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1 Abstract
Mountains are hazardous places. Framed in political ecology and disaster
theory in geography, this research set out to answer the overarching question of how
the risk of climate-related disasters has changed in mountain areas of Guatemala at
the start of the century. It involved four main related activities that examined key
elements of disaster risk: 1) the trigger, assessing extreme rainfall trends based on
daily records; 2) the hazards, through an evaluation of the relevance of land use and
cover (LUC) to slope failure; 3) elements of social vulnerability, looking at its
geography and trend at the turn of the century, and also exploring the role of
globalisation in specific communities; and 4) an assessment and mapping of disaster
risk in two sites, including an estimation of exposure levels to hazards. Methods
range from statistical analysis of quantitative data (rainfall, landslide, and vulnerability
chapters), GIS-based modelling (risk mapping), and qualitative analysis including
interviews.

The main findings state that: increasing annual and extreme rainfall has
contributed to higher disaster risk only in a few areas; LUC change from forest to
annual crops has increased risk in a few locations but it has not done so in most of
the volcanic highlands either because there has been only minor LUC change or
because LUC does not seem to have an effect on slope failure in certain types of
geology. Disaster risk has decreased overall because vulnerability has become lower
in the vast majority of mountain areas but risk may be higher as a result of increased
exposure to hazards either in mountain communities or in marginal areas of the
capital and surrounding municipios. The analysis of risk helped identify four mountain
zones where risk is very likely to have increased. Further research questions are
mostly related to studying the evolution of climate-related disaster risk in those areas.
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2 Introduction
This doctoral dissertation examines disaster risk in the context of mountain
areas and its main research question asks how risk has changed at the start of the
21st Century. The research examines a number of factors that shape risk, drawing on
several theories and methods. The study uses both physical and social sciences
within the general tradition of human-environment geography.

Mountain ecosystems and peoples have had an increasingly important global role in
the debates on environment and development since 1992 after their inclusion in
Agenda 21, specifically through Chapter 13 (Messerli and Ives, 1997; Funnell and
Price, 2003). Mountains are considered critical in the search for sustainability
because of their provision of essential resources (e.g. half of the world‟s fresh water)
to people within and outside them and also because mismanagement of mountain
lands has the potential for overwhelming impacts on the lowlands (Messerli and Ives,
1997). Mountain regions may also experience the impacts of climate change (glacier
and snow melt, extreme weather events, habitat loss) more strongly than others
(Beniston, 2003; Becker and Bugmann, 2001; Kohler and Maselli, 2009). They are
also a focus for biodiversity conservation and for the traditions of many indigenous
peoples.

Most authors agree that although people may have an idea of what a mountain is,
coming up with a universal definition is rather challenging. Some characteristics
usually associated with mountains are steep slopes, altitude, ruggedness, and
sometimes danger (Messerli and Ives, 1997; Funnell and Parish, 2001). Messerli and
Ives (1997) assert that perhaps the only generalisation that can be made about
mountains is that, except for the relative marginality and inaccessibility,

2

School of Geography and the Environment, University of Oxford

Alex Guerra-Noriega

generalisations should be avoided. The attempt to produce a worldwide classification
of mountains is equally challenging according to the same authors.

A number of environmental hazards are part of the way of life of mountain inhabitants
(Funnell and Parish, 2001). The acknowledgment that mountains are hazardous
places was stressed internationally by declaring disaster risk management in
mountains as the theme of the 2009 International Mountain Day (Prado, 2009).
According to Hewitt (1997:379) the prevalence of steep slopes is the single most
important element that generates high hazard levels. Mountain regions are very
susceptible to disasters in which water plays a key role (Beniston, 2000).

Evidence shows that disaster-prone areas in the world‟s mountain lands increased
during the twentieth century (Hewitt, 1997:371). The disproportionate numbers of
natural disasters in mountain areas include the largest share of earthquakes,
volcanic eruptions, landslides, natural dams and dam bursts, flash floods, and threats
associated with valley glaciers (Ibid:317). Part of the reason for high level of risk is
that more people are living in mountain regions putting more people and property at
risk (Hewitt, 1997; Funnell and Parish, 2001). Hewitt notes, however, that in most
mountain areas the worst calamities have been brought about by war and other uses
of armed violence.

The highlands of Central America are well known as highly vulnerable to natural
hazards (Dardón and Morales, 2006; Mansilla, 2006). As the EMDAT database on
hazards shows (CRED, 2008), they have experienced virtually all natural hazards
(except for those related to the cryosphere) as well as socio-political calamities (i.e.
civil war). Guatemala has been no exception as its history has been strongly
influenced by hazards. Its capital has been relocated three times, two of which as a
result of disasters (Gall, 2000). Climate change will increase the incidence of hazards
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in mountains with a medium to high level of confidence and Central America is
amongst the regions potentially most affected by landslides and mud flows, forest
and bush fires, and insect-borne diseases (Kohler and Maselli, 2009).

Framed by political ecology and the hazard theories in geography, this research aims
to examine how risk of climate-related disasters has changed in mountain areas of
Guatemala at the start of the 21st Century. The underlying hypotheses are that risk
has increased because there have been more frequent and intense extreme rainfall
events and because social vulnerability has become greater, but not because land
use/cover change (especially deforestation) has caused higher hazard levels. The
research involves four related activities: 1) an analysis of extreme rainfall events and
their trends based on daily rainfall records; 2) an assessment of the relation of land
use and cover to slope failure; 3) an examination of social vulnerability trends,
looking also at the role of globalisation; and 4) an assessment and mapping of
disaster risk in two specific sites. These four activities constitute separate chapters of
the dissertation and publishable papers.

Mountain areas in Guatemala are defined here as those areas above 1000m asl. The
reason is that they include the vast majority of rugged land (see Figure 2.1). Altitude
and ruggedness are the main characteristics of mountains, as mentioned above. All
places above 1000m asl were included because even relatively flat locations, such
as the valley where Guatemala City lies, contain zones of steep slopes resulting from
hills or ravines. Mountain areas occupy 32,326 km2 of land, which equals 29.7% of
the country.

The dissertation is composed of nine chapters. Following the abstract and
introduction a chapter provides relevant, albeit brief, information on Guatemala as a
country so as to set the geographical scene. The subsequent chapter presents the
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theoretical framework, laying the concepts and ideas that frame the problem and the
approach to its investigation. It draws largely from Political Ecology and the field of
disaster risk in Geography, as mentioned previously. The four chapters that follow,
the main results chapters, have their own structure including an introduction,
methods, results, discussion and its implications for the general thesis. This was
considered appropriate given that the topics are sufficiently different from one
another as to require their own research approaches. Finally, the conclusions merge
the findings from preceding chapters and synthesise their joint implications for
disaster risk, answering the main research question. They also provide reflections on
the level of achievement of the aims, the general relevance of the work, the validity of
its content, adequacy of the methods used, and set further research questions.

Figure 2.1: Mountain areas in Guatemala (outlined in red; rugged land
in darker grey due to higher density of contour lines)

5

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

3 Background on Guatemala
Located in Central America (next to south-east Mexico), Guatemala has a
population of more than 12 million inhabitants, roughly half of whom are indigenous
of Maya ancestry (INE, 2002a). The size of the country is 108,889 km2 (about half the
size of the United Kingdom). Guatemala‟s history and existence as a country are
rooted in the nearly three centuries of Spanish colonisation (1524-1821). Its recent
history was marked by a civil war that took place from the early 1960s until 1996,
when the government and the Guatemalan National Revolutionary Unity (URNG)
signed the peace accords (UNDP, 2005b).

Guatemala has widespread poverty. Although the GDP per capita (4,148 US$ - PPP)
is not amongst the lowest in the world, more than half of the population is under the
poverty line, and 11.7% lives in extreme poverty1 (see Table 3.1, Figure 3.1). Poverty
is mainly a rural phenomenon (70% of the poor live in rural areas) that affects both
indigenous and non indigenous people (INE, 2006), nevertheless, the poverty
incidence in rural indigenous people reaches 85% whereas for the rural non
indigenous population it is 63.7% (INE, 2002b). According to INE (2006) poverty
does not vary much in terms of gender (50.4% for women, 51.7% for men).
Households headed by women comprise 18.4% of all households and poverty
incidence in them (30.8%) is lower than amongst the households headed by men
(42.7%) (INE, 2006), which could be related to a better management of the family
income by women (INE, 2002b).

1

As defined by UNDP (2009) Human Development Report 2009. Guatemala
factsheet. United Nations Development Programme. See thresholds indicated in the
penultimate and antepenultimate rows of Table 3.1.
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Table 3.1 Some development figures for Guatemala
Human development Index value (2007), rank 122

0.704

Life expectancy at birth (years) (HDI), 2007

70.1

Adult literacy rate (% ages 15 and above) (HDI), 2007

73.2

GDP per capita (PPP US$) (HDI), 2007

4,562

Share of income or consumption (%) - Poorest 10% (1992-2007)

1.3

Share of income or consumption (%) - Richest 10% (1992-2007)

42.6

Inequality measures - Gini index (1992-2007)

53.7

Under-five mortality rate in the highest quintile of wealth (per
1,000 live births)
Under-five mortality rate in the lowest quintile of wealth (per
1,000 live births)
Population living below $1.25 a day (%), 2000-2007

39

11.7

Population living below $2 a day (%),2000-2007

24.3

Population living below the national poverty line (%), 2000-2006

56.2

78

Based on (UNDP, 2009)

80
Extreme poverty

% within the category

70

Poverty

60
50
40
30
20
10
0
National

Urban

Rural

Indigenous

Non
indigenous

Figure 3.1: Poverty incidence in Guatemala2

As in nearly all Latin American countries, Guatemala has large disparities in the
distribution of wealth. Approximately 2% of landowners held over 60% of the land in
the late 1970s and this figure has been maintained, if not increased, since. Peasants
have been evicted from land which they or their ancestors had held for many years.

2

Ibid.
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Where litigation is involved the peasant, who generally has no legal protection or
formal knowledge of the country‟s agrarian laws, has little opportunity of success
against the superior legal and political status of the landowner. The only attempt of
agrarian reform was rapidly reversed after president Arbenz‟s overthrow in 1954
(Plant, 1978; Schweigert, 2004; Dardón and Morales, 2006).

According to colonial archives there were five principles that guided agrarian policies
during colonial times and had a profound impact in the unequal distribution of land
that exists to date. Four of them were based on laws and they all stemmed from the
interests of the Spanish monarchy. The first was the fundamental principle called
„señorío‟, which gave right to ownership of the land to the conqueror (the Spanish
monarchy, and not automatically to the men who conquered it) and removed it from
the natives. The king would then give a concession to individuals, communities,
convents, etc. All the land that was not given in concession to somebody or to a
group was the king‟s property. This principle set the legal bases for latifundios
(ownership of large estates) (Martínez, 1994).

The second principle, based on the first one, was called „the principle of land as
incentive‟. Since the Spanish crown did not have all necessary funds for the conquest,
their strategy was to promote private enterprises and provide them a number of
economic incentives in the lands conquered by them. It is important to note that it
was not only land that was provided as incentive but also the natives who inhabited it,
who were an important element as labour force. The third principle is that of „land as
source of income for the crown‟. It was a system whereby the land titles were
checked and their land properties were measured so as to ensure that the person to
whom it was given took the right amount. If that was not the case, the person would
have had to pay for it, otherwise the land would have been re-owned by the king. The
procedure was called „composiciones‟ (fixings) and it was a source of income all
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through colonial times. The „usurpation‟ of land which the procedure sought to fix did
not stop but instead became a mechanism to take more land and expand the estates
(Martínez, 1994; Taracena et al., 2002).

The fourth principle was related to the protection of land of indigenous towns. It was
in the interest of the monarchy to provide plenty of land to these towns (Martínez,
1994; Taracena et al., 2002) for reasons that are explained later on. It was expressly
stated that indigenous land (given by the king to them) should not be usurped. The
fifth principle was not law but rather acted outside it (Martínez, 1994). According to
Taracena et al. (2002), however, it was carried out legally. The principle was named
„blockage of land ownership by the mestizos‟. The monarchy did not set rules for the
exclusion of the mestizos (population of mixed race). Nonetheless, they did not enjoy
the privileges of the indigenous towns and the allocation of lands to them was
avoided systematically by the colony‟s authorities. A growing and impoverished
population, the mestizos were forced by necessity to move to the estates and work in
exchange for land in usufruct. Another result of this was the expansion of large
estates (Martínez, 1994).

Another key element that Martínez (1994) points out is that the limiting factor was the
number of indigenous men (i.e. workers). Each land owner was allocated a number
of men to work at a very low cost in their estates. „Land was abundant but land
without indigenous people was worth nothing‟ (Martínez, 1994:165-my translation).
The bigger the number of land owners the smaller the amount of workers allocated to
each. This fact influenced the push to keep the number of land owners low and,
therefore, exclude the mestizos from owning land (Martínez, 1994).

The creation of „indigenous towns‟ is an important element in the history of
accumulation of wealth in Guatemala. Prior to the conquest people used to live in
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widespread settlements with large areas of crop land. A few decades after the arrival
of the Spaniards a profound reorganisation took place and it included the
concentration of indigenous people into towns of Spanish style. The interpretation by
Martínez (1994) is that (the vast majority of) people did not offer resistance because
their relocation was part of a package of new laws that provided conditions that were
much better than the ones they experienced in the first 20 to 30 brutal years of
exploitation. The „abandoned‟ land was then subjected to allocation by the king.
Some people escaped from the beginning and settled in ravines, mountains, and
caves.

The foundation of indigenous towns (with agricultural land) was a strategy for Spain
to keep the natives under control, ensure they sustained themselves and also paid
taxes, and to keep virtually free labour for the large states and companies of the
dominant groups (Martínez, 1994; Taracena et al., 2002). Even though the „fixings‟ of
usurped land were open to the participation of anyone (who had money), indigenous
people had no chance of accessing land through them. In the first place, their work
load took too much time and energy, and in addition they had to work in communal
land too. Secondly, their income was minimal and they could hardly survive, let alone
purchase land (Martínez, 1994).

Guatemala City, in turn, was founded in 1776 and it concentrated all political,
economic and administrative powers. Despite its importance urban development was
slow at the start following the classic urban model of Spanish colonies in the
Americas. It remained relatively stagnant up to the transformation of the economicproductive system in the country through the development of coffee production as the
new backbone of the economy as well as the new mechanism for accumulation and
concentration of capital (AVANCSO, 2003).
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The economic transformations not only had an impact on the economy but also on
the social and political structure of the country. They were derived from a process of
economic liberalism and strengthening of the capitalist economy since 1871, followed
by active modernisation. Since the end of the 19th Century Guatemala City‟s urban
development progressed (AVANCSO, 2003). The agrarian transformation that took
place in the last third of the 19th century included dismantling of the colonial structure
of towns, elimination of nearly all communal land, increase at a large scale of small
pieces of land owned by mestizos, and a massive enlargement in the number of big
agricultural firms or new large estates for coffee production (Martínez, 1994; Wagner,
2001; Taracena et al., 2002).

The size of the population in Guatemala City went from 13000 in 1782 to 75,000100,000 at the start of the 20th Century. It was not until 1950 that there really was a
boom in population growth in the capital fuelled by the capitalist economy and more
freedom to move from one place to another (nationally) (AVANCSO, 2003). These
changes are also related to the diversification of export crops and modest
industrialisation and growth of the services sector. According to Núñez (1996, in
AVANCSO, 2003) the mobilisation in the rural areas and migration responded to the
negative impacts that the land ownership system had, which resulted in
concentration of land in few hands.

By the 1960s the negative effects of rapid growth became evident. Marginal
settlements expanded and occupied hazard-prone areas, public services were
overwhelmed, there was speculation in urban land, high unemployment, and a rise in
urban violence. The first illegal occupation of hillsides happened in the revolutionary
decade (1944-1954) and by 1968 a study pointed out that some 60,000 people lived
in informal settlements in precarious conditions (AVANCSO, 2003).
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In sum, there are three important points in time in terms of changes in population (e.g.
settlement and urbanisation). The first is the creation of Spanish cities and
Indigenous towns half way through the 16th century. The second is the liberal period
at the end of the 19th century (from the 1870s), when the economy turned its focus to
export crops (i.e. coffee). During that process ownership of big estates (latifundios)
increased and it influenced population dynamics in the countryside, exacerbating
inequalities too. The third is the diversification of export crops, industrialisation and
higher demand for services in the capital, which resulted in high migration from the
country side.

Guatemala is a well-known case where social impacts of natural hazards are highly
differentiated. For example, during the 1976 earthquake slum dwellers in Guatemala
City and many Mayan people living in impoverished towns and settlements suffered
the highest mortality (Wisner et al., 2004; Plant, 1978). The wealthy residential and
commercial sectors were barely touched because expensive homes and offices were
able to withstand earthquake tremors. The dimensions of the disaster reflected the
structural injustice of Guatemalan society (Ibid).

Guatemala‟s history has been strongly influenced by hazards and disasters. Its
capital has been relocated three times, two of which as a result of disasters. It was
transferred from the Almolonga Valley in 1543 to the Panchoy Valley (currently called
Antigua Guatemala) because the city was destroyed by an earthquake and a lahar
(volcanic mud flow) that descended from the Agua Volcano between the 10th and 11th
of September 1541 (Gall, 2000). The last relocation happened officially on the 2nd of
January 1776, over two years after the Santa Marta earthquakes (year 1773) which
destroyed it again (Ibid). In its present location, the La Virgen or Ermita Valley, the
capital (Guatemala City) has been hit by several earthquakes but the impact has not
been as severe and widespread and further relocation has not been needed.
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An analysis of climate-related disaster risk was carried out at the national level and
included mass movements, floods, frosts and droughts as hazards. The main
findings are that 73% of all settlements and 75% of the population in the country are
at risk of any of these hazards. It was also estimated that 37.5% of the population is
exposed to mass movements, 14.9% to frosts, 17.8% to floods and 22.8% to
droughts. Some 43 towns, with 188,000 inhabitants, are exposed to more than one of
the hazards (IARNA y URL, 2009).

In Guatemala there has been a great deal of physical and emergency intervention in
disasters. However, through the work carried out during the International Decade for
Disaster Reduction, the understanding of the social conditions as main cause in
generation of risk has been strengthened. After Hurricane Mitch the link between the
structural and historical processes that make up vulnerability was widely
acknowledged. However, biophysical rather than social explanations still prevail in
practice (Gamarra, 2003).

At the national level, in 1996 a law created the National Coordinating body for
Disaster Reduction - CONRED (Gobierno de Guatemala and CONRED, 2009).
During an emergency situation CONRED is in charge of coordinating the government
resources and efforts towards the affected areas. It is composed of ten institutions,
including seven from the government, and three non governmental bodies. There
exists a complete organisational structure which defines the roles and actions to be
taken during an emergency. This comprises the first stage after a disaster, whilst the
second deals with the reconstruction of the country, for which a National
Rehabilitation and Reconstruction Plan is released (SEGEPLAN, 2005).
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Disaster risk reduction has not been tackled through a national policy but it has been
included in other policies and programmes. The most relevant of these at the start of
the 21st Century are the Social Development and Population Policy, approved by the
Government in 2002, the Strategic Framework for Vulnerability and Disaster
Reduction in Central America (SEGEPLAN, 2007), the Regional Plan for Disaster
Reduction 2006-2015, the National Plan for Reconstruction with Transformation, and
the National Programme for Disaster Prevention and Mitigation 2009-2011. The
Peace Accords, signed in 1996, are also relevant for disaster risk reduction as they
include transformation of political, economic and social structures of the country
(Gamarra, 2003:96).

The National Programme for Disaster Prevention and Mitigation 2009-2011 was
launched by the Vice-president‟s office and the Executive Secretariat of CONRED. It
aims at integrating various sectors (government, civil society and international aid)
into a National Committee so that they keep a dialogue on Disaster Risk Reduction.
The programme focuses on prevention and mitigation, excluding disaster emergency
and relief. The programme includes four main components: 1) Risk identification and
monitoring, 2) Disaster reduction, 3) Planning and institutional strengthening, and 4)
Financial strategy (Gobierno de Guatemala and CONRED, 2009). This programme
shows that CONRED is not focused on disaster emergency and relief only but that it
is participating actively in disaster prevention too.

The programme was allocated a significant budget (US $155,000,000.00) and it
seeks to achieve several verifiable goals from 2009 to 2011: generation of
information at the national level; strengthen institutional capacity; creation and
dissemination of building standards; investment on mitigation; creation of policies,
tools and methods for land planning; and the allocation of funding for disaster
reduction in construction works as well as their inclusion in budgets in different
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sectors (Gobierno de Guatemala and CONRED, 2009). This is certainly an
improvement for the country provided it becomes reality.

The National Climate Change Policy, released in September 2009, includes as two of
its main components risk management and vulnerability reduction, particularly in
relation to extreme weather events (MARN, 2009). It is based on 15 pieces of
national and international legislation, including the Kyoto Protocol, and it is backed by
a national decree (Acuerdo Gubernativo 329-2009) dated 14th of December 2009
(Morales-Arana, 2009). This is the latest national initiative dealing with disaster risk
and it is positive in that it takes into account land planning and adaptation to future
changes in the climate. At the time of writing this thesis, however, no specific
strategies and work plans had been drafted. An official from the Interamerican
Development Bank (IDB) explained (personal communication during COP15 in
Copenhagen) that the National Climate Change Policy was going to be partially
funded by the IDB.

At the international level, Guatemala has signed several treaties related to disaster
risk reduction. At the start of the century it signed the Agreement between Central
American presidents for Reduction of Vulnerability and Disaster Impact (2000-2004);
and the agreements for reduction of ecological and social vulnerability in Central
America, during meetings in Stockholm (1999) and Madrid (2001) (CEPREDENAC,
2006). It thus adopted the resulting Regional Plan for Disaster Reduction –PRRD-,
which had an initial phase for the period 2000-2004 (SICA and CEPREDENAC,
2000), and an ongoing second phase for the period 2006-2015 (CEPREDENAC,
2006). This plan was carefully crafted through the participation of more than a
thousand people including experts, government officials, aid agencies, and civil
society from the six countries who are taking part (CEPREDENAC, 2006).
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Guatemala also participated in the Millennium Summit in 2000 and committed to the
Millennium Development Goals, of which goals number 1 and 7 are related to
disaster risk (Gobierno de Guatemala and CONRED, 2009). In 2005 Guatemala
agreed to the Hyogo Framework for Action at the World Conference for Disaster
Reduction, held in Kobe, Japan. The National Programme for Disaster Prevention
and Mitigation 2009-2011 explicitly says that it took into consideration the five Hyogo
priorities for action (Gobierno de Guatemala and CONRED, 2009).

As the previous paragraphs show, different programmes have been adopted or
created, and they entail progress in a more comprehensive approach to disaster
reduction worldwide. However, the national programmes and particularly the actions
keep changing according to different administrations, which slows down if not
impedes their positive impact. The main challenge is for disaster risk reduction to be
mainstreamed into development plans and also to become reality.
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4 Theoretical framework
The structure of the dissertation includes literature reviews and discussions of
theory and methods in each of the main results chapters (5, 6, 7, and 8) because
even though each of these four sections contributes to research in disaster risk, they
are studies in different fields and will constitute independent research articles. The
overarching theoretical framework draws on political ecology and several approaches
to hazard theory in geography but in all cases considers both the natural and the
social environment as key factors influencing risk. Key components of other
theoretical frameworks that could have been used (the sustainable livelihood
framework, the ISDR framework for disaster risk reduction, and the holistic approach
to evaluating disaster risk) and a discussion of their differences and common points
are presented.

4.1

Political Ecology

Political ecology is a field of study that has been understood and practiced in different
ways. Robbins (2004) argues that what unites the diverse work in political ecology is
a general interest in four big questions, themes, or narratives of research, as
presented in the following table.

Table 4.1: Unifying theses in political ecology
Thesis

What is explained?

Relevance

Degradation and

Environmental change:

Land degradation, long blamed on

marginalization

why and how

marginal people, is put in its large
political and economic context.

Environmental

Environmental access:

Environmental conflicts are shown

conflict

who and why?

to be part of larger gender, class,
and race struggles and vice versa.

Conservation and

Conservation failures

Usually viewed as benign, efforts at

control

and political/economic

environmental conservation are
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exclusion: why and

shown to have pernicious effects,

how?

and sometimes fail as a result.

Environmental

Social upheaval: who,

Political and social struggles are

identity and social

where, and how?

shown to be linked to basic issues

movement

of livelihood and environmental
protection.
(according to Robbins, 2004:13)

Common characteristics shared between the “highly variegated” political-ecological
approaches include (Swyngedouw et al, 2002:125): 1) Environmental and social
changes codetermine each other, 2) There is nothing a priori unnatural about
produced environments, 3) Particular attention is paid to social power relations
through which socio-environmental processes take place, and 4) Questions of socioenvironmental sustainability become fundamentally political questions.

Greenberg and Park (1994) see two major theoretical driving forces that have most
influenced political ecology: political economy, with its insistence on the need to link
the distribution of power with productive activity, and ecological analysis, with its
broader vision of bio-environmental relationships. Although the majority of definitions
mention ecology, Peterson (2000:324) asserts that it is often overlooked and that
most political ecology represents nature as a passive object that is transformed by
human actors. He further adds that taking into account ecological dynamics is
essential because, for example, the ecological services and resources that are
available at a given time and place determine the alternatives that are available to
people. These, in turn, shape the politics, economics, and management of
ecosystems.

Individual agency (the role of individual decisions and behaviour) is a third
assumption of political ecology and was part of the original conceptual framework
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presented by Blaikie and Brookfield (1987) where they combined the political
economy of environment with the individual agency found in cultural ecology and a
serious attention to the material physical and ecological conditions (Pelling, 1999;
Hecht, 1993; Vásquez-León and Liverman, 2004). By examining the interactions of
these three elements (political economy, nature and agency) the political ecology
approach offers a helpful framework for understanding hazards (Liverman and
Patterson, 2002).

Political ecologists have also incorporated post-structural ideas into their work
(Bryant, 1998; Peet and Watts, 1996), especially the importance of discourses and
narratives about nature and environmental management. This draws attention to the
way in which different people talk about environmental problems and construct
knowledge that then influences policy and practice. In many cases some ideas
dominate others, often those of more powerful actors including colonial, government
or scientific elites.

Studies that have taken a political ecology approach in Latin America include Pelling
(1999) analysing flood hazard in urban Guyana, Hecht (1993) studying the logic of
livestock and deforestation in Amazonia, and Vásquez-León and Liverman (2004)
who did work on land-use change in North-West Mexico. These studies have in
common a focus on the interaction of ecology, political economic structure and
individual agency, which will be followed in this study.

In this dissertation, political ecology is taken broadly as Peterson (2000:324)
presents it: “a trans-disciplinary attempt to integrate natural and social sciences
approaches to understanding the relationship between human and ecological
systems.” This framework guided the choice of elements to analyse the shape of
disaster risk as well as the methods to investigate their geography and trends. A
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focus on political economy, ecological analysis and people‟s agency was particularly
useful in the analysis of results of the main chapters as well as the general thesis.

The most relevant of the four theses in Table 4.1 to this study of mountain risk in
Guatemala is degradation and marginalisation. Robbins (2004:131) states the
argument in the following way:
“The degradation and marginalization thesis: otherwise environmentally
innocuous local production systems undergo transition to overexploitation of
natural resources on which they depend as a response to state development
intervention and/or increasing integration in regional and global markets. This
may lead to increasing poverty and, cyclically, increasing overexploitation.
Similarly, sustainable community management is hypothesized to become
unsustainable as a result of efforts by state authorities or outside firms to
enclose traditional collective property or impose new/foreign institutions. (…)”.

He adds that the theoretical underpinnings of this argument revolve around two
central assumptions. The first one is that degradation of environmental systems
tends to require as much or more energy and investment to restore to its former state
as was expended in its initial transformation, though there are different levels of
degradation due to specific ecological characteristics of different systems. The
second assumption is that with declining economic margins, especially under
increasingly competitive global trade regimes and unregulated markets, costs and
risks are passed downward to individual producers, who can be predicted to extract
from the ecological system to balance their losses. The result is a pattern of
appropriation and accumulation of natural capital, transformed into currency, at
locations away from the site of production (Robbins, 2004).

The thesis of degradation and marginalisation was particularly strong in the
structuralist phase of political ecology (1980s and early 1990s). According to Walker
(2005) this phase is largely defined by political economic approaches such as those
used by Watts (1983) and Blaikie and Brookfield (1987).
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In mountain geography this thesis has had a strong presence and it is best illustrated
by the Theory of Himalayan Environmental Degradation. A synthesis of this theory by
Ives (1987) contains eight main points: 1) Rapid population growth started after 1950;
2) The large population and its rural nature resulted in increased demand for fuel
wood, construction timber, fodder, and agricultural land on which to grow food; 3)
The needs of the subsistence population caused massive deforestation; 4)
Deforestation and cutting terrace in steeper slopes resulted in catastrophic increase
in soil erosion and loss of land through accelerated landslide incidence, and to the
disruption of the hydrological cycle; 5) Consequently there also was increased runoff
during the summer monsoon and an increase in disastrous flooding and high siltation
on the plains, and to lower water levels and the drying up of springs and wells during
the dry season; 6) The increased sediment load of the rivers emanating from the
Himalayan system is extending the Ganges and Brahmaputra delta and causing
islands to form in the Bay of Bengal; 7) The loss of agricultural land in the mountains
leads to more deforestation and, as fuel wood supplies are further and further away,
the available human energy (principally female) becomes gradually over-taxed and
more animal dung is used for fuel; 8) As a result, terraced soils are deprived of
natural fertilizer (i.e. animal dung), which lowers crop yields and also, the ensuing
weakened soil structure further augments the incidence of landslides.

Jodha (2000; 2005) argues that environmental degradation in the Hindu KushHimalayan region is noticeable and can be attributed to the driving forces and
operational mechanisms of market-driven globalisation, which in his view are
incompatible with the mountain-specific conditions. Although there is recognition that
problems or a crisis do exist in the Himalayas (and other mountain areas), the theory
has been challenged by some authors on the grounds that it is overly simplistic and
its assumptions are either untenable or not supported adequately (Ives, 1987) or that
many of the processes are mostly natural (e.g. soil erosion) due to the high physical
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energy levels in mountain regions (Hewitt, 1997). A presentation of these arguments
follows.

Thompson and Warburton (1985) argued that it did not make sense to speak of the
problem of environmental degradation in the Himalaya and that it was pointless to
generalise data across a region with such heterogeneity in physical, ecological,
social and cultural conditions. They point out a series of elements such as methods
of measurement used by consultants that are just rough estimates, and data
collection that is challenging because people give complacent answers or politically
appropriate responses. As a result, they assert that available data do not provide a
single credible and generally consistent picture of what is happening in the Himalaya.
Environmental researchers see the Himalayan crisis as partly constructed by political
and social factors rather than the result of proven and tested physical processes
(Forsyth, 1996).

An example of the type of problems with data that support the Himalaya crisis is that
“the high and low estimates of annual per capita fuelwood consumption in Nepal
differ by a factor (not a percentage!) of 67” (Thompson and Warburton, 1985b:205).
These issues generate uncertainty in various parts of the problem (Thompson and
Warburton, 1985a:132):
“... as to whether the consumption of fuelwood exceeds or is comfortably
within the rate of production, uncertainty as to whether deforestation is a
widespread or localized phenomenon, uncertainty as to whether it is
population pressures or inappropriate institutional arrangements that lie
behind instances of mismanagement of renewable resources . . .uncertainty
as to whether deforestation in the hills (if it indeed exists) has any serious
impact on the flooding in the plains--mean that a wide range of mutually
contradictory problems are credible (...)”.

Forsyth (1996) went a step further and tested the theory of Himalayan degradation in
northern Thailand. His findings proved wrong the assumption that upland shifting
cultivators cause lowland sedimentation and water shortages. Instead he found that
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upland farmers deliberately avoid erosion by increasing frequency of cultivation of
flatter slopes rather than steeper slopes, and therefore the problem of erosion is
overstated. Another point he makes is that perhaps the most controversial aspect of
the Himalayan Environmental Degradation theory is that it is commonly referred to as
a theory when in fact it is more of a framework than a testable hypothesis.

Through a historiography of the Theory of Himalayan Environmental Degradation,
Guthman (1997) asserts that the „facts‟ of environmental degradation are socially
constructed, and thus contested between various social and institutional groups. She
then argues that the Himalayan dilemma cannot be categorised as an ecological
issue at all on the grounds that the whole controversy is fraught with political
economy and cultural conflict, in addition to scientific uncertainty. Quoting Escobar
(1995) she concludes that the facts are not the issue but rather who has the power to
claim they are facts, which in the Himalayan case it has largely been the privilege of
those institutions that created and led the development project. Her paper helps to
understand why such scrutinised theory is still so acclaimed, particularly by the
media, and not only for the Himalaya.

The thesis of degradation and marginalisation is highly relevant in this dissertation
because disasters related to extreme rainfall are usually blamed on degradation of
mountain lands (mainly by peasants) in Central America. Part of the argument is that
deforestation in mountain areas causes or exacerbates mass movements and floods,
thus placing most of the blame on deforestation itself. This view became particularly
strong in Central America after Hurricane Mitch in 1998 when press reports, public
officials, environmentalists and international agencies claimed deforestation had
greatly magnified the damage (Kaimowitz, 2005). The other part of the argument is
that soil (and water) degradation resulting from deforestation exacerbates
vulnerability of mountain dwellers to poverty and disasters (Dardón and Morales,
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2006) in a similar way to the theory for the Himalayan case. Even though the
mountainous territory in Guatemala is considerably smaller than that of the
Himalayas, the point made by Thompson and Warburton (1985) about the problem of
environmental degradation could apply equally well.

The findings of this dissertation could be considered „hybrid knowledge‟ as Forsyth
(1998) presents it. This implies that whilst environmental processes are seen as real,
all knowledge about the environment is constructed. This research examines a range
of ideas about risk in Guatemala including those of the often marginalised residents
of mountain areas. It also, through using scientific methods and tools to study some
of the elements that shape disaster risk, creates a new set of narratives.

Other theoretical frameworks that could have been used include the sustainable
livelihood framework, the ISDR framework for disaster risk reduction, and the
framework for vulnerability analysis in sustainability science. Key components of
those theories and a discussion of their differences and common points are
presented next.

The

sustainable

livelihoods

framework

is

a

people-centred

approach

to

understanding and addressing the diverse factors that influence poverty and wellbeing (Pasteur, 2010). A livelihood comprises people, their capabilities and their
means of living, including food, income and assets (tangible and intangible). The
concept of sustainability includes two aspects, environmental sustainability and social
sustainability. In the former a livelihood maintains or enhances the local and global
assets on which livelihoods depend, and has net beneficial effects on other
livelihoods. A livelihood is socially sustainable which can cope with and recover from
stress and shocks, and provide for future generations (Chambers and Conway,
1991).
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Hazards in this framework are seen as shocks to which livelihoods and survival of
human individuals, households, groups and communities are vulnerable (Chambers
and Conway, 1991). These authors focus on vulnerability (rather than risk) and
assert that it has two aspects: external (the hazards) and internal (ability to avoid,
withstand and recover from the shocks) (Chambers and Conway, 1991). The term
vulnerability in this context is then close to the concept of risk in the disaster
literature. Besides vulnerability, other key elements of this approach are the five
livelihood assets or capitals (human, natural, financial, social and physical capital),
and the influence of transforming structures for the livelihood strategies and their
outcomes (Birkmann, 2006).

The need for a more dynamic analysis of socio-environmental systems in the
sustainable livelihood framework has been recognised because of the connection
between livelihoods in the hazard context and new conditions brought about by
climate change (Pasteur, 2010). Even though the framework stresses the multiple
interactions that determine the ability of a person, social group or household to cope
with and recover from stresses and shocks, it remains abstract and the transforming
structures and processes in particular are very general (Birkmann, 2006).
Furthermore, the framework does not provide tools for the analysis of shocks
(hazards).

The International Strategy for Disaster Reduction (ISDR) framework was developed
by the UN ISDR agency founded in 2000. The ISDR has worked to shift the initial
focus from hazards and their physical consequences to emphasise the incorporation
of

physical and socio-economic dimensions of

vulnerability into a wider

understanding, assessment and management of disaster risks. This highlights the
integration of disaster risk reduction into the context of sustainable development and

25

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

related environmental considerations (UN/ISDR, 2004). The key components and
their linkages with one another are shown in figure 4.1.

The framework provides an important overview of different phases for disaster risk
reduction: vulnerability analysis (social, economic, physical, and environmental),
hazard analysis, risk assessment, early warning and response; all in the context of
sustainable development (UN/ISDR, 2004; Birkmann, 2006). Birkmann (2006) argues
that because vulnerability is placed outside the risk response and preparedness
framework it is difficult to understand the need to also reduce risk through
vulnerability reduction and hazard mitigation. Although the framework provides
evidence of international progress in the understanding of disaster risk, the linkages
between different concepts and its all-encompassing nature do not help in the
analysis of climate-related disaster risk intended in this study.

Several of the definitions related to disaster risk contained in the framework are in
accordance to those presented in the next section. The first is looking at risk as a
function of hazard and vulnerability. Key definitions they present include hazard,
vulnerability, capacity, risk assessment/analysis, coping capacity, resilience, disaster,
prevention, mitigation, preparedness, and early warning.

The framework for vulnerability analysis in sustainability science by Turner et al.
(2003) was considered by Birkmann (2006) as being representative of the global
environmental change community. Vulnerability is viewed and examined in the
context of a joint or coupled human-environmental system, which is an important
difference with other frameworks. In contrast to the disaster risk community, this
conceptual framework defines exposure, coping response, impact response and
adaptation response explicitly as parts of vulnerability. It also takes into account the
concept of adaptation, viewed as an element that increases resilience. Questions on
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the framework that remain include whether the distinction between drivers and
consequences in the feedback-loop system is appropriate (Birkmann, 2006).

Figure 4.1: ISDR framework for disaster risk reduction (UN/ISDR, 2004:15)
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Turner et al. (2003:8075) identify several elements for inclusion in any vulnerability
analysis to advance sustainability: 1) Multiple interacting perturbations and
stressors/stresses and the sequencing of them; 2) Exposure beyond the presence of
a perturbation and stressor/stress, including the manner in which the coupled system
experiences hazards; 3) Sensitivity of the coupled system to the exposure; 4) The
system‟s capacities to cope or respond (resilience), including the consequences and
attendant risks of slow (or poor) recovery; 5) The system‟s restructuring after the
responses taken (i.e., adjustments or adaptations); and 6) Nested scales and scalar
dynamics of hazards, coupled systems, and their responses.

Figure 4.2: Framework for vulnerability analysis in sustainability science by Turner et
al. (2003:8076)
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Their framework provides general classes of components and linkages that comprise
a coupled system‟s vulnerability to hazards (Figure 4.2). Scale is an aspect they
(rightly) stress throughout the paper although a possible weakness is that the
framework is not explanatory. This framework is possibly the one that would have
been used if political ecology had not been chosen. Its main strength is taking the
human and the environmental conditions at the same level and acknowledging their
interplay. The difference is that more work has been done in political ecology, for
example on the degradation and marginalisation thesis, and at the same time, it
offers flexibility to use theories and methods from other fields.

4.2

Disaster theory

Disasters have been defined as losses of human lives and livelihoods caused by
rapid, sustained or profound impacts of hazards, either natural or technological
(Alexander, 1997). Wisner et al (2004), concurring with Quarantelli (2001), agree and
add that recovery after the severe damage and/or disruption of their livelihood
system is often unlikely without external aid. Elements that have been used to define
disasters and measure their impact include number of deaths, value of damage and
losses, and impact upon the social system (Alexander, 1997).

Research from many fields has contributed to a greater understanding of disasters
and hazards. There is wide consensus that disasters result from the interaction
between physical and social factors, and the human component is often responsible
for most of the damage (Aguirre, 2003; Changnon et al., 2000; O'Brien et al., 2006;
World-Bank, 2002). However, challenges remain in disaster and hazards theory
including the lack of agreed definitions for many key concepts such as vulnerability,
resilience, adaptation and risk. This is mainly because some 30 different academic
disciplines study hazards (Alexander, 1997) using a wide variety of approaches
ranging from engineering and earth sciences to political economy and political
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ecology. Geography has made significant contributions to the field, but sociology and
anthropology have also played an important role (Liverman, 2001; Oliver-Smith,
1996).

The prevailing approach in the study of disasters has at its core the concept of risk
(Paton et al., 2000). Risk is seen as a function of hazard and vulnerability (Narváez,
2003; Wisner et al., 2004), where hazard involves the frequency of occurrence and
magnitude of hazard activity (Pelling and Uitto, 2001; Thompson and Gaviria, 2004).
One of many ways to define vulnerability is as a function of three elements: exposure,
sensitivity and ability to recover (Wisner et al., 2004). In this definition exposure is the
number of people and assets that can be directly impacted by the hazard, sensitivity
is the degree to which a system will respond to a given change or impact, including
beneficial and harmful effects; and ability to recover is the capacity to re-establish
livelihoods, physical assets and patterns of access, as well as being more resilient to
future shocks (Wisner et al. 2004; Lee and Jones, 2004). A more detailed review of
this literature is presented in chapters 7 and 8.

Hazards and risks, including their mapping, are amongst the major mountain
thematic research issues (Messerli and Ives, 1997). Hewitt (1997) argues that risk
and disaster research in mountains must take account of mountain „specificities‟
including high relief and steep slopes, strong climatic and other environmental
gradients, frequent and extreme earth surface processes. Because of that, the
geography of risk can be portrayed as a “mosaic of micro-habitats, a complex
adaptive maze of sharp contrasts and fine shadings of risk” (ibid:395). As stated
above, the highlands of Central America, well known as highly vulnerable to natural
hazards (Dardón and Morales, 2006; Mansilla, 2006), present an opportunity to study
the geographies of disaster risk. As the EMDAT database shows (CRED, 2008), they
have experienced virtually all natural hazards (except for those related to the
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cryosphere) as well as socio-political calamities (i.e. civil war). Climate change is
likely to exacerbate risks because mountain regions may experience the impacts
more strongly than others (Becker and Bugmann, 2001).

According to Wisner et al (2004:107) disasters do not happen, they unfold. They
assert that social and economic factors are most crucial in disasters, and there is
often a reluctance to deal with them because changing them usually means altering
the way that power operates in a society. Radical policies (such as land reform) are
often required. These authors proposed the Pressure and Release (PAR) model to
analyse how a disaster unfolds (Table 4.2). “It is based on the idea that an
explanation of disasters requires tracing the connections that link the impact of a
hazard on people with a series of social factors and processes that generate
vulnerability. It needs thorough research that is locally- and historically based” (Ibid:
54).

Table 4.2: Progression of vulnerability according to the PAR model
1. Root causes
Limited access power, structures, resources
Ideologies political systems, economical systems
2. Dynamic pressures
Lack of local institutions, training, appropriate skills,
local investments, local markets, press
freedom, ethical standards in public life
Macro-forces rapid population change, rapid urbanisation,
arms expenditure, debt repayment schedules,
deforestation, decline of soil productivity
3. Unsafe conditions
Physical environment dangerous locations, unprotected building
and infrastructure
Local economy livelihoods at risk, low income levels
Social relations special groups at risk, lack of local institutions
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Public actions and institutions lack of disaster preparedness, prevalence of
disease
(Wisner et al, 2004:51)

The disaster paradigm has evolved from seeing disasters as one-off events
responded to by governments and relief agencies to taking a more comprehensive
approach called risk management. This approach has three distinct but inter-related
components: hazard assessment, vulnerability analysis, and enhancement of
management capacity (Yodmani, 2001). Traditionally, risk management has focused
almost exclusively on actions that can be taken immediately prior to, during or shortly
after a disaster event to reduce damage, injuries and death (World-Bank, 2002;
Kumagai et al., 2006). Risk management actions necessarily focus on reducing
existing and future vulnerability given that little can be done to reduce the occurrence
and intensity of most natural hazards (World-Bank, 2002).

It is well known and accepted now that disasters are often indicators of a deficit in
development levels or the result of inadequate development models (Mansilla, 2006;
Lavell, 2000; García, 2002). Poverty is only one of the several dimensions of
vulnerability (Yodmani, 2001). Disaster reduction has emerged as a core element of
sustainable development, which was considered in the International Strategy for
Disaster Reduction (ISDR) (O'Brien et al., 2006). The recent evolution of risk
management was driven by a number of disasters of increasing physical and
economic severity, as well as by a growing understanding of the links between
development practices, environmental degradation and hazard impacts (World-Bank,
2002).

In the Climate Change literature there are common terms and similar or differing
concepts to those of the disaster literature. In the first place, the IPCC (Adger et al.,
2007) uses the term vulnerability (to climate change) but the elements of its „function‟
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are very similar to that of risk in the disaster literature: “Vulnerability is the degree to
which a system is susceptible to, or unable to cope with, adverse effects of climate
change, including climate variability and extremes. Vulnerability is a function of the
character, magnitude, and rate of climate change and variation to which a system is
exposed, its sensitivity, and its adaptive capacity”. They share the inclusion of
sensitivity and exposure, but differ in that ability to recover is replaced by adaptive
capacity.

Ability to recover entails reaching the conditions prior to the disaster, although there
is consensus in that the recovery process is a development opportunity that should
be used for the community or society to reach a better state than the one in which
they found themselves before the disaster occurred (Lyons, 2009). Adaptive capacity
is broader as its definition shows: “...is the ability of a system to adjust to climate
change (including climate variability and extremes) to moderate potential damages,
to take advantage of opportunities, or to cope with the consequences” (Adger et al.,
2007). Variations in definitions of adaptation (to climate change) are related to its
application and context. It can be a response to adverse effects, to vulnerabilities or
to opportunities. Who adapts and to what is also relevant and generates variations in
definitions. Adaptation can be passive, reactive or preventative (Smit et al., 2000).

The link between climate change and disasters is highly relevant because the biggest
impacts from climate change might be caused by changes in climate variability and
extremes rather than by a shift in mean climatic conditions (van Aalst, 2006). At the
end of 2005 the World Meteorological Organisation reported that tens of climate
records were broken in that year around the world. Except for 1996, all years
between 1995 and 2005 were amongst the hottest years recorded from 1850, for
example (Helmer and Hilhorst, 2006).
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The theoretical framework that most influenced this dissertation is that represented
by Wisner et al. 2004 (Figure 4.1). The structure of the dissertation in general derived
from it, hence the themes of the main results chapters: triggers (extreme rainfall),
hazards (mass movements and associated floods), vulnerability of mountain
settlements, and exposure. Although the latter is defined as an element of
vulnerability, it was decided to place it here in the same hierarchical level as
vulnerability, following Crichton (1999) and Weichselgartner (2001). However, the
separation is problematic because they define each other, which is a point of
discussion in chapter 7.

Trigger

Vulnerability
Exposure + Sensitivity + Ability to recover

Disaster
risk

Hazard
Frequency
Magnitude

Figure 4.3: Conceptual framework for Disaster Risk
(modified from Wisner et al., 2004)

The Pressure and Release model (PAR) has been widely acknowledged though a
few limitations have also been pointed out. For example, Adger (2006) asserts that it
is comprehensive because it “... captured the essence of vulnerability from the
physical hazards tradition while also identifying the proximate and underlying causes
of vulnerability within a human ecology framework”. However, he also notes that the
analysis through PAR fails to provide a systematic view of the mechanisms and
processes of vulnerability because it gives equal weight to hazard and vulnerability
as pressures. He further adds that operationalising the PAR model requires
typologies of causes and categorical data on hazard types and that it limits the
analysis in terms of quantifiable or predictive relationships. Blaikie et al. (1996)
themselves note that the PAR model could be an oversimplification and that it
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suggests hazards are isolated and separate from the conditions that generate
vulnerability when in reality they can exacerbate people‟s vulnerability.

4.3

Interdisciplinary research

Interdisciplinary research has been a major goal (a mantra) in science policy (Metzer
and Zare, 1999; Levitt and Thelwall, 2008) in the past 20 years or so (Wicksona et al.,
2006). Its definition has been varied and what it encompasses has been debated but
in general seeks to integrate many different disciplinary perspectives (Hirsch et al.,
2006). Its origin stemmed from the preoccupation that research was becoming too
specialised, which was regarded as a major source for the risks of modern civilisation
(Hirsch et al., 2006). Discussions about interdisciplinary research can be dated back
to 1970 (CERI, 1972). Although this type of research is an answer to scientific
reductionism Janssen and Goldsworthy (1996) assert that it can also be a
mechanism for developing new modes of reductionism and warn that its greatest
danger is the overestimation of the approach and when its application is too
ambitious.

A central idea in interdisciplinary research is the focus on the problems, rather than
on particular intellectual tools and models used to solve them (Hirsch et al., 2006;
Janssen and Goldsworthy, 1996). According to Janssen & Goldsworthy (1996) since
problems are not disciplinary abstractions but real-life phenomena with many
dimensions to them, many problems cannot be addressed adequately through a
(mono) disciplinary approach. From an environmental perspective, the need for
sustainability is supporting a growing demand for research that addresses complex
contexts and interactions between natural and social systems (Wicksona et al., 2006),
which a multidisciplinary approach can provide.
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Benefits of collaboration across disciplines include bringing diverse perspectives to
tackle a problem, merging knowledge across disciplines, and creating ways to
address problems that are transversal to different disciplines (Levitt and Thelwall,
2008). Despite strong support and encouragement to conduct multidisciplinary
research, a study by these authors suggested that it cannot be assumed that the
resulting publications will be more highly cited, on the contrary, in many areas of
science the opposite can occur. A challenge for multidisciplinary studies is that
reviewers are often interested in and familiar with the issues addressed but unfamiliar
with the theory or methods used (Campbell, 2005).

Interdisciplinary research can include variants of the term such as cross-disciplinary,
multidisciplinary, intradisciplinary, pluridisciplinary, and interdependent research
(Metzer and Zare, 1999; Janssen and Goldsworthy, 1996), although they can be
seen as different types. Lockeretz (1991 in Janssen and Goldsworthy, 1996)
distinguishes four forms of integration in multidisciplinary: 1) Additive, where a
problem or subject is studied independently by several disciplines and the results are
put together but there is no interaction between the disciplines; 2) Non disciplinary,
where the problem cannot be adequately studied by any specific discipline but needs
to draw on many disciplines; 3) Integrated, where a subject is studied by various
disciplines, and the most important interactions among the disciplinary approaches
are explicitly taken into account and results are synthesised; 4) Synthetic, in which
disciplinary interactions lead to a synthesis in a new discipline or quasi-discipline.

Wicksona et al. (2006) discussed differences between multi-disciplinary (MD),
interdisciplinary (ID), and trans-disciplinary (TD) research. According to them, in MD
research the different disciplines use their own methodological approaches, whilst ID
research involves developing a common framework within which different
epistemological approaches are used. In contrast, TD research calls for development
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of methods that involve an interpenetration or integration of different disciplinary
methodologies. Taking this distinction into account, the research approach in this
study would be considered multi-disciplinary because three of the main empirical
chapters use theory and methods from specific disciplines. The chapter that looks at
extreme rainfall is eminently a climatology study. Geomorphology provides the
theoretical and methodological grounds for the study of mass movements and the
role of land use and cover in them. Lastly, social vulnerability is based on human
geography, particularly theories on disaster risk. The fourth empirical chapter
integrates methods from geomorphology but also from community-based research in
geography to map disaster risk. In this sense it could fall more closely into the
description of interdisciplinary research above. The results from all of them are then
synthesised in a final chapter and they all contribute to understand and explain what
the trends of disaster risk have been at the start of the 21st Century.
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5 Extreme rainfall in mountain areas of Guatemala
5.1

Introduction

This chapter looks at extreme rainfall events in the context of disaster risk in
mountain areas of Guatemala. Its aim is to answer the question of how rainfall has
contributed to risk at the start of the century. The proposed hypothesis is that
extreme rainfall events have increased both in frequency and intensity, thus
increasing risk. Other research questions that guided the research are: What has
been the spatial distribution of extreme events? When in the year have extreme
rainfall events happened? What has been the trend in annual precipitation? How are
extreme events related to tropical cyclones and to anomalies in sea surface
temperature? The methods used are largely based on statistical analyses of daily
rainfall records from around 30 stations in Guatemala, most of them located in
mountain areas.

A literature review that provides the framework for the study begins this chapter. It is
followed by the methods section, which describes the procedures for data collection,
data quality control and analysis. This is followed by the results and discussion. The
chapter structure is based largely on the research questions, and begins with an
introduction to precipitation regimes in the areas studied. It then presents the findings
on extreme rainfall indices. Data on local people‟s perception of rainfall patterns are
also included and compared to the results obtained from historical records. The
relationship between extreme rainfall and tropical cyclones as well as anomalies in
sea surface temperature is then explored. The final part looks at the implications of
the findings for disaster risk, linking this chapter to the rest of the dissertation. The
conclusions provide a summary of the main findings.
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Extreme weather events have received increasing attention in recent years due to
the levels of destruction they cause through floods, landslides, crop damage, and
coastal floods (Karl and Easterling, 1999; Brunetti et al., 2001). In 1998 flooding and
landslides due to Hurricane Mitch resulted in more than 10,000 deaths in Central
America (Pielke and Landsea, 1998), and in 2005 the death toll was estimated at
1723 (although another thousand people were still missing a year after) in U.S. due
to Hurricane Katrina (Petterson et al., 2006). The characteristics of mountain areas
(steep slopes and thin soils) enhance the effect of extreme rainfall, triggering hazards
such as landslides and flash floods (Beniston, 2000). These types of impacts are
influenced by extreme events rather than mean values (Salinger and Griffiths, 2001;
Beniston, 2000), and they are often mentioned as one of the potential consequences
and threats of climate change (Easterling et al., 2000b). The increased attention to
climate extremes raises the question as to whether they are in fact increasing,
whether it is only a perceived increase exacerbated by enhanced media coverage, or
both (Karl and Easterling, 1999; Easterling et al 2000).

Rainfall extremes are defined in absolute terms or in statistical terms. The former
refers to counts of events exceeding a specified value or threshold, e.g. the number
of days per year with daily precipitation above 30mm (Costa and Soares, 2008;
Downing et al., 1996). One of the statistical criteria that has been used to define
extreme events is percentiles (Costa and Soares, 2008). The percentiles 95th and
99th – which indicate that levels exceed 95% or 99% of all events - are the most
widely used, as in studies such as Salinger and Griffiths (2001). Another method is
the number of standard deviations, for example Meehl et al. (2000) and O'Brien
(1995) defined as extremes those events that are more than one standard deviation
above or below the mean. Downing et al. (1996) asserts that a more meaningful
definition of extreme weather events is to define them based on the extent of socioeconomic damage they cause. In this study extremes will be defined as the
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percentiles 95th and 99th, as well as the highest 24-hour event in a year and the
highest 5-day event in a year, as estimated by the Rclimdex software.

Finding the answer to the question of whether climate extremes are increasing
becomes difficult due to the lack of long-term and high quality data in many parts of
the world (Easterling et al., 1999; Karl and Easterling, 1999). However, several global
analyses have been made in recent years (Seleshi and Camberlin, 2006; Fowler and
Kilsby, 2003; Haylock et al., 2006) suggesting, for example, that extreme rainfall
events are increasing in some areas but also decreasing in others (Easterling et al.,
2000a).

Changes in extreme values result from changes in the distribution function of a
climate variable. These include shifts of the whole distribution, changes in the
standard deviation and changes in the symmetry of the distribution (Meehl et al.,
2000). Rainfall is not normally distributed but is usually approximated by the gamma
distribution (Groisman et al., 1999). It is possible to estimate changes in infrequent
extremes without detailed knowledge of the parent distribution through an asymptotic
theory for extreme values. This predicts that the largest observation in a large sample
will tend to have one of only three extreme value distributions (including the Gumbel
distribution) depending only upon the shape of the upper tail of the parent distribution
(Easterling et al., 2000a; Meehl et al., 2000). This has conventionally been done in
engineering applications. The joint CCl/CLIVAR/JCOMM Expert Team (ET) on
Climate Change Detection and Indices (ETCCDI) warns, however, that only some
indices fall within the traditional definition whilst others used as climate change
indicators have a much broader context (ETCCDI, 2008).

Extreme value analysis is used to make inferences about the size and frequency of
extreme events. According to von Storch and Zwiers (1999), the basic paradigm
used varies with application but generally has the following components: 1) Data
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gathering, usually collections of annual maxima of parameters that are observed
daily; 2) Identification of a suitable family of probability distributions, one of which is
to be used to represent the distribution of the observed extremes; 3) Estimation of
the parameters of the selected model; and 4) Estimation of return values for periods
of fixed length.

Extreme rainfall trend detection is conducted through indices. Although the working
committee on detection of climate change has approved a list of 40 indices related to
temperature and precipitation, 27 are considered core indices after the definitions
were revisited (ETCCDI, 2008). They include fixed thresholds as well as percentiles
of temperature values and daily precipitation amount (Peterson, 2005). The
agreement on setting indices and their calculations is an achievement of international
collaboration that only started in 1999 (Peterson and Manton, 2008). Table 5.1 gives
the definition of those related to precipitation, numbers 1, 2, 9 and 10 are those
related to extremes. To test the statistical significance of trends, authors such as
Salinger (2001) have used the Mann Kendall test. It is common for this type of
studies to also include in the results the trends that did not show statistical
significance. That would be in line with the argument on „the insignificance of
significant testing‟ presented by Nicholls (2000), asserting (amongst other things) that
significance testing is arbitrary, dichotomous, and at best uninformative.

Table 5.1: Precipitation indices
Index
1. RX1day

2. RX5day

3. SDII

Definition
Let RRij be the daily precipitation amount on day i in
period j . Then maximum 1-day values for period j are:

Rx1dayj  max( RRij )
Let RRkj be the precipitation amount for the 5-day
interval ending k , period j . Then maximum 5-day
values for period j are:
Rx5dayj  max( RRkj )
Let RRwj be the daily precipitation amount on wet
days, w( RR  1mm) in period j . If W represents number
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of wet days in j , then:
W

SDIIj 
4. R10

 RRwj
w1

W

Let RRij be the daily precipitation amount on day i in
period j . Count the number of days where:

RRij  10mm
5. R20

6. Rnn

Let RRij be the daily precipitation amount on day i in
period j . Count the number of days where:

RRij  20mm
Let RRij be the daily precipitation amount on day i in
period j . If nn represents any reasonable daily
precipitation value then, count the number of days
where:

7. CDD*

RRij  nnmm
Let RRij be the daily precipitation amount on day i in
period j . Count the largest number of consecutive days
where:

8. CWD*

RRij  1mm
Let RRij be the daily precipitation amount on day i in
period j . Count the largest number of consecutive days
where:

9. R95p

RRij  1mm
Let RRwj be the daily precipitation amount on a wet day
w( RR  1.0mm) in period j and let RRwn95 be the 95th
percentile of precipitation on wet days in the 1961-1990
period. If W represents the number of wet days in the
period, then:
W

R95 pj   RRwj where RRwj  RRwn95
w=1

10. R99p

Let RRwj be the daily precipitation amount on a wet day
w( RR  1.0mm) in period j and let RRwn99 be the 99th
percentile of precipitation on wet days in the 1961-1990
period. If W represents number of wet days in the
period, then:
W

R99 pj   RRwj where RRwj  RRwn99
w=1

11. PRCPTOT

Let RRij be the daily precipitation amount on day i in
period j . If I represents the number of days in j , then
I

PRCPTOTj   RRij
i 1

(Zhang and Yang, 2004) 3

3

A full descriptive list of the indices can be obtained from
http:// cccma.seos.uvic.ca/ETCCDMI/list_27_indices.html.
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Data series used to detect trends in extreme events are collections of daily
observations recorded at meteorological stations over 30 years (von Storch and
Zwiers, 1999; Barry, 1992). The main problem with time series from station data is
that they often exhibit trends or sudden jumps in the mean or variance (i.e. they are
not homogeneous) because of changes in the physical environment, in the observing
procedures and time, and of the personnel in charge (von Storch and Zwiers, 1999).

Analysis of climate data is particularly difficult in mountain areas. This is firstly
because of the large heterogeneity of environments and the great spatial and
temporal variability of hydrological signals (Beniston, 2000). Data observation is
problematic due to remoteness and difficult physical access, which restrains the
installation and maintenance of stations (Barry, 1992). The representativeness of
mountain stations is reduced by high variability due to slope orientation, slope angle,
topographic screening, and irregularities of small-scale relief (Ibid). The data
observed also depends on whether the station is located in the summit, slope, or
valley bottom (Ibid). The recommended spacing of weather stations by Brooks (1947,
in Barry, 1992) on mountains is one station per 1300 km2 for precipitation.

Research to date worldwide has found that extreme rainfall events are increasing in
some areas but also decreasing in others (Easterling et al., 2000a; Seleshi and
Camberlin, 2006; Fowler and Kilsby, 2003; Haylock et al., 2006). Studies are few,
probably because of the lack of high-quality daily data (Brunetti et al., 2001).
Groisman et al. (1999) found an increase both in summer rainy days and in heavy
precipitation frequency over the past century for the USA, Norway and Australia, but
no significant trend for Canada, the former Soviet Union, Mexico, China, Alaska and
Poland. A study on global extreme indices (Alexander et al., 2006) found that 7% of
grid points showed a positive significant trend and 2.7% showed a negative one for
RX1day index. Similarly, the figures for the RX5day index were 6% and 2.1%,
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respectively. Annual total precipitation increased significantly in 10.1% of the grid
points whilst 7.2% showed a significant decrease. For very wet days (R95p) the
trends were 11.2% and 2.5%, and for extremely wet days (R99p) they were 6.1%,
and 2.8%, respectively. The period analysed was 1951 to 2003.

In developing countries the number of studies is even smaller and they are based on
shorter periods of records. Across West and Southern Africa, most precipitation
indices do not exhibit consistent or statistically significant trends for the period 19612000 (New et al., 2006). However, there has been a statistically significant increase
in regionally averaged daily rainfall intensity and dry spell duration, as well as 1-day
rainfall (New et al., 2006). In India, of 903 different time series (seven variables on
rainfall extremes for 129 stations), 114 had a significant upward trend and 61 had a
significant downward trend (Roy and Balling, 2004). In the highlands of Ethiopia, a
weak increasing trend over the 10-11 North latitude band was found for the 99th
percentile in the rainy season between 1965 and 2002, whereas no trend was found
in the rest of the highlands (Seleshi and Camberlin, 2006).

In Central America and Northern South America, analysis for the period 1961-2003
found a non-significant increase in precipitation, though with very mixed spatial
patterns of positive and negative trends for individual stations (Aguilar et al., 2005).
The same study found significant increasing trends in intensity of precipitation and
the contribution of wet and very wet days. In general, these studies indicate that no
trends have been found in many places or that they are not significant. In locations
where they are significant, there seems to be a higher proportion of upward trends
than downward ones for extreme precipitation indices.

El Niño events, tropical cyclones, and global warming are thought to influence
precipitation trends. The former two can interact and affect rainfall in a given season,
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whilst global warming can arguably influence them in ways that are not yet clear
(IPCC, 2001b). For the Southern Oscillation Core Region (4°N–1°S, 155°W–167°E)
and for the Gulf–Mexico Region (9°N, 90°W), all types of El Niño are associated with
excess rainfall, whilst La Niñas are associated with droughts (Kane, 1999). More
recently, the IPCC 4th assessment stated that it is very likely heavy precipitation
events will become more frequent (Bernstein et al., 2007). They also assert (based
on a number of models) that it is likely that future tropical cyclones (typhoons and
hurricanes) will become more intense, with larger peak wind speeds and more heavy
precipitation associated with ongoing increases of tropical sea-surface temperatures
(Bernstein et al., 2007).

The climate in Central America is characterised by a large variety in rainfall
distribution and regime resulting from the orientation of mountain ranges and the
configuration of coast lines relative to seasonal flow patterns (Hastenrath, 1967).
Precipitation in the region is produced in three basic ways: 1) steady rain from
primarily stratified clouds (temporals); 2) showers from non-icy cumulus clouds
(trade-wind showers); and 3) showers from icy cumulonimbi (thunderstorms) (Portig,
1965). Precipitation is then caused by three different but related factors: convection,
orography, and cyclones or fronts (O'Brien, 1995). On a yearly basis Central America
presents a bimodal rainfall distribution, characterised by a midsummer drought
(MSD), where rainfall is reduced by 40% in July as compared to June and September
(Curtis, 2002).

Rainfall levels in Central America are generally high. Spatial variability is large,
ranging from just under 1000 mm/year to about 6000 mm/year (Portig, 1965). An
altitudinal belt of maximum rainfall below the 1,000 m level is found in large parts of
the Central American mountains, which is fairly common for mountains of the tropics
and subtropics, but not in temperate latitudes (Hastenrath, 1967). Rainfall decreases
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with altitude after the maximum zone forming a parabola-shaped graph when plotted
against altitude (Ibid). Flohn (1974, cited by Barry, 1992) states that in the area of the
intertropical convergence, precipitation amounts on mountains above 3000 m are
only 10-30 per cent of those in the maximum zone.

An analysis of rainfall data for Central America and northern South America
undertaken by Aguilar et al. (2005) shed light on rainfall trends observed in the past
few decades (period 1961-2003). Regionally averaged total annual precipitation does
not have a significant trend but positive trends in individual stations outnumber
negative ones. Overall the conclusion is that there has not been a decrease in the
annual amount of precipitation in that period. Even more stations (60 to 70%) with
positive trends were found for extreme rainfall indices (R95p and R99p). The
maximum amount of rain falling in one day showed a significant trend whereas no
significant trends were found for the maximum 5 day rainfall values. Regarding heavy
rain (>20mm), the indices showed very mixed patterns and non significant trends.

In the case of Guatemala, the First National Communication on Climate Change
(MARN, 2001) indicates that rainfall patterns do not show major changes in the
period 1961-1990. A decreasing trend in annual precipitation was observed since the
1970s, which they believe could be related to the intensification of the midsummer
drought. Since the analysis was based on monthly figures nothing could be said on
rainfall extremes. According to the IPCC SPM (IPCC-WGII, 2007) intense cyclone
activity is likely to increase and the frequency of extreme precipitation events is very
likely to increase for most areas. For Central America more intense rainfall is thought
to be very likely to happen and trigger disasters (IPCC, 2000; Jiménez and Girot,
2002).
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Methods
Rainfall data collection

All data used was generated by the National Institute for Seismology, Volcanology,
Meteorology and Hydrology (INSIVUMEH) system of meteorological stations. These
stations are some of the ones with the longest records, though only a few started
recording data before the 1970s. Access was granted to the INSIVUMEH archives in
exchange for helping the institute with data quality control.

Data series were compiled for 42 stations. Although most stations are located in
mountain areas, some from the lowlands were also chosen in order to analyse
results across the altitudinal gradient. Most of the data were taken from the
INSIVUMEH database, which was at the time being set up and fed with newly
digitised data. The source of data for some meteorological stations was a digital
archive of a project called MFEWS, for which a digitisation and some data quality
control had been carried out a few years before. Data for three stations was digitised
specifically for this study but was also fed to the INSIVUMEH system.

The physical records were double-checked for missing and strange data, which in a
few cases were not actually missing. Ten series were not processed further because
they had too many incomplete years of data, the remaining 32 underwent data quality
control (see Table 5.2 and Figure 5.2 for their location).
5.2.2

Data quality control

The data series were checked for outlying and unexpected numbers using Excel auto
filter as well as climate statistical software (Rclimdex). What the auto filter function
does is summarise the type and range of data values in a selected column of a
spreadsheet. Virtually all typographical errors and strange data were detected with it.
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All errors were verified and corrected based on the record sheets. When they were
not of typographical origin (i.e. unusually high values) records from neighbouring
stations were checked and compared, as well as the records of tropical storms.

Table 5.2: Meteorological stations and their available data
yr/stat
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
A
B
C

1

2

3

4

5

6

7*

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

?
?
?
?
36 34 32 33 32 35 36 36 37 35 36 30 30 33 34 32 30 33 32 31 35 37 30 31 33 32 31 30 29 27 28 28
3
5
7
6
3
4
3
3
2
4
2
8
9
6
5
7
8
6
7
7
4
2
8
7
5
7
6
9
7
4
9
9
39 39 39 39 35 39 39 39 39 39 38 38 39 39 39 39 38 39 39 38 39 39 38 38 38 39 37 39 36 31 37 37

?
A
B
C
*

No records
Incomplete
Complete
Possibly not missing
Nr of complete years
Nr of incomplete years
Total number of years
data available from 1926 (additional years of incomplete data: 1926-1928, 1961, 1964-1966, 1969)

The RClimDex Quality Control (QC) performs the following procedure (Zhang and
Yang, 2004): 1) Replace all missing values (coded as -99.9) into an internal format
that R recognizes (i.e. NA, not available), and 2) Replace all unreasonable values
into NA, including daily precipitation amounts less than zero. Little was detected by
Rclimdex after using the Excel auto filter.
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Homogeneity in data series was assessed using the Rainfall Homogeneity Test - RH
test (Wang and Feng, 2007). Change points were detected in five out of 32 stations:
Camantulul (2), Camotán (2), Morazán (4), Quezada (7), and Suiza Contenta (4). All
change points were type-1 (i.e. not supported by metadata), and most were
significant at the 5% level. In a couple of cases they were related to tropical storms,
in which case they were not considered change points. Although the change points
were not big enough to affect the trends found, they were homogenised using the
RHtestV3 software following the procedure described by (Wang and Feng, 2009).
An example of change points detected is shown in Figure 5.1.

Figure 5.1: Data series for Morazán showing four detected change points
(indicated by the two bumps in the blue line)
5.2.3

Data analysis

The analysis is largely based on the Rclimdex precipitation indices. Their descriptive
names are presented in Table 5.3. The main reason to use them was to allow
comparison with related studies (e.g. Aguilar et al., 2005). Data series for stations 5
and 30 were not used because either their starting or ending years of records did not
match those of other stations.

Table 5.3: Rclimdex precipitation indices used in the analysis
Index

Descriptive name

RX1day

Maximum daily rainfall amount in a year

RX5day

Maximum rainfall amount during five consecutive days in a year
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SDII

Mean rainfall amount for rainy days (≥1mm) in a year

Rnn

Number of days in a year above the nn threshold

CDD

Largest number of consecutive days in a year when precipitation
≤ 1mm

R95p

Sum of rainfall amount in days above the 95th percentile in a year

R99p

Sum of rainfall amount in days above the 99th percentile in a year

PRCPTOT

Total annual precipitation amount

Based on Zhang and Yang (2004)

Extreme rainfall data (RX1day, RX5day, R99p, and R95p) were plotted and their
trends were automatically generated by the software. They were then represented in
maps to allow spatial analysis and comparison between locations of meteorological
stations. The three latter indices were mapped together due to their relatively small
number of positive and negative trends (Figure 5.10). For RX1day, and given that
rainfall distribution is non-parametric, the Mann-Kendall test (as defined by
Adamowski and Bougadis, 2003) was carried out in order to assess the trends and
their statistical significance. Results on this index were mapped separately to allow
indicating the locations, their trends and their related significance (Figure 5.8). The
same procedure was followed for PRCTOT as for RX1day (Figure 5.6) in terms of
analysis and presentation of results. Annual and monthly rainfall were included in the
analysis because they affect the likelihood of an extreme event triggering a disaster.
If antecedent rainfall is high, an event does not need to be extreme to create hazards.

Patterns over a longer period of time were observed through results for the data
series in Guatemala City (station called INSIVUMEH, ID 7), the only one with a
considerably longer period (records started in 1926). They shed light on the possible
pattern of rainfall totals and extremes over 80 years, which is useful to obtain in order
to understand cycles. However, the topography of the country might render the
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patterns in Guatemala City representative only of few locations if any. These records
were also used to estimate return periods of potentially triggering events.

Figure 5.2: Location of analysed meteorological stations in Guatemala

Thresholds for the Rnn index were not defined because events that trigger
widespread slope failures are difficult to assess and also because historical records
are not long enough. Similar events to those during hurricanes Mitch and Stan would
need to be included.
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5.2.4

People’s perception of rainfall trends

People‟s perception of rainfall trends were taken into consideration and compared to
the results based on historical records. Their opinions were collected during four
focus groups and an interview held in two areas of the country where other parts of
the dissertation concentrated (the Lake Atitlán region and the Sierra de las Minas
Mountain range). Table 7.4 indicates the dates when the information was collected in
each place. The focus group in the southern part of the Sierra de las Minas (not
included in the table) was conducted on the 18th of June 2008 in Santa Cruz, Río
Hondo, and was attended by 20 people who were field NGO workers or municipal
technicians from five neighbouring counties. Three main questions related to
precipitation were asked during the group sessions: 1) has the start of the rainy
season changed over the years? If so, how has it changed? 2) Have annual rainfall
amounts changed over the years? if so, How have they changed? 3) Have the
intensity and/or duration of storms changed? If so, how have they changed?

5.2.5

Tropical cyclones, sea surface temperature and extreme rainfall events

The dates of the rainfall amounts in the 99th percentile for 9 stations geographically
representative of Guatemala (except the Petén region) were compared to a database
of tropical cyclones. This database was constructed with data from the EMDAT
disaster database (CRED, 2008) and the tropical cyclone database from the (US)
National Hurricane Centre (NOAA, 2009). The latter was analysed in geographical
information software, where the storms whose trajectories went through or by
Guatemala were added to the list.

The storms that were reported as causing a disaster in Guatemala or neighbouring
areas were taken from the EMDAT database. Although it is arguably the only
international disaster database there could be issues with using the data. In the first
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place, the disasters included need to be reported as fulfilling some criteria: ten (10) or
more people reported killed, a hundred (100) or more people reported affected,
declaration of a state of emergency, and/or call for international assistance (CRED,
2008). These criteria do not necessarily fit the scholarly definitions of disaster.
Another issue is the reporting because it is not a standardised procedure around the
world and it becomes problematic particularly in the past when communication was
not as easy as it is at present. For example, the database left out events that were
not reported such as Hurricane Paul in September 1982, which affected southeastern Guatemala. The disaster database for Latin America, DesInventar, was not
used because even though it was created to provide data at the municipal level
(Corporación OSSO, 2009), when it was accessed it contained less data on
Guatemala than the EMDAT database.

Extreme precipitation values were analysed in relation to sea surface temperature
(SST) anomalies in the El Niño 3 region (5°N-5°S, 90°-150°W). Since El Niño and La
Niña are associated to annual rainfall amounts (Kane, 1999) they were also
compared to the rainfall events in the 99th percentile for the 9 stations mentioned
above. Each of the extreme rainfall values was assigned one of three anomaly
categories (no anomaly, positive, or negative) as presented by Null (2009), based on
monthly data (NINO3 index, SST anomalies, base period 1970-2000) provided by
NOAA 4 . This allowed frequencies of rainfall values for each category and their
relationship was tested through chi-square (Table 5.4) according to Ebdon (1985).
The null hypothesis (Ho) stated that extreme rainfall events happened randomly in
the three SST categories. In other words, Ho stated that extreme events did not
happen disproportionally in any one of the SST categories.

4

Accessed on 4/January/2010 at http://climexp.knmi.nl/data/inino3.dat
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Table 5.4: Chi square test for extreme rainfall events (99th percentile) and SST
anomalies in the El Niño 3 region

El Niño
La Niña
No
anomaly
Total

Nr. of
months
1970 to
2008
103
153
212
468

Proportion
0.22
0.33

Expected
freq. of
extremes
125
186

Observed
freq. of
extremes
130
157

0.45
1

257
568

281
568

Dif.
4.9914
-28.6923

Dif. Sq.
24.9146
823.2485

23.7008

561.7305

Dif
sq/exp
0.1993
4.4334

Critical value, 2 df

2.1831
6.8159
5.99

Table 5.5: ANOVA test for intensity of extreme rainfall events in three categories of
SST anomalies in the El Niño 3 region
SUMMARY
Groups
Column 1 (La Niña)
Column 2 (No anomaly)
Column 3 (El Niño)
ANOVA
Source of Variation
Between Groups
Within Groups

SS
1134.524
1001323

Total

1002458

Count
181
259
128

Sum
16592
24380.6
11635.6

Average
91.66851
94.13359
90.90313

Variance
2222.697
1519.018
1648.276

df

MS
567.2621
1772.254

F
0.32008

2
565

P-value
0.726223

F crit
3.011672

567

A single-factor ANOVA was also computed to check for significance of variances in
intensity of extreme rainfall events happening during El Niño, La Niña or no anomaly
months. The precipitation values of all the 99th percentile events were grouped into
the three categories according to the month in which they occurred. The null
hypothesis (Ho) indicated that rainfall intensity in the three groups belonged to the
same distribution and so there would not be a disproportionate intensity for any of the
groups. Table 5.5 shows the results.

Analysis of Caribbean Sea surface temperature anomalies (9°-27°N, 60°-100°W)
with the extreme values (99th percentile) from the nine representative stations was
also carried out. The data series was created and published under the title Caribbean
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SST Index (CAR) by NOAA/ESRL/PSD 5. Similar to the analysis in the El Niño 3
region, a chi square test and a single-factor ANOVA were performed. Since monthly
temperature variation has stayed roughly within the range -0.5 to +0.5, hence not
considered anomalies, the categories for analysis were two: negative or positive
variation.

Table 5.6: Chi square test for extreme rainfall events (99th percentile) and SST
variation in the Caribbean Sea

SST
Positive
Negative
Total

Nr. of
months
1970 to
2007
255
186
441

Proportion
0.578
0.422
1

Expected
freq. of
extremes
298
218
516

Observed
freq. of
extremes
292
224
516

Dif.
-6
6.3673

Dif. Sq.
40.5431
40.5431

Critical value, 1 df

Dif
sq/exp
0.1359
0.1863
0.3222
3.84

Table 5.7: ANOVA test for intensity of extreme rainfall events in Caribbean SST
variation
SUMMARY
Groups
Column 1 (negative)
Column 2 (positive)
ANOVA
Source of Variation
Between Groups
Within Groups
Total

5.2.6

Count
230
295
SS
6265.194
921914.9
928180.1

Sum
20386.6
28202

Average
88.63739
95.6

Variance
1358.558
2077.568

df

MS
6265.194
1762.744

F
3.554229

1
523
524

P-value
0.059948

F crit
3.8593

Future projections of precipitation

The contribution of rainfall to disaster risk throughout the 21st Century was explored
through modelled data. Future projections of annual rainfall as well as heavy rainfall
(R95p) and extreme events (RX1, RX5) were used. These data were generated
based on three of the IPCC‟s SRES emissions scenarios, A2, A1B and B1 broadly
described as high, medium and low, respectively (McSweeney et al., forthcoming).
5

Accessed on 2/January/2010 at
http://www.esrl.noaa.gov/psd/data/correlation/CAR.data
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The climate models used are a sub-set of 15 from the 22-member ensemble used by
the Intergovernmental Panel on Climate Change (IPCC) for their fourth Assessment
report (McSweeney et al., 2009). Values are expressed as anomalies from the 19701999 mean climate, the most recent thirty year averaging period. Details of the
methods are described by McSweeney et al. (2009) and can be found at
http://country-profiles.geog.ox.ac.uk.

5.3

Results and discussion

The structure of this section is based largely on the research questions. The
precipitation regimes in the areas studied is first presented, including the annual
rainfall distribution through space, through the months, and through the years. This is
followed by the main findings on extreme rainfall indices. Data on local people‟s
perception of rainfall patterns are also included and compared to the results obtained
from historical records. An analysis of the relationship of rainfall extremes with
tropical cyclones as well as anomalies in sea surface temperature (El Niño and La
Niña) is also included. The final part discusses the implications of the findings for
disaster risk.
5.3.1

Precipitation regime in Guatemala

Data analysed here show that precipitation in Guatemala is representative of humid,
mountainous, tropical places. Annual rainfall ranges from just over 400mm to around
4500mm, with the majority of stations having figures between 1000mm and 2500mm
(see Figure 5.3). Spatial variability is high. Lowland valleys located in the eastern part
of the country present the lowest values (annual means between 700mm and
900mm), whilst the highest values are found in the mid altitudes of the Pacific slopes
and the Caribbean coast (annual means between 3000mm and 3500mm). Highland
meteorological stations (located between 1000mm and 2380m asl) have recorded

56

School of Geography and the Environment, University of Oxford

Alex Guerra-Noriega

annual precipitation averaging between 1000mm and 2000mm, with most stations
closer to the lower part of that range.
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Figure 5.3: Mean annual precipitation in the stations studied

Rainfall data also show very high temporal variability. On an annual basis, generally
there is a distinctive rainy season from May to October. Figure 5.4 shows
representative stations, where the bimodal distribution and the variation through the
year can be observed. The wetter locations in the northern part of the area studied
do not follow the same pattern since precipitation is more spread out in the year.
There is also a great deal of variation over the years in all stations, as Figure 5.5
illustrates. Standard deviations fall in the range between 136 and 533 mm per year,
which is from 15 to 20% of the annual figures.
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Figure 5.4: Monthly precipitation in representative stations in the study area
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Figure 5.5: Annual precipitation since 1970 of representative stations in the study
area.
5.3.2

Precipitation trends

Annual rainfall has increased since the 1970s in over half of the stations studied. Out
of 28 stations with 30 or more (complete) years of data, 15 show an upward trend
whilst 13 have remained constant. This increase is significant at the 0.95 level in 12
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stations and at the 0.90 level in 3 other ones (Figure 5.6). Inter-annual variability
seems to be the same over the period studied. These findings differ from an analysis
presented in the 1st Communication on Climate Change for Guatemala (MARN,
2001) based on monthly records in the period 1960 to 1990. They found a statistically
significant trend of negative anomalies from the 1970s, which they believe are related
to a reduction in rainfall in the mid-summer drought (June to August). According to
analysis in this study, that does not seem to be the case as in the first place June is
the first peak of the bimodal rainy season, and rainfall during July and August has
remained constant or has increased slightly (see Figure 5.15).

Figure 5.6: Trends in annual precipitation in Guatemala.
Positive signs show upward trends (their size shows significance: big for 0.95 level,
medium for 0.90 level, and small for lower levels), and no sign indicates constant
trends.
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Mean rainfall amounts during rainy days (SDII index) have remained constant even
though the number of storms above 20mm has increased in some locations. In 9 out
of 30 stations there seems to be a slight upward trend in mean rainy day values
through the years, though it is not statistically significant. It is interesting to note that
even stations with upward trends in annual precipitation have not increased their
mean daily values. Heavy storms (>20mm) have increased in 13 stations whilst it has
been constant in the remaining 17 locations studied. Most of the 13 stations are
located in the central and eastern highlands as well as the Motagua Valley.

Data since 1929 for the station in Guatemala City show that although on the whole
total annual precipitation has not changed there are fluctuating trends over the
decades (Figure 5.7). Up until 1942 there was a downward trend, followed by an
upward one until 1962, then it decreased during the 1960s but from the early 1970s it
has gone up. The question is whether the past patterns will continue and so can be
used to predict the future, or whether conditions have changed at the turn of the
century and thus a different pattern will emerge. It is even more relevant to analyse
how the rainfall distribution is changing, and particularly whether the changes
become hazardous. This is mainly what will follow.
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Figure 5.7: Annual precipitation in Guatemala City since 1929
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The highest 24-hour rainfall value in a year (RX1day index) has increased in 12
stations, it has remained constant in 15 and it has been negative in one station only.
Figure 5.6 shows that the upward trends are significant at the 0.95 level in five
stations, and the trend is significant at the 0.90 level in other three stations. R 2 values
for the linear trend are generally low, but they are higher for the stations that showed
upward trends. R2 values are virtually zero for stations where the trend is constant,
and it is very low (0.03) for the station that showed a decreasing trend. In sum, the
highest daily values per year are staying constant in over half of the locations and are
increasing in others. In those where they are increasing, most are statistically
significant but the trend is not yet known and cannot be represented linearly.

All twelve stations showing an upward trend in the highest 24-hour rainfall are
located in the central and eastern part of the country (Figure 5.8). In general this
might indicate that rainfall coming from the pacific in the south-east and from the
Caribbean (through Honduras) is increasing. This is not the case with stations with
rainfall coming from the Gulf of Mexico (through the Yucatan peninsula). Five out of
19 highland stations (26%) showed rising trends of annual highest 24-hour events. In
contrast, seven out of nine lowland stations (78%) showed that trend. This suggests
evidence of increase in extreme rainfall events in the lowlands to a higher extent than
in the mountains. The trend for the RX1day index in the station in Guatemala City
has fluctuated over an 80-year period. Figure 5.9 shows that from 1929 to 1958,
although with high variability, the trend was of increase. It then was considerably less
variable and went down until 1970, and since then an upward trend is shown with
high variability.
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Figure 5.8: Highest annual 24-hour rainfall trends (RX1day index).
Positive signs show upward trends (their size shows significance: big for 0.95 level,
medium for 0.90 level, and small for lower levels), the negative sign shows downward
trends, and no sign indicates no trends.

Extreme rainfall analysed as percentiles present rather unclear general trends. Out of
28 stations with more than 30 years of data, in 9 stations the trend is of increase, 16
have no trend, and in 3 the trend is of decreasing events above the 99th percentile
(R99p index). Variability is high in most of the stations and it seems to be higher and
higher. Although R2 in all cases is low, those that showed an upward trend had the
highest R2 values.
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Figure 5.9: Highest 24-hour value per year (RX1) since 1929 in Guatemala City

Five out of nine upward trends in R99p are grouped in the centre-south part of the
country (Figure 5.10), in the pacific slopes all the way from the coast to the highlands
just west of Guatemala City (including it). Although this generally suggests a trend for
a specific region, three other stations in the area have no trend. Two other stations
with increasing trends are located in the eastern highlands bordering Honduras, and
another one is by the Caribbean coast. In general, all the stations with these upward
trends are located in the eastern half of the country, where they account for almost
50% of the stations in the study. In contrast, nearly all the stations on the western
part of the country have no trend on this index. Five out of nine stations that showed
increasing 99th percentile events are found in mountain areas.

The data series from the station in Guatemala City (Figure 5.11) provides important
information on extreme rainfall events (R99p) over an 80-year period. The first
observation is that extremes have been variable through time. The second is that,
although overall values have remained in the same range, there have been varied
trends. In the first three decades (1926-1956) this type of extremes increased, the
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trend was one of decrease in the period 1947-1970, and finally the trend became of
increase between 1970 and 2008, which is the period on which this study has mainly
focused the analysis.

Figure 5.10: Extreme rainfall trends in Guatemala
Three different indices are indicated with different symbols: a square for the R99p
index, an oval for the R95p index, and a triangle for the RX5 index. The sign
indicates upward (positive) or downward (negative) trends. Lack of symbols indicates
no trend.

For events over the 95th percentile (R95p index) 11 out of 28 stations show an
upward trend, 15 show no trend and two have had a downward trend. The R2 values
for the stations with a positive trend range from 0.05 to 0.19 and for the two stations
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with negative trends are 0.04 and 0.06. Variability is very high and also seems to be
increasing in most stations. Similar to the location of the increasing trend in R99p, the
R95p indices are higher in two areas (Figure 5.10). The first coincides with the
centre-south part of the country but in this case it extends eastwards. The second
one, in the eastern part of the country, includes two more stations (in the Motagua
Valley), which then points at an increase in extreme events related to moisture
coming from the Caribbean. In general, all the stations showing a trend of increase
are located in the eastern part of Guatemala, where they comprise half of the stations
studied. All the stations (except for one) in the west are constant in the R95p index.

Five out of the 11 stations that have an increasing trend in the R95p index are found
in mountains. This represents 26% of the highland stations, compared to 67% of the
stations in the lowlands, which also suggests that extreme events could be
increasing more in low-lying areas. The station in Guatemala City, one of the
highland stations, shows over an 80 year period (Figure 5.11) that from 1929 to 1960
there was an upward trend followed by a downward one until 1970, and since then
events over the 95th percentile have been increasing. In terms of variability, it has
been particularly high in the periods 1929 to 1950, and 1988 to 2008, and
considerably less so in the period in between.

The fourth extreme rainfall index used in the analysis was the highest 5-day value
per year (RX5day index). Its relevance is illustrated by the case of Santiago Atitlán
during Hurricane Stan. Daily rainfall levels in the area were very similar to those
during Hurricane Mitch but the fact that accumulated rainfall was considerably higher
(Figure 5.12) triggered the greater of destruction observed during Stan. Eight stations
showed an increasing trend in annual 5-day highest rainfall, in 17 stations that index
is constant, and in three stations the trend is of decrease. R2 values for the
increasing ones are between 0.04 and 0.12, which is even lower than the values
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obtained for RX1day. The values for the constant stations are around zero and the
ones for the stations with negative trends are around 0.05. Overall this index shows
similar patterns to the other extreme rainfall indices.

The RX5day index has an increasing trend in similar areas to those of the RX1day
index. One of the differences is that less stations show this trend, but they are still
located in the centre-south, extending westwards to Lake Atitlán; and also in the
Motagua Valley and parts of the eastern part of the country (Figure 5.10). The
stations located in the west and northern mountain areas present no trend, though
two stations in the north-west have a decreasing trend. Only three of the eight
stations with an increasing trend are located in the highlands and they represent 16%
of such stations. Five out of 9 lowland stations fall in that category, representing 55%
of the stations outside mountain areas. Once again, this paints a similar picture to
that of the other indices. A summary of the analysis of indices is provided in Table
5.8.

Events that affect a substantial area of the mountains (and the country) have short
return periods. Analysis of the highest events in all stations shows that there have
been three main events since the early 1970s when ten to twelve stations have
recorded extreme values simultaneously. Two events are hurricanes Mitch and Stan
and the third is Hurricane Paul, which occurred on the 19th and 20th of September
1982, with a spatial distribution very similar to that of Hurricane Stan (Figure 5.13).
The probability of these events (in 39 years) is therefore 0.08 and such events are
expected to occur once every 13 years. Interestingly, hurricanes Mitch and Stan are
well known as disaster events whereas Hurricane Paul is not listed as one in
international databases nor in people‟s accounts.
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Figure 5.11: Extreme rainfall indices for the INSIVUMEH station in Guatemala City
(5-year mean trend indicated with thicker line)
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Table 5.8: Summary of climate indices results6
Station

Ptot

RX1

1

+
+

+
+

R99p

R95p

+

+

+

=

+

+

3

=

=

=

=

=

4

+

+

=

+

+

6

=

=

=

=

=

7

+

+

+

+

+

8

=

=

=

=

=

9

+
+

+

=

=

+

=

=

+

+

2

10
11

+

=

=

=

=

12

=

=

+

=

=

13

+

=

=

=

+

14

=

+

=

=

=

15

+

+

+

=

+

16

+

+

=

+

+

17

+
+

+

+

+

+

+

+

=

=

19

=

=

=

=

=

20

=

=

=

=

=

21

=

=

-

-

=

22

+

=

=

=

+

23

+

+

=

=

=

24

=

=

-

=

=

25

=

=

-

-

-

26

+
+

=

=

=

=

=

=

=

=

28

=

=

=

=

=

29

=

+

=

+

=

31

=

=

-

-

-

32

=

=

=

+

+

18

27

6

RX5

+ symbolises upward trends, - downward trends and = no trend. Statistical significance was

estimated for Ptot and RX1day;
and + at a lower level.

+ denotes significance at the 0.95 level, + at the 0.90 level
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Figure 5.12: Comparison between rainfall records from three stations during two
recent tropical storms in the Lake Atitlán region.

Hurricanes Mitch (1998) and Stan (2005) were major rainfall events in some stations
but not in others (Figure 5.13). The trajectory of the storm or the source of high
humidity, naturally, determines the areas that receive the highest rainfall (and the
stations that record them). Seven out of 34 stations represented observed some of
their highest values only during Hurricane Mitch, seven other stations received
considerable rainfall only during Hurricane Stan, and six stations show high values
during both events. Fourteen stations were not affected in particular by either of the
storms. As seen in Figure 5.13, all except one of the stations affected are those
located in the south and eastern part of the country. The stations that recorded very
high values during both storms are presumably in their zone of overlap. What this
suggests is that although only a minor proportion of extreme events are related to
tropical cyclones, they affect a large area of the country at the same time and so they
are likely to trigger a disaster of national proportions.
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Figure 5.13: Stations that recorded extreme rainfall during the two most recent
tropical cyclones.
M stands for Hurricane Mitch, S stands for Hurricane Stan, and MS both.

The distribution of potential triggering events through the year matches the monthly
rain distribution. Figure 5.14 shows that the maximum 24-hour rainfall event per year
(RX1day) has occurred in all months of the rainy season in similar proportions to total
monthly amounts. June and September are the months when generally most events
have occurred, though there are a few differences in the six regions (group of
stations) shown. The two groups in the west are very similar as most events have
happened during the rainy season (May to October). For both groups, besides June
and September, May and October also have high frequencies. The centre-north

71

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

group is the most irregular one with the frequencies more widespread through the
months. One of the stations (21) has a significantly higher frequency for June and
such is the case for Cobán in November. In all the other groups the events are quite
widespread in the months that belong to the rainy season, with the exception of the
south-east group (the driest in the country) where October has lower frequencies.

5.3.3

Local perceptions of precipitation trends

People‟s perception of trends in rainfall is of increased variability. In the Atitlán region
(near station 26) people said that the start of the rainy season has always been
variable but it has been even more so in recent years. In San Marcos la Laguna, they
indicated that it used to start in April and it is common for it to be delayed now. Their
general perception on total annual rainfall is that it is lower now in Pajomel, and it is
higher in San Marcos la Laguna, although in both places they said that it varies
greatly from year to year. According to them, storm intensity is the same as before
(i.e. high) in Pajomel, but in San Marcos they believe they are stronger.

In Los Angeles, in the northern slopes of the Sierra de las Minas (somewhere
between stations 12 and 15, but at 1516m asl), people do not think the start of the
rainy season, total annual rainfall or storm intensity have changed over the years.
What they do think has changed is the canícula (mid-summer drought), during the
focus group somebody said: “… it takes place in August and it varies more now.
Some times there is no canicula but in other years it is longer [than usual]. About 10
years ago it didn‟t use to vary as much”.
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Figure 5.14: Highest annual 24-hour rainfall (RX1day) in groups of stations
(station ID indicated in legend).

On the southern slopes of the Sierra (Motagua valley, near stations 9, 14 and 15) the
perception of the focus group participants was that it rains less now on a yearly basis
but also that storms are more intense. They also indicated that the start of the rainy
season is generally delayed and highly unpredictable. The following quote illustrates
the observations on which they based their opinions: “…people used to say that it
rained on the Day of the Cross [3rd of May]. Now the start of the rains is delayed, it
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starts the second week of May. (...). The „zompopos de mayo‟7 could be used as an
indicator of the delay of the start of the rainy season because they need a certain
amount of rain to come out and now sometimes they come out in June”.

These perceptions of rainfall trends are generally in agreement with rainfall data.
Their common emphasis on high variability matches rainfall records, not only in that it
is high on the whole but also in that in the past decade it has been higher. This
seems to influence their level of confidence in asserting whether rainfall trends are
upwards or downwards. Their (rather hesitant) perception that annual rainfall is
decreasing is not in agreement with the records, as the trends presented here
illustrate (Figure 5.5). The exception to this is San Marcos la Laguna, where people‟s
perception matches the records. Similarly, a study carried out in the Indian Western
Himalayas local farmers reported no apparent change in the intensity of rainfall
(Vedwan and Rhoades, 2001).

The accounts of changes in start and development of the rainy season provided by
locals here have also been reported in other developing countries. A shift in the
distribution of rain across time was also mentioned in the Western Himalayas
(Vedwan and Rhoades, 2001). Early or delayed start or ends of the rainy season, as
well as dry periods during the rainy season were reported by farmers in South
Western Nigeria (Apata et al., 2009).

In contrast to local perception, rainfall amounts during the months of the mid-summer
drought might not be decreasing, as Figure 5.15 shows. Similar to annual rainfall
amounts, they are staying constant or slightly going up, and in general are highly
variable. People‟s observations of stronger storms could be backed by upward trends
7

They are a species of ants of the genus Atta spp., of considerable size (usually an
inch in length) that come out of the soil in large numbers with the first rains (hence
the May part of the name) to breed.
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in rainfall events above 20mm, which are found in 12 stations (centre-south, and
south-east part of the country). These include the stations closest to the places
where the focus groups were held.
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Figure 5.15: Rainfall trends for July and August (mid-summer drought months)

5.3.4

Tropical cyclones, sea surface temperature and extreme rainfall events

Extreme rainfall events do not occur primarily during tropical cyclones. In a sample of
568 daily events that comprise the 99th percentile of nine spatially representative
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stations 11% occurred during tropical cyclones. Those rainfall events were related to
30 cyclones that happened between 1970 and 2008, which account for 18% of
cyclones that occurred near or travelled through Guatemala in the same period. That
means that another 105 cyclonic storms did not generate extreme rainfall in any of
the stations studied. There are other mechanisms, probably local, that have a major
influence in the occurrence of extreme rainfall events. This has implications for the
modelling of extreme events in the future, making it more complex. What could be
significant about tropical cyclones is that they can cause extreme events in several
places simultaneously and thus could trigger several or widespread disasters. Four
hurricanes (Fifi -1974, Paul -1982, Mitch -1998, and Stan -2005), for example, are
associated to extreme rainfall recorded in a significant part of the country at the same
time from 1970 to 2008.

The 99th percentile events from the 9 representative stations in the period 1970-2008
were probably influenced by anomalies in sea temperature in the El Niño 3 region
(5°N-5°S, 90°-150°W). The chi square test carried out (Table 5.4) for three
categories (El Niño, La Niña, and no anomaly) suggested that the extreme events did
not happen randomly but a smaller number of events occurred during months of La
Niña anomalies in relation to the other two categories. However, in terms of intensity
of extreme precipitation events no statistically significant difference was found
between the three categories according to the ANOVA test (Table 5.5). In general,
23% of the sample extreme rainfall events happened during El Niño months, 28%
occurred during La Niña months, and 49% of them happened in months with no SST
anomaly in the region.

The 99th percentile events from the 9 representative stations in the period 1970-2008
do not seem to have been influenced by variation in Caribbean Sea surface
temperature (9°-27°N, 60°-100°W). The chi square test (Table 5.6) suggested that
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the number of extreme rainfall events occurred in the same proportions in the two
sea surface temperature variations (i.e. randomly). Likewise, the ANOVA test (Table
5.7) suggested that extreme rainfall intensity was not significantly different between
the group of events that happened in periods of lower temperature than average and
the group corresponding to periods of higher temperature than average. These
results are not surprising given that the temperature monthly variation in the
Caribbean Sea surface would not be classified as an anomaly for the 526 rainfall
events except for 10, which would be considered a weak anomaly.
5.3.5

Future projections of precipitation

Annual precipitation is likely to decrease into the future. As Figure 5.16 shows,
decreases of at most 9% are expected by the 2030s in the whole of Guatemala.
Decreases of the same magnitude are expected by the 2060s in all except the region
closest to the Caribbean, where it could be a 14% reduction in relation to the
precipitation levels of the years 1960-2000. Further declines are expected by the end
of the 21st Century when the Caribbean region could experience a 22% decrease and
in the rest of the country it would be between 14% and 20%. There is, however, quite
a wide range in which the changes could occur (indicated in the top right and bottom
left of every cell in the figure). The changes could be as big as 31%, 50%, and 76%
reduction by the 2030s, 2060s, and 2090s, respectively. On the other hand, the
changes could be increases of at most 20%. In general, the results provided by this
model suggest decreases of annual precipitation in the whole of Guatemala.

Future projections of extreme events suggest slight increases. As can be noted in
Figure 5.17 a rise of 1mm in annual maximum 1-day rainfall (RX1) is expected by the
2060s for virtually all Guatemala. By the 2090s a slightly higher rise is expected for
most of the country, except the area closest to the Caribbean, where RX1 could stay
the same or show a minor decrease. A very similar pattern is expected for 5-day

77

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

rainfall (RX5), as the figure shows. The only difference is that the area closest to the
Caribbean could experience a minor decrease by the 2090s. Results for the
percentage of rainfall falling as heavy events are also similar. It can be noted in the
same figure that very small increases are expected for the whole of Guatemala by
the 2060s, which by the 2090s could go back to the years 1960-2000 levels or even
decrease slightly in the eastern part of the country. The changes could be bigger
according to the ranges indicated in the figures.

Figure 5.16: Future changes in annual precipitation in percentages (produced by
McSweeney for this study)

It is worth bearing in mind that due to the high geographic variability of the mountains
might not have been adequately captured in the model as virtually the whole country
is represented in four cells. Although having a general sense of the possible regional
changes and their magnitudes is useful, the changes might be experienced quite
differently at the local level.
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Figure 5.17: Future change in extreme rainfall events (RX1, RX5, and R95p)
(produced by McSweeney for this study)
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5.4

Synthesis and implications for disaster risk

Rainfall amounts, including extremes, in Guatemala are high and are not going down.
They have stayed the same or have been getting higher in certain locations, which
suggests higher disaster risk levels. The uncertainty lies in whether the trend that
started in the 1970s will continue to rise. As seen through the annual highest 24-hour
rainfall, the thresholds for events to become hazard triggers are very high. This
suggests that the natural conditions (such as slope stability) are in equilibrium at high
levels of rainfall. Due to high spatial variability, these thresholds vary in different parts
of the country, particularly in mountain areas, although the highest thresholds are
found in the mid altitudes of the Pacific slopes and the Caribbean coast.

More intense extreme events than those recorded to date could occur. Even though
the intensities of events recorded so far have been high and have triggered disasters
in many areas, the fact that their return periods are short might indicate that events of
even higher intensities are feasible. This is due to the fact that they respond to a
particular distribution in which a few events are expected in a longer time frame than
the known events. In terms of disaster risk, these events could trigger floods and
landslides of major magnitudes. The impact could be severe and widespread,
particularly in the mountains, where safe places (for humans) are scarce.

Disaster risk could have increased because of increasing extremes and also higher
annual rainfall. Rainfall events of intensity that did not trigger hazards in the past
could do so in the future should general precipitation be higher. This is because the
equilibrium point, such as soil moisture in a stable slope, would be a closer to a
breaking point. Based on that, all locations where annual rainfall is increasing have
higher risk levels even if there are no trends in extreme events. Higher levels still are
expected in those areas where both annual rainfall and extreme events are
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increasing. Table 5.9 shows 17 locations where risk could be increasing because of
rainfall trends. They are presented in order of decreasing likelihood of higher risk. It is
very likely that risk is increasing in the first seven (in thicker borders) because of
higher annual precipitation and increasing extreme events, all statistically significant
trends. The likelihood then decreases substantially down the list of locations.

Table 5.9: Locations where risk could be increasing due to rainfall
Locations (station ID and

Rtot

Rtot

municipio)

(0.95)

(0.90)

1. Santa Lucía

Rtot

RX1

RX1

RX1

RX5

(0.95) (0.90)

X

X

X

7. Guatemala City

X

X

X

17. San José

X

X

X

15. Río Hondo

X

4. Cobán

X

X

2. Camotán

X

X

23. San Pedro Ayampuc

X

18. Quezada

X

X

9. Estanzuela

X

X

26. Santiago Atitlán

X

27. Santa Cruz Balanyá

X

10. La Unión

X

Cotzumalguapa

X

X

X

11. Olintepeque

X

13. Cuilapa

X

22. San Martín

X

X

Jilotepeque
16. Puerto Barrios
29. San Lucas

X

X
X

Sacatepéquez

In sum, disaster risk due to rainfall has increased in the central and eastern part of
the country (and the mountains therein). Some inner valleys (e.g. San Jerónimo) are
the exception. Figure 9.2 in the conclusions chapter shows the geography of the
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trends. It is important to note that the area of highest risk includes the capital and the
most important road network for the economy in the country, which connects the
capital to the most important ports on both coasts. The economy of the country, and
arguably its general functioning, is at risk because of the combination of rising rainfall
(and extremes) and poorly stabilised slopes resulting from road construction in the
mountains.

The records from the station in Guatemala City show that extreme events around the
turn of the century are not unprecedented. As seen in Figures 5.9 and Figure 5.11
very similar events have occurred since the late 1920s. The upward and downward
trends in extremes have fluctuated in periods of two to three decades. According to
that pattern, a period of lower rainfall events is expected to occur soon. Nevertheless,
that may not be the case if a new precipitation regime has resulted from global
climate change.

Extreme rainfall is more likely to trigger disasters in September and October. Figure
5.14 showed that potential triggering events can occur in any month, except
December and January, in nearly all stations, although there is a higher probability of
them occurring during the peak months of the rainy season (June and September).
However, because of antecedent precipitation, high intensity events happening in the
second peak of the rainy season are more likely to act as disaster triggers. In most
locations September is the month with the highest likelihood of it, although in many
places (i.e. south-west and centre-south in Figure 5.14) October has nearly the same
likelihood. These findings could be used to focus disaster preparedness efforts both
in time and spatially.

In general future projections show that annual precipitation in Guatemala is likely to
decrease but heavy or extreme rainfall events could occur with the same level of
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intensity or slightly higher. As a result, lower levels of rainfall would mean that
antecedent rainfall at any time would be lower and therefore rainfall events would
need to be more intense to trigger hazards such as landslides. Since the magnitude
of change in annual precipitation is generally higher than that of extreme rainfall
events, lower levels of risk could be expected through the century. The upward
trends resulting from the analysis of records here would be then expected to go down
in the coming years or decades thus reducing the contribution of excess rainfall to
disaster risk.
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6 Land use and land cover relevance in the occurrence of
mass movements during extreme rainfall events
6.1

Introduction
This chapter, as part of this doctoral dissertation on climate-related disaster risk

in mountain areas of Guatemala, seeks to answer the question of how relevant land
use and land cover (LUC) is to the occurrence of mass movements during extreme
rainfall events. It takes two study sites of different volcanic geology to test the
hypothesis that LUC was not relevant for mass movements during Hurricane Stan in
the Lake Atitlán basin. Slope failure data for the statistical test (chi-square) is
produced based on GIS and remote sensing. Data on other intervening factors in
landslide occurrence is used to answer other questions such as whether slope
steepness is the most important factor and how other factors interact in slope failure.

Every year hundreds of lives and millions of dollars in material losses are attributed
to mass movements worldwide (Nadim et al., 2006). Comparing these figures with
those of disasters related to earthquakes and floods would suggest their impact is not
particularly significant. Nevertheless, in certain parts of the world the impact is major,
as many as 100,000 lives have been claimed by them in a single event (Dai et al.,
2002). There are also issues with the records, as often losses associated to
landslides are attributed to first order hazards (hurricanes and earthquakes), to which
they are usually related (Kjekstad and Highland, 2009; Nadim et al., 2006).
Furthermore, authors such as Jimenez and Girot (2002) have pointed out that small
and frequent disasters related to floods and mass movements are the ones that
cause the biggest harm over time in regions such as Latin America, compared to
high magnitude events (Jiménez and Girot, 2002:13).
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Mass movement occurrence and severity seem to be increasing in some parts of the
world (Dai et al., 2002; Hewitt, 2004; Nadim et al., 2006). This has been the case in
the Himalayan Karakoram region every summer in the past three decades, where
landslides have caused damage to crops and houses designed for snow and dry
conditions (Hewitt, 2004). In this case, heavy rain related to climatic change has
been referred to as the cause of the destruction by triggering landslides (ibid).

In Central America mass movements are among the most relevant hazards. The loss
of thousands of lives has been associated with them in the past two decades
although statistics attribute directly just over 300 deaths (CRED, 2008). The deaths
from hurricanes such as Mitch (1998) and Stan (2005) are attributed to hurricanes
even when the direct cause was mass movements that occurred during the hurricane.
The best known cases have been the Hurricane Mitch-related lahar (mudslide) at
Casitas volcano in Nicaragua, 1998 which killed more than 2,500 people (Scott et al.,
2005), earthquake-related landslide at Santa Tecla in El Salvador, 2001 (574 lives
lost) (Wisner, 2001), and Panabaj in Guatemala, 2005 (around 400 lives lost)
(Connors et al., 2006). This and the fact that landslide intensity has been visually
striking (Figure 6.1) have given them a particularly important role in the disaster
stage, which has resulted in more attention from governments and aid agencies.

Mass movements occur when the equilibrium of forces that hold soil at a particular
angle is lost (Atkinson, 2004). They are triggered physically by either seismic activity
or atmospheric events (Smith, 1996). In general four stages of mass movement
development can be defined. Pre-failure movements, which can involve small
displacements; failure, occurring when the disturbance of forces acting on the slope
exceeds the forces resisting failure; post-failure, includes movement of the displaced
mass from just after failure until it stops; and reactivation, when part or all of a
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stationary, but previously failed, mass is involved in new movements (Atkinson,
2004).

Figure 6.1: Multiple landslides in the Atitlán Basin.

(Photo by CONRED)

Two types of mass movements triggered by rainfall are the focus of this study,
shallow landslides and debris flows. The former occur in unconsolidated, inorganic
mineral, residual or transported material, including rock fragments (Larsen and
Torres-Sanchez, 1998), where typically less than two metres of soil are lost. Debris
flows are rapid movements of relatively coarse material with water and air that
becomes a slurry mix that can include boulders and plant debris (Atkinson, 2004; Li,
2004; Devoli et al., 2009).

Debris flows are related to two other hazards worth mentioning. Authors such as
Hungr (2005 in Mc Saveney et al., 2005) distinguishes between debris flows and
debris avalanches in that the former follow established drainage channels and the
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latter can potentially affect any steep slope, though he treats the flow processes as
identical. The distinction is important, however, because debris flows happen often in
the same channel as previously whereas debris avalanches do not. In any case,
during a heavy storm both phenomena occur, their debris join and are deposited in a
fan or in a bigger drainage channel. The second hazard is a debris flood, which is the
accumulation of flowing debris from several slope failures (Mc Saveney et al., 2005),
and this is often what causes damage on the inhabited debris fans or flood plains
even if they are far away (Hurlimann et al., 2006; Devoli et al., 2009).

Several factors are involved in the development of shallow landslides and debris
flows. The most important single one is the increase in pore water pressure in the
slope materials (Caine, 1980; Begueria, 2006). However, soil water only influences
slope stability indirectly as it also interacts with other elements (Caine, 1980). In
general, intervening factors include geology, geomorphology, rainfall patterns,
groundwater conditions, slope gradient and aspect, physical and geotechnical
properties of the soil materials, land use and cover, and man-made alterations
(Budetta and de Riso, 2004; Atkinson, 2004; Dai et al., 2002).

Intense or prolonged rainfall is a major trigger of debris flows and landslides,
particularly in the tropics (Jones, 1997; Van Asch et al., 1999; Larsen and TorresSanchez, 1998). Heavy rainfall can trigger mass movements by reducing the
cohesion between particles in a previously stable slope. The amount of water
increases the weight of the sediment and also augments the forces acting on the
slope, so the failure is caused by a change in both the forces and the internal
strength (Atkinson, 2004). Storms near the short-duration/high-intensity end of the
threshold line may trigger mostly shallow landslides by causing excess pore pressure
in shallow soil zones. In contrast, storms near the long-duration/low-intensity end of
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the threshold have triggered the largest, deepest landslides in, for example, the
central mountains of Puerto Rico (Larsen and Simon, 1993:18).

Antecedent precipitation can be important in the initiation of slope failures. On the
one hand Lumb (1975) demonstrated that the total 24-hour rainfall on the day of the
landslide, together with the total rainfall over the previous fifteen days, was the best
predictor of major mass movements in Hong Kong (Jones, 1997). On the other hand,
Larsen and Simon (1993) found that antecedent rainfall seems to have a negligible
effect in Puerto Rico.

Human activity can trigger or influence mass movements. This includes removing
underlying or lateral support through construction of cuttings or excavations, or
through draining lakes or reservoirs; building up pressure through the accumulation
of buildings or stockpiles of ore or slag; altering the water table through the
construction of a reservoir; and changing land use and cover through deforestation
and overgrazing (Dai et al., 2002; Atkinson, 2004; Hewitt, 2004; Li, 2004). Mountain
roads, especially, can initiate numerous and persistent landslides, often mistakenly
attributed to peasant activities (Hamilton and Bruijnzeel, 1997). The worldwide rise in
landslide activity in the 21st Century has also been linked to increased urbanisation
and development in landslide-prone areas and increased regional precipitation
caused by changing climatic patterns (Schuster, 1996; Nadim et al., 2006).

Land use and land cover (LUC) is widely regarded as a major factor in the
occurrence of landslides and debris flows (Catani et al., 2005; Larsen and TorresSanchez, 1998; Olson and Sarmiento, 1995). Research to date on the role of
vegetation in slope stability explains it through three main processes. The first is that
roots provide anchorage to the soil and thus help stabilise it, though the extent
depends on the depth and architecture of the roots (Reubens et al., 2007; Jones,
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1997). In general the combination of roots from large and small trees, shrubs and
herbs in forests provides better anchorage than secondary growth areas and
subsequently than annual crops (Ibid). Slope stabilisation by roots primarily depends
on the depth of the potential slip surface, the failure mechanism and the steepness of
the slope (Nilaweera and Nutalaya, 1999).

The second area is the prevention of erosion, both directly from rainfall (splash
erosion) and from runoff (Reubens et al., 2007; Jones, 1997). Roots often tend to
increase the roughness of the surface and are responsible for the creation of soil
macropores, thereby providing a greater capacity for infiltration (Greenway, 1987).
However, higher infiltration rates can also lead to a higher water table and to
increased seepage pressures, which might in turn lead to higher landslide
susceptibility (Cammeraat et al., 2005).

The third aspect is the effect of transpiration by plants on slope stability. It reduces
soil water content preventing or delaying saturation and thereby causing lower
incidence of slope failure (Funnell and Parish, 2001). Deeper and more widespread
root systems are able to extract more water from the soil and return it to the
atmosphere. This would suggest that forests have a higher effect than annual crops
in reducing landslide occurrence. The effect on pore water pressure differs, however,
since different plants give different fluctuations of soil moisture content in the root
zone because of diverse evapotranspiration potentials (Van Asch et al., 1999). It is
important to note that the overall balance of hydrological effects is difficult to assess
and generalise (Reubens et al., 2007).

An additional effect of vegetation on slope stability could be debris flows initiated by
large trees falling at the top of a slope both because of increased weight by rainfall
and because the soil is less able to resist failure due to excess humidity. What in a
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gentle slope would only be a forest clearing resulting from a fallen tree, in a steep
slope becomes a vegetation and debris avalanche. Whilst forests may reduce the
magnitude and frequency of mass movements (Begueria, 2006; Funnell and Parish,
2001) they may make no difference in some cases. Examples of high intensity
landsliding occurring in densely forested slopes, usually during tropical storms
(Hamilton and Bruijnzeel, 1997) include those in New Zealand -1988 and 2005(Phillips et al., 1989; Mc Saveney et al., 2005), Venezuela -1999- (Andressen and
Pulwarty, 1999), and the Philippines -2006- (Evans et al., 2007).

In Central America deforestation has been largely blamed for the occurrence of mass
movements. Hurricane Mitch in 1998 reinforced this belief when large quantities of
soil were lost due mainly to landslides but also to erosion (Perotto-Baldiviezo et al.,
2004; Haigh et al., 2004). Although public concern about catchment degradation had
been growing since the 1970s, press reports, public officials, environmentalists and
international agencies claimed deforestation had greatly magnified the damage
during the hurricane (Kaimowitz, 2005). An important part of the problem involves the
assumption or hypothesis that deforestation in poor upland areas may result in
altered hydrological regimes, contributing to flooding, sedimentation, and landslides
(Nelson and Chomitz, 2007). In Guatemala mass movements (and disasters) was to
a great extent attributed to deforestation during Hurricane Stan by national NGOs
and scholars such as FunSolar (2005) and Dardón and Morales (2006), and local
inhabitants (Guerra-Noriega, 2006). As a result, reforestation is considered one of
the main measures for disaster risk reduction together with soil conservation and civil
defence (Kaimowitz, 2005).

In sum, there is no doubt that mass movements can occur in forested slopes. There
exists evidence that forested slopes can show lower levels of slope failure than
cropland and, there is also evidence that mass movements happen regardless of
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LUC, particularly during extreme rainfall events. This is all contingent on local
conditions, which highlights the importance of exploring the relevance of LUC in
mass movements‟ occurrence in particular localities. As can be deducted from
previous paragraphs and as Funnell and Parish (2001:55) put it: „…the interaction of
land use, vegetation cover and fluvial activity is subject to much debate and research
within the context of mountain degradation‟.

This part of the doctoral research project aims to assess how relevant LUC has been
in the occurrence of mass movements in the volcanic mountains of Guatemala during
extreme rainfall events. The hypothesis put forward is that land use and land use
change is not a determining factor in the occurrence of landslides during extreme
rainfall events in some places such as Guatemalan mountains, and thus land use
change is not increasing disaster risk in them. This hypothesis is based on
observations of mass movements occurring in different types of land uses/covers in
virtually the same proportions, including densely forested slopes, during Hurricane
Stan in the lake Atitlán Basin. The questions guiding the research are: How relevant
was land use in landslide occurrence during Hurricane Stan in the Atitlán region?
What LUC category is most relevant in slope failure? What other factors play a
crucial role in slope failure? Is slope steepness the most important factor? By
answering the main research question this chapter will help understand how
environmental degradation by marginalised mountain communities plays out in
disaster risk.

As the methods section indicates next, two study sites in the Lake Atitlán basin were
chosen to test the hypothesis for a known and recent event, Hurricane Stan. Details
of the procedures are described. This is followed by the results and discussion
section, which contains four parts: the first presents the general landslide and debris
flows mapping results, paying particular attention to differences between the two
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study sites. The second part addresses the main objective of the study looking at the
relationship between slope failure and LUC. The third seeks to explain the
relationship between slope failure and other intervening factors as well as the
interplay between them whilst the fourth part presents the implications of the findings
for trends in disaster risk. The conclusions reflect on the relevance of the findings
and adequacy of methods, and are built upon to propose questions for future
research.

6.2

Methods

Methods to carry out this part of the research are based on remote sensing and
Geographic Information Systems (GIS) analysis as well as field data collection. The
first step involved the mapping of slope failures in two study sites in the Lake Atitlán
basin that occurred during an extreme rainfall event: Hurricane Stan (October 2005).
Fieldwork was carried out in order to validate digital data such as slope and geology.
The LUC categories taken into account are forests (including shade-grown coffee
plantations), annual crops (including pastures), and secondary growth. Statistical
tests were undertaken to analyse data. Other factors involved in slope failure
occurrence were also analysed individually and in groups.
6.2.1

Selection of study areas

Two study sites were selected in the Lake Atitlán basin in the volcanic highlands of
western Guatemala (Figure 6.2). The lake is located in the most recent of three
calderas, which formed some 84,000 years B.P. after a series of eruptions with up to
150 km3 of expelled magma (Newhall et al., 1987). The collapse of the magma
chamber created a circular depression of around 18 km in diameter, an area of 250
km2, and a depth of 900 m (Ibid). Three andesitic composite volcanoes (San Pedro,
Tolimán and Atitlán) arose in the caldera and share the space with the lake, which
probably started forming after the collapse (Rose et al., 1987).
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The two sites have different types of volcanic geology and were chosen because
they seemed to have experienced dissimilar intensities of slope failure during
Hurricane Stan. Site A is located mostly in the caldera slopes covering an area of
2362 ha that encompasses a group of micro-basins of very steep slopes (up to 70°)
draining directly to the lake. Site B is located in the Northern part of the lake. Its
upper geological layers are strongly influenced by volcanic ashes that resulted from
the eruptions of quaternary volcanoes, the majority probably from the three
volcanoes across the lake. It comprises the middle and lower parts of the San
Francisco River sub-basin, which is one of the two tributaries draining to the lake,
with an area of 4016.5 ha.

Figure 6.2: Study sites and slope failures

The lithology of tertiary volcanic rocks (Tv), dominant in site A, corresponds
essentially to the walls of the caldera, with extremely steep slopes, shallow soil (<1m
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in depth), with boulders in many places and rocks outcropping on the steepest slopes
(Figure 6.3). It is described as igneous and metamorphic rocks from the tertiary
period, with undivided volcanic rocks (Miocene and Pliocene), including tuffs, lava
flows, laharic materials, and volcanic sediments (MAGA, 2002). This type of geology
occupies an estimated area of 12903.35 km2 in the country (11.85%) and 7073 km2
are within mountain areas, covering 24%. Most visible landslides two years after the
event were observed in the more concave features of the landscape, where debris
accumulates and soil forms more easily, providing more unconsolidated material
prone to failure.

In site B the geology is described as quaternary igneous or metamorphic rocks (Qp),
essentially thick layers of volcanic ashes, which are pumices of different origins
(MAGA, 2002), presumably from volcanoes both inside and outside the basin (Figure
6.3). The texture of these layers is sandy and is highly homogenous. It presents a
high capacity to absorb water in gentle slopes but is very unstable on steep slopes.
As a result the landscape is comprised of plateaus surrounded by steep ravines
typical of the Western Guatemalan highlands. Qp geology occupies an area of
6446.23 km2, which represents 5.92% of the country and it covers 2681 km2 in
mountain areas (9%).

Site A

Site B

Figure 6.3: Representative lithology in the study sites
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Hurricane Stan

The Atitlán region was strongly affected by rainfall during Hurricane Stan. Stan was
the tropical storm number 18 and the 10th hurricane of the active hurricane season in
2005. It was briefly classified as a hurricane, and only in category 1 of the SaffirSimpson scale, whilst making landfall in Veracruz, Mexico (CEPAL, 2005);
(INSIVUMEH, 2005). Although the storm did not pass through Guatemalan territory
heavy rainfall occurred particularly in the southern part of the country. This was
caused by the interaction of the storm with the Inter Tropical Convergence Zone
(ITCZ) and the south and South-western wind flows coming in from the Pacific
(INSIVUMEH, 2005). The rainfall in Atitlán related to Stan was an extreme
hydrological event considering that it was the highest in 36 years of records, only
comparable to an event back in 1949 (Guerra-Noriega, 2006). Data from
meteorological stations in the basin showed that there was a maximum 24-hour
rainfall of 230 mm (INSIVUMEH, 2005). This amount of rainfall had potential to cause
damage, however, humidity accumulated during the second peak of the bimodal
rainy season in a wet year, exacerbated that potential as the soil was probably
saturated. As a result, slope failures happened in thousands of locations, as well as
rivers overtopping with water and debris of considerable size that caused material
damage and human losses (Guerra-Noriega, 2006).
6.2.3

Slope failure mapping

The resulting large number of slope failures during Hurricane Stan in the two study
sites was used to assess the relevance of land use in their occurrence. They were
mapped using aerial photographs that the Guatemalan government commissioned
for the whole country in early 2006, about five months after the hurricane. They were
processed and ortho-rectified by an external (foreign) company. With 0.5 m
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resolution, it took nearly 30 photos to cover the whole area of interest, which were
put together into a mosaic.

A classification was run in GIS software, 30 classes were defined, of which three
included all slope failures, except those that happened in slopes that were shaded
when the photographs were taken. Although the colour for landslide affected areas
was very distinctive, i.e. from exposed soil and other cover categories, sediment
transport channels, urban areas and highly eroded crop fields also fell in the same
classes as slope failures. Thus, the automatically generated classification went
through a second stage of processing, where the areas that were not slope failures
were unclassified as such. This was done through manual editing, based on polygon
shapes and density of pixels in the image. Urban areas, roads, and crop fields were
not difficult to identify. The file then had two elements left to separate, slope failures
and sediment transport channels. A similar process of manual editing was carried
out, where the latter were unclassified. Similarly, the slope failures that occurred
notably through other mechanisms, namely road construction and stream channel
walls, were reclassified. Whilst doing this, the slope failure areas in shaded slopes
(identified by colour and shape) were classified accordingly.
6.2.4

Fieldwork

In the summer of 2008 fieldwork was carried out in collaboration with two lecturers
from the Geology Faculty, Autonomous University of Barcelona. Slope failure
mechanisms were evaluated and described (Zarroca et al., 2008), and field data was
taken related to slope, curvature, geology, and LUC. Many of the smaller slope
failures were impossible to spot in the field due to lush vegetation, particularly
because it was the rainy season. In fieldwork carried out in 2006 it was considerably
easier to see the slope failures in the field and so landslides then mapped based on a
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satellite image were verified in a study site in the same basin (Guerra-Noriega,
2006).
6.2.5

Analysis of other variables

Table 6.1 shows other factors that were analysed to try and explain how slope failure
is affected by them individually and through their interaction. They were selected
based on the literature (Domínguez-Cuesta et al., 2007; Süzen and Doyuran, 2004;
van Westen et al., 1997; Aleotti and Chowdhury, 1999; Weirich and Blesius, 2007;
Guzzetti et al., 1999; Carrara et al., 1999), and also based on data availability for the
areas studied.

Table 6.1: Landslide determining factors and sources of information
Factor
Land use and land cover

Source
Map generated for year 2005 by the GIS laboratory
at Del Valle University. It was improved using the
2006 aerial photographs.

Geology

Map at 1:50,000 scale, produced in 2006 to
improve a previous map at 1:250,000 scale.

Curvature, aspect, slope,

They were all generated through a digital elevation

altitude

model (DEM) with resolution of 20 metres

6.2.6

Sampling and analyses

The classification of slope failures from aerial photographs, which was processed as
a raster file (pixels of 7x7m resolution after using a clump function in Erdas Imagine
in order to better define the slope failure zones), was converted into a shape file so
that all the initiation zones became a unit. This then allowed for the slope failure
areas at each of the sites to be estimated. The file was then used to clip the
characteristics for each landslide initiation zone from the data layers (LUC, slope,
and so on). As a result a data base was generated where each unit, albeit of different
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sizes, had all the factors related to it. This enabled the production of frequencies
used then for testing and analysis.

The statistical test used to analyse the data was chi-square. It was considered the
most appropriate because the data were produced as frequencies. It allowed
analysis of two variables at a time so it was first done for slope failure and LUC and
then between slope failure and other factors. Expected frequencies were calculated
based on the percentage area of each class in a given factor (e.g. % forest cover in
the LUC factor). The null hypothesis (H0) is that the observed frequencies will be
(roughly) in the same proportions as the expected ones. In the context of this study
that would mean that landslide occurrence happened randomly and was not favoured
by certain categories more than others. H0 is not rejected if the Chi-square value is
under the critical value for the chosen significance level (0.05). What chi-square
values exceeding the critical values do not do, however, is tell how strong is the
relationship or dependency on those categories, nor do they explain the relationship
with them.

The interplay between different factors was explored by looking at the frequencies of
their combinations. The potential combination of factors and their categories in any
unit within the study area would yield several hundred possibilities. However, the
polygons where slope failure happened only represent a few of them in a significantly
higher proportion than the rest. Four of the most relevant factors were taken in
groups of three to analyse their frequencies. Geology was not one of them because it
influences the relevance of all the other factors. Altitude was not taken because, as
discussed earlier, it could be an indicator rather than a factor that directly affects
slope failure.
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Results and discussion

This section contains four parts; the first presents the general landslide mapping
results, paying particular attention to differences between the two study sites. The
second addresses the main objective of the study looking at the relationship between
slope failure and LUC. The third seeks to explain the relationship between slope
failure and other intervening factors as well as the interplay between them whilst the
fourth part presents the implications of the findings for trends in disaster risk.
6.3.1

Intensity of slope failures

The landslide initiation zones or slope failures mapped showed that the two study
sites have different landslide susceptibility levels (Figure 6.2). The slope failure
percentage area, landslide affected area, and the number of landslides per km 2, are
significantly higher for site B than for site A (Table 6.2). An overarching determining
factor here could be geology. Although both sites are volcanic, their physical
characteristics can render different slope stabilities. In this case, the main difference
was observed between the categories called tertiary volcanic rocks (Tv) and the
quaternary pumice ashes (Qp) (MAGA, 2002), which are prevailing in the two sites, A
and B, respectively.

Table 6.2: Landsliding in the study sites
Site A
Site area (Ha)

Site B

2361.87 4016.57

Slope failure area (Ha)

12.83

69.061

Slope failure area (%)

0.54

1.78

Number of landslide initiation

361

1533

15.28

38.17

344.5

457

495.61

813.95

zones (polygons)
Landslides per km2
2

Average size of initiation zones (m )
Size standard deviation
Landslide affected area,

36.1865 107.673

including sediment transport (Ha)

(1.53%)

(2.68%)
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Slope failure during the extreme event under study occurred through different
mechanisms. As seen in the field in 2006 and 2008, the vast majority of slope failures
were shallow landslides (<1m in depth) or debris flows and their size was very small
(Table 6.2). One landslide in a volcanic cone nearby (but not in either of the two
study sites) was considerably bigger and was classified as a small landslide at the
world scale (Connors et al., 2006). Three main slope failure mechanisms were
identified (Zarroca et al., 2008), one related to poor road construction, another one
related to the river channels that transported not only considerable amounts of
rainwater but also sediments that resulted from soil erosion and landslides. These
flows carved the edges of the channel and since they are normally located in steep
ridges the walls of the ridges were destabilised and that caused landslides similar to
those happening on road sides. The third type, arguably the most widespread, is the
mechanism considered in this study and where slope failure happened because of
the interaction of the precipitation trigger and the intervening factors rather than an
offsite agent destabilising the slope by removing material (i.e. no road or channel at
the base of the slope).

900
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frequency
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0
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Figure 6.4: Size of slope failure initiation zones
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The reported size of slope failure zones could be an overestimate. This is due to the
fact that during a rainfall event such as the one related to Hurricane Stan the
landslide sites are further modified by rainfall after they occurred, probably expanding
in all directions through erosion. Had they occurred earlier in the rainy season the
areas shown in Table 6.2 and Figure 6.4 would be even larger, though this was not
the case because rainfall related to Hurricane Stan was basically the last event of the
rainy season. However, the edges of the slope failure zones were probably eroded
by rain hours after they happened. Another possible source of error for the inventory
of slope failure zones is that it involved manual editing of the landslide classification.
For some landslides it was remarkably easy to distinguish the initiation zone whereas
in others the demarcation was somewhat more subjective. The type of slope failure
could also be misinterpreted for the same reason, though to a lesser extent.
6.3.2

Relationship between LUC and mass movements

Slope failure can occur regardless of land use and cover in certain types of geology
but not in others. Data in Table 6.3 show, for both sites, higher than expected
landslide frequencies for those areas used for annual crops and lower frequencies
than expected for the areas with secondary growth and forest cover. This seems to
be in agreement with the knowledge and perception on the relationship between land
use and landslide occurrence (Begueria, 2006). However, that is statistically
significant (Table 6.4) in site A and not in site B. Hence, site B supports the thesis
that slope failure can happen regardless of LUC during extreme rainfall events. Both
conclusions are relevant and show how conditions vary between neighbouring places
that have closely related origins.

Table 6.3: Land use and cover and slope failure frequencies
Site A
LUC

Area

Expected

Site B
Observed

Area

Expected

Observed

101

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

category
Forest

(ha)

Freq.*

Freq.

(ha)

Freq.*

Freq.

1118.5

174

165

1365.9

527

516

Sec. growth

397.5

62

23

800.1

308

280

Annual crops

806.2

125

173

1711.9

660

699

* Slope failure initiation zones
Table 6.4: Chi square test for slope failure and land use and cover
Critical value*
Site A

5.99

Site B

5.99

Chi square

Conclusion

42.94 H0 Hypothesis rejected
5.15 H0 Hypothesis not rejected

* For two degrees of freedom and 0.05 significance
Figure 6.6 shows other differences between the two study sites regarding LUC and
slope. What they share in common is that landslide frequency proportions were
lowest for secondary growth and also they stayed fairly constant across different
slope ranges. The main difference lies in the percentage frequencies for forest and
annual crops. In site B annual crop frequencies are higher for all slope ranges but
they are closer to forest frequencies in the lower slope ranges and they diverge from
one another in the higher ones, particularly above 25-35 degrees. In site A forest
frequencies were higher than annual crop ones for the two lowest slope ranges, and
then annual crop frequencies were higher but only slightly.
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Figure 6.5: Landslide frequencies in LUC categories
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Figure 6.6: Land use and land cover and slope steepness in landslide initiation zones

The role of vegetation in slope stability works to different extents in different soils.
Texture and structure of the soil, as well as other physical characteristics (e.g. depth,
water absorption capacity) determine the degree to which vegetation plays a role in
slope stability (Reubens et al., 2007). This might at least partly explain why LUC was
a determining factor in site A but not in site B, as mentioned above. Site B is
composed of more homogeneous layers of sandy texture, which is less cohesive
than the more clayey texture dominant in site A. Another difference between the two
sites is that the highest slopes are different, in site A they are dominated by rocks
with very thin or no soil, whereas in site B they are unconsolidated material that
under normal conditions is stable in very high slopes (up to 70°) but not under
extremely wet conditions. When most fieldwork was carried out, almost three years
after Hurricane Stan, the scars in site A could not be seen any longer due to
vegetation growth, whilst in site B many could be seen and several were still active.

6.3.3

Other factors relevant to slope failure

After having looked more closely at the relationship between slope failure and LUC
the interplay of other intervening factors will be analysed to try and explain slope
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failure. Each factor will be looked at individually and then the interaction between
them will be explored.

Table 6.5: Slope steepness and slope failure frequencies
Slope

Site A

Site B

range

Area

Expected

Observed

(degrees)

(ha / %)

Freq.*

Freq.

Area (ha/%)

Expe

Observed

cted

Freq.

Freq.
*
0-15

251.6

11

38

16

1399.2

35

534

157

15-25

364.3

15

56

47

931.6

23

355

455

25-35

676.7

29

103

112

937.0

23

357

329

35-45

718.0

30

110

51

627.7

16

239

490

45-55

351.4

14.9

54

135

120.9

3

46
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* In slope failure area within the study site
Slope steepness is an important factor in landslide occurrence but not noticeably
more than other factors. Both study sites have striking slope gradients as a result of
the high level of geologic (volcanic) activity that has existed in the area both in the
tertiary and the quaternary periods (Newhall, 1987). Site A, located in the caldera
slopes, is more rugged than site B. Nearly 75% of the area has more than 25
degrees of inclination, and only 11% is found on gentle slopes (0-15°). Site B has
almost half the percentage of its area above 25°, and three times as much in gentle
slopes (Table 6.5). Considering slope steepness alone, higher levels of slope failure
would have been expected for site A than for site B, but as Table 6.2 shows, that was
not the case.

A Chi square test, on the other hand, shows that slope failure does not happen
independently from slope (Table 6.6). Although this test does not describe how they
are related, Figure 6.7 illustrates that in slopes higher than 35° for site B, and 45° for
site A, the observed frequencies were more than twice what was expected. In both
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sites the same figures show a contrasting trend for gentle slopes (0-15°), which is
that significantly less slope failures were observed than expected. What this and the
previous paragraph suggest is that for a given geology, higher landslide occurrence
is expected in steeper slopes but that level is different in different geologies.
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Figure 6.7: Mass movements and slope steepness

Table 6.6: Chi square test for slope steepness and slope failure
Critical value*

Chi square

Conclusion

Site A

9.488

169.69

H0 Hypothesis rejected

Site B

9.488

623.66

H0 Hypothesis rejected

* For five degrees of freedom and 0.05 significance

Slope curvature is another factor that determines slope failure. The distribution in the
two sites of the curvature categories are fairly similar (Table 6.7, see % per category)
and also had similar results in terms of slope failure. The chi square test indicates
that landslides are related to curvature (Table 6.8) and Figure 6.8 shows that slope
failure frequency is lower for planar slopes, higher for convex ones, and about as
expected for concave slopes. Therefore, convex slopes are more prone to failure.
The results were very similar for both sites. In the field it was observed that concave
slopes had deeper soils and in general accumulate material from slopes higher up
the mountain (hence more material to slide) and this led to the expectation of a
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higher than expected frequency of slope failure. However, data show that this was
not the case.

Table 6.7: Slope curvature and slope failure frequencies
Site A
Curvature

Site B

Area

Expected

Observed

Area

Expected

Observed

(ha/%)

Freq.*

Freq.

(ha/%)

Freq.*

Freq.

Planar

312

13

48

35

795

20

304

124

Convex

1045

44

160

192

1703

42

650

846

Concave

1005

42

154

134

1518

38

579

563

Table 6.8: Chi square test for slope failure and slope curvature
Critical value*

Chi square

Conclusion

Site A

5.99

12.44

H0 Hypothesis rejected

Site B

5.99

165.73

H0 Hypothesis rejected

* For two degrees of freedom and 0.05 significance

Slope failure also appeared related to altitude. Land surface area is distributed
differently in the two sites; site A is located in a wider altitude range (1500-2800
metres asl) than site B (1500-2500) and its area is distributed more evenly between
the altitude ranges (Table 6.9 and Figure 6.8). Slope failure, according to the chi
square test, did not occur in similar proportions to the altitude ranges (Table 6.10).
Two observations are worth making from Figure 6.9, slope failure occurred in a much
lower proportion below 1900 in site A and 1800 in site B, but in a much higher
proportion in the range 1900-2200 in site A and 2100-2300 in site B. Even though the
chi square test indicates that altitude and slope failure are dependent variables,
altitude as such is not a factor that directly intervenes in slope failure. What it
probably means is that the combination of intervening factors more conducive to
slope failure may be found at certain altitude ranges. Altitude, then, could be used
rather as an indicator.
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Figure 6.8: Landslides and slope curvature
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Figure 6.9: Landslides and altitude

Table 6.9: Altitude and slope failure frequencies
Range
(Metres
above sea
level)
1500-1600

Site A

96

1600-1700

Area
(ha-%)

Site B

Expected
Freq.*

Observed
Freq.

Area
(ha-%)

Expected
Freq.*

Observed
Freq.

4

15

0

204

5

78

0

212

9

33

1

203

5

78

2

1700-1800

251

11

38

6

234

6

89

59

1800-1900

272

12

42

20

339

8

130

189

1900-2000

248

11

38

53

689

17

263

292

2000-2100

242

10

37

70

794

20

304

239

2100-2200

255

11

39

73

567

14

217

338

2200-2300

210

9

32

40

622

16

238

335
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2300-2400

194

8

30

38

325

8

124

75

2400-2500

175

7

27

26

32

1

12

4

2500-2600

101

4

16

14

8

2600-2700

46

2

7

11

1

2700-2800

36

2

5

6

0

* In slope failure area within the study site

Table 6.10: Chi square test for slope failure and altitude
Critical value*

Chi square

Conclusion

Site A

21.026

155.51

H0 Hypothesis rejected

Site B

16.919

338.34

H0 Hypothesis rejected

*12 and 9 degrees of freedom, respectively

Annual rainfall was considered a proxy for antecedent precipitation. Although the
effect of the latter has been found to be different in different areas (as mentioned in
the literature review) it influences soil moisture and thus, the likelihood of slope
failure during a triggering rainfall event. This is particularly relevant for the landslides
studied here because Hurricane Stan happened at the end of the rainy season (in a
particularly wet year even without the hurricane) and so the soil in different parts of
the study sites had received different levels of rainfall. Soil hydrology and other
physical conditions naturally would have influenced the level to which soil moisture
spatial patterns represented precipitation patterns just before the hurricane. It is
being assumed that the higher the annual rainfall range, the higher the soil water
content and thus, the higher the likelihood of slope failure.

The two study sites show different spatial patterns of annual rainfall. Although their
annual rainfall range is very similar, the proportion of land surface in each range
varies significantly. In site A more than 50% of the area is in the 1100-1200mm/yr
range whereas in site B, 64% of the surface is in the 1400-1600mm/yr range. This is
interesting given that the two study sites are in the same basin and not far from one
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another. The difference lies in more moisture being able to come into the basin from
the south through the eastern side of the two volcanoes reaching site B. Site A, in
contrast, is located in the (relative) rain shadow that the volcanoes create on the
south and western part of the basin. Since most of the moisture during Hurricane
Stan came to the country from the south (INSIVUMEH, 2005), which is the origin of
most rainfall in southern Guatemala (Portig, 1965), the extreme humidity related to
the hurricane is likely to have had the same pattern (i.e. higher humidity in site B).
Therefore, this could also explain the higher levels of landslide failure in site B
compared to site A.

Slope failure was lower than expected in the lower ranges of annual rainfall in both
sites (Figure 6.10). In site A landslide frequencies were higher above 1200mm/year,
whilst for site B they were higher above 1400mm/year. In both sites the chi square
test indicates that slope failure was related to rainfall (Table 6.12), which seems to be
even stronger for site B, probably for the reasons explained above. Another
observation related to this is that Site B has a significant percentage of land area
(64%) in the highest two rainfall ranges, where site A has only 6%.

Table 6.11: Rainfall and slope failure
Range
(mm/year)

Site A

Site B

Area

Expected

Observed

Area

Expected

Observed

(ha-%)

Freq.*

Freq.

(ha-%)

Freq.*

Freq.

1000-1100

260

11

40

2

56

1

21

0

1100-1200

1318

56

202

177

283

7

108

18

1200-1300

393

17

60

96

340

8

130

23

1300-1400

244

10

37

56

782

20

299

158

1400-1500

147

6

22

30

1195

30

456

577

1359

34

519

757

1500-1600
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Table 6.12: Chi square test for slope failure and annual rainfall
Critical value*

Chi square

Conclusion

Site A

9.488

72.24

H0 Hypothesis rejected

Site B

11.07

391.35

H0 Hypothesis rejected

*4 and 5 degrees of freedom, respectively
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Figure 6.10: Landslides and annual rainfall

The interplay of factors was explored through four combinations of factors from each
slope range that had the highest landslide frequencies. As shown in tables 6.13 and
6.14, these combinations account for around 50% of all frequencies. In the case of
site B, except for the group in the 0-15 range, all the observed frequencies were
higher than the expected ones. This supports the argument that slope plays a crucial
role in slope failure, adding that above 15 degrees it increases susceptibility. Table
6.15 shows that the distribution of frequencies did not happen randomly in these
combinations of factors, particularly in site B. According to the results, susceptibility
levels are higher in slopes steeper than 15 degrees, with concave or convex
curvature and annual precipitation higher than 1400mm. For site A, the data do not
show a clear difference in susceptibility levels between slope ranges (Table 6.13).
Susceptibility levels are higher (though not necessarily) for areas with either convex
or concave curvature and an annual rainfall range higher than 1100mm. Convex
areas are even more susceptible in the slope ranges 1-15 and >45 degrees.
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Table 6.13: Combination of slope, curvature and rainfall in site A
Slope

Curvature

Rainfall

Exp freq

Obs freq

>45

convex

1200-1300

4

25

>45

convex

1100-1200

13

30

35-45

convex

1100-1200

27

14

35-45

concave

1100-1200

26

8

25-35

convex

1100-1200

26

28

25-35

concave

1100-1200

25

27

15-25

convex

1100-1200

14

21

15-25

concave

1100-1200

13

7

0-15

convex

1100-1200

9

10

0-15

convex

1200-1300

3

4

201

187

All other combinations (56% of all
frequencies)

Table 6.14: Combination of slope, curvature and rainfall in site B
Slope

Curvature

Rainfall

Exp freq

Obs freq

>45

concave

1400-1500

5

10

>45

concave

1500-1600

6

13

>45

convex

1400-1500

6

32

>45

convex

1500-1600

7

22

35-45

concave

1400-1500

27

65

35-45

concave

1500-1600

31

83

35-45

convex

1400-1500

30

112

35-45

convex

1500-1600

34

117

25-35

concave

1400-1500

40

46

25-35

concave

1500-1600

46

82

25-35

convex

1400-1500

45

57

25-35

convex

1500-1600

51

92

15-25

concave

1400-1500

40

67

15-25

concave

1500-1600

46

86

15-25

convex

1400-1500

45

91

15-25

convex

1500-1600

51

119

0-15

concave

1400-1500

60

24

0-15

concave

1500-1600

68

30
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0-15

convex

1400-1500

67

25

0-15

convex

1500-1600

77

54

751

306

All other combinations (49% of all
frequencies)

Table 6.15: Chi square test for factor combinations (slope, curvature and annual
rainfall)
Critical value*

Chi square

Conclusion

Site A

16.92

89.97

H0 Hypothesis rejected

Site B

30.14

1172.18

H0 Hypothesis rejected

* 9 and 19 degrees of freedom, respectively

Site B shows very similar trends to the combinations discussed above; all (except
one) of the combinations above 15 degrees had higher observed frequencies than
expected. In the 0-15 range the opposite trend was observed. Chi square test in
Table 6.18 suggests that higher frequencies in those combinations did not happen
randomly for both sites A and B. In the case of the latter there is no trend in
frequencies between different uses and slope ranges.

In site B it is interesting to notice that for all slope ranges in the annual crop category
convex curvature frequencies are between 1.6 and 4 times higher than the concave
ones (Table 6.17) even though their expected frequencies were virtually the same.
This is not observed for the other two LUC categories. A conclusion that can be
drawn from this is that landslide susceptibility is higher in any convex slope used for
annual crops. Site A does not show this trend in any of the LUC categories.

Table 6.16: Combination of LUC, slope, and curvature in site A
LUC
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Slope

Curvature

Exp freq

Obs freq

annual crops

>45

Concave

8

29

annual crops

>45

Convex

8

27
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annual crops

35-45

Convex

17

14

annual crops

35-45

Concave

16

13

annual crops

25-35

Convex

16

26

annual crops

25-35

Concave

15

25

annual crops

15-25

Convex

9

13

annual crops

15-25

Concave

8

5

annual crops

0-15

Convex

6

2

annual crops

0-15

Concave

6

1

Sec. growth

>45

Concave

4

6

Sec. growth

>45

Convex

4

5

Sec. growth

35-45

Convex

8

2

Sec. growth

25-35

Concave

8

5

Sec. growth

25-35

Convex

8

1

Sec. growth

15-25

Convex

4

2

Sec. growth

0-15

Convex

3

2

Forest

>45

Convex

11

39

Forest

>45

Concave

11

13

Forest

35-45

Convex

23

12

Forest

35-45

Concave

22

9

Forest

25-35

Convex

22

23

Forest

25-35

Concave

21

18

Forest

15-25

Convex

12

14

Forest

15-25

Concave

11

9

Forest

0-15

Convex

8

10

Forest

0-15

Concave

8

1

63

35

Rest of combinations, 9.7% of all
frequencies

Table 6.17: Combination of LUC, slope, and curvature in site B
LUC

Slope

Curvature

Exp freq

Obs freq

annual crops

>45

Convex

9

32

annual crops

>45

Concave

8

8

annual crops

35-45

Convex

45

147

annual crops

35-45

Concave

40

77

annual crops

25-35

Convex

67

82
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annual crops

25-35

Concave

60

50

annual crops

15-25

Convex

67

116

annual crops

15-25

Concave

59

71

annual crops

0-15

Convex

100

40

annual crops

0-15

Concave

89

21

Sec. growth

>45

Convex

4

15

Sec. growth

>45

Concave

4

4

Sec. growth

35-45

Concave

19

37

Sec. growth

35-45

Convex

21

35

Sec. growth

25-35

Convex

31

35

Sec. growth

25-35

Concave

28

32

Sec. growth

15-25

Concave

28

33

Sec. growth

15-25

Convex

31

31

Sec. growth

0-15

Concave

42

19

Sec. growth

0-15

Convex

47

17

Forest

>45

Convex

7

19

Forest

>45

Concave

17

12

Forest

35-45

Convex

36

69

Forest

35-45

Concave

32

59

Forest

25-35

Convex

53

54

Forest

25-35

Concave

48

51

Forest

15-25

Convex

53

91

Forest

15-25

Concave

47

63

Forest

0-15

Convex

80

39

Forest

0-15

Concave

71

15

292

159

Rest of combinations, 10.4% of all
frequencies

Table 6.18: Chi-square test for factor combinations (LUC, slope, and curvature)
Critical value*

Chi square

Conclusion

Site A

40.11

293.65

H0 Hypothesis rejected

Site B

43.77

970.32

H0 Hypothesis rejected

*27 and 30 degrees of freedom, respectively
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Implications for disaster risk

The results presented and discussed above have two main implications for disaster
risk. The overarching conclusion is that land use and cover can be a determinant of
disaster risk in some places and not in others. It is worth noting that attention is being
put here on the role of land use and cover in the occurrence of hazards (mass
movements) and not in other elements of the disaster risk „equation‟ (e.g. LUC
contribution to vulnerability).

Direct impact from slope failure debris is not the only or even the main hazard at site
A. Even mass movements happening far away can impact settlements because they
are transported by river channels, behaving in some places like muddy flows
(Boardman et al., 2006), and mostly as debris floods (Mc Saveney et al., 2005). It is
the accumulation of soil and debris from multiple slope failures and erosion, together
with turbulent floods running down the steep slopes that present the biggest hazard,
particularly for inhabitants in the alluvial plains. In the case of San Marcos la Laguna
during Hurricane Stan that was the main source of destruction (Guerra-Noriega,
2006). The difference between the direct impact of landslides and debris floods is
speed; evacuation of human populations after landslides or debris flows occur is
considerably less likely (if not impossible) than debris floods.

In site A land used for annual crops is more prone to slope failure, whereas land with
secondary growth and forest are considerably less so. It is important to stress that it
is not only forest cover that is relevant but also secondary growth, which even
showed lower slope failure levels than forest cover. This is in agreement with
Brujinzeel‟s argument that it is not (natural) forest clearance in itself that contributes
to land degradation, but it is more relevant to look at what replaces the forest and the
soil conditions related to the new use or cover (Bruijnzeel, 2004). In this case
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secondary growth or fallow land plays as important a role as forests, presumably
even more so in the later stages when it resembles a forest more than a denuded
site.

Current land use and cover at site A adds to landslide susceptibility in some places
and not in others. Figure 6.11 shows that 41% of the site area is covered with forest;
another portion has secondary growth (16%), and 37% of the area is used for annual
crops. This could suggest in general that landslide susceptibility due to current LUC
is fairly low, at least with respect to shallow landslides and debris flows that are the
focus here. However, the spatial arrangement of these uses/covers is also important,
and it can be noted that the slopes immediately above some of the human
settlements (actual hazard zones) are generally used for annual crops, thus, risk due
to LUC is relatively high there. General hazard levels resulting from all factors will be
looked at in detail in the risk mapping chapter. LUC contributes to having a mosaic of
disaster risk levels in volcanic mountain areas geologically similar to site A. As seen
in Figure 6.12, forest cover (and LUC more generally) is highly fragmented in the
volcanic highlands of Guatemala.

Disaster risk may not be increasing further due to LUC change at the start of the 21 st
Century in the areas studied. The reason is that forest loss has been reported as null
for the whole Department (sub national political division) of Sololá (IARNA et al.,
2006) to which sites A and B belong. The forest dynamics map for 1991-2001 also
shows that forest cover in the Atitlán region has remained virtually unchanged in that
period (Valencia et al., 2006). There is also evidence through accounts and
photographs from the beginning of the 20th Century that forest cover was even lower
than at present and cropland extended higher up the slopes of surrounding
volcanoes and mountains (UNDP and SEGEPLAN, 2006).
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Figure 6.11: Land use and cover in the study sites, year 2006

Figure 6.12: Location of geologies Tv and Qp and forest cover in the volcanic
highlands
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The analysis of the combination of factors shed light on two relevant points. One is
that although slope failure does depend on slope steepness, this is not an
overarching determining factor of slope failure. The other point is that the altitude
range 1900-2200 m gathers combinations of factors that lead to higher susceptibility
levels at site A, as does the range 2100-2300m at site B.

The findings are relevant to a significant part of the mountain areas of Guatemala.
The type of geology most representative of site A (Tv), where LUC was found to be
relevant for landslide occurrence here occupies 11.85% of the country. The geology
most representative in site B (Qp), where LUC appears not to be relevant according
to this study is found in 5.92% of the country as indicated in a geological map at
1:2,000,000 scale (MAGA, 2002) and as can be seen in Figure 6.12. Although these
percentages may seem small for the country, they comprise a significant proportion
of mountain areas (33%), particularly in those where most of the population lives,
including Guatemala City and Quetzaltenango (the two biggest cities in the country).
The spatial distribution of the two geologies can vary, however, if more detailed
mapping such as a regional map containing the Atitlán region (IGM, 1993) is carried
out. In this map, Tv geology is still dominant but in the Atitlán region in particular the
proportion of Qp is much higher than that of Tv.

In terms of disaster risk reduction this study stresses two points related to land use
and cover. The first is that regardless of the type of geology, most risk mitigation
efforts should be directed to landslide fans and river beds. People should not live in
those areas and so every effort should be made to ban or discourage people from
inhabiting them. Relocation is difficult but should be considered. The second point is
that forest protection and reforestation could be used as mitigation efforts in those
areas where LUC is more likely to affect slope failure, such as Tv geology.
Nonetheless, since slope failures do occur in forested slopes even in that type of
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geology, planting trees and protecting existing forests should not be the only disaster
mitigation measures used. Another consideration is that special attention should be
paid to secondary growth since it was found to be related to lower landslide
susceptibility levels. Actions such as replacing secondary growth with tree plantations
could even increase hazard levels.

Finally, it is more important to note that humans have great influence on landslide
hazard through slope alteration, particularly due to road construction (Figure 6.13).
Not only are landslides often mistakenly attributed to peasant activities (Hamilton and
Bruijnzeel, 1997) but they occur on an annual basis instead of every few decades as
those related to extreme rainfall. Measures to prevent them such as taking road
construction feasibility assessments seriously, strict regulations and close control of
projects are much more effective ways to reduce disaster risk.

Figure 6.13: Landslides related to road construction in Santa Cruz la Laguna
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6.5

Conclusions

The findings of this study suggest that the role of land use and land cover in slope
failure is different in different geologies. While the literature suggests that
deforestation is a major cause of landslides, results here show that land use and
cover could be statistically linked to mass movements in one site but not in the other,
even though both are volcanic and very close to one another. Simple explanations
that blame increased disaster risk from landslides on deforestation of slopes are
inadequate because other factors are often much more important. This study would
then shift the attention to the question „Is land use and land cover relevant to slope
failure?‟ to „Where is land use and land cover a key determinant of slope failure?‟ The
latter would require also looking at what categories of land use and land cover are
related to higher or lower levels of slope failure.

The findings from this study could be relevant for other places. This is very likely for
mountain areas in Guatemala (or even Central America) that share the same
geologies. In addition to those, the role of LUC in landslide occurrence could be
similar to the two study sites in areas with different geologies but very similar physical
soil properties (texture, structure, minerals). Improved geological mapping would be
important in those cases, however. Testing the role of LUC in different geologies is
highly recommended.

The methods used seem adequate to answer the main research question. The
significance level (0.05) chosen for the statistical test and the large sample size
confer a high level of confidence to the results. Nonetheless, the study focused on a
particular climatic event in a specific area. Applying the methods to other extreme
rainfall events in the same sites or to areas where rainfall intensity was different than
that in Atitlán during Hurricane Stan would make the findings more robust and their
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application to other places more reliable. What the methods did not allow was to
assess the interplay between the other determinant factors of slope failure. One of
the main limitations was the type of data that was produced (frequencies), which
does not allow for linear regression models, for instance. Studying them in more
detail would be useful for applications such as landslide susceptibility mapping.

Similar studies would benefit greatly from taking into account the contribution of
sediments and debris from landslides occurring in slopes modified by humans such
as road sides. These landslides happen every year and their role during extreme
rainfall events is likely to be critical in increasing the severity of (debris) flood
hazards. They are one unmistakable way in which land use contributes to hazards
during those events regardless of the geology.

The findings reflect the importance of nature as an agent in disaster risk and thus its
importance in political ecology. Foremost is the way in which geology determines the
interaction between the different factors, principally as regards LUC. In those areas
where mass movements happen regardless of LUC there is little room for political
economy or people‟s agency to influence disaster risk through LUC. In the areas
where it does play a role in landslide occurrence nature is still an important agent
because of its effects on the local hydrological cycle and particularly on soil moisture.
It would determine, for example, the level of success of measures taken by people
(locals and/or institutions) to mitigate disaster risk through LUC (e.g. reforestation).
However, humans are a more influential agent than nature in the case of modification
of slopes in, for instance, road construction sites, though this is at a much smaller
scale.
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7 Vulnerability of mountain communities: trends, patterns,
and influence of globalisation
7.1

Introduction

This chapter looks at the trends in elements of social vulnerability (i.e. sensitivity and
ability to recover) observed at the start of the 21st Century. It also aims at analysing
spatial patterns of vulnerability by examining the difference between mountain areas
and those outside them, urban and rural areas, and between different mountain
communities. This is largely based on an index designed for the study, which uses
census data from the years 1994 and 2002, the most recent available, at the
municipal and settlement level. In addition, the influence of globalisation on
vulnerability is explored through the role of tourism, cardamom exports, the organic
coffee market and forest incentives, and how they relate to vulnerability in four
communities studied.

Vulnerability is a widely used term of growing relevance in many fields such as
poverty, food security, disasters, and climate change. Although the idea is not hard to
grasp intuitively when used empirically (Lavell, 2000) there are different meanings
and different ways of defining it in those fields and even within them (O'Brien et al.,
2004a), which renders research on it confusing and challenging.

Adger (2006:275) summarised prior vulnerability approaches as: vulnerability to
famine and food insecurity, vulnerability to hazards, human ecology, and Pressure
and Release. He cited papers from 1978 to the early 2000s. He presents as
successive approaches vulnerability to climate change and variability, sustainable
livelihoods and vulnerability to poverty, and vulnerability of social-ecological systems.
The papers he cites as representative of these approaches are all in the 2000s,
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except one dating from 1994. The objectives of the approaches in the latter group not
only show a wider interest in the coupled social-ecological systems but they pay
attention to the future (Adger, 2006).

Birkmann (2006:39), in turn, points out that six different schools of conceptual and
analytical frameworks for vulnerability can be distinguished: the school of the double
structure of vulnerability (e.g. Bohle, 2001), the conceptual frameworks of the
disaster risk community (e.g. Davidson, 1997; Bollin et al., 2003), the analytical
framework for vulnerability assessment in the global environmental change
community (e.g. Turner et al., 2003), the school of political economy (Pressure and
Release model by Wisner et al., 2004), the holistic approach to risk and vulnerability
assessment (e.g. Cardona, 1999 and 2001; Cardona and Barbat, 2000; Carreño et
al., 2004, 2005a, 2005b), and the BBC conceptual framework, which links
vulnerability to the sustainable development discourse (based on work by Birkmann
and Bogardi, 2004 and Cardona 1999 and 2001).

The different approaches and various theoretical frameworks attest the importance of
vulnerability as a topic and the ongoing quest to better understand it. As Lavell (2000)
rightly points out, the importance of a clear definition, specification of different types
and signals of the processes through which vulnerability developed, is crucial for the
programming and planning of risk reduction strategies and instruments.

As was mentioned in chapter 4, in the field of disasters one of the most influential
ways to look at vulnerability is that presented by Wisner et al. (2004), in which
vulnerability is one of two main components of risk (the second being the hazard)
and is generated by a series of social factors and processes (Wisner et al., 2004).
One definition of vulnerability (based on Lavell, 2000; Blaikie et al., 1996; Cardona,
2004; Alexander, 2000) that would not be in conflict with most disaster scholars
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would be: the predisposition of a society, or part of it, to suffer damage or loss when
exposed to natural or socially induced physical events, and to face difficulties in
recovering from them.

One of many ways to define vulnerability is as a function of three elements: exposure,
sensitivity and capacity to recover (Wisner et al., 2004). In this definition exposure is
the number of people and assets that can be directly impacted by the hazard,
sensitivity denotes the degree to which the system is affected by the impact; and
capacity to recover is the ability to re-establish livelihoods and normal life (Wisner et
al. 2004:359; Lee and Jones, 2004). On the latter element, there is consensus on
that recovery poses a development opportunity where not only exposure could be
avoided but living conditions could generally improve and reduce future disaster risk
(Maskrey, 2010). As was presented in chapter 4 the IPCC (Adger et al., 2007) uses
the term vulnerability (to climate change) and defines it as “... the degree to which a
system is susceptible to, or unable to cope with, adverse effects of climate change,
including climate variability and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate change and variation to which a system is exposed,
its sensitivity, and its adaptive capacity”. A discussion on how it relates to the concept
of risk in the disaster literature was also included in chapter 4. It is mentioned in this
section too because the climate change academic community has had increased
attention from different audiences and it is likely that they will have strong influence
on how to understand the term vulnerability.

A main point of debate is whether to include exposure to a hazard as an element of
vulnerability or to treat it separately. Most authors support the former position
whereas a few others such as Crichton (1999) support the latter. Lavell (2000:7)
argues that “in any strict sense, exposure should not be considered a factor of
vulnerability because it is a precondition without which it is irrelevant to talk about
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vulnerability”. Exposure to hazards can be at different scales, whilst large regions of
the world are exposed to hazards such as earthquakes and tsunamis, exposure to
other hazards such as flash floods can be at a much more localised scale (e.g. some
houses in a community). Exposure to some hazards cannot be avoided but exposure
to others is highly determined by social processes (Wisner et al., 2004).

Research in (social) vulnerability seeks to find out who is vulnerable, and how and
why they are vulnerable (Eakin, 2005). Two of the most widely recognised models to
help understand how vulnerability is generated are the Pressure and Release Model,
outlined in Table 7.1, (Blaikie et al., 1994) and the Access Model (Wisner et al.,
2004). The latter is a more detailed analysis of how vulnerability is generated by
economical, social and political processes, and the subsequent unfolding of a
disaster (Wisner et al., 2004).
Table 7.1: Progression of vulnerability according to the PAR model
1. Root causes
Limited access power, structures, resources
Ideologies political systems, economical systems
2. Dynamic pressures
Lack of local institutions, training, appropriate skills,
local investments, local markets, press
freedom, ethical standards in public life
Macro-forces rapid population change, rapid urbanisation,
arms expenditure, debt repayment schedules,
deforestation, decline of soil productivity
3. Unsafe conditions
Physical environment dangerous locations, unprotected building
and infrastructure
Local economy livelihoods at risk, low income levels
Social relations special groups at risk, lack of local institutions
Public actions and institutions lack of disaster preparedness, prevalence of
disease
(Wisner et al, 2004: 51)
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There is strong interest in trying to quantify and map vulnerability as a tool for
planning and policy making (Wisner et al., 2004; Adger, 2006; Birkmann, 2006). The
question of whether it is actually possible to quantify vulnerability has arisen as well
as debates about the balance between quantitative and qualitative data (Wisner et al.,
2004). Measuring it is not an easy task and is constrained by the lack of real world
data (Turner et al., 2003). Principal amongst the processes of measuring and
mapping vulnerability are the need for a transdisciplinary approach, the realization of
vulnerability as a differentiation process and the consideration of temporal
dimensions (Hilhorst and Bankoff, 2004:5-6).

The elements at risk whose vulnerability can be assessed include human populations,
public infrastructure (e.g. schools, hospitals, and transport lines), livelihood assets,
and historic monuments (Schneiderbauer and Ehrlich, 2006:81; Cardona, 2006).
Vulnerability changes according to the severity and type of hazard (Schneiderbauer
and Ehrlich, 2006; Cardona, 2004).

Some elements of vulnerability to be assessed are hazard-dependent whilst others
are hazard-independent (Schneiderbauer and Ehrlich, 2006). They are also referred
to as hard and soft risk, respectively (Cardona and Barbat, 2000 in Birkmann, 2006).
In a revised version of the holistic model to measure vulnerability the same distinction
was presented as potential physical damage and impact factor. The former is
determined by the characteristics of the exposed elements whilst the latter depends
on the socio-economic context (Carreño et al., 2005).

Attempts made to measure and map vulnerability are based on indicators. These are
key tools for identifying and measuring vulnerability, and their development was
stressed at the World Conference on Disaster Reduction held in Kobe, Japan
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(Birkmann, 2006). The challenge of representing the complexity of vulnerability
through a set of indicators and criteria that facilitate an estimation of vulnerability
must be recognised (Birkmann, 2006). Morse (2004) stressed the fact that indicators
are necessary tools, but also that they need to be handled with care.

Indicators can be composed of a single variable as well as a highly aggregated
measure, although this latter form is also referred to as an index (Birkmann, 2006).
The difference might be that indices are usually the final product of a measurement
whereas indicators are intermediate ones or elements of a set. The most important
functions of indicators, as defined by experts at the conference in Kobe, are: setting
priorities,

background

for

action,

awareness

raising,

trend

analysis,

and

empowerment (Birkmann, 2006).

Some of the most commonly used indicators in vulnerability analysis are population
with access to sanitation, literacy rate, maternal mortality, life expectancy at birth,
income levels, residential property, population growth, and poverty levels (Brooks et
al., 2005; Cutter et al., 2003). A regional study on vulnerability in Central America
took into account level of poverty, standard of health (mortality and morbidity), level
of malnutrition, proportion of households headed by women, level of illiteracy, and
living conditions (overcrowding and structure of housing) (Trujillo et al., 2000).

Vulnerability measurement and mapping have been carried out at a variety of scales.
The book edited by J. Birkmann (2006) shows examples and presents analysis of
studies done at the global level (Pelling, 2006), regionally (Cardona, 2006; Greiving,
2006), at the national level (Kiunsi et al., 2006), and the local level (Bollin and Hidajat,
2006; Birkmann et al., 2006). Two of the main conclusions of this collection of
approaches for measuring and assessing vulnerability and risk are: 1) more
comparative assessments of existing methodologies and approaches in similar
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locations and situations are required; and 2) no single vulnerability assessment
methodology is suitable and able to capture all the various features of vulnerability
related to different social groups, economic sectors and environmental services.

Globalisation has been linked directly or indirectly to changing vulnerability and
disaster risk (Jodha, 2005; Pelling, 2003). It is a common concept that has been
defined in many ways (Parks and Roberts, 2006) and there is no consensus on
whether globalisation is defined as a historical epoch, a process, a theory, or as a
new paradigm (Reich, 1998). Although the start of globalisation might be situated in
the 1970s (Reich, 1998), there is also acknowledgment that it characterises an
intensification of speed, scale, diversity, and linkage of a number of old processes
rather than the development of a new one reaching back to colonial times (Reich,
1998; Young et al., 2006). A general and practical definition that will be followed here
is worldwide interconnectedness of places and people (once distant) through global
markets, information and capital flows, and international ideologies and paradigms
(Lambin et al., 2001; Parks and Roberts, 2006). According to Pelling (2003) these
processes have implications for global and local development patterns and the
geography of risk and disaster.

This chapter examines how elements of social vulnerability have changed in the
mountain regions of Guatemala. The research questions guiding this chapter are:
How has vulnerability changed in mountain areas? Are mountain areas more
vulnerable than other areas? What is the geography of vulnerability? How is
globalisation influencing vulnerability in mountain areas? In order to carry out the
analysis, social vulnerability was assessed through sensitivity and ability to recover,
whilst exposure was treated separately.
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This chapter is comprised of six sections including the introduction, methods, results,
ecological analysis, discussion of people‟s agency, and conclusions. The results are
subdivided into four parts. The first one presents the political economical systems of
Guatemala as root causes of social vulnerability. It is followed by the geography and
trends of vulnerability that resulted from the sensitivity and ability to recover
assessment. The third part discusses exposure in relation to social vulnerability. The
influence of globalisation on vulnerability is then explored through four sectors or
products of globalisation relevant to the areas studied. These sectors are briefly
described as well as an explanation of how they embody globalisation. Subsequently
four case studies of mountain communities are presented with emphasis on how they
illustrate the vulnerability assessment as well as the influence of globalisation on their
vulnerability levels. The analysis of the interplay between social vulnerability and the
ecological conditions, and the discussion of people‟s agency in vulnerability respond
to political ecology as theoretical framework. The conclusions are provided in the
form of a synthesis of findings answering the research questions as well as outlining
the implications of the results for disaster risk, which links the chapter to the general
dissertation.

7.2

Methods

The methods are based on the research questions but also include other analyses
that help understand vulnerability and how it relates to disaster risk trends.
7.2.1

Geography and trends of vulnerability

The assessment of vulnerability trends is mostly based on data from the two last
censuses (1994 and 2002) carried out by the National Statistics Institute (INE). As
such it is subject to errors related to the generation of the information at the national
level by a centralised institution coordinating a large number of people who
(presumably) visited every household in the country. These include errors in asking
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questions, filling in forms, data compilation, and uneven trust in the quality of the
workers who did the work. Nevertheless, the data allowed for comparisons at the
national level, which would have not been possible otherwise. Another main reason
to use the data was their availability for a point in the past, which would prove
extremely difficult if not impossible to do through a survey carried out, for example,
14 years later.

An important part of the methods was choosing a definition that would allow
answering the questions, which in this case entailed measuring it. A method by
Birkmann (2006) was used as basis for vulnerability assessment, which included the
design of an index (shown in the outline of the method in Box 7.1). The theoretical
framework that backs this method draws from the holistic approach to disaster risk
assessment and management by Cardona and Barbat (2000 in Birkmann, 2006).

Box 7.1: Development process of the Disaster Sensitivity and
Ability to Recover Index (Modified from Birkmann, 2006:64).
1. Definition of goals
2. Scoping (temporal and spatial bounds, target group)
3. Choice of indicator framework
4. Definition of selection criteria
5. Identification of potential indicators
6. Choice of a final set of indicators
7. Assembly of index model (allocation of weights to
the indicators)
8. Index computation
9. Analysis of results

According to this framework vulnerability conditions depend on the direct physical
impacts (exposure and sensitivity), as well as on indirect and perhaps intangible
impacts (socio-economic fragility and lack of resilience), of potential hazard events.
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The physical impacts are called by these authors „hard‟ risk whereas the indirect
ones are seen as „soft‟ risk. The former are defined as „physical damage‟ whilst the
latter are called „impact factor‟ by Carreño et al (2004, 2005a, 2005b; in Birkmann,
2006) in a revised version of the framework. These are referred to in this study as
hazard-dependent and hazard-independent elements, respectively.

The primary purpose of the vulnerability assessment here is to answer the question
of whether and how vulnerability in mountain areas has changed at the start of the
21st Century. It entails measuring vulnerability for at least two points in time, which
according to available data were defined as 1994 and 2002. Besides the relative
difference between those years, the assessment also helps to compare between
regions and localities. The elements at risk considered were people and their homes.

In terms of scope, the trend in vulnerability was assessed at the settlement level for
three departments (biggest political sub-national division) of Guatemala where the
Lake Atitlán region and the Matanzas river basin are found. These departments
(Sololá, Alta Verapaz and Baja Verapaz) were also used to compare vulnerability
levels in urban and rural areas. The same index and method to estimate it was used
for both years (1994 and 2002) in order to compare them through time. An improved
version of the method was used to carry out an assessment for all 331 counties
(called municipios in the rest of the chapter) in the country for the year 20028 in order
to analyse the spatial variability (geography) of vulnerability.

The vulnerability assessment was carried out through the Disaster Sensitivity and
Ability to Recover Index named the DSR Index. The main selection criteria for
indicators are that they be measured at the settlement level and that they allow

8

The two recently founded counties were not included because information about
them was not available for the years of analysis.
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comparison through time. Both criteria strongly constrain the robustness of
vulnerability assessment. Data on significant aspects of vulnerability such as disaster
risk management, governance, and social capital are not available at the municipal
and settlement levels. Analysis through time did not permit generating data which
meant that the analyses had to be based on existing data for just two years (1994
and 2002). The DSR Index could therefore be considered a proxy for vulnerability.

Authors such as Birkmann (2006) strongly oppose having availability of data as a
determinant of data used but in an assessment through time it becomes unavoidable.
For this reason, measuring vulnerability trends could be the least precise type of
assessment, especially if carried out for a large number of places. Using other
indices (e.g. GINI index) as indicators was not possible because they are not
estimated at the settlement level either.

Ten indicators were chosen to build the DSR Index (Table 7.2). A list of potential
indicators was first created based on indicators that have been used in the
vulnerability literature and other studies (Brooks et al., 2005; Kreutzmann, 2001;
O'Brien et al., 2004b; Ramachandran and Eastman, 1997; Cutter et al., 2003; Puente,
1999). The final set of indicators was chosen according to those that were available
for both 1994 and 2002 in the study areas at the settlement level. The improved
version of the index included an extra indicator (Ind4 in Table 7.3). In addition, two
indicators (Ind1 and Ind11) were evaluated differently because data for 2002 were
available in more detail.

Table 7.2: Indicators used to estimate the DSR Index for trend analysis
ID

Indicator

Metrics

Link to

Weight

vulnerability

(%)

Sensitivity

20

Hazard-dependent
Ind1

Housing

% in three categories: strong
formal house, weak formal
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house, improvised house
Ind9

People per

Average number

Sensitivity

household

15

(and
exposure)

Ind10 Dependent
population

% of the population younger than

Sensitivity

10

Ability to

10

14 or older than 65
Hazard-independent

Ind3

Economically

% of the population

Active

recover

Population (EAP)
Ind2

Proportion of men

% of men out of the total EAP

and women in

Ability to

15

recover

EAP
Ind4

Ind5

Years of

% of the population who have

schooling

completed primary, secondary or

ability to

higher education

recover

Literacy rate

% of the population who can

Sensitivity,

10

Sensitivity

5

% of households with improved

Sensitivity

5

access to water

and ability

read and write
Ind6

Access to water

to recover
Ind7

Access to

% of households with improved

Sensitivity

sanitation

access to sanitation

and ability

5

to recover
Ind8

Access to

% of households with improved

Sensitivity

electricity

access to electricity

and ability

5

to recover

Table 7.3: Indicators used to estimate the DSR Index (improved version for 2002)
ID

Indicator

Metrics

Weight
(%)

Hazard-dependent
Ind1

Housing

% in three categories: brick/blocks/concrete,

20

wood/adobe, or corrugated iron/waste wood,
plastic and other materials
Ind9

People per

Average number

10
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household
Ind10 Most vulnerable
population

% of the population younger than 5, older than

10

65 or disabled
Hazard-independent

Ind3

Economically

% of the population

10

% of men out of the total EAP

10

% of the population employed in the primary,

10

Active
Population (EAP)
Ind2

Proportion of
men and women
in EAP

Ind11 Economy and
employment

secondary and tertiary sector of the economy.
Its link with vulnerability is through ability to
recover.

Ind4

Years of

% of the population who have completed

schooling

primary, secondary or higher education

Ind5

Literacy rate

% of the population who can read and write

5

Ind6

Access to water

% of households with improved access to water

5

Ind7

Access to

% of households with improved access to

5

sanitation

sanitation

Access to

% of households with improved access to

electricity

electricity

Ind8

10

5

An additional step to the vulnerability assessment method suggested by Birkmann
(2006) is the design of the index (see Box 7.1). This entails the allocation of weights
to the indicators and how each of them is evaluated. The weights are indicated in
tables 7.2 and 7.3 for both versions of the index and the explanations of how they
were estimated will follow. As a starting point, it is argued here that it is in the
allocation of weights that a disaster vulnerability index can be differentiated from a
development index.
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Estimation of the index

A value was estimated for every indicator and then they were summed to estimate
the index. Its scale goes from 0 to 100, where the lower the value, the higher the
vulnerability and vice versa. In general, the highest value for every indicator was
thought as the least vulnerable condition for a settlement and, conversely, the lowest
value was the most vulnerable condition relatively.

As can be observed in Table 7.2 and Table 7.3, the factors were divided into hazarddependent and hazard-independent ones. The former group includes three out of ten
variables but received 45% of the weight. The reason is that the conditions or
composition of these variables for a settlement are thought to determine a disaster
impact more strongly than the other variables. For example, a settlement with a
higher percentage of weak houses would be more likely to have a higher impact than
one with fewer weak houses. Similarly, a settlement or municipio with a higher
proportion of elderly population and children would be more likely to be impacted
more strongly and to recover more slowly than otherwise. The hazard-independent
variables are those inherent to the conditions of the population which would enable
them to be impacted less strongly and recover faster regardless of the hazard to
which they are exposed.

Some could argue that the weight should then be much higher for hazard-dependent
variables. Nevertheless, the assumptions made here are not perfect because even
the conditions considered least vulnerable could be more so. For example, a
settlement where all houses are formal (i.e. built with bricks or concrete), which
would be considered the least vulnerable, could suffer a significant impact if a
number of houses were not built properly. Such was the case during the Marmara
earthquake in Turkey in 1999 (Özerdem, 1999). It could also be that a hazard (e.g.
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landslide) is so strong that even houses that were built well would collapse. For this
reason the weight allocated to these variables was higher than the hazardindependent ones but not much more.

For indicator 1 (Ind1), the percentage of houses built with the strongest materials
(category 1) was multiplied by 1 and the percentage of houses built with weaker
materials (category 2) was multiplied by 0.5. The values were added and then
multiplied by the indicator weight (20). This would mean that if 100% of houses were
built with the strongest materials, the settlement would obtain a value of 20, if 100%
were in the second category, the settlement would obtain a value of 10, and if 100%
were informal houses, built with the weakest materials, the settlement would receive
no points on that indicator. Because most settlements have different proportions
between the three categories, any value between 0 and 20 is possible. This indicator
has the assumption that all houses within each category have the same sensitivity.
However, it is well known that it is not the case, particularly in the first category,
where the planning and method of construction can render different levels of
sensitivity.

The rationale for Ind2, the proportion of men and women as part of EAP, is that the
least vulnerable population would be that where 50% of the EAP are men and 50%
are women. It would indicate, though not necessarily, that both parents are
economically active in every household and that would make them more capable of
recovering after a disaster. It also suggests a higher level of gender equality than
places where close to 100% of the EAP are men. The case where a very high
percentage of the EAP are women is not considered ideal either because it could
suggest a high percentage of female-headed households, which is not bad in itself,
but it translates into houses being supported by only one person. Hence, settlements
where 50% of EAP are men were given the highest value (15) and those where
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either 100% or 0% of EAP are men were given the lowest value (0). In order to
estimate it, the weight (15) was multiplied by the factor -4x2 +4x, where x is the
percentage of men in EAP. This factor corresponds to a function in which x=0.5
yields the highest value (1) and the rest of values tend to zero as x approaches 0 or 1.

Ind3 assumes that the ideal percentage EAP was 0.65 based on the percentage of
people between the ages 15 to 65 (working age) where there are no disproportionate
numbers of children and old people. The percentage EAP was, therefore, divided by
0.65 and then multiplied by the weight (10). A possible flaw could be that the
population who are not economically active because they are studying could have
been subtracted and hence, a lower value than 0.65 could have been taken.
However, it was not changed for two reasons: 1) there was no data on the population
enrolled in the last years of secondary school or university, and 2) in Guatemala it is
common for those students to work and study, and so they are effectively
economically active.

The indicator on years of schooling, Ind4, took as least vulnerable a population
where 50% have finished primary school, 40% finished secondary school and 10%
have been to university. The percentages for each category were divided by these
proportions accordingly; they were added and divided by three, and then multiplied
by the weight (10). This indicator is related to ability to recover because the more
years of schooling a person has, the more likely they can be given a job after a
disaster, for example. Indicator 5 assumes that the least vulnerable population would
be that with at least 80% literacy. The reason why it was taken separately is that
there are people who learn how to read and write outside school and also the fact
that, according to previous work of the researcher in rural areas, there exist people
who attended school a few years and forgot how to read and write because they
never had to do it. The literacy rate was divided by 0.8 and then multiplied by the
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weight (5). Both indicators could be related to sensitivity because literacy could give
people an advantage in disaster preparedness and also during an emergency
situation.

In indicators 6, 7 and 8, the percentage of people with access to services was
multiplied by the weight (5 each). They are common development indicators and are
relevant in vulnerability assessment because they contribute to better living
conditions such as health, which could help people withstand disaster impacts and
recover (physically) faster and they can also contribute to a lower impact during
emergency situations. The flip side of them is also that their facilities are elements
that can also be impacted during the disaster and so their conditions, location, and
failure can also be a source of vulnerability. For each indicator, the percentage of
households with access to the service (e.g. electricity) was multiplied by its weight (5).

The value for indicator 9 results from multiplying the weight (15) by the factor 1.1538
-0.0769X, where X= the mean number of people per household. The factor was
worked out from the linear equation where the minimum number of people per
household (2) is taken as least vulnerable (1.0) and the maximum number (15) is the
most vulnerable (0). It is based on the fact that human lives are the most important
element at risk and the more crowded an impacted house, the higher the vulnerability
(i.e. the more people are injured or the more lives are lost). It was given a high weight
because it is hazard-dependent.

Indicator 10 deals with dependent population, that is, those younger than 15 and
those older than 65. If seen as population who need to be supported economically
and therefore do not contribute to the economy or livelihoods in a settlement, it could
be a duplication of the percentage EAP. However, they are also people who would
not be physically as strong during a disaster and who most likely would need help.
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Therefore, the higher the proportion of them, the more vulnerable a settlement is.
The weight (10) was multiplied by the factor -1.4286X + 1.4286, where X is the
percentage of people in those age groups. The factor corresponds to a linear
equation that joins two points, (100%, 0) and (30%, 1).

The improved version of the index for 2002 had the following changes:
Since the census in 2002 provided more information on the materials used to build
houses, the categories used for the index were those on the walls and not those
about the roofs and floors. Otherwise the value for the indicator was calculated in the
same way. Likewise, the age groups were provided in more detail (i.e. every 5 years)
which made it possible for Ind10 to include only the population younger than 5
instead of that younger than 15, plus that older than 65 and disabled people. In that
way it is thought to be more accurate in representing that part of the population that
would be most sensitive during a disaster. The weight was multiplied by the factor 0.6968LnX -0.6044, where X= proportion of susceptible population. This was worked
out through trying several equations that would fit better a line passing through the
least vulnerable point (i.e. 10%) and the most vulnerable (i.e. 42%). These
percentages are based on the lowest and highest values found amongst the
settlements analysed.

The biggest change was the addition of a hazard-independent indicator (Ind11)
related to the economy and employment. The census provided information on 13
productive activities where people are employed in every settlement. They were
distributed into three categories following the concept of the sectors of the economy
(Klodt, 1997), namely, the primary sector (e.g. agriculture and natural resource
extraction), secondary sector (e.g. industry), and the tertiary sector (e.g. services).
The weight (10) was multiplied by the expression -1/550X +4/275Y, where X=
percentage of the population employed in the primary sector, and Y= percentage of
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the population in the tertiary sector. It resulted from the assumption that the least
vulnerable situation (1) would be having 10% in the primary sector, 20% in the
secondary sector, and 70% in the tertiary sector. The most vulnerable situation (0)
was assumed to be 80% in the primary sector, 10% in the secondary one, and 10%
in the tertiary sector.

In its two versions, the DSR Index sheds light on how vulnerability has changed in
settlements, not only in mountain areas but in the whole of Guatemala. Its approach,
choice of indicators, and ways of calculating the index can be widely critiqued and
debated. However, as a tool for this academic exercise it is considered useful and it
is only one way of assessing vulnerability, albeit partially because it used elements of
it. It could improve substantially with the inclusion of other elements that could be
impacted such as public infrastructure (e.g. hospitals, schools, roads) and livelihoods
(e.g. crops). Indicators related to them could be added such as number, size,
protection measures, etc. The allocation of weights to the different indicators is
undoubtedly another point of discussion and critique, and it would have benefited
greatly from expert judgement. It is presented here as one way to do it, mostly a
creative contribution and starting point.

Other indicators that would be important to include are existence of disaster
preparedness measures/plans (Villagrán-de-León, 2004), percentage of families who
have close relatives abroad, health conditions (e.g. malnutrition), house/land tenure,
access or existence of emergency facilities (e.g. hospitals and shelters), access to
information and social capital. As was previously mentioned, these were not taken
into account in the index because data were not available at the municipal and
settlement level neither for 1994 nor 2002. It is widely acknowledged that the more
comprehensive the method, the more time and resources it will require to be applied
(Wisner et al., 2004).
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T-tests were carried out to assess whether there was a statistically significant
difference between mountain municipios and non-mountain ones, and between urban
and rural areas. In the former no difference was found between the two groups since
t = 0.96 (Critical value of 1.96 at 0.05 significance level, two tails, same variance).
The t-test between urban and rural areas was estimated at the settlement level in
departments where the two regions of focus are found (Atitlán and the Matanzas river
basin). Since a difference was observed between the two regions, the t-test was
estimated for each of them. In both cases the difference was statistically significant;
in Sololá t = 4.83 (Critical value 1.68 at 0.05 significance level) and in Alta Verapaz
and Baja Verapaz t = 16.02 (Critical value 1.67 at 0.05 significance level). Equation 1
was used to estimate t.
Equation 1: Student‟s t test (Ebdon, 1985):

Where x= sample 1, y= sample 2

The definitions of urban and rural areas were taken from the census (INE, 2002a):
urban areas include cities, villas and towns (department and municipal capitals), as
well as those settlements under the category „colonia‟ or „condominio‟9 and those with
more than 2,000 inhabitants provided 51% or more households have access to
electricity and piped water. This definition entails a difference between big and small
settlements.

9

Colonia and condominio are words used to name residential areas where all the
houses are part of the same development project, within or in the outskirts of an
urban centre. Condominios are usually gated.
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A Pearson correlation was estimated to assess the relationship between vulnerability
and settlement size, and also between vulnerability and distance to the capital, both
the department and the country capital. The Pearson formula from Excel was used.
7.2.3

Case studies and influence of globalisation on vulnerability

The case studies used to understand vulnerability better and to explore the influence
of globalisation were identified through key informants from local organisations. In
both the Atitlán region and the Matanzas river basin there was strong collaboration
with non-governmental organisations that have worked many years in the areas. In
the former site the organisation works with health, education and natural resources
whereas the organisation in the latter is the administrator of the Biosphere Reserve
that big part of the basin falls within. Both were carrying out projects related to
disaster risk reduction and therefore the collaboration was mutually beneficial.
Previous work and research in the areas also helped choose the four communities.
The main reason why they were chosen is that they were considered to be located in
places that are highly susceptible to mass movements. A more detailed explanation
and critique of the choice of communities is presented in Chapter 8.

Several planning meetings with officials from the two organisations provided insights
and information about the communities. Some of these are indicated here as
personal communication. The officials (key informants) included the organisation
directors, professional and technical personnel, and field workers. The latter helped
as interpreters during the interviews at the communities as Spanish is spoken only by
a few people in each place. One of the group interviews with the authorities and civil
society representatives in San Marcos la Laguna was conducted in Spanish by the
researcher. Other interviews in this place and in Pajomel were carried out in MayaCakchiquel, the interview in Wachabajhá was conducted in Maya-Poqomchí, and
Maya-Q‟eqchí was used for the group interview in Los Angeles. This arguably limited
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strongly the analysis of how the informants answered and discussed the questions
asked. It is also one of the main reasons why the interviews were not recorded. The
other strong reason is that people feel uncomfortable being recorded, possibly as a
result of the repression experienced during the civil war.

Planning and carrying out interviews at the communities was not an easy task. One
of the main limitations was communication with the leaders. Agreeing to have these
interviews was considerably easier because it was done through people they knew
(i.e. NGO workers). Availability of personnel and resources in the two organisations
made it difficult some times. This was the case because accessing most of the
communities requires a considerable amount of time due to their remoteness, and
some of them are only accessible during the dry season (November to April).
Interviews and visits to two communities in the Sierra de las Minas were dropped. In
Santa Rosalía Mármol, a non indigenous community, the reason was that the visit
kept being postponed by the community until there was no time to do it. In San
Francisco II, another Maya-Q‟eqchí community, it was strongly advised not to visit by
a considerable number of people in the area because of high risk of being mugged
and possibly killed on the way. These difficulties experienced probably work in the
same way for the provision of services to mountain communities that would help
reduce vulnerability. Table 7.4 shows the dates of the visits to the communities and
when the main interviews were held.

Perhaps due to the level of education and the difference in culture, the amount of
information and opinions provided during the interviews in the communities were very
limited. Measuring and keeping tracks of dates and quantities of harvest, for example,
does not seem to be common practice. It could also reflect their reluctance to share
information with strangers. This could be overcome by doing a more anthropological
type of research. Participant observation, for example, would provide better chances
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to collect data because it would allow having more time in the community and gaining
people‟s trust. This was not done in this research project in the first place because it
was not the core of the research and it would have required a significant amount of
time and also because the dependency on interpreters (different ones for each
community) was a major constraint. As a result the visits and interviews in the
communities, though a crucial source of information, made a limited contribution to
the whole dissertation.

Table 7.4: Visits and interviews in the communities studied
Date
July 2006

Community and county
San Marcos la Laguna

Type of interview
Individual (municipal official), semistructured

April 2008

San Marcos la Laguna

Group (authorities and civil society
representatives), hazard mapping
exercise

26 April 2008

Pajomel, Santa Cruz la

Group (community leaders and some

Laguna

inhabitants), semi-structured interview
and hazard mapping exercise, walk
around the community with
interviewees

20 May 2008

San Marcos la Laguna

Group (authorities and civil society
representatives), semi-structured
interview

6 March

Wachabajhá, Purulhá

2008

Individual (community leader), semistructured interview and hazard
mapping exercise

7 May 2008

Los Angeles, La Tinta

Group (community leaders and most
inhabitants), semi-structured interview
and hazard mapping exercise, walk
around the community with
interviewees

Note: an example of the semi-structured interviews is provided in Appendix 10.1
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The influence of globalisation on vulnerability is explored through case studies.
Defining globalisation is a major challenge, if at all attainable, which was not intended.
Instead economic sectors that are part of globalisation and that are present in the
communities studied are used. These are tourism, organic coffee, forest incentives,
and cardamom cultivation. First an explanation of how they are part of global
movements or commodity chains is provided. Then follows a discussion of how they
have influenced vulnerability in the communities of focus. The discussion is based on
information produced/collected during visits to the communities as well as on reports
published by the organisations involved in them, both governmental and nongovernmental.

7.3

Results

As mentioned previously, this section contains four parts that together provide
answers to the research questions. The first one presents the root causes of social
vulnerability by looking at the political economy of Guatemala. The geography and
trends of vulnerability then provide the main results of the chapter and thus the
contribution to the dissertation. The third part discusses exposure in relation to social
vulnerability though chapter 8 looks at it in more detail. The influence of globalisation
on vulnerability is then explored through four sectors or products of globalisation
relevant to the areas studied and particularly the four case studies. They are briefly
described and their link to globalisation is explained. The case studies of mountain
communities illustrate the vulnerability assessment as well as the influence of
globalisation on their vulnerability levels.
7.3.1

Political economy and the root causes of social vulnerability

The political economy of the country has necessarily determined the historical and
existing levels of vulnerability. The political economic systems in Guatemala from the
conquest through to the present have resulted in accumulation of land and wealth in
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a small percentage of the population. This is reflected in the share of income or
consumption from 1992 to 2007 of 1.3% by the poorest 10% whilst the figure for the
richest 10% is 42.6% (see Table 3.1). Peasants have been evicted from land which
they or their ancestors had held for many years. Where litigation is involved the
peasant, who generally has no legal protection or formal knowledge of the country‟s
agrarian laws, has little opportunity of success against the superior legal and political
status of the landowner. The only attempt at agrarian reform was rapidly reversed
after president Arbenz‟s overthrow in 1954 (Plant, 1978; Schweigert, 2004; Dardón
and Morales, 2006).

In addition to land ownership, access to cheap labour has been essential for unequal
accumulation of wealth. The major tropical export crops like coffee, bananas and
sugar, to which most large estates have been devoted, require a substantial
seasonal labour force during harvest period. Social and economic policies have
deliberately maintained the marginal status of the peasantry in order to guarantee a
cheap labour force for them (Plant, 1978; Dardón and Morales, 2006). During the
colonial period indigenous people were allocated some sort of reservations called
„indigenous towns‟, but had to perform periods of forced labour every year on the
colonists‟ lands. After independence the reservations were abolished but forced
labour existed until 1944 (Plant, 1978; Schweigert, 2004). However, repressive
legislation was no longer necessary to provide rural labour force because highland
peasants have been forced by pure economic necessity to supplement their incomes
with seasonal labour on the estates (Plant, 1978).

Limited access to resources and power for the majority of the population has been
also connected to a long process of social exclusion and marginalisation. This might
account for a weak governmental presence and development opportunities in rural
communities. Subsistence agriculture became the main productive activity in the
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highlands (where they have been confined to) starting first in the valleys but then
moving gradually to the hillsides (Dardón and Morales, 2006). High population
density in scarce safe terrain and consequent ownership of small pieces of land; low
productivity of the (degraded) land, and a model of extensive exploitation tied to
coffee and sugar production account for a vicious circle that exacerbates vulnerability.

The structural causes of vulnerability pose a huge challenge in disaster reduction. As
pointed out before “…there is often a reluctance to deal with them because changing
them usually means altering the way that power operates in a society.” Radical
policies (such as land reform) are often required (Wisner et al, 2004). In agreement
with this, Gamarra (2003:115; my translation) expressed: “Even reconstruction
processes with large funding from international aid have not produced important
economic and political changes that result in better social and environmental
conditions. The efforts after Hurricane Mitch did not yield what was expected, not
only because of governmental actions but also because a real “reconstruction and
transformation” [author‟s emphasis] is not compatible with the neoliberal schemes
that the World Bank and the International Monetary Fund had for the region. During
Stan this conflict was also brought up by social groups as seen in Figure 7.1.

The 1960-1996 armed conflict in Guatemala inevitably had effects on social
vulnerability. First it is interesting to note that the causes of the war identified by the
Commission for Historical Clarification (CEH) include the root causes of high social
vulnerability: “Parallel phenomena such as structural injustice, the closing of political
spaces, racism, the increasing exclusionary and anti-democratic nature of
institutions” (CEH, 1999: 19). The report on the armed conflict in Guatemala by the
CEH documented 200,000 victims of arbitrary execution and forced disappearance;
200,000 refugees; one million internally displaced people (Preti, 2002). It is well
known that the places hit the hardest during the war were rural mountain settlements
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(CEH, 1999) where not only lives were lost and entire villages were wiped out but
more generally progress halted if not retreated. The end of the war generated
positive effects on social vulnerability due, for example, to a significance increase in
aid funding (Azpuru et al., 2004) and conditions that allowed economic recovery.

Figure 7.1: “Disasters such as Stan demand and will demand also: land reform”.
This was written on a wall in zone 1, Guatemala City, after a demonstration by social
movements.
7.3.1.1

(Photo by Alex Guerra-Noriega)

Globalisation and the political economy of Guatemala

Guatemala has been affected by (some forms of) globalisation arguably since the
conquest in 1524. Its economy has since been part of global commodity chains and
has depended on them particularly after independence, first through the export of
indigo dye and then (until very recently) through coffee exports (Wagner, 2001).
However, the national set of policies and laws have determined the disproportionate
distribution of benefits. For example, small coffee and cardamom growers and those
working in big plantations have remained poor throughout.
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The interaction with foreign traders and companies has also had repercussions in
national politics and history, as is well-known through the case of the United Fruit
Company in most of the 20th Century. The authors of the book Bitter Fruit
(Schlesinger and Kinzer, 1982) provide evidence of how the attempted land reform in
the early 1950s touched the interests of the company and triggered the overthrow of
president Arbenz in 1954. This brilliantly argued and well documented academic
study shows how the US government intervened in Guatemala on the grounds that
there was a communist threat in the country. As explained by the authors, these false
allegations resulted from fierce lobbying within the US government launched by two
powerful members of the US government who were shareholders in the company.
This provides an example of how an international endeavour (the fight against
communism) is used to mobilise a powerful agent (the US government) to protect
individual interests, resulting in stagnation of deplorable living conditions in a
developing country.

New governance systems internationally, however, are creating opportunities to
improve the lives of the poorest and most vulnerable. Increasing consumer
awareness concerning issues of quality, taste, health, environment, and social
conditions have created a growing demand for certified coffees (Goodman, 1999;
Rice, 2001). There is evidence that they can contribute to improving living conditions
in small communities by paying them higher prices for their produce, as will be
presented here through the case of Wachabajhá. This is supported by research in
northern Nicaragua which suggests that participation in organic and fair trade coffee
networks reduces farmers‟ livelihood vulnerability (Bacon, 2005). However, the
volumes of coffee traded through eco-labelled and Fair Trade commodity chains
remain relatively small (Bacon, 2005) and thus the extent to which they can make a
substantial difference at the national or international level is uncertain.
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7.3.2

Geography and trends of vulnerability

Mountain areas have hosted both the best and the worst living conditions in
Guatemala. The best conditions are related to the capital being always based in the
highlands and traditionally most power and wealth in the country have been
concentrated in it. On the other hand, the worst living conditions have existed in the
remote mountain villages, as illustrated by three of the mountainous departments‟
poverty levels (year 2006), namely, Quiché (81.0%), Alta Verapaz (78.8%), and
Sololá (74.6%) (PNUD, 2008). Their Human Development Indices are also amongst
the lowest in the country, 0.610, 0.623 and 0.606 in 2006, respectively (PNUD, 2008).

Social vulnerability in Guatemala is generally high but greatly variable. Figure 7.2
shows all municipios in Guatemala and their vulnerability levels as seen through the
DSR Index. The majority of them lie in the range of values between 50 and 70 in a
scale from zero to 100 (where the lower the value the higher the vulnerability and
vice versa). Overall this suggests medium to low-medium levels of vulnerability,
although a few of them present very low levels and a few yielded high levels. The
least vulnerable municipio is Guatemala – where the capital is located (DSR
Index=89.8) and the most vulnerable is Camotán (DSR Index=39.4). Vulnerability
between municipios located in the mountains (outlined with thick black in Figure 7.2)
and those that are outside them is not significantly different. The map shows that
some of the most vulnerable counties are not mountainous and also that some of the
least vulnerable ones are found in the highlands (though in big valleys). Even when
removing the latter vulnerability levels between the two groups do not have a
statistically significant difference, as supported by a student t-test.

Figure 7.2 is a tool used to compare vulnerability in all municipios in the country.
However, two main caveats need to be stressed. The first is that because it is based
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on the DSR Index it only covers some elements of vulnerability, which has been
discussed in other parts of this chapter. The second is that the map does not take
into account exposure. Colouring all municipios implies that they are all equally
exposed to a hazard (i.e. mass movements), which is not the case. For example, it
would not make sense to estimate the DSR Index for a municipio that is not exposed
to these hazards at all. Nevertheless, this study argues that both the DSR index and
Figure 7.2 are useful as an academic exercise to compare elements of (exposureindependent) vulnerability.

Figure 7.2: Disaster Sensitivity and Ability to Recover in Guatemala at the municipal
level, year 2002
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The disparities in vulnerability are even larger at the settlement level. This is
illustrated by the three departments selected for this study (Figures 7.3 and 7.4).
Whereas all municipios are found between the 35-90 range, the distribution of
settlement values in the three departments have lower values, and in the case of Alta
Verapaz, the range has much lower and higher values (range 10-100). This
observation about Alta Verapaz coincides with it having by far the highest GINI index
in the country, 0.67 (PNUD, 2008). Some of the municipios in this department are
low-lying and present the same levels of vulnerability as the mountainous ones.
There are differences also between mountain areas as can be noted by comparing
vulnerability levels in Sololá and Alta Verapaz (Figure 7.4). The former has generally
higher values and the lower values are considerably higher than those in Alta
Verapaz. The geography of vulnerability could thus be envisaged as a mosaic of
settlements with varied vulnerabilities.
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Figure 7.3: DSR Index values in all municipios of Guatemala (year 2002)
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Figure 7.4: DSR Index values in settlements of three departments of Guatemala

The DSR Index was more sensitive to some indicators than to others. The weight
allocated to them is evidently the main reason but some indicators were especially
useful in distinguishing vulnerability levels between municipios. House construction
materials, EAP and Economic Sectors, with one, two, and one indicators,
respectively, accounted for 50% of the vulnerability index. All three indicators yielded
values close to zero in some municipios and close to the top value for others. The
two indicators related to education showed more homogenous results, particularly for
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literacy levels. In this case the lowest values were just above 2 (out of 5), the vast
majority was around 3, and very few approached or reached 5. The years of
schooling were more spread out between 2 and 8 and very few counties reached the
maximum value (10). Water supply, sanitation and electricity coverage, three
indicators weighted 5 points each, showed very homogenous results related to high
coverage levels, at least at the municipal level. Most values were above 3 points for
each indicator and only for electricity there were a few municipios with values
between 1 and 2.

The number of people per household did not vary much between municipios as
virtually all values were between 7 and 9 points (out of 10). In this sense it is
probably the indicator that proved less valuable for comparison in the index. Similarly,
the indicator related to most sensitive population yielded very similar values between
the municipios. Virtually all the values are between 4 and 6 (out of 10), which might
generally indicate that all municipios share similar proportions of children under 5,
adults older than 65 and disabled people.

Vulnerability is higher in rural areas than in urban areas. In Sololá the vulnerability
index in 2002 averaged 63.5 for urban areas, compared to 55.1 for rural settlements.
The difference is far greater in the Verapaces region, where urban areas had an
average of 74.1 and in rural ones it was 44.2. The difference in the two regions is
statistically significant, as indicated by the student‟s t test. Mountain areas could be
more vulnerable than those outside them because the proportion of rural population
is higher in them (57% compared to 48%). Seen in a different way, two thirds (67%)
of the rural population are found in mountain municipios.

The percentage of the population living in urban areas is increasing (PNUD, 2008;
Lindstrom, 2003). Migration from rural to urban areas could be seen as a factor that
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is driving the decrease in vulnerability levels in the country. This is because (big)
urban areas have better access to health, education, higher income, and other
elements that result in lower vulnerability. Figure 7.5 shows the changes in urban and
rural population, and although they keep converging, the rate is not as fast as it was
from 1950 to 1975. At the start of the 21st Century there still are more people living in
rural areas (60%) than in urban centres (40%). A further discussion of migration to
urban places in relation to disaster risk is presented later on.
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Figure 7.5: Trends in urban and rural population in Guatemala
(based on PNUD, 2008)

Vulnerability could be correlated with distance to main towns and cities. Informal
conversations with NGO officials and inhabitants in the mountain communities
studied indicated that the further a village was from the department capital or country
capital, the harder it was to receive public services such as schools and healthcare.
In order to test the relationship between vulnerability and distance the Pearson
correlation coefficient was estimated. A negative correlation was found between
vulnerability and the distance both to the department capital and to the country‟s
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capital, that is, the longer the distance, the higher vulnerability. The r value in both
cases was -0.49.

Figure 7.6 shows that towns within 23km from their department capital have
vulnerability values (roughly) between 70 and 90. They then decrease gradually and
if further than 40km their values are between 60 and 80. Likewise, if settlements are
within 50km from the country‟s capital, their vulnerability values are roughly between
75 and 90. Most towns located more than 100km from the capital have values
between 60 and 85. The fact that the correlation found is not strong may be due to
the fact that only municipal capitals were taken into account.
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Figure 7.6: Correlation between vulnerability and distance to main urban centres
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The correlation could be much stronger if analysis were carried out with small
settlements, in which case the type of road would need to be considered. Given that
topography in mountain areas does make physical access to settlements therein
more difficult, distance (in time and space) to them surely determines higher
vulnerability levels. However, this could not be proven here due to lack of data (i.e.
distance to mountain settlements).

Vulnerability in mountain settlements is somewhat related to population size. In
general, settlements with less than 3000 inhabitants have higher vulnerability levels
than bigger ones. However, they vary greatly in vulnerability levels showing both the
lowest index values as well as the highest ones. The latter correspond to small
settlements located very close to or within the department capitals (colonias and
condominios). Figure 7.7 shows settlement size plotted against vulnerability index in
Alta Verapaz (AV), Baja Verapaz (BV), and Sololá. In AV and BV settlements with
more than 3,000 inhabitants show values higher than 45, and most of them are
higher than 60. In the case of Sololá, settlements with more than 3,000 inhabitants
have vulnerability index values higher than 55.

Social vulnerability in mountain municipios of Guatemala is decreasing. This is what
the results here indicate based on the data used and the design of the DSR Index.
As seen in Figure 7.8, vulnerability decreased in virtually all municipios between
1994 and 2002. Most municipios in Alta and Baja Verapaz showed increases
between 10 and 15 points of the index, from the range 45-65 to the range 60-80. In
Sololá the increase was generally around 10, from the range 60-70 to 70-80, with a
couple of municipios (Panajachel and San Pedro la Laguna) considerably higher than
the rest.

157

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

Alta Verapaz and Baja Verapaz
100
90

DSR Index value

80
70
60
50
40
30
20
10
0
0

5000

10000

15000

20000

25000

30000

population size

Sololá
100.0
90.0

DSR Index value

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
0

5000

10000

15000

20000

25000

population size

Figure 7.7: Correlation between vulnerability and population size

Some indicators changed more than others and thus contributed more to reduce
vulnerability. The indicator that increased remarkably (on average 73%), and hence
contributed to the overall rise in the index, was access to sanitation. Other indicators
that also improved substantially (between 18 and 30%) were proportion of women
and men in the economically active population, literacy levels, access to water and
access to electricity. All are hazard-independent indicators. Indicators that improved
only marginally (10% or less) were type of housing, proportion of economically active
population and years of schooling. Two indicators yielded in general negative
changes, namely, number of people per household and proportion of most
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susceptible people (children and the elderly). Both can be hazard-dependent and if
coupled with higher exposure levels would entail higher vulnerability overall.
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Figure 7.8: Vulnerability change in mountain municipios from 1994 to 2002

Vulnerability at the settlement level is also decreasing. In 101 settlements in the two
municipios that comprise the Matanzas River basin in the Sierra de las Minas the
DSR Index average went from 43.3 in 1994 to 55.5 in 2002, the minimum value went
from 26.7 to 30.7 and the maximum value changed from 72.2 to 80.9. Those
settlements with the highest values showed in general the smallest changes, as was
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the case at the municipal level. Only in 7 settlements the index value decreased. In
Sololá (the Lake Atitlán region), similar trends were found. The vulnerability average
went from 62 to 69.7, the minimum value changed from 40.7 to 46.4, and the
maximum value went from 82.3 to 87.6. Even though vulnerability is lower in this
region, 46 out of 293 settlements showed negative changes. The change patterns in
individual indicators were virtually the same as those observed at the municipal level.

A crucial factor or indicator that is missing in the vulnerability index is disaster
preparedness. Even if a settlement were classified as having extremely low
vulnerability, lack of early warnings and emergency plans, for example, would result
in a higher impact than otherwise. Recent events such as Hurricane Stan in 2005
showed that this was a weakness as the response from the government was slow
and, in some cases, it never arrived (Dardón and Morales, 2006). Measuring this
factor is probably not difficult to do at the municipal level but it is not possible to carry
it out based on existing national information (e.g. censuses). It would require
generating it, which would need agreeing on definitions and procedures to collect
data.

If the index were used to assess vulnerability to a specific hazard that affects only
part of a settlement (e.g. debris flow), it would require tuning the hazard-dependent
indicators. For example, wooden and adobe houses would be better lumped with
improvised houses as they are not strong enough to withstand debris such as that
which affected Panabaj in 2005 (Connors et al., 2006). However, the assessment for
points in the past would be limited because it would be extremely difficult to know the
population exposed and their living conditions. One way to adjust the vulnerability
index based on hazard exposure could be to multiply it by the proportion exposed as
a percentage. For example, if the DSR index for a place is 78.2 but only 30% of its
population is exposed to a hazard, its total vulnerability could be 78.2x0.30= 23.46. It
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could be a way to estimate the level of disruption in the settlements and to prioritise
disaster reduction actions. Some precision in vulnerability measurement would
inevitably be lost, however. The error would be particularly high in big urban areas
where social conditions are highly heterogeneous and people living in the most
dangerous areas are usually the ones with the highest vulnerability.

The end of the civil war and foreign aid related to it are some of the main factors for
the reduction of vulnerability observed. The war ended in 1996, between the two
years for which vulnerability trends were assessed (1994 and 2002). In the postconflict period capital started flowing to the country as foreign aid. The annual
average of aid funding rose from US$200 million in the period 1990-1995 to US$600
million in the period 1996-2002 (Azpuru et al., 2004). These were channelized
through countries‟ development agencies as well as international organisations and
were invested on 1) growth, stability and competitiveness; 2) Social protection,
equality and human development; 3) Natural resources and environment; and 4)
modernisation of the state (Ibid). Globalisation can be seen to have influenced
vulnerability reduction not only through the funding but also through accompaniment,
the values, and priorities supported.

The contribution from national and international non-governmental organisations
could also be playing a role in vulnerability reduction. Non-governmental
organisations working in the area of international development are one type of actor
frequently identified as part of an evolving global civil society (Macdonald, 1994).
7.3.3

Exposure

As pointed out in the literature, the proportion of people and the elements at risk in a
settlement depends on the type of hazard as well as its intensity. A vulnerability
assessment (of that population exposed) in a settlement would therefore require a
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detailed evaluation of the areas potentially affected by a hazard. The vulnerability
assessment thus far has been carried out at the settlement and municipal levels
taking them as being exposed throughout each unit. That is valid in the case of
earthquakes, for example, which can hit (shake) entire settlements in virtually the
same way. It also facilitated the analysis in a large number of municipios and
settlements for which mapping exposure to other hazards individually would have
been impossible. However, since this dissertation deals with climate-related disasters,
analysis of exposure to hazards related to extreme rainfall in mountain areas and
how it relates to vulnerability is essential. The hazards of interest are mass
movements (mostly debris flows and shallow landslides) and floods.

Safe locations are scarce in mountain areas and people apparently settle first in the
safer places moving eventually into more and more dangerous ones. This can be
illustrated by the two biggest alluvial plains in the Lake Atitlán basin, namely,
Panajachel and El Jaibal. The former has existed since the 16th Century (Gall, 2000),
but it became one of the main towns only in the 20th Century. Historical accounts
describe it as a place with scattered houses between vegetable gardens and crops
(Gall, 2000). The present style of construction arguably initiated in relation to tourist
infrastructure in the western end of the valley (furthest from the river), as shown by a
photograph from the beginning of the 20th Century taken by Muybridge, of which a
local NGO has a copy. Through time it reached the present state, where a
considerable amount of people live in the riverbed, which was severely impacted by
the flood during Hurricane Stan in 2005 (Figure 7.9).

El Jaibal seems to have started the same process in the past decade. It is an alluvial
valley of similar size to that where Panajachel is located. New houses have been
built in the floodplain but as far as possible from the river on both sides. According to
information provided by local NGO officials a Member of Parliament encouraged
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people to settle in the northern side of the valley and commissioned the installation of
electricity for them. Nobody was affected yet, but should the process of occupation
continue unregulated and unplanned, a disaster will take place in the next event with
the intensity of Stan.

Figure 7.9: Aerial photograph of Panajachel and area
affected by the flood during Hurricane Stan

Large valleys such as those where the two most important cities in the country are
located, Guatemala City and Quetzaltenango, can accommodate a numerous
population before some start living in the more dangerous sites. Availability of land to
inhabit does not depend only on its physical existence but often on its affordability.
The Guatemala City metropolitan area is by far the most important destination for
urban bound migrants from rural areas (Lindstrom, 2003). Hence it is important to
examine how this migration relates to increased exposure and disaster risk more
generally.
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The increase in exposure in urban centres can be seen through informal settlements
or slums in the capital. These places are usually located in hazard-prone areas by or
on the slopes of the multiple ravines that surround the capital and neighbouring
municipios. Houses are normally built with cardboard, corrugated iron, wood and any
other material available in the first years and they only improve gradually if people
feel that they are not going to be forced to leave. These are therefore, people at risk
with weak houses, which adds to their general vulnerability. According to the 1994
and the 2002 censuses, people living in informal settlements in the metropolitan
municipios10 increased from 27,337 to 85,861, and the number of slums increased
from 16 to 51. In both cases the increase was 300% and the number of inhabitants
per slum remained virtually the same (around 1700). It is important to consider the
slums because they are arguably the main destination (though not the only one) for
rural migrants.

DSR Index values in slum areas are lower than that of rural settlements. The mean
DSR Index for the slums was estimated at 68.2 (range 45.3-85.7), compared to a
mean of 45.9 (range 17.7-87.7) in rural settlements in Sololá, Alta Verapaz and Baja
Verapaz. This suggests that people migrating to urban areas from the rural areas are
more likely to live in less vulnerable conditions (after a while). These findings agree
with the argument by Cross (2001, in Birkmann, 2006:37) that small cities and rural
communities are more vulnerable to disasters than megacities. This is also because
the latter are more likely to have the resources needed to deal with the hazard and
disasters, while in smaller cities and rural communities these capacities do not exist.

10

Those in the municipio of Guatemala were not taken into account because details
about them were not provided in the 2002 census.
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An advantage that rural settlements have that slums do not is access to forest
products. They can be in general an important element and also after a disaster
event. A previous study (Guerra-Noriega, 2006) showed that up to 88% of families in
the Atitlán settlements depend on those resources and that they were important after
Hurricane Stan in 2005.

Increased exposure through bigger numbers of people living in metropolitan slums
may not be increasing risk substantially. In 1994 this population accounted for 1.45%
of all the population living in the municipio of Guatemala. Given that, as indicated
above, the percentage has increased thus enlarging the population exposed, risk
levels in the capital are increasing. Nevertheless, given that it is a small percentage
of the population, if taken as a unit in the way that was done in the 2002 census; the
capital would still show a very low value if vulnerability is divided by the percentage
exposed. The percentage of the population living in slums varies greatly, however,
according to different definitions. For example, UN-HABITAT (2007) defines a slum
household as:
“a group of individuals living under the same roof in an urban area who lack
one or more of the following: 1) Durable housing of a permanent nature that
protects against extreme climate conditions; 2) Sufficient living space which
means not more than three people sharing the same room; 3) Easy access to
safe water in sufficient amounts at an affordable price; 4) Access to adequate
sanitation in the form of a private or public toilet shared by a reasonable
number of people; 5) Security of tenure that prevents forced eviction.”
Based on that, their estimate of people living in slums in Guatemala (for 2002) is 62%
(UN-HABITAT, 2010), which is significantly different and would result in much higher
vulnerability levels.

If, on the one hand, disasters are understood as the disruption of normal life in a
society or community, an exposure percentage of 1.45% would hardly generate a
disaster in Guatemala City taken as a whole. But if, on the other hand, the loss of
many (tens and above, as defined by CRED, 2008) human lives in a single event is
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considered a disaster then disaster risk is definitely increasing because of increased
exposure in slum areas in the metropolitan area, even at that small percentage, let
alone at that estimated by UN-HABITAT.
7.3.4

Vulnerability case studies and the influence of globalisation

Defining globalisation comprehensively is not attempted here. Instead, forest
incentives, tourism, cardamom and coffee production, sectors that are deeply
influenced by globalisation or that are a product of it will be used as examples of how
integration into global markets may affect vulnerability. The role that globalisation
may be playing in shaping disaster risk is explored here through the cases of four
mountain communities. They also illustrate the previous discussion and findings on
trends in vulnerability. These communities are also an important part of the analysis
in chapter 8.
7.3.5

Sectors and products of globalisation

7.3.5.1 Cardamom exports
Cardamom (Elettaria cardamomum Fam. Zingiberaceae) is a crop originally from
India and Sri Lanka (Ministerio-de-Agricultura-de-Costa-Rica, 1991) that was
introduced to Guatemala in 1917 by a German farmer resident in Guatemala
(Champney-Zúñiga, 2007). By 1936 it was being exported (ibid). It grows in places
with annual precipitation higher than 1500mm and a dry season no longer than three
months. It is normally grown under shade at altitudes of 800 to 1300m asl, with mean
temperatures between 18 and 22 degrees (Ministerio-de-Agricultura-de-Costa-Rica,
1991). In Guatemala those conditions are found in parts of the departments of
Quiché, Huehuetenango, Izabal, Baja Verapaz and Alta Verapaz. Cardamom is
cultivated in all of them though most of the production comes from the latter (MAGA,
2007).
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Guatemala is the biggest exporter of cardamom in the world, with a mean annual
production of 21,577 metric tonnes that are exported to the Middle East (mainly
Saudi Arabia), India, Pakistan and Singapore (MAGA, 2007). In the Middle East
cardamom is mixed with coffee, making it aromatic and offsetting the effects of
caffeine, which contributes to the acceptance of coffee in Islam (Ibid). Cardamom
demand might be growing as a result of the expansion of coffee shop chains,
particularly in Saudi Arabia (ibid).

In Guatemala it is grown mainly in small family-owned farms. The exporters include
private companies and cooperatives (MAGA, 2007). Small producers who are not
affiliated to a cooperative sell their produce to intermediaries who carry out the drying
process and then sell it to the exporters (Fernández, quoted by Reynolds, 2009).
According to the MAGA report (2007:21) some small producers receive 11% of the
produce value in the importing countries.

Cardamom is part of an international market that links some of the poorest and most
disaster vulnerable places in Guatemala to a region in the world that is culturally very
different. It is a manifestation of globalisation. Whereas it provides an opportunity
(one of few) to earn an income in those remote places, the conditions do not seem to
have made a huge difference for the standard of living (of the producers) in the area.
7.3.5.2 The forestry sector in Guatemala and forest incentives
Forestry is a sector that has had a high level of priority internationally. The main
reason is the concern for the drastic reduction of forests, particularly in tropical
countries. FAO has been in charge of promoting it in key areas of the world and,
amongst other things, has worked in the planning and implementation of national
forestry plans. Guatemala is one of the target countries and the forestry plan involved
the creation of a Forestry Law, National Forest Policy, an autonomous and
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decentralised forestry institution as well as policy instruments (MAGA et al., 1999;
Birner and Wittmer, 2006). A key element of the law and policy was the creation of a
forest incentive programme that had as main objective encouraging sustainable
forestry in Guatemala (INAB, 2008). The law mandated the allocation of 1% of the
national budget for reforestation and management of natural forests, mainly for the
production of timber and other forest products (Organismo-Legislativo, 1996;
Ferroukhi, 2003). The programme has been successful in that it has thrived through
three governmental administrations since 1996 and up to 2007 it had achieved
73,416 hectares of tree plantations and 137,063 hectares of managed forests for
production and conservation (INAB, 2009).

One of the main requirements to access forest incentives is having the ownership
title of the land (Junta-Directiva, 2007). It is a necessity given the nature of the
forestry sector (i.e. investment in the long run) but it poses a major limitation for rural
communities as usually they do not have one individually or collectively.
Nevertheless, some communities such as Wachabajhá have had access to a land
title through a land registration programme or have made special arrangements with
their municipalities to have the land leased and receive titles for it.

Another key requirement to access the funding provided by the government, against
field verification of the existence and good state of the reforested or managed area,
is an assessment of the potential land use indicating that the land is suitable only for
forestry (Organismo-Legislativo, 1996). Suitability for forestry takes into account
mainly shallow soils and steep slopes, although it can also consider the
concentration of boulders and stones as well as drainage (INAB, ?). There are seven
different matrices, one for each main geological landscape of Guatemala, that
indicate the categories of land use capacity according to the combination of physical
characteristics (INAB, ?). As a result, most land that is eligible for forest incentives is
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found in mountain areas. Owning land that is normally less productive, therefore,
becomes an advantage for mountain dwellers (and landowners).

The forestry sector in Guatemala has been transformed as a result of international
(global) priorities, concerns, institutions and financial support.
7.3.5.3 Organic coffee
Coffee was introduced to Guatemala by Jesuit monks as an ornamental plant in the
18th Century but it was not until the first half of the 19th Century that it was identified
as a potential substitute for indigo dye as an export product as this was declining
mainly due to the invention of synthetic dyes (ANACAFÉ, 2004). The government
encouraged coffee cultivation from the 1830s and the first time coffee was exported
was in 1859 (Ibid). The Liberal government from the 1870s onwards set out to make
coffee production the main element for the country to progress. Their project included
the encouragement of European migrants with a business mind-set, provision of
access to land, credit, labour and the development of infrastructure (railway, roads
and ports), all of which contributed to making coffee the main source of income for
almost 150 years (Wagner, 2001).

Coffee at some point represented around 35% of Guatemala‟s exports and
contributed 12% of the GNP, employing more than 10% of the work force for
decades (Roux and Camacho-Nassar, 1992). People involved in this market included
producers, harvesters (cherry pickers), intermediaries, cherry and bean processing,
and exporting. Small producers (less than 40 sacks per year) comprised 65% of all
producers but only 5% of the total production whereas large producers (0.9% of
producers) were responsible for 80% of the harvest (Roux and Camacho-Nassar,
1992).
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In Guatemala coffee is grown widely in altitudes between 400 and 1700m asl (though
mainly in the higher end) and annual precipitation between 1200 and 5000 mm. The
high variation of altitude, humidity, temperature and soils result in quite a large
variation in flavour and quality, though most is considered of very high quality (Roux
and Camacho-Nassar, 1992). All coffee is grown under shade; normally lines of
coffee shrubs are alternated with lines of trees, which in turn are a source of firewood
and/or fruits (e.g. avocados).

Organic coffee is one of the categories of eco-labelled coffees and it is probably the
most widespread of organic products and most important sector where „sustainability‟
certification has been applied (Muradian and Pelupessy, 2005). By being categorised
as organic, it involves the reduction of environmental impacts by encouraging the use
of natural fertilisers and pesticides instead of chemical ones. Since higher uncertainty
is brought to coffee cultivation or usually yields are lower, the grower is compensated
(or incentivised) by receiving higher prices for their produce. The growers need to
comply with certain standards, which often include good social performance
(Muradian and Pelupessy, 2005). Other specialty coffees include those fair trade and
bird-friendly, which are not mutually exclusive (45% of organic coffee was also
certified as fair trade). The verification of standards (certification) can be done by first,
second or, mostly, third parties (Ibid). Certified sustainable coffee represents only 1%
of the global coffee market (ibid).

The importance of organic coffee in Guatemala has risen particularly after the coffee
crisis in the early 2000s. It offered an appealing alternative not only to big producers
but also to small ones after prices plummeted. Small growers have received
assistance by companies, organisations that promote the certification schemes, and
also by national and international environmental organisations such as Rainforest
Alliance and The Nature Conservancy.
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Coffee is a global commodity chain, which is a border-crossing value adding network
of labour and production processes whose end result is the use of it as a finished
commodity (Gereffi and Korzeniewicz, 1994). It is a significant one because it is the
second most traded commodity after oil (Fitter and Kaplinsky, 2001). It provided a
good example of how hard globalisation can impact small farmers (e.g. coffee
producers) during the coffee crisis at the start of the century (Eakin et al., 2006). The
effects in Central America include a decline in revenue from coffee sales of 44% in
just one year (1999–2000), rural unemployment and related increased poverty,
malnutrition and migration (Eakin et al., 2006).

Coffee was the backbone of the economy in Guatemala and it has benefitted rural
dwellers, especially in mountain areas by providing another source of income.
However, the way that the international market has worked and the national system
of coffee production have been related to high levels of poverty and vulnerability for
most small growers and workers. Eco-labelled and fair trade coffee markets, which
entail globalised social and environmental concerns, are providing opportunities for
those people to benefit more than usual and thus, reduce vulnerability.
7.3.5.4 Tourism
According to the United Nations World Tourism Organisation (UNWTO) tourism has
become one of the fastest economic sectors in the world, equalling or surpassing the
commerce volume of oil exports, food products or automobiles (UNWTO, 2009).
From 1950 to 2005, international tourism arrivals increased at an annual rate of 6.5%,
growing from 25 million to 806 million travellers. It is one of the main elements in
international trade and represents one of the main income sources for numerous
developing countries (Ibid). Tourism is an intricate component of globalisation
(Martain-Haverbeck, 2006) and it could be seen a symbol of globalisation because it
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involves the mobilisation of people across the planet. It is an industry that requires a
global infrastructure that includes transportation and communications, with significant
economic implications both for the origin and destinations of the tourists.

Whereas the importance of tourism for the world economy is indisputable, concerns
about its negative impact on local environments and cultures have been raised
continuously. This is part of the reason why the UNWTO exists and works on “…
promoting the development of responsible, sustainable and universally accessible
tourism, paying particular attention to the interests of developing countries.” (UNWTO,
2009).

Ecotourism is a major development fostering ecological, socio-cultural, and economic
tourism sustainability (Blamey, 2001). A subset of ecotourism that recognises the
need to promote both the quality of life of people and the conservation of resources is
community-based ecotourism (Scheyvens, 1999:246). Although this type has the
potential to increase the benefits of tourism to local people, it is acknowledged that
the large majority of projects are initiated, planned or managed by actors outside the
communities and that failure rates within community-based ecotourism projects are
as high as 90 percent (Miller, 2008).

Tourism has been one of the main sources of income for Guatemala in the past two
decades. In 1987 it provided 15% of export earnings with US$102 million and it
increased to US$276.6 million by 1995 (22.3% of export earnings), contributing
6.55% of the GDP (Segura and Inman, 1997). Tourism revenue then increased
dramatically due to the end of the civil war (Miller, 2008) and might have contributed
in some places to decreases in vulnerability.
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Case studies

7.3.6.1 San Marcos la Laguna
Located on the north-western shore of Lake Atitlán, it is one of the smallest
municipios in the country. Its population size according to the 2002 census is 2,238
inhabitants and its land area is twelve square kilometres, which makes it land-scarce,
particularly considering that less than half the land is cultivable (Becker, 1998; INE,
2002a). Nearly all inhabitants (97.4%) are indigenous Maya-Cakchiquel. In San
Marcos, as in other towns located on the shores of the lake, there are settlers who
own businesses related to tourism, permanent houses or weekend retreats, and have
come from abroad or from Guatemala City (Becker, 1998).

The history of San Marcos has been shaped by floods and mudslides. According to
the Mayor, elderly people from San Marcos tell of an event happening in 1949, when
“the river passed through the same places where it did now [October 2005]” (UNDP
and SEGEPLAN, 2006). Due to a “horrible inundation” in 1724 the town was
relocated from the place called Jaibalito, to its present-day site. The most recent
relocation happened in 1881 due to a flood that destroyed the town when it was
situated at the valley floor where most damage happened during Stan. The families
moved to the mountainous flanks surrounding it where two of the three barrios are
currently located (Becker, 1998; Consultores-Integrados, 2004).

The improved DSR Index in 2002 for San Marcos LL was estimated at 62.8, which is
about average for the department of Sololá but slightly higher than the neighbouring
municipios. What this value entails according to the indicators is: 1) 24% of houses
are in the strong category (block) and 70% are in the middle one (adobe); 2) 77% of
the EAP is comprised of men and 23% are women; 3) 35% of the population is
considered economically active; 4) 50% of the population is employed in the primary
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sector of the economy, 21% in the secondary sector, and 29% in the tertiary sector; 5)
61% of the population older than 7 years have attended primary school, 7% have
completed secondary school, and 1% have completed university; 6) literacy is 70%; 7)
98% of people have access to water; 8) 67% have access to sanitation; 9) 87% have
access to electricity; 10) there are 4.3 people per household; and 11) 21% of the
population is in the most susceptible category (younger than 5 years, older than 65
years, or disabled).

Income and livelihoods in San Marcos la Laguna illustrate the nature of vulnerability
in mountain areas. Poverty levels are amongst the highest in the country (82.3%
under the poverty line and 26.2% under the extreme poverty line). A survey carried
out recently (Guerra-Noriega, 2006) revealed that income is far lower than the
thresholds defined internationally; US$67.2 per capita per year, compared to US$365,
the extreme poverty line. However, measuring it is an extremely difficult task because
income fluctuates significantly from month to month or even week to week and
people do not keep track of their earnings. Paid labour is seasonal and the number of
days varies from year to year. Another reason is that there is no monetary value
assigned to goods produced in the home (e.g. fruits and avocados) or extracted from
forests nearby (firewood, edible herbs).

Evidence of increased exposure due to poor planning (or lack of it) was found in San
Marcos la Laguna. Well known as an area exposed to floods that contain large debris
(e.g. boulders and tree trunks) through past experiences, Barrio 3 in San Marcos la
Laguna is an alluvial fan where people have (re)settled in the past decades. The
main school, the library and the town‟s church were built in this area and were
heavily impacted during Hurricane Stan in 2005. Exactly the same happened across
the lake in Panabaj, where a police station, a school and a small hospital were built in
the landslide fan at the foot of two large volcanoes. The presence of these buildings
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in such areas is evidence of the lack of planning by the authorities, both local and
national ones.

Community leaders interviewed in San Marcos la Laguna and Panabaj pointed out
that the construction of the facilities encouraged people to move near them. A
municipal council member interviewed in the former also added that part of the
reason why people have moved to Barrio 3 is that after the main road was paved, the
area became an attractive location to settle and start businesses for locals and
tourists. There is indeed a high concentration of them in the alluvial fan, most of them
related to tourism. The issue is not only that key facilities in dangerous sites
contribute to placing more people at risk but also that their loss is a major source of
vulnerability for the entire community.

Vulnerability in San Marcos la Laguna is decreasing as suggested by the DSR Index.
The index changed from 67.4 to 77.4 between 1994 and 2002. Over half of the
improvement is due to a more equal ratio between men and women in the EAP.
Other indicators that contributed positive values were quality of housing, access to
sanitation and access to electricity. Only the percentage of dependent population
showed negative changes in that period. The change in vulnerability is representative
of municipalities that belong to the Department of Sololá.

Tourism is an element of globalisation that may be affecting vulnerability substantially
only in few places of the Lake Atitlán region. Lake Atitlán is the second main
international tourist destination in Guatemala, receiving 17% of all visitors annually
(Wallace and Diamente, 2002). The presence of tourism is evident all around the
lake though most facilities (hotels and restaurants) are concentrated in two towns,
Panajachel and San Pedro la Laguna, particularly in the former. These are also the
two towns with the lowest vulnerability levels in the department and are amongst the
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lowest in the country. With a value of 81.6, Panajachel ranks 11 amongst the 331
municipios. However, in other places like San Marcos la Laguna that are tourist
destinations vulnerability has not decreased in the same way. Most small villages
around the lake do not seem to benefit from tourism at all as their vulnerability levels
suggest.

This is a topic that needs researching in detail because tourism projects, particularly
community-based ecotourism, are being promoted widely by organisations such as
The Nature Conservancy (TNC, 2009) hoping to improve the standard of living in
rural settlements, which might become just wishful thinking and potentially just a
waste of time and energy for locals.
7.3.6.2 Pajomel
Pajomel, a small rural settlement of 396 inhabitants, all indigenous (MayaCakchiquel), that illustrates the lowest DSR Index values in the Atitlán region. It is
located at 2066m asl in Santa Cruz la Laguna, a municipio amongst the poorest in
the country (SEGEPLAN, 2006) and with the highest levels of chronic infant
undernourishment (UNICEF, 2007). It is also in the 15% most vulnerable municipios
in Guatemala (DSR Index= 50.2). The vast majority of the population practises
subsistence agriculture, growing mostly corn and beans.

The improved DSR Index for this community (45.1) is as low as the other
communities in Santa Cruz la Laguna. It entails the following: 1) 88% of houses were
built with adobe, 9% with wattle and daub (bajareque); 2) 94% of the economically
active population are men; 3) 29% of the population is economically active; 4) 91% of
the population is employed in the primary sector, 8% are in the secondary sector,
and 1% in the tertiary sector; 5) 27% of the population older than 7 have attended
primary school and less than 1% have gone any further; 6) only 29% of the
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population know how to read and write; 7) 100% of households have access to water;
8) 97% have access to sanitation; 9) 96% have access to electricity; 10) there are on
average 4.7 people per household; and 11) 22% of the population is younger than 5,
older than 65 or disabled.

The foundation of Pajomel was the result of a disaster. The group interview in the
community revealed that people who founded Pajomel left the settlement
downstream called Tzununá after it was destroyed by a hurricane in 1949. They
decided to move to a place higher up that would be safer to inhabit than the plains by
the lake. Even though their high level of vulnerability could be related to their moving
to a more remote place, exposure was drastically reduced and it was not directly
impacted as people in exposed places by the lake in 2005.

The high DSR value in Pajomel could be related to their location far from the main
towns. In order to arrive at Santa Cruz la Laguna, where the municipality is found,
people need to walk five kilometres in steep terrain to Tzununá and then take a boat
(Gall, 2000). Even if they had surplus production to sell, the size of the neighbouring
villages and their level of poverty would not make it easy for them to benefit. Access
to Sololá, where the most important market in the area takes place once a week, is
not easy either. This illustrates the difficulties faced by inhabitants of small mountain
villages. However, the 100% access to water of good quality is due to their location
too, showing also advantages of mountain places.

Vulnerability (as hinted by the DSR Index) in Pajomel is decreasing slowly. It
changed from 60.3 to 64.5 between 1994 and 2002. The indicators that caused the
overall improvement are quality of housing, access to sanitation and access to
electricity. Indicators that worsened in that period include the proportion of EAP in the
population, people per household, and proportion of dependent population. Very
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similar rates of increase in DSR Index were observed for the other communities in
the same municipio but not to communities in other municipios close by. This
suggests that the causes of modest improvement are related to actions (or inaction)
at the municipal level rather than at the community level.

Pajomel does not participate in the tourism sector. Its location far from the shores of
the lake and its difficult access lend it disadvantages to benefit at all from tourism. In
the same way that access for them out of the community is difficult, access for
tourists to reach the community is hard and the incentives are very low as they prefer
the lake shore. Globalisation, thus, does not affect the vulnerability of Pajomel in
either positive or negative ways through tourism.
7.3.6.3 Wachabajhá
Also known as Guaxabajá, it is a rural settlement in the Matanzas river basin, and it
provides a remarkable example of a community where vulnerability and exposure are
decreasing because of globalisation and community agency. It is located at 1136m
asl, has a population of 276, all indigenous (Maya-Poqomchí). It was founded some
150 years ago, according to the community leader who was interviewed.

The vulnerability profile (DSR index= 36.9) of Wachabajhá is the following: 1) 32% of
houses were built with concrete (i.e. strongest material), 27% are wooden houses,
and 40% were built with weaker materials; 2) 94% of the economically active
population are men; 3) 20% of people older than 7 are economically active; 4) 100%
of people are employed in the primary sector; 5) 40% of people older than 7 have
attended primary school and nobody has a higher level of education; 6) Literacy
amongst people older than 7 is 40%; 7) 92% of households have access to water; 8)
97% have access to sanitation; 9) 14% have access to electricity; 10) there are on
average 7.4 people per household; 11) 27% of the population are younger than 5,
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older than 65 or disabled. Even though this profile does not represent the highest
vulnerability levels in the Matanzas river basin, it is a very high level. However, a
discussion of how it is not as vulnerable as it appears (anymore) is presented here.

The community leader in Wachabajhá indicated that exposure to hazards in rural
settlements is driven by population growth and scarcity of safer locations. When
asked about disaster risk in the future he said (translated from Maya-Poqomchí): “...it
is going to be worse because the population is going to be bigger. More land will be
needed and so more forest is going to be cleared and more crops will be at risk.
Furthermore, sites to build houses are not going to be chosen and it will be
necessary to use dangerous land...”. According to him although they have not
reached that stage, landslide susceptibility in their community is still high and
consequently there are high exposure levels.

Poor government planning that increases people‟s exposure to hazards was also
found in Wachabajhá. The same interviewee told of a school built by the government
on the side of the river opposite the community. During the rainy season, he
explained, crossing the river was dangerous for children and they decided not to use
the school but to build one with their own resources in a safe place. Exposure,
therefore, was avoided by the community‟s agency.

The DSR Index for Wachabajhá is decreasing rapidly. It changed from 26.7 to 51.6
between 1994 and 2002. All except of one of the indicators showed positive changes.
The indicators that account for significant changes were quality of housing, access to
water and sanitation, proportion of men and women in the EAP, years of schooling,
literacy rate, and number of people per household. Only the proportion of EAP in the
population decreased. The change of 24.9 points in the DSR Index is amongst the
highest in the country.
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Vulnerability and exposure in Wachabajhá may be decreasing because of diversified
sources of income; all from globalised activities. Like other communities in the
Matanzas river basin, they have cultivated cardamom, which they sell to
intermediaries who have collection points at the bottom of the valley. It is then
exported in large quantities. Another important source of income in recent years has
been the forest incentives provided by the government, in the category of
reforestation. Organic coffee is the other source of income, which gives them a
higher price (up to twice as much as the normal price) and an extra bonus. In
addition, they grow corn and beans for their own consumption. Increased income
from the forest incentives, the interviewee shared, has helped them retrofit their
houses and purchase solar panels (all houses had electricity at the time of the visit in
2008), which would result in a higher vulnerability index value (i.e. lower vulnerability)
if assessed for that year. What is more remarkable is that they are aware that they
inhabit a hazard-prone area (this will be looked at in chapter 8) and therefore decided
to purchase land in a safer location (finca Moxante). All new houses have been built
there and most families own a house in each place. Their new property is also owned
more safely because they have the land ownership title.

A clear indication of their resilience or low vulnerability is how they have been
affected by hazards and how they have coped in recent years. The interviewed
leader said that they experience on a yearly basis strong winds that come down the
mountain in September (which did not happen in the past), damaging roofs and their
corn and bean crops, which are about to be harvested at that time of the year. The
loss of corn and bean crops in Guatemalan rural communities usually results in
hardship and starvation (UN, 2009). However, when asked how losing crops affected
them he replied that they had to travel far to purchase the corn and beans they need
for the year after. That, of course, entails having plenty of resources and so life is not
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disrupted. Cardamom is not affected by the destructive winds and coffee is not
affected as much, so having several sources of income is an advantage for this
community. This conclusion has been reached by other authors and it has been
described as a partial buffer for the communities against impacts (Eakin et al., 2005)
or a risk management strategy (Valdivia et al., 1996; Niehof, 2004).

Another clear example of how Wachabajhá has taken advantage of products of
globalisation is the use of mobile telephones. The interviewee said that virtually all
families owned a telephone. Even though reception is poor in some areas due to
remoteness of their land, being higher up in the mountains makes it possible for them
to catch some signal, which is not the case in lower land. One of the uses they
explained was to ask whether the lorry that collects cardamom arrived on the day.
Since there is no road to the community, they need to carry their produce on their
backs and walk several kilometres. If the lorry did not manage to arrive on the day
(usually due to flooded areas and bad road conditions) they need to carry it back to
the community. Being able to communicate is therefore extremely handy. They
sometimes also ask by phone what price the intermediaries are paying for the
cardamom and if it is too low they do not bring their produce to sell, another
informant explained. Although it was not mentioned as a tool for hazard warning
there is an important potential for it.

It was interesting to observe during the visit to the community that they are organised
to purchase air time for their telephones. Certain days of the month they receive
double or triple credit for the phone, so they keep track of the dates to purchase it on
those dates. Not everybody goes the several-hour journey to buy air time in a town.
Instead, a few people do it and then they use a system to transfer airtime to other
phones. That way they minimise the costs related to mobile use. That is even more
interesting because they do not speak Spanish and their years of schooling are low.
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This level of organisation and master of technology use provides an opportunity for
early warnings, for example.
7.3.6.4 Caserío Los Angeles
Vulnerability in rural settlements of the Matanzas river basin can be illustrated also by
Los Angeles. It is a community located at 1500m asl that was founded in 1985 by
young couples from a settlement in the lowlands nearby. All 126 inhabitants are
indigenous (Maya-Q‟eqchí). Their DSR Index (41.9) has the following profile: 1)
100% of houses are wooden; 2) 90% of the economically active population are men;
3) 25% of people older than 7 are economically active; 4) 90% of people are
employed in the primary sector, 3% are in the secondary sector, and 6% are in the
tertiary sector; 5) 39% of people older than 7 have attended primary school and 5%
have attended secondary school; 6) Literacy amongst people older than 7 is 44%; 7)
65% of households have access to water; 8) 100% have access to sanitation; 9)
Nobody has access to electricity; 10) there are on average 4.8 people per household;
11) 25% of the population are younger than 5, older than 65 or disabled.

Los Angeles illustrates the point made by the community leader in Wachabajhá on
increased exposure because of population growth and scarce safe land. During the
group interview people in Los Angeles said that their community was founded by
young families in the mountains because their parents‟ land in the valley bottom was
too small. They were not aware of the danger posed by landslides in their new place
until they experienced Hurricane Mitch in 1998. According to them there are no
suitable places higher up for new families “due to steepness of the terrain” and they
have to build new houses further down, where safer land is also scarce.

The DSR Index for Los Angeles is decreasing. It changed from 48.7 to 57.8 between
1994 and 2002. The indicator that accounts for over half of the change is access to
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sanitation. Other indicators that contributed positively were quality of housing, years
of schooling, access to water and literacy rates. On the other hand, the proportion of
EAP, access to electricity and people per house are indicators that added
vulnerability. Even though vulnerability decreased in that period, it did not decrease
as much as it did in Wachabajhá (9.1 points compared to 24.9 points in the DSR
Index). In terms of livelihoods, they are largely based on growing corn and beans for
their own consumption and producing cardamom and some coffee for sale.

Despite the fact that Los Ángeles has had access to the same opportunities to
diversify livelihoods as Wachabajhá, they have not managed to take advantage of
them. Several projects have failed and they have missed opportunities, as an official
from the park‟s administrator expressed during a conversation. He explained that
individual interests prevail in the community and organisation is lacking. Even with
technical and financial assistance, he added, they end up arguing with one another
and do not reach consensus, letting projects fail. During the focus group held in the
community they shared that they were left out of the organic coffee market because
they did not organise themselves and failed to pay an annual fee. They were aware
that in order to access that market they would need to go through a long process
again. They have not accessed the forest incentives programme either. Finding out
why exactly opportunities are embraced willingly by one community and not by others
would probably require social and/or anthropological research. It is evident; however,
that individual agency and community agency play a key role in the outcomes from
taking opportunities for improvement.

In the same way that the governance of globalised commodity chains determines
who benefits and who does not, the political economic structure and governance of a
country determines who is benefited or affected negatively. The economy of
Guatemala has been based strongly on globalised commodity chains, which
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traditionally have been related to high levels of poverty and vulnerability for people,
particularly those in mountain areas. However, increased global awareness of living
conditions and the impacts of consumption have created new markets, with
governance systems that provide new opportunities for people. This is through aid
and specialty goods such as fair trade and organic coffee. Their impact is also
determined strongly by the community agency.

An essential property of a commodity chain is its governance structure. It determines
to a significant extent how resources and gains are allocated and flow within the
chain (Gereffi, 1994 in Muradian and Pelupessy, 2005). It is well-known that despite
economic growth worldwide in times of (market) globalisation, inequality has
continued to widen (Cornia and Court, 2001).

However, the structure of the Guatemalan society with large inequalities in wealth
distribution, power asymmetries, the exclusion of rural citizens, etc, is reflected in the
coffee sector, providing large benefits to a few and leaving the majority of growers or
workers in subsistence conditions. New globalised niche markets provide
opportunities to rural communities to gain more benefits. This is possible because
one of their purposes is to benefit them and therefore their governance structure
makes that possible.

7.4

Interplay between vulnerability and the ecological conditions

Rugged topography, steep slopes and other mountain physical conditions in general
can contribute to high vulnerability levels. It is understandable that the provision of
services be challenging because access, particularly to small communities, is limited.
The construction and maintenance of the road network, for example, is more costly,
which, given general scarce government funding, results in many areas not being
well connected. Longer distances not only make it more difficult for the government
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to reach an important part of the population, but it also limits the interaction of the
inhabitants with other places. This only suggests that the physical conditions in
mountain areas can make it more difficult for mountain dwellers (in small
communities) to have the same access to the same resources as the rest. However,
in no way does it justify the level of exclusion that has prevailed in the country. State
priorities and political will are far more important in the provision of at least the basic
services that people should have access to, for example health and education.

Environmental conditions in the mountains can also determine the limits to produce
food. For example, corn production can take up to 7 months in the highlands (above
2000m asl), and only half of that time in the lowlands, below 1000m asl (FuentesLópez, 2002). Above 3000m asl corn does not grow, which limits even more the
options for people to produce their own food. Frost is a hazard for crops in places
above 2000m asl (MAGA, 2001). Soil conditions can be another constraint as,
depending on the slope, they can be shallow and degrade easily, which poses
sustainability challenges. Nevertheless, the mountains in Guatemala have sustained
humans for centuries or even millennia, which indicates that those limits are not
insurmountable and also that there are advantages that mountains provide.

There are several benefits from mountain physical conditions. High variability of
environmental conditions, including „microclimates‟, make it possible to have a variety
of natural resources. The altitude range, temperatures and levels of humidity allow
the occurrence of diverse forest ecosystems. As the book Trees in the Life of the
Maya World (Aguirre de Riojas and Poll, 2007) documents, numerous types of trees
have been used as nourishment, material for construction, medicine, firewood, as
well as having significant importance for their culture. Access to water is another
major advantage of mountain areas. The regime, as described in chapter 5, goes
from 700mm to about 5000mm per annum. A dense network of streams has probably
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facilitated giving access to water to the communities, reaching the high levels (95%
overall) that the country presents. The topography has probably helped too, as
gravity is used to distribute water, making it cheaper than if the systems required
pumping.

An anthropologist who has worked in San Marcos la Laguna explained (personal
communication) that in the world vision of people in this village the lowlands (in
southern Guatemala) are perceived to be the equivalent of Hell. Not only is this
related to the heat and high humidity that they are not used to but also to the hard
working conditions in the plantations where they work seasonally. This partly
suggests how mountain areas provide more pleasant conditions to live.

Benefits in mountain areas contribute to lower vulnerability. One of them is access to
water; for the reasons explained above, and because it was one of the indicators
used for the DSR Index, it has produced lower vulnerability. Water accessible for
mountain people has a much higher chance of having better quality than that
available to people in the lowlands, which can arguably contribute to better health in
comparison. A few diseases such as malaria and Dengue Fever do not occur in high
altitude places, which is another advantage over the lowlands. Natural resources,
particularly in rural areas, contribute to people‟s livelihoods generally and after a
disaster, as was pointed out before about the Atitlán region.

Access to natural resources makes rural inhabitants less vulnerable. They are an
important asset in their livelihoods normally and they become even more crucial after
a disaster. For example, people in Panabaj, the most affected village during
Hurricane Stan, relied more heavily on firewood after the storm as a source of
income (Figure 7.10). It was extracted from the forests nearby but also from the
thousands of trees transported by debris flows or floods. These trees (including their
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roots) were such a large source that even three years after the storm several people
were seen, whilst carrying out fieldwork in the area, collecting wood in the river bed in
Panajachel. This is one way in which the hazard itself can benefit people. In
mountain areas this becomes even more important because topography makes
firewood collection an arduous task. Some areas (and their wood) are virtually
inaccessible, particularly those in the steepest slopes, which are the most prone to
mass movements.

Figure 7.10: firewood in Tzanchaj, a village next to Panabaj
also affected by debris flows.

Some would tend to think that it is the environment that loses (e.g. forests degrade)
from the situation presented above. However, the clearings resulting from mass
movements may play an important role in forest or ecosystem dynamics (Restrepo
and Alvarez, 2006). Forest regeneration happens so fast that most debris flow and
landslide scars were extremely difficult to spot three years after they occurred. The
other function that vegetation removal by mass movements may play is storing
carbon in the sediments. The collection of debris for firewood by people would
probably not reduce substantially the amount of carbon stored because only the tree
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parts exposed are collected and not those buried. If people did not remove them they
would probably decay and form part of the soil or be released to the atmosphere.
Mountain areas are dynamic because there is plenty of energy to be dissipated and
that search for equilibrium makes mass movements an important element (Beniston,
2000).

Access to natural resources also has implications for the use of poverty levels to
measure vulnerability. As discussed before, poverty defined in terms of income is
problematic in rural areas because it is difficult to measure income and also to
include other elements of people‟s livelihoods. Conversely, in urban areas income
levels may be more useful for assessing vulnerability but also lack of access to
natural resources makes them comparatively more vulnerable after a disaster. San
Marcos la Laguna is interesting because it is classified as urban but its size and
location give it a very rural character. The survey mentioned previously showed that
88% of households extract or manage forest products, which is a higher percentage
than Panabaj, a place classified as rural. What this suggests is that there exists a
grey area between rural and urban settlements that makes it harder to assume that
urban places do not have access to natural resources. It is easier to assume that
virtually all rural places do, however. Their level of access would then depend greatly
on the ownership of the land where the resources are found. In the case of urban
settlements, generally the bigger they are, the less access to open access natural
resources people have.

Environmental conditions in the mountains have also provided eligibility for
opportunities to reduce vulnerability, namely, tourism, coffee production and forestry.
Tourism is not confined to mountain areas in Guatemala, but in the case of Atitlán the
dramatic landscape containing a lake surrounded by three volcanoes undoubtedly
makes it one of the three main attractions in the country. Coffee, in turn, is grown
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where environmental conditions are adequate, which are found in the mid-altitudes of
mountains. The best quality is obtained in the higher range of coffee cultivation
(Muradian and Pelupessy, 2005), which probably influenced the eligibility for organic
certification above 900m asl. Lastly, the conditions of the land to access government
forest incentives (e.g. steep slopes and shallow soils) are basically confined to
mountain areas. One main reason for that, as explained by the first manager of the
Forest Institute in a lecture, is that the opportunity cost of a forest plantation in the
best soils is too high and it poses a risk for the government to provide incentives. The
landowner could easily cut down the trees after the incentive ends and go back to
growing a crop that will give higher returns in a short period.

Access to opportunities such as certified coffee and forest incentives is linked to
nature conservation in mountains. Due to varied environmental gradients mountain
areas can contain several ecosystems and thus have a high conservation value
(Messerli and Ives, 1997). Besides biological diversity the set of environmental
services that mountain areas provide to humans has enhanced their priority for
protection (Messerli and Ives, 1997). Both the Sierra de las Minas and the Atitlán
region are protected areas, the former in the category of Biosphere Reserve and the
latter as a National Park. This is relevant because many opportunities available for
mountain communities are implemented through the support of organisations that
give priority to nature reserves. The shift to conservation in co-operation with
inhabitants of the parks has partly materialised into providing them more
environmentally friendly options to improve their living conditions (Colchester, 2004).
Since the areas that have already been protected by law are the focus of attention,
large areas in the mountains, arguably those that no longer contain forests are left
aside or have lower chances of accessing the opportunities that would help reduce
their vulnerability.
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7.5

Vulnerability and people’s agency

Even though the underlying political and economic conditions in the country (and
globally) largely determine the vulnerability levels at the local level, there is a role to
play by people‟s agency, both individually and at the community level. It was argued
earlier that caserío Los Angeles was an example of how despite having the same
opportunities and very similar advantages and disadvantages, they have not had the
benefits that Wachabajhá has had and it is due to their lack of initiative and capacity
to organise themselves. An NGO official who has worked in the area for a long time
said that Wachabajhá is the exception in the area as most communities present
similar cases to that of Los Angeles. A question of how strong or exceptional the
community‟s agency had to be in order to take full advantage of the opportunities
might rise. An anthropological study of Wachabajhá could shed light on this matter.

Agency at the household level is important but to a lesser extent than at the
community level. This is an assumption used here based on the fact that small
indigenous communities in Guatemala tend to work collectively (Katz, 2000). In nonindigenous communities individual agency might play a much more important role
than community agency. When asked, as part of the interviews in the communities,
whether some families were more vulnerable than others the common answer was
that they were all nearly as vulnerable, that their living conditions were basically the
same. There was some acknowledgement that single-mother households had a
disadvantage but through community support they lived in very similar conditions.
Part of the reason why collective agency is important may be because governmental
and non-governmental organisations expect „communities‟ to act as an entity,
providing a counterpart, usually labour or communal land, in order to fund projects.
This gives them fewer opportunities to act individually.
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One way in which vulnerability has been reduced by individual agency is through
international migration, especially to the United States. Although this was not the
case in the communities studied, many families in the western highlands of
Guatemala rely on remittances from their relatives who migrated (Dardón and
Morales, 2006). According to estimates by Palma and Dardón (2008), this strategy
has been taken more widely by non-indigenous people than indigenous ones as their
percentages in the emigrant population are 80 and 20, respectively. One of the ways
in which it reduces vulnerability is that they invest on improving their house or buying
new ones (OIM, 2004; OIM, 2006), which is usually much stronger than the houses
they lived in before. Remittances also increase access to education and medicine
(OIM, 2006), which could also be linked to lower vulnerability. Another way of
reducing vulnerability is through improving recovery after a disaster through repairing
houses and buying insurance (OIM, 2006). The extent of migration is so large that in
some villages most men in working age have left, as stated by a woman in Río
Escondido, a village in the Atitlán region, during a short interview.

7.6

Synthesis and implications for disaster risk

Using as proxy the Disaster Sensitivity and Ability to Recover Index (DSR Index)
proposed here, estimated for the years 1994 and 2002 at the settlement level,
vulnerability is decreasing in the vast majority of places. The decrease is bigger in
those places that were most vulnerable in 1994 and those places least vulnerable
have shown the smallest improvements, which shows a stabilising point or
asymptotic behaviour towards the 100 mark (i.e. least vulnerable stage).

The DSR Index suggests the geography of vulnerability shows a mosaic-like picture.
There are regional differences but they are not as strong as differences at the local
level. A statistically significant difference was found between urban and rural areas;
the latter are considerably more vulnerable. No difference was found between
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mountain and non-mountain municipios though the highlands concentrate 70% of the
rural population/settlements and thus they contain most of the vulnerable population.

Risk may be increasing due to more people moving (voluntarily and otherwise) into
areas prone to hazards. This seems to be happening in all types of settlements, but
particularly in slum areas of the capital and neighbouring municipios. Although
hundreds or even thousands of people are at risk in these areas, they probably come
from equally exposed areas but their vulnerability is lower if they move from rural
settlements to the capital.

San Marcos la Laguna illustrates a vulnerable municipio in the Atitlán region where
tourism is an important element but it does not seem to have contributed to reducing
vulnerability to the same extent that it has in neighbouring Panajachel and San Pedro
la Laguna. Exposure to hazards (i.e. people and businesses in the flood plain) has
increased partly because of tourism. An element of globalisation, tourism can help
reduce vulnerability in some places, but it may be only where there is a high
concentration of hotels and restaurants. Vulnerability in small rural places such as
Pajomel in the Atitlán basin has practically not been influenced (positively or
negatively) by globalisation through tourism.

Wachabajhá, a Maya-Poqomchí community in the Sierra de las Minas, presents a
remarkable example of vulnerability and exposure reduction through using elements
of globalisation: forest incentives, cardamom, and organic coffee. It also illustrates
that it is not only opportunities that count but community agency plays a major role in
ripping benefits. Los Angeles, a community with very similar conditions and virtually
the same opportunities, reinforces the latter statement as they have not been able to
benefit in the same way.
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It is the diversification of sources of income that has made a big difference for
Wachabajhá. Involvement with global commodity chains has existed for a long time
and it has reached remote mountain areas like the ones studied here, but it is only
relatively recently when more activities (e.g. forest incentives) or existing ones with
different governance structures (e.g. eco-labelled and fair trade coffees) that they
have more potential to make a contribution to vulnerability reduction.

Another element of globalisation, the interaction of the civil society through nongovernmental organisations, has also played an important role in reducing
vulnerability in mountain settlements. They have provided water and sanitation to
rural settlements in Alta Verapaz and Baja Verapaz and have also helped involve
communities in better and more diverse ways to increase income such as forest
incentives and organic coffee. They are an important element in the governance
structures of globalisation that can improve living conditions in the poorest areas.

The DSR Index can be useful to explore vulnerability through time but in order to be
more useful as a tool to reduce disaster risk it needs to be more comprehensive. It
would need, at least, the inclusion of indicators such as percentage of families who
have close relatives abroad, health conditions, existence of disaster preparedness
measures/plans, and access or existence of emergency facilities (e.g. hospitals). As
is widely acknowledged, the more comprehensive the method, the more time and
resources it will require to use (Wisner et al., 2004; Birkmann, 2006).
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8 Risk mapping in mountain areas
8.1 Introduction
This chapter sets out to understand and assess mountain risk in two study sites
through two types of methods, one based on technical knowledge and another one
based on local knowledge. Some of the data used are contained in other chapters.
By combining different information to assess risk and grounding it to two sites it also
facilitated the general analysis of the dissertation. The goal of the study is to assess
disaster risk related to extreme rainfall and related hazards (mass movements and
associated floods) at the start of the 21st Century for two mountain sites of different
sizes. An additional aim of the study was to try and produce a method for mapping
risk that could be practical and used immediately for disaster reduction actions in
regions such as Central America with limited data and resources which are not
necessarily the most accurate and cutting edge.
8.1.1

Disaster risk assessment

Emphasis on risk and its assessment has grown dramatically in recent decades (Lee
and Jones, 2004). How it is defined and assessed varies significantly across
disciplines from finance through to health. In the field of disasters, as discussed in
Chapter 4, it is conventionally represented as a function of hazard and vulnerability,
though it has been presented in several ways (Table 8.1). The main function of risk
assessment is to produce information for better informed decisions, thus linking
science with effective decision making (Lee and Jones, 2004).

The mapping of risk is generally divided between hazard and vulnerability mapping.
Hazard mapping has been done extensively and is significantly more developed than
vulnerability mapping and, according to Birkmann (2006), has been the prevailing
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paradigm in risk mapping. This stems from the focus and number of scientists
working on natural phenomena such as landslides. Hewitt (2004:188) asserts that the
mapping of geomorphic risk is a product of the interrelations between human
geography and physiography.

Table 8.1: Some ways in which risk is understood in the field of disasters
Definition option
Risk = Hazard x Vulnerability

Source
Wisner et al., 2004;
UN/ISDR, 2004

Total risk = Impact of hazard x Elements at risk x

Blong, 1996

Vulnerability of elements at risk
Risk depends on three elements: hazard, vulnerability

Crichton, 1999

and exposure
Risk = (Hazard x Vulnerability x Value of the threatened

De La Cruz-Reyna,

area) / Preparedness

1996

Risk = Probability x Consequences

Helm, 1996

Many of the approaches to risk and vulnerability mapping require data and analysis
that is too complex and costly, resulting in limited accessibility in developing
countries such as Guatemala. However, both the maps and the process of creating
them can be valuable and thus the question that needs to be asked is that of how to
adapt existing knowledge and methods to inform decisions and encourage actions in
places with scarce information and resources.
8.1.2

Mapping biophysical hazards

Hazard mapping is a complex process that, in the case of landslides, involves an
understanding of slope failure and mass movement processes, familiarity with field
locations, the use of satellite and aerial photographs, and an appraisal of other
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factors (environmental and anthropogenic) influencing any given location. The end
product of the exercise is a colour-coded map showing areas of varying slope
stability or likelihood of slope failure (Atkinson, 2004; Owens and Slaymaker, 2004).
An important distinction should be made between slope failure susceptibility and
hazard, where the former is the potential for mass movements to occur whilst the
hazard is the potential for mass movements to impact humans and/or their resources
(Lee and Jones, 2004). Mapping methods vary widely and can be summarised as
shown in Figure 8.1. Hewitt (2004:204) argues that there is rarely much or any sense
of landslide magnitude and frequency distributions in hazard maps. A second
constraint that he pointed out is that then, when mapping risk the overriding
importance of the evaluation of human exposure, vulnerability and protection
becomes evident. He adds that the mapping can become obsolete quickly due to the
rapid changes those elements are undergoing in mountain areas.
Field
geomorphological
analysis
Qualitative
methods

Hazard
Assessment
methods

Combination or
overlay of index
maps

Use of index or
parameter maps

Logical analytical
maps
Bivariate analysis

Statistical analysis

Quantitative
methods
cuantitativos

Multivariate analysis

Geotechnical
engineering
approach
Neural network
analysis (Black box)

Figure 8.1: Classification of landslide hazard assessment methods
(According to Aleotti and Chowdhury, 1999)
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Vulnerability mapping

Vulnerability assessment and mapping are topics of significant, albeit recent, interest
and debate. Birkmann (2006:56) asserts that the ability to measure (and map)
vulnerability is an essential prerequisite for reducing disaster risk and that measuring
seeks to discuss and develop methods to translate the abstract concept of
vulnerability into practical tools to be applied in the field. Approaches include
quantitative indicators, qualitative criteria, as well as broader assessment
approaches, such as trying to capture institutional aspects of vulnerability (Birkmann,
2006). Quantitative approaches are particularly challenging and often rely on
indicators, as those produced by authors such as Brooks et al. (2005) and Cutter et
al. (2003). According to Weichselgartner (2001) these indicators have to be
„mappable‟ (his highlight) and he suggests working with the vulnerability to individual
hazards first and then overlay and analyse them together.

Either as an element contained in vulnerability or separate from it, exposure is of
paramount importance. This, in turn, depends on the type of hazard in question as
even in the case of mass movements, the population and assets exposed vary
according to different slope failure types and mechanisms. In reality, the varied
components of exposure have to be disaggregated and considered separately. It
consists of two general components, fixed, static or permanent assets (e.g. buildings;
damage can happen irrespective of timing), and mobile or temporary assets (e.g.
humans, modes of transport; degree of harm varies with timing of the event) (Lee
and Jones, 2004:9, 271).
8.1.4

GIS and Participatory techniques

Risk mapping has benefited greatly from the development of GIS techniques, which
allow building spatial datasets that include temporal considerations and inherent
complexities. They do, however, need conventional geomorphologic fieldwork in the
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area of interest in order to identify risks and understand their processes. The
inclusion of local knowledge, cultural perceptions, and historical background, which
Hewitt (2004) considers essential, is particularly important for vulnerability
assessment and it also renders the mapping work more likely to be useful in decision
making.

Numerous participatory methodologies have been developed to map risk. These
have been used in support of community-based disaster risk reduction by many nongovernmental organisations, community-based organisations and the Red Cross/Red
Crescent (van Aalst et al., 2008). A very helpful and brief review on the development
of the methodologies was provided by these authors. Amongst the tools that they
mention as part of the methodologies are risk mapping, transect walks, asset
inventories and livelihood surveys, historical and seasonal calendars, focus group
meetings, surveys and discussions, and key informant interviews. Quite a number of
them are included in the Community Risk Assessment (CRA) toolkit of the
ProVention Consortium website, including comprehensive manuals, step-by-step
manuals,

guidelines,

overviews,

and

training

manuals

(http://www.proventionconsortium.org/?pageid=43).

The main questions that guided the assessment of disaster risk in the sites chosen
are: How can disaster risk be mapped through technical and local knowledge in
mountain areas? And what is the level of climate-related disaster risk in the study
sites? The structure of the chapter is largely based on these questions and so the
methods and the results sections are organised in that order. Only an outline of a
combined method (i.e. based on technical and local knowledge) is presented in the
discussion section, partly because the methods describe in more detail the steps
followed. Since most of the work was carried out in collaboration with local
stakeholders, a description of the dissemination and use of results is provided in
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Appendix 10.2.1. It includes copies of posters produced. The actual assessment of
disaster risk for the two sites is presented and described in the results section and its
analysis is the main focus of the discussion section.

8.2 Methods
Four components of risk are used here to produce maps. The mountain climaterelated hazards addressed were mass movements and related floods. A major part of
this section is the description of the methods used to map susceptibility and areas
where they are hazards, both using technical knowledge and local knowledge. The
latter was also used to validate the opinion of key informants that mass movements
were highly relevant hazards in the areas studied. Exposure is also considered by
looking at the location of settlements in relation to hazard-prone areas. The other two
factors are drawn from results in chapters 5 and 7 to add return period and
vulnerability into the picture.
8.2.1

Technical knowledge-based susceptibility mapping: Combination or
Overlay of weighted parameter maps method

In this method the determining factors of mass movements are selected and maps of
all factors are overlaid, resulting in a map where the different combinations of
categories yield different „shades‟ of susceptibility. More detailed methods follow.

The study sites are located in two different regions. The first one, site A, is part of the
lake Atitlán basin in the volcanic chain in southern Guatemala. The second, site B, is
the Matanzas River sub-basin in the Sierra de las Minas, a metamorphic mountain
range located in the Eastern part of the country. In the former the study site chosen is
comprised of two municipios, San Marcos la Laguna y Santa Cruz la Laguna, as well
as the micro basins associated with them. In the Sierra de las Minas the Matanzas
River sub-basin is located in the northern side of the mountain range and it belongs
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to two municipios, Purulhá and Santa Catalina la Tinta. Both sites were selected
because mass movements are highly relevant hazards in them and also because
there were two NGOs carrying out projects on disaster risk reduction in the sites and
therefore collaboration with them was of mutual benefit. Figure 8.2 shows the
location of both study sites.

Figure 8.2: Location of study sites in Guatemala (in orange-red)
Site A: San Marcos and Santa Cruz la Laguna in the Lake Atitlán basin;
Site B: Matanzas River sub-basin

The size and scale used are different for both study sites. Site A (in the Atitlán basin)
has a size of 2705.24 hectares or 27.05 km2 and the scale used was 1:30,000. The
size of site B, the Matanzas river sub-basin, is 83,211.037 hectares or 832.11 km2
and a scale of 1:100,000 was used.

The selection of factors that influence the occurrence of slope failure was largely
based on the literature. The factors were also chosen because they play a part in
slope failure triggered by rainfall. These are slope, lithology, slope curvature, land
use and cover, antecedent rain, aspect, altitude, and previous mass movements. The
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latter was not used in site B because information was not available and could not be
generated.

Maps for each factor were generated based on three main sources; existing maps, a
digital elevation model (DEM), and aerial photographs from 2006. The DEM
contained contour lines every 20 metres and was used to create the slope steepness,
slope curvature, aspect and the altitude maps. This was the case for both study sites.

The layer with previous mass movements was created based on ortho-rectified aerial
photographs from the year 2006 that the Agriculture Ministry (MAGA) commissioned
for the whole country. A non supervised classification was run in GIS software in
which, based on colour, the areas with no vegetation were told apart. These areas
included slope failure zones (debris flows and shallow landslides), the areas where
the sediments were deposited and urban areas. In order to separate the sites of
slope failure manual editing was carried out using the density of pixels and their
group shape to differentiate the areas affected. This was done only for site A
because access to the photographs was granted and also because it was strongly
affected by mass movements during Hurricane Stan in 2005. The Matanzas river
sub-basin was not affected in 2005 and there was no access to satellite images from
1998 when it was affected by Hurricane Mitch. Previous mass movements that were
considered in Matanzas are those related to the land use and cover map, in which
most areas of exposed soil correspond to active landslides.

For the Atitlán site a land use and cover map from 2003 was revised and updated
based on the aerial photographs from 2006 as well as field observations. In the case
of Matanzas the LUC map used was produced by the NGO that administers the
nature reserve in which the basin is located. It was checked in some points with
information collected in the field. Annual precipitation was used as proxy for
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antecedent rainfall. Maps with annual isohyets based on national meteorological
network data were used.

Existing geology maps were used in both sites. For Atitlán a map at 1:50,000 scale
that was produced in 2005 was available. It was checked in the field in collaboration
with two geologists from a Spanish university. In Matanzas the only available map
was generated at 1:250,000 scale for the whole country and field check was not
carried out. This has implications for the reliability of the susceptibility map produced
for the Matanzas river sub-basin, which will be discussed later on.

The overlay of maps was carried out through a model built in GIS software. This
required allocating weights (% of influence) to each factor. Every class or category
within each factor was also given a weight (between 0 and 9), where the bigger the
value, the higher the influence on slope failure (see Tables 8.2 and 8.3). The
allocation of weights is the subjective part of this method and, as such, it could be
seen as a weakness. Careful consideration was given to this and the allocation was
done through discussions with the two geologists mentioned above.

Table 8.2: Factor weights used in the susceptibility map for the Atitlán site
Factor

Influence

Classes

%
Slope steepness

25

(degrees)

Lithology (scale
1:50,000)

20

(out of 9)
0-15

1

15-25

2

25-35

4

35-45

7

45-55

8

>55

9

Pyroclastic deposits

7

Recent volcanic

9

cones
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Caldera sediments,

7

phase II
Dikes

6

Alluvium

6

Caldera sediments,

7

phase I

Slope curvature

Previous slope failures

Aspect

10

15

5

Annual precipitation

Land use and land

15

10

cover

Colluvium

9

Rhyolites

6

Volcanic rocks

7

Concave

5

Plane

3

Convex

2

No

1

Yes

3

Plane

1

North

3

East/west

3

South

3

1000-1100

3

1100-1200

4

1200-1300

5

1300-1400

6

1400-1500

7

Forest

2

Coffee

3

Second growth

7

Annual crops

9

Exposed soil

Restricted

Table 8.3: Factor weights used in the susceptibility map for the Matanzas site
Variable

Influence %

Classes

Weight
(out of 9)

Slope steepness
(negrees)

30

0-15

1

15-25

2

25-35

4
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Lithology (map by

20

IGN, scale 1:250000)

35-45

7

45-55

8

>55

9

Quaternary alluvium

6

(Qa)
Sedimentary rock

3

carbonates
Metamorphic rock

1

undivided
sedimentary rocks

3

lutites, sandstones,
conglomerates
(cemented)
Ultrabasic rocks

5

serpentines
(fractured)
Sedimentary Rocks

Restricted

Sedimentary Rocks

Restricted

carboniferous,
neocomian,
carnapanian
Igneous and

1

metamorphic rocks
undivided plutonic
Slope curvature

Altitude

Aspect

204

15

15

10

Concave

7

Plane

5

Convex

3

80-500

7

500-1000

8

1000-1500

6

1500-2000

5

2000-2500

4

2500-2960

4

Plane

1

North

4

East

4

School of Geography and the Environment, University of Oxford

Land use and land
cover

10

Alex Guerra-Noriega

West

3

South

2

Forest (broad leaf,

2

conifer, mixed)
River

restricted

Zone prone to

restricted

Flooding
Sand bank

restricted

Rock outcrops

0

Settlement

5

Coffee plantation

3

Cardamom

5

Green house (leather

4

leaf?)
Vegetables

9

Cultivated pasture

7

Pasture

7

Shrubs

6

Annual crops

9

Avocado plantation

3

Conifer plantation

4

The resulting maps produced five different areas of susceptibility, which were
classified into different levels (very low, low, medium, high, and very high). They do
not indicate a specific probability of slope failure but should be understood in relative
terms to the other levels. The maps were compared with field observations, the aerial
photographs and the inventory of past slope failures.
8.2.2

Local knowledge-based mapping

Two communities were chosen in each site to carry out the local knowledge hazard
mapping exercise. These are San Marcos la Laguna town and Pajomel in the Atitlán
region, and Wachabajhá and Los Angeles in the Matanzas River sub-basin. They
were chosen first because they are within the areas used to map mass movement
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susceptibility, and also because they were identified by key informants as located in
hazard-prone zones. On the one hand the selection of case studies in this way was
an advantage because it guaranteed collecting information on mass movements from
people who had witnessed them or who were concerned about them. On the other
hand, however, it could have biased the study and affected it if they are not
representative of most communities even though key informants from the NGOs in
the sites thought they were representative. It would have been better to choose them
randomly from a group of communities that are located in an area prone to mass
movements.

The mapping method draws on community-based assessments as well as personal
experience in gathering socio-economic data in communities. Some of the sources
that guided an initial draft of the procedure are Flax et al. (2002), Tripathi and
Bhattarya, 2004). The process was discussed with NGO officials in the Atitlán basin,
who had started conducting group interviews in neighbouring municipios as part of a
disaster risk project. Their experience and opinions were included in developing the
final method.

Appointments with community leaders were arranged in order to conduct interviews
and focus groups. In both sites this was done through the local NGOs, who are well
known and have contacts in the communities. Coordination between the NGOs and
the communities was not easy due to scheduling difficulties and some of the
appointments were postponed several times. Two more communities had been
originally selected in the Sierra de las Minas region, one in Matanzas and the other in
a non-indigenous community located in the south-facing slopes of the mountain
range. Both were cancelled, the first due to security reasons as everyone in the area
advised strongly of the danger of violent mugging. The second one was a case
where the appointment could not be agreed on. Access to the communities in the
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Sierra de las Minas was particularly difficult and made coordinating the visits
complicated. The interview in Wachabajhá was originally arranged with the
community leaders but on arrival at the site only one of the community leaders was
present.

The sessions generally started with an explanation of the research project, including
its link to the projects run by the NGOs. This was important because community
leaders were reluctant to cooperate with a project that was not going to bring a direct
benefit to the community. Then the questions indicated in Appendix 10.1 were asked
and used as starting point for the (semi-structured) interviews or focus groups. The
information produced through these visits was used for several chapters. The
mapping exercise was carried out as part of the interview or focus group.

People were asked to indicate the hazard-prone areas in a community sketch
produced by the National Statistics Institute. This was decided because it was the
resource that worked best in Atitlán when the NGO undertook the first mapping
exercises. Aerial photographs were used in trials but people could not make sense
out of them and therefore mapping was difficult. If people have to draw the whole
map themselves, which is a standard method used in participatory research, their
participation can be lower as they feel their mapping and drawing skills are not good
enough. We provided a basic map of communities that were simple and mostly
indicated the location of streets, trails, buildings and houses. Most participants were
happy with adding shading or writing symbols on the maps (see Figure 8.3).
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Figure 8.3: mapping exercises in the communities Pajomel (left) and Los Angeles
(right)

After the interviews or focus groups some participants showed the actual locations in
the community that they thought were prone to hazards. Locations were recorded
using a GPS device in order to compare the areas indicated by them with the
technical maps. The visits to the locations also provided the opportunity to explore
the answers given during the interview in more depth.

Except in San Marcos la Laguna, all sessions were conducted in the local language:
Cakchiquel in Pajomel (Atitlán), Poqomchí in Wachabajhá, and Q‟eqchí in Los
Angeles. This required the presence of interpreters, who were field workers from the
local NGOs. Participation was generally high but it was dominated by men so some
of the questions were directed specifically to women.

The mapping of areas prone to floods was mostly based on past experiences. In the
first place the aerial photographs allowed identifying all the zones affected by floods
and debris flows during Hurricane Stan in 2005. Even though it is entirely valid to
label those areas as hazard-prone, they are associated with an event of particular
frequency and intensity. Information collected from local inhabitants is similar in that
they base their knowledge on past experiences, mostly from 2005 but also from a
similar event in 1949. The areas classified as alluviums in geology maps were also
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considered as hazard prone because their very definition indicates that material is
deposited in them by rivers, even if that happens very seldom in some areas as a
result of extreme events.
8.2.3

Exposure, social vulnerability and return period of triggering rainfall

Exposure was mapped by overlaying maps or layers of settlements onto the
susceptibility maps. People and homes were the only elements considered. Since the
map of settlements available for the Atitlán region was not considered accurate, as it
derives from a map produced nationally, a map was produced based on the aerial
photographs. A margin of error is expected due to the intricacy of drawing boundaries
in rural settlements. However, this is expected to be minor because the photographs
have a very high resolution (0.5 cm). The map used in the Matanzas river basin is an
improved version of the national map that the park‟s administrator (NGO) produced
for the Sierra de las Minas Biosphere Reserve and the areas of influence. The
number of homes and people were taken from the 2002 census.

Social vulnerability levels, hazard frequency and return periods were taken from
other chapters. The Disaster Sensitivity and Ability to Recover Index (DSR Index)
estimated for 2002 at the settlement level in Chapter 7 was used in the analysis.
Data from Chapter 5 was used to include return periods and intensity of rainfall
events, though they are limited because the historical records on which they are
based only started in the 1970s. The records from the meteorological station located
in Guatemala City, which started in the 1920s were taken as surrogates.

8.3 Results
Several maps were created using the two methodologies, one based on technical
knowledge and the other based on local knowledge. The maps are presented in the
first part of this section. A second part contains the analysis of risk for the two study
sites informed by the preceding maps as well as results from previous chapters.
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8.3.1

Technical maps

Two slope failure susceptibility/hazard maps were produced using technical
knowledge and methods; one for each of the study sites (Figures 8.9 and 8.10). The
most prominent susceptibility level in Atitlán was the medium one, roughly two thirds
of the area studied had that level of susceptibility or higher. Although the settlements
themselves were located in low or very low susceptibility areas, they are all exposed
to slope failures happening (potentially) in hillsides above them. However, all the
settlements are in the relatively safer locations (Figure 8.9).

The susceptibility map for the Matanzas River sub-basin shows higher levels than the
Atitlán map. The prevailing level is also the medium one but there are higher
proportions of high and very high levels. Susceptibility levels are higher in the lower
elevations and only 6 settlements are located in the safest part. The remaining 68
settlements are on or surrounded by high and very highly susceptible areas, and
roughly half of them are in the relatively safer spots within that zone. Seven
communities are situated in flood plains. Because of the scale of the map (1:100,000,
compared to 1:30,000 in the Atitlán map) and less detailed information, particularly
on geology, this map is expected to be less accurate.

The most important hazard posed by mass movements (shallow landslides and
debris flows) is not the direct impact of debris on houses but the debris and energy
that is contributed to floodwaters that then affect the houses. The debris increases
the destructive power of the floods. Taking that into account, five out of nine
settlements in the area are highly exposed to floods (see Figure 8.9). The
communities located higher up in the mountains are the ones least exposed.
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Maps based on local knowledge

The local knowledge-based maps also identified other hazards. In all of them
landslides and river overtopping (flood) were identified as the main hazards. In three
communities, located in hillsides, people considered landslide susceptibility levels to
be equally high everywhere. However, they pointed at specific sites where landslides
have already happened or they thought were starting to happen (see figures 8.4, 8.5,
8.6, 8.7). In the Atitlán communities people shaded as high risk or medium risk areas
on the sketches those prone to flooding. Rock falls were also identified as a hazard in
these communities and had serious concerns about specific sites. Besides landslides
and floods, strong winds were identified as a major hazard in the Matanzas River
sub-basin, in the case of Wachabajhá they mentioned that wind was a hazard that
started happening some six years ago and now occurs virtually on an annual basis
(in September and/or October, just before corn harvest).

In San Marcos la Laguna two main areas prone to hazards were indicated. The main
concern in the higher part, where most people live, was a big rock that could affect
Barrio 1 (Figure 8.4). In those areas the streams were not considered a hazard. The
riverbed was identified as a hazard zone. This is well known because the town was
severely affected in 1949 during a storm, and again in 2005 during Hurricane Stan.
However, Barrio 3 is inhabited by several local families and businesses, as well as by
numerous tourist facilities, including hotels, meditation centres, and restaurants.
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Figure 8.4: Local knowledge-based hazard map for San Marcos la Laguna
(modified from Girón, 2008).

In Pajomel the hazards indicated were similar to those in San Marcos la Laguna.
Rock falls were considered of medium risk to the eastern-most part of the community.
Nine houses were included in this hazard zone (Figure 8.5). Then the stream was
considered a hazard that could affect severely 17 houses, a significant proportion of
the community. During the visit when the focus group and mapping exercise was
carried out people explained that during Hurricane Stan people collaborated in
digging a canal to divert water from the stream so that it would not overtop and affect
houses. The third zone marked by people, in the lower part of the community,
corresponds to houses that were built next to very steep slopes. The concern is nine
houses being affected if the slopes on which they are located fail.
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Figure 8.5: Local knowledge-based hazard map for Pajomel
(modified from Girón, 2008)

In Wachabajhá the community leader interviewed, who was in charge of the disasters
committee, identified two main hazards in the community (Figure 8.6). Due to the
slopes and „sandy‟ nature of the soil, he indicated that the whole location of the
community was equally prone to slope failure. He also said that the areas closest to
the river and streams were zones of danger of river overtopping. The sites next to the
active landslides were also considered at higher risk, which are indicated on the map.
He also explained that wind gusts are more localised, they are near streams.
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Figure 8.6: Local knowledge-based hazard map for Wachabajhá

The inhabitants of Caserío Los Angeles (basically all of them attended the focus
group) identified mass movements as the main hazard they face. They consider the
hazard level to be high throughout the community because of the steepness of the
terrain; although they did show specific sites where slope failures had started to
occur (Figure 8.7). The houses (13 out of 28) next to those sites are the ones at
highest risk.
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Figure 8.7: Local knowledge-based hazard map for Los Angeles
Local knowledge seemed to be mostly based on experience, which in the two sites
was recent (Hurricane Mitch affected the Matanzas River sub-basin in 1998 and
Hurricane Stan affected Atitlán in 2005). In the former the prevalence of sandy soils
was mentioned as an explanation for the high slope failure susceptibility levels,
together with the steepness of slopes. The knowledge was specific to the area
inhabited, so mapping hazards in potential settlement sites would not be feasible. In
fact, Los Angeles is a settlement created in 1985 (i.e. recent) and people said during
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the focus group that they had no idea about the high risk they were at, until 1998
when the hurricane affected the area.

The two mapping methods show some differences. The first is the number of hazards.
The technical map showed only susceptibility of slope failure triggered by high rainfall,
which is very hazard-specific. Different levels of danger due to debris resulting from
mass movements were not identified because they were considered too complex to
determine. The maps based on local knowledge, in turn, showed different hazards,
although they did not differentiate between relatively higher or lower levels of hazard
within the communities. Another difference is that the technical maps are able to
show data for inhabited and uninhabited places and so can be useful to plan for new
settlements. This was not the case with the community-based maps. Although the
two methods agreed on the general hazard levels being high, in a couple of specific
places they showed different results. This was the case in the lower part of the village
in Pajomel, Atitlán, where the technical map shows low or very low susceptibility and
the community considered it high. Overall, the two methods could be seen as
complementary.

8.3.3

Climate-related disaster risk in the study sites

This section addresses the second research question by presenting the climaterelated disaster risk assessment of the areas studied based on the results provided
above and also on data produced in other chapters.
8.3.3.1 Frequency and intensity of triggering weather events
In both study sites it seemed that the hazards that have the greatest impact are those
associated with storms of the intensity of Hurricane Stan in 2005, Hurricane Mitch in
1998, and an unnamed storm in 1949. The return period for the Matanzas river basin
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would thus be 1 in 49 years (0.02) and for Atitlán it would be 1 in 56 years (0.018),
roughly one event every 50 years. Although chapter 5 showed that a significant
number of extreme events happen when there are no tropical storms, it is during
such storms that impacts are widespread and become relevant at the national level.
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Figure 8.8: Rainfall records from recent tropical storms in the Atitlán region

It is interesting to note that rainfall intensities were similar in Atitlán during Hurricane
Mitch and Hurricane Stan (Figure 8.8) and yet, a major debris flow was triggered only
in the latter. The main reason may be that rainfall in Santiago during those 3 days
was near 450mm in 2005 and it was just over 150mm in 1998. However, the highest
24-hour rainfall recorded near the volcano where the debris flow occurred was
252mm in 1998 (El Capitán station) and 230.7mm in 2005 (Santiago station).
Cumulative rainfall could have played a role in the latter triggering the mass
movement and not the former. Rainfall during four days prior to the 24-hour highest
was 20mm in 1998 and 75.6mm in 2005. In addition, 2005 was a year wetter than
average whilst 1998 was not.
8.3.3.2 Exposure and vulnerability
In the Atitlán site four out of nine settlements have significant exposure levels. As
Table 8.4 shows, the main towns have exposure levels of around 40% whilst the
other two present extremely high levels (75%). These estimates suggest that some
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471 houses and 1828 people could be impacted directly by hazards (mainly debris
flows and floods). However, density of houses and population is higher in the areas
not exposed, and so the previous estimates may be lower in reality. The areas
exposed are mostly those closest to the lake, which include holiday houses, and
tourism-related businesses.

Table 8.4: Estimation of exposure levels in the Atitlán site
Settlement

% area exposed

Exposed houses

Exposed people

38

196

850

40

152

518

Jaibalito

75

107

397

Pajomel chiquito

75

16

63

471

1828

San Marcos la
Laguna
Santa Cruz la
Laguna

Total

Vulnerability levels in these exposed settlements are medium to high. According to
the DSR Index in chapter 7, the vulnerability values are 62.8 for San Marcos la
Laguna, 56.1 for Santa Cruz la Laguna, 54.0 for Jaibalito, and 41.2 for Pajomel
Chiquito. Considering that the first two are the main towns in their respective
municipios, they are amongst the lowest values in the department of Sololá. However,
the vulnerability estimate is largely based on the local population. As mentioned
before, a significant portion (possibly the majority) of the exposed houses and people
in these two towns are not locals but mostly business owners or people who use their
houses only on weekends and holidays. Their vulnerability, therefore, is bound to be
significantly lower than that of local people. Even though their material losses could
be much higher, the lives of the majority of them would probably not be disrupted and
they would most likely recover fast. This is different from Jaibalito and Pajomel
Chiquito, where virtually all exposed people are local, exposure levels are extremely
high, and so is vulnerability. They are the two places where the worst impact would
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be expected during a climate-related disaster. Figure 8.9 shows exposure and
vulnerability in the site, as well as general slope failure susceptibility levels.

In the Matanzas River sub-basin 26 communities (35%) are located in hazard-prone
areas whilst 49 (65%) are in safer areas. Six of the former are in places that could be
hit by floods and debris from mass movements. The remaining 21 are in areas with
more than 50% high and/or very high susceptibility of slope failure. This indicates an
estimate of 1236 homes and 7259 people at risk in the sub-basin. Unlike the site in
Atitlán, this sub-basin does not have alluvial plains where large numbers (e.g.
hundreds) of people could settle and be exposed to hazards. The number of homes
and people exposed is larger than in the Atitlán site because the area studied is
considerably bigger.

Vulnerability levels in the exposed settlements in Matanzas are high to very high.
Except for Purulhá, a municipal capital, the large majority of DSR Index values in the
sub-basin are in the 20s, 30s and 40s (out of 100). The mean for the sub-basin is
36.8 (max 71.1, min 17.6). The settlements (significantly) exposed to hazards have
virtually the same levels, mean 35.7 (max 50.9, min 25.2). All these values are
amongst the lowest in the whole country. Their levels of exposure, high vulnerability,
remote location and limited access, all indicates very high risk. Figure 8.10 shows
exposure and vulnerability in the site, as well as general slope failure susceptibility
levels.

A significant part of the road network in the two study sites is likely to be affected by
landslides increasing vulnerability. Partly this is because the roads are inevitably
located in areas susceptible to mass movements. Nevertheless, by far the main
cause is their poor construction, becoming an annual hazard during the rainy season.
Not only are the roads a hazard because of the landslides that may occur in them but
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also their collapse or blockage by landslides adds to vulnerability of the communities
whose access depends entirely on them.

8.4 Discussion
This section discusses the results for both the mapping methods used and also on
the assessment of disaster risk. It includes an outline of the combined method
suggested for areas with scarce resources and information.

The importance of the local input into mapping suggested that the first question that
motivated this overall dissertation should probably be rephrased to read: How can
disaster risk be mapped through technical and local knowledge in mountain areas in
places with scarce resources and data?‟ The part in italics is important because it
poses a challenge to science. There exists an urge in science to push the boundaries
and create new knowledge and methods. In the field of landslides and other mass
movements, knowledge and methods have reached highly advanced levels, as can
be seen in scientific journals such as Landslides and Geomorphology and textbooks
such as Landslide Risk Assessment by Lee and Jones (2004). However, the most
accurate methods often demand levels of funding, data and expertise that are
prohibitive in large parts of the world. In highly hazard prone regions such as those
studied here demanding the use of latest and most sophisticated science is not
helpful.

The motivation of this chapter, therefore, was to find a method that could use scarce
resources, benefit from collaboration between a doctoral candidate and local
institutions, and use available information to identify areas at high risk. The process
was very useful in grounding the concept of disaster risk and in providing another

220

School of Geography and the Environment, University of Oxford

Alex Guerra-Noriega

angle on the understanding of disaster risk in this dissertation. The simpler approach
to mapping is particularly helpful in bridging academia and local practice.

The method used was possible because of the following conditions: 1) access to and
knowledge of basic Geographic Information Systems, 2) existing geographical data
relevant to mass movements (e.g. DEM, geology maps, land use and land cover) at
least at the regional or sub national level; 3) availability of at least some expert
guidance; 4) support from a local institution, either governmental or nongovernmental. The two study sites here illustrated that even in the same country,
availability and quality of the information can be different. Some suggestions are
given in the outline of the combined methodology proposed (Box 8.1) as to how to
proceed in the absence of GIS.

It is also important to recognise that it is not only the final product of printed maps
that are the main contribution of the exercise but the process of making and using the
maps is also very important. This is especially true for a place where a large
proportion of the population is illiterate and where maps are not an important element
of daily life. The process of making maps here showed that in the areas studied „oral‟
geography is more important than the „graphic‟ one. The making of maps then
provided the opportunity to talk about an important subject and discover knowledge
that people possess about their surroundings. The raising of awareness worked not
only for local inhabitants but also for municipal authorities and even NGO officials
who work in the area. The participatory aspect of the method could make it much
more valuable than a (probably very costly) highly accurate map that only sits in an
office waiting for a fluke of political will to be used in land planning.
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Figure 8.9: Disaster risk associated to slope failures and floods during tropical storms
in the municipios of San Marcos la Laguna and Santa Cruz la Laguna, Guatemala.
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Figure 8.10: Disaster risk associated to slope failures and floods during tropical
storms in the Matanzas River sub-basin, Sierra de las Minas Biosphere Reserve,
Guatemala

223

Box 8.1: Outline of a proposed method to assess risk in rural communities combining
technical and local knowledge
•

Define area and hazards of interest

•

Survey existing information. Start with governmental agencies but considering
that they tend to change personnel every four years, it is very important to
consult NGOs that work in the area. Documents and interviews with key
informants are the main sources.

•

Create a general technical susceptibility and hazard map. If possible, do it at
the basin or municipio level. Its main purpose is to identify the areas at higher
risk where a study in more detail could be carried out. The overlay of index
maps method to assess slope failure susceptibility is a feasible one given the
generally existing/available information in Guatemala.

•

Identify priority areas and communities. The previous map can be very useful
to define them but more important are opinions from key informants regionally
and locally. In fact, if the map cannot be produced, the definition of priority
areas can be done solely based on key informants. The snowball method of
identifying key informants can be very useful (i.e. asking a key informant to
suggest other key informants and so forth).

•

Create a community map. This should be carried out in the community with as
many members as possible, particularly elder ones. There are several
methods (see Community Risk Assessment Toolkit from the Provention
Consortium website; http://www.proventionconsortium.org/?pageid=43) and
one using community sketches where people only indicate areas at risk was
effective in encouraging participation and gathering relevant data. The person
facilitating the data collection should have a good knowledge of the processes
involved in the hazard/s under study so as to be able to collect relevant data
and even making observations herself/himself.

•

Do a field assessment. Complementary to the community map, identifying the
areas at risk physically in the community is also helpful. It serves as validation
of the map and provides a valuable opportunity to explore local knowledge in
more depth.

•

Disseminate the results. The maps and related information should be provided
to those institutions involved in planning and development in the area. The
maps should be presented and discussed with various groups in the
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communities. It is important to hold the presentations in the local language. 11
Four posters containing the maps and information on risk in the two study
sites were produced and used to raise awareness amongst local authorities
and inhabitants. A description of what was done and copies of the posters are
provided in Appendix 10.2.2.

The combined method adds value because the technical maps can provide information
for some authorities and institutions in a way that has the potential for them to build on.

The method used to produce the susceptibility maps has some strengths and
weaknesses. One of the main weaknesses, mentioned in the literature is the allocation
of weights to the different variables due to its subjectivity. This is expected to have
been minimised by the participation of geologists, with whom the discussions about the
weights were based on their expert geological understanding and also based on field
observations. But since they did not go to the Matanzas river sub-basin, the weakness
is greater in that map than the Atitlán one. The inclusion of other information such as
soil moisture would have made the maps more accurate. The geology map for
Matanzas is another limitation since it was produced at the national scale and so was
very general. In sum, the map for the site in Atitlán is more accurate than that in
Matanzas but since both were produced at the landscape level they were useful to
identify the areas that are comparatively more dangerous. What they did not allow is
separating exposure at the settlement level in the large number of small communities.

The community maps were useful for identifying hazards and some hazard zones. As
pointed out before, they were mostly based on past experience and some insights
about factors in the landscape, particularly slope steepness. Only the interviewee in

11

Four posters containing the maps and information on risk in the two study sites were
produced and used to raise awareness amongst local authorities and inhabitants. A
description of what was done and copies of the posters are provided in Appendix
10.2.2.
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Wachabajhá mentioned the type of soil (sandy) as another determinant of high
susceptibility levels. Unless pointing out sites where hazards have already happened or
where they are about to happen, local people did not distinguish susceptibility spatially.
That would be a problem when choosing a new place to settle, as seems to have been
the case in Los Angeles, where they had no idea it was prone to slope failure until they
experienced Hurricane Mitch in 1998. The method seems to work best in small
communities (e.g. less than 100 households). Bigger settlements would probably need
modifications and, if people have higher levels of education, more information could
potentially be collected.

The two methods used in the study, especially if combined, have proven useful to
identify settlements at risk, and also areas within them. This mapping could be used for
land planning at the municipal level, to regulate the establishment of new settlements
or to relocate existing ones. Within villages they could indicate areas that should not be
inhabited or where community infrastructure should not be built (i.e. future exposure
avoidance). They can be useful even for emergency situations identifying areas to be
evacuated first and where temporary shelters could be located. For authorities and
local people to be aware of the locally safer and more dangerous areas could be
extremely important, and the making of the maps itself is a way to achieve it. The
identification of population at risk can be extremely useful for directing resources more
effectively during prevention, emergency and relief stages.

Given the complexity of the mechanisms involved in the occurrence of e.g. debris flows,
the mapping of risk possibly needs separate hazard maps for each triggering event.
Tropical cyclones would be an obvious example as it is the cumulative effects of
resulting mass movements and floods that impact people. Mass movements triggered
by seismic events, for example, would need a different hazard map because they
would most likely be coupled with rock falls rather than floods and would thus affect
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human settlements differently. Some distinction could then be made between slope
failure susceptibility in different geologies, which can be done whilst allocating weights
to the susceptibility model, for example.

As in this study, part of the exposure mapping can be done based on the hazard maps,
particularly identifying priority areas or number of settlements most likely to be at risk.
Quantifying then the number of people, homes or other elements of interest in the risk
assessment needs other sources of information and the accuracy needed would
determine the amount of effort and resources to produce the information. The scale
1:30,000 used in the Atitlán site enabled estimating the percentage of the settlements
at risk and so the number of people and homes. However, it did not allow taking
population density within the settlements into consideration, resulting in less accuracy
in the estimations. The 1:100,000 scale used in Matanzas only allowed identifying the
settlements at higher risk, and with them an estimation of population and homes
exposed was made.

At the landscape level, exposure and vulnerability could be mapped using different
shades to indicate different vulnerability levels. A distinction could be made between
the areas (significantly) exposed and those not exposed (or only insignificantly so) by
using a different colour, for example blue for those exposed and green for those not
exposed (see Table 8.5). There could be a case made for not colouring vulnerability
levels for the settlements not exposed because in theory there would be no disaster
risk in them. However, since safe sites in mountain environments are rare, virtually all
settlements are exposed to some extent, to one hazard or another. Although colouring
and shading exposure and vulnerability would be helpful for analysis and planning at
the regional level, it would entail creating categories and assigning each community to
them, which inevitably adds some subjectivity to the final product.
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The more reliable and potentially helpful analysis of exposure and vulnerability would
need to be carried out at the settlement level. In this case, technical knowledge and
techniques would probably be much less accessible because of scarce resources and
data required and so a map or assessment based on local knowledge and some expert
guidance would be more adequate.

Table 8.5: Levels of exposure and vulnerability
at the community level
Vulnerability/Exposure

Low

High

Very low
Low
Medium
High
Very high
Extremely high

Hazards have strongly determined the location of settlements in the Lake Atitlán region.
An in-depth interview with a community leader in Panabaj in 2006 shed light on some
aspects of the geography of risk in the region. He pointed out that the main towns are
located in the safest places and he went on to explain how Santiago Atitlán and San
Pedro la Laguna were protected from rocks and debris flows coming down the
volcanoes by small hills next to them. He said that the (scarce) flat areas, which are
considered safer by non locals, are in fact the most dangerous ones. His interpretation
was that those areas „belong to nature‟ and if people inhabit them they are punished by
nature. His understanding of the hazard level in „flat terrain‟ could not be more right as
they are alluvial fans or landslide fans. The site where part of his community was
located (and was destroyed during Hurricane Stan) is probably the most dangerous of
all as it is the landslide fan for two volcanoes (Atitlán and Tolimán).
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He shared also that the name of the community was indicative of hazards. Panabaj
means „place of rocks‟ in Tzutuhil, the local Maya language, and he said „… we know
that those rocks were not always there, they came down the volcanoes…‟. Another
accurate observation he made is that when they dug some wells in the community they
noticed a series of layers in the soil that were very similar to the 1 to 2-metre layer from
the debris flow that covered half the community in 2005. He was aware that those were
evidence that similar events have always happened in the area. Elderly people, he
added, “tell of a very similar event [that happened] some 50 to 60 years ago”.

Trial and error has played a role in finding the safer spots for people to settle. The
areas studied in Atitlán offer some of the best examples. As indicated in Chapter 7,
San Marcos la Laguna has been relocated at least three times because of disasters.
Tzununá, another village in the area, was severely affected in 1949 and one of the
outcomes was the relocation of part of the community to a place at a higher altitude,
giving birth to Pajomel. A general consequence has been that the main towns and most
people live in the safer areas, for example Barrio 1 and Barrio 2 in San Marcos la
Laguna, Tzununá, and the Santa Cruz la Laguna town (Figure 8.9). Nevertheless,
people have settled in the areas at risk, where past disasters have occurred such as
Barrio 3 in San Marcos and Jaibalito. The possible reasons for that will be discussed
next drawing from research carried out in 2006 (Guerra, 2006).

Community leaders indicated that some people forgot or ignored that the places
affected in 2005 were struck by similar events in the past. This is surprising given that
the names of some places tell explicitly of the danger. For example, the community
leader in Panabaj mentioned above explained the meanings of the names of places
affected in their language, Tzutuhil: “Chu‟ul (“front of the landslide”), Panul (“place of
the landslide”) and Panabaj itself (“place of the rocks”)” (Guerra, 2006:40).
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Poverty is amongst the most important reasons why people settle in areas at risk. This
is widely acknowledged in the disaster literature (Wisner et al., 2004) and supported by
statements in the Atitlán region from NGO officials and local inhabitants. The study
cited above showed that poverty levels in Panabaj, for example, were significantly
higher than those in Santiago Atitlán, and an informant indicated that people from the
latter moved to Panabaj because they could not afford to stay. Poverty, thus, forces
people to move to dangerous sites, which can be supported by a statement by a
woman in Panabaj during an interview “we are willing to die because we have nowhere
to go” (Ibid:40).

High population growth rates, lack of urban planning, and the attractiveness of
dangerous land in Atitlán for businesses are other factors driving people to hazardprone zones as was mentioned in chapter 7.

Regarding the disaster triggers on which the risk assessment is based, in both study
sites the return period for rainfall events that have triggered widespread slope failure
and human impacts is around 1 in 50 years. However, the intensity of potential
triggering events is not sufficient for the impacts to be of similar magnitude. As was
illustrated in the results, recorded rainfall was very similar in Atitlán during the two most
recent tropical storms, yet only in 2005 did it trigger disasters. If the events themselves
were taken individually, then there have been 3 since 1949 of similar intensity hence
making the return period considerably shorter (3 in 56, 0.05 or 1 every 19 years).

Return periods for a longer record could be estimated from the station in Guatemala
City. Since 1926 there have been four events of a magnitude higher than 150mm in 24
hours (i.e. similar to that during Hurricane Mitch), three of which occurred during
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tropical storms. That would indicate roughly one event every 20 years, very close to the
one mentioned above for Atitlán.

Intensities are even more challenging to assess as triggering events given the large
variety of precipitation regimes in the country, as chapter 5 showed. Whereas daily
rainfall of 50mm is rare in some locations it is not at all uncommon in other locations.
Daily extreme events vary from 50mm to 450mm, which might suggest the need for
assessing risk for areas of similar climatic and physical conditions.

8.5 Conclusions on disaster risk assessment and mapping
This chapter has described a method for assessing and mapping disaster risk given
certain conditions in the study sites such as presence of governmental and nongovernmental organisations, availability of geographical data, access to GIS, and local
knowledge. A field test showed that a combination of technical/scientific and local
knowledge can be effective.

Given certain conditions in the study sites such as presence of governmental and nongovernmental organisations, availability of geographical, access to GIS, local
knowledge, a method to identify hazard zones related to excess rainfall was put
together and suggested. The use of technical/scientific and local knowledge combined
is believed to be amongst the strengths of the method.

The mapping method used as well as data and analyses from other chapters enabled
the assessment of disaster risk in the study sites. Although extreme rainfall can occur
regardless of tropical storms, these have triggered widespread disasters, and similar
events are expected to happen once every 18 to 50 years. Rainfall in 24 hours totalling
more than 200mm is very likely to trigger disasters, particularly if it has rained the days
immediately before. Regarding the hazards, floods filled with debris from slope failures
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are identified as the main one, though direct impact from debris flows or landslides is
also important. In this respect, both study sites are highly susceptible to slope failures,
though the Matanzas River sub-basin has higher levels than the site in Atitlán.
Landslide fans and alluvial planes are therefore the sites at highest risk, with their
likelihood of being affected increasing with the area and altitude differential of the land
contributing debris and runoff.

Exposure and vulnerability levels in the two study sites are significant. Vulnerability is
generally high in both places, although it is even higher in Matanzas, which has some
of the highest levels in the country. In the Atitlán site some 471 homes and 1828
people are estimated to be exposed, and they are found in 4 of 9 settlements, where
exposure levels are 40 to 75% in area. In Matanzas 26 (35%) communities are located
in hazard-prone areas whilst 49 (65%) are in safer areas. The estimated numbers of
homes and people at risk are 1236 and 7259, respectively. Given exposure and
vulnerability levels, life in those settlements could be severely impacted during climate
events.

There is room for improvement in all aspects of the risk assessment, including rainfall
analysis, slope failure susceptibility, exposure levels, and vulnerability evaluation.
However, given the (early) stage of disaster risk management in Guatemala, the
accuracy needed is probably adequate as presented here. Strong political will, proper
land planning and more available resources would demand a more accurate
assessment.

Further questions related to this piece of research include that of how to apply the
mapping methods to bigger towns and cities as well as how to include in the
assessment disaster preparedness and emergency management.
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9 General conclusions
As an integrating section, the main findings from the empirical chapters will be taken
together to analyse disaster risk. A discussion is included on the implications of the
results, the level of achievement of the aims, the general relevance of the work, its
validity due to content (topics covered), adequacy of the methods used, and further
research questions.

Climate-related disaster risk is high in the Guatemalan highlands as evidenced by
exposure and vulnerability levels presented in chapters 7 and 8, and the number of
people affected directly and indirectly in recent tropical cyclones. General vulnerability
levels estimated here for the year 2002 through the DSR Index suggested that
extremely high levels exist in rural settlements, not only in mountain areas though most
of the rural population is found therein.

Exposure to climate-related hazards in mountains areas is significant. High and very
high susceptibility to slope failure and presence in an alluvial plain in places such as
the Matanzas River sub-basin can reach 35% of communities, some of which have the
highest DSR Index values in the country. Exposure estimated at a bigger scale (i.e. in
more detail) in San Marcos la Laguna and Santa Cruz la Laguna in the Lake Atitlán
basin indicated that 4 out of 9 settlements have exposure levels between 40% and
75%. In these areas some 471 houses and 1828 people are at risk, a big part of who
are considered highly vulnerable.

Hurricane Stan provides evidence of high vulnerability. It was only briefly classified as a
hurricane (in the lowest category) and it did not go through Guatemala but it interacted
with regional meteorological conditions that resulted in intense rainfall in the southern
part of the country (INSIVUMEH, 2005). Ensuing mass movements and floods affected
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half a million people directly and about 3 million indirectly, hitting mainly the most
vulnerable social groups, which include rural populations (CEPAL, 2005); (SEGEPLAN,
2005). It is important to note that intense rainfall events, though not extreme, that occur
every year are able to trigger human and material losses. For example, during the rainy
season in 2007 a total of 71 human lives were lost, 28,113 people were affected
directly, and 205 houses were partially or totally destroyed (Castellanos and Guerra,
2008).

The findings mentioned above are not surprising and only confirm the general
knowledge and perception. However, the main focus of this dissertation is the trend in
disaster risk as seen through some of the main elements that determine it. To the
question „How has climate-related disaster risk changed in mountain areas of
Guatemala at the start of the 21st Century?‟ The proposed hypothesis was that risk has
increased because rainfall has become more extreme and because vulnerability (and
exposure) has gone higher and not because land use change has enabled more
hazards. A synthesised answer according to the findings here is what follows next, and
as will be noted, a general one for all the mountain areas in Guatemala would not be
adequate and thus the geography of disaster risk trends is explored.

Disaster risk due to rainfall, including annual totals and extremes, has increased in the
central and eastern part of the country (and the mountains therein). Some inner valleys
(e.g. San Jerónimo) are the exception. Table 5.9 and Figure 9.1 show where rainfall as
a trigger could have increased risk. It is important to also note that in most places
rainfall has not affected risk, and there are no locations where risk has decreased
because of it.

Chapter 6 shed some light on the relevance of land use and cover (LUC) on slope
failure and thus on disaster risk. The findings suggest that LUC is not related to slope
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failure in the geology classified as quaternary pumice ashes (Qp). Even though it
covers only 5.92% of the country and a relatively small part of the highlands (9 %), it is
the predominant geology in the location of the two most important cities in the country
(Guatemala City and Quetzaltenango). Despite the fact that LUC does not seem to
influence the occurrence of mass movements in places with this geology, existing
hazard levels are high and considerably higher than those in the other type of geology
studied here (tertiary volcanic rock geology, Tv). Slope failure during Hurricane Stan
was nearly three times higher in Qp geology than in Tv geology in the Atitlan basin
(1.78% compared to 0.54%).

Figure 9.1: Locations where rainfall (totals and/or extremes) have increased disaster
risk.
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In the areas dominated by tertiary volcanic rock geology (Tv), which occupies 11.48%
of the country and a significant part (24 %) of mountain areas, LUC was found to be
related to slope failure. According to Figure 6.12, there are two main patterns in forest
cover in the areas of Tv geology. In nearly 75% of the area forest cover is highly
fragmented, in the remaining 25%, which is found at both the western and eastern
extremes, forest cover is extremely low. In the former area the implications for disaster
risk would depend on the land uses or cover of the places lacking forest. If it is
secondary growth, the findings here suggest that slope failure is similar to that of
forested areas and so slope failure susceptibility would be lower. If, on the other hand,
the land is used for annual crops, then susceptibility would be higher. In the study site
A in the Atitlan Basin, as Figure 6.11 shows, less than half of the areas with no forest
are covered with secondary growth and the rest is used for annual crops, even in very
steep slopes.

Disaster risk may not have increased further due to LUC change at the start of the 21st
Century in the areas studied and volcanic mountain areas in Guatemala. The reason is
that forest loss in the period 1991-2001 was very low (<5%) for several predominantly
mountain

departments:

Sololá,

Quetzaltenango,

Chimaltenango,

Guatemala,

Sacatepéquez and Santa Rosa (IARNA et al., 2006). The forest dynamics map for
1991-2001 (Appendix 10.3) also shows that forest cover in the volcanic highlands has
not changed much in that period (Valencia et al., 2006). Both the westernmost and
easternmost parts of the area of Tv geology have deforestation at higher rates, hence,
increasing disaster risk to some extent. It includes the departments of Huehuetenango,
Chiquimula, Jalapa, Jutiapa, and northern San Marcos.

Although it was mentioned above that vulnerability levels in the country are high, the
trend between 1994 and 2002 paints a less gloomy picture. The findings in chapter 7
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suggest that vulnerability has decreased in the vast majority of places, and the change
is even bigger in the most vulnerable ones. In this way then disaster risk has
decreased generally in Guatemala. Higher levels of education, more access to
improved water and sanitation provision, and higher proportion of women in the
economically active population are amongst the indicators that have generated the
improvements. Involvement in global commodity chains has existed for a long time and
it has included remote mountain areas like the ones studied here, but it is only
relatively recently when more activities (e.g. forest incentives) or existing ones with
different governance structures (e.g. eco-labelled and fair trade coffees) that they have
more potential to make a contribution to vulnerability reduction.

Exposure may have contributed to higher risk. Since safer land is scarce both in rural
communities and in urban centres, population growth necessarily results in more
people exposed to hazards, although the drivers of who is exposed and where they
move to vary. As presented before, by far the main destination for migrants is the
capital and people living in informal settlements (slums) in the metropolitan municipios
increased from 27,337 to 85,861 between 1994 and 2002 according to national
censuses. It could be argued that migration from rural communities to e.g. the capital
may not have a net effect on exposure (since migrants may come from high risk areas)
but it does have an effect on people‟s vulnerability as it is more likely to decrease in the
capital. However, no conclusion can be drawn on this matter because it was not
studied closely.

In sum, the general hypothesis set forth was partly right and partly wrong. The
conclusion could be phrased in the following way: disaster risk has increased only in a
few areas because of higher rainfall totals and extremes, in most mountain areas it is
the same; land use and cover (LUC) change (to annual crops) has increased risk in a
few locations but it has not increased in most of the volcanic highlands either because

237

Climate-related disaster risk in mountain areas: the Guatemalan highlands at the start of the 21 st Century

there has been little LUC change or because LUC does not seem to have an effect on
slope failure; disaster risk has decreased overall because people‟s sensitivity and
ability to recover (elements of vulnerability) have declined in the vast majority of
mountain areas but risk may have risen as a result of increased exposure either in
mountain communities or in marginal areas of the capital and surrounding municipios.

Since the general conclusion indicates that the influence of the elements studied on
disaster risk varies spatially it becomes necessary to assess their overlap in order to
identify locations where disaster risk may have increased considerably more than in
other ones. Existing conditions (vulnerability, exposure and hazard susceptibility)
coupled with trends in rainfall and land use and cover could be seen as generating four
zones of growing risk (overlaying figures 7.1, 6.12, and 9.1). In order of decreasing
magnitude of risk change these would be: a) an area of high vulnerability, together with
signals of increasing total rainfall and extremes, as well as vast forest loss in a zone of
Tv geology (where LUC is related to slope failure); b) an area with Qp geology (i.e.
highly susceptible to slope failure), with strong signals of increasing total rainfall and
extremes, and growing population in informal settlements (exposure); c) an area of
high vulnerability with Qp geology, with some signals of increasing total rainfall and
extremes; and d) an area of high vulnerability and considerable forest loss in a zone of
Tv geology. Figure 9.2 shows these four zones and Table 9.1 lists the municipios of
which an important part of their territory lie within the zones.

It is important to note that an area of growing risk includes the most important road
network for the economy in the country, which connects the capital to the most
important ports on both coasts. The economy of the country, and arguably its general
functioning, is at risk because of the combination of rising rainfall (and extremes) and
poorly stabilised slopes resulting from road construction in the mountains.
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Figure 9.2: Four zones of higher magnitude of risk change (circled)

Table 9.1: Municipios that lie within the areas of growing disaster risk
(in order of decreasing change magnitude)
Zone
a

Municipios
Camotán, Olopa, Quetzaltepeque, Esquipulas, San Jacinto, Concepción las
Minas, Jocotán, San Pedro Pinula, San Manuel Chaparrón

b

Guatemala, San Miguel Petapa, Villa Nueva, Villa Canales, Chinautla, Santa
Catarina Pinula, Fraijanes, Palencia, San Raymundo, San José del Golfo

c

Patzicía, Zaragoza, Santa Cruz Balanyá, San Martín Jilotepeque, El Tejar,
Sumpango, Santiago Sacatepéquez, Parramos, Patzún, Comalapa

d

San José Ojetenán, Ixchiguán, Concepción Tutuapa, Tejutla, Comitancillo,
Sipacapa, San Bartolo, Momostenango
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The evolution of disaster risk into the future is an area of similarly contrasting but more
uncertain trends. In terms of triggering rainfall events, the station in Guatemala City
shows that intensity fluctuates in periods of two to three decades and present high
intensity has occurred before. That suggests that a period of lower intensity would be
expected to follow the trend at the turn of the century. If the regime is changing as a
result of global climate change, then current high intensity could become the norm or
periods of unprecedented intensity could occur. Although general predictions would
support the latter point (IPCC, 2007; Jiménez and Girot, 2002), there exists high
uncertainty on the magnitude and spatial distribution of the changes at present. Taking
the trends from only one station as reference is problematic because of high variation
of climatic conditions in mountain areas. The trends for Guatemala City may not be
representative of the other locations studied here, not even those that presented similar
trends from the 1970s.

Forest cover seems to be stable or being lost at a very low rate in mountain areas
despite a high density of population. Increased interest in forest protection and policy
tools such as PINFOR and the PPAFD forest incentives (Guerra and Reyes, 2009)
might work to counteract some of the pressure on them, at least in mountain areas.
Exposure is most likely to grow, however, given medium-high (albeit decreasing)
population growth rates (2.066% in 2009 according to CIA, 2009) coupled with scarce
or unaffordable safer land to inhabit and lack of land planning and regulations. Disaster
risk, therefore, is expected to increase mostly as a result of exposure.

The findings presented above are relevant not only to disaster risk reduction in
Guatemala but also to theory. With various levels of statistical significance the results
provide empirical evidence of trends in rainfall, the role of LUC in slope failure in two
types of geology, trends in elements of vulnerability, and disaster risk levels in specific
locations. In terms of theory, they illustrate how political ecology as well as disasters
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and hazard theories can be used to assess present disaster risk as well as trends in
important elements that influenced it at the start of the 21st Century. The combination of
theory and methods from social and natural sciences framed what is hopefully a robust
way to enquire and analyse how climate-related disaster risk has changed. In this
sense, the aims of the dissertation were largely achieved but a few considerations will
be presented next.

Even though the title of the dissertation states climate-related disaster risk, it is
important to point out that it deals with a more specific aspect of it. The focus is rather
disaster risk related to mass movements and associated floods triggered by intense
precipitation. Other climate-related hazards include droughts, frost and wind gusts, and
they were not taken into consideration because their impact is much stronger on crops
(livelihoods) than (physically) on people and their total impact is different than the one
caused by mass movements and floods. Despite the fact that livelihoods are also
affected in a similar way by intense rainfall, the elements at risk on which this study
focused were people‟s lives and homes. Narrowing the triggers, hazards and elements
at risk, however, is not considered a weakness but one of the strengths of the study
because the processes involved are too complex and focusing on one allows a higher
level of achievement.

Not all mountain areas of Guatemala were studied in the same level of detail and so
the findings should not be over-generalised. For example, chapter 6 illustrated how the
geology type of a place can determine the role of land use and cover in slope failure.
Given that there are at least two other types of general mountain geology in the country
(sedimentary and metamorphic highlands), the results here in the field of mass
movements should not be applied in those areas. High heterogeneity of natural and
social conditions in mountains, and the complexity of their interactions restrict the
making of generalisations and also demand studies in areas of similar characteristics.
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Nevertheless, the sites chosen to study are probably the most relevant since they
concentrate a significant proportion of the population (including the two biggest cities in
the country) and they are well known to be affected by hazards related to climate
events, which is not the case of the sedimentary highlands.

According to the findings mountain areas in Guatemala do not seem to be different
from the lowlands in terms of the social vulnerability elements studied. They do
concentrate most of the rural and vulnerable population, but the lowest DSR Index
values in the country are also found in them. Also, some municipios and communities
in the lowlands are amongst the most vulnerable. Notwithstanding, disaster risk is
higher in mountain areas because hazard levels and exposure are higher.

Analysis of the risk „equation‟ elements studied was constrained by availability and
quality of data. Longer records of rainfall data as well as hourly (rather than daily)
figures would have improved the analysis of intense precipitation. More socioeconomic
data and especially more disaster vulnerability data at the settlement level would have
made the vulnerability analysis more robust. Access to mass movement databases
from Hurricane Mitch would have made it possible to analyse the role of land use and
cover in slope failure in the Matanzas River sub-basin. More detailed mapping of
geology and other geographical features would have made hazard mapping more
accurate. The list could continue but in general all the constraints are related to the
setting of the study: a developing country. It should not mean, however, that science
and knowledge cannot progress in such places but rather that the findings have less
certainty of being correct than otherwise. Despite these caveats, the methods used
were standard in each of their corresponding scholarly fields and could be considered
best available science for the area.
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In regard to Political Ecology as theoretical framework, it proved helpful in the
understanding of the interplay between natural and human elements in disaster risk.
The level of achievement was thus high. The element of political ecology that was
given a much smaller role in the analysis of disaster risk trends was people‟s agency.
The main reason for it was scale. The study of elements of vulnerability and exposure
was carried out at the municipal and settlement level and not the household. It would
have been helpful to conduct interviews or a survey with people in some of the areas
studied, particularly in new settlements or newly inhabited parts of existing settlements.
Because of available resources (i.e. time and funding) it was not possible to do.

Analysis of globalisation and how it influences vulnerability took a less important role in
the dissertation than initially intended. It was approached in an exploratory manner,
focusing on how it is reflected in the communities studied. No mention of its relevance
at the regional or national scale was attempted so it remains as a topic for future
research. Future research questions include how representative (or rare) the case of
Wachabajhá is in the country; how extensive organic and fair trade coffee is in
mountain communities and how significant its impact has been; what the real
cost/investment is in including more communities in these markets and who has
provided the funds to date; for how long forest incentives can benefit communities and
how forest management for production or conservation will evolve after the period of
incentives; etc. Even focusing on the four activities looked at (the two above plus
tourism and cardamom production) would require considerable attention and field
research. Part of the reason why the topic was not studied in more detail here is that it
was too ambitious.

Other further research questions include: how is rainfall distributed along altitudinal
gradients during tropical cyclones? Rainfall is largely unknown at elevations higher
than 2,000m asl in Guatemala; What are the rainfall thresholds that trigger extensive
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mass movements in the different geologies? Does land use and cover play a significant
role in slope failure in sedimentary and metamorphic mountains? What is the level of
exposure to mass movements and floods in sedimentary mountains? How can
vulnerability assessment be more robust in the analysis through time?

Although vulnerability has decreased (as suggested by the DSR Index), existing high
levels coupled with widespread hazard susceptibility confer exposure a key role in
disaster risk trends, which becomes more challenging in light of a growing population.
Arguably the most relevant research question, albeit the most complex, is that of when
and how is the country going to adopt a development model that gives priority to
people‟s safety? Tackling existing exposure and regulating the establishment of new
settlements in the most hazard-prone areas are some of the crucial actions to reduce
disaster risk.
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10 Appendices
10.1 Interview and focus group questions for data collection

The questions are aimed at collecting data for several chapters of the dissertation. The
interview or focus group starts by giving an introduction to the research project. The
questions are meant to guide the collection of data during the session or meeting held
with one or more people in the study sites. More questions to facilitate the provision of
more detailed information from the participants or to obtain as wide a range of points of
view (in the case of focus groups) should be asked.

1) Hazard and vulnerability mapping
The objective of this study is to generate a method to map hazards and vulnerability at
the sub/national scale based on technical and local knowledge.
The guiding research questions are:
How can hazards and vulnerability be mapped combining technical and local
knowledge?
Which indicators can be used to map hazards?
Which indicators can be used to map vulnerability?
How replicable can be the method?

Specific questions asked during interviews and focus groups


Which hazards/dangers are there in your community? (events or situations that
can cause death, crop damage, etc).



Rank them according to their importance (intensity and frequency).



Which places or areas in the community can be affected by the
hazards/dangers? (indicate on the basic community map)
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In which places around the community can these hazards/dangers occur?
(indicate on the map)



How do you all know about these hazards/dangers? Or How do you know that
those areas are dangerous? (Discuss their answers trying to see if it is through
their own experience or through knowledge that has been passed on from
generation to generation).



Ask about the meaning of the name of the community or key places around.
Ask which physical factors are used as indicators of the hazards.



Who in the community would be the worst impacted by the event?



Why would that group be the most affected? (go deeper into the characteristics
that make them more vulnerable)



Which factors or characteristics of the community would help recover faster?
What about at the family level?

2) Extreme rainfall events
This part of the dissertation looks primarily at extreme rainfall events based mostly on
analysis of historical records from 30 meteorological stations in Guatemala. Another
source of information on what is happening to rainfall, particularly extreme events, is
through asking local people about their observations or perceptions. The questions to
ask are the following:


Has the start of the rainy season changed over time? If so, How has it changed?



Has the amount of rainfall per annum changed over the years? If so, How has it
changed?



Have the storms (intense rainfall events) changed over time? If so, How are
they different now?
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3) Exposure and vulnerability
The objective is to assess how and why exposure to climate hazards have changed (if
they have) in the last few decades. The research questions asked are: Which has been
the pattern in the expansion of settlements? Which characteristics both physical and
social do recent settlements have? (e.g. slope, access, services and infrastructure,
poverty). Which have been the main drivers of the expansion? Are the new settlements
more vulnerable than the older ones? The questions will include some about the
influence of globalisation on mountain communities.



Which have been the areas of the community that have been populated more
recently?



Why have people moved to those areas?



Is the socioeconomic situation of the families who live in those areas different
from the other families? Are those families poorer? Can they be impacted more
strongly than the rest of families?



If the population grows where would new families establish their homes?



Which effects have the following elements had on people‟s lives in this
community?


Use of agrochemicals (e.g. higher productivity, debt, higher income?)



Access to products/markets outside the community (e.g. higher income,
more uncertainty?)



Tourism (e.g. higher income, influence on traditional culture?)



Migration (e.g. higher income, faster recovery after a disaster, family
disintegration, influence on traditional culture?)



Presence of marketed products (e.g. higher expenses, business opportunity,
increase in waste on the streets, job generation?)
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Presence of organisations from outside the community such as
development or aid organisations, both national and international

Lastly, two more questions are added so as to receive opinions on disaster risk over
time. These questions are:


Do you think that in the future there are going to be more disasters?



Which factors do you think can determine whether there will be more disasters
or more intense ones?

After the questions and discussion session the participants are asked whether a walk
around the community can be carried out in order for them to show the zones identified
as (most) hazard-prone.

10.2 Dissemination of results on disaster risk assessment and
mapping
10.2.1 Description of actions
Apart from the maps, six posters were produced as reference material for local
authorities (community -4-, municipal -4-, and disaster reduction commission -2-),
schools (2), local youth group (1), NGOs (5) and host institution (2). Two of them were
produced in Spanish and the local language (Kaqchiquel), and the rest only in Spanish.
20 posters were printed in A1 size on photography paper and framed (see the two
examples). Furthermore, the maps were presented and discussions were held locally.
In San Marcos la Laguna this was done by a local youth group (Grupo de Jóvenes
Maya-Kaqchiquel) who learnt about the subject and the maps, they decided which
groups to give presentations to, and organised them. Most of the presentations were
given in Kaqchiquel. In Santa Cruz la Laguna the Vivamos Mejor Association was in
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charge of the presentation and as a result the maps were included as part of the
municipal development plan. At the Sierra de las Minas the results were presented to
Defensores de la Naturaleza officials, including those who work at the national office,
the Sierra de las Minas park director and officials who work in the northern and western
parts of the reserve. The latter were then in charge of communicating the results to
local authorities through presentations and handing in the posters. A presentation of
the research project was given at Del Valle University in Guatemala City and it was
also presented as a paper at the Annual Meeting of the American Association of
Geographers in Las Vegas (23rd March 2009).

Both the results (the actual maps) and the methods of this study are being used and
will continue to be used in the areas studied. The technical method has already been
applied to create risk maps for another four municipios in the Atitlán region. The actual
maps have been presented to local authorities, local inhabitants and schools. They are
very well known and are being promoted locally by officials from the partner
organisations. In the case of Santa Cruz la Laguna (municipio) this led to the map
being taken into account for the municipal development plan. The partner NGOs will
use them to inform their programmes related to disaster reduction, particularly to take
actions for which they have funding, especially in Atitlán.
10.2.2 Posters created for dissemination of results
Six different posters were produced, two of them were general, one for each of the
regions studied (part of the Lake Atitlán basin and the Matanza River sub-basin). The
other four focused on the communities and had an emphasis on the maps generated
using local knowledge. Two of the six are shown here as examples, the general one for
the Atitlán site and a community one (caserío Los Angeles).
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10.3 Forest cover dynamics in Guatemala, years 1991/3-2001
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