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The overall objective of this review is to gain insights into landslide risk reduction measures that are applied
or recommended in tropical landslide-prone countries, and the challenges at play. More specifically, this
review aims to (i) presenting an overview of recent studies on landslides and landslide risk reduction in these
countries, (ii) exploring the factors controlling the publication output on landslides and landslide risk
reduction, (iii) reviewing the various landslide risk reduction measures recommended and implemented, and
(iv) identifying the bottlenecks for the implementation of these strategies. A compilation of recommended
and implemented landslide risk reduction measures in 99 landslide-prone tropical countries was made, based
on an extensive review of scientific literature (382 publications). The documented measures are analysed
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2 Progress in Physical Geography

using a scheme of risk reduction measures that combines classifications of the Hyogo Framework for Action
and the Safeland project. Our literature review shows that the factors influencing the number of publications
on landslides and landslide risk reduction per country are (in order of importance) the absolute physical
exposure of people to landslides, the population number and the Human Development Index of a country.
The ratio of publications on landslide risk reduction versus publications on landslides for landslide-prone
tropical countries does not vary much between these countries (average: 0.28). A significant fraction (0.30) of
all known landslide hazard reduction measures are neither implemented nor recommended according to our
review. The most recommended landslide risk reduction component is ‘risk management and vulnerability
reduction’ (0.38). However, the most implemented component is ‘risk assessment’ (0.57). Overall, the ratio
of implemented versus recommended landslide risk reduction measures in the tropics is low (<0.50) for most
landslide risk reduction components, except for ‘risk assessment’ (3.01). The most cited bottlenecks for

implementing landslide risk reduction measures are scientific (0.30) and political (0.29) in nature.
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I Introduction

Landslides (LS) are defined as ‘the movement
of a mass of rock, debris or earth down a slope’
(Cruden, 1991: 27). They present a serious
problem in many regions worldwide, claiming
thousands of deaths per year (Petley, 2012).
Especially in the tropics, many regions are
strongly affected by LS due to high precipitation
and weathering rates, particularly in zones with
steep topography and tectonic activity (Kirsch-
baum et al., 2015). Moreover, LS risk in the
tropics is expected to increase in the near future
as a response to increasing demographic pres-
sure, deforestation and land use changes (Kjek-
stad, 2007) as well to climate change (Gariano
and Guzzetti, 2016). In addition, most fatalities
due to LS occur in Global South countries that
are predominantly located within the tropics
(Kirschbaum et al., 2015; Petley, 2012). Further-
more, the impact of LS on the population can be
very high in tropical developing countries due to
their high economic, social, political and cultural
vulnerability (Alcantara-Ayala, 2002).

The recent Sendai Framework for Disaster
Risk Reduction (DRR) has renewed the interna-
tional focus on reducing risk of disasters
(UNISDR, 2015). Investing in DRR was

identified as one of the key priorities. Disaster
‘risk’ is defined as ‘the potential disaster losses,
in lives, health status, livelihoods, assets and
services, which could occur to a particular com-
munity or a society over some specified future
time period’ (UNISDR, 2009: 9), while ‘hazard’
refers to the natural event itself that may affect
different places singly or in combination at dif-
ferent times (Wisner et al., 2004). According to
UNISDR (2009: 10), DRR is ‘the concept and
practice of reducing disaster risks through sys-
tematic efforts to analyze and manage the causal
factors of disasters, including through (i)
reduced exposure to hazards; (ii) lessened vul-
nerability of people and property; (iii) wise
management of land and the environment; and
(iv) improved preparedness for adverse events’.
Especially for low-intensity, high-frequency
events like LS, DRR 1is considered the most
cost-effective option to limit the negative
impacts of disasters (Mechler et al., 2010).

It is relevant to first analyse what is currently
being recommended and implemented globally
to support research and investment in DRR
(UNISDR, 2015). A hazard for which such a
review of risk reduction (or mitigation) mea-
sures is still lacking is LS. As the scientific
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literature on LS is rapidly increasing (Gutiérrez
et al., 2010; Wu et al., 2015), it is important to
maintain an overview, meaning that we under-
stand which LS-DRR is being investigated and
where, what explains observed differences
between recommended and implemented mea-
sures and which potential pitfalls the implemen-
tation of such DRR is facing. Although such
overview is certainly relevant to a wide audience,
this is especially the case for earth scientists since
most of the research on LS is currently conducted
by this research community. A meta-analysis of
recommended and implemented measures may
certainly help in identifying the next steps to
contribute to long-term LS-DRR.

The overall objective of this review is there-
fore to gain more insights into the implementa-
tion of LS-DRR measures applied and
recommended in tropical LS-prone countries,
and the challenges at play. We focus on the
tropics for two reasons. First, this research
frames in the AfReSlide project (Kervyn et al.,
2015), which tries to identify LS-DRR measures
for tropical countries such as Uganda and
Cameroon. This study thus serves as a good
starting point to understand LS-DRR in these
two countries. Second, LS risk is expected to
increase in tropical regions due to climate
change, while many of these regions in Affica,
South America and Asia are currently understu-
died (Gariano and Guzzetti, 2016). The pro-
jected increases in the intensity and frequency
of extreme precipitation events in the tropics
(IPCC, 2014) and subsequently on increasing
LS risk (Seneviratne et al., 2012) serve as a
valid reason to target tropical LS-prone coun-
tries for our analysis. The specific objectives
are: (i) to compile an overview of studies on
LS and LS-DRR in tropical LS-prone countries,
(ii) to explore the factors controlling the number
of scientific studies conducted on LS and
LS-DRR per country, (iii) to review the various
LS-DRR measures recommended and imple-
mented and (iv) to identify the bottlenecks for
implementing these measures.

Il Study area, data and methods

| Selection of study area and country-
specific data

In this study, we only considered countries for
which (1) at least 50% of their land area lies
between the tropical circles and (2) at least one
inhabitant per year was exposed to either rain-
fall- or earthquake-triggered LS per year,
according to the Global Risk Data collected by
the Norwegian Geotechnical Institute (NGI) for
the Global Assessment Report on DRR (Giu-
liani and Peduzzi, 2011). This Global Risk Data
is, to our knowledge, the most complete and
consistent global dataset. It expresses the abso-
lute physical exposure to LS as the expected
average annual population exposed (# inhabi-
tants/year) and is based on the modelling of
LS susceptibility and population density (NGI,
2013). Of the 138 tropical countries, 99 met this
second criterion and were considered for our
review on recommended and implemented
DRR measures for LS (Table 1). Evidently, the
Global Risk Data used to identify the LS-prone
countries is subject to uncertainty. This uncer-
tainty, combined with the relatively coarse spa-
tial resolution of the data, may induce erroneous
inclusions or exclusions in our list of tropical
LS-prone countries. Especially, some small
island states are not LS-prone according to this
database, but this is not necessarily the case
(Table 1); for example, the Bahamas (Buchan,
2000), the Seychelles (Payet, 2005), and St Vin-
cent and the Grenadines (Anderson et al., 2010).
Therefore, this list should be interpreted with
caution. To investigate the potential extension
of these errors, we also checked for each non-
landslide-prone country to see whether articles
on LS-DRR were published for that country
(using the same methodology and criteria
described in section 2.2). This was the case for
nine countries (Table 1). However, given their
small area, limited population and publication
count, the impact of these wrongfully assigned
countries on our analyses is likely to be very
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Table I. Overview of landslide-prone and non-landslide-prone tropical countries based on Global Risk Data
(NGI, 201 3) with, between brackets, the number of publications on landslides and on landslide risk reduction,
respectively, in Scopus for the period between January 2005 and January 2015. An asterisk “*’ means that the
countries do yield landslide publications in Scopus for the period between January 2005 and January 2015.
(Note: Since the search period for articles was between January 2005 and January 2015, South Sudan was not
considered.)

Landslide-prone tropical countries (n = 99)

Angola (4;1), Antigua and Barbuda (1;0), Bangladesh (20;10), Belize (0;0), Benin (1;0), Bolivia (17;5), Botswana
(0;0), Brazil (154;39), Brunei (3;0), Burkina Faso (I;1), Burundi (1;0), Cambodia (4;1), Cameroon (17;4),
Cape Verde (4;0), Cayman Islands (2;0), Central African Republic (0;0), Chad (0;0), Colombia (37;18),
Comoros (2;1), Congo (7;0), Democratic Republic of Congo (4;1), Costa Rica (30;6), Cuba (8;3), Djibouti
(0;0), Dominica (8;0), Dominican Republic (7;2), Ecuador (49;8), El Salvador (16;7), Equatorial Guinea (1;0),
Eritrea (1;0), Ethiopia (19;6), Fiji (4;1), French Guiana (0;0), Gabon (0;0), Ghana (0;0), Grenada (4;1),
Guadeloupe (10;3), Guam (0;0), Guatemala (15;3), Guinea (29;1), Guinea-Bissau (0;0), Guyana (I;1), Haiti
(27;9), Honduras (15;8), India (430;139), Indonesia (97;35), Ivory Coast (0;0), Jamaica (7;2), Kenya (8;6),
Laos (8;3), Liberia (2;0), Madagascar (4;1), Malawi (5;1), Malaysia (159;39), Mali (0;0), Martinique (8;1),
Mauritius (1;0), Mexico (160;29), Mozambique (7;2), Myanmar (15;3), Namibia (3;1), Netherlands Antilles
(0;0), New Caledonia (4;3), Nicaragua (26;5), Niger (4;2), Nigeria (19;3), Oman (9;1), Panama (14;2), Papua
New Guinea (22;4), Paraguay (1;0), Peru (62;17), Philippines (71;23), Puerto Rico (37;8), Réunion (15;0),
Rwanda ((2;0), Sio Tomé and Principe (0;0), Senegal (3;0), Sierra Leone (1;0), Solomon Islands (3;1),
Somalia (2;1), Sri Lanka (21;1 1), St Lucia (5;4), Sudan (3;2), Suriname (0;0), Tanzania (6;2), Thailand (68;24),
The Bahamas (4;1), The Gambia (0;0), Timor-Leste (0;0), Togo (0;0), Trinidad and Tobago (3;1), Uganda
(18;4), Vanuatu (4;0), Venezuela (36;7), Vietnam (17;4), Virgin Islands (4;1), Yemen (6;3), Zambia (1;0),
Zimbabwe (1;0)

Non-landslide-prone tropical countries (n = 39)

American Samoa, Anguilla, Aruba, Baker Island, Barbados*, British Indian Ocean Territory, British Virgin
Islands, Christmas Island, Cocos Islands, Cook Islands, French Polynesia*, Glorioso Islands, Howland
Island, Jarvis Island, Johnston Atoll, Juan De Nova Island, Kiribati, Maldives, Marshall Islands, Mauritania,
Mayotte*, Micronesia*, Montserrat®, Nauru, Niue, Northern Mariana Islands, Palau, Samoa*, Seychelles*,
Singapore™®, St Helena, St Kitts and Nevis, St Vincent and the Grenadines*, Tokelau, Tonga, Turks and

Caicos Islands, Tuvalu, Wake Island, Wallis and Futuna

limited. On the other hand, the Global Risk Data
(NGI, 2013) provided an independent and
objective criterion of countries to focus on.
This helped us to avoid the possibility that our
literature review was biased towards our prior
knowledge of available literature. We there-
fore decided not to further correct or adapt our
list of LS-prone countries and to focus our
review on the tropical countries that were indi-
cated as LS-prone based on the Global Risk
Data (NGI, 2013).

In order to identify the factors controlling the
application rate of LS-DRR measures, data on
the Human Development Index (HDI) and the

physical exposure to LS were collected for each
tropical LS-prone country (n = 99). The HDIs
of 2013 were collected from the Human Devel-
opment report of 2014 (Malik et al., 2014). For
14 out of the 99 countries, data on HDI were not
available. Most of these 14 countries are island
states. The physical exposure of people to LS,
i.e. the overlay of population density with LS
susceptibility, was collected from the Global
Risk Data of the NGI (NGI, 2013; Figure 1).
The LS susceptibility depends on the slope
gradient, lithology (or geology), soil moisture,
vegetation cover, precipitation and seismicity
(NGI, 2013). The population data were
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Figure 1. World map with the absolute physical exposure of people to landslides, expressed as the expected
annual average number of persons exposed in 2010, per pixel (5x5 km) (adapted from NGlI, 201 3).

retrieved from the UN Population Division
and cover data of 2010, which was also used
for the physical exposure (NGI, 2013). In
order to obtain country-specific data, the
physical exposure values for both precipita-
tion- and earthquake-triggered LS were
summed up for every pixel lying within the
country’s boundaries.

2 Compilation of scientific literature

Scopus™ (Elsevier B.V., 2015) was chosen as
the search engine to select articles for the
detailed review on recommended and imple-
mented LS-DRR measures. Initially, literature
was searched using Web of Science™ (WoS;
Thomson Reuters, 2015), Google Scholar (Goo-
gle, 2015) as well as Scopus because these
search engines cover most published scientific
literature (Falagas et al., 2007). Scopus, how-
ever, yielded the highest number of countries
with publications and includes more social
sciences-oriented publications besides natural
sciences, which is deemed crucial for this
research (Table 2). Furthermore, Scopus pro-
duces more citation counts than WoS (Berg-
man, 2012; Falagas et al., 2007) and it has
been shown to result in fewer inconsistencies
regarding content verification compared to

WoS and Google Scholar (Adriaanse and
Rensleigh, 2013).

An inventory of peer-reviewed articles on LS
and LS-DRR, published between January 2005
and January 2015, was thus made using Scopus.
The keywords and Boolean search criteria
described below were applied to the ‘title’,
‘abstract’ and ‘keywords’ simultaneously. In
order to analyse the literature on LS-DRR, we
first searched for publications on LS in general
and then specifically publications on LS-DRR.
For the LS literature, we used the following key-
words and Boolean search criteria: <country
name> AND (landslide* OR ‘mass movement’
OR ‘mass wasting’). For the LS-DRR literature,
we used the same keywords and Boolean search
criteria but added the terms ‘prevention’, ‘man-
agement’, ‘mitigation’, ‘risk reduction’ or
‘remediation’ in order to narrow down to DRR.
Only peer-reviewed publications with English
abstracts have been taken into account. An over-
view of the compiled literature is given in Table
2. Noteworthy is that 25% of the 536 publica-
tions concerns India. After detailed investiga-
tions, 154 out of the 536 LS-DRR publications
were excluded because they were irrelevant for
this research (e.g. articles on submarine LS). As
a comparison, non-tropical LS-prone countries,
like Italy and the USA yield respectively, 1529
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Table 2. Number of publications on landslides (# pubs LS) and landslide risk reduction (# pubs LS-DRR) in
the 99 tropical landslide-prone countries found in Scopus, Web of Science and Google Scholar for the period
January 2005 to January 2015. The average number of publications per country (average #pubs/co), the
median number of publications per country (median #pubs/co), the total number of publications (total #pubs)
and the number of countries with publications (# countries with pubs) are also included. (Note: The keywords
and Boolean search criteria were applied to the ‘title’, ‘abstract’ and ‘keywords’ simultaneously in the case of
Scopus and WoS and to the ‘title’ of the publications in the case of Google Scholar as it is only possible to
search in the entire body of text or only in the title. Patents were excluded from our search; NA = not

applicable.)

Average
#pubs/co #pubs/co Total #pubs

Median
# countries with pubs

Scopus (SC) pubs LS (I) 20
pubs LS-DRR (2) 5
Ratio (2)/(1) 0.25

Web of Science (WoS) pubs LS (1) 17
pubs LS-DRR (2) 3
Ratio (2)/(1) 0.18

Google Scholar (GS) pubs LS (I) 8

pubs LS-DRR (2) |
Ratio (2)/(1) 0.13

4 1928 8l
I 536 6l
0.25 0.28 NA
4 1715 78
0 340 44
0 0.20 NA
0 753 46
0 68 19
NA 0.09 NA

and 208 publications on LS and 294 and 37
publications on LS-DRR, using the same key-
words and Boolean search.

Not all the research on LS-DRR in LS-
prone tropical countries is published in peer-
reviewed articles. To evaluate to what extent
our review might be biased by the fact that
only scientific peer-reviewed literature was
considered, we conducted a much broader
search, including ‘grey literature’, for
Uganda. This country was chosen as a case-
study due to an in-depth expertise by the
authors and easy access to internal documents
from national experts. Such access could not
be obtained for the other countries studied.
The grey literature considered includes
reports of government institutions, non-
governmental organisations (NGOs) and dis-
sertations of national and foreign master
students, retrieved through personal second-
ary data collection in Uganda and targeted
search in Google. In total, 16 documents on
LS-DRR were selected for Uganda in addition
to the three peer-reviewed publications found

in Scopus. This grey literature is by no means
exhaustive but representative judging from
expert knowledge.

3 Factors explaining the number of
publications on landslides and landslide risk
reduction

The initial search in Scopus resulted in 1928 LS
publications and 536 LS-DRR publications
(Table 2). Correlations between the number of
publications and potential controlling factors,
such as HDI, physical exposure to LS and pop-
ulation numbers, were searched for using the
Spearman rank correlation (p) as this method
is not sensitive to outliers (Heinisch, 1962). In
addition, we calculated Partial Spearman rank
correlations (partial p), which measures the
degree of association between two considered
variables, with the effect of one or more con-
trolling variables removed (Heinisch, 1962).
For these analyses, only the 85 countries having
an available HDI were used.
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4 Classifications

To examine the LS-DRR research output in the
tropics, the compiled publications on LS-DRR
were classified in terms of spatial scale of anal-
ysis, authors’ country of origin, authors’ orga-
nisation, and research discipline. For the spatial
scale of analysis, the compiled publications
were classified into six categories: local (e.g.
cities, villages, roads and catchments), provin-
cial (e.g. districts and states), national, regional
and global (e.g. global scale highlighting a spe-
cific country as an example). For the authors’
country of origin, the four categories are:
national, foreign, mixed national and foreign,
and unknown. For the authors’ organisation, the
six categories are: university, government,
NGO, private sector, multiple organisations and
unknown. For the research discipline, the jour-
nals and proceedings in which the publications
were published were divided into four cate-
gories: natural science, social science, interdis-
ciplinary and unknown.

To classify the LS-DRR measures, we used
the general DRR classification suggested by
Twigg (2007). This classification consists of
five components: (i) risk management and vul-
nerability reduction, (ii) governance, (iii)
knowledge and education, (iv) preparedness and
response and (v) risk assessment. ‘Risk manage-
ment and vulnerability reduction’ contain all
measures related to reducing the occurrence of
LS hazards, the vulnerability to LS and the
exposure to LS. ‘Governance’ relates to institu-
tional frameworks and policies on LS-DRR.
‘Knowledge and education’ consist of all mea-
sures related to awareness raising on LS. ‘Pre-
paredness and response’ comprise all measures
dealing with early warning and emergency
response. ‘Risk assessment’ includes all aspects
of understanding LS risk. These five compo-
nents can then be further classified into specific
risk reduction measures. The classification of
LS-DRR has been the subject of much debate
(Nadim and Lacasse, 2008). Here we used the

classification of the SafeLand project to further
divide the component of ‘risk management and
vulnerability reduction’ in subcategories (see
section 3.2), since this was the most recent
classification and since it was based on a com-
prehensive literature review (Vaciago, 2013).
For a detailed description of specific LS-DRR
measures, we refer to Twigg (2007) and
Vaciago (2013).

Using this classification, the implemented
and recommended LS-DRR measures in LS-
prone tropical countries were identified by
screening the abstract and conclusions of the
382 collected publications on LS-DRR in Sco-
pus for the period January 2005 to January
2015. With implemented LS-DRR measures,
we understand specific actions and techniques
that are mentioned in the article (not necessa-
rily with detailed explanation) as currently
being developed or operational. Similarly,
with recommended measures we mean specific
actions and techniques that are suggested as
recommendations (not necessarily with
detailed explanation) but not yet developed or
operational in the country.

Finally, the bottlenecks for implementing
LS-DRR measures have been identified by
screening the abstract and conclusions of the
382 publications. After identification, these bot-
tlenecks were classified into six sections based
on our own judgement: i.e. scientific, political,
social, economic, disaster risk management
related and geographic bottlenecks. All cate-
gories are, however, not mutually exclusive.

111 Results and discussion

| Analysis of the number and nature of
publications

I.1 Factors explaining the number of publications on
landslides and on landslide risk reduction. Several
factors influence the number of publications
on LS per country (#pubs LS/co; Table 3 and
Figure 2).
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Table 3. Correlations (Spearman rho’s with * p <0.01;** p <0.001) between the number of publications per
country on landslides (# pubs LS/co) and on landslide risk reduction (# pubs LS-DRR/co), and the Human
Development Index of a country (HDI/co) (Malik et al., 2014), the absolute physical exposure of people to
landslides per country (NGI, 201 3), the relative physical exposure of people to landslides per country (NGI,
2013), and the national population in 2010 (UN, 2010) (n = 85 landslide-prone countries, for which the HDI

is available).

Relative physical

Absolute exposure/co
physical (#exposed
exposure/co Population/co  #pubs inhabitants/

HDl/co (#inhabitants/year) (#inhabitants) LS-DRR/co #inhabitants/year)

#pubs LS/co 0.35%* 0.77+*
#pubs LS-DRR/co 0.32% 0.73%*
Population/co (#inhabitants) —0.17 0.52+*
Absolute physical exposure/ 0.19

co (#inhabitants/year)

0.55%* 0.49%*

0.6 1°**

0.90%*

The #pubs LS/co best correlates with the
absolute physical exposure of people to LS per
country (p = 0.77, p < 0.001; Table 3), which
suggests that countries with a larger exposed
population (e.g. Philippines in comparison with
Guatemala) are generally more concerned about
LS (Figure 2a). This is, of course, assuming that
the number of publications reflects the level of
concern. High risk perception does not necessa-
rily result into more preparedness, however, as
indicated by Wachinger et al. (2013). The par-
tial correlation between the absolute physical
exposure and the #pubs LS/co remains signifi-
cant after controlling for the effect of the other
controlling variables, i.e. HDI (partial p = 0.77,
p <0.001) and population (partial p = 0.68, p <
0.001). The countries with the relatively lowest
LS publication count per exposed citizen are
Indonesia, Philippines, Guatemala, Costa Rica,
Ethiopia, Colombia, India and Myanmar, while
Malaysia and Brazil have the highest publica-
tion count — absolute physical exposure ratio
(Figure 2a). Noteworthy is that the #pubs LS/
co is also correlated with the relative physical
exposure, i.e. the people exposed to LS per
country divided by the total population per
country (p = 0.49, p < 0.001; Table 3).

The #pubs LS/co is also correlated with pop-
ulation (p = 0.55, p < 0.001, Figure 2b; Table
3). The Spearman rank is smaller for the corre-
lation with population than with the absolute
physical exposure per country, despite the lower
coefficient of determination. This correlation
remains significant after removing the effect
of the other controlling variables, i.e. absolute
physical exposure of people to LS (partial
p =0.28, p <0.01) and HDI (partial p = 0.67,
p <0.001).

The third most important determining factor
is the HDI of a country (p = 0.35, p < 0.001;
Figure 2c; Table 3). This correlation remains
significant after removing the other controlling
variables, i.e. the absolute physical exposure of
people to LS (partial p = 0.34, p < 0.01) and
population per country (partial p = 0.55, p <
0.001). This correlation suggests that countries
with a high HDI have more resources to support
scientific research, including on LS. This is in
line with the correlation made by Petley (2012)
indicating that, globally, countries with the
highest #pubs LS/co have generally lower num-
bers of fatalities. However, this correlation is
relatively weak and clearly less significant than
the absolute physical exposure to LS.
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Figure 2. Scatter plots of the factors determining the number of publications on landslides per country
(#pubs LS/co) in Scopus for the period January 2005 to January 2015 (p < 0.001; n = 85) indicating the linear
trend line and the coefficient of determination, (a) the absolute physical exposure of people to landslides (#
inhabitants/year) of the tropical landslide-prone countries, (b) the population (# inhabitants) of the tropical
landslide-prone countries, (c) the HDI of the tropical landslide-prone countries, and (d) the number of
publications on landslide risk reduction (# pubs LS-DRR) of the tropical landslide-prone countries. The
figures on the left present the entire dataset, while the figures on the right correspond to the zoom (indicated
with a box in the figures on the left). (Note: Visual outliers are labelled.)
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Figure 3. (a) World map with the number of publications on landslides (# pubs LS) reported in Scopus of the
tropical landslide-prone countries for the period January 2005 to January 2015, and (b) World map with the
number of publications on landslide risk reduction (# pubs LS-DRR) reported in Scopus of the tropical
landslide-prone countries for the period January 2005 to January 2015. Numbers indicate the # pubs for
countries with more than 15 publications (for pubs LS) and more than four publications (for pubs LS-DRR).

Finally, it is noteworthy that the number of
publications on LS-DRR per country (# pubs
LS-DRR) are strongly correlated with the #pubs
LS/co (p = 0.90, p < 0.001, Figure 2d; Table 3).
The ratio between the two variables is rather con-
stant, even when the outlier (India) is excluded.
Given this strong correlation, it is not surprising
that none of the factors considered here (i.e. HDI,
population and physical exposure) correlated
significantly with the ratio between LS-DRR
and LS. In fact, this strong correlation implies
that this ratio is relatively constant (~0.3) over
the countries considered. As a comparison, this
ratio is 0.19 and 0.17 for the non-tropical LS-
prone countries Italy and the USA, respectively.

1.2 Nature of publications on landslide risk
reduction. On average, there are 20 publications
on LS per country and five publications on LS-
DRR (Table 2). Figure 3 shows the number of
publications on LS and LS-DRR per tropical
LS-prone country for the period January 2005
to January 2015. Overall, these maps indicate
that especially larger countries in Asia and
South America (e.g. India and Brazil) have a
high number of publications on LS and LS-
DRR, while most African countries clearly have
less peer-reviewed literature on these subjects.
The LS-DRR literature from Scopus is
described in detail in the following paragraphs.
In terms of spatial scale, the largest number of
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Figure 4. Number of publications on landslide risk
reduction (# pubs LS-DRR) of tropical landslide-
prone countries in Scopus for the period January
2005 to January 2015 grouped according to the
spatial scale of analysis (n = 382; NA = not available).

the 382 consulted publications are local (176
publications), while articles focusing on a pro-
vincial scale form the second largest group (88
publications; Figure 4). The third largest group
consists of studies for which the spatial scale
could not be clearly identified (51 publications).

Overall, up to 52% of all the 382 publications
involve scientists from the country of interest.
This percentage is clearly smaller for Africa and
Latin America than for Asia and the Pacific
(Figure 5). Interestingly, a relatively large per-
centage of the publications involve only foreign
institutions (24%). In African and Latin Amer-
ican countries, publications conducted by only
foreign institutions form the largest group (42%
and 36%, respectively). Knowing that only 6%
of the compiled articles concerns LS in Africa,
this indicates that the number of African scien-
tists publishing on LS is very small.

Universities employ the largest percentage of
authors (41%). In Africa, however, a fairly large
percentage is connected to a NGO (25%), while
collaborative research between different types
of actors is also common (38%; Figure 6).

The literature on LS-DRR is dominated by
natural sciences, as 65% of the articles was pub-
lished in a ‘natural science’ journal or

proceedings volume, 19% in an ‘interdisciplin-
ary’, only 2% in a ‘social science” and 14% in a
journal or proceedings volume of unknown
research discipline.

2 Overview of landslide risk reduction
measures

Of all LS-DRR measures, ‘LS risk assessment’
is by far the most implemented DRR component
(57%), while ‘risk management and vulnerabil-
ity reduction’ is the most recommended DRR
component (38%; Figure 7). ‘LS risk assess-
ment’ is the most implemented component in
all regions, but receives relatively more atten-
tion in Africa (72%), which might be attributed
to the fact that landslide hazard research is still
emerging on this continent and that governance
remains a challenge for the implementation of
other DRR actions (UNISDR, 2012). While ‘LS
risk management and vulnerability reduction’ is
the most recommended component in all tropi-
cal regions, it receives somewhat less attention
in Asia-Pacific (27%) as compared to Africa
(40%) and Latin America (42%). Generally,
implemented and recommended measures vary
relatively little between different regions.

Overall, 575 LS-DRR measures were cited as
being implemented in 304 articles, while 906
measures were recommended in 279 articles
(Table 4). In the following sections, each LS-
DRR component is described in detail: first, by
stating the most recommended measures, sec-
ond, the most implemented measures and, third,
by explaining their implementation/recommen-
dation ratio.

Noteworthy is that the main focus of land-
slide research remains on ‘hazard’ assessment.
This focus might be explained by the fact that
disaster research is rooted in the natural sciences
(Watts, 1983). Our review also indicates that
implemented LS-DRR measures are domi-
nantly focusing on the collection of ‘hazard’
instead of ‘vulnerability’ data. Of the 255 pub-
lications citing the implementation of
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Figure 5. Distribution of the number of publications on landslide risk reduction (# pubs LS-DRR) in Scopus
for the period January 2005 to January 2015 according to the authors’ country of origin, (a) Tropics (n = 382),
(b) Africa (n = 24), (c) Asia-Pacific (n = 222) and (d) Latin America (n = 136) (NA = not available).

‘collection of hazard/risk data and assessment’
(Table 4), 236 publications refer to the collec-
tion of ‘hazard’ data, while only 19 cite the
collection of ‘risk’ data. This focus on under-
standing hazards in disaster research is, how-
ever, gradually shifting towards understanding
vulnerability and loss of resilience to disasters
(Manyena et al., 2013). Our review shows
that this shift is indeed increasingly being rec-
ommended but not yet reported as implemented.
Similarly, most publications focusing on the
combination of both hazard and vulnerability,
i.e. risk, are relatively new (69% of these studies
were published in 2010 or later).

2.1 Risk management and vulnerability reduction.
‘Risk management and vulnerability reduction’
is the most recommended component (38%, 342
publications) while being among the least
implemented component (15%, 84 publications;
Table 4; Figure 7). This component faces the
least progress of all DRR components for all
hazards globally (UNISDR, 2013). Our review
suggests the same for LS in tropical LS-prone
countries despite being highly recommended.
The fact that LS risk management and vulner-
ability reduction is highly recommended might
be because it involves LS-specific actions
whereas others are valid for all hazards.
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(n =24), (c) Asia-Pacific (n = 222) and (d) Latin America (n = 136) (U = university, G = government, NGO =
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For the ‘risk management and vulnerability
reduction’ component, a list of specific actions
for each category of our combined classification
is provided in Table 5, based on the SafelLand
project that presents the most recent classifica-
tion and is based on a comprehensive literature
review (Vaciago, 2013). Table 5 illustrates that
many measures listed by the SafeLand project
are neither implemented nor recommended, e.g.
expensive measures like drainage tunnels and
deep mixing with lime and/or cement. This indi-
cates that, although complete, this classification
is too comprehensive for LS-prone tropical
countries.

Risk zoning for land use planning is mostly
recommended and implemented in the literature

for the tropics (117 and 15 publications, respec-
tively) followed by bio-engineering techniques
(32 and 6 publications, respectively; Table 5).
Noteworthy as well is the recommendation and
implementation of the modification of the sur-
face water regime (39 and 15 publications,
respectively).

‘LS risk management and vulnerability
reduction’ has a relative low implementation/
recommendation ratio, i.e. 0.25 (Table 4).
Similarly, Anderson et al. (2014) state that the
implementation of LS hazard reduction
measures, also known as remedial or slope sta-
bilisation measures, is limited in many tropical
regions mainly because of the perceived
high costs.



Progress in Physical Geography

(a)

Recommended | Implemented 38 pub
7%
P&Rl’f‘ G

R&V

K&E

RA

(b)

(c)

(d)

15 pubs\

29 pubs|

20 pubs 4 pubs

13%

i

‘22 pubﬂ 34 pubs
52 pubs| | 7% 10%
16%
186
38 pubs| pubs
11% 56%

30 pubs|
14%
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sub-regions.



Maes et al. 15

Table 4. Number of publications (#pubs) in Scopus for the period January 2005 to January 2015 that cite
implemented (l) and recommended (R) landslide risk reduction (LS-DRR) measures in tropical landslide-
prone countries (see Table I). According to Twigg (2007), ‘early warning systems’ are part of the prepared-
ness and response component, while according to Vaciago (2013), these are part of exposure reduction
measures and thus the risk management and vulnerability reduction component. As some publications cite
several measures, a difference is made between the total number of cited LS-DRR measures (total # cita-
tions) and the total number of individual publications that cite LS-DRR measures (total # individual pubs) (NA
= not applicable).

I R
DRR
component Landslide risk reduction measures #pubs % #Hpubs % IR
Governance (G) 66 11 184 20 0.36
Policy, planning, priorities and political commitment 13 2 34 4 0.38
Legal and regulatory systems I 0o 14 2 0.07
Integration with development policies and planning 2 0 2I 2 0.1
Integration with emergency response and recovery 3 0 3 01
Institutional mechanisms, capacities and structures; allocation 24 4 63 7 0.38
of responsibilities
Partnerships 9 2 12 I 0.75
Accountability and community participation 14 3 37 4 0.38
Risk assessment (RA) 325 57 108 12 3.0l
Unspecified 8 2 3l 3 0.26
Collection of hazard/risk data and assessment 255 4 59 7 432
Assessment of vulnerability/capacity and impact data 52 9 15 2 347
Scientific and technical capacities and innovation 10 2 3 0 333
Knowledge and education (K&E) 62 Il 133 15 0.47
Public awareness, knowledge and skills I 2 62 7 0.18
Information management and sharing 31 5 35 4 0.89
Education and training 13 2 24 3 0.54
Cultures, attitudes, motivation 3 I 2 015
Learning and research 4 I 10 | 04
Risk management and vulnerability reduction (R&V) 84 I5 342 38 0.25
Unspecified 3 I 27 3 0.11
Landslide hazard Unspecified 2 0 19 2 0.11
reduction Surface protection; erosion control of 7 I 49 6 0.14
landslide-toe
Modifying the geometry and/or mass 2 0o 13 2 0.15
distribution
Modifying surface water regime 15 3 39 4 0.38
Modifying groundwater regime 4 I 8 I 05
Modifying the mechanical characteristics of 2 0 I 02
unstable mass
Transfer of loads to more competent strata 2 0 5 | 04
Retaining structures 12 2 22 2 055
Vulnerability Measures to improve capacities of people to 7 I 21 2 033

reduction cope with landslides

(continued)
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Table 4. (continued)

| R
DRR
component Landslide risk reduction measures #pubs % #pubs % IR
Measures to increase the resistance 5 I [ 05
of critical infrastructures
Measures to stop or to deviate the path 2 0 3 0 0.67
of landslides
Exposure Measures to decrease number of elements 16 3 121 13 0.13
reduction at risk potentially affected
Relocation and migration 5 I 13 2 0.38
Preparedness and response (P&R) 38 7 139 15 027
Unspecified I 0 21 2 0.05
Early warning systems 36 7 74 8 0.49
Risk transfer (insurance) 0 0 10 I 0
Organisational capacities of and coordination by local 0 0 6 10
communities
Contingency planning I 0 14 2 0.07
Emergency resources and infrastructures 0 0 9 I 0
Emergency response and recovery by local communities 0 0 3 00
Participation, voluntarism, accountability 0 0 2 00
Total # citations 575 100 906 100 0.63
Total # individual pubs 304 279 1.09

2.2 Governance. Governance is cited as the sec-
ond most recommended LS-DRR component
(20%, 184 publications; Table 4; Figure 7).
Likewise, it is the second most implemented
component (11%, 66 publications). This strong
attention for governance might be explained by
the strong emphasis of the Hyogo Framework
for Action (HFA) on nations as prime actors for
setting up DRR measures (Twigg, 2007). Since
the ratification of the HFA in 2005, disaster
governance is put forward as a key priority
(UNISDR, 2015).

The most commonly recommended and
implemented governance actions are the
improvement of institutional mechanisms,
capacities and structures and the allocation of
responsibilities (63 and 24 publications, respec-
tively; Table 4). The latter includes improving
coordination and communication in LS risk
management and improving capacities at all
policy levels. These capacities vary largely

between different tropical countries, according
to the level of decentralisation, the availability
of resources and the political-administrative
structure (Maskrey, 2011).

The ratio of implemented and recommended
measures is, with an average value of 0.36,
rather low (Table 4). The measures with a
clearly higher ratio are the integration of LS-
DRR with emergency response and recovery
(1.00) and creating partnerships (0.75). Partner-
ships between countries and within countries
can be between the government and other sta-
keholders such as NGOs, the private sector and
research institutes. Especially since the HFA in
2005 and the first World Landslide Forum
(WLF) in 2008, several international partner-
ships have been established including regional
networks of the International Consortium on LS
in Latin America (Alcantara-Ayala et al., 2014),
Asia (Billedo et al., 2013) and to a lesser extent in
Africa (e.g. Igwe, 2013). Other examples are the
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Table 5. Landslide risk management and vulnerability reduction measures as suggested by the SafelLand
project (Vaciago, 2013). The number of publications on landslide risk reduction (# pubs LS-DRR) in Scopus
for the period January 2005 to January 2015 recommending (R) a specific ‘risk management and vulnerability
reduction’ measure to reduce landslide risk (total number of citations is 342, reported in 169 individual
publications) and describing that a specific ‘risk management and vulnerability reduction’ measure to reduce
LS risk is being implemented (l) (total number of citations is 84, reported in 52 individual publications).

# pubs
LS-DRR
Landslide risk reduction measures I R Countries
Unspecified 3 27 I: Mexico, Sri Lanka, St. Lucia
R: Bangladesh, India, Indonesia, Kenya, Malaysia,
Mexico, Myanmar, Nicaragua, Oman, Peru,
Philippines, Sri Lanka, St Lucia, Tanzania, Thailand,
Venezuela, Yemen
Landslide hazard reduction 46 156
Unspecified 2 |9 I: Malaysia
R: Ethiopia, India, Malaysia, New Caledonia
Surface protection; erosion control 7 49
Unspecified 0 I5 R: Bolivia, Brazil, Ethiopia, India, Indonesia, Kenya,
Malaysia, Mexico, Nigeria, Sri Lanka, Thailand
Bio-engineering techniques 6 32 I: Ecuador, Guatemala, Honduras, India, Philippines,
(hydroseeding, turfing, trees/ R: Bolivia, Brazil, Ecuador, Guatemala, Haiti, India,
bushes) Indonesia, Kenya, Mexico, Nigeria, Philippines,
Thailand, Sri Lanka
Geosynthetics | 2 |: India
R: India
Not mentioned (Fascines/brush; Drainage blanket; Beach replenishment, rip-rap; Dentition)
Modifying geometry and/or mass 2 13
distribution
Removal of material from area driving | 6 I: India
the landslide R: Bolivia, India, Kenya, Mexico
Addition of material to area | 5 I: Bolivia
maintaining stability R: Bolivia, Kenya, Nigeria
Reduction of general slope angle 0 I R:India
Scaling 0 I R:India
Modifying surface water regime 15 39
Unspecified 4 17 I: Bangladesh, Bolivia, Malaysia, Peru
R: Bangladesh, Bolivia, Brazil, Cameroon, Ethiopia,
India, Kenya, Malaysia, Mexico, Nigeria, Puerto Rico
Diversion channels 2 5 I:India
R: India, Indonesia, Mexico
Check dams | 3 I:India
R: India, Philippines
Surface drains to divert flows from 7 9 I:India, St Lucia
slide area R: Bolivia, Cameroon, Honduras, India, Philippines, St
Lucia
Sealing tension cracks 0 I R:India

(continued)
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Table 5. (continued)

# pubs
LS-DRR
Landslide risk reduction measures I R Countries
Impermeabilisation I 2 I: India
R: Kenya, Mexico
Vegetation 0 2 R:Haiti, Kenya
Modifying groundwater regime 4 8
Unspecified 0 5 R:India, Kenya, Mexico
Shallow or deep trenches with free- 2 0 [: India
draining geo-materials and
synthetics
Sub-horizontal drains I 3 |:India
R : Honduras, India
Wells and caissons I 0 I: Philippines
Not mentioned (Drainage tunnels, galleries, adits)
Modifying mechanical characteristics of 2 I
unstable mass
Compaction I 0 I: Malaysia
Permeation or pressure grouting with 0 I R:India
cementitious or chemical binders
Jet grouting I 0 [: Philippines
Not mentioned (Substitution; Deep mixing with lime and/or cement; Modification of groundwater
chemistry)
Transfer of loads to more competent 2 5
strata
Shear keys, barrettes and caissons I 2 |: Peru
R: India, Peru
Anchors: soil nails, dowels, rock I 2 I: India
bolts, multi-strand anchors R: India, Philippines
Anchored walls 0 I R:India
Retaining structures 12 22
Unspecified 2 I3 I:India
R: Cameroon, India, Kenya, Malaysia, Mexico,
Philippines
Gravity walls (e.g. masonry, mass 5 4 I:India, Mexico, Peru
concrete and gabions) R: Peru, India
Reinforced soil systems 5 5 I:India, Laos, Malaysia, Peru, Thailand

R: Bolivia, India, Malaysia, Mexico, Peru
Not mentioned (Cantilever walls)

Vulnerability reduction 14 25
Measures to increase resistance of 5 I
critical infrastructures
Strengthening of shallow foundations 5 | I: Colombia, Ecuador, Philippines
and improved structural design R: Cameroon

Not mentioned (Deep anchoring with or without foundation elements)

(continued)
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Table 5. (continued)

# pubs
LS-DRR

Landslide risk reduction measures |

R Countries

Measures to stop or to deviate pathof 2 3

the landslide
Re-modelling of the slope | 0 I:India
Planting vegetation on slope | I I:India

R : Brazil
Rockfall sheds 0 2 R:Colombia

Not mentioned (Diversion channels; Catch trenches; Rockfall barriers; Rockfall nets or drapery)

Measures to improve capacities of 7 21
people to cope with landslides

Unspecified |

Improve human capital (knowledge 2
sharing, education, health)

Improve social capital (social | I
relations)

Improve financial capital 3

Exposure reduction 21 134
Measures to decrease number of 16 121
elements at risk
Risk zoning for land use planning 15 117
Traffic restrictions | 4
Relocation and migration 5 13

10 I: Indonesia

R: Bolivia, Dominican Republic, India, Indonesia,

Mexico, Sri Lanka, Thailand

5 I: Bolivia, Uganda

R: India, Kenya, Mexico
I: Costa Rica
R: Bangladesh

5 |: Bolivia, India, Uganda

R: Bangladesh, India, Malaysia, Mexico
Not mentioned (Improve natural and physical capital)

I: Brazil, Colombia, Costa Rica, El Salvador, Honduras,

India, Indonesia, Malaysia, Sri Lanka

R: Bangladesh, Bolivia, Brazil, Cameroon, Colombia,

Dominican Republic, El Salvador, Ethiopia,
Guatemala, Honduras, India, Indonesia, Kenya,
Malaysia, Mexico, Myanmar, Nicaragua, Oman,
Panama, Peru, Philippines, Puerto Rico, Sri Lanka,
Tanzania, Thailand, Venezuela, Yemen

: India

R: India
I: Dominican Republic, El Salvador, Haiti, India
R: Bangladesh, Brazil, Cameroon, Honduras, India,

Peru, Thailand

Multi-national Andean Project in seven Latin
American countries (Jaramillo, 2008), the Disas-
ter Research Nexus for collaborative research in
Malaysia (Koh et al., 2012) and the Integrated
Disaster Risk Management Plans for 12 prov-
inces within Vietnam (Long et al., 2010). The

measure with a relatively low implementation/
recommendation ratio is the integration of DRR
with development policies and planning (0.10).
This low rate is in line with the call of the Sendai
Framework for a common ‘sustainable develop-
ment’ and DRR agenda (UNISDR, 2015).
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2.3 Knowledge and education. Knowledge and
education is among the least recommended
(15%, 133 publications) and least implemented
LS-DRR components (11%, 62 publications;
Table 4; Figure 7). Nevertheless, literature sug-
gests that it serves as a prerequisite for the
implementation of any other measure (Wamsler
et al., 2012).

The main recommendations for this DRR
component are public awareness in combination
with the improvement of knowledge and skills
(62 publications), information management and
sharing (35 publications) and education and
training (24 publications; Table 4). For exam-
ple, in Guatemala awareness on how to detect
early warning signs is recommended (Santi
et al., 2011). Because local people are the first
actors after a LS occurs, their role in DRR cannot
be underestimated (Parkash, 2013). It is therefore
recommended that especially local people should
be targeted in awareness campaigns related to
LS-DRR (e.g. in Sri Lanka: Dias et al., 2013).
Remarkably, cultural and individual behaviour
receive very limited attention altogether although
perception and cultural representation of risk
have been reported to be essential in the imple-
mentation of DRR (Cannon and IFRC, 2014).

Knowledge and education has a moderate
implementation/recommendation ratio, i.e.
0.47 (Table 4). Cultures, attitudes and motiva-
tion has a high ratio (1.50). This measure
includes studying motivations for adopting
measures and using indigenous knowledge for
DRR. Information management and sharing has
a relatively higher ratio (0.89) and includes the
development of web-based or GIS tools for data
collection as well as the development of guide-
lines for implementation of LS-DRR measures.
Education and training also has a relatively
higher ratio (0.54). Examples are the inclusion
of LS-DRR topics in the university curricula
and the training of officials on LS-DRR. A
national education programme on LS has been
introduced in Bangladesh (Ali et al., 2014),
Colombia (Hermelin and Bedoya, 2008 ), India

(Parkash, 2013), Malaysia (Abdullah, 2013), Sri
Lanka (Bandara and Weerasinghe, 2013) and
in Vietnam (Long et al., 2010). A distinctly
small number of studies discuss the implemen-
tation of public awareness schemes and
improvement of knowledge and skills on
LS-DRR, despite the fact that this action is
highly recommended (0.18) and the positive
effects of such DRR actions (e.g. Shaw et al.,
2009). This could be partly attributed to the
limited involvement of scientists in this type
of actions (Cutter et al., 2015).

2.4 Preparedness and response. Preparedness and
response to LS events is among the least recom-
mended components (15%, 139 publications)
while also being the least cited implemented
DRR component (7%, 38 publications; Table
4; Figure 7).

The main recommended and implemented
measures belonging to this DRR component
are recognising physical signs that LS might
occur in the near future (e.g. development of
tension cracks), warning and subsequent eva-
cuation (74 and 36 publications, respectively)
and contingency planning to a limited extent
(14 and 1 publications, respectively; Table 4).
Examples of measures such as implementing
contingency plans (Scolobig et al., 2014) and
temporary relocation (Gorokhovich et al., 2013)
are fairly isolated. No scientific publications
could be found on the evaluation of LS emer-
gency response and recovery, coordination,
response resource and infrastructures nor the
involvement of volunteers.

Preparedness and response measures have a
relatively low implementation/recommendation
ratio, i.e. 0.27 (Table 4). Only early warning
systems (EWS) have a higher ratio (0.49). For
an overview of EWS in South East Asia we refer
to Billedo et al. (2013) and to Larsen (2008) for
EWS in general. LS are predicted based on
monitoring earthquakes and rainfall events
(Bandara et al., 2013) or applying LS prediction
models, e.g. in Indonesia (Liao et al., 2011), and
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Figure 8. Number of publications on landslide risk reduction (# pubs LS-DRR) reporting (a) recommended
and (b) implemented landslide risk reduction (LS-DRR) components (see Table 4) for Uganda based on grey
literature and peer-reviewed literature on landslide risk reduction in Scopus (black bars) or based on peer-
reviewed literature only (white bars), (G = governance, RA = risk assessment, K&E = knowledge and
education, R&V = risk management and vulnerability reduction, P&R = preparedness and response).

through community-based reporting systems,
e.g. in the Philippines (Marciano et al., 2011).
LS monitoring is often considered as an effec-
tive and even affordable measure for DRR and
has helped to reduce the number of fatalities in
several countries during recent years, e.g. in Sri
Lanka (Bandara et al., 2013).

Interestingly, risk insurance is not often rec-
ommended despite an internationally growing
interest for its general implementation
(UNISDR, 2013). This lack is most probably
due to the fact that risk insurance is less profit-
able for low-intensity, high-frequency events
like LS as losses might be covered more effec-
tively domestically (Mechler et al., 2010) and
because of a lack of formal insurance markets in
many rural areas in the tropics. Nevertheless,
Anderson and Holcombe (2013) argue that
social funds, i.e. informal insurance based on
social relations, play a major role in the tropics
and increasingly focus on the vulnerability com-
ponent of LS-DRR (e.g. Mertens et al., 2016).

2.5 Risk assessment. Risk assessment is the least
recommended (12%, 86 publications) but most
implemented LS-DRR component (57%, 262

publications; Table 4; Figure 7). This might be
attributed to the fact that risk assessment is con-
sidered the first step towards LS risk management
(Crozier and Glade, 2005; DeGraff, 2012), which
can also be seen in our literature review from the
fact that 53% of recommended measures are
made in case risk assessment was already imple-
mented. The large focus on scientific knowledge
about LS cannot only be attributed to the fact that
we restrict this review to peer-reviewed scientific
literature, as a comparison with literature includ-
ing grey literature for Uganda shows that the pre-
ference for implementing LS risk assessment is
visible in both reviews (Figure 8).

Within this DRR component, the most fre-
quently reported LS risk assessment techniques
are the collection and analysis of LS suscept-
ibility, hazard and risk data (59 publications for
recommendation, 255 publications for imple-
mentation) including LS susceptibility and
hazard mapping (124 publications for imple-
mentation) and the compilation of LS invento-
ries (61 publications for implementation; Table
4). LS susceptibility mapping involves the clas-
sification and spatial distribution of current and
potential LS in a certain area, while LS hazard
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mapping adds an estimated frequency to the
potential LS (Fell et al., 2008). LS risk mapping
goes further by taking the outcomes of the
hazard mapping and assessing the potential
damage to persons, private property and infra-
structure (Fell et al., 2008). The fact that the
latter is more complicated explains why LS risk
mapping is less implemented than susceptibility
and hazard mapping (16 versus 97 publica-
tions). A systematic procedure for assessing
LS risk at national scale is in most cases lacking
(but not necessarily desirable), except for coun-
tries such as Brazil (Soler et al., 2013), Cuba
(Abella and van Westen, 2007), India (van Wes-
ten et al., 2012), Malaysia (Abdullah, 2013) and
Vietnam (Long et al., 2010). Important to note
here is that an exclusive promotion of LS sus-
ceptibility maps for landslide risk zoning, with-
out site-specific hazard assessments for
diagnosis and design of landslide hazard reduc-
tion measures, might potentially lead to a lack of
effective LS mitigation on the ground (Ander-
son et al., 2014). For an extensive review on
current landslide susceptibility mapping meth-
odologies we refer to the LAMPRE project
(Malamud et al., 2014).

LS risk assessment has a high implementa-
tion/recommendation ratio, i.e. 3.01 (Table 4).
Especially scientific and technical capacities and
innovation have a very high ratio (4.32). Note-
worthy is that the only scientific and technical
innovation cited in literature is the identification
of rainfall thresholds that might trigger LS.
Countries where rainfall thresholds have been
identified are: Ecuador (Ibadango et al., 2007),
India (Bhusan et al., 2014), Jamaica (Miller et al.,
2009), Malaysia (Althuwaynee et al., 2014),
Mexico (Antinao and Farfan, 2013) and Puerto
Rico (Wieczorek and Leahy, 2008).

3 Bottlenecks for implementation of
landslide risk reduction measures

Despite the increased literature on LS-DRR
measures (Gutiérrez et al., 2010; Wu et al.,

2015), we show that the implementation of mea-
sures and their scientific documentation
remains rather scarce in the tropics. Further-
more, the low implementation/recommended
ratio of most LS-DRR components and differ-
ence between recommended and implemented
measures suggest that implementing LS-DRR
measures remains challenging in the tropics.
As their implementation involves different
actors and consequently depends on socio-
economic and political relations (Kjekstad,
2007), most challenges for implementing LS-
DRR measures are to be sought within a polit-
ical economy perspective. Nonetheless, the
view that science is neutral and only decision-
makers are responsible for implementation
remains dominant (Cannon, 2008). This is illu-
strated by the fact that many publications still
use outpaced concepts like ‘natural’ disasters,
although it is internationally acknowledged that
disasters are socially constructed, i.e. their
causes are both bio-physical as well as social,
economic and political (Wisner et al., 2004).

The different challenges for implementing
LS-DRR measures that were identified in this
literature review are classified in political, sci-
entific, social, economic, related to disaster risk
management and geographic bottlenecks (Table
6). The main bottlenecks are scientific (30%)
and political (29%) in nature, corresponding to
the first two priorities of the Sendai Framework,
i.e. (1) understanding disaster risk and (2)
strengthening disaster risk governance to man-
age disaster risk (UNISDR, 2015). In the fol-
lowing sections, these two main categories of
bottlenecks are described in detail with exam-
ples from our literature review. The other cate-
gories can be found in Table 6.

3.1 Understanding landslide risk. Much progress
is made in understanding LS risk in tropical
LS-prone countries, i.e. through LS risk
assessment, however gaps remain in scientific
knowledge. The fact that scientific bottle-
necks are cited as the most important in the
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Table 6. Number of publications on landslide risk reduction (# pubs LS-DRR) in Scopus for the period
January 2005 to January 2015 and number of countries (# countries) citing bottlenecks for implementing
landslide risk reduction measures (n total = 109) by tropical region and in total.

# pubs LS-DRR

Asia-  Latin Total #
Category Bottlenecks Africa Pacific America Total (%) countries
Scientific I 15 17 33 30 20
Lack of (reliable) data on hydro-meteorology I 8 10 19 17 10
and landslide inventory
Lack of risk communication 0 4 I 5 5 2
Lack of scientific knowledge and scientific 0 I 3 4 3 4
capacities
Lack of proper risk/hazard assessment 0 I 2 3 3 3
to suggest DRR measures
Poor translation of landslide hazard mapping 0 I I 2 2 2
into DRR measures
Political I 15 16 32 29 25
Lack of stable environment 0 2 9 I 10 10
Lack of institutionalisation of DRR 0 8 2 10 9 6
Focus on post-disaster emergency actions I 2 3 6 6 5
instead of pre-disasters measures
Lack of community participation 0 2 0 2 2 2
Lack of law enforcement 0 I 0 I I I
Lack of enabling policies 0 0 I I | I
Lack of institutional capacity 0 0 I I | I
Social I 10 4 I5 14 I
Underestimation or denial of landslide risk 0 6 2 8 7 5
Lack of community acceptance and ownership 0 3 2 5 5 4
DRR measures in conflict with short-term I 0 0 I I I
livelihood
Poor awareness on underlying causes 0 I 0 I I I
and triggering factors of landslides
Economic I 8 4 13 12 8
Lack of financial resources of governmentand | 8 4 13 12 8
groups at risk
Disaster risk management 0 4 7 I 10 10
Lack of coordination/cooperation between 0 3 I 4 4 4
agencies
Scattered and local efforts by NGOs and by 0 I 2 3 3 3
governments
Lack of multi-hazard approach instead of 0 0 2 2 2 2
single-hazard approach
No standardisation of data compilation 0 0 2 2 2 I
and DRM procedures
Geographic 2 2 I 5 5 5
Inaccessibility of areas at risk of landslides 2 2 I 5 5 5

Total # pubs 6 54 49 109 100
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literature (Table 6) can partly be attributed to
the dominance of natural sciences in the liter-
ature on LS-DRR.

The most important scientific impediment is
the lack of LS inventories and reliable data on
hydro-meteorology (19 publications). LS are
often underreported (Wamsler, 2007) or even
missing in many LS-prone tropical countries
(Nadim and Lacasse, 2008; Petley, 2012)
because they are low-intensity, high-frequency
hazards and also often considered inseparable
from other natural hazards, such as extreme pre-
cipitation, earthquakes and floods (e.g. Jacobs
et al., 2016). For instance, in Malaysia LS are
only reported when casualties occur or infra-
structural damage is severe (Althuwaynee
et al., 2014). Consequently, most risk assess-
ments tend to focus on susceptibility mapping
instead of the more detailed hazard and risk
mapping, while it is especially the risk aspect
that is crucial for providing improved mitiga-
tion (Nadim and Lacasse, 2008). The transla-
tion of susceptibility or hazard assessment into
risk, requires not only the identification of ele-
ments at risk, but also the estimation of loss
functions for expected impacts (Vranken
et al., 2015). Realistic LS risk assessments
remain a challenge that is not only restricted
to the Global South, which indicates a need for
the development of adequate methods (Coro-
minas and Mavrouli, 2011). The Sendai
Framework, however, points out the need for
a persistent knowledge transfer of current
disaster risk understandings from North to
South (UNISDR, 2015).

The challenge for LS-DRR is thus not only a
lack of available appropriate mitigation mea-
sures (Corominas et al., 2013) but also the poor
translation of LS risk assessment into actual
slope management (e.g. DeGraff, 2012; Majid
et al., 2007; UNISDR, 2014). This is also illu-
strated by the fact that there has been a minimal
uptake of LS hazard maps and vulnerability
assessments into policy actions by govern-
ments, as argued by Anderson et al. (2014)

based on evidence from Caribbean countries.
There is a lack of communicating LS risk from
the academic world to decision-makers as well
as from decision-makers to groups at risk due to
difficulties in translating the scientific content
of the models and their associated uncertainties
into more generalised, simplified and practi-
cally applicable formats (e.g. Jaiswal and van
Westen, 2013; Leroi, 2005). Risk communica-
tion can be seen as a two-way interactive tool
for sharing risk information among govern-
ment officials, researchers and communities-
at-risk (Shaw et al., 2009). It seems that,
currently, sharing this risk information is not
interactive nor done in a systematic manner. In
many cases risk reduction measures are not
delivered on the ground but rather delivered
as secondary output such as maps, policies and
(building) codes (e.g. in St Lucia: Mycoo,
2011). This lack of delivery is partly attributed
to the fact that cost-benefit analyses and inclu-
sive multi-criteria analyses are largely absent
in scientific literature.

3.2 Strengthening landslide risk governance. The
most restricting political condition is the lack
of a stable environment for scientific develop-
ment, land use planning and ensuring the con-
tinuity of risk reduction activities (11
publications; Table 6). This might be attributed
to several reasons, such as the high rates of staff
turnover, changes to institutional mandates, the
short lives of some geosciences institutions and
the fluctuating levels of foreign-exchange rates
in many LS-prone tropical countries (e.g.
Devoli et al., 2007; Jaramillo, 2008; Kiinzler
et al., 2012). Due to a lack of long-term com-
mitment by the government, low-budget but rel-
atively long-term and time-consuming activities
are neglected (DFID, 2004; Gue et al., 2009).
Especially the lack of secure land tenure rights
is considered as a major driver for the misuse of
lands (Hofer, 2013).

Another challenge is the lack of institutiona-
lisation of LS-DRR, i.e. the integration of LS-
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DRR into the national institutional framework
(eight publications). Although this institutiona-
lisation was one of the main priorities that the
HFA strove for, the actual implementation
remains superficial. Countries with a national
slope stability plan as part of their disaster risk
management plan are still scarce. We found
evidence of available plans only in Costa
Rica (Andreas and Allan, 2007), Malaysia
(Motoyama and Abdullah, 2013) and Sri
Lanka (Bandara and Weerasinghe, 2013).
While recently countries are starting to
incorporate LS-DRR into their institutional
frameworks (Gue et al., 2009), actual imple-
mentation remains low due to limited law
enforcement (e.g. Ahammad, 2011), poor
inclusion of local stakeholders (El-Masri and
Tipple, 2002; Santi et al., 2011) and few policy
actions that are based on site-specific scien-
tific knowledge.

Setting political priorities on LS-DRR
remains challenging in many tropical LS-
prone countries. Nationally a focus remains on
post-LS emergency actions (six publications).
In practice DRR is only considered after LS
events happen and enough media attention is
given (e.g. Hori and Shaw, 2014). A global
review on the status of institutional and legisla-
tive systems for LS mitigation in 2009 confirms
this focus on response and recovery (Gue et al.,
2009). This is explained by the fact that
decision-makers hesitate to invest in projects
with unobservable benefits combined with the
absence of cost-effectiveness studies (Anderson
et al., 2014). Moreover, LS are very localised
and often affect marginalised populations, thus
attracting considerably less political attention
compared to large-scale events such as floods
or drought.

4 Methodological limitations

This literature review is affected by some lim-
itations. A bias in the dataset exists because only
peer-reviewed publications with English

abstracts have been consulted. Many LS-DRR
efforts are published in the national language of
the country affected or not published in scien-
tific journals, but only as reports by govern-
ments, NGOs and private sector actors, or not
published at all, such as indigenous knowledge
or ‘silent evidence’ (e.g. Taleb, 2007). Other LS
studies (Gokceoglu and Sezer, 2009; Gutiérrez
et al., 2010; Sepulveda and Petley, 2015) have,
however, used similar methods as this literature
review. Furthermore, several observations and
trends are based on small numbers of publica-
tions, so the reported statistics should be con-
sidered indicative.

To investigate this bias, an additional survey
of the grey literature for Uganda was made to
check for inconsistencies. Including grey
literature shows that looking at peer-reviewed
scientific literature tends to neglect the imple-
mented governance and awareness components
of LS-DRR in the case of Uganda (Figure 8).
This Ugandan case-study thus illustrates that
recommendations made by authors of peer-
reviewed publications do not necessarily align
with those made by governments or civil society
actors. The clear preference for implementing
LS risk assessment is, however, visible in both
reviews.

IV Conclusions and
recommendations

The literature on landslides (LS) and landslide
disaster risk reduction (LS-DRR) is rapidly
increasing worldwide (Gutiérrez et al., 2010;
Wu et al., 2015). Our review shows that:

e the factors that influence the number of
publications on LS and LS-DRR per coun-
try are the absolute physical exposure of
people to LS (p = 0.77; 0.73), the popula-
tion (p = 0.55;0.61) and —to a lesser extent
— the HDI of a country (p = 0.35; 0.32);

e the ratio of publications on LS-DRR ver-
sus publications on LS for LS-prone
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tropical countries for the period 2005—
2015 does not differ much between these
countries (0.28);

e the vast majority (0.64) of all publications
on LS-DRR in the tropics was published
in journals or proceedings relating to ‘nat-
ural sciences’.

Our review further clarifies the main recom-
mended and implemented LS-DRR measures to
date based on the compiled classifications of
Twigg (2007) and Vaciago (2013; Table 4).
More specifically, it shows that:

e a significant fraction (0.30) of all poten-
tial LS hazard reduction measures (as
classified by the Safel.and project) are
neither recommended nor implemented
for the tropics;

e the most recommended LS-DRR compo-
nent (expressed as a fraction of all mea-
sures cited) for the tropics is ‘risk
management and vulnerability reduction’
(0.38), while the most implemented com-
ponent is ‘risk assessment’ (0.57);

e the ratio of implemented versus recom-
mended LS-DRR measures in the tropics
is rather low for most LS-DRR compo-
nents (‘risk management and vulnerabil-
ity reduction’: 0.25; ‘preparedness and
response’: 0.27; ‘governance’: 0.36;
‘knowledge and education’: 0.47), except
for ‘risk assessment’ (3.01);

e the most cited bottlenecks for implement-
ing LS-DRR measures (expressed as a
fraction of all bottlenecks cited) are sci-
entific (0.30) and political (0.29).

Based on this study, several research needs
for LS-DRR can be distilled. Overall, this
review shows that a lot of research has focused
on understanding landslide susceptibility and
hazards in relation to the bio-physical factors
that control them. However, quantitative
assessments of the impacts of LS are much

rarer. Also, scientific assessments of the effec-
tiveness of implemented DRR measures are
largely lacking in the current scientific litera-
ture. Nonetheless, such information is crucial
to support cost-benefit analyses and research
on how to effectively translate risk assessment
into risk reduction measures. This will require
multi-criteria analyses identifying the most
effective LS-DRR measures as a function of
the spatial scale, the type of LS, the (potential)
impact, the underlying root causes and bottle-
necks, which are currently lacking at national
and lower levels.

Moreover, it appears that the responsibility of
scientists cannot end at the identification and
characterisation of LS hazard and risk, or the
recommendation of generic DRR measures.
Effectively reducing LS risks will not only
require better scientific insights, but also efforts
to communicate and transfer scientific research
results to policy makers and the population at
risk. Involving stakeholders at all stages of the
scientific research, i.e. from problem identifica-
tion to delivery of the most practical results, is
crucial to promote ownership and to ensure
more site-specific and effective efforts. As land-
slide research currently remains mainly driven
by earth scientists, this will require initiatives
in developing trans-disciplinary approaches
that are able to go beyond the analysis of the
physical drivers of LS, but integrate the social,
political, cultural and economic dimensions of
DRR in order to identify and characterise the
effectiveness of specific DRR measures (Cut-
ter et al., 2015). Hence, earth scientists should
actively seek interactions with experts in social
sciences and grass-root organisations in order
to bridge the gap between the improved under-
standing of landslide hazard and the effective
reduction of landslide risk.
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