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ABSTRACT 

Many settlements in the Guatemala City Metropolitan Area (GCMA) face significant possibilities 
of fatalities due to their location in steep ravines that are subjected to periodic large-scale landslides. 
Since the housing in the at-risk areas is relatively low-cost, it is typically cost-prohibitive to mitigate the 
risk to an acceptable level. Thus, permanent relocation is the only truly viable option to ensure the long-
term safety of everyone. However, there are several economic and social obstacles impeding successful 
implementation of a relocation program. Still, there are many other landslide risk reduction techniques 
(such as retaining walls, community drainage systems, and alert systems) implemented by government 
organizations and non-profit groups. These techniques are helpful in landslide risk reduction (LRR), but 
residents are only partially involved in the entire process. Therefore, increasing residents’ education and 
ability to better understand their level of landslide risk will help with LRR. Residents can integrate and 
collaborate with the government organizations and non-profits implementing mitigation techniques and of 
even greater benefits, the education and ability for residents to understand their landslide risk can provide 
additional avenues for LRR not otherwise achievable. 

The purpose of this research is to develop a landslide-risk-rating-system (LRRS) that can be used 
by trained residents to better understand their risk (similar to other landslide or rockfall hazard-rating 
systems commonly used by department of transportation organizations). The focus of this LRRS is only 
on small-scale landslides (typically the size of a house or less) because evaluating the risk of large-scale 
landslides is too complicated to be done by trained non-technical experts. The LRRS asks questions 
related to landslide risk that can be used to calculate a landslide risk score to indicate the relative level of 
risk. The LRRS was created by reviewing published literature documenting other landslide rating systems 
and incorporating similar factors correlated with landslide risk. Then, forty sites were visited in the 
GCMA to inventory the factors at houses that are vulnerable to landslides in order to evaluate which 
factors were most useful for predicting the relative risk. The predicted risk scores were compared to 
ranked risk scores estimated by the author to ensure the results were valid. Statistical analysis identified 
which of these factors best-predicted landslide risk. These factors include slope angle, slope height, 
strength of slope material or material type, aperture of cracks, spatial impact, largest probable landslide 
volume, largest probable percentage of the living area that could be impacted from a landslide, and total 
person-hours a living area is occupied per day.  

Future work should focus on the transformation of the tool into a more user-friendly format for 
use by residents, the implementation process, and monitoring plan. 
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CHAPTER 1  

INTRODUCTION 

While no official census has been completed to date, it is estimated that anywhere from 250,000 
to 500,000 people reside in urban settlements in the Guatemala City Metropolitan Area (GCMA,) where 
there are significant landslide risk (ESFRA, personal communication, April 2015). The settlements are 
exposed to high landslide risk because they are located in very steep and large ravines made of weakly 
cemented pyroclastic deposits. In addition to the weak slope conditions, the occurrence of landslides is 
further exacerbated by hurricanes, severe wet seasons, and earthquakes. There is significant vulnerability 
because the majority of the population in the settlements is in impoverished conditions with very low-
income leading to poorly planned developments made of badly constructed structures that are frequently 
damaged by landslides. Families have typically migrated from rural areas to the urban settlements 
because they sought economic opportunities that are more apparent in the GCMA. In general, most 
families are aware of the increased landslide risk they are exposed to while in the settlements, but they 
have few alternative options. Mitigation techniques are usually economically infeasible in order to reduce 
the risk to an acceptable level because the cost of the mitigation is typically many times higher than the 
cost of the house. However, permanent relocation of all the settlements is the best method to truly reduce 
the landslide risk to an acceptable level.  

In fact, permanent relocation is the only mitigation technique focused on by the governmental 
organization CONRED (translated as Coordination of National Reduction of Disasters). CONRED 
discourages any other mitigation techniques because these other methods do not lower the risk to an 
acceptable level. The concern is that residents may be misled by the conclusion that it is acceptable to live 
in the areas since organizations are helping them make it safer, and if a major landslide does occur, 
CONRED and others could be held liable. However, permanent relocation is unlikely to occur in the near 
future because there is very little affordable land available for the relocation of such a large number of 
people, and the current process is socially unacceptable. Specifically, relocation would be socially 
unacceptable because many residents make their living working in the center of the city and any suitable 
area for relocation would be too far away. Finally, even when land is available for relocation, resources 
are not available to monitor the vacated areas, and new groups quickly move into the recently unoccupied 
areas. 

However, there are some situations where houses exposed to high risk have been completely 
vacated successfully. This happens typically because families have personally observed nearby landslides, 
have the necessary resources and opportunities, and have decided to relocate. Thus, providing education 
and a way for families to better understand their risk from landslides is beneficial so residents can be 
empowered to make their own choices. The education and understanding of the level of risk is important 
because many families can also be concerned about other issues at times, and this information provides 
them the potential to more accurately prioritize their needs. This is contrast to the current situation where 
experts and foreign personnel often develop regulations with insufficient engagement and consideration 
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from the communities themselves. Instead, bringing the decision making process directly to the 
communities can allow the local knowledge, experience, and unique skills to play a major role in LRR. In 
addition, education and awareness of landslide risk could help with other methods of LRR not currently in 
standard practice. These other methods of LRR are most likely to involve basic mitigation techniques 
such as setbacks from slopes, moving bedroom and other commonly occupied parts of a house to more 
safe locations within the house, and promoting the growth of vegetation on loose slopes. 

This research focuses on developing a landslide-risk-rating-system (LRRS) that residents can 
learn to use and evaluate their level of landslide risk from small-scale landslides. It is designed to bring 
residents, local workers, and other organizations together to address the problem of landslides. It was 
concluded that evaluating the risk from large-scale landslides (typically bigger than a house) is too 
complex for trained residents to evaluate. While many successful rapid-assessment landslide tools have 
been developed for LRR, such as the Oregon Rockfall Hazard Rating System (RHRS) (Pierson, 1991), a 
tool has never been designed to be used by trained non-technical expert residents to do the evaluation for 
their own communities in developing countries. Typically, these rapid-assessment tools are designed to be 
used by technicians who typically have a higher level of formal education than residents in urban 
settlements of the GCMA. 

The LRRS is composed of the most important questions related to landslide risk that have a set of 
multiple-choice answers from which trained residents can choose. The answers relate to different levels of 
severity for each question that can be used to calculate a landslide risk score in order to indicate the 
relative level of risk. For the preliminary analysis, many different factors will be incorporated in the 
LRRS based on their similarity to other commonly used factors found in published literature on landslide 
rating systems. These factors will then be evaluated at forty sites in the GCMA to identify which of these 
factors are the most dominant in predicting the relative landslide risk between the sites. The final 
combination of factors will be established by analyzing which combination provides the best predictive 
scores compared to independently ranked scores of each site. The ranked scores of each site will be 
selected by the author based on engineering judgment. The following chapters provide additional details 
to support this research. 
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CHAPTER 2  

BACKGROUND 

From literature review and observations in the field, the following sections provide further details 
on the issue contributing to significant landslide risk in the settlements of the GCMA. 

2.1 Geology, Geomorphology, and Settlements 
The GCMA is located in a tectonically active highland basin composed of the North American, 

Coco, and Caribbean tectonic plates, making up part of the “Ring of Fire”. Volcanic activity, earthquakes, 
and intense storms have shaped much of the geologic history, and present significant hazards affecting the 
population of the area today. During the Pleistocene Epoch, periodic volcanic eruptions deposited large 
volumes of poorly welded silicic pumice and ash over nearly all of the highlands along with pyroclastic 
material flowing preferentially down valleys and into basins in layers, such as the valley where current 
day GCMA is located (Koch and McLean, 1975) (Figure 2.1). Since deposition of the material, the filled 
basins and valleys have been incised by precipitation runoff forming steep sided gullies and ravines. In 
many of the stronger layers of pyroclastic material, vertical cuts naturally stand over 30 meters high and 
vegetated slopes at 40-degree angles are common. The material is weakly cemented, giving it rock-like 
behavior, but it can rapidly change to a soil-like material if disturbed (Sitar and Clough, 1983). Thus, 
these conditions set the stage for Guatemala to have severe problems with landslides. In fact, Guatemala 
has the greatest density of landslides in the world and the highest frequency of deaths due to landslides in 
Central America (Nadim et al., 2006). This is a major concern in Guatemala City, Central America’s 
largest city, with a population density up to 4,470 people / km2  (Cerezo, 2003).   

In 1998, the infamous Hurricane Mitch reinforced the significance of landslides in Guatemala, 
where over half a meter of rain fell in a few hours and triggered numerous landslides throughout Central 
America (NOAA, 2009). In addition, in February 1976, a 7.6M earthquake struck near the GCMA, 
causing more than 10,000 landslides throughout an area of approximately 16,000km2 (Harp et al., 1981). 
While these extreme natural disasters are main triggering mechanisms of landslides, many contributing 
factors are from anthropogenic changes, such as modifications to slopes by improper cutting and filling, 
increased runoff from impervious surfaces, and land use practices, such as farming and deforestation. 
These factors have become even more significant as the GCMA faces problems with rapid unplanned 
development, which is comparable to the fastest-growing cities in developed and undeveloped countries 
(Roberts, 1973). Due to the rapid growth, many communities form illegally by over-night invasions in the 
ravines of the GCMA. These invasions, in turn, become informal settlements due to the insufficient 
enforcement and resources required to evict the settlers. Since almost all land with low landslide hazard is 
already developed, these settlements typically occur on steep, landslide-prone slopes (Figure 2.2). 
Because the settlements are already illegal, land-use regulations are rarely effective. Furthermore, 
construction materials of the houses are of poor quality and the houses are almost never built to any 
standard code (Anderson and Holcombe, 2013). Thus, when landslides occur in these communities, the 
houses are easily damaged and destroyed even by relatively small landslides, making fatalities all the 
more possible.  
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Figure 2.1: Geologic map of volcanic highlands in Guatemala with Guatemala City located to the 

bottom- right of the center of the image (Koch and McLean, 1975). 

Sitar and Cough (1983) discuss the stability and failure modes in weakly cemented soils, 
specifically for Guatemala and Guatemala City itself, as a weakly cemented material that can be 
characterized as rock-like or soil-like, depending on the training experience of the observers. One of the 
distinguishing characteristics of cemented soils is its ability to maintain very high and steep slopes, which 
can be greater than 30m high and near vertical. These slopes are commonly found around the GCMA and 
exist from either manmade or natural processes. However, these slopes are not entirely stable. The 
material is typically brittle at low confining pressures and can fail quickly in near vertical slopes (greater 
than 70°). Failures typically initiate at the top of the slope from tensile forces. According to Sitar and 
Cough (1983), failures on moderate slopes (less than 70°) are likely to be slides sub-parallel to the slope. 
Both of these failure types (tensile failure and sub-parallel slide) are generally shallow, occurring, at most, 
at a depth of 2-5 meters.  
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Figure 2.2: Google Earth view (no vertical exaggeration) in 2007 of an area in the GCMA showing the 

population primarily on the flat terrain (upper left), but some communities on steep slopes prone to failure 
(Note: Arrows point to specific landslide scars, some of which are near the settlements). 

2.2 Landslide Inventory 
According to an unpublished report by Manolo and Coe (2013) [in Spanish] there is little 

landslide inventory or availability of historical data on landslides in Guatemala. Some groups have 
completed inventories in the past century, but much of the data is incomplete and has many missing years. 
In addition, these inventories do not include critical information such as geotechnical characteristics, the 
type of movement, or dimensions and volumes of disturbed material. Of the existing inventories, Manolo 
and Coe (2013) report that 555 landslides were recorded from 1914 to 1990 (based on newspaper records) 
and 1,456 were reported from 2008 to 2011. This shows a dramatic increase in reported landslides, but the 
authors attribute this increase due to technological advances, enhanced communication capabilities, and a 
rise in landslide disaster interest from institutions or organizations. 

An inventory of landslides in Guatemala City has been created by the author to examine the 
distribution of landslides using Google Earth Historical Imagery (GEHI). As seen in Figure 2.2, certain 
kinds of landslides are easily identified due to their long runout paths that scour the surface, exposing 
light colored tephra underneath. The scars of these landslides have been digitized and categorized by year. 
The first set of decipherable aerial imagery available for the area, through GEHI, starts in 2000 and 
continues, with some gaps in temporal coverage, until present. Figure 2.3, produced for this research, 
provides an aerial map with all identified landslides occurring between 2000 and 2014 digitized with 
green polygons. For this inventory, only Guatemala City was investigated instead of the entire GCMA.  
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Figure 2.3: Landslide Inventory created from Google Earth Historical Imagery of Guatemala City from 
2000 to 2014 with mapped landslide scars outlined in green. 

From the GEHI inventory, 2,414 landslide scars were identified in eleven different aerial imagery 
sets between 2000 and 2014. A lognormal probability plot of the landslide area is provided in Figure 2.4, 
showing the data to be log-normally distributed. Table 2.1 provides the descriptive statistics of the data 
and Figure 2.5 shows the frequency of landslides mapped for each yearly aerial imagery set.  

From this data set, it can be seen that large-scale landslides occur frequently. However, landslides 
less than ten square meters were difficult to map and their frequency was not quantified. However, it can 
be seen on Figure 2.6 that smaller landslides are more frequent than larger landslides, and this trend is 
expected to continue into the smaller size range that could not be mapped. Through field observations of 
recent failures and historical accounts from residents in the GCMA, these small-scale landslides are quite 
common. Therefore, the impact of small-scale landslides compared to large-scale landslides is important 
to understand. However, small-scale landslides are likely to be very difficult to inventory properly 
because their evidence is quickly erased by revegetation and efforts of residents to clear away the debris.  
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Figure 2.4: Lognormal probability plot of mapped landslide areas in Guatemala City 

 
Table 2.1: Descriptive Statistics of mapped landslide area 

Variable Landslide Area (m
2
) 

N 2,414 

Mean 783.2 

Mean 36.5 

St. Dev 1,794.3 

Minimum 3 

Q1 123.8 

Median 283.5 

Q3 708.3 

Maximum 34,266 
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Figure 2.5: Bar chart of number of mapped landslides per yearly set of aerial images 

 
Figure 2.6: Histogram of landslide area showing the decreasing number of landslides with increasing 

landslide area 
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2.3 Landslide Risk 
Morgan et al. (1992) defines landslide risk as the annual probability of loss of life of a specific 

individual. It is a compilation of several factors and components described by Morgan et al. (1992) with 
the following equation:  = � ∗ � | ∗ � | ∗ �|                         (2.1) 

R(DI) is the risk (annual probability of loss of life to an individual); 

P(H) is the annual probability of the landslide event;  

P(S∣H) is the probability of spatial impact given the event;  

P(T∣S) is the probability of temporal impact given the spatial impact; and,   

V(L∣T) is the vulnerability of the individual (probability of loss of life of the individual given 
impact).  

Other landslide rating systems, such as Pratt (2014), discuss the pros and cons of detailed risk 
assessments such as the one proposed by Morgan et al. (1992). However, Pratt (2014) uses a simplified 
risk assessment equation seen in Equation 2.2. Dai et al. (2002) also state that some researchers (e.g. 
Wong et al., 1997 and Leroueil and Locat, 1998) group the components of Equation 2.1 into Hazard: � ∗ � |  and Consequence: � | ∗ � | ∗ �| . = � ∗             (2.2) 

Specifically, Pratt (2014) stated that limiting the evaluation to Hazard and Consequence is very 
advantageous to a rapid-assessment system because it ensures the system does not become needlessly 
complex. Further, Equation 2.2 is also deemed very effective in risk assessment because it is a more 
concise version of Equation 2.1. The last three components in Equation 2.1 (Spatial Impact Potential, 
Temporal Potential, and Vulnerability Potential) can be categorized as sub-sets of Consequence. Thus, 
Equation 2.2 still represents the key characteristics in risk assessment. 

2.4 Current Landslide Rating Systems 
Many landslide or rockfall rating systems have been developed, especially for state department of 

transportation (DOTs) in the United States of America to evaluate road cuts along highways. These rating 
systems typically use a one-page form to score factors related to landslide risk on a scale from 0-100. 
Multiple-choice answers are provided for each factor to help the user chose which value is most 
appropriate. Typically, each factor has four choices that increase in point values of 3, 9, 27, and 81 
(exponential increase by the power of three). Some of the rating systems encourage interpolation between 
any answers where the user sees fit, while others restrict interpolation only to quantitative, measureable 
values, such as in the Tennessee RHRS (Vandewater et al., 2005). In addition, many of the rating systems 
estimate the risk to the highways in different ways. Some rating systems do not distinguish between 
hazard and consequence factors and simply add the sum of all the factors to get the risk score. Others only 
focus on evaluating hazard and have at most one or two questions addressing conditions related to 
consequence. By contrast, the Washington State DOT developed the Washington Unstable Slope 
Management System, focusing more on consequence factors than hazard (Lowell and Morin, 2000). 
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Others, such as Pratt (2014), focused on ensuring hazard and consequence factors were separated and 
calculated in a manner that provided a more accurate risk score. Pratt (2014) and Russel (2009) provide 
further summaries of the many existing rating systems. 

The factors used in these rating systems are very specific towards evaluating the risk to vehicles 
on highways. Most of the hazard factors from the other rating systems are relevant for the LRRS 
developed for this project (such as slope height, slope angle, and vegetation); however, most of the 
consequence factors are not. This is because the consequence factors related to vehicles on a highway are 
very different from the consequences for residents in a house in the GCMA. However, the consequence 
factors used to evaluate vehicles may be modified to address conditions for the houses in the GCMA. For 
example, the “Average Vehicle Risk” factor is used in the Colorado RHRS to quantify the amount of time 
a vehicle is within the hazardous stretch of road based on the number of cars, posted speed limit, and 
length of hazardous area. This factor estimates the exposure of the element at risk and can be relatively 
easy to evaluate for people in a house by estimating the amount of person-hours, defined as the sum of the 
amount of hours each resident is in the house per day. 

2.5 Regional Approaches to LRR 
To combat the problem of high landslide risk, the national governmental organizations CONRED 

and INSIVUMEH (translated as National Institute of Seismology, Volcanology, Meteorology, and 
Hydrology) have developed a LRR program. The program focuses on inhibiting development in high-risk 
areas by zonation and land-use planning. The most common tool for zonation is citywide landslide 
susceptibility maps created from Geographic Information Systems (GIS) programs (see Figure 2.7). 
INSIVUMEH completes the mapping and zoning in Guatemala by using basic ranking and weighting 
systems to analyze the factors influencing landslides. The factors used are geology, topography, rainfall, 
soil type, and soil use. Each factor ranking is converted into a respective layer in GIS and once all layers 
are ranked, the layers are added together pixel by pixel to give a spatial extent of the landslide 
susceptibility.  

Once the modeling is completed, INSIVUMEH then divides communities into four zones of 
landslide susceptibility (green, yellow, orange, or red) with corresponding regulations. Regulations vary 
from “no necessary changes” (green) to “basic or detailed mitigation needed for authorized development” 
(yellow or orange) and “uninhabitable area requiring immediate relocation” (red). Creating the maps and 
zoning areas typically takes three to four weeks, relying on two to three highly trained governmental 
personnel for each community. The mapping methodology follows the typical engineering process 
consisting of an office investigation, a field investigation including collecting samples for testing (e.g. 
strength of the material, grain size analysis, and permeability), the creation of a GIS model with various 
weightings of layers (Geology [Weighting 4], Topography [Weighting 3], Rain [Weighting 2.5], Soil 
[Weighting 0.8], and Soil Use [Weighting 0.7]), and validation of the findings. The map is considered 
acceptable if its predictability is within 8% error based on landslide inventories and further field 
investigations (INSIVUMEH, personal communication, July 2014).  

For large-scale landslides, these maps may be accurate; however, this is not always the case for 
small-scale landslides due to the fact that most remote sensing techniques are not detailed enough to 
provide accurate data for small-scale landslides. The Digital Elevation Models (DEMs) are typically 50-
meter resolution for most areas, or at best 10-meter resolution for certain areas. In addition, Carrara et al. 
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(1995) note that many basic instability determinants cannot be acquired and mapped via remote sensing 
with adequate accuracy, and most of the current methods for manipulating instability factors and 
evaluating hazard levels remain error-prone or questionable. 

 
Figure 2.7: A landslide susceptibility map for northern GCMA (Microcuenca a Las Vacas and Rios 

Chinaulta) created by INSIVUMEH with pixel size estimated to represent about 12 meters. 

Another approach to landslide mapping was performed by the United States Geological Survey, 
who developed a landslide inventory for Guatemala with 1:50,000 aerial photos, supplemented by up to 
1:25,000 scale overlays, but they were only able to identify landslides with dimensions greater than 
fifteen meters (Bucknam et al., 2001). Since small-scale landslides are typically smaller than the size of a 
house (around 4-8 meters in one direction), resolution finer than five meters is needed to for small-scale 
landslide mapping. Therefore, the DEM and USGS methodologies will likely not provide enough detail 
for this application. 

Another limitation with the landslide susceptibility mapping method is that it does not assess risk 
(by definition, risk includes other components in addition to susceptibility). Therefore, the maps do not 
account for other important components needed for LRR, such as the relationship between the areas of 
concern (living areas) and the slope. However, INSIVUMEH does make landslide risk maps for zoning in 
special circumstances, but these are typically not cost-effective since they require more technically trained 
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people, time, and data. For example, a risk map for a typical community in Guatemala can take up to 
three to four months to produce, compared to a susceptibility map that can take only three to four weeks. 
Therefore, very few communities have risk maps (INSIVUMEH, personal communication, July 29, 
2014). 

When the susceptibility maps are completed, they are given to CONRED to develop plans for 
relocating communities with high landslide susceptibility. Successful implementation is very challenging 
for a number of reasons. First, there are few locations to relocate to, and even if it is geographically 
possible, it is usually prohibitively expensive or socially unacceptable. Second, if relocation of a 
community is possible, it is likely that others will resettle the same location shortly afterwards, because 
there are insufficient resources to enforce the regulations.  

In addition to CONRED and INSIVUMEH, there are non-governmental organizations (NGOs) 
working on LRR projects. One NGO, Project Concern International (PCI), whose overall goal is to reduce 
poverty, has projects building retaining walls and community wide drainage networks with community 
involvement. PCI has expressed interest in obtaining educational information and training on LRR for the 
community members with which they work. Another NGO, TECHO, builds simple houses for families 
with poor housing conditions—these houses are built on the same lot as the existing house, positioning 
the new house in the area of least risk. However, TECHO personnel and the community leaders do not 
have the resources or formal knowledge to evaluate landslide risk in order to identify the best location for 
the new house. While NGOs bring many valuable projects to the communities, the outcomes are not 
always positive. Even when working with community leaders, the decision makers in the projects are not 
always fully familiar with the communities and the issues faced on a day-to-day basis by residents. Many 
good decisions are made by these organizations, but there are still situations when it is best for the 
residents to make the decisions because a community will almost always know its priorities better than 
any outside group. In fact, many communities have natural leaders seeking to improve the conditions for 
themselves and their neighbors. Some of these community leaders implement basic LRR techniques, but 
they have requested additional support, especially through an increased understanding of their landslide 
risk level, so they can make better decisions for improving their lives. 
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CHAPTER 3  

PROJECT GOALS 

This research will develop the technical support required to create the Final LRRS. First, a 
Preliminary LRRS will be created using the potentially important hazard and consequence factors found 
through literature review. Literature review and a preliminary field visit to the GCMA will help establish 
the factors and their scoring categories used for the four multiple-choice answers for each factor. Once 
completed, the Preliminary LRRS will be filled out for forty sites with vulnerability to landslide risk in 
order to evaluate each factor. In addition, each house will be given an estimated ranked score for hazard, 
consequence, and risk. These “Confirmation Scores” will be created based on the engineering judgment 
of the author. After the data-collection is completed, the statistical software package Minitab® 17 will be 
used for data screening and regression analysis to prioritize the factors, retaining only the most important 
ones that best predict the landslide risk. In addition, the analysis will show if any factors should be given 
any additional weight in the risk calculation process. Statistical Analysis will be used to validate the 
findings to ensure the Final LRRS produces acceptable results. 
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CHAPTER 4  

METHODS 

The following sections in this chapter provide the details and reasoning for each step of the 
research. The main steps include the following: performing a preliminary field visit to the GCMA to 
identify important factors for landslide risk, reviewing published literature to identify additional factors, 
creating the Preliminary LRRS, collecting the data using the Preliminary LRRS in the GCMA, analyzing 
the data to reduce the list of factors, selecting the final factors to be used in the Final LRRS, and 
validating the results. 

4.1 Preliminary Field Visits 
Several trips were made to the GCMA to better understand the general factors influencing 

landslide risk, such as slope height and house construction details. Furthermore, the general range of 
values for each factor was also recorded. These preliminary field visits are necessary because very little 
information is published on the parameters that effect small-scale landslide risk in the GCMA. The 
information gathered during these dates helped provide a better picture of which factors should be 
included in the Preliminary LRRS. 

The sites evaluated are located throughout the GCMA, in settlements or slums considered to have 
significant risk to landslides. Several connections had already been made with non-profits in the GCMA 
who accompanied the author on the preliminary field visits to six communities. During the field visits, 
general observations were made on factors such as slope height, slope angle, setback from slope, strength 
of geologic material, vegetation, hydrologic conditions, and type of development around the communities. 
In addition, frequency of past landslides, magnitude of past landslides, recent steepening of slope, number 
of people in a house, construction material of a house, mobility of people, and warning of past landslides 
were also observed. This list was intended to be a guideline to aid in the fieldwork to gather the factors 
influencing landslide risk—the intention was not to conduct an inventory process. 

4.2 Potential LRRS Factors 
Choosing the Preliminary LRRS factors to use required both literature review and general 

knowledge of the site conditions in the GCMA. Since there was very little published literature on the 
characteristics relating to landslide risk in settlements of the GCMA, the selection of the preliminary 
factors could not solely be done through literature review. Some preliminary factors were identified in the 
literature, others needed to be modified, and the remaining factors needed to be created based on concepts 
obtained from the literature review and supported from the general site conditions observed during the 
preliminary field visits. The factors chosen should be able to be evaluated with a rapid assessment that 
does not require intensive investigation (e.g. subsurface site investigations or laboratory tests). In 
addition, each factor has four logically distinct quantifiable ranges that can be identified from literature 
review and general field observations. 
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4.3 Selection of Sites 
Following preliminary site visits and identification of potential rating factors, four settlements 

throughout the GCMA were visited to collect the specific factor data. This data was used for the statistical 
analysis to support the Final LRRS parameters. The four communities were selected based on their well-
established connections with local non-profits and municipalities, their range of geologic and topographic 
settings, socio-economic statuses, and their representation of the three major municipalities in the GCMA: 
Guatemala City, Mixco, and Villa Nueva. These sites were chosen from the preliminary field visits.  

4.4 Site Investigation and Data Collection 
Evaluating a house required significant planning and consideration. Before going into a 

community, the author needed the assistance of a translator, a non-profit or municipality member, and a 
well-recognized community leader. The non-profit or municipality member introduced the author to the 
community leader, who then took the group to houses throughout the community, which had had or were 
currently having problems with landslides. The community leader also helped communicate with the 
residents at each location allowing the author to obtain information about the landslide experiences of the 
residents. Prior to obtaining any information at a site, permission was needed to be granted by the 
families. Finally, the author recorded the information about the site conditions using the Preliminary 
LRRS and took photographs.  

In addition, the author estimated an Confirmation Hazard, Consequence, and Risk Score based on 
engineering judgment, independently of the Preliminary LRRS—these Confirmation Scores were used 
later in the analysis for selecting the Final LRRS factors and validation. To score the categories (hazard, 
consequence, and risk), the author looked at the varying conditions among the entire sample set and then 
grouped sites based on distinct sets of increased severity. This ranking used a scale from one to six, where 
one is the lowest severity and six is the highest severity for each category. This scale was different from 
the point range of zero to ten to be used for each factor in the LRRS due to the limitations of this method 
– it was deemed unrealistic to obtain any more precision based solely on engineering judgement. For 
instance, if a site were observed by the author to have a relatively high hazard, then the author would give 
a rating of six and if the site were observed to have a relatively low consequence, then the author would 
give a rating of one. Together, this house would likely have a medium to low risk and thus, be assigned a 
rating of two or three. This Confirmation rating method was done for each site. 

4.5 Statistical Analysis 
After the fieldwork component was completed for the research, the data collected for the different 

factors was screened and analyzed, using the statistical software package Minitab® 17. The purpose of 
the screening and analysis was to identify which factors most effectively predicted the Confirmation 
Scores evaluated by the author. First, each factor was screened based on the distribution of selected 
answers. The goal of the LRRS is to have a wide distribution of scores; therefore, the factors must 
evaluate a wide range of conditions. Factors having little variance in their answers were not helpful in 
distinguishing the risk levels for each site and were excluded from additional analysis. Specifically, 
factors that did not have at least two of the fours possible answers used at least 15% of the time were 
excluded (a criterion also used for Pratt, 2014 and Santi et al., 2009). For example, if answer “A” was 
used 90% of the time for a certain factor, then the factor was not beneficial in the Final LRRS because 
answers “B”, “C”, or “D” would rarely be chosen.  
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After completing the data screening, the remaining factors were analyzed using the Forward 
Selection strategy for stepwise regression analysis. The “Alpha-to-Enter” value used was 0.20. As stated 
by the support files in Minitab® 17, Forward Selection starts with no predictors in the model and adds the 
most significant variable for each step. Minitab® 17 stops when all variables not in the model have p-
values that are greater than the specified Alpha-to-Enter value. The analysis constructed a model using the 
most significant variables to try to predict the Confirmation Score.  

In addition, the regression analysis provided weighting coefficients for each factor. The 
coefficients were also used to account for factors that have a relationship that was more influential on the 
Confirmation Score. However, using weighted factors could make calculating a risk score slightly more 
complex for a trained resident to accomplish. Therefore, a comparison of weighted and unweighted 
factors was undertaken to judge which model was more appropriate for the Final LRRS. 

4.6 Validation of Final LRRS 
The Final LRRS was created based on the final factors retained from the statistical analysis. 

However, to ensure the results were valid, a Predicted Risk Score was calculated based on the Final 
LRRS factors and compared to the Confirmation Risk Score using regression analysis and analysis of 
variance (ANOVA). The regression analysis provided an R-Squared value that indicated how well the 
predicted data compared to the response data. Although there were no set standards for an acceptable R-
Squared value, the relative comparison of higher to lower values was useful to identify strong predictors, 
where higher R-Squared values indicate a better fit. Therefore, ANOVA was used to show if the Predicted 
Score data had a statistically significant relationship to the Confirmation Score data by providing a p-
value for the relationship of the two variables. For this research, a p-value of less than 0.05 was 
considered statistically significant. 

4.7 Severity Categories for Risk Scores 
The calculated risk scores have no inherent meaning because the LRRS does not calculate any 

numbers related to actual risk probability. Therefore, the results should only be compared to other slopes 
evaluated by the Final LRRS. To aid in this comparison, severity categories of Low, Medium, High, and 
Severe Risk were produced to provide a general guideline to the meaning of the scores. Pratt (2014) 
established severity categories based on the characteristics of the risk scores by using the central tendency 
and standard deviations or percent of the data range as the dividing points between the severity categories. 
If the data is normally distributed, then the mean and standard deviation should be used. If the data is not 
normally distributed, the median and interquartile ranges should be used. The data was then categorized 
based on relative severity into four segments of Low, Medium, High, and Severe Risk based on the 
characteristics of the calculated risk scores. The severity categories were not intended to provide any 
degree of inherent action, but instead to serve as a method to help prioritize sites based on their relative 
scores.  

A normality test was used to establish whether the data was normally distributed or not. First, p-
values were used, where a p-value of 0.05 was used as a cutoff for normality. The Anderson-Darling 
(AD) test was also applied, comparing the empirical cumulative distribution function of the sample data 
with the distribution expected if the data were normal. 
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CHAPTER 5  

PRELIMINARY LRRS FACTORS 

A visit to the GCMA was made during the month of July 2014 to better understand the general 
conditions that governed landslide risk. Eight communities were visited and the information gathered 
helped shape which factors were selected for the Preliminary LRRS and how the range of possible 
answers was chosen. The following two sections (5.1 and 5.2) provide the justification for the hazard and 
consequence factors for the Preliminary LRRS. 

Each factor has the potential for the user to assign a score anywhere from 0-10. To aid the user in 
the scoring process, four answer-options are provided as reference scores between 0-10. For the set of 
answers for each factor, the scores assigned double in value for each increased answer-option (i.e. 1, 2, 4, 
and 8). The answer-options are specifically written as distinct values, instead of ranges that are typically 
used by other rating systems, because answer options with ranges limit the ability for a user to interpolate 
between the scoring categories. For example, the factor for slope height (further discussed in section 
5.1.2) provides answer-options of A) 4 meters, B) 8 meters, C) 12 meters, and D) 16 meters of which “A” 
is worth 1 point, “B” is worth 2 points, “C” is worth 4 points, and “D” is worth 8 points. Thus, if a slope 
is 16 meters, it should be answered “D” and given eight points. However, if the slope is 20 meters tall, 
then the user may consider giving a score of 9 or 10 points. Other rating systems, such as Pierson (1991), 
Santi et al. (2009), and Pratt (2014) use a range of 0-100 for each factor. However, it was deemed 
unrealistic for a user to assign a score with two significant digits because this resolution would require a 
detailed investigation. In addition, other rating systems use an exponential increase in the points assigned 
to each scoring category (typically, 3, 9, 27, and 81) to help distinguish severe categories so that they 
receive a greater weight. However, it was found that doubling the scores from 1 to 2 and so on still 
provided a scoring system that weighted answers acceptably but remained within the range desired.  

5.1 Hazard Factor Selection and Evaluation  
Hazard factors are intended to address the question, “how likely is a landslide to occur?” The 

hazard factors used in the Preliminary LRRS focus on estimating factors related to slope stability. The 
hazard potential of a slope is most commonly estimated through Factor of Safety (FS) equations, which 
show how various factors influence the slope stability. Therefore, many of the factors used in the hazard 
evaluation, were taken from literature review focusing on slope stability equations and issues. 

Equation 5.1 is an example of one of the many FS equations used for calculating slope stability. 
The equation is a simple, two-dimensional slope stability equation for planar failure of slopes 
(Chowdhury et al., 2010):  = ∗ ∗ ��∗ ∗ �� − ∗ �� + �� ���              (5.1)  

where  
“c” is cohesion 
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“i” is the slope angle from horizontal 
“ ” is the unit weight of the material 
“H” is the height of the slope 
“ ” is the angle of the failure plane from horizontal 
“�” is the friction angle.  

Figure 5.1 illustrates these factors. In addition, many other equations show additional factors that 
affect the FS, such as pore-water pressure, the presence of cracks, the role of vegetation, and mitigation 
effectiveness.  

 
Figure 5.1: Illustration of planar slope failure showing labels of geometric measurements and forces from 

Chowdhury et al. (2010). 

However, some of factors in FS equations are not useful for the LRRS because they are likely to 
be difficult to assess through a brief investigation by trained residents, they do not vary significantly in 
the GCMA, or their effects are negligible compared to sensitivity of the LRRS. Specifically, the geologic 
conditions around the GCMA were found to be similar enough that it was concluded that the change in 
the unit weight of the material “ ” and friction angle “�” were unlikely to change enough to be important 
for the LRRS to evaluate. In addition, having trained residents evaluating these factors would likely be 
difficult and lead to inconsistent responses. For this same reason, the failure surface “ ” was not 
considered in the Preliminary LRRS because it was deemed too difficult to identify by trained residents. 
The following sections (5.1.1 through 5.1.8) describe the factors used and how their severity is estimated 
in the Preliminary LRRS based on literature review. 

5.1.1 Slope angle 
The first factor is a measure of the angle of slope (either above or below) nearest the 

living area. Increasing slope angle is directly attributed to reduced slope stability, as seen in 
Equation 5.1. In the preliminary field visits, slope angles were observed ranging from nearly 
horizontal to ninety degrees and even overhanging in some cases. Since the range in slope angles 
is broad, the scoring categories for each bin were chosen to evenly cover the possible range by 
twenty-degree increments as seen in Table 5.1.  

Many slopes in the GCMA were not always a consistent angle, especially for cut slopes. 
This issue is addressed by Santi et al. (2009) by measuring the range of slope angles at a location 
and using the steepest slope angle. However, this method could be biased if only a small portion 
of the slope was very steep. Thus, the overall slope angle is estimated as the average angle of the 
entire surface. 
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Table 5.1: A hazard factor evaluating the average slope angle. 
Slope angle (average) 

Answer Score 
20 degrees 1 

40 degrees 2 

60 degrees 4 

80 degrees 8 

5.1.2 Slope height 
The second factor analyzed is the total height of the slope. The factor is important 

because higher slopes add more weight to a potentially unstable wedge and decreases slope 
stability. During the preliminary field investigation in the GCMA, slopes were observed to be as 
high as twenty meters. Thus, the range of 0-20 meters, divided evenly, was used for the bins of 
the Preliminary LRRS in order to assess slope height (see Table 5.2). 

Table 5.2: A hazard factor evaluating the slope height. 
Slope height 

Answer Score 
4 meters 1 

8 meters 2 

12 meters 4 

16 meters 8 

5.1.3 Strength of slope material or material type 
This factor evaluates the strength or material type of the slope, which relates to the 

cohesion of the material. This is another important factor in Equation 5.1 and other slope stability 
equations such as those published by Abramson et al. (2002) and Terzaghi et al. (1996). 
However, assessing the actual strength of the slope material typically requires laboratory testing, 
which is beyond the capability expected of those implementing the LRRS. In addition, using a 
tool to gauge the strength (such as a rock hammer) was deemed unfeasible and difficult to 
reproduce.  

Other rating-systems, such as Santi et al. (2009), use descriptors for the degree of 
weathered material (fresh, surface staining, granular infilling, and clay infilling) to estimate the 
general strength of the slope material. However, from observations in the GCMA, it was found 
that these descriptors were not very applicable for the slopes evaluated. Specifically, infilling was 
not commonly found because large fractures in the geologic material, where infilling would 
occur, were not evident. Instead, it was reasoned that the strength of slope material could be 
better estimated by the type of material observed. Five main material types were identified in the 
GCMA. The material types are very strong tephra, medium strength to loose tephra, top soil, fill, 
and landslide deposit. “Very strong tephra” refers to a few specific units that exhibited very 
strong material that were very difficult, if not impossible, to break by hand (see Figure 5.2). Their 
strength is comparable to a durable rock. “Medium strength to loose tephra” refers to the more 
commonly found tephra units having strengths more similar to a strong soil or weak rock 
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requiring some effort to break by hand (however, the overall slope material is much stronger than 
a typical soil unit and retains its cohesion even when wetted). The strength of this tephra can vary 
based on the level of weathering but in general it still exhibits a moderate level of strength (see 
Figure 5.3). “Top soil” and “fill” were both observed to have similar levels of strength in the 
GCMA. This material is weak and has significant potential for landslides if the material was 
located on a steep slope (see Figure 5.4). Because of the similarities between top soil and 
unengineered fill, these two units were combined together into the category. In a few instances, 
some slopes were found to be composed of material that had already failed and termed 
“Landslide deposit.” This material has very low strength (see Figure 5.5).  

 
Figure 5.2: Very strong tephra unit being broken with the forceful pounding of a sharp cutting tool. 

 
Figure 5.3: Medium strength to loose tephra unit, the most common material found through the GCMA. 

A second category was used to aid in evaluating the strength of the slope since the 
material type could be significantly altered. This is especially true for the medium strength to 
loose tephra unit, which was found to be heavily weathered at times, and not much stronger than 
the top soil or unengineered fill. It was concluded that slope strength could also be assessed based 
on the effort needed to break by hand. The descriptors used to define the strength of the material 
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increase in severity from “difficult to break with by hand”, “moderate effort needed to break with 
hand”, “easy to break with hand”, and “very weak, very disturbed material.”  

 
Figure 5.4: A house built on fill (sand bags) and weathered tephra, which is typically unstable. 

 
Figure 5.5: A past landslide of extremely disturbed material that is likely to continuously fail. 

Since there are two distinct methods, one for categorizing strength of material, and 
another for categorizing material type, this factor was broken into two options (see Table 5.3). 
The associated score for this factor should then be chosen based on the most severe circumstance 
observed. For example, if a slope was observed to be of medium strength to loose tephra but so 
weathered that it was very easy to break by hand, then the factor should be evaluated as the most 
severe circumstance, easy to break with hand, for a score of four. 

Table 5.3: A hazard factor evaluating the strength of the slope material or the material type. 
Strength of slope material or material type 

Answer 
Score 

Material type Strength of material 
Very strong tephra Difficult to break with hand 1 

Medium strength to loose tephra Moderate effort needed to break with hand  2 
Top soil or fill Easy to break with hand 4 

Landslide deposit Very weak, very disturbed material  8 
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5.1.4 Vegetation cover 
According to Pratt (2014), the influence of vegetation on slope stability is complex and 

difficult to quantify and has historically been omitted from slope stability analyses (Greenway, 
1987). However, more recent research regarding the occurrence of vegetation on slopes has 
demonstrated that vegetation can have a variety of effects that promote slope stability or 
instability due to the complex nature of the interactions between various plant species and the 
nuances of the local geologic conditions (Walker and Shiels, 2013).  

Specifically, vegetation can have a negative impact from root jacking in brittle material, 
such as the tephra materials found in the GCMA. However, vegetation was also found to provide 
beneficial contributions to slope stability through binding loose material and reducing soil 
saturation (see Figure 5.6). These contributions were observed to be important for the slopes of 
the GCMA. The following two sections (5.1.4.1 and 5.1.4.2) summarize these opposing roles of 
vegetation as beneficial vegetation cover (BVC) and damaging vegetation cover (DVC).  

 
Figure 5.6: Roots binding significantly overhanging loose material.  

5.1.4.1 Beneficial vegetation cover 
Beneficial Vegetation Cover (BVC) was found to occur in loose material 

(typically a part of less steep slopes) where the roots of vegetation bound together and 
imparted strength to the slope. Pratt (2014) provides significant detail of how increased 
density of BVC is helpful to slope stability for root anchoring and decreasing slope 
saturation. However, caution is still needed because deep-seated landslides and smaller 
sized vegetation species (such as grass instead of trees) are less likely to contribute to 
slope stability even though they may have full vegetation cover. As discussed previously, 
the failures typically found in the GCMA are typically shallow (two to five meters), so 
this concern by Pratt (2014), in this application, is not considered significant. Table 5.4 
displays the four scoring categories of BVC, where the measured value is the percent of 
ground covered by vegetation.  

5.1.4.2 Damaging vegetation cover  
In general, it was found that the presence of vegetation on brittle material 

(typically part of near-vertical slopes) has a negative impact. This is because roots were 
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found to displace material and decrease the stability of the dislodged material. It was 
observed that the more vegetation there was on the brittle material, then the more damage 
was likely to occur. Thus, the same method used for BVC is used for the bins of 
Damaging Vegetation Cover (DVC), but in an inverse manner where more DVC 
decreases slope stability. Table 5.4 shows the four scoring categories for DVC.  

The two factors (BVC and DVC) are combined in Table 5.4 because in many 
situations, a brittle material exists on one part of a slope, while loose material exists on 
the other part.  Therefore, the user should select which either of the two components, 
BVC or DVC, have the more severe score at a specific site. For instance, if there is no 
vegetation on the brittle material (for example, on a cut), but there is 60% on the loose 
material (for example, on the top soil on a slope above the cut), then a score of four 
points should be assigned. In addition, if the slope is only comprised of a very small 
portion of one material type (around two meters in height or less), then this material 
should not be evaluated as it is unlikely to have a significant effect on the risk. 

Table 5.4 A hazard factor evaluating either the Beneficial Vegetation Cover (BVC) or the Damaging 
Vegetation Cover (DVC). 

Vegetation Cover 

Brittle Material (DVC) Loose Material (BVC) Hazard Score 

20% 80% 1 

40% 60% 2 

60% 40% 4 

80% 20% 8 

5.1.5 Overhanging Material 
From the preliminary field visits to the settlements in the GCMA, several slopes were 

observed with overhanging material (see Figure 5.7) that is likely to fail in the future due to its 
brittleness and weak tensile strength. The measured extent of overhanging material is used by 
Santi et al. (2009) to estimate the severity of potential instability. The values used by Santi et al. 
(2009) were deemed acceptable for the same levels of overhanging observed in the GCMA and 
seen in Table 5.5. An example of overhanging material in the GCMA is provided in Figure 5.7. 

Table 5.5:  A hazard factor evaluating the degree of overhanging material on a slope. 
Overhanging material on slope 
Answer Score 

1/3 of a meter 1 
1/2 of a meter 2 

1 meter 4 
2 meters 8 

5.1.6 Aperture of Cracks 
Cracks found in slope material provide very strong evidence of slope movement because 

of lost cohesion, whether it from a loose detached tephra block or a landslide failure plane. Santi 
et al. (2009) evaluates the severity of cracks using a range of measurement for the aperture of the 
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fracture. A slight modification was made to categories to allow for single values instead of ranges 
(see Table 5.6). An example of a crack in tephra in the GCMA is provided in Figure 5.8. 

 
Figure 5.7: Overhanging material of about half a meter over the slope (outlined in red). 

 

Table 5.6: A hazard factor evaluating the size of fracture apertures. 

Aperture of cracks in material on slope 

Answer Score 

Closed 1 

0.5 mm 2 

3 mm 4 

7 mm 8 
 

 
Figure 5.8: A major crack in the tephra unit that is very unstable; a pen is set in the crack for scale. 



25 

5.1.7 Water conditions 
Water has many different impacts on slope stability, from pore-water pressure exerting 

forces on the potential slide mass, increasing the weight of slopes, and weakening slope material 
through weathering. However, fully evaluating subsurface conditions is complex and beyond the 
scope of the LRRS. Yet, there are some factors relating to the degree of pore-water pressure that 
are realistic to measure by trained residents. The following two sections (5.1.6.1 and 5.1.6.2) 
provide descriptions of two major water-related factors (water runoff and seepage) that affect 
slope stability. 

5.1.7.1 Water runoff 
In the settlements of the GCMA, the most common contributor to surficial water 

is rainfall. The greater the surficial water, the greater chance for infiltration, which in turn 
increases the probability of a landslide occurring. Most sites have significant urban-
development above them and water runoff is high due to insufficient storm-water 
management systems. However, even areas with little-to-no development above can have 
high runoff because of naturally converging drainages direct the water to specific points 
(see Figure 5.9 for an example of evidence of surficial runoff).  

Assessing the potential for surface water can be difficult for an investigator since 
evaluations are unlikely to occur during or directly after a storm, when surficial water is 
likely to be at its highest. However, most families are aware of the water that comes 
down the slopes and are able to describe the intensity of the flow. In addition, the 
investigator should observe general site conditions to see if there is evidence of 
significant surficial water flow during rain events, to be used to validate the opinions of 
the families. Evidence would include erosional rills, bent vegetation, or concentrations of 
trash and debris. Table 5.7 provides the descriptions for each scoring category to evaluate 
the degree of potential runoff at a site. A similar factor was identified in the literature 
review: Pratt (2014) uses a factor called “Influence of surface water bodies nearby” to 
include the effects of seasonal drainages, small stream erosion / ponded water, or contact 
with a river or reservoir. While this factor provided some guidance for forming the factor 
“Water Runoff” for this research, the features measured in Pratt (2014) are not common 
in the GCMA, and were not used directly in this research. 

5.1.7.2 Seepage 
Some slopes in the GCMA show signs of seepage related to ground water levels. 

Santi et al. (2009) uses the amount of moisture on a slope to indicate shallow ground 
water, as seen in Table 5.11. This factor is also used for the research, as it is very likely to 
indicate increased pore-water pressures in the slope (see Figure 5.10 for an example of 
seepage). When a slope is dry, it is unlikely that there is significant pore-water pressure 
in the slope, but when the slope is dripping, it is probable that there is a raised 
groundwater level and this would lead to a decrease in slope stability. Table 5.7 shows 
the scoring categories used for this factor. 

In the same manner as the factor “Vegetation Cover” in section 5.1.4, a 
combination of both “Runoff” and “Seepage” were combined into one table. The user 
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should look for both conditions and score whichever condition is found to be most 
severe. For instance, if the slope is dry (there is no seepage), but there is some general 
convergence of the land that directs water together, then a score of two points should be 
used.  

 
Figure 5.9: A very large erosional rill filled with trash deposited during heavy rainstorms. 

 
Figure 5.10: Dripping water coming from a slope. 

 

5.1.8 Mitigation effectiveness 
Most published rapid-assessment forms do not evaluate the level of effectiveness of 

existing mitigation for estimating landslide risk. The CLHRS by Pratt (2014) describes an 
evaluation method for this factor, but does not use it in the actual scoring system.  
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Table 5.7: A hazard factor that evaluates the degree of hydrological conditions by assessing the level of 
water seepage on a slope or the degree of runoff on a slope. 

Hydrological conditions: seepage and water runoff on slopes 

Answer 
Score 

Water runoff Seepage 

Absence of converging drainages, erosional areas, bent vegetation, or trash Dry 1 

Some general convergence of the drainage. Erosion, bent grass, or pieces of trash 
may be evident. 

Damp or 
moist 

2 

Moderate convergence of the drainages causes a significant amount of water to 
be directed onto slope where there is moderate erosion, bent vegetation, or trash. 

Wet 4 

Channelized parts of the slope bring a large amount of water to one point on the 
slope. Erosion is very high and bent vegetation or trash is common. 

Dripping 8 

 

Most mitigation in the settlements of the GCMA was found to be small-scale mitigation 
techniques implemented by individual families such as gutters, drainage pipes, small retaining 
walls, sand bags, tin walls, or plastic sheeting to keep water from infiltrating (observed from 
preliminary field visits). However, there is little published data on guidelines for successful 
implementation of these types of mitigation and thus, little data on evaluating the effectiveness of 
these techniques. From general observations, it was found that the most effective mitigation was 
concrete retaining walls and slopes covered in shotcrete (see Figure 5.11). Yet, sometimes the 
walls were not large enough to protect the entire slope, or they showed signs of distress. 
However, the other mitigation techniques previously listed (e.g. gutters, sand bags, and plastic 
sheeting) were much less influential on overall slope stability than other methods. Therefore, this 
factor only evaluates the influence of concrete retaining walls or shotcrete on slopes. The scoring 
categories used to evaluate this factor are seen in Table 5.8. 

5.2 Consequence Factor Selection and Evaluation 
The second set of factors in the Preliminary LRRS evaluates the consequence portion of risk. 

Consequence factors are intended to address the question, “if a landslide occurs, how likely is it to hurt 
someone?” These factors estimate the components leading to a greater chance of injury or loss of life 
from a landslide. For simplicity, the Preliminary LRRS does not evaluate other consequences, such as 
economic loss. In general, consequence can be further divided into three main categories: Spatial Impact 
Potential, Temporal Potential, and Vulnerability. Spatial Impact Potential focuses on the potential for the 
landslide to physically impact the element at risk. Temporal Potential focuses on the exposure people 
have from slope movement based on the time and number of people in the area of concern. Finally, the 
vulnerability focuses on the likelihood of death by gauging the likely interaction of the landslide with the 
nearby residents.  

Dai et al. (2003) notes that consequence to landslides may depend on (a) the runout distance; (b) 
the volume and velocity of sliding; (c) the elements at risk (buildings and other structures), their nature 
and their proximity to the slide; and (d) the elements at risk (persons), their proximity to the slide, the 
nature of the building/road they are in, and where they are in the building, on the road, etc. (Finlay, 1996). 
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Finlay et al. (1999) further describes the specific details needed to be analyzed to predict the severity of 
consequence to a landslide.  

 Volume of slide, 
 Type of slide and velocity of sliding, 
 Depth of slide, 
 Whether the landslide debris buries the person(s), 
 Whether the person(s) are in the open or enclosed in a vehicle or building, 
 Whether the vehicle or building collapses when impacted by debris, and  

 The type of collapse if the vehicle or building collapses. 

 
Figure 5.11: Image of a shotcrete seal over a slope.  

 

Table 5.8: A hazard potential factor evaluating the mitigation effectiveness on the slope. 
Mitigation effectiveness 

Answer Score 
 Very effective concrete wall or shotcrete on slope 1 

Concrete wall or shotcrete on slope, but shows some cracks or other 
degradation to its effectiveness. 

2 

Concrete wall or shotcrete on slope, but only protecting part of the slope, or 
with severe cracks that show significant reduction in effectiveness 

4 

No concrete wall or shotcrete on slope, or is severely damaged and ineffective 8 

 
With regards to the Preliminary LRRS, most of these components are very important. However, it 

was concluded that some of the points do not directly relate to the LRRS, such as the reference to 
vehicles. In addition, the depth of slide is not included because, as previously discussed, the depth to the 



29 

failure surface in these environments is typically shallow (according to Sitar, 1983), and therefore, 
relatively consistent and not important to evaluate. Finally, the type of collapse of the living area was 
concluded to be too complicated to evaluate for the LRRS and is excluded. Therefore, the remaining 
points by Finlay et al. (1999) provide the basis of many of the following factors. 

5.2.1 Spatial impact 
The distance of the living area to the slope relates to the potential of the landslide 

reaching the area of concern. The farther a living area is from the slope, the less likely it is to be 
impacted by a landslide. A similar factor, “Proximity of the slide to the road” by Pratt (2014) is 
used to measure the distance a road is from a slope. The bins used for this factor are intersecting, 
less than 15 feet, 15-40ft, and greater than 40ft. However, a simple setback solely based on the 
horizontal distance from a slope is not fully representative of the possible consequences. 
Furthermore, the setback from a slope below versus a slope above is not evaluated in the same 
manner. This is because the consequence for slopes above is related to the runout (height to 
distance ratio) of a landslide, while the consequence for slopes below comes from the 
retrogressive failure of the slope crest. The following two sections (5.2.1.1 and 5.2.1.2) provide 
guidelines for assessing the spatial impact potential for slopes above and below. The two tables 
provided are considered one factor in the Preliminary LRRS where only one condition is 
evaluated based on whether the slope is above or below the house. However, if slopes are present 
both above and below, then each slope should be evaluated separately and both scores included in 
the overall assessment.   

5.2.1.1 Height to distance ratio from slope above to living area 
The runout of a landslide is typically estimated from the runout angle, or also 

known as the height to distance ratio (H/D). The premise for this method is that a 
landslides runout distance is related to its potential energy, estimated by the height it has 
fallen. The higher the initial height is, then the longer the expected runout. White et al. 
(2015) shows from a worldwide dataset that an H/D ratio of 0.18 to 5.5 can be expected 
for landslides of 100m3 (the upper extent of landslide volumes focused on by the LRRS) 
in a cut or fill slope (see Figure 5.12).  

Bucknam et al. (2001) found that the H/D ratio for landslides around Guatemala 
is as low as 0.2. This independently validates the lower bound of the H/D ratio for 
landslide volumes of 100m3 in Figure 5.12. For this factor, the H/D ratio of 0.2 is taken 
as the farthest a landslide could be expected to run out, and the H/D ratio of 5.5 would 
represent the minimal runout, as seen in Table 5.9.  

5.2.1.2 Setback from slope below 
While most literature provides information on setbacks, they are based on the 

heights and angles of the slopes. Specifically, De Lugt et al. (1993) state that a basic 
setback can be estimated based on the angle of stable slopes of nearby slopes sharing 
similar characteristics. The method estimates a setback based on the distance a slope will 
likely retrogress to over time. The steeper the current slope is compared to stable slopes 
nearby, then the greater the setback needed. De Lugt et al. (1993) notes that the stable 
slope angle is best estimated by observing dormant slopes, which have not had their toe 
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eroded recently and which share similar slope characteristics (hydrology, vegetation, etc.) 
to the slope in question.  

 
Figure 5.12: Log mobility index vs. volume graph modified from Finlay et al. (1999) by White et al. 
(2015) with upper and lower bounds marked for landslide volumes of 100m3. Note that the x-axis unit is 
in km3, but should be m3 instead. 

 

Table 5.9: A consequence factor evaluating the height to distance (H/D) ratio of the slope above to the 
living area. 

Ratio of height to distance from slope above to living area (H/D) 

Answer Score 
H/D = 1 1 

H/D = 2 2 

H/D = 3 4 

H/D = 4 8 
 

In the GCMA, the overall slope angle of the major ravines, where most 
settlements are located, is approximately 40 degrees. However, these ravines still 
experience landslides occasionally, so the ultimate stable slope angle is likely to be less 
than 40 degrees. It was estimated a slope of 35 degrees is likely to be stable; however, 
more research would help define the most appropriate angle for the GCMA. Therefore, a 
slope steeper than 35 degrees is considered landslide-prone and the hazard can be 
quantified by the proximity of a house to the crest. Cruden (1989) provides Equation 5.2 
for calculating the likely retrogression of the slope (R):  

Upper Bound of 100m3 
Landslide Volume 

Lower Bound of 100m3 
Landslide Volume 
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= ∗ −              (5.2) 

Where H is the height of the slope, u is the ultimate stable slope angle, and  is 
the current slope angle. Cruden (1989) adds an additional factor (E) to Equation 5.2 to 
account for future erosion of the toe of the slope by a river. However, this factor was 
deemed unnecessary in the GCMA since estimating the potential erosion of the toe would 
be very difficult for rapid assessment. For ease of use, the cotangent operators in 
Equation 5.2 are converted to tangent operators in the denominators, as seen in Equation 
5.3: = ∗ −               (5.3) 

Equation 5.3 helps calculate the setback guideline, but does not indicate whether 
a living area has the necessary setback. Therefore, Equation 5.4 helps the user calculate 
the amount of additional setback a living area needs to increase the safety. If the 
retrogression calculated from Equation 5.3 shows additional setback is needed, then this 
indicates the general level of exposure the house has to potential landslides. �  � =  −            (5.4) 

A general scoring category was developed for this factor by increasing the point 
values for each meter the house needs to meet the additional setback recommendation 
(see Table 5.10). 

Table 5.10: A consequence factor evaluating the additional distance a living area should be from the 
slope crest.  

Additional setback needed for living area 

Answer Hazard Score 
1 meter 1 

2 meters 2 

3 meters 4 

4 meters 8 

5.2.3 Largest probable landslide volume 
The larger the landslide, the more likely a greater percentage of the living area will be 

impacted and the greater chance for a fatality to occur. The area of existing landslides is 
evaluated by Pratt (2013). The ORHRS by Pierson (1991) and the Modified CRHRS by Santi et 
al. (2009) evaluate potential rockfall volumes by referring to the most common past failures or by 
observing current conditions. This research aims to evaluate the potential landslide volume and 
follows the method of Pierson (1991) and Santi et al. (2009). However, it was deemed more 
important to evaluate the largest probable landslide (that is still within the range of small-scale 
landslides defined earlier) instead of the most common size. This change was made because 
during preliminary field visits, many residents reported the most common failures being 
approximately one cubic meter or less. These failure sizes were considered insignificant because 
the small volume was not likely to affect a significant percentage of the living area. However, the 
largest probable landslide magnitudes observed during the fieldwork could affect a major portion 
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of the living area. Therefore, the scoring categories of 3 m3, 9 m3, 27 m3, and 81 m3 are used to 
represent the conditions observed in the GCMA as seen in Table 5.11. The value increase for 
each volume was done cubically because volume is a cubic dimension. 

Volume is estimated using Equation 5.5 by Cruden and Varnes (1996): = � ∗ � ∗ ∗ ∗ �            (5.5) 

Where D is the depth to the slide plane, W is the width of the landslide, and L is the 
length of the landslide. Since there is typically no previous landslide to measure, the user should 
estimate the likely greatest depth to failure. Sitar and Cough (1983) state the typical depth to 
failure planes for landslides in the GCMA are 2-5 meters. The user must also estimate the greatest 
probable width and length of landslide that could occur.  

During the preliminary field visit, several families were asked about past landslide events 
at their home and if they could estimate the general volume. However, the author found the 
responses to be highly varied depending on who was asked and how long ago the landslide 
occurred. Therefore, a user should be cautious about the accuracy of responses given by a 
resident. 

Table 5.11: A consequence factor evaluating the largest probable landslide volume likely to occur given 
the current slope conditions. 

Volume of largest probable landslide 

Answer Score 
3 m3 1 

9 m3 2 

27 m3 4 

81 m3 8 

5.2.4 Largest probable percentage of house that could be impacted from a landslide 
With an increase in living area percentage being impacted by a landslide, the probability 

of a person inside the living area being struck also increases. Estimating how much of a house is 
likely to be impacted depends on the H/D ratio of the landslide, the setback of the house, and the 
length of the house (measured perpendicularly from the slope). If a landslide runout is short, such 
as only four meters, it can at most affect four meters of a house. However, the further the house is 
setback from the slope, the less it will be impacted.  

To evaluate this factor, the user should refer to sections 5.2.1.1 and 5.2.1.2 to estimate the 
amount of the house in the potential impact zone of a landslide. For slopes above, the additional 
setback needed can be estimated by using the same distance as the height of the slope. This equals 
to an H/D ratio of one, which is considered relatively safe. The user should then divide the length 
of the house in the hazardous zone by the total length of the house in order to find the greatest 
percentage of the house likely to be impacted from a landslide. A simple scoring category was 
used to equally represent the possibility of no part of the house being impacted (zero percent) to 
the possibility of the entire house being impacted (one-hundred percent), see Table 5.12. 
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Table 5.12: A consequence factor evaluating the largest probable percentage of house that could be 
impacted from a landslide. 

Largest probable percentage of house that 
could be impacted from a landslide 

Answer Score 
20% 1 

40% 2 

60% 4 

80% 8 

5.2.5 Total person-hours the living area is occupied per day  
Since the focus of the LRRS is to address the risk of loss to life, an important component 

of estimating the potential impacts is to evaluate the total person-hours the living area is occupied 
per day. Pierson (1991), Santi et al. (2009), and Pratt (2014) all use a factor that evaluates the 
number of cars and the time spent traveling through a hazardous area. However, their method has 
to be modified in order to evaluate the same condition for people in the GCMA. The factor, Total 
person-hours the living area is occupied per day, sums the amount of hours each person typically 
is in the house each day. For instance, there is equal potential for a person to be impacted by a 
landslide if a living area has one person home all day (24 person-hours) versus a living area with 
two people home, on average, twelve hours a day (also 24 person-hours). It was found from the 
preliminary visits to the GCMA that the average house was occupied by approximately six to 
eight residents, where some residents were home most the entire day and others were away at 
least half the day. Based on these preliminary field visits, the scoring categories used for this 
factor are 24, 48, 72, and 96 person-hours per day as seen in Table 5.13.  

Table 5.13: A consequence factor evaluating the total person-hours per day a living area is occupied. 
Total person-hours a living area is occupied per day 

Answer Score 
24 hours 1 

48 hours 2 

72 hours 4 

96 hours 8 

 

5.2.6 Warning time before past landslides 
Considering possible injury due to hitting rockfall on roads, Santi et al. (2009) evaluates 

the sight distance a vehicle has on a road. This is important because the greater the sight distance, 
the more time the person has to react to rockfall in the road and avoid it. This same concept is 
used for the Preliminary LRRS to evaluate the length of warning time a resident has in the 
GCMA before landslide movement. This factor addresses the chance that people living in the 
vicinity of a landslide can escape before the landslide reaches them. When people know the 
warning signs of a landslide (e.g. seeing cracks in the ground, hearing rocks fall, or feeling the 
ground start to shake), then they will likely have an increased chance of reaching safety. A simple 
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way to estimate the level of this factor is to know the response people in the living area have had 
from past events.  

During preliminary field visits, many families had identified areas they were concerned 
with and took actions to improve their situation. For instance, some parents told their children not 
to play near previous landslides especially when it had rained in the last few days. Another family 
explained how they moved their bed to the other side of their house after a landslide came down 
and damaged part of the wall where the bed was located. Other families stayed alert during heavy 
rainstorms and gathered everyone in the safest part of the house, even staying up through the 
night until the storm passed. Other people reported hearing rocks and soil falling and in response, 
they were able to flee before their houses were damaged. However, other families did not express 
any concern about their situation and did not report taking any action on their own in order to 
protect themselves. Therefore, it was concluded that people who had more experience with 
warning of landslides in the past are more likely to know the warning of future landslides. Table 
5.14 provides a summary of the levels of warning for the factor. This approach is likely to have 
some errors and subjectivity because past events are not likely to always have the same warning 
signs as future events and the answers are based on the personal memory of the residents. 
Additional investigation and research would likely help strengthen this factor. 

Table 5.14: A consequence factor evaluating the warning times before past landslides. 
Warning times before past landslides 

Answer Score 
Warning days in advance (e.g., previous landslides identified in area) 1 

Warning the day of event (up to ten minutes before event) (e.g., heavy rainfall) 2 
Warning minutes to tens of seconds before event (e.g., cracking, slight movement, loud 

noises) 
4 

No warning, complete surprise 8 

5.2.7 Mobility of least capable people 
When a landslide occurs, people typically have only seconds to react. Therefore, being 

able to escape or brace for impact is crucial. People who have the ability to easily run or protect 
themselves are more likely to be able to escape or survive than those who cannot, such as infants 
and elderly.  

This factor assesses the potential inability for someone to escape by evaluating the least 
able person in the residence. For instance, if the family is composed of all healthy adults or 
teenagers, then they are less likely to have a fatality occur than a family with toddlers or infants. 
The scoring categories have been broken up into basic mobility requirements as seen in Table 
5.15.  

5.2.8 Impact direction of living area 
The way the landslide impacts a structure can be important to the level of vulnerability, 

as outlined in Finlay (1996) and Finlay et al. (1999). In the GCMA, it was observed that the 
vulnerability was lowest for a landslide impacting the side of the house (lateral), higher for a 
landslide undermining the house (floor), and highest for a landslide falling above the house 
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(roof). Therefore, these three different directions (lateral, undermining, and above), plus the 
greatest severity when a living area is affected from multiple directions, are used as bins for this 
factor as seen in Table 5.16. 

Table 5.15: A consequence factor evaluating the mobility of people to escape a landslide 
Mobility of residents 

Answer Score 

Easily run 1 

Easily walk 2 

Walk slowly 4 

Unable to walk without help 8 

 
Table 5.16: A consequence factor evaluating the direction of landslide impact on the house. 

Direction of living area affected 
Answer Score 

Lateral (Wall) 1 

Undermining (Floor) 2 

Vertical (Roof) 4 

Multiple Directions 8 

5.2.9 Construction material of living area potentially being impacted 
During the preliminary field visits, some families reported surviving a landslide because 

the impacted wall was partially supported by furniture. Other houses were observed where 
concrete roofs retained significant amounts of dirt and debris, which had fallen from the slope 
above. The strength of the concrete kept the roof from collapsing and protected the residents from 
injury. However, residents of houses with roofs made of tin reported that even small rocks could 
easily puncture the roofs. Some residents had parts of their floor undermined by past landslides. If 
the floor was made of strong concrete, it was often able to keep from instantly collapsing during 
the landslide, thereby allowing the family to flee. Therefore, the construction material of the 
living area has the ability to reduce the impact of the landslide and give the residents a better 
chance of surviving. While even concrete can be destroyed by landslides, this material is likely to 
provide more protection than tin (a commonly observed building material), especially when the 
concrete is reinforced with rebar.  

The most common materials observed for construction in the settlements of the GCMA 
by general decreasing strength are reinforced concrete, thin concrete or thick wood, and thin 
wood and tin. An addition category “Absence of material” refers to parts of houses that have no 
material such as a side of the house open to the elements or bare ground (i.e. a dirt floor). These 
materials were divided into four scoring categories (see Table 5.17). 
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Table 5.17: A consequence factor evaluating the construction material of the living area being impacted 
for its strength qualities to reduce the impact of small-scale landslides. 

 

 

 

 

 

 

Material of living area potentially being impacted 

Answer Score 

Concrete reinforced with rebar 1 

Thick wood or thin concrete with no rebar 2 

Tin or thin wood (less than 10mm thick) 4 

Absence of material (e.g. dirt floor) 8 
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CHAPTER 6  

APPLICATION OF PRELIMINARY LRRS 

The Preliminary LRRS is a collection of all the factors discussed in sections 5.1 and 5.2, and can 
be seen in Table 6.1 (two pages). The purpose of this form was to provide a tool in which to gather data 
for the related processes of landslide risk. This data was then used to conduct a statistical analysis in order 
to pare down the questions to only the most important for rating the risk at a site. 

6.1 Site Selection 
Four communities in the GCMA were visited to collect data using the Preliminary LRRS from 

August 2015 to September 2015. The four communities, Los Cerritos, Santo Domingo, Vista de la 
Comunidad, and Peña de Oro were selected using criteria previously outlined in section 4.3. The location 
of each community is shown in Figure 6.1. 

The community of Los Cerritos is located in Guatemala City in a deep and steep ravine, which 
has many past landslide scars observable on Google Earth Historical Imagery. The only flat spots are 
from small cut-and-fill sections for houses. The community of Santo Domingo is located in Guatemala 
City in a typical ravine, and the community is unique because it has a higher level of socio-economic 
status, leading to high-density housing with large structures (many three-story houses made of concrete). 
The community of Vista de la Comunidad is located in Mixco in a steep and deep ravine. It is unique 
because the community extends from the top of the ravine on very flat terrain and continues down the 
ravine with an increasing slope angle showing the transition from low to high risk from both large-scale 
and small-scale landslides. The community of Peña de Oro is located in Villa Nueva on a broad open area 
with significantly less steep slopes. The community is unique because it is constructed on one large flat 
cut-and-fill  area. The downhill side of the community is rapidly being eroded due to a small stream at the 
toe of the fill.  

6.2 Field Work 
Forty slopes were evaluated in the four communities. The houses displayed a range of examples 

of how certain factors influence risk. For instance, one set of houses was evaluated because almost all the 
conditions were relatively consistent except the slope height and slope angle continuously increased and 
the setback from the slope continuously decreased from one house to the next (forms 08b, 09b, 10b, and 
11b in Appendix A). Evaluating houses in this manner allows the results of the Final LRRS to be 
validated by examining if the Predicted Risk Score is able to capture this trend and rank the sites of 08b, 
09b, 10b, and 11b with increasing risk. 
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Table 6.1a: The Preliminary LRRS used for data collection in the GCMA (page 1 of 2). 

A (1 points) B  (2 points) C (4 points) D (8 points)

20 degrees 40 degrees 60 degrees 80 degrees

4 meters 8 meters 12 meters 16 meters

Difficult to break with hand 

or very strong tephra

Moderate effort needed to 

break with hand or medium 

strength to loose tephra

Easy to break with hand or 

top soil or fill

Very weak, very disturbed 

material  or landslide 

deposit

BVC (Loose 

Material) 
20% 40% 60% 80%

DVC (Brittle 

Material)
80% 60% 40% 20%

Closed 0.5 mm 3 mm 7mm

1/3 of a meter 1/2 of a meter 1 meter 2 meters

Seepage Dry Damp or Moist Wet Dripping

Water Runoff

Absence of converging 

drainages, erosional areas, 

bent vegetation, or trash

Some general convergence 

of the drainage. Erosion, 

bent grass, or pieces of 

trash may be evident.

Moderate convergence of 

the drainages causes a 

significant amount of water 

to be directed onto slope 

where there is moderate 

erosion, bent vegetation, or 

trash.

Channelized parts of the 

slope bring a large amount 

of water to one point on the 

slope. Erosion is very high 

and bent vegetation or trash 

is common.

Very effective concrete wall 

or shotcrete on slope

Concrete wall or shotcrete 

on slope, but shows some 

cracks or other degradation 

to its effectiveness.

Concrete wall or shotcrete 

on slope, but only 

protecting part of the slope, 

or with severe cracks that 

show significant reduction 

in effectiveness

No concrete wall or 

shotcrete on slope, or is 

severely damaged and 

ineffective

Slope Height

Slope Angle (Average)

  Expert Hazard Score:

Apeture of Cracks

Overhanging Material

Preliminary Landslide Risk Rating System (LRRS)

Name of the Community:

Photo Identification Numbers: Name of the Resident:

Address:Date:

Form Number:
Points 

per 

Factor 
Factor

H
a

za
rd

Vegetation 

Cover (VC) 

Mitigation Effectiveness

Hydrological 

Conditions     

Strength of Slope Material or 

Material Type

Predicted Hazard Score:
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Table 6.1b: The Preliminary LRRS used for data collection in the GCMA (page two of two). 

A (1 points) B  (2 points) C (4 points) D (8 points)

From Above (H/D 

ratio)
H/D = 1 H/D = 2 H/D = 3 H/D = 4

From Below 

(Additional 

Setback Needed)

1 meter 2 meters 3 meters 4 meters

3 m3 9 m3 27 m3 81 m3

20% 40% 60% 80%

24 hours 48 hours 72 hours 96 hours

Warning days in advance 

(e.g., previous landslides 

identified in area)

Warning the day of event 

(up to ten minutes before 

event) (e.g., heavy rainfall)

Warning minutes to tens of 

seconds before event (e.g., 

cracking, slight movement, 

loud noises)

No warning, complete 

surprise

Easily run Easily walk Walk slowly Unable to walk without help

Lateral (wall) Underminding (floor) Vertical (Roof) Multiple directions

Concrete reinforced with 

rebar

Thick wood or thin concrete 

with no rebar

Tin or thin wood (< 10mm 

thick)

Absence of material (e.g. 

dirt floor)

         Predicted Risk Score:

Points 

per 

Factor

  Expert Consequence Score:

  Expert Risk Score:

                                            Predicted Consequence Score:

C
o

n
se

q
u

e
n

ce

Setback from 

Slope

Largest Reasonable Landslide 

Volume

Largest Reasonable Percentage 

of the Living Area that could be 

Impacted from a Landslide

Total Person-Hours the Living 

Area is occupied per Day

Warning Times Before Past 

Landslides

Factor

Impact Direction of Living Area

Construction Material of Living 

Area Potentially being Impacted 

by Landslide

Mobility of Least Capable Person
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Several houses had risk from both slopes above and below; in these scenarios, two forms were 
filled out for these houses to evaluate the risk for each slope independently. Some houses even had two 
varying slope types either above or below the house. In total, 40 slopes were evaluated using the 
Preliminary LRRS forms. Appendix A provides a summary of the data collected for each slope. 
Specifically, this includes the raw data collected for each factor, the scores assigned for each factor based 
on the raw data, demographic information of the site, a representative photo of the site, and its location 
within an aerial photo of the community. The form number provides identification for every house 
evaluated and whether the slope evaluated was above the house (signified by an “a”) or below the house 
(signified by a “b”) (e.g. 01a and 01b is the same house, but had two different forms used to evaluate the 
slopes, one for the slope above and one for the slope below). Roman numerals (I and II) are used to 
distinguish if two different slopes were evaluated for either above or below the house (e.g. 25aI and 25aII 
evaluate two different slopes above the house). Appendix B provides a summary of each factor included 
and the distribution of scoring categories.  

 
Figure 6.1: Location of the four communities investigated for the research in the GCMA. Note the 

population (grey development) clearly shows the outline of the GCMA and the vegetation and ravines 
cutting through the city. 
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CHAPTER 7  

RESULTS OF ANALYSIS 

Data screening and regression analysis was used to identify the most important factors from the 
Preliminary LRRS to use in the Final LRRS, in order to predict the landslide risk to a sufficient degree. 

7.1 Data Screening 
The results of each of the sixteen factors evaluated in the Preliminary LRRS were graphed 

showing the distribution of answers for each independent factor (see Appendix B). Only one factor, 
Mitigation Effectiveness, was shown to have a narrow distribution of answers. As shown in Figure 7.1, 
the answer “None or ineffective” was selected 90% of the time and the other three responses combined 
were only 10%. Therefore, this factor was excluded from being used in the Final LRRS and was not a part 
of any additional analysis. All of the other factors met the requirement established previously, that no 
single category should comprise more than 85% of the data.  

 
Figure 7.1: A graph of the distribution of responses for the Hazard Factor: Mitigation Effectiveness. 

7.2 Forward Selection 
Forward Selection, a type of regression analysis, was performed independently on the hazard and 

consequence factors that remained after the Data Screening, in order to create a model that can accurately 
predict the hazard and consequence scores. A secondary goal of this regression is to reduce the number of 
factors needed so that the tool will be simple and quick to use. The following sections provide the results 
and explanation of the regression analysis. 
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7.2.1 Hazard model 
Forward Selection was performed by using the “Confirmation Hazard Score” tabulated 

by the author as the Continuous Predictor and all of the remaining hazard factors as the Response 
Variables. The analysis resulted in the model shown in Table 7.1, where four factors were 
retained (Slope Angle, Slope Height, Strength of Slope Material or Material Type, and Aperture 
of Cracks). The four factors show a very strong statistical significance with p-values at 0.001 or 
less and positive coefficients. The model created by the analysis yielded an R-Squared value of 
68.7%.  

Table 7.1: Initial hazard model created using Forward Selection with the four most important hazard 
factors. 

 

 

The initial model uses detailed weighting (coefficients that have four significant digits 
and a constant), which is not ideal for the Final LRRS. Another secondary goal of the LRRS is to 
create a rapid assessment tool that requires as little math as possible to calculate the Predicted 
Scores. Therefore, the model was simplified by removing the constant and using only whole 
integers for weighting the four hazard factors. The values were multiplied by ten to create whole 
integers for the Simplified Weighted Hazard Model (Equation 7.1). . . � = ∗ � + ∗ + ∗  + ∗          (7.1) 

Where S.W. Hazard is the Simplified Weighted Hazard Model, Angle is the Average 
Slope Angle factor, Height is the Slope Height factor, Strength is the Strength of Slope Material 
or Material Type factor, and Cracks is the Aperture of Cracks factor.  

A Predicted Hazard Score was then calculated using Equation 7.1. The results were 
graphed against the Confirmation Hazard Score in a fitted line plot that provides an R-Squared 
value. The analysis shows an R-Squared value of 56.1%, which is significantly less than the R-
Squared value of the initial model with detailed weightings. 
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An additional model was made for the hazard factors to examine the effect that equal 
weighting of the factors would have on the prediction capabilities, shown as the Simplified 
Unweighted Hazard Model in Equation 7.2: . . � = � + + +           (7.2) 

Using the same approach as with Equation 8, the results of the Simplified Unweighted 
Hazard Model (Equation 7.2) were compared to the Confirmation Hazard Score in Figure 7.2. 
The analysis yields an R-Squared value of 51.0%, where the R-Squared value is significantly 
lower than the Simplified Weighted Hazard Model.  

 
Figure 7.2: A fitted line plot comparing the results of the Simplified Weighted Hazard Model (Equation 

7.1) to the Confirmation Hazard Score. 

7.2.2 Consequence model 
Using the same method applied in section 7.2.1 for evaluating different hazard models, 

several models were created using the remaining consequence factors to predict the consequence 
at each site. Forward Selection used the “Confirmation Consequence Score” by the author as the 
Continuous Predictor and all of the consequence factors as the Response Variables. The analysis 
resulted in the model shown in Table 7.2, where four factors were retained (Spatial Impact, 
Largest Probable Landslide Volume, Largest Probable Percentage of Living Area that could be 
Impacted from a Landslide, and Total Person-Hours the Living Area is occupied per Day). Two 
of the factors (Largest Probable Landslide Volume and Total Person-Hours the Living Area is 
occupied per Day) show very strong statistical significance with p-values of 0.000 and 0.036 
respectively. However, the factors “Spatial Impact” and “Largest Probable Percentage of Living 
Area that could be Impacted from a Landslide” did not have as strong of a statistical significance 
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with a p-value of 0.071 and 0.073 respectively. However, all four factors have strong positive 
coefficients and thus, all four factors are relevant in predicting the consequence at a site. Using 
these four factors, the computed R-Squared value of the model was 72.3%. 

 
Figure 7.3: A fitted line plot comparing the results of the Simplified Unweighted Hazard Model 

(Equation 7.2) to the Confirmation Hazard Score. 

 
 

Table 7.2: Initial consequence model created from Forward Selection with the four most important 
consequence factors. 
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The same process used in section 7.2.1 was used to simplify the consequence model, 
rounding the coefficients and multiplying them by ten to create whole integers used for the 
Simplified Weighted Consequence Model (Equation 7.3). . . = ∗ + ∗ + ∗ + ∗         (7.3) 

Where S.W. Consequence is the Simplified Weighted Consequence Model, Spatial is the 
Spatial Impact factor, Volume is the Largest Probable Landslide Volume factor, House is the 
Largest Probable Percentage of Living Area that could be Impacted from a Landslide factor, and 
Hours is the Total Person-Hours the Living Area is occupied per Day factor. A Predicted 
Consequence Score was calculated using Equation 7.3. The results were graphed and compared to 
the Confirmation Consequence Score in a fitted line plot that provides the standard error and R-
Squared valued (see Figure 7.4). The analysis shows an R-Squared value of 71.3%, which is 
relatively close to the R-Squared value calculated for the initial model with detailed weightings.  

 
Figure 7.4: A fitted line plot comparing the results of the Simplified Weighted Consequence Model 

(Equation 7.3) to the Confirmation Consequence Score 

An additional model was made for the consequence factors to examine the effect of using 
equal weighting on the factors, resulting in the Simplified Unweighted Consequence Model in 
Equation 7.4: . . = + + +          (7.4) 

Using the same comparison as for the weighted model, the results of the Simplified 
Unweighted Consequence Model (Equation 7.4) were compared to the Confirmation 
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Consequence Score (Figure 7.5). The analysis yields an R-Squared value of 66.5%, where the R-
Squared value is significantly lower.  

 
Figure 7.5: A fitted line plot comparing the results of the Simplified Unweighted Consequence Model 

(Equation 7.4) to the Confirmation Consequence Score. 

7.3 Validation 
Using the eight factors retained for the Final LRRS, the Predicted Risk Scores are calculated by 

multiplying the Predicted Hazard and Consequence Scores together. This final result requires validation, 
by comparing the Predicted Risk Score to the Confirmation Risk Score for each slope evaluated. 
Specifically, this comparison was done using a fitted line plot for both the Simplified Weighted and 
Unweighted Models (see Figure 7.6 and 7.7) to calculate R-Squared and P values. The analysis shows the 
R-Squared Value for the Simplified Weighted Risk Score is 57.5% compared to the R-Squared value for 
the Simplified Unweighted Risk Score of 52.3%. These are considered high enough values to validate the 
Predicted Risk Model. The P-values for both models are 0.000, so the data is statistically significant.  

7.3.1 Confirmation of Validation 
A simple case study was used to confirm the validation of the Final LRRS by comparing 

specific slopes where the levels of risk are clearly distinguished. If the Final LRRS produces 
scores that reflect this distinction, then the use of the form to predict risk is confirmed. A set of 
slopes (labeled 08b, 09b, 10b, and 11b, noted in Appendix A), as stated previously, were 
evaluated specifically for this purpose.  

The four houses are in a row along a slope and have very similar characteristics other 
than the slope angle, slope height, and setback from house. House 08b has a very large setback 
from a slope with a shallow slope angle and short height. House 09b has the same setback from 
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the slope, but the slope angle is much steeper and the slope height it much taller. House 10b has a 
slightly shorter setback from the slope, the slope angle is steeper, and the slope height is a little 
taller. House 11b has a very short setback from the slope; however, the slope angle and slope 
height are the same as House 10b.  

Therefore, the risk score calculated by the Final LRRS should show the houses increasing 
in risk from 8b to 11b. The calculated risk scores for the four houses are provided in Table 7.4 
showing the Predicted Weighted and Unweighted Risk Scores. Both models show a general 
increase in risk scores that continuously increase with worsening conditions. However, the 
Predicted Weighted Risk Scores show an inconsistency where 9b is ranked lower than 8b. This 
shows the potential error the tool can introduce. However, the difference in 60 points is relatively 
small (about two percent) compared to the entire range of the Predicted Weighted Risk Score 
from 150 to 3,072. This likely happened because the Final LRRS also evaluates other factors, 
such as the mobility and person-hours of residents in the house that could be causing the change 
in the scores. 

 
Figure 7.6: Fitted line plot comparing the Predicted Weighted Risk Score to the Confirmation Risk 

Score. 

7.3.2 Residuals of Predicted Risk Score 
In addition to validating and confirming the results of the models, an analysis of the 

residuals was performed. Minitab® 17 states that a residual is calculated by subtracting the fitted 
value by the observed value, or for this research, the Predicted Risk Score minus the 
Confirmation Risk Score. Figure 7.8 shows a normal probability plot of the residuals for the 
Predicted Weighted Risk Score.  
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Figure 7.7: Fitted line plot comparing the Predicted Unweighted Risk Score to the Confirmation Risk 

Score. 

Table 7.3: Risk Scores of four houses showing the significant increase in Predicted Weighted and 
Unweighted Risk Scores. 

House Number Predicted Weighted Risk Score Predicted Unweighted Risk Score 

08b 888 77 

09b 828 187 

10b 1,008 255 

11b 1,443 374 

 
Four slopes (6b, 21b, 28a, and 32b as labeled in Appendix A) are found to be excessively 

far from the predicted score and are circled in red in Figure 7.8. Specifically, slopes 32b and 28a 
were found to be overestimated by the Predicted Risk Score; meaning the form predicted the 
slopes to be more at risk than they are in reality. While this indicates a reduction in the accuracy 
of the tool, it is not a major concern as it is deemed acceptable to have overestimated results, or in 
other words, a tool that errors on the side of caution. However, the other two slopes, 6b and 21b, 
were found to be underestimated by the Predicted Risk Score; meaning the form predicted the 
scores to be safer than reality. In the same manner as the other two slopes, this shows a reduction 
in the accuracy of the tool, but it indicates an even greater concern; that the results would indicate 
to a family that they are less at risk than reality–causing a potential false sense of security. This 
error is attributed to the complexity of certain slopes that are unable to be accurately evaluated by 
a risk-rating system and require more robust knowledge of landslide risk, such as by a 
professional in the field of landslide risk evaluation. However, when examining the entire data, 
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these two slopes only account for five percent of the total slopes evaluated showing that the tool 
has a 95% success rate. 

 
Figure 7.8: Normal Probability Plot of residuals for the Predicted Weighted Risk Score Data with outliers 

circled in red. 

7.4 Final LRRS 
The results from the analysis are summarized into the Final LRRS, as seen in Figure 7.9 (two 

pages). Of the sixteen original factors evaluated, only eight factors were retained. It was concluded that 
the Final LRRS should use weighted instead of unweighted factors because the added predictive 
capability of the weighted model is likely to be worth the slight increase in complexity of calculation. To 
compute the landslide risk score, each factor will be given a point value (0-10) based on the bins and 
interpolation between them. Each factor should then be multiplied by the weighting coefficient and 
recorded in the rightmost column. Then, these numbers should be summed to calculate the Predicted 
Hazard and Consequence Scores. Finally, the Predicted Hazard and Consequence Scores are multiplied 
together to obtain the Predicted Risk Score.  

Houses with two or more slope types (typically above and below) have more potential for greater 
risk since the house could be in danger from different sides. Therefore, a new form should be filled out 
anytime there are significant differences in the slope and house characteristics. These numbers indicate 
which side of the house has the greatest risk to small-scale landslides.  
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Figure 7.9a The Final LRRS with four hazard and four consequence factors used to rate the landslide risk at a site (page one of two) 
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Figure 7.9b: The Final LRRS with four hazard and four consequence factors used to rate the landslide risk at a site (page two of two) 
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7.5 Severity of Risk Scores 
As previously stated, the calculated risk scores have no absolute quantitative meaning and should 

only be compared to other slopes evaluated by the Final LRRS. Severity categories of Low, Medium, 
High, and Severe Risk have been developed to help aid in applying the scores. In order to establish the 
cutoffs for the severity categories, a normality test was run to investigate if the data was normally 
distributed or not (See Figure 7.10). The yielded p-value of 0.050 is equal to the cutoff p-value of 0.05, 
signifying that the data could be either normally or non-normally distributed. In addition, the Anderson-
Darling (AD) calculated is 0.737 and since it is not reasonably low or high, the data can also not be 
concluded to be normally or non-normally distributed.  

 
Figure 7.10: Normality Plot of the Predicted Weighted Risk Score. 

However, in order to create the numeric cutoffs for the severity categories for the risk scores, the 
data must be established as normally or non-normally distributed. Therefore, a normality plot was run on 
the Predicted Unweighted Risk Score data to provide an indicator if the Predicted Weighted Risk Score 
data should be considered normally or non-normally distributed. The normality plot for the Predicted 
Unweighted Risk Score data (Figure 7.11) yields a p-value of 0.083, which is greater than the cutoff p-
value of 0.05, indicating that the data is normally distributed. In addition, the AD value is 0.651 and less 
than the Predicted Weighted Risk Score data and therefore, more normally distributed.  

Therefore, the numeric cutoffs for the weighted risk severity categories were created using the 
mean and standard deviation. The mean value, 1130, is used as the cutoff between medium to high risk. 
The standard deviation value, 602, is added to the mean value to obtain the cutoff between the high and 
severe risk, and the standard deviation value is subtracted from the mean value to obtain the cutoff 
between low and medium risk. Table 7.6 provides a summary of the categories and the cutoff points. 
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Figure 7.11: Normality Plot of the Predicted Unweighted Risk Score. 

 

Table 7.4: Risk Score Severity Categories based on the mean and standard deviation of the Predicted 
Weighted Risk Score data. 

Risk Scores Qualitative Risk Severity Categories 

< 528 Low 

528 - 1,130 Medium 

1,131 - 1,732 High 

> 1,732 Severe 
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CHAPTER 8  

DISCUSSION 

This chapter explores the interpretation and application of the results of this research. 
Specifically, the following sections provide information on the Final LRRS with respect to the 
simplification of landslide risk assessment, factors not retained, limitations and uses of the tool, 
mitigation techniques, and future work. 

8.1 Errors Introduced by Simplification 
Pratt (2014) notes that rapid-assessment forms require simplification of natural systems that 

invariably introduces error. He goes on to state that many factors are interrelated in complex ways, but the 
tool is only able to study each factor separately. Therefore, these evaluation systems are not a substitute 
for a thorough investigation of any phenomenon possessing a potential threat to human health and safety, 
property, or critical infrastructure. It must be clearly communicated that there is an inherent level of 
inaccuracy due to the simplification of landslide complexities.  
 
8.2 Factors not Retained in the Final LRRS 

In Chapter 7, the statistical analysis provided the support for selecting which factors were 
retained for the Final LRRS. However, many important factors related to landslide risk were excluded 
because they were found to be less influential in predicting the risk score than other factors. Regardless of 
their exclusion, the importance of these factors should not be ignored when evaluating the landslide risk 
because extensive literature has shown many of these factors to be important in assessing landslide risk. 
Therefore, it is proposed that these factors could still be recorded, without causing any significant changes 
to the Final LRRS, by using the factors as additional support material when evaluating the final factors.  

8.3 Limitations and Use of Tool 
From the development of the LRRS, many limitations exist and are important to heed when using the 

tool. A list of these has been provided below.  

1) The tool should only be used within the GCMA due to possible varying conditions in other 
locations. 

2) The intention and capabilities of the tool are to evaluate the risk from landslides for injury or loss 
of life.  

3) Risk (to loss of life or injury) can only be truly eliminated through permanent relocation to a safe 
area. 

4) The tool only assesses the risk for small-scale landslides (the risk to large-scale landslides is 
likely to be very different). This does not mean reducing the risk from small-scale landslides is 
not valuable, but it shows the importance in effectively informing the residents that their risk 
score does not represent their true overall slope risk.  

5) The tool has limited accuracy (a professional assessment is almost always likely to be more 
accurate) 
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6) The tool does not currently provide any direct mitigation options (a later section in this chapter 
outlines some mitigation approaches). 

7) The tool does not address all landslide types—it only addresses shallow slip failures or small 
rock-like falls. Other catastrophic events such as debris flows, lahars, flooding from landslide 
dams upstream during filling or downstream from overtopping, and deep-seated circular failures 
are not covered. 

8) Errors are possible because the tool has the potential to incorrectly identify the level of risk; the 
worst case is underestimating the risk level compared to the reality. This tool could potentially 
cause a false sense of security and entice residents to move to the area thinking it is a safe option. 

A robust training and verification testing should be used to confirm that all persons who use the form 
fully understand it. The following list provides general aspects needed for successful use of the tool: 

1) Select residents who have shown past leadership skills in working with their community, have the 
time available to evaluate houses frequently, have time to attend the full training, and maintain 
good relationships with the community. 

2) Rely on trainers capable of teaching the theoretical aspects of landslide risk and how to use the 
form. 

3) Compare scores for each trainee against Confirmation scores, and use feedback and further 
testing until trainees are proficient.  

4) Confirm that trained residents can effectively convey the LRRS information to the residents 
(explain what risk is, how it is generally estimated, how different factors affect their landslide 
risk, etc.). 

8.4 Mitigation 
The goal of the LRRS is to provide a tool to help residents better understand their level of risk to 

small-scale landslides. However, low-cost and easy-to-implement mitigation techniques, that residents 
can implement on their own, would help lower risk from small-scale landslides. The following mitigation 
recommendations are proposed as possible methods that could be used in conjunction with the LRRS if 
further developed.  

1) Water management: Pipe water away from areas with risk to landslides. It is important that the 
water be carried far enough away that there is no significant chance of increasing the risk to any 
other parts of the settlement. 

2) Controlled removal (scaling) of precarious material: Remove material that is on the verge of 
failing and poses a direct risk to the house (material with lots of cracks or significant overhang). 
This technique could potentially undermine other material and should be done with care. 

3) Set back from dangerous slopes: This method should consider if there is risk from slopes both 
above and below in order to prevent the setback from one slope endangering the residence above 
or below on the other side. 

4) Rearrange the living area to minimize the amount located in the area with greatest hazard: An 
example would be to move the beds to the part of the living area with the lowest potential for 
landslide impact. 
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5) Erosion Control: Anywhere erosion is occurring could lead to oversteepened slopes and potential 
destabilization. Therefore, areas with erosion should be protected using erosion resistant material 
such as concrete rubble, rock, or plastic covering.  

6) Berm or Ditch: If rockfall or a landslide has the potential to run into the house from above, then 
constructing a berm or ditch between the house and the slope may help reduce the potential for 
impact. The berm or ditch would likely also pond water and should be constructed in a way to 
help divert water away to a safe location for disposal (i.e., the channel behind the ditch should be 
sloped to drain off to the sides). 

8.5 Future Work of LRRS 
This research has provided insight into future work that could be completed to improve LRR 

techniques. The following paragraphs describe these different aspects. 

This research does not include in-depth details or exact guidance on the implementation of the 
LRRS. The first step would be to translate the document into Spanish and modify the questions and 
responses into a simpler format by adding illustrations and simplifying the vocabulary. For example, 
il lustrations should be used to show a slope angle of 80 degrees looks like proximal to a living area. After 
the form is modified, trainers who thoroughly know the tool, should begin pilot training of residents so 
they can learn how to use the tool, practice using it, and then test their ability by evaluating test houses 
that were pre-evaluated by the trainers. The pilot training and LRRS will need to be continually modified 
and improved until the scores of the trained residents are close to the trainer’s scores. Once the pilot 
trainings are completed, full-scale implementation should occur, training residents from as many different 
applicable communities in the GCMA as possible.  

Once the implementation in the GCMA is successful, it is possible that a modified LRRS could 
be used in other areas of Guatemala and even other countries with similar conditions. However, this 
would require a repeat of the steps used in this research to evaluate numerous sites on various factors in 
these new areas and perform statistical analyses to identify which factors and weightings are the most 
important for the other areas.  

While the LRRS is intended to aid individual residents in their understanding of their landslide 
risk, the LRRS could also be used on a community-wide scale to map risk scores and show the general 
risk levels across different communities. This could aid city planning decisions for prioritizing relocation 
and mitigation as resources become available. In addition, a tool could be created to also assess the 
potential economic loss of landslides. 

Another beneficial development to aid in LRR for the settlements in the GCMA would be to 
develop a method for reducing the risk to large-scale landslides. As described previously, community 
engagement is likely to be helpful in LRR and thus a method that could better involve residents in 
approaches to large-scale landslides would likely be beneficial. Specifically, INSIVUMEH and CONRED 
have methods for monitoring large-scale landslides, but these techniques are typically very expensive and 
the instrumentation is commonly vandalized or stolen. Communities could potentially be trained to 
operate low cost monitoring in conjunction with CONRED and INSIVUMEH, which could reduce the 
costs of equipment and the chance for vandalism. 
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The validation of predicted risk scores may have potential errors because the confirmation risk 
scores used for validation were assessed solely by the engineering judgment of the author. Thus, the work 
could be better validated if a team of experts in landslide risk visited the sites and reviewed the 
confirmation risk scores. In addition, this tool could benefit from having a method allowing those who are 
experts in landslide risk to assess the risk of a site quickly in order to confirm if the findings of the trained 
residents are reasonable. One suggestion for this quick assessment is to use a matrix based on hazard and 
consequence that easily evaluates a general level of risk based on the rating of the user. However, a 
significant amount of additional work would be required to ensure the matrix is effective in helping to 
quickly evaluate the risk of a site. 

Some mitigation recommendations, as shown in section 8.4, would likely lead to a direct 
reduction in the LRRS score calculated for a site. General point ranges could be provided on how little or 
much a mitigation technique could likely reduce the score of risk. This would provide a general guideline 
for a resident to understand the degrees that specific mitigation could help reduce their risk.  
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CHAPTER 9  

CONCLUSIONS 

Certain settlements in the GCMA have been identified as high landslide risk and they are 
mandated to relocate. However, many of the residents in these settlements understand they are at risk to 
landslides, but have few resources to move. Furthermore, there is a lack of economically and socially 
viable relocation areas for them. Educating community leaders to work with these residents to better 
understand their level of risk and the causes of landslides can greatly help with landslide risk reduction 
(LRR). A risk-assessment form, called the Landslide Risk Rating System (LRRS), was developed through 
fieldwork and statistical analysis to assess the landslide risk by using trained residents to aid in LRR. 

Development of the LRRS required evaluation of twenty-one factors identified from literature 
review as being important to landslide risk. These factors were then evaluated on their level of severity at 
forty sites in the GCMA. Statistical analysis was then conducted using regression analysis to identify 
which of the factors were most significant in predicting landslide risk. The remaining factors were given 
weighting coefficients and validated on their ability to predict the risk scores. These factors include slope 
angle, slope height, strength of slope material or material type, aperture of cracks, spatial impact, largest 
probable landslide volume, largest probable percentage of the living area that could be impacted from a 
landslide, and total person-hours a living area is occupied per day.  

The LRRS form has several assumptions, limitations, and concerns, so training is needed for any 
users to ensure that these issues are fully understood and minimized. With further research, the tool could 
be expanded to communities outside of the GCMA and even to completely different geologic and social 
settings. Finally, because the focus of this LRRS form is only on small-scale landslides, more work is 
needed to help engage community participation in reducing risk to large-scale landslides.  
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Appendix A:  

Data of Sites Evaluated   

Raw Data, Preliminary LRRS Data, Predicted Scores, Confirmation Scores, Demographic Data, a 
representative photo of the site, and location of houses on an aerial photo of each community are provided 
for each slope evaluated for the research.  
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Form 
Numbers

Average 
Slope Angle 
[in degrees]

Slope 
Height  [in 
meters]2

Strength of Slope 
Material or 

Material Type

Vegetation 
Cover

Overhanging 
Material? (meters of 

overhang)

Aperture of 
Cracks

Surface and 
Subsurface 

Water 

Mitigaiton 
Effectiveness 

(concrete structures)

01a 70 4
Fill, some material 
is medium strength 

tephra

Thick grass 
and bushes 
on loose 
material, 

about 60% 
cover

0
No cracks 

found

Dry slope, 
no erosion, 
no rills, no 

convergance 
of land 

No concrete retaining 
structures

01b 65 5 Landslide Deposit

No 
vegetation 
on loose 
material

Some material still a 
part of the house is 
overhanging where 

landslide moved from 
(0.25 meter)

Many cracks 
greater than 
1cm aperture

Dry slope, 
very little 

water 
becaue 

gutters on 

No concrete retaining 
structures

03a 70 8

Top soil on upper 
part of slope, 

strong tephra on 
cut

No 
vegetation 
on brittle 
material, 
less than 

0.3
large crack 
with 5mm 
spacing

Damp slope, 
some 

convergance 
of land 
above

No concrete retaining 
structures

04a 70 14

Tephra on cut is 
hard to break with 
hand. Top soil on 
loose material on 

Significant 
vegetation 
on brittle 
tephra 

0 none observed

dry slope, 
but some 

convergance 
of slope 

No concrete retaining 
structures

05a 60 13.5
Moderate effort to 

break mediuem 
Fully 

vegetated 
0.5

No cracks 
observed

damp slope, 
some 

No concrete retaining 
structures

06b 40 3

Top soil. House 
also has fill under 
other parts of the 

slope.

Only some 
vegetation 
cover on 

loose 

0
No cracks 
observed

wet, major 
drainage and 
water from 

rain

No concrete retaining 
structures

07a 80 5
Very strong 

tephra, 
unweathered

No 
vegetation 
on brittle 
material

0 no cracks

Dry, no 
evidence for 
concentrate
d surficial 

No concrete retaining 
structures

08b 15 2 Top soil
Very thick 

grass 
0 none observed

Dry slope, 
no 

No concrete retaining 
structures

09b 70 10
Top Soil, and 

medium strength 
Mostly 

vegetated 
0

no cracks 
observed

dry slope, 
but some 

No concrete retaining 
structures

10b 80 10
Top Soil and 

mediuem strength 
tephra

Mostly 
vegetated 
on loose 

0 none observed
dry slope, 
but some 

convergance 

No concrete retaining 
structures

11b 85 12 Fill
Isolated 

plants, some 
0 none observed

Dry slope, 
no 

No concrete retaining 
structures

12b 80 12 Fill
Isolated 

plants, lots 
of exposed 

0
Lots of cracks 
greater than 

1cm

Dry slope, 
no 

convergance 

No concrete retaining 
structures

13b 75 12 Fill
Isolated 

plants, some 
trees and 

0  5mm
Dry slope, 

some 
convergance 

No concrete retaining 
structures

14a 90 2
Weathered 

Tephra, moderate 
No 

vegetation 
0.1 None Present

Dry slope, 
no 

Concrete on slope 
above preventing some 

14b 85 3 weathered tephra very limited 0 no evidence some water No concrete retaining 

16b 20 10 Top Soil and Fill
mostly 

vegetated 
loose 

0 3-5 mm apart
some water 
concentrate
d  onto slope 

No concrete retaining 
structures

Raw Data
Hazard Factors
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Form 
Numbers

Average 
Slope Angle 
[in degrees]

Slope 
Height  [in 
meters]2

Strength of Slope 
Material or 

Material Type

Vegetation 
Cover

Overhanging 
Material? (meters of 

overhang)

Aperture of 
Cracks

Surface and 
Subsurface 

Water 

Mitigaiton 
Effectiveness 

(concrete structures)

17a I 90 6
Hard to break with 

hand

No 
vegetation 
on brittle 

0
crack of about 
1mm spacing

dry slope, no 
concentratio

n above 

No concrete retaining 
structures

17a II 75 5
Moderate to break 
with hand, other 

loose tephra,

Large roots 
breaking 

brittle 
material

0.3
Cracks 6 in 

apart

Dry slope, 
and no 

convergance 
above

No concrete retaining 
structures

18a 90 4
Loose to medium 
strength Tephra

No 
vegetation 
on brittle 
material

0  0.5mm
dry slope, no 

surficial 
water

retaining wall covers 
majority of wall, but not 

all

19b 35 10 Top Soil
Lots of 

vegetation 
on brittle 

0 No evidence
Some water 
from roof 
above, but 

Big retaining wall likely 
very effective

20a 80 6
Weathered Tephra 

and top soil
Thin and 
patchy 

0.3 No Evidence
Slope is wet, 

not much 
No concrete retaining 

structures

21a 75 5
Weak tephra and 

top soil

Patchy, thin 
grass, bush, 

(~40%)
0.15 No evidence

Dripping 
from slope

wall, very good 

21b 90 4
Easy to break with 

hand

Little 
vegetation 
cover on 

brittle 

0 > 5mm
dry slope, no 

surficial 
water

Retaing wall good, but 
only covers part of 

slope

22b 50 15 Top Soil
Semi 

vegetated, 
0  1mm wide

Large water 
drainage 

No concrete retaining 
structures

23b 70 11 Top Soil Fully 0 1mm wide Small river No concrete retaining 

24a 75 9
Weathered Tephra 

and top soil

Significant 
vegetation 
on brittle 

material and 
loose 

0.5 2mm

Slope is 
dripping, 

some 
concentratio
n of surficial 

No concrete retaining 
structures

25a I 80 12
Strong tephra, 

slighly weathered

Some 
vegetation 
on brittle 

0 1mm
Lots of 
surficial 

flow from 

No concrete retaining 
structures

25a II 85 8
Strong tephra, 

slighly weathered
Significant 
vegetation 

0.2 4mm
Some water 
from above 

No concrete retaining 
structures

26a 45 20 Top Soil
Thick 

grasses and 
bushes on 

0 1mm
Significant 
amout of 

water 

No concrete retaining 
structures

27a 75 20
Medium strength 
Tephra hard to 

Significant 
amount of 

0.3 2cm 
Dry slope, 
but some 

No concrete retaining 
structures

27b 45 20 Top Soil and Fill
Vegetation 
Sparse near 

house on 
0.2 No evidence

moderate 
water (2)

No concrete retaining 
structures

28a 55 20
Top soil above 

very strong tephra

Fully 
vegetated 
on loose 
material 

(100%) and 

0.1 no cracks

Dry slope, 
but very 

significant 
convergance 

of slope 

No concrete retaining 
structures

28b I 45 20 Fill and top soil

Full 
vegetation 

below 
(~90%), but 

0 No

Dripping 
slope, but 

little 
convergance 

No concrete retaining 
structures

Raw Data
Hazard Factors
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Form 
Numbers

Average 
Slope Angle 
[in degrees]

Slope 
Height  [in 
meters]2

Strength of Slope 
Material or 

Material Type

Vegetation 
Cover

Overhanging 
Material? (meters of 

overhang)

Aperture of 
Cracks

Surface and 
Subsurface 

Water 

Mitigaiton 
Effectiveness 

(concrete structures)

28b II 45 20 Fill and top soil Full 0 No Dry slope, No concrete retaining 

29a 70 10
strong tephra, with 

top soil above 

Thick grass 
and bushes 
on loose 

1 1mm
moderate 
water (2)

No concrete retaining 
structures

29b 60 20 Fill
Fully 

Vegetated 
on loose 

0 No
Lots of 
surficial 

flow 

No concrete retaining 
structures

30b I 45 20 Fill

big trees, 
grass, some 
dirt on loose 

material 

0.1 No

3 drainage 
spots for 
surficial 
water to 

No concrete retaining 
structures

30b II 45 20 Fill

big trees, 
grass, some 
dirt on loose 

material 

0.1 No

3 drainage 
spots for 
surficial 
water to 

No concrete retaining 
structures

31b 85 20
Fill, top soil, and 
severely weather 

tephra

Some 
vegetation 

on loose and 
0.1 no

Large river 
at bottom of 
slope cutting 

No concrete retaining 
structures

32b 90 20
Fill, top soil, and 
severely weather 

tephra

Some 
vegetation 

on loose and 
0.5 no

Large river 
at bottom of 
slope cutting 

No concrete retaining 
structures

Raw Data
Hazard Factors
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Form 
Numbers

Setback 
From 

Slope2

Distance of 
Living 
Area

Setback 
Guideline

Additional 
Setback 

Needed3

H/D 
Ratio

Largest 
Probable 
Landslide 
Volume 

01a 1 1 2.4 4.0 20

01b 0 0.1 2.7 2.7 30

03a 0.5 0.5 4.7 16.0 30

04a 3 3 8.3 4.7 15

05a 2 2 6.2 6.8 7

06b 0 0.1 0.4 0.4 5

07a 3 3 3.5 1.7 3

08b 6 6 -0.6 -6.6 2

09b 3 3 5.9 2.9 3

10b 3 3 7.0 4.0 15

11b 1 1 9.0 8.0 15

12b 4 4 8.4 4.4 15

13b 3 3 7.8 4.8 15

14a 0.5 0.5 1.6 4.0 3

14b 1 1 2.3 1.3 5

16b 1 1 -2.0 -3.0 20

17a I 0.2 0.2 4.8 30.0 3

17a II 1 1 3.3 5.0 3

18a 1.5 1.5 3.2 2.7 5

19b 2 2 0.6 -1.4 10

Raw Data
Consequence Factors
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Form 
Numbers

Setback 
From 

Slope2

Distance of 
Living 
Area

Setback 
Guideline

Additional 
Setback 

Needed3

H/D 
Ratio

Largest 
Probable 
Landslide 
Volume 

20a 0.66 0.66 4.2 9.1 5

21a 3 3 3.3 1.7 5

21b 0 0.1 3.2 3.2 5

22b 1 1 4.7 3.7 18

23b 5.5 5.5 6.5 1.0 12

24a 2 2 5.9 4.5 20

25a I 2 2 8.4 6.0 10

25a II 1 1 6.0 8.0 10

26a 0.33 0.33 4.7 60.6 30

27a 2 2 13.0 10.0 20

27b 0 0.1 4.7 4.7 25

28a 2 2 7.8 10.0 30

28b I 1 1 4.7 3.7 10

28b II 1 1 4.7 3.7 15

29a 2 2 5.9 5.0 10

29b 1.5 1.5 9.3 7.8 30

30b I 1 1 4.7 3.7 40

30b II 1 1 4.7 3.7 40

31b 1.5 15.9 15.9 100

32b 0.1 15.9 15.9 100

Raw Data
Consequence Factors
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Form 
Numbers

Largest Probable Percentage of 
Living Area that could be 

Impacted from a Landslide

Total Person-Hours 
the Living Area is 
Occupied per Day

Warning Time 
Before Past 
Landslides

Mobility of 
Lease 

Capable 
Person

Impact 
Direction of 
Landslide

Construction 
Material of 

House 

01a 67% 120 Surprise Walk slowly
Mostly wall, 
but partially 

roof
Tin

01b 59% 120
Warning days 

before
Walk slowly

Undermining 
(floor)

thin concrete floor 
(no rebar)

03a 100% 56
Warning days 

before
Easily walk

Primarily 
above, but 
some to the 

side.

Tin

04a 367% 0
Warning minutes 

before
Easily run Lateral at wall Tin

05a 100% 54 Surprise Easily run Wall and Roof Tin

06b 7% 20 Surprise Easily run Undermining
Thin concrete 
with no rebar

07a 33% 60 No past events Easily walk wall Tin

08b 0% 172 No past event
Unable to 

walk 
undermining dirt

09b 49% 72 Days ahead Easily run undermining dirt

10b 67% 24 Days ahead Easily walk undermining dirt floor

11b 100% 60 Days ahead Walk slowly undermining dirt floor

12b 74% 78 Days ahead Easily run undermining
concrete with tile 

(probably no 
rebar)

13b 80% 144 Days ahead
Unable to 

walk 
without help

undermining dirt floor

14a 43% 116 Surprise
Unable to 

walk 
wall tin

14b 36% 116 Surprise Unable to below, floor some dirt and 

16b 0% 108 Surprise Walk slowly Undermine Soil

17a I 100% 100 Surprise
Unable to 

walk 
without help

Roof Tin

17a II 67% 100 Surprise
Unable to 

walk 
without help

Wall Concrete

18a 50% 22 Days ahead Walk slowly Wall Tin.

19b 0% 288 Surprise
Unable to 

walk 
without help

Gound Dirt

Raw Data
Consequence Factors
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Form 
Numbers

Largest Probable Percentage of 
Living Area that could be 

Impacted from a Landslide

Total Person-Hours 
the Living Area is 
Occupied per Day

Warning Time 
Before Past 
Landslides

Mobility of 
Lease 

Capable 
Person

Impact 
Direction of 
Landslide

Construction 
Material of 

House 

20a 76% 120 Surprise
Unable to 

walk 
Wall, maybe 
part of roof

Concrete wall, tin 
roof

21a 25% 132
Seconds in 
advance

Walk slowly Wall Tin

21b 40% 132 Half day of time Walk slowly under dirt

22b 74% 51 Surprise Easily run Under Concrete floor

23b 15% 62 Surprise Walk slowly Under Concrete

24a 100% 48 Surprise Easily run Roof and wall Tin and wood

25a I 100% 44
Seconds in 
advance

Easily walk
rook and wall, 

tin tin
tin and tin

25a II 100% 44
Seconds in 
advance

Easily walk Wall and Roof
Tin and strong 

wood

26a 100% 20 Surprise Easily walk Wall Strong wood

27a 100% 168 Days ahead
Unable to 

walk 
Roof, wall Tin

27b 66% 168 no past landslide
Unable to 

walk 
without help

Under Concrete, thick

28a 100% 96
Seconds in 
advance

Easily run Roof and wall Tin

28b I 73% 96 Surprise Easily run Floor Dirt

28b II 73% 96 Surprise Easily run Ground Dirt

29a 100% 74 Surprise Easily run Roof, wall Tin

29b 100% 74 Surprise Easily run Under
Dirt and thin 

concrete

30b I 61% 122 Half day of time
Unable to 

walk 
without help

under
some concrete, 

some dirt

30b II 61% 122 Half day of time
Unable to 

walk 
without help

under
some concrete, 

some dirt

31b 100% 58 surprise Easily walk under Concrete floor

32b 100% 72 No past events Easily walk under Dirt Floor

Raw Data
Consequence Factors



71 
 

 

Form 
Numbers Observations

01a

Most of slope does not look to be entirely made of fill. But saw some and hard to see with vegetation cover, 
so error on side of caution. Resident reported on exisiting mitigaiton wall that failed 10 years ago and caused 

a major landslide crushing a majority of the house. People could have died, but luckily did not because the 
wall did not completely collapse because it was being held up partially by furniture.

01b
House had a large landslide last year directly underneath house that still looks active. Material looked to be 

made mostly of sandbags (fill). Tarp has been placed over landslide to prevent water from destabalizing even 

03a
Landslide a few years ago came down into room and damaged a lot of things. Family living in room heard 

noises and escaped before it destroyed their room. The area is now left as a place for storage, however kids 
place in the area which could be of concern.

04a
Slope looks like it would have frequenty small landslide failures, but house is far enough away and no one 

actually lives in the house anymore. They just use it during the day to raise their livestock in the yard.

05a
Looks like some small landslide could occur, but nothing extremely large that would be lethal to someone in 

the house.

06b
Could not actually go down to slope to confirm strength of material and other conditions, but could see from 
far away. Resident reported on landslides occuring frequently and worried about house being undermined

07a
Tephra is very strong, highly unlikely to have any failure in the near future, cut looks very fresh and clean. 

The house is also far from the cut so unlikely any material could cause any significant damage even if there 

08b Slope is very short and low angled, unlikely to have any failures due to size. The house is also very far away.

09b
House is far from slope so unlikely to be impacted in near future. But slope could potentially retrogress 

overtime.

10b
House has some moderate distance to steep slope below, but the part of the house closest is just a patio and 

would be unlikely to cause a fatality in the near future.
11b House is very near slope and could potentially have significant failure undermine house

12b
Slope has reports of frequent small landslides and is retrogressing each year. House is far enough back that 

it isn't likely to be lethal in the near future.

13b
nearby is a small active slope failure being partially held up by boards. Homeowner has kept trying to plant 

bushes and trees to keep the soil back. But still has frequent failures.

14a
Slope is short enough that unlikely to cause a fatality unless a kid was directly next to slope right when it 

failed.
14b Slope is not that high, so fatatlity unlikely if failure does occur

16b
Slope is long and shallow, but further away, a large drop exists, but this would require an enormous landslide 

that is outside of the scope of this work.

17a I
House is very close to slope above and reported on past failure that came through roof. However, said it 

wouldn't have killed anyone, but would have caused an injury.

17a II
Had large block, one cubic meter, fall off and role just barely into wall of house. Could have killed someone 
if they were directly underneath, but unlikely any other way. Future block could fail nearby and be slightly 

more lethal

18a
Large retaining wall, but larger structure directly above on slope and if not built to design, could overcome 

strength of wall and cause a large landslide. However, this seems unlikely.

19b
Had a large landslide few years ago that took out bedroom and lucky person had just left for work. Built 

retaining wall afterwards.
20a slope looks unstable and could have small landslide that could impact small part of house.

21a
House had major landslide a few years ago that damaged a large part of house. Family cut out slope and 

built a large retaining wall. Did not build near retaining wall in case it fails in future.
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Form 
Numbers Observations

21b
Material above retaining wall looks very unstable, but being held barely by a tin wall. Failure would 

undermine the house and could cause a fatality if someone was there right at the time of failure

22b
Slope continues very far down. Small landslides unlikely to be fatal, but  a larger landslide would be 

significantly more lethal.
23b House is very safe because it is very far away from slope.

24a
Large failure occurred at house and hit side of wall, but insignificant damage. There is area to side of house 

further from slope to move the room closest to house. Waiting for people to come help and in mean time, 
stay the evenings at sisters nearby who lives in a safer area until room is moved.

25a I
Report of small amount of material comes down every time it rains. Have to frequently shovel out material. 

Sounds like erosion and very tiny sloughing of material.
25a II Slope is close enough to a corner of the house that it could have a lethal impact if someone was there

26a
Very large slope above, a large dead tree is also high on the slope and could be just as deadly if feel down 

the slope as a landslide occurring.

27a
Slope is very high and could have features launch of inclinded slope above and easily hit house with 

significant force.

27b
Slope likely to have small failures time to time, if a large failure does occur, it could be very lethal due to the 

long distance down the slope

28a
Reported on very large landslide years ago that swept out entire room from above and took everything down 
to the river. Family just barely escaped before occurring and father is very nervous of another landslide. This 

landslide scar is viewable on Google Earth Historical Imagery.

28b I
Same as the following slope (28b II), but this slope had evidence of dripping water from the slope. Where 

major landslide occurred and came down past the house mentioned in the previous slope (28a)
28b II Same as the previous slope (28b I), but this slope was dry.

29a
Reported on sand bags falling from above down onto road and hitting house. Note that its not just landslides, 

but falling debris as well

29b
The house is built on a large flat area that seems to likely be a large fill that could be highly unstable and 

have a significant failure in the future which would be very lethal.

30b I
Mother reports she looses ground each year and she replaces with sandbags again. She also reports saying 

she places tarps over the part of the slope when it rains and tells her kids not to go in the area.

30b II
Mother reports she looses ground each year and she replaces with sandbags again. She also reports saying 

she places tarps over the part of the slope when it rains and tells her kids not to go in the area.

31b
Very tall slope that is extremely dangerous with part of house overhanging. Failure would be very lethal. 

Report of an entire room falling and people just escaping before.

32b
Very tall slope that is extremely dangerous. The house has a little room before the slope retrogresses, but is 

likely to be inevitable with river bank cutting directly into slope.
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Form 
Numbers

Average 
Slope 
Angle

Slope 
Height

Strength of Slope 
Material or 

Material Type

Vegetation 
Cover

Overhanging 
Material

Aperture 
of 

Cracks

Hyrdological 
Conditions

Mitigation 
Effectiveness

01a 8 1 4 2 1 1 1 8

01b 4 1 8 8 2 8 1 8

03a 8 2 4 2 2 8 2 8

04a 8 8 4 4 1 1 2 8

05a 4 4 4 2 4 1 2 8

06b 2 1 4 4 1 1 8 8

07a 8 1 1 1 1 1 1 8

08b 1 1 4 1 1 1 1 8

09b 8 4 4 2 1 1 2 8

10b 8 4 4 2 1 1 2 8

11b 8 4 4 4 1 1 1 8

12b 8 4 4 4 1 8 1 8

13b 8 4 4 4 1 8 2 8

14a 8 1 4 1 1 1 1 8

14b 8 1 4 8 1 1 2 8

16b 1 4 4 2 1 4 2 8

17a I 8 2 2 1 1 2 1 8

17a II 8 1 2 8 2 8 1 8

18a 8 1 2 1 1 2 1 2

19b 2 4 4 2 1 1 2 1

20a 8 2 4 4 2 1 4 8

21a 8 1 4 4 1 1 8 1

21b 8 1 4 4 1 8 1 4

22b 4 8 4 2 1 2 8 8

23b 8 4 4 1 1 2 2 8

24a 8 2 4 4 4 4 8 8

25a I 8 4 2 2 1 2 4 8

25a II 8 2 2 4 2 4 2 8

26a 2 8 4 2 1 2 4 8

27a 8 8 2 8 4 8 2 8

27b 2 8 4 4 2 1 2 8

28a 4 8 4 1 1 1 4 8

28b I 2 8 4 4 1 1 8 8

28b II 2 8 4 4 1 1 1 8

29a 8 4 4 2 4 2 2 8

29b 4 8 4 1 1 1 4 8

30b I 2 8 4 4 1 1 2 8

30b II 2 8 4 4 1 1 2 8

31b 8 8 4 4 2 1 8 8

32b 8 8 4 4 4 1 8 8

Scored Data
Hazard Factors
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Form 
Numbers

Spatial 
Impact 

Largest 
Probable 
Landslide 
Volume

Largest Probable 
Percentage of Living Area 

that could be Impacted 
from a Landslide

Total Person-
Hours the Living 
Area is Occupied 

per Day

Warning 
Time Before 

Past 
Landslides

Mobility 
of Lease 
Capable 
Person

Impact 
Direction 

of 
Landslie

Construction 
Material of 

House 

01a 8 4 4 8 8 4 8 4

01b 4 4 4 8 1 4 2 2

03a 8 4 8 2 1 2 8 4

04a 8 2 8 1 2 1 1 4

05a 8 2 8 2 8 1 8 4

06b 1 1 1 1 8 1 2 2

07a 2 1 2 4 8 2 1 4

08b 1 1 1 8 8 8 2 8

09b 4 1 2 4 1 1 2 8

10b 8 2 4 1 1 2 2 8

11b 8 2 8 4 1 4 2 8

12b 8 2 8 4 1 1 2 2

13b 8 2 8 8 1 8 2 8

14a 8 1 2 8 8 8 1 4

14b 1 1 2 8 8 8 2 8

16b 1 4 1 8 8 4 2 8

17a I 8 1 8 8 8 8 4 4

17a II 8 1 4 8 8 8 1 1

18a 4 1 4 1 1 4 1 4

19b 1 2 1 8 8 8 2 8

20a 8 1 8 8 8 8 8 4

21a 2 1 1 8 4 4 1 4

21b 4 2 2 8 2 4 2 8

22b 8 4 8 2 8 1 2 2

23b 1 2 1 4 8 4 2 2

24a 8 4 8 2 8 1 8 4

25a I 8 2 8 2 4 2 8 4

25a II 8 2 8 2 4 2 8 4

26a 8 4 8 1 8 2 1 2

27a 8 4 8 8 1 8 8 4

27b 8 4 4 8 8 8 2 1

28a 8 4 8 8 4 1 8 4

28b I 8 2 8 8 8 1 2 8

28b II 8 2 8 8 8 1 2 8

29a 8 2 8 4 8 1 8 4

29b 8 4 8 4 8 1 2 8

30b I 8 4 4 8 2 8 2 8

30b II 8 4 4 8 2 8 2 8

31b 8 8 8 4 8 2 2 8

32b 8 8 8 8 8 2 2 2

Scored Data
Consequence Factors
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Form 
Numbers

Simplified 
Unweighted 

Hazard Score

Simplified 
Weighted 

Hazard Score

Confirmation 
Hazard Score 

Simplified 
Unweighted 

Consequence Score

Simplified Weighted 
Consequence Score

Confirmation 
Consequence 

Score

Predicted 
Unweighted 
Risk Score

Predicted 
Weighted 

Risk Score

Confirmation 
Risk Score 

01a 14 37 3 24 32 3 336 1,184 3

01b 15 47 6 20 28 4 300 1,316 5

03a 16 42 4 22 30 4 352 1,260 5

04a 21 58 4 19 23 2 399 1,334 3

05a 16 44 4 20 24 3 320 1,056 3

06b 8 25 3 4 6 2 32 150 3

07a 11 25 3 9 11 2 99 275 2

08b 7 23 1 11 13 1 77 299 1

09b 17 46 4 11 13 2 187 598 2

10b 17 46 4 15 19 2 255 874 3

11b 17 46 4 22 26 4 374 1,196 3

12b 17 46 5 22 26 3 374 1,196 3

13b 17 46 5 26 30 3 442 1,380 3

14a 14 37 3 19 21 3 266 777 3

14b 14 37 3 12 14 2 168 518 2

16b 10 32 3 14 22 2 140 704 2

17a I 13 32 3 25 27 4 325 864 3

17a II 13 31 4 21 23 4 273 713 3

18a 12 29 2 10 12 3 120 348 2

19b 11 34 2 12 16 3 132 544 2

20a 16 42 4 25 27 4 400 1,134 3

21a 14 37 2 12 14 1 168 518 1

21b 14 37 5 16 20 4 224 740 5

22b 17 50 4 22 30 4 374 1,500 4

23b 17 46 4 8 12 1 136 552 2

24a 18 46 4 22 30 4 396 1,380 4

25a I 15 38 4 20 24 4 300 912 4

25a II 14 34 4 20 24 4 280 816 4

26a 15 46 4 21 29 4 315 1,334 3

27a 22 56 5 28 36 5 616 2,016 5

27b 16 48 4 24 32 5 384 1,536 4

28a 17 50 4 28 36 4 476 1,800 3

28b I 15 46 4 26 30 4 390 1,380 5

28b II 15 46 4 26 30 4 390 1,380 5

29a 20 52 4 22 26 4 440 1,352 3

29b 17 50 5 24 32 5 408 1,600 5

30b I 15 46 5 24 32 4 360 1,472 4

30b II 15 46 5 24 32 4 360 1,472 4

31b 22 60 6 28 44 6 616 2,640 6

32b 24 64 6 32 48 6 768 3,072 6

Hazard Scores Consequence Scores Risk Scores
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Locations of landslides evaluated for this study 
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Santo Domingo 

 

Peña de Oro 
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Los Cerritos 

 

Vista de la Comunidad 
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Form Number:  01a 
Date Visited:  August 28, 2015 
Resident Name:  Marielos 
Address:  Sector 2, Lote 31 
Community Name:  Santo Domingo, Zone 1, Guatemala City 
Picture (right): 

 

 

 

 

 

 

 

 

 

Form Number:  01b 
Date Visited:  August 28, 2015 
Resident Name:  Marielos 
Address:  Sector 2, Lote 31 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  03a 
Date Visited:  August 28, 2015 
Resident Name:  Elvia 
Address:  Sector 2A, Lote 5 
Community Name:  Santo Domingo, Zone 1, Guatemala City 
Picture (right): 

 

 

 

 

 

 

 

 

 

Form Number:  04a 
Date Visited:  August 28, 2015 
Resident Name:  Juanna 
Address:  Sector 2A, Lote 17 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  05a 
Date Visited:  August 28, 2015 
Resident Name:  Noemi 
Address:  Sector 2A, Lote 4A 
Community Name:  Santo Domingo, Zone 1, Guatemala City 
Picture (right): 

 

 

 

 

 

 

 

 

 

Form Number:  06b 
Date Visited:  August 28, 2015 
Resident Name:  Estela 
Address:  Sector 2A, Lote 1 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 

 
 
 

Form Number:  07a 
Date Visited:  August 28, 2015 
Resident Name:  Petra 
Address:  Sector 2A, Lote 2 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  08b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified 
Address:  Lote 76 
Community Name:  Peña de Oro, Villa Nueva 
Picture (right): 

 

 

 

Form Number:  09b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified 
Address:  Lote 78 
Community Name:  Peña de Oro, Villa Nueva  
Picture (right): 

 

 

 

Form Number:  10b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified 
Address:  Lote 79 
Community Name:  Peña de Oro, Villa Nueva 
Picture (right): 

 

 

 

Form Number:  11b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified  
Address:  Lote 80 
Community Name:  Peña de Oro, Villa Nueva 
Picture (right): 
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Form Number:  12b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified  
Address:  Lote 62 
Community Name:  Peña de Oro, Villa Nueva 
Picture (right): 

 

 

 

Form Number:  13b 
Date Visited:  August 30, 2015 
Resident Name:  Not Identified   
Address:  Lote 65 
Community Name:  Peña de Oro, Villa Nueva 
Picture (right): 

 

 

 

Form Number:  14a 
Date Visited:  September 2, 2015 
Resident Name:  Not Identified   
Address:  Sector 2, Lote 28 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 
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Form Number:  14b 
Date Visited:  September 2, 2015 
Resident Name:  Not Identified   
Address:  Sector 2, Lote 28 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  16b 
Date Visited:  September 7, 2015 
Resident Name:  Clemente 
Address:  10 Av. 26-41 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 

 

 

 

 

Form Number:  17a I  
Date Visited:  September 7, 2015  
Resident Name:  Leslie 
Address:  10 Av. 26-32 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 
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Form Number:  17a II 
Date Visited:  September 7, 2015 
Resident Name:  Leslie 
Address:  10 Av. 26-32 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 

 

 

 

 

 

Form Number:  18a 
Date Visited:  September 7, 2015 
Resident Name:  Noe 
Address:  10 Av. 26-44 
Community Name:  Vista de la Comunidad, Mixco 
Picture (right): 
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Form Number:  19b 
Date Visited:  September 7, 2015 
Resident Name:  Glaudis 
Address:  10 Av. 26-77 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 

 

 

 

 

Form Number:  20a 
Date Visited:  September 7, 2015 
Resident Name:  Amarivalie 
Address:  10 Av. A 26-94, Lote 14 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 

 

 

 

 

Form Number:  21a 
Date Visited:  September 7, 2015 
Resident Name:  Ana Beatriz 
Address:  10 Av. 26-90, Lote 15 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 
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Form Number:  21b 
Date Visited:  September 7, 2015 
Resident Name:  Ana Beatriz 
Address:  10 Av. 26-90, Lote 15 
Community Name:  Vista de la Comunidad,  
Mixco 
Picture (right): 

 

 

 

 

Form Number:  22b 
Date Visited:  September 8, 2015 
Resident Name:  Casta Luz 
Address:  Sector 2, Lote 22 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 

 
 

 

 

Form Number:  23b 
Date Visited:  September 8, 2015 
Resident Name:  Maria 
Address:  Sector 2A, Lote 3 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  24a 
Date Visited:  September 8, 2015 
Resident Name:  Patty Gomez 
Address:  Sector 2A, Lote 6 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 

 

 

 
 

Form Number:  25a I 
Date Visited:  September 8, 2015 
Resident Name:  Anibal 
Address:  Sector 2A, Lote 17 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  25a II 
Date Visited:  September 8, 2015 
Resident Name:  Anibal 
Address:  Sector 2A, Lote 17 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 

 

 

 

 

 

 

 

 

Form Number:  26a 
Date Visited:  September 8, 2015 
Resident Name:  Soñia 
Address:  Sector 2A, Lote 9 
Community Name:  Santo Domingo, Zone 1,  
Guatemala City 
Picture (right): 
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Form Number:  27a 
Date Visited:  September 9, 2015 
Resident Name:  Jenny 
Address:  Lote 40 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  27b 
Date Visited:  September 9, 2015 
Resident Name:  Jenny 
Address:  Lote 40 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  28a 
Date Visited:  September 9, 2015 
Resident Name:  Jaime 
Address:  Anexo Sector 4, Lote 37 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 
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Form Number:  28b I 
Date Visited:  September 9, 2015 
Resident Name:  Jaime 
Address:  Anexo Sector 4, Lote 37 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  28b II 
Date Visited:  September 9, 2015 
Resident Name:  Jaime 
Address:  Anexo Sector 4, Lote 37 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 
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Form Number:  29a 
Date Visited:  September 9, 2015 
Resident Name:  Natalie and Joslie 
Address:  Anexo Sector 4, Lote 24 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

 

 

 

Form Number:  29b 
Date Visited:  September 9, 2015 
Resident Name:  Natalie and Joslie 
Address:  Anexo Sector 4, Lote 24 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City   
Picture (right): 
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Form Number:  30b I 
Date Visited:  September 9, 2015 
Resident Name:  Lendy 
Address:  Sector 4, Lote 31 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  30b II 
Date Visited:  September 9, 2015 
Resident Name:  Lendy 
Address:  Sector 4, Lote 31 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right): 

 

 

 

 

Form Number:  31b  
Date Visited:  September  9, 
 2015 
Resident Name:  Juan Carlos 
Address:  Sector 4, Lote 42 
Community Name: Los  
Cerritos, Zone 7,  
Guatemala City  
Picture (right):   
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Form Number:  32b 
Date Visited:  September  9, 2015 
Resident Name:  Amalia 
Address:  Sector 4, Lote 44 
Community Name:  Los Cerritos, Zone 7,  
Guatemala City 
Picture (right):   
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Appendix B:  

Frequency Distribution Graphs of Each Factor Evaluated in the Preliminary LRRS 
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