
1 INTRODUCTION  

Landslides are recognized as the third or fourth type 
of natural disaster in importance worldwide, depend-
ing on the region (Zillman 1999). However, this is 
often not very well reflected in the official statistics, 
where landslide damage is often grouped under the 
triggering events that caused them (e.g. hurricanes, 
earthquakes). According to the statistics of the EM-
DAT database (OFDA/CRED 2004) landslides have 
caused 53,693 deaths and affected 9,560,090 peoples 
around the world in the period 1903 to 2004. Ac-
cording to the same database, the quantification of 
damage in this period reaches over 3,5 billion US 
dollars, whereas such amounts are reported in other 
literature as yearly losses in a single country like Ja-
pan or the US (Schuster 1996).  

In Cuba, most landslides are associated with hur-
ricanes, tropical storms or prolonged rainfall periods 
(Viña et al. 1977, Formell & Albear 1979, Pérez 
1983, Díaz et al. 1983, Magaz et al. 1991, Iturralde-
Vinent 1991, Castellanos et al. 1998, Pacheco & 
Concepción 1998, Castellanos, 2000). As the land-
slide damage is associated to the main disaster there 

is generally no record about how many landslides 
have happened and where they are located. 

To illustrate the frequency of the meteorological 
events in Cuba, since 1785 up to 1984 the national 
territory had a total of 108 reported hurricanes 
(Rodriguez 1989). Out of a total of 240 hurricanes 
from 1983 to 2003 in the Atlantic basin, Cuba was 
hit by approximately 50 (Thompson & Gaviria 
2004). 

However, there are no official records for land-
slides related to these events. All disasters damage 
that occurred was recorded as been caused by the 
hurricanes and no detailed description was made for 
the subsequent disasters like flooding or landslides. 
Even though, in a report presented by the National 
Civil Defence Headquarter it was recognized that 
45,000 inhabitants in Cuba are vulnerable to land-
slides (EMNDC-Estado Mayor Nacional de la De-
fensa Civil 2002). 

By a simple analysis of the database EM-DAT 
(OFDA/CRED 2004), during the XX Century (1900-
2004) 56 important natural disasters have been regis-
tered in Cuba, from which 21 were hurricanes or cy-
clones, 18 flooding, 5 storms, 6 droughts, 2 earth-
quakes, 2 forest fires and 2 epidemics. During this 
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period 5,110 peoples had died and 2,1 billions of US 
dollars in losses have been registered. The damage 
caused by the hurricanes Charley and Ivan, which 
occurred in August and September 2004 have not 
been included in this figures.   

Due to the lack of a landslide inventory, the 
knowledge about geological, geomorphological, tec-
tonic and hydrological conditions in landslide areas 
in Cuba is limited. Limited work has been done 
where landslides have been correlated with multiple 
environmental variables like soils, slope, etc. in or-
der to produce hazard maps. Even more limited are 
studies on landslide risk assessment in Cuba.  

To cope with the mentioned problems the Na-
tional Civil Defence and the Ministry of Science, 
Technology and Environment have decided to estab-
lish a system for landslide risk assessment in the 
Cuban Archipelago. The system includes the design 
and implementation of a national landslide inventory 
database and landslide risk assessment procedures at 
different disaster management levels. This paper 
presents a brief overview of these topics and the de-
sign for its implementation based on the conditions 
of Cuba. 

2 LANDSLIDES IN CUBA 

In this section an overview is given of the major 
landslide areas of Cuba described in the published 
literature, and some unpublished reports from the 
main research institutes in Cuba. 

No landslide studies are available from the period 
before the revolution in Cuba, although there are 
some older publications with general geographic de-
scriptions on landslide processes. 

In figure 1 an overview is given of the most im-
portant known landslide events in Cuba in the last 50 
years. The most catastrophic landslide happened in 
the Sierra de Caujerí scarp (Fig. 1, number 1 and 
Fig. 2, number 1); specifically in the locality Los 
Jagueyes. This landslide occurred after three days of 

heavy rain during the passing of cyclone Flora on 
October 8 1963, which was the most devastating me-
teorological event, which had affected Cuba. During 
this event a total amount of 1,100 mm of rainfall in 
three days was recorded in the Sierra de Caujerí area 
(Trusov 1989). The successive rotational rockslide 
occurred in two pulses with about 45 minute inter-
vals, which allowed some of the inhabitants to es-
cape, whereas 5-10 others were killed. There is no 
technical report made directly after the event al-
though some data was recorded during a fieldwork 
with interviews of the survivors in 1999 (Castellanos 
& Van Westen 2001a). 

The highest landslide risk in Cuba related to a 
continuous slow landslide movement is the Mariel 
landslide (Díaz et al. 1983, Formell & Albear 1979, 
Pacheco & Concepción 1998). Mariel hill (Fig. 1, 
number 2), the site of the old Navy Academy, is lo-
cated over a slip surface which has moved intermit-
tently. Recordings show 19 cm movement for 99 
hours (in 1979 after hurricane “Frederic”) and 32.5 
cm for 51 hours (in 1985 after 115 mm rainfall in 
three days). According to the reports small move-
ments are recognized since 1918 and the crown of 
the landslide is about 40 m wide. The site is con-
tinuously monitored because, in case of a complete 
collapse, a large number of people might be af-
fected.  

The most important scientific publications about 
landslides in Cuba are related to those in the Eastern 
part of Cuba, such as the coastal landslides from 
Baitiquirí up to Maisí (Fig. 1, number 3), in 
Guantánamo province (Magaz et al. 1991) and the 
ones in the Sierra Maestra (Iturralde-Vinent 1991). 

The Baitiquirí-Maisí landslides are associated to 
the marine terraces, and may be considered as paleo-
landslides since there is no historical record of 
movements. Besides, some of these paleo-landslides 
have been sealed in the front part by a coral reef ring 
which is also uplifted in the lowest marine terrace 
level. This is an indication that the landslides oc-
curred in submarine conditions and the area was 
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Figure 1. Location of major landslides in Cuba, according to existing publications. Numbers are referred to in the text.



later uplifted. Large gravitational landforms were 
described in the southern slope of the Sierra Maestra 
(Fig. 1, number 4) mountain system by Iturralde-
Vinent (1991), and Orbera (1996). They were 
mapped as rotational rock slides, and although they 
are considered old, some of them have been reacti-
vated during rainy periods, and have interrupted the 
single coastal road in the Southern Sierra Maestra. 

In Moa-Baracoa and the Sierra del Purial moun-
tain system (Fig. 1, number 5) multiple old and re-
cent landslides have been surveyed (Castellanos et 
al. 1998). The landslides, located in highly dissected 
mountains, were identified in aerial photographs 
from 1974 and digitized in a GIS. A statistical 
analysis was carried out comparing the landslide 
frequency with different environmental parameters, 
and a landslide susceptibility map was made at 
1:100 000 scale in an area of 14,000 km2.  

A landslide hazard assessment at a more detailed 
scale (1:50,000) has been carried out in the San An-
tonio del Sur municipality (Castellanos 2000, Castel-
lanos & van Westen 2001a,b). More than 50 land-
slides were recorded in a database (Fig. 1, number 
6). 

Unstable slopes have been found in the northern 
slope of Sierra Maestra mountain system, specifi-
cally in Guisa Municipality (Fig. 1, number 7), San 
Ignacio locality (Viña et al. 1977). On June 10, 1977 
a landslide occurred here, which was about 350 m 
long and 100 m wide. The vegetation and construc-
tions on the landslide were relatively intact after be-
ing displaced for about 80 to 100 meters. Prior to the 
landslide there was an intense drought and later dur-
ing May rainfall reached 737,2 mm, and 106,8 mm 
on June 8, two days before the event. The 1977 
landslide was a reactivation of an older one with re-
ported activity in 1951 and 1960.  

During geological mapping at 1:250,000 scale 
carried out in the Eastern part of Cuba small and 
medium size rockfalls and landslides were reported 
(Pérez 1983). They were located mainly along the 
rivers and happen mostly during the rainy season. 
Examples areas are Guanábana, close to Solongo, in 
Sierra Maestra (Fig. 1, number 8) and the highland 
Yuraguana, close to La Tagua. 

Some landslides that had happened in the moun-
tain areas are due to road construction in unstable or 
marginally stable slopes. Also, the mining activity 
has triggered different types of landslides as the one 
described in the Punta Gorda Nickel ore deposit 
(Almaguer & Guardado 2003, Guardado & Alma-
guer 2001a). A remarkable event was the landslide 
in the Cromite ore deposit in Merceditas (Fig. 1, 
number 9), at 8 km of La Melba locality in Sierra 
Cristal. A translational rockslide occurred with a 
width of 100 meters, due the underground mining 
activity, which generated large dimension chambers 
close to the slope. The landslide blocked the Jaraguá 
River, but no lake was formed due to the large size 

of the rocks and the high permeability. However, 
from this point and 200 m downstream the river is 
running underground. 

Close to the Baracoa village (Fig. 1, number 10), 
specifically 500 m from the airport an earth-rock 
slide happened in 1997 (Castellanos et al. 1998), 
blocking the road that communicates the town with 
the airport. The landslide seems to be rotational over 
marls and limestone. The main factors involved may 
be the continuously rainfall, the cut at the foot of the 
slope for road construction and the tunnel construc-
tion inside the mountain. 

There are other studies about landslides in Cuba 
such as the one related to the Via Blanca geological 
formation (Fig. 1, number 11) in Havana City 
(González et al. 1994), the radiometric age dating of 
landslide zones (Chang et al. 2003), landslide hazard 
analysis in Sancti Spiritus  (Fig. 1, number 12) prov-
ince (Reyes & Quisbert 1998) and general publica-
tions about the landslide conditioning and triggering 
factors in the country (Guardado & Almaguer 
2001b, Rocamora 1994, Rocamora 2001, Rocamora 
2003). 

3 PROPOSED LANDSLIDE RISK METHOD 
FOR CUBA 

The volume of literature on landslide hazard assess-
ment is overwhelming, especially when compared 
with that dealing with landslide vulnerability and 
risk assessment, which are still relatively few. There 
is a general consensus on the classification in four 
different approaches for landslide hazard: landslide 
inventory-based probabilistic approach, heuristic ap-
proach (which can be direct Geomorphological 
mapping, or indirect qualitative map combination), 
statistical approach (bivariate- or multivariate statis-
tics) and the deterministic approach (Soeters & Van 
Westen 1996, Guzzetti et al. 1999). The landslide 
risk assessment methods are classified into three 
groups, as qualitative methods (probability and 
losses expressed in qualitative terms), semi-
quantitative methods (indicative probability, qualita-
tive terms) and quantitative methods (probability 
and losses quantified)(AGS 2002, Lee & Jones 
2004).  

The aspect of scale has not played a dominant role 
in the reported methods of landslide risk assessment 
as most of the published work is at site investigation 
scale or at relatively large mapping scales. However, 
the landslide risk assessment methodology for the 
Cuban situation will need to address different re-
quirements for the various risk reduction activities 
by the Civil Defence at various levels of detail. 
These may vary from landslide warnings given at 
national level upon the approaching of a hurricane, 
to the detailed land use planning in landslide-
affected localities (EMNDC 2002). 
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Figure 2. Some typical landslides in Cuba. Locations with the same number are in Figure 1 and the explanation is in the text. 1: 
Los Jagueyes landslide in Caujerí valley. 2: Los Aposentos coastal landslide between Baitiquirí and San Antonio del Sur. 6: 
Landslide in San Antonio del Sur area. 5 : Landslide in Puriales de Caujerí. 9: Landslide in Merceditas chromites mining area. 
10: Baracoa landslide. 



Experience in the rest of world has shown that the 
assessment of landslide hazard and risk requires: 
− A hierarchical approach, with different levels of 

study that implies different objectives, scales, 
methods and results; 

− An acceptable cost/benefit ratio, in order to make 
the methods affordable by the implementing or-
ganisation; 

− A technical applicability, were the methods are 
technically feasible to be carried out by the 
implementing organisation (Soeters & Van 
Westen 1996). 
Each country adopts its own strategy for landslide 

risk assessment and different levels of analysis with 
specific scales in accordance with: 
− The geographic extension and population distri-

bution of the country. 
− The management and political structure of the 

country and the extent of each management level 
(province, departments, county, etc.). 

− The magnitude and frequency of the landslides 
that occur in correspondence with the relief of the 
country. 

− The human and technological resource capacity 
to carry out the assessment. 
One misunderstanding in developing a national 

landslide hazard and risk assessment has come for 
having copied assessment frameworks from coun-
tries with different natural and political-
administrative characteristics. In Cuba there is a 

dense management division and it is homogeneous 
enough to make these coincidence with the landslide 
risk assessment levels. Every Organization of the 
Central State Management (OACE by its initials in 
Spanish) has provincial representation and many of 
them also have it at the municipal level. This allows 
identifying support and responsibilities in the man-
agement structure, and to locate and manage finan-
cial and material resources on each administrative 
level (municipality, province, region, country). 

According with the above considerations the fol-
lowing levels for landslide hazard and risk assess-
ment are proposed for Cuba (see Fig. 3): 
− National level, 1:1,000,000 scale. 
− Provincial level, 1:100,000 scale.  
− Municipal level, 1:50,000 scale.  
− Local level, 1:25,000 scale.  

The proposed scales coincide with the topog-
raphic maps that are produced and regularly up-
dated. Many natural regions of Cuba are not limited 
to the provincial and municipals boundaries (e.g. Si-
erra Maestra mountain area is located in Santiago de 
Cuba and Granma provinces). The hazard and risk 
assessment at 1:100,000 and 1:50,000 scales could 
be feasibly carried out by subdividing the territory in 
natural units of the relief. Similarly, a local level 
1:25,000 scale study could contain areas that may 
include the administrative boundary of two munici-
palities.  

1:1,000,000

1:100,000

1:50,000 1:25,000

Figure 3. Case study areas at different scales for the development of the methodology for risk assessment in Cuba.



Figure 4 shows a list of the different types of in-
formation required for landslide hazard and risk as-
sessment at the 4 levels of analysis (based on Soeters 
& Van Westen 1996). The methods that are com-
monly used for collecting the data are indicated, as 
well as the possibility of obtaining sufficient data at 
a reasonable cost/benefit ratio in Cuba.  Landslide 

inventory maps are the key component of a landslide 
risk assessment, especially if they represent land-
slides with date, type and volume, and if they are 
updated after major triggering events (Coe et al. 
2004). Most of the landslide information has to 
come from remote sensing, where medium resolu-
tion systems, such as LANDSAT, SPOT, and nowa-

Figure 4. Summary of data needed for landslide hazard and risk assessment for the conditions of Cuba. Adapted from Soeters &
van Westen (1996) 



days especially ASTER, will be used to differentiate 
bare landslide scars after main rainstorm events 
based on their spectral characteristics. The use of 
high-resolution imagery such as IKONOS or Quick-
bird will be less of an option in Cuba, due to the 
high price and distribution policy.  

One very important additional source for obtain-
ing useful landslide inventory data, also from the 
past, is the involvement of local staff of the Civil 
Defence at the 169 municipal centers. A simple 
landslide reporting form has been designed, and 
workshops are conducted to train the staff and make 
them aware of the procedure. Once the local officers 
report a landslide, a landslide expert from the central 
office will visit the site and complete the question-
naire in more detail.  Such a system for landslide 
data collection might not be very effective in other 
countries, due to lack of commitment of the report-
ing staff at the local level. In Cuba, however, the 
Civil Defence is well organized and very effective as 
can be concluded from a comparison of disaster re-
lated casualties numbers in Cuba with those of 
neighboring countries such as Haiti or Dominican 
Republic (Thompson & Gaviria 2004). 

In the proposed methodology it is important to in-
tegrate both governments and administrative organi-
zations of the corresponding level before, during and 
after the assessment is carried out. On the other side, 
it is possible that after the assessment at provincial 
level (1:100,000 scale), problematic areas could be 
recognised to have local assessment (1:25,000 scale) 
or even geotechnical project assessment (> 1:10,000 
scale) without waiting for the inter-level assess-
ments. 

In the following sections the various levels of 
analysis are described in more detail. 

3.1 National level (1:1,000,000 scale) 
The objective of the analysis at the national scale is 
the zonation of the national territory according to the 
main landslide conditioning factors and the use of 
real-time rainfall and hurricane data in the genera-
tion landslide warnings. A further objective is the se-
lection of the landslide prone areas for detailed haz-
ard and risk studies. 

Most landslides recognized in Cuba have hap-
pened associated to hurricanes, tropical storms, or 
prolonged rainy periods, and relatively few related 
to earthquakes. The damage is mostly associated to 
isolated landslide events, or to debris flows in down-
stream parts. Hurricane warning and rainfall moni-
toring systems are well developed, but need to be 
combined with certain rainfall thresholds, which 
might be different for different environmental set-
tings. The rainfall distribution is very heterogeneous 
with high contrasts in a few kilometres of distance, 
like in the Eastern part of Cuba.  

A schematic overview of the proposed hazard and 
risk method is given in Figure 5. The data inventory 
will use three main sources: the National Atlas of 
Cuba (NAC), the SRTM DEM data and the National 
Statistics Office. The NAC maps ranges from 
1:1,000,000 to 1:2,000,000 scales and they need to 
be scanned and digitised. The STRM DEM data has 
been compiled and processed, and a series of mor-
phometric parameters have been extracted. The 
landslide inventory will provide both the overview 

Figure 5. Schematic representation of the proposed landslide risk assessment method at national scale in Cuba. Important inputs 
are from SRTM DEM, the National Atlas of Cuba, the National Statistics Office, and the proposed landslide inventory database. 



used for generating the risk index, as well as the 
temporal information used for establishing thresh-
olds for general landslide warnings. The classes of 
the environmental parameters maps will be ranked 
and weighted using expert opinion criteria. Since 
landslides at this scale will be only represented by 
points, a runout map will not be generated. The 
landslide inventory and environmental parameters 
maps will be used to produce the landslide suscepti-
bility map, which, combined with the triggering fac-
tors maps will generate the landslide hazard map. 

The classes of elements at risk polygon maps will 
be ranked and weighted according to the value or 
importance of each class.  A rank and weight will be 
also assigned to the point- and line maps of the ele-
ments at risk. As at 1:1,000,000 scale it is very diffi-
cult to assess the landslide vulnerability, only a rela-
tive “consequence” map will be made by combining 
all elements at risk maps. A selection of vulnerabil-
ity indicators will be made, grouped into four major 
classes: social, economic, physical and environ-
mental. The consequence and hazard map will be 
combined to produce the national landslide risk map, 
which displays qualitative risk classes per munici-
pality.  

3.2 Provincial level (1:100,000 scale) 
The objective of the analysis at this level is the zon-
ing of the area with respect to recent and old land-
slides and to produce a semi-quantitative landslide 
hazard and risk map using a statistical approach. The 
Guantánamo province, with an area of 6,170 km2, 
and a population of 509,065 in 10 Municipalities, 
has been selected as study area (see Fig. 3). The ge-
ology includes ophiolite, which is highly affected by 
weathering in the North and metamorphic and sedi-
mentary rocks in the South. The relief is relatively 
young and affected by active tectonic processes. 
Landslides occur in the different geological forma-
tions but most frequently in sedimentary rocks The 
most frequent types are rotational rockslides and 
rockfalls . 

Image interpretation of the area will be done us-
ing aerial photographs and satellite images of differ-
ent periods. In Cuba there are three aerial photos se-
ries with national coverage: 
- From 1956, at 1:62,000 scale by The American 

Survey Corporation (ASC). 
- From 1971-1974, at 1:37,000 scale by the Cuban 

Institute of Geodesy and Cartography (ICGC); 
- From 1999-2000, at 1:33,000 scale by Geocuba; 
Additionally more than 10 different satellite images 
will be used (Landsat TM, Spot PAN, Aster). Exam-
ples of its use can be found in Castellanos (2000). 
The main analysis type at this scale will be a statisti-
cal combination of the landslide inventory with the 
environmental parameters and the triggering factors 
(rainfall and earthquake), resulting in a qualitative 

landslide hazard map. Landslide runout zones will 
not be analyzed at this scale, although some empha-
sis is given to areas that are at risk for debris flows. 
A limited survey of the elements at risk will be done 
using the topographic maps and provincial statistical 
information. Landslide vulnerability analysis will be 
very basic at this level and the semi-quantitative risk 
map will display risk levels within homogeneous 
units, with respect of the environmental parameters. 

3.3 Municipal level (1:50,000 scale) 
The objective of the research on this level is to gen-
erate risk maps that can be used as input in munici-
pal development planning. This requires identifica-
tion of hazard degrees related to landslides of 
different type, frequency and volume, and the 
evaluation of the run out zones, the elements at risk 
and their vulnerability and to produce a quantitative 
risk map. 

The study area consists of the San Antonio del 
Sur municipality (see Fig. 3), with an area of 600 
km2 that includes coastal hills and mountainous ar-
eas in the north, east and western parts. It is an agri-
cultural area with about 25,000 inhabitants. The 
main part is the Caujerí valley, which is an impor-
tant food production region for Guantánamo prov-
ince. 

The valley has an oval shape surrounded by Si-
erra de Caujerí (west), Sierra de Mariana (south), Si-
erra del Convento (southeastern) and Sierra del Pu-
rial (east and north). The coastal area is 
characterized by isolated hills with apparently tec-
tonic control that regulate its shape, lineation and 
uplift. The area is covered by terrigenous and car-
bonated sedimentary rocks and by low pressure-
temperature metamorphic rocks. The landslides have 
occurred in three main areas: in the coastal hills, in 
the denudational slopes and in the Sierra de Cuajerí 
main scarp (Castellanos 2000, Castellanos & van 
Westen 2001a,b).  

Hazard and risk assessment starts also with de-
tailed multi-temporal landslide image interpretation 
and earth observation data processing. The environ-
mental parameters will be crossed with the land-
slides inventory and with the rainfall data as the 
main triggering factor. The hazard assessment will 
be done using a combination of statistical and heu-
ristic methods. A detailed elements-at-risk survey 
and vulnerability analysis will allow to make the risk 
assessment using semi-quantitative approaches. 

3.4 Local level (1:25,000 scale) 
The objective of the work at this level is to carry out 
a detailed study using landslide hazard and risk as-
sessment methods as quantitative as possible. 

The study area is the Sierra de Caujerí, located in 
the western border of the Caujerí valley (see Fig. 3 



and Fig. 6). It is a tectonic scarp with an average 
height difference of 500 meter, containing more than 
50 landslides, which are mostly rotational rockslides 
that end in mudflows. It contains the large landslide 
in Los Jagueyes area, which occurred during Flora 
Hurricane in 1963 (Fig. 2, number 1). The scarp 
consists of horizontally layered limestone of the 
Yateras Formation and marls of the Maquey forma-
tion in the lower part. The limestone presents many 
karstic features and the rivers system is well dis-
sected. The groundwater flows into karstic aquifers 
and many springs occur in the accumulation zone or 
in the foot of the landslides. The area is used mostly 
for agriculture by private and state-owned farms. 
There are a few hundreds of farmhouses and several 
small primary schools. The road system is poor and 
unpaved one-lane roads predominate. Despite the 
low value of elements at risk, the economical value 
of the area is important for the province, as it is the 
main food production area for more than 200,000 
inhabitants. 

At this scale geotechnical, hydrogeological and 
meteorological data will be collected in order to be 
able to apply deterministic methods using relatively 
simple slope stability calculations and runout mod-
els. Elements at risk will be quantified as much as 
possible. 

4 CONCLUSIONS 

The proposed methodology still has to be imple-
mented, as the research is still in its initial phase, al-
though work at municipal and local level has been 
carried out before (Castellanos 2000). The work on 

the national level has been nearly completed, with 
the exception of the generation of the landslide data-
base. The generation of a national landslide database 
using a combination of earth observation data and 
landslide reporting by local Civil Defence staff is 
considered to be the most crucial element of this re-
search. Based on the results of the national landslide 
inventory and the national landslide risk assessment, 
a hurricane warning system will be developed, that 
may include a potential landslide severity index, 
based on the rainfall forecasting. 

The research is coordinated with the National 
Science and Technological Innovation Program for 
Civil Defence (PNCIT) in Cuba and with the Na-
tional Headquarters of the Civil Defence (EMNDC) 
in Cuba. The Institute of Geology and Paleontology 
(IGP) is carrying out this research project since 
January 2004 for the four case study areas with a du-
ration of 3 years. This research is carried out as 
component of the ITC SLARIM project: Strengthen-
ing Local Authorities in Risk Management. 
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