, stepping up of enforcement actions 
for land-use control and public education about 
the potential landslide hazards. More technical 
development work to enhance the understanding 
of the mechanisms of landfill slope failure and 
systematic assessment of the likely mobility of 
garbage dumps are called for. 

Adding further to the woes, the recent failure of 
a colliery waste tip at Llanwonna tip in South 
Wales in February 2020 served as a wake-up call 
for the various authorities responsible for 
managing colliery waste tips.  

5 FORENSIC INVESTIGATION OF 
LANDSLIDES 

5.1 Preamble 

History, including disaster, tends to repeat itself 
if not suitably and timely intervened with wisdom. 
A forensic investigation, akin to that by a 
detective looking for fingerprints and pinpointing 
the culprits, is particularly useful with human-
induced landslides where the characteristics of the 
failure, key drivers and causal factors can be 
examined systematically for critical diagnosis. 
Wide promulgation of the lessons learnt is 
essential to help avoid repeating the same 
mistakes. 

Many slope failures are associated with human 
ignorance, carelessness or sometimes 
unsubstantiated arrogance or complacency. 
Problems may range from the inability or 
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oversight of designers in recognizing geological 
weaknesses or adverse hydrogeological conditions 
to unrealistic prediction of slope behaviour in 
response to various natural phenomena, such as 
heavy rainstorms or earthquakes.  

The story does not end with technological 
advancement and enhancement of engineering 
input. On the contrary, new issues or challenges 
can evolve, such as illegal cutting/cultivation 
(change in socio-economic structure), deficiency 
of old technology engineering measures 
(increasing public expectation), poor judgement 
involved in implementation of technical standards 
or guidelines (basis for policing, engineering 
design and construction control), lack of 
maintenance (ignorant or disregard of one’s 
responsibility), etc. The key is to have a strategic 
risk management framework with suitable 
measures to address the various issues in an 
efficient manner. 

Oliver-Smith et al. (2016) advocated a more in-
depth forensic investigation of disasters focusing 
on the root causes, dynamic processes and risk 
drivers as a compass for disaster risk reduction 
and management. 

5.2 The weak link of human uncertainty 

There are inherent uncertainties in the design 
and construction process associated with human 
inadequacies, especially in geotechnical 
engineering as the ground is formed by Mother 
Nature and can be highly complex and variable. 
The shortcomings may involve inappropriate 
consideration of safety-critical geological features 
(e.g. the adoption of an inappropriate geological 
or hydrogeological model for slope stability 
assessment), or under-estimation of design 
groundwater pressure), changes in site setting that 
invalidate the design assumptions, poor 
engineering judgement, inadequate construction 
control, etc. 

Morgenstern (2000) noted that many of the 
failures in geotechnical engineering could be 
attributed to human uncertainty, model uncertainty 
and parameter uncertainty. A proper 
understanding of the relative contribution or role 
of different factors (generic factors as well as root 
causes) towards landslide risk will be paramount. 
An effective strategy and comprehensive approach 
to study slope failures will assist in reviewing, 
validating and enhancing the landslide risk 
management strategy.  

In general, the role played by human 
uncertainty in geotechnical engineering failures 
may be diagnosed as follows: 

(a) design errors (e.g. mistakes made in 
analysis, use of invalid design methods 
including inappropriate computer models, 
incorrect design assumptions, unrealistic 
geological model, under-estimation of 
design groundwater conditions, poor 
quality assurance system, poor judgement, 
etc.); 

(b) lack of design input during construction 
(e.g. communication problems, non-
compliance with drawings and 
specifications, inadequate supervision, lack 
of design review to account for actual 
ground conditions, etc.); 

(c) inadequate ground investigation (including 
inappropriate interpretation of information); 

(d) unforeseen ground conditions. 

Osterberg (1990) opined that ignorance and the 
failure to learn from past collapses have 
contributed to many of the failures in geotechnical 
engineering. 

Sowers (1993) summarized his experience over 
48 years with the study of some 500 civil 
engineering failures, the majority of which were 
geotechnical in nature. He noted that 88% of the 
cases reflected human shortcomings that could be 
reduced by acknowledging professional 
limitations, continuing professional development, 
enhancing design and construction systems, and 
resisting the commercial pressures that would 
thwart good engineering. He classified the reasons 
for the failures into three groups: 

(a) absence of data, contemporary knowledge 
or technology; 

(b) ignorance of prevailing knowledge and 
practice; 

(c) rejection of prevailing knowledge and 
practice. 

5.3 Experience in Hong Kong 

The Hong Kong Government implemented a 
systematic landslide investigation programme to 
carry out detailed and forensic investigations. The 
findings and key lessons learnt are widely 
promulgated to the profession with a view to 
enhancing landslide risk management and 
improving professional practice (Ho et al., 2009). 
The scope of landslide investigations includes 
examination of all reported landslide incidents and 
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in-depth studies of selected significant landslides 
in order to identify the causes of failure and 
necessary follow-up actions. The objectives are to 
identify slopes in need of early attention for 
detailed stability study and upgrading works, and 
to undertake forensic study of selected serious 
landslides (e.g. where coroner inquests or legal 
actions are involved). Through landslide 
investigations, the performance of the Hong Kong 
slope safety system could be reviewed and areas 
for improvement identified. Systematic landslide 
investigations have advanced the understanding of 
the causes and mechanisms of landslides, and 
enhanced the slope engineering practice and 
reliability of landslide preventive or mitigation 
works. This is an important feedback loop for 
implementing the lessons learnt and addressing 
the system defects for continuous improvement of 
the slope safety system. 

The arrangements and logistics in place to 
support the timely acquisition of quality data from 
a landslide site are presented by Ho & Lau (2010). 
Detective or forensic scientist type rigour and 
quality is required of the forensic investigation 
teams. The insights from the systematic landslide 
investigation programme have helped to shape 
some of the prevailing slope safety management 
policies in Hong Kong. Some examples of these 
are given below: 

(a) The key lesson of the fatal Kwun Lung Lau 
landslide in 1994 was a typical one of 
human uncertainties that could have been 
prevented had it not been a combination of 
unfortunate events in which various parties 
squandered the opportunity to anticipate 
problems. Multiple issues were identified 
by the forensic investigation, including 
grossly inaccurate old drawing record of a 
100-year old masonry wall that was later 
found to be much thinner than normal 
practice misleading various parties, 
leakages from defective underground 
water-carrying services, the government’s 
overall coordination of emergency 
responses, etc. The findings led to 
substantial changes to slope management 
practice comprising enforcement of 
legislative mandates to check the integrity 
of subsurface water-carrying services near 
slopes and retaining walls, slope stability 
assessment practice, geotechnical 

characterization of sites, the appointment of 
external Technical Review Board, etc.  

(b) The failure of a sizeable, engineered cut 
slope above Ching Cheung Road in 1997, a 
major trunk road, was a near-miss case with 
fatalities narrowly avoided. It revealed the 
progressive failure behaviour of landslide 
debris from previous failures (i.e. re-
activation of past instability), model 
uncertainties (i.e. the most critical slip 
surface was not identified and the transient 
storm response of groundwater was under-
estimated given unfavourable 
hydrogeological condition that was not 
appreciated by the designer), and the 
uncertainty in preventing the build-up of 
critical water pressures by ageing raking 
drains that were subject to progressive 
deterioration due to lack of maintenance. 

(c) The extensive natural terrain landslides in 
2008 were a wake-up call to Hong Kong’s 
geotechnical professionals about the 
potential impact of climate change on slope 
safety. The failures prompted the local 
professionals to view debris mobility from 
a new perspective as the long runout 
distances would reach many buildings or 
paralyze major roads should it happen in 
densely populated areas of Hong Kong. 
Back analyses of selected 2008 channelized 
debris flows of high mobility were carried 
out, producing useful reference parameters 
for future debris runout modelling in 
similar settings. 

(d) Distress of a reinforced earth wall at a 
construction site at Shun On Road in 2013 
was found to be related to piping which 
resulted from ineffective site drainage 
provisions to divert surface runoff. 
Guidance on improved detailing for 
temporary site drainage during construction 
and reinforced earth wall connections at 
times of intense rainstorms was issued to 
the industry. 

6 HUMAN FINGERPRINTS IN LANDSLIDES 

6.1 Insights from global landslide database 

Froude & Petley (2018) collected data on over 
4,800 fatal landslides that took place worldwide 
between 2004 and 2016. Based on their spatial 
distribution, it was found that Asia accounted for 
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about 75% of the incidents. Other areas most 
affected by landslides include Central and South 
America, Caribbean islands and East Africa. The 
correlation between human activities and fatal 
landslides is evident from events clustering around 
cities. Communities of relative poverty tend to be 
impacted more severely.  

Froude & Petley (2018) further noted that some 
15% of these deadly landslide events were caused 
by human activities. There is an apparant rising 
trend of such landslides involving human 
‘fingerprints’ globally. For these landslides, the 
common contributory or triggering factors were 
legal and illegal mining, construction of 
infrastructures in both urban and rural areas, and 
unregulated site formation works on hillsides. For 
example, landslides involving hill cutting are 
primarily an issue in rural areas where many 
people illegally remove materials from hillsides to 
build houses.  

Not surprisingly, fatal landslides tend to be 
more common in settlements, along roads and at 
sites rich in valuable resources. The prevalence of 
landslides in these settings suggests that 
regulations to protect workers and the public are 
insufficient or are not being properly enforced. 
Inadequate public education and poor public 
awareness are also key factors.  

Human activities may result in predisposing 
factors (likened to creating a loaded gun) that 
make a slope more susceptible to rain-induced 
failure. For example, inappropriate human actions 
such as errors in stability assessment, 
inappropriate design assumptions for the proposed 
engineering works, poor detailing, wrong 
engineering judgement, substandard construction 
workmanship or inadequate construction control/
supervision, poor maintenance practice, etc. can 
render a slope more vulnerable to landslide. 
Human activities may also directly trigger slope 
failure (e.g. uncontrolled blasting activities, illegal 
excavation at slope toe, bursting or severe leakage 
of a water main, etc.). Where there is adverse 
ground condition in a marginally stable slope such 
as presence of quick clay which can be especially 
sensitive to disturbance and stress changes, even a 
small trench excavation for site investigation or 
utility operation near the slope toe is liable to lead 
to a sizeable landslide.  

Human activities may also adversely impact on 
the stability of natural terrain through degradation 
of the environment. These include deforestation 

and hillfire initiated directly or indirectly by 
human activities (e.g. campfire sparks due to 
utilities’ equipment malfunction, trees falling onto 
power transmission lines, non-insulated power 
transmission lines hitting each other, burning of 
incense as part of local religious or cultural 
activities, arson, etc.). Emission of greenhouse 
gases is believed to be a key contributory factor to 
global warming and climate change which may 
lead to more frequent occurrence of extreme 
rainfall, widespread man-made slope failures and 
severe natural terrain landslides.  

The different human factors or activities that 
can become contributory causes of slope failures 
are analogous to different fingerprints left by 
murderers in the context of forensic crime 
investigations. The investigation of slope failures 
is analogous to forensic scientists, except that in 
this case the identification and diagnosis of the 
culpable factors are generally done in a deductive 
manner. It is important to re-construct the 
sequence of events leading to the failure as well as 
to portray the post-failure behaviour and assess 
the relative importance and contribution of 
different factors. This can be a challenging task 
especially for complex landslides and different 
hypotheses will need to be weighed out carefully. 
It should be appreciated that landsides can occur 
against a backdrop of a multi-hazard eco-system 
involving the interplay of a multitude of causative 
factors. 

To diagnose why a landslide has occurred in a 
certain way with specific characteristics in a given 
site setting, and to address related questions such 
as “why here?” and “why this time?”, a detective-
like mindset, coupled with a rigorous approach 
with due attention to details and the available 
evidence, is called for. 

6.2 Typical human fingerprints in landslides 

Based on the experience and lessons learnt from 
the systematic landslide investigation programme 
which has studied thousands of slope failures, 
some typical examples of human activities and 
their contributions to landslide risk are presented 
in Table 4. 

Although landslides are widespread in many 
places, they do not always pose a serious threat to 
life and property. Landslides only matter when 
they interact with the built environment or human 
settlement. Such interaction can be intense in 
densely urbanized areas where the landslide 
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challenges can be particularly acute due to a 
combination of factors (Wong, 2009a): 

 Slope failures in an urban setting can result 
in serious consequences due to the high 
concentration of population and vulnerable 
facilities; 

 Urban development itself, if carried out 
without adequate geotechnical input, would 
result in formation of potentially unstable 
slopes or even trigger landslides, and 
thereby increase the landslide frequency; 

 Given the close proximity of the elements at 
risk, even relatively small landslides with 
moderate mobility can cause serious harm. 
In addition, due to the need to attend to 
smaller-sized landslides, predicting and 
preventing such failures can be fraught with 
difficulty; 

 Landslide problems can be aggravated by 
human factors in an urban environment, 
such as concentrated surface water flow 
along paved roads or from uphill building 
platforms, and localized slope cutting and 
filling operations; 

 In a densely populated city or highly 
developed community, relocation of existing 
facilities that are at risk from landslides is 
often not viable. Provision of landslide 
prevention and mitigation works can be 
difficult and costly, given the space and 
access constraints. 

Table 4.  Examples of human activities contributing to 

landslide risk 

Human Activities 

Primary contribution 
by each component 

Increase 
likelihood  

of 
landslide 

Increase 
consequ-
ence of 

landslide 

Urban development 

 Poor land-use planning  
 

✓ 

 Infrastructure close to 
vulnerable hillside 

 ✓ 

 Congested facilities in a densely 
developed urban setting 

 ✓ 

 Illegal flimsy squatters on 
hillsides 

✓ ✓ 

 Population increase  ✓ 

 Poor public awareness of 
landslide risk 

 ✓ 

 Illegal cultivation ✓  

Human Activities 

Primary contribution 
by each component 

Increase 
likelihood  

of 
landslide 

Increase 
consequ-
ence of 

landslide 

 Dam leakage ✓  

 Rapid drawdown of reservoirs ✓  

 Deforestation ✓  

 Agriculture irrigation ✓  

 Adverse changes in land use ✓  

 Inadequate environmental 
management 

✓  

Design input   

 Lack of technical standards or 
deficient standards 

✓  

 Non-compliance with standards ✓  

 Inadequate ground investigation ✓  

 Inadequate geological model  ✓  

 Poor detailing of surface and 
subsurface drainage  ✓  

 Uncontrolled surface water flow  ✓  

 Misuse of computer programs  ✓  

Construction control 

 Poor spoil management 
surcharging slope crest 

 

✓ 
 

 Inadequate drainage provisions ✓  

 Inadequate slope surface 
protection 

✓  

 Illegal site formation works ✓  

 Illegal dumping of construction 
waste or garbage 

✓  

 Poor construction workmanship ✓  

 Non-compliance with approved 
construction methods  

✓  

 Indiscriminate mining or 
quarrying 

✓  

 Uncontrolled blasting ✓  

 Poor control of tailings dams 
construction 

✓  

Maintenance 

 Inadequate slope maintenance 
✓  

 Leaking buried water-carrying 
services 

✓ 
 
 

 Unplanned trees with root 
wedging action 

✓  

 Overspilling of surface water 
due to blocked road drains 

✓  

 Inadequate response to signs of 
instability 

✓  

 Deforestation ✓  

 Vegetation burnt down by 
hillfire 

✓  

 Changes to site setting resulting 
in enhanced infiltration  

✓  
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Landslides are often caused by multiple factors 
although certain factors may tend to be dominant 
in some cases. In a failure investigation, it is 
important that all the relevant fingerprints are duly 
assessed and that no critical ‘fingerprints’ are 
missed out, as otherwise the conclusions of the 
investigation would be misleading. 

6.3 Addressing human uncertainties 

As can be seen from the above, human 
influences (including action or inaction) are 
typically involved in a certain way in many 
landslides. For a disaster to occur, human have to 
be in the wrong place (i.e. spatial impact) at the 
wrong time (i.e. temporal presence), and are 
vulnerable to slope hazards (e.g. little warning and 
response time in the case of fast-moving 
landslides, low awareness of landslide hazards, 
little protection afforded by the nature of the 
facility). To mitigate potential landslide disasters, 
we are in the hands of humans exercising their 
wisdom and undertaking judicious risk 
management actions. 

There are three key parties involved in the 
consideration of human uncertainties, as follows: 

(i) professionals providing geotechnical input; 
(ii) slope safety managers and regulators who 

are involved in designing and implementing 
risk management governance and 
processes, together with resource allocators 
and policy-makers; 

(iii) general public whose activities may 
knowingly or unknowingly destabilize a 
slope or unduly expose themselves to 
landslide risk. 

 To address item (i), we need to ensure that 
competent professionals with requisite experience, 
qualifications and expertise are engaged to take up 
the responsibility and discharge the related tasks. 
Competent professionals who are conversant with 
both the theory and practice and can exercise 
sound judgement based on relevant local 
experience are called for. As many of the major 
landslides are found to be associated with weak or 
inadequate engineering input, we need to upskill 
the expertise and professionalism. In Hong Kong, 
only Registered Geotechnical Engineers are 
qualified to sign geotechnical design reports and 
make geotechnical submissions to the Building 
Authority for approval of private sector projects. 
Professionals working on slope safety and 
landslide risk management assignments should be 

technically competent in geotechnics, engineering 
geology and geomorphology. They should also 
keep up with their continuous professional 
development, in particular keeping abreast of 
lessons learnt from past landslides. Appropriate 
quality assurance systems and quality control 
procedures and independent checks should be 
incorporated.  

The responsibility of the professional is 
extended to the construction stage, when they 
should undertake qualified supervision which 
includes carrying out regular site visits, inspection 
of critical items of works and review of the 
workmanship by specialized contractors. This is 
done in Hong Kong by a hierarchy of supervisors 
from different parties under administrative or 
statutory requirements as outlined in the Project 
Administration Handbook for government projects 
and Practice Notes published by the Building 
Authority for private projects. 

Another example is given by Malaysia where 
there is a legislation requiring geotechnical reports 
for construction involving slopes with a gradient 
more than 25° and total vertical height more than 
10 m to be vetted and signed off by Accredited 
Checkers registered with the Board of Engineers. 

To address item (ii), the resource allocators, 
safety mangers and regulators need to be educated 
and well informed about the nature of landslide 
risk and the best practice in landslide prevention, 
mitigation and risk management. They should be 
encouraged to learn from other jurisdictions who 
are facing similar landslide problems. Apart from 
establishing the appropriate framework and 
policy, the safety managers/regulators also need to 
put in place suitable institutional arrangements 
and secure adequate resources to implement the 
landslide risk management functions.  

To address item (iii), we need to step up public 
education and public information services in order 
to raise public awareness of landslide risk. We 
should strive to equip the public, including the 
media, with the basic knowledge of what to do 
and what not to do at times of high landslide risk, 
and what are the signs of impending slope 
instability. The goal is to foster enhanced public 
awareness, community preparedness and 
resilience, and multi-stakeholdership. The public 
should be encouraged to take personal 
precautionary actions and follow temporary 
evacuation orders during landslide warning alerts. 
Public education campaigns are needed to 
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discourage and warn against undue anthropogenic 
practices on sloping ground that would contribute 
to destabilize the terrain, e.g. illegal cultivation, 
dumping of waste and garbage, unauthorized 
slope excavation, etc. Enforcements actions 
should be instigated against these illegal acts by 
relevant government departments and deterrent 
punishments involving sanctions, financial penalty 
and imprisonment are possible for those found 
guilty. 

It may be tempting to take the view that all or 
the majority of human-induced landslides are 
avoidable. This may be true in principle. In 
reality, there are myriads of uncertainties, 
commercial pressure faced by practitioners, plenty 
of room for exercising judgement, tendency of 
‘normalization’ of deviance by practitioners or 
authorities, disregard of warning or good practice, 
potential ignorance or complacency, etc., which 
are likely to be difficult to address in totality. The 
associated challenges should not be under-
estimated.  

Although we are likely to continue to witness 
landslide disasters involving human fingerprints, 
this should give rise to the impetus for re-focused 
attention to step up our efforts to tackle the 
problems in a holistic manner with a view to 
improving the situation. 

7 STRATEGIC LANDLSIDE RISK 
MANAGEMENT 

7.1 Overview 

Due to population increase and rapid 
urbanization, many places round the world are 
forced into tolerating the exploitation of hillslopes 
to provide housing and infrastructure, whereby the 
control regimes needed to ensure a good quality 
built environment in terms of capability to 
withstand intense rainstorms are lacking. Rain-
induced landslide is becoming a serious social 
problem in these places because of building 
collapses or inundation of villages caused by 
landslide impact and a growing landslide death 
toll. Some pertinent questions include: How 
should city governments respond? How are the 
limited resources best invested in slope safety? 

As demonstrated by experience in Hong Kong 
(see Section 3) and elsewhere, a multi-pronged 
systems approach comprising a combination of 
structural and non-structural approaches is best 
suited to manage landslide risk. In practice, 

different places have different settings, constraints 
and needs, due to differences in culture, 
development status (less-developed country vs 
developing country vs advanced economies), 
resources constraints, etc. Strategic landslide risk 
management with a systems perspective is of the 
essence in order to ensure that the prevailing 
needs are appropriately addressed by the best 
available means in an effective manner in 
discharging one’s due diligence. A rigorous and 
sound generic methodology is based on systems 
concepts and risk management principles. The 
relevant considerations in designing or enhancing 
a slope safety management system for places 
where rain-induced landslides constitute a serious 
social problem are discussed below by reference 
to the experience in Hong Kong.  

Hong Kong started to tackle its landslide 
problem in the 1970s. A holistic slope safety 
regime is now in place. Under the comprehensive 
slope safety system, new slope works are tightly 
controlled, old slopes are being retrofitted to 
modern safety standards and the risks of 
vulnerable natural terrain are being mitigated 
under a long-term works programme, regular 
slope maintenance is encouraged, hillside 
shantytowns are being progressively cleared, 
rainstorm warning and emergency preparedness 
measures are in place, and public education is 
actively promoted to enhance community 
resilience.  

The slope safety regime in Hong Kong appears 
to be the product of a comprehensive design. 
Actually it is not the creation of a grand plan per 
se, but rather, it has been the result of a step-wise 
evolution over a 40-year period. Every new 
element of the slope safety management regime 
came about as a reaction to one or more multiple 
fatality landslides that had aroused strong public 
concern. In fact, such disaster- or crisis-driven 
evolution tends to be the norm rather than 
exception. Slope safety regimes that develop in a 
reactive manner have several disadvantages, and 
until the time eventually comes when the whole 
system is in place, they are not fully effective in 
meeting the needs of the community. For 
maximum efficacy, a system should preferably be 
designed proactively to meet the needs. So, how 
can one do this strategically?  

Insights from operational risk management 
experience suggest that a slope safety system 
designed on the basis of risk management 
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principles, centrally coordinated by a safety 
manager and with effective public communication 
by the responsible authority will largely meet the 
needs of a community with very high expectation 
of slope safety. This is largely applicable to 
advanced economies (especially densely 
urbanized metropolitan cities) and aligns well with 
the risk management methodology adopted in 
some places for the management of major 
technological hazards by the public regulator (e.g. 
the Health and Safety Executive in the United 
Kingdom for the management of nuclear power 
stations).  

However, the question of affordability is 
pertinent. In practice, one should also ensure that 
the disaster reduction investment is commensurate 
with the risk perception of the community and not 
disproportionate in relation to the investment to 
address other types of risk posed to the 
community. Therefore, suitable adjustment is 
needed for a given place subject to specific 
priority needs and constraints, particularly for 
less-developed and developing countries where 
the funding resources are tight. 

7.2 Concepts and key terms of systems 
approach 

The basic concepts related to a systems 
approach which incorporates risk management 
principles embody various key terms as defined in 
Table 5. 

Table 5.  Definition of terms for a systems approach to risk 
management 

System  comprises elements functioning 
together to achieve an objective; system 
outcomes measured and compared with 
the desired output; adjustments made to 
put a closer step to the desired output. 

System 
objective 

 to meet the needs of the parties, e.g. the 
Resource Allocator needs proof in 
achievement of intended outcome as 
compared to the investment 

System parties 
(stakeholders) 

 general public (risk bearers) 
 property owners (risk creators) 
 safety manager (responsible for system 

design and management) 
 regulator (safety control of new works, 

land-use planning, etc.) 
 resource allocator (provider of 

legitimacy, and monetary and human 
resources to the safety manager and 
regulator) 

 media 

System actions   by property owners (e.g. warning, 
physical works, etc.) 

 by the public (e.g. precautionary action, 
community response, etc.) 

 interactions between the parties (e.g. 
information, policing, statutory orders, 
etc.) 

Slope safety 
programmes  

 new slopes (control and checking) 
 existing slopes (retrofitting & 

maintenance, squatter clearance, etc.) 
 warning & emergency preparedness 
 research & development 
 public communication 
 system monitoring & enhancement 

Risk criteria   nationally set criteria defining the level 
of ‘unacceptable risk’ and ‘broadly 
acceptable risk’; the ‘As Low As 
Reasonably Practicable’ (‘ALARP’) 
region lies between these limits 

Risk 
management  

 the process of risk analysis, evaluation 
and control; estimate risk; if risk is in 
the ‘ALARP’ region, reduce to as low 
as reasonably practicable 

Public 
communication 
rationale  

 Responsible parties must win trust, 
promote accurate understanding and 
maintain awareness; must not give 
unwarranted reassurance, which is 
liable to backfire when landslide 
disasters strike 

7.3 Overall system design considerations 

For advanced economies, the slope safety 
system in Hong Kong represents a role model and 
useful reference for holistic landslide risk 
management.  

The Hong Kong slope safety regime is operated 
as a system which recognizes integration and 
inter-dependencies. Its overall operating plan is 
expressed by way of the Key Results Areas. The 
system has an explicit safety goal, which is to 
reduce landslide risk expressed quantitatively up 
to the year 2010 (i.e. to reduce the overall risk by 
75% as compared to that in 1977). The post-2010 
objective of the system is to contain the overall 
landslide risk and prevent it from increasing due 
to various risk drivers (such as population 
increase, climate change, slope deterioration, etc.). 
The broader mission of the Safety Manager cum 
Regulator (i.e. the GEO) is to meet the needs of 
the community “for the highest standards of slope 
safety through excellence in geotechnical practice, 
partnership with the community and profession, 
and dedicated teamwork”. The outcomes of the 
system are monitored (via QRA) and a feedback 
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mechanism (i.e. the systematic landslide 
investigation programme) is in place to make the 
necessary improvement to the system.  

As noted above, it is not unusual that the safety 
regime is subject to crisis-driven evolution. The 
undesirable characteristics of crisis-driven 
evolution include (Malone, 1999): 

 shock and panic after a disaster 
 blame seeking and scapegoat 
 loss of trust by the public and legislators 
 money may be ‘thrown’ at the problem and 

its effectiveness tends to be overstated 
 often only one class of defect is rectified 

after each disaster 
 tendency to give premature public 

reassurance resulting in unrealistic pubic 
expectation 

 risk level rises as public’s memory tends to 
fade rapidly 

The alternative to crisis-driven evolution which 
avoids the above undesirable features is to 
commission and design a complete system from 
the outset, which may be implemented in phases. 
In this case, the design has to be fit for purpose. 
For advanced economies, the adoption of formal 
risk management principles provides a sound and 
defensible basis, as the well-established yardsticks 
will in principle guard against under-investment or 
over-investment relative to the level of risk. Two 
acute questions facing the resource allocator are:  

(1) how much resources should be allocated to 
slope safety? and 

(2) how can we prove to the investor (the 
taxpayer) that the investment has been 
resource effective?  

Quantified risk management as applied to the 
regulation of technological hazards provides the 
rationale to answer the first question.  

The second question concerns performance 
measurement. Again the formal quantified risk 
management rationale together with cost-benefit 
calculations can provide a valid performance 
measure (Wong, 2005).  

In practice, the risk management rationale alone 
is not a sufficient basis for system design. An 
effective public communication policy is also 
needed. The various parties need to be engaged in 
effective dialogue with the risk bearers. A public 
communication rationale has to be established 
with the aim of winning public trust, promoting 
understanding of the uncertainties involved and 

the nature of landslide risk, maintaining awareness 
and encouraging personal precautionary actions. 
As the communication is mostly done via the 
electronic and printed media, one should 
recognize that the media are a vitally important 
party in the safety management system.  

In reality, the above may be viewed as a ‘gold 
standard’ in respect of formal landslide risk 
management capitalizing the application of QRA. 
The adoption of QRA in public safety policy 
requires a high level of technological maturity 
from the risk manager (Morgenstern, 2017). In 
practice, it is likely that an incremental approach 
is more practical for most jurisdictions when 
starting afresh.  

7.4 Strategic landslide risk management for 
developing and less-developed countries 

The landslide risk management strategy would 
need to be customized for each country, city or 
community with different scope and emphasis.  

Developing countries and less-developed (low-
income) countries are experiencing the highest 
economic losses relative to gross domestic product 
and the majority of landslide fatalities. Given this, 
it is incumbent that the approach towards 
landslide risk management and control should be 
made as simple, transparent and practical as 
possible so that it can be more easily exported and 
implemented to help those who need it most.  

For the developing world, the design of an 
appropriate and affordable risk-based slope safety 
system may commence with a scoping study and 
establishment of relevant databases (e.g. slope 
catalogue, inventory of historical landslides and 
corresponding impacts, etc.).  

A technical support unit is of the essence. The 
past landslide disasters should be collated and 
reviewed to identify the key lessons. In parallel, 
the adequacy of raingauges and weather radars 
and their spatial distribution should be appraised 
in consultation with the regional observatory. A 
rainfall-based public warning system should be 
developed and implemented. The corresponding 
emergency preparedness and response system 
(e.g. to attend to serious landslide cases and 
provide technical advice on emergency actions) 
should also be established.  

Due to constraints associated with the lack of 
data and expertise, QRA will not be practicable. A 
first-pass assessment may be made of the risk 
profile and key areas for attention by diagnosing 
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the information on local landslide fatalities and 
their distribution and characteristics, together with 
the major near-misses, with respect to a range of 
risk scenarios involving different slope types and 
different facilities (e.g. illegal squatters versus 
road/infrastructure users versus occupants of 
legitimate buildings, etc.). A gap analysis would 
be of value, including an assessment of the 
resilience profile, which should highlight 
vulnerabilities, risks, data gaps, general awareness 
and perception of landslide risk, and capacity 
bottlenecks. Consideration of a suite of risk 
reduction packages may then proceed with due 
regard to feasibility, fairness and affordability.  

Frequently, the most vulnerable population (e.g. 
poor and marginalized residents) tends to inhabit 
in landslide-prone terrain, thus increasing their 
exposure to landslide hazards and often increasing 
the hazard itself through unscrupulous earthworks 
and poor slope drainage provisions. The 
corresponding squatter or slum structures are 
mostly flimsy in nature, which adds to the 
vulnerability in the event of a landslide. As 
urbanization is taking place at a breakneck pace 
round the globe, continuing illegal human 
settlement in hazardous areas with inadequate 
land-use planning and control by the authorities 
will further elevate the risk level.  

In developing or less-developed countries, 
squatters, shantytowns or slums are often built on 
steep hillsides that are subject to landslide risk 
from the nearly substandard man-made slopes. 
Some of the squatters may also be subject to 
debris flow risk from the natural terrain above. 
The preparation of susceptibility, hazard and risk 
zoning maps is a commonly-used tool to facilitate 
land-use planning. Relocation of vulnerable 
squatters that are subject to high landslide risk 
under a systematic non-development clearance 
programme would be a cost effective approach, if 
feasible. 

The risk associated with new development is 
rising apace due to poor land-use planning and 
unregulated human settlement. At the same time, 
the public’s tolerance levels are falling with 
increasing political liberty, universal education 
and a free press. Development control is an 
indispensable system component. This should 
embrace improved land-use policy and planning, 
and taking of land control actions to combat 
illegal site formation works and prevent 

unauthorized occupation of government or private 
land.  

Public education initiatives and awareness 
campaigns are cost effective and should be 
pursued using a variety of means by the safety 
manager. The risk communication should be 
carefully crafted to enable skillful dissemination 
of messages through a variety of channels and 
means in order to reach out to the affected 
population mass, in particular the more vulnerable 
groups. Whether a citizen is at home or outdoors, 
the best way to get prepared is to stay informed 
and recognize when a dangerous landslide is 
likely to occur. Community-based approaches 
should be strongly promoted, especially for 
village settings involving specific cultures and 
indigenous population. The responsible 
government officials should seek to train up the 
village representatives to become slope safety 
champions so that they can take a lead in 
organizing slope safety activities and set up 
rosters to watch over the slopes during heavy 
rainstorms. Contemporary knowledge derived 
from past local experience (e.g. rainfall threshold 
before problems begin) should be exploited. 
Evacuation routes should be identified in advance 
and regular drills carried out. Effective 
communication channels for emergency response 
by the affected residents should be worked out and 
well promulgated, with the residents being fully 
briefed by the village champions and the 
responsible government officials. Experience with 
the application of the community-based approach 
in different places is elaborated in Section 7.6. 

The decision on whether or not to launch a 
systematic slope retrofitting programme for 
existing substandard slopes posing a risk to 
development would require careful deliberation as 
this would be the most expensive component of 
the system. It should be remembered that major 
collapses of substandard slopes or vulnerable 
natural hillsides resulting in multiple fatalities can 
escalate to become a political problem as well as a 
major social problem. Also, the bill of remediation 
works undertaken in a reactive manner following 
a disaster is likely to be a lot higher than 
undertaking retrofitting works before slope failure 
in a planned manner. It would be prudent, from an 
economic and political viewpoint, for jurisdictions 
to seriously consider introducing a systematic 
retrofitting programme, albeit at a moderate and 
affordable scale commensurate with the available 
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resources. A risk-based priority system should be 
developed to support the retrofitting programme 

In low-income countries, providing 
conventional slope stabilization works is 
challenging due to the localized scale of instability 
drivers, widespread distribution of urban landslide 
hazards, and high costs of geotechnical data, 
engineering expertise and construction. As slope 
upgrading works will be costly, they may need to 
be applied selectively to more deserving slopes 
(e.g. those with a history of failures). For other 
cases, slope improvement works of preventive 
maintenance nature (e.g. improved drainage and 
surface protection measures) may be considered. 
It is imperative for safety managers to adopt 
strategies that align with the resources allocation 
and make it transparent to the public and policy-
makers, thereby managing their expectations.  

7.5 Risk management governance and the 
dilemma of the regulator 

The question of governance is a pertinent issue 
in the design of a slope safety system. In landslide 
risk management, whether to adopt a government-
led approach or not is a dilemma for the 
regulators, with merits and de-merits for either 
option (Figure 10). 

The advantage for a government-led approach is 
that government could mobilize resources within a 
relative short period of time to meet short-term 
needs, particularly at times of emergency. 
Government can also initiate new regulatory 
policies and administrative procedures. A central 
agency with dedicated ambit and authority for 
slope safety has merits compared to splitting the 
responsibilities amongst a number of different 
government departments, which is liable to result 
in interface problems and have areas with unclear 
demarcation of responsibilities. The drawback of 
the government-led approach, however, is that it 
would require considerable resources, both in 
financial and human resources terms, as well as 
promoting increasing reliance on the government 
by the community and the practitioners in the 
geotechnical profession. 

Apart from the GEO which acts as a central 
agency to regulate geotechnical control and 
manage landslide risk in Hong Kong, other 
international examples of government-led slope 
safety management strategies include the 
Malaysian government with the implementation of 
its national slope safety master plan (Abdullah, 

2012) and the Geo-Rio in Rio de Janeiro of Brazil. 
The government agencies provide policy 
directives, incentivize funding to support 
implementation of coherent initiatives and 
promote cross-sector collaboration. A suitable 
enabling environment at national level is essential 
for the implementation of integrated risk 
governance at national, local province and 
community levels in a policy-coherent manner.  

Where landslide risk management is not 
centrally coordinated by a government agency 
specialized in slope engineering, the responsibility 
may be left to the local authorities and other 
designated parties such as the highway agency, 
railway infrastructure providers or operators, 
water authority, land owners, etc. From a systems 
point of view, a devolution approach can have 
more redundancy, and greater local control and 
influence will have the flexibility to be more 
responsive and inclusive to local needs. The 
effectiveness could be further enhanced by 
suitable vertical integration of risk governance 
among the national and local authorities. 

 Increasing government involvement 

Increasing government resources requirements 

Increasing control 

Increasing reliance on government 

Increasing public expectations 

Legislation empowered 

audits 

Risk management plans 

and susceptibility/hazard 

maps 

Increasing community participation 

Wide range of funding sources 

Increasing flexibility and innovative solutions 

Self-regulation 

Optional insurance policy 

Community participation 

by non-government 

organizations 

Assignment of 

maintenance 

responsibility  

Figure 10. Level of control and resources requirements 
under different landslide risk management governance 
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However, in some places the different states and 
local authorities may come up with their own 
guidelines which are different from the federal 
guidelines, hence lacking a unified approach. 
Also, the party responsible for federal government 
slopes may not have the authority to impose 
specific rules over the state and local authorities. 
Hence, any guidelines promulgated by the federal 
agency may not be strictly enforced by the state 
and local authorities. 

Under the devolution approach, some of the 
slope owners may resort to rely on insurance 
policies (i.e. risk transfer), or invest in 
maintenance, stability or risk assessment and the 
necessary slope works. For government slopes, the 
slope safety responsibilities are likely to be 
dispersed and split amongst various works 
departments. Alternatively, it may be possible for 
certain non-government or quasi-government 
organizations to take up the slope management 
responsibilities for a fee (e.g. under a framework 
contract). Standard setting and good practice 
guides may be left to learned societies, whilst 
research and development work may be left to the 
academia.  

In the above decentralized approach, the 
government should still assume a guiding and 
coordinating role in formulating suitable slope 
safety policy, administrative and institutional 
frameworks, and providing an enabling 
environment to facilitate collection and sharing of 
slope and performance data, enhancing technical 
understanding, enhancing professional practice, 
strengthening public education and information 
services, and community participation.  

For countries undertaking public administration 
through a central government and local authorities 
(such as municipals, provinces, states, 
administrative zones, etc.), it is necessary to 
formulate a balanced approach for risk 
management governance in order to maintain 
flexibility at local authorities level for site-specific 
measures while pursuing the desired objective for 
the country as a whole. The experience in 
Malaysia provides some insights. The Malaysian 
government develops guidelines and empowers 
their local authorities with enforcement actions by 
legislation but the local authority has the 
discretion on adoption to suit local situation and 
needs. The promulgation of the National Slope 
Master Plan (2009-2023) has resulted in better 
partnership of various stakeholders through the 

Landslide Inter-Agency Committee on Slope 
Management, preparation of hazard and risk maps 
for landslide prone areas, and stepping up of 
public awareness and education programme. In 
contrast, some of the densely-developed 
metropolitan cities (such as Hong Kong, Rio de 
Janeiro and Taipei) have opted to set up a central 
authoritative agency to be the safety manager in 
managing landslide risk. 

7.6 Community-based risk reduction 

Top-down disaster risk reduction policies tend 
to be less effective in addressing the highly 
localized and dispersed physical and human 
drivers of everyday hazards such as landslides in 
human settlements in rural areas or remote 
villages, particularly in a vast country. In such 
scenario, a bottom-up approach involving a 
community-based approach has merits in 
mitigating the landslide risk. Non-government 
organizations (NGO) that are voluntary in nature 
may be able to assist in public education and 
communication of landslide risk. In some cases, 
they may also be able to provide support to 
community-based slope improvement works. 
Experiences of implementation of community-
based approach in various places with different 
settings are presented below.  

7.6.1 Experience in Latin America  

Anderson & Holcombe (2006) developed a 
novel community-based approach to urban 
landslide hazard mitigation, which is known as 
‘management of slope stability in communities’ or 
MOSSAIC. It engages residents, community 
leaders, practitioners and local engineers in 
identifying specific drivers of slope instability and 
implementing appropriate drainage measures. If 
surface water infiltration is diagnosed to be the 
dominant instability process, then networks of 
open drains are designed to intercept runoff at 
critical locations and convey water to existing 
drains. In addition, roof guttering and rainwater 
tanks are installed to intercept rain and attenuate 
peak drain flows. Holcombe et al. (2016) noted 
that three Eastern Caribbean states implemented 
MOSSAIC in 12 low-income urban communities 
involving over 800 homes between 2004 and 
2011. According to Anderson & Holcombe 
(2013), there have been no subsequent landslides 
reported in these communities despite the 
exceptional rainfall associated with hurricane 
Tomas in 2010 (with more than 500 mm rainfall 
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in 24 hours in Saint Lucia), whereas previously 
even 1 to 2-year return period rainfall events 
would trigger multiple small slope failures.  

A key element of the MOSSAIC approach is 
the establishment of a government management 
team that is integrated with joint community 
implementation as a sustainable management 
structure for risk reduction. The efficacy of local 
stakeholders in reducing risk plays an important 
role. Public education on landslide hazards and 
risk is provided to the local population to enhance 
their awareness and solicit their support for 
landslide risk reduction. Because of the multi-
disciplinary nature of slope stability problems, a 
holistic approach is needed involving a cross-
ministry team and input from various disciplines 
(engineers, hydrologists, planners, etc.). Capacity 
building within the government as well as within 
the communities is the key. The collaborative 
approach contributed to institutional strengthening 
in a low-cost-high-return manner.  

The novel initiative comprises three key steps: 

 slope hazard zonation mapping (which 
involves the engagement of the local 
community and tapping the local knowledge 
to jointly identify the likely dominant 
processes in respect of landslide risk); 

 identification of slope instability process 
(using computer modelling and simulation); 

 developing sustainable and cost effective 
intervention measures 

In summary, the MOSSAIC approach seeks to 
establish three foundations for delivering ex-ante 
landslide risk reduction: 

 scientific base: landslide hazard can be 
reduced through the construction of 
strategically aligned networks of surface 
drains; 

 community base: community residents are 
not just seen as those ‘at risk’, but as the 
people with the best practical knowledge of 
the slopes where they live, and who can 
actively participate in identifying and 
delivering landslide risk reduction solutions; 

 evidence base: delivering effective landslide 
risk reduction measures can change risk 
management practices and policies 

Recent successful experiences in the Caribbean 
have changed local engineering practice as well as 
the World Bank’s policy on funding support, 

demonstrating that community-based approaches 
are practicable and cost effective in managing 
urban landslide risk.  

The uptake of MOSSAIC by some of the 
international disaster risk reduction funders, local 
practitioners and communities, together with 
apparent satisfactory performance, has provided 
the impetus to explore the development of other 
practical solutions (Holcombe et al., 2016).  

Frey et al. (2016) documented a useful case 
study in Santa Teresa, Peru, which involved the 
adoption of a community-based approach in a 
data-scarce catchment. A debris runout computer 
model, calibrated against a major past debris flow 
event, was used to predict potential larger-scale 
landslides against four types of community 
vulnerability, which reflected the sensitivity and 
resilience of any particular population. Measures 
such as upscaling the early warning system and 
community preparedness were drawn up based on 
vulnerability classes.  

7.6.2 Experience in Taiwan 

Taiwan has made concerted efforts to enhance 
community emergency response capability due to 
its vulnerability to multiple hazards including 
earthquakes, landslides, debris flows and flooding. 
Taiwan was struck by major natural disasters in 
the 1990s, including the Chi-Chi earthquake, 
Typhoon Toraji and Typhoon Nari. The 
authorities recognize that government emergency 
services might be delayed or affected because of 
the type or size of a disaster (or multiple 
disasters), and the constraints of the geographical 
features of the affected area. Under these 
conditions, communities play a significant role in 
responding to the early stages of a disaster. Based 
on past major disaster events, community 
involvement has generally shown good efficiency 
in emergency response and disaster recovery. 
Community-based disaster management is a sound 
approach in enhancing citizens’ preparedness for 
future disasters.  

The communities in local villages are 
empowered to take action in hazard mitigation, 
emergency preparedness and emergency response.  

The community-based disaster management 
concept is promoted using different programs. 
These programs are categorized into three types: 

 Type 1: disaster prevention and response 
groups sponsored by fire-fighting 
agencies 
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 Type 2: disaster response and recovery 
actions actively undertaken by the 
communities (including 
neighbourhood patrols, etc.) 

 Type 3:  community-based disaster 
management programs 

Type 3 programs are more comprehensive and 
provide the local communities with opportunities 
to assess their vulnerability, identify problems and 
develop solutions by involving the public sector, 
domain experts and community leaders and 
residents. A collaborative approach is adopted in 
developing emergency evacuation routes for 
debris flows. A new initiative, known as the 
Integrated Community-based Disaster 
Management Program (ICBDM), was launched 
with a view to strengthening community 
resistance and resilience Chen et al. (2006). 
ICBDM initiative focused on promoting pre-
disaster planning, facilitating disaster resistance 
capability and supporting communities with a 
framework to move towards a more resilient and 
sustainable future. Disaster prevention and relief 
efforts are organized by local counties or 
municipalities through the establishment of 
‘Disaster Resistant Communities’ and 
identification, training and empowerment of 
volunteer debris flow champions.  

Through a participatory process, community 
residents can learn how to analyze hazardous and 
vulnerable conditions, look out for telltale signs of 
impending landslides, develop strategies and 
solutions, and establish an organization to 
implement disaster management tasks. 
Furthermore, basic response training workshops 
were held in order to improve the emergency 
response capability. In addition, the participants 
are required to apply the skills and knowledge to a 
simulated disaster exercise, which gives the 
participants a practical perspective on the overall 
operations whilst further improving their skills. 
Emphasis is placed on cultivating the self-
protection concept within the local community, 
urging citizens to follow the government’s 
evacuation advice, and put into action appropriate 
self-protection measures.  

The authorities in Taiwan have put in strenuous 
efforts and considerable resources to enhance 
emergency preparedness, such as organizing 
comprehensive and well-planned annual 
emergency drills covering all populated areas of 
Taiwan. A simple and practical evacuation system 

has been developed for communities threatened by 
debris-flow hazards. The success of the 
community-based approach in landslide risk 
management is attributed to the culture, social 
dynamics, public perception of landslide risk 
given the history of multiple-fatality landslides, 
and the legal framework on emergency response.  

However, Chen et al. (2006) noted that 
experience in practice has identified some 
shortcomings, namely: 

 weakness and decline of public awareness 
of natural hazards, with only a minority of 
residents being willing to participate in the 
initiatives; 

 insufficient community-based disaster 
management professionals, guidelines and 
materials; 

 lack of sustained administrative and 
financial supports from some local 
governments (including lack of legislative 
mandates, funding and implementation 
mechanisms) making the community-based 
disaster management concept hard to put 
into action in full fledge. 

7.6.3 Experience in Hong Kong 

As early as the 1990s, the GEO recognized that 
either the administration or the community alone 
could not achieve the level of safety expected by 
the society (Massey et al., 2001). Since then, the 
GEO stepped up the community-based initiatives, 
as described below: 

(a) Public education (e.g. broadcasting of TV 
and radio announcements as well as on 
social media, roving exhibition, seminars 
and talks, pre-wet season media briefing, 
partnership with the media to deliver slope 
safety messages, ‘train the trainers’ such as 
teachers and property managers, etc.); 

(b) Public information (e.g. setting up of a 
designated unit within the GEO to handle 
public enquiries, provision of slope 
information via information technology 
infrastructures, identification and 
management of maintenance responsibility 
database, etc.); 

(c) Community outreach (e.g. establishment of 
community networks with various 
government departments, professional 
bodies, lawyers, insurers, pressure groups, 
NGOs, etc. and taping into their resources 
so as to reach out to as many people as 
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possible, specific messages to specific 
sectors such as vulnerable squatter 
communities); 

(d) Review of effectiveness of different 
measures via opinion surveys and cost-
benefit analysis. 

In recent years, the integration of the 
consideration of climate change impact into the 
slope safety policies led to, inter alia, further 
strengthening of the public education strategy, 
including enhanced promotion of self-protection 
and neighbourhood support (Figure 11), 
promulgation of key messages in secondary 
school curriculum in subjects such as geography 
and liberal studies, etc. 

The GEO promoted preventive maintenance 
through the prescriptive measures approach to 
enhance the stability of man-made slopes and their 
resilience to heavy rainfall. This entails the use of 
prescriptive measures, which are pre-determined, 
experience-based and suitably conservative 
modules of works prescribed without the need for 
detailed ground investigations and design 
analyses. Given due recognition of and allowance 
for the limitations in the use of prescriptive 
measures (e.g. the approach may not be sufficient 
for slopes affected by adverse geological and/or 
groundwater conditions), the prescriptive 
measures provides an efficient and practical 
means of quick improvement to slopes. The 
framework defines the various scopes of 
application of a range of prescriptive measures 

items (e.g. as preventive maintenance, urgent 
repair works or slope upgrading works). Typical 
detailing of the recommended modules of work is 
promulgated to facilitate prompt application.  

For example, the prescriptive measures for soil 
cut slopes are classified into the following three 
types: 

 Type 1: slope surface protection, local 
trimming and surface drainage  

 Type 2: subsurface drainage  
 Type 3: structural support  

Type 1 measures aim to improve surface 
protection (including hard surface cover such as 
shotcrete or a vegetated cover incorporating an 
erosion control mat), surface drainage and local 
stability. Type 2 measures aim to improve surface 
drainage and provide contingency subsurface 
drainage measures. In essence, these two types of 
prescriptive measures are preventive maintenance 
works which will help to reduce the rate of slope 
deterioration and improve the resilience to water 
ingress and reduce the susceptibility to slope 
failure. Type 3 measures aim to provide slope 
upgrading or stabilization measures to improve the 
overall slope stability. These three types of 
measures may be applied in isolation or in 
combination to a given slope. 

7.6.4 Impact of low-frequency large-magnitude 
hazards 

The community-based approach to landslide 
risk management is often conditioned or 
influenced by past experience with historical 
landslides in the vicinity. This applies largely to 
emergency preparedness and response as well as 
the minor slope improvement works. Some 
important insights may be gained from past 
incidents of communities impacted by low-
frequency, large magnitude events. 

7.6.4.1 Mainland China 

Mainland China adopts a grid-based 
administration for rural areas and landslide risk 
reduction largely relies on village representatives 
who are tasked with coordinating the 
implementation of emergency warning and 
response. The communities are trained to be 
resilient to landslides and mitigate the risk of 
landslides by heeding warning of impending or 
potential failure, and reducing exposure of the 
affected population.  

Figure 11. Leaflet of landslide self-help tips 



SCG-XIII INTERNATIONAL SYMPOSIUM ON LANDSLIDES. CARTAGENA, COLOMBIA- JUNE 15th-19th-2020 

32 

 

On 8 August 2010 in the province of Gansu, a 
sizeable debris flow triggered by an extreme 
precipitation event devastated the small country of 
Zhouqu claiming more than 1,400 lives. The 
hillsides around Zhouqu have a long history of 
landsides but the 2010 debris flow was unique in 
its unprecedented magnitude. There was a 
considerable amount of loose soil and rock along 
the drainage channels which could be entrained by 
a debris flow. Nine small check dams that were 
built before the disaster were destroyed by the 
debris flow. Deforestation and topsoil erosion, 
together with distress of the hillside caused by 
major Wenchuan earthquake in 2008, were critical 
contributors to the massive scale of the debris 
flow.  

It is likely that the affected community did not 
have experience with such a sizeable landslide and 
hence was vulnerable due to lack of knowledge 
and preparedness.  

7.6.4.2 Brazil 

A series of mudslides and debris floods took 
place in January 2011 in several towns of the 
mountainous region in Rio de Janeiro as a result 
of extreme rainfall. These caused more than 800 
deaths, the majority of which were in poverty-
stricken rural communities in slum settlements 
(Netto et al., 2011).  

Following landslide disasters in Rio de Janeiro 
during extreme rainfall in 1966 and 1967 which 
claimed 1,000 and 1,700 lives respectively, the 
Geo-Rio was created in 1966 as the central 
authority to manage the landslide risk in Rio de 
Janeiro. The scale of the 2011 disaster aroused 
renewed public concerns about slope safety, 
which prompted enhancement of the early 
warning system for landslides to incorporate the 
new community-based alert and alarm system 
(A2C2 network).  

7.6.4.3 Colombia 

Numerous debris flows occurred on the hillside 
overlooking Mocoa of Colombia on 
31 March 2017. These were triggered by intense 
short-duration rainfall combined with the effect of 
antecedent rainfall in the four days before the 
disaster. The debris flows led to the death of more 
than 400 people in a village settlement within a 
catchment which has a history of repeated debris 
flows (Prada-Sarmiento et al., 2019). Many of the 
affected houses were located on the deposition fan 
of previous debris flow events, including those 

newly constructed since the early 2000s. It is 
noteworthy that the debris flow in 1960 generated 
deposits that are spatially similar to those from the 
2017 events.  

In 2017, numerous shallow debris slides and 
debris avalanches occurred on the hillsides 
upstream of Mocoa, which entered into drainage 
lines. The debris coalesced, mixed with the 
running surface water and transitioned into a 
channelized debris flow. This further entrained 
loose material along its trail and became a 
sizeable, boulder-laden debris flow with about 
2 million m3 of transported material including 
boulders up to 10 m in size.  

The serious consequence of the 2017 event was 
partly due to the community being apparently 
unprepared for what was to come. The residents’ 
memory of past sizeable debris flows was short or 
lost, and the more recent influx of inhabitants 
might not have the requisite knowledge. The 
occurrence of smaller-scale debris flows in more 
recent times before 2017 could have conditioned 
the expectations of the local community to some 
extent. The residents were probably taken by 
surprise given the massive scale of the 
2017 events under intense rainfall. 

7.6.4.4 Taiwan 

Typhoon Morakot landed on Taiwan on 
7 August 2009 and brought about unprecedented 
severe rainfall for four days. The storm produced 
record amounts of rainfall, peaking at 2,777 mm 
and resulted in many sizeable landslides and 
debris flows. The most tragic event occurred at 
Shiao Lin Village where a huge landslide buried 
many mountain rural communities and claimed 
almost 500 lives. The government faced extreme 
criticism for the slow response to the disaster.  

The prevailing evacuation procedures for the 
village were overwhelmed by the scale and 
mobility of the landslides as a result of the 
unprecedented size of the rainstorm. A review was 
conducted by Knight et al. (2012). The pre-
disaster hazard mitigation plans were considered 
to be disjointed and piecemeal. There was a 
lengthy and significant breakdown of 
communication between central authorities and 
local residents and this impacted severely on local 
residents to prepare for and mitigate against such 
an extreme event. It took nearly 26 hours after the 
Shiao Lin landslides before emergency services 
responded.  
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It was noted that prior to the Shiao Lin Village 
disaster, there was excessive use of betel nut 
farming on steep mountain slopes surrounding the 
villages, which is detrimental to soil conservation 
because of its shallow root system. Thus improper 
land use compounded the effects of heavy 
typhoon rain. It was evident that many residents 
failed to properly heed warnings concerning the 
true intensity of the storm and did not know the 
correct evacuation practices to follow.  

There was much criticism about the hierarchical 
and overly complicated organizational structure of 
the government’s emergency system, which was 
considered to have impeded the timeliness and 
scale of the response. In addition, there were 
confusing chains of command, fragmented 
information flow and lack of authority and 
resources. Some high ranking officials, including 
the Premier and the Mayor, were compelled to 
resign in the wake of the disaster. 

The incident emphasized the vulnerability of 
the community-based response given the impact 
of an unprecedented landslide hazard, the 
inadequacy of emergency preparedness, 
breakdown of crisis communication and possibly 
an element of complacency by some of the 
residents. Despite the training exercises and public 
education efforts, it transpired that many residents 
had very little knowledge of preparedness, hazard 
mapping, evacuation protocol and risk 
communication. 

Subsequent to Typhoon Morakot, legislation 
amendment was enacted in Taiwan to make 
evacuation a compulsory practice rather than a 
voluntary one under certain circumstances (i.e. 
compulsory evacuation under red alert and 
voluntary evacuation under yellow alert).  

7.6.4.5 Hong Kong 

An intense rainstorm struck Lantau Island of 
Hong Kong in June 2008 and caused some 2,400 
natural terrain landslides. The 4-hour rainfall 
(with a rolling maximum of 384 mm) was the 
most critical with a calculated return period of 
more than 1,100 years.  

The landslides caused major havoc to the local 
communities, some of which were cut off for 
several days and many residents had to be 
evacuated from their homes temporarily 
(Figure 12). The 2008 rainstorm could be regarded 
as a near-miss event as Lantau Island is one of the 
sparsely populated areas in Hong Kong. The 

consequences could have been much more serious 
had the 2008 rainstorm hit the densely developed 
urban areas of Hong Kong. 

The key observations are as follows (Wong, 
2009b): 

(a) The landslide density in the 
June 2008 rainstorm was higher than that 
projected from the correlation with 24-hour 
rolling rainfall based on past studies using 
aerial photographs that span over a period 
of about 80 years. Much caution is needed 
in using historical landslide inventory as a 
basis for assessing extreme events by 
simple projection, given that the large and 
mobile landslides are potentially under-
represented. Based on the additional data, 
the GEO updated the storm-based rainfall-
landslide correlation for natural hillsides 
and enhanced the debris flow alert system. 

(b) Apart from the exponential increase in 
landslide density with rainfall intensity, 
both the scale of failure and debris mobility 
were also found to increase with the 
severity of rainfall. 

(c) Deviation of debris flow paths from 
drainage lines – field mapping revealed that 
in some cases, the debris flows did not 
follow the alignment of the drainage lines. 

(d) Dynamic nature of drainage lines – the 
scale and characteristics of debris flow 
hazards at drainage lines could change with 
time as debris is flushed or deposited by 
subsequent landslides that take place 
intermittently in the catchment, which 
would change the entrainment potential 
with time. 

Figure 12. Natural terrain landslides behind a row of 
residential buildings under June 2008 rainstorm in Hong 
Kong 
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7.6.4.6 Insights from past major landslides 

Insights from past major landslide events 
triggered by extreme rainfall have highlighted 
some bottlenecks in respect of community-based 
landslide risk management, which include the 
following: 

(a) Early warning system not taken seriously – 
some citizens do not heed the warning and 
neglect precautionary actions to reduce 
their exposure to risk. This may be due to a 
declining level of trust in the authorities 
and technical experts, tendency to under-
estimate the landslide hazard (especially if 
the hazard is unfamiliar in terms of nature, 
scale or mobility) and over-estimation of 
their ability to escape from the hazard when 
it does become obvious; 

(b) The communities are likely to be 
unprepared for large-scale landslide 
hazards, as their mindset is usually 
conditioned by a relatively short memory 
which typically encompasses smaller-scale 
landslide hazards; 

(c) Over-reliance by some professionals on 
landslide inventories that are based on a 
relatively short time window, which is 
likely to under-represent the low-frequency, 
large-magnitude events; 

(d) Conventional susceptibility, hazard and risk 
maps may not be sufficiently reliable 
because of limited resolution and data 
constraints or they may not adequately 
reflect the potential impact of the 
widespread and severe landslide scenario 
under extreme weather events; 

(e) The efficacy of the emergency management 
system, including emergency preparedness, 
response and recovery, may not stand up to 
the test under an extreme rainfall event; 

(f) Potential for large-scale breakdown in 
mobile communication channels during 
extreme weather events. 

Some of the above bottlenecks or weak links 
may also be applicable to severe rainfall events 
which occur more frequently than extreme rainfall 
events. 

7.7 Potential impact of extreme weather 
events and climate change 

In practice, we generally focus on dealing with 
the impact of smaller-scale, ‘everyday’ landslide 

hazards on existing development as such typical 
and frequent hazards (i.e. extensive risk) 
contribute to an accumulation of risk, which can 
compromise livelihoods at community levels and 
erode economic growth. As the effect of climate 
change is increasingly felt round the globe, we 
have to gear up for the potential impact of low-
frequency, large-magnitude landslide hazards (i.e. 
intensive risk) that may be associated with 
extreme weather events. It is projected by climate 
models in various places that extreme rainfall 
events will likely occur with increasing frequency 
and severity (Ho et al., 2017a).  

As a reference, following significant damage 
and disruption by the record-breaking rainfall in 
June 2008, Hong Kong carried out risk-based 
assessment of extreme landslide scenarios 
incorporating the concepts of Probable Maximum 
Precipitation (PMP) and stress testing to assess the 
likely scale of the problem. It was concluded that 
the comprehensive slope safety system in Hong 
Kong would be overwhelmed as it falls far short 
of being able to deal with the disastrous impact of 
extreme rainfall events. The key adaptation and 
resilience strategies adopted in Hong Kong to 
enhance preparedness for the impact of climate 
change on slope safety are presented by Ho et al. 
(2017b). 

The potential effect of climate change leading 
to more frequent occurrence of extreme rainfall 
may give rise to very significant damage due to 
landslide hazards that are unprecedented in scale 
and mobility, or the occurrence of less common 
failure mechanisms such as massive and highly 
mobile rock avalanches. The impact may turn out 
to be a major shock to the affected community and 
the authority. This is particularly the case where 
the community-based risk management approach 
involving the use of small-scale slope 
improvement measures appeared to have worked 
well in the past, which is liable to give rise to 
complacency. 

The assessment of potential impact of climate 
change on slope safety is fraught with 
considerable uncertainty, including known 
unknowns as well as unknown unknowns. There 
are major uncertainties associated with the 
behaviour of the hillside under extreme rainfall. 
Lack of experience with the behaviour under 
extreme rainfall may result in under-estimation of 
the potential runout zone. It is conceivable that 
extreme weather events may also trigger 
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concurrent multiple hazards (e.g. landslides and 
flash flooding), with cascading effects elevating 
the risk level further.  

The effect of climate change and impact of 
extreme weather events may lead to a higher 
likelihood of occurrence of landslide disasters 
with massive fatalities. There will be strong public 
aversion and outcry in the event of major landslide 
disasters such as sizeable debris flows engulfing 
an entire village or large-scale human settlement 
leading to massive fatalities, especially if the same 
mistakes are apparently repeated and past lessons 
not learnt (e.g. the disaster occurs in a vulnerable 
hillside catchment with a known history of 
failures). The situation can quickly develop into a 
major social and political crisis.  

The community-based approach to landslide 
risk management, if successfully and well 
implemented, will serve to enhance the societal 
resilience against the smaller-scale landslide 
events. However, the community may remain 
vulnerable to large-scale, mobile landslides that 
may be triggered by extreme rainfall.  

Whilst poor land-use planning is undoubtedly 
one of the priority issues a jurisdiction needs to 
tackle from a landslide risk management 
perspective, one should not lose sight of the need 
to take due cognizance of the potential calamities 
associated with extreme weather events. 
Maintaining vigilance of extreme weather 
scenarios and awareness of the need for integrated 
emergency management under such conditions is 
essential to crisis preparedness planning. 

8 DISCUSSION – PRACTICAL ISSUES OF 
LANDSLIDE RISK MANAGEMENT 

There have been considerable advances in 
scientific knowledge in respect of landslide 
mechanisms and debris runout characteristics. The 
technical know-how may be tapped for application 
to landslide risk management. It should be noted, 
however, that risk management embraces not only 
technical considerations but also socio-economic 
and political aspects. Whilst the landslide risk 
management framework and measures are 
transferable in principle, experience has shown 
that their practical implementation in different 
regions could be fraught with difficulties, which 
may thwart their effectiveness in terms of risk 
reduction. Some of these salient issues are 
discussed below. 

8.1 Disconnect between policy and practice 

Despite the recognition that disaster risk 
reduction is required for sustainable development, 
systematic implementation of practical 
interventions with preventive or mitigation works 
is generally limited. There are examples of good 
disaster risk reduction strategies being drawn up 
but not implemented (United Nations, 2019) 
because of dwindling political support, inadequate 
stakeholder awareness and insufficient resources. 
Typically, there is a significant time lag in funding 
ex-ante landslide risk reduction works, despite 
compelling evidence that planned risk mitigation 
would be more cost effective and humane than 
post-disaster actions.  

Political buy-in, a paradigm shift to adopt a 
systems-based approach and sustained funding are 
called for. Whilst there are numerous political, 
resources and mindset challenges, one should not 
allow inertia or political short-sightedness to 
impede appropriate landslide risk management 
actions. Given the various risk drivers, delaying 
disaster mitigation actions will only lead to 
escalating risk with increasingly complex and 
fragile contexts. However, political considerations 
prevail in many cases, which is far from ideal 
from a risk management point of view. 

8.2 Nurturing a risk-conscious safety culture 

Anthropogenic activities as well as human 
errors or inadequacies in professional input play a 
signficant role in many landslide disasters. The 
vast majority of theses human-induced disasters 
could be mitigated in principle. Professionals 
should endeavour to get prepared and cater for 
uncertainties in a more explicit and planned 
manner. A good starting point is to systematically 
diagnose what may go wrong by reference to 
lessons learnt from failure investigaitons, what are 
the practical mitigation measures, the means 
through which these can be implemented or 
enforced, identify the responsible parties, etc.. 
Such a systematic diagnosis may be presented in 
the form of a risk register. Risk-informed, data-
driven decision-making should be promoted.  

It is also important to mainstream a new safety 
culture in the society that acknowledges 
uncertainties, system limitations and the likely 
occurrence of failures with potentially very 
serious consequence, enhance community 
resilience and promote community self-protection, 
self-help and neighbourhood support. 
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Landslide disasters involving inappropriate 
human behaviour continue to strike causing loss 
of lives and affecting livelihoods. A multi-
disciplinary approach, including a social science 
perspective, is called for in attempting to influence 
human behaviour. 

8.3 Integrating Government steer with 
community-based approach – but how to 
sustain the fizz of this ecosystem? 

There is increasing realisation that 
government’s input needs to be complemented by 
actions from the community in the interest of 
holistic landslide risk management. It is 
imperative to secure support from and work in 
partnership with the key stakeholders in 
developing a proactive and coherent landslide risk 
management policy. Community-based 
approaches can contribute to more inclusive 
disaster risk management and better identification 
of people’s needs, facilitate bottom-up planning 
and empowerment of the local population. There 
is a pressing need to move away from a reactive 
approach to a more proactive and multi-
disciplinary approach of risk management, with 
emphasis on risk control, risk reduction, working 
with the citizens to strengthen community 
resilience, together with enhancing crisis 
preparedness and emergency response.  

The community-based approach should be 
actively promoted to supplement other risk 
reduction strategies. Every endeavour should be 
made to sustain such ecosystem and the necessary 
public education campaigns. The goal is to build 
up good community spirits, maintain the 
motivation of stakeholders and sustain the 
community-based strategy over an extended 
period of time so that the citizens do not become 
complacent.  

An important element of the bottom-up 
approach is the availability of a sufficiently 
reliable and robust early warning system. In recent 
years, various attempts have been made to develop 
local early warning systems, such as the 
“Community-based Alert and Alarm System” 
launched by Geo-Rio in 2011 for different local 
settings. This is an audible, people-centred 
warning system using sirens as well as SMS text 
messaging. In practice, the municipal government 
has been facing challenges in establishing a 
suitable threshold that would reduce the number 
of missed alarms whilst not producing a 
significant number of false alarms that may 

generate a sense of distrust of the system by the 
at-risk community. There have been occurrence of 
fatal landslides whereby the sirens had not been 
activated because the rainfall alarm threshold was 
not reached. Also, there have been reports that 
residents do not hear the sirens until it is too late 
and that many such community-based programs 
were discontinued with budget cuts in recent 
years.  

Major landslide disasters have continued to 
occur in countries with well-established 
community-based approaches for risk 
management. This highlights that the community-
based approaches do face a variety of weak links 
(see Section 7.6.4.6), which may adversely affect 
their practicality and effectiveness from time to 
time.  

Carefully designed and creatively implemented 
public education programmes that are sufficiently 
penetrating and impactful with a view to 
promoting enhanced public awareness and proper 
understanding of the nature and reality of 
landslide risk is of the essence so that the 
commitments of the various stakeholders could be 
better sustained.  In practice, this is easier said 
than done, especially following a spell of 
relatively non-eventful years. 

8.4 Importance of system uniqueness and 
peer benchmarking 

Each place is unique in terms of the range of 
landslide hazards, physical setting, risk profile, 
political and socio-economic environment, public 
expectation, resources constraints, etc. Hence, 
landslide risk management has to be designed for 
implementation in a strategic and pragmatic 
manner. A fit-for-purpose slope safety system 
needs to be judiciously framed and customised 
with a view to achieving maximum return for the 
investment made.  

To ensure that the slope safety policies are 
relevant and effective, due regard should be given 
to the social and economic structure of the 
exposed communities. The governance and 
institutional support architecture of the system are 
of the essence and merit careful consideration. 
Suitable legislative and regulatory provisions are 
indispensible. Although there is no such thing as a 
“one size fits all” solution, the fundamental 
concepts of risk management and systems 
approach are universially applicable in principle.  
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In practice, policy-makers and safety managers 
can benefit from expert input through an advisory 
board (comprising both international and local 
members) to help tailor-make a system design or 
system upgrade for managing landslide risk. This 
will provide peer benchmarking against 
international best practice and advice on the 
strategic development of a landslide risk 
management system to suit the individual 
country’s or region’s needs. In the process, it 
would also be useful to benchmark the risk 
management system against the Sendai 
Framework for Disaster Risk Reduction (2015-
2030), which provides a useful reference and 
roadmap to make communities safer and more 
resilient aganst systemic risks (United Nations 
Office for Disaster Risk Reduction, 2015).  

After launching the landslide risk management 
system, it is advisable for a jurisdiction to 
consider engaging an independent review panel to 
undertake technical and management audits of the 
risk management measures effectiveness and 
identify system defects. This will promote 
transparency and continuous improvement.  

In reality, the above good practices appear to be 
not commonly adopted to date. 

8.5 Acute challenges of risk communication 

Decision-making under uncertainty is an 
essential aspect of risk management. The concept 
of risk is poorly understood in practice. 
Traditionally, risk has been treated as a 
deterministic metric and conventional concept 
such as factor of safety is liable to give the wrong 
impression that a slope is either safe or dangerous. 
Engineering professionals are generally not apt at 
communicating risk to policy-makers and the 
general public. 

Uncertainty may be classified as (i) inherent 
uncertainty (e.g. spatial variability of the 
geology), which cannot be reduced, and (ii) 
epistemic uncertainty, which denotes uncertainty 
due to lack of knowledge (e.g. measurement 
errors, uncertainty due to limited information, 
model uncertainty, etc.). A suite of methodologies 
and tools may be used to explicitly account for 
uncertainties in assessing risk, although the 
requirements for data input can be demanding and 
the models themselves are subject to uncertainty. 
However, the challenge of properly 
communicating the estimated risk (which in itself 

is subject to uncertainty) to other layman 
stakeholders can be particularly acute.   

In the context of risk management, appropriate 
risk and crisis communication is of the essence, in 
particular the clarity and simplicity of the 
messages. As the public can play a key role in 
both risk creation as well as risk reduction, their 
realistic perception and tolerability of landslide 
risk, which in turn will influence their behaviour, 
is of the essence. In reality, risk communication is 
not just about numbers but also feelings. 
According to cognitive theories, there can be 
major differences between the risk judgement of 
experts and lay people. These differences are not 
necessarily due to ignorance amongst the public, 
but are often driven by concerns that are not 
considered in the expert’s models. In essence, risk 
information is interpreted and used in a broader 
organisational, social, political and cultural 
context. Risk perception can be influenced by 
individual’s belief, value judgement, emotions, 
trust, past experience, biases, fear, etc.  

Public education on the nature and reality of 
landslide risk is a key in minimizing potential 
misunderstanding, improving landslide literacy 
and promoting more realistic risk tolerance. 
Tolerability of risk involves the degree of 
familiarization with the risk, perceived level of 
control over it, and the level of trust in the 
authority and technical experts.  

The above is a complex social science issue and 
warrants special attention in designing the public 
education programmes and risk communication 
strategy. Expert advice by suitable social science 
specialists adopting a multi-disciplinary approach 
can be beneficial. Poor risk communication can 
impair the decision-making process and adversely 
affect the individual’s response to warnings. The 
challenges involved in risk communication are 
often under-estimated and there is ample room for 
improvement. 

8.6 Effectiveness of early warning system 
and emergency response 

The effectiveness of early warning system and 
emergency response will depend on the 
availability of robust and proper functioning of 
equipment (e.g. raingauge or sensors measuring 
slope response such as movement or acoustic 
emission) strategically located with appropriate 
threshold values set, together with reliable 
communication channels and means to transmit 
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the alert signals. The potential influence zone of 
the landslide hazard needs to be appropriately 
established.  

The response by the population at-risk will be 
affected by, inter alia, risk knowledge and socio-
economic considerations. For example, some of 
the occupants of unauthorized slum settlements 
may be unwilling to follow the advice on 
temporary evacuation because of fear of losing 
their homes or their belongings due to distrust in 
the authority. Other potential weak links which 
have been observed in past major landslide cases 
are discussed in Section 7.6.4.6. 

8.7 Reliability and effectiveness of land-use 
planning policies 

Due to drastic population increase and rapid 
urbanization, many countries round the world are 
forced into permitting or tolerating the 
exploitation of hillslopes to provide housing and 
infrastructure, whereby the control regimes 
needed to ensure a good quality built environment, 
well protected against intense rainstorms, have not 
been put in place. The integration of disaster risk 
mitigation concepts into the planning and 
development process has been not done well in the 
past in many places, hence resulting in a legacy of 
unsafe slopes and substandard retaining wall 

Where a control regime is established within 
the land-use planning system, regional landslide 
susceptibility, hazard or risk maps of different 
scales are possible supporting tools. However, 
caution is needed as the reliability and 
applicability of such regional maps may be subject 
to uncertainty because of data constraints and 
limitations of the methodology adopted in 
compiling these maps. The maps involve the 
consideration of debris runout for different types 
of landslide hazards which is not straightforward. 
The limited resolution of such maps has 
implications on the applicability of these maps for 
assessing new development proposals and the risk 
exposure of existing developments. 

The effectiveness of the land-use planning 
system will depend on whether there is sufficient 
authority to require the project proponents to 
make the necessary submissions for vetting and 
approval. This will usually require legislative 
mandates and regulatory provisions as well as 
diligent compliance by the stakeholders of 
concern. Also, prompt and effective enforcement 

actions need to be taken by the authority in the 
event of illegal occupation of land.  

In practice, lack of clear authority, non-
compliances and ineffective enforcement actions 
due to lack of resources are not uncommon, 
particularly in developing and less-developed 
countries. 

9 CONCLUSIONS 

Globally, the overall landslide risk is liable to 
increase due to population growth, urbanization, 
and damage of the environment by human 
activities and development. This is compounded 
by the climate crisis which may lead to more 
frequent occurrence of extreme weather events 
and drive climate refugees from coastal regions to 
mountainous regions on a massive scale.  

Urban slope engineering and landslide 
mitigation have progressed to a stage whereby 
risk-to-life due to landslides can be assessed from 
a technical perspective and managed in an 
integrated manner. Holistic landslide risk 
management entails the combined use of 
engineering (i.e. hard) and non-engineering (i.e. 
soft) approaches, pursuant to a multi-pronged risk 
management strategy. Nature-based or ecosystem-
based solutions are also being developed and 
promoted. 

Although governments are primarily 
responsible for protecting their citizens from 
disaster risk, it is increasingly recognized that 
local communities of civil society most threatened 
by landslide hazards can be key initiators of 
disaster mitigation and personal precautionary 
actions in order to reduce exposure and 
vulnerability at times of high landslide risk. All 
stakeholders should be engaged with a view to 
adopting a participative, multi-disciplinary 
approach in co-designing and co-generating risk 
management measures and enhancing community 
resilience.  

It is evident from systematic studies of slope 
failures that humans can be involved in a 
multitude of ways (either through their action or 
inaction) in causing landslide disasters. Some of 
these disasters are found to be associated with 
weak engineering together with inadequate risk 
management practices and poor regulatory 
practice. Upskilling of professional competence 
and implementation of strategic landslide risk 
management with sound governance are called for. 
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Ironically, human beings can be the source of 
many landslide problems, as well as the mastery 
of the solutions to these problems.  

Landslide risk management embraces not only 
technical considerations but also socio-economic 
and political aspects. The complex interplay of 
different considerations, together with uncertain 
and sometimes unpredictable behaviour of human 
beings, can lead to bottlenecks. These in turn can 
thwart the effectiveness of holistic landslide risk 
management in terms of risk reduction and control. 
There is a pressing need to incentivize more trans-
disciplinary, integrated, multi-sectoral research in 
order to enhance risk assessment, communication, 
mitigation and management.  

Given the many uncertainties in landslide risk 
management due to limitations in geo-science and 
technology, increasingly complex and fragile 
contexts, human inadequacies and potential 
system defects and weak links, it is imperative 
that professionals, safety managers and policy-
makers do not allow ignorance or complacency to 
trap them into doing less than they ought to, as the 
price to pay by society can be tremendous. 
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