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The purpose of this study is to explore, compare, and analyze the process of 

learning and the importance of adaptation and resilience in a continuously evolving 

environment amidst natural disasters as seen in two earthquake-prone communities 

located in southern Peru.  The framework of complex adaptive systems offers insight into 

understanding human limitations to control an environment that is constantly far from 

equilibrium.  Complexity science theory supports the study and the self-organization of 

communities in the process of coping with a disaster.  Reports generated from informal 

interviews and participatory techniques further support all evidential findings.  The co-

evolution process given by the participation of diverse agents may include the 

collaboration and involvement of victims as well as local, state, and national 

organizations. Results from the co-evolution process may derive from previous 

experiences, preparedness, education, the development of previous relationships, and the 

capacity of improvisation.  Furthermore, solidarity, self-organization and adaptation of 

agents in a community may further influence the ability to deal effectively with 

unexpected adversity.   
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CHAPTER I 

GENERAL INTRODUCTION 

 
 

1.1 BACKGROUND 
 

Peru is a land of contrasts, with natural hazards occurring in coastal deserts, high 

Andean mountains, and humid Amazon lowlands. However, a growing number of 

Peruvians are increasingly exposed to such risks as population rise, cities expand, and the 

percentage of developed land increases. These social features interact with an assorted 

distribution of seismic risks shaped by the Nazca Plate subducts, resulting in earthquakes 

occurring throughout the mountains and coastal regions.  Catastrophic events, such as 

landslides, soil erosion, and fluvial transport shape the Peruvian landscape. Rains and 

floods during an El Niño year can rearrange surface features while also destroying homes 

and infrastructures (e.g. Taucer, 2009; Alarcon, 2009; So, 2009).  Natural hazards and 

human factors only exacerbate the conditions of this already sensitive setting.  High 

population densities, population settlement in areas at high risk for a natural hazard, 

poverty levels, and a lack of education contribute to the conditions and obstacles 

following a natural disaster.  Furthermore, despite the recognition and acknowledgement 

of a natural risk, communities are often constrained by a multitude of factors in the way 

they can or will respond.  In Peru, earthquakes are the most common natural disaster and 

resulted in the greatest loss of lives and economic damages (USGS-USA, IGP-Peru) 
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within the last century.  People from a variety of sectors, including international aid, 

government, academia, civil society, and the private sector, have come together to reflect 

upon the vulnerability of this coastal area to natural hazards and to propose strategies to 

help communities adapt to these hazards.  In an effort to support Peruvian communities, 

the Sustainable Cities program was later developed by Professor Julio Kuroiwa from the 

National University of Engineering of Lima, Peru.  The first stage (SCP-1S) initiated in 

1998 focused on physical safety.  The program then completed hazard maps of sixteen 

cities located in the macro-seismic areas of the Ica region (Kuroiwa, 2008).   

While discussions between aid workers and government officials aim to increase 

the capacity to withstand current and future hazards, conversations also focus on the 

effects of hazard exposure.  Specifically, proposed strategies focus on effective land use 

planning and the avoidance of urban development in areas of high exposure, particularly 

in coastal regions.  However, outside agencies give less attention to the people currently 

at risk of being caught in a natural disaster.  Despite increasing awareness of natural 

hazards and the associated processes, there is an apparent disconnect in how to best 

enhance the coping abilities of those exposed to various disasters.  

 Disaster management and vulnerability literature sites the need to create less 

vulnerable, more resilient individuals, communities and societies, through the 

mechanisms that promote adaptive capacity (López and Yarnal, 2010).  A variety of 

factors ranging from economic, social, political, cultural, institutional, and psychological, 

shape adaptation and vulnerability within people groups (Buckle et al., 2000; McDaniel 

and Lanham, 2010). To understand the source of vulnerabilities and the existing potential 
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to increase adaptive capacity, we must shift from the hazard itself and explore influencing 

factors.  Through identifying and assessing these factors, alongside the perception of 

hazards within an exposed population, more effective interventions and adaptation 

strategies may develop (Buckle et al., 2000). Analyzing the strengths, skills, and 

resources available within communities is the first step towards enhancing the capacity to 

adapt to changed conditions. Furthermore, vulnerability decreases when communities 

recognize their own opportunities for accomplishment as a basis for disaster resilience 

(Masten, 2001; Klein et al., 2003). 

Researchers generally agree on the importance to understand the factors 

contributing to disaster vulnerability and on the views of individuals at risk, in 

conjunction with seeking practical adaptation initiatives to strengthen communities at 

risk.  Researchers also attest to a deficiency in empirical case studies accounting for such 

considerations (López and Yarnal, 2010). In addition, there is a need for studies in which 

the natural hazard is palpable and recurring, as is often the case with earthquakes.  With 

its high frequency of earthquakes and susceptible populations, Peru provides an 

opportunistic landscape for conducting valuable case studies regarding disaster 

vulnerability and the capacity to adapt.  
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1.2 THESIS GOAL, OBJECTIVES AND RESEARCH QUESTION 
 

Through the experiences of two earthquake-prone communities in southwestern 

Peru, this thesis aims to bring complexity science to light in order to understand the 

process of adaptation and human capacity following extremely adverse events. More 

specifically, the objectives of this work are to discover how unexpected earthquakes and 

chaos intertwine with the everyday lives of community members when developing 

adaptive capacities to their environments (Chapter 2). In addition, this thesis describes the 

process of adaptation through complexity science and attempts to understand the 

contributing factors, which influence future adaptive capacities and vulnerabilities to 

earthquakes (Chapter 3). Finally, this study strives to comprehend the continuous co-

evolution between nature and society, thereby leading to a starting point for dialogue and 

shared thinking regarding community and social development in the face of natural 

disasters and everyday life (Chapter 4).  This overarching goal, as supported by these 

three specific objectives, is examined through relevant literature and observations 

gathered during a visit to two earthquake-prone communities located in the province of 

Ica: Salas de Guadalupe and Subtanjalla in southwestern Peru (Section 1.3). Ultimately, 

this thesis aims to determine how to better incorporate complex emerging models and 

conceptualizations based on the dynamic interactions between the Earth system, human 

development, and sustainability in the midst uncertainty.  

 

 



 5 

1.3 STUDY AREA 
 

This study was conducted in the communities of Salas de Guadalupe and 

Subtanjalla in the northwest area of the province of Ica, Peru.  The two communities are 

located in the seismic coastal area of Ica along the Ica River about 300 km to the south of 

Lima. The region runs along the desert coast of southern Peru and is approximately 430 

meters above sea level. The Peruvian government formally classifies Salas de Guadalupe 

and Subtanjalla as “populated areas” with rural portions and a dispersed population 1 

(“Centros Poblados” urbanos, con áreas rurales y población dispersa) (INEI).  

Subtanjalla City, founded on February 10, 1959, is the capital of the Subtanjalla district 

capital.  Subtanjalla has an area of 193.97 square kilometers, an elevation of 424 meters 

above sea level, a population of 19,019 (census 2007), and a population density of 98.1 

inhabitants per square kilometer (INEI).  The district of Salas, as well as the district of 

Subtanjalla, is one of the fourteen districts in the Ica province.  Founded on February 

11th of 1925, its name was given in memory of General Juan José Salas, the first mayor 

of the province of Ica and the district capital of Guadalupe City.  Salas is one of the 

largest districts in the Ica province.  It has an area of 651.72 square kilometers, an altitude 

of 430 meters above sea level, a population of 17,973 (census 2007), and a population 

density of 27.6 inhabitants per square kilometer (INEI).  

 

 

                                                 
1 Author’s translation; all translations by the author 
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Figure 1.1 Location of the study area north to the city of Ica, Peru. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Ica region is located within the Pacific coastal area of Peru. Its limits lie to 

the north of the Lima region, to the south of the Arequipa region, to the east of the 

Huancavelica and Ayacucho regions, and to the west of the Pacific Ocean.  The weather 

is subtropical dry during the year and particularly known for its “Paracas”, or strong 

winds. The area has an average annual temperature of 22° C (71.6° F) (INEI). 

Figure 1.2 Temperature values for Ica Region in Peru.  Mean values for temperature  

 
Peruvians from the Andean cities of Ayacucho and Huancavelica settled the region 

in the early 1990s. As Rosario Huallanga from CODEHICA (Rosario Huallanga Zapata, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

28°c 29°c 29°c 27°c 24°c 22°c 21°c 21°c 22°c 23°c 24°c 26°c 

20°c 20°c 20°c 18°c 15°c 14°c 14°c 14°c 14°c 15°c 16°c 18°c 
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in charge of the Communication for Development Department for CODEHICA Human 

Rights Commission-Ica) states in an interview: 

 

La particularidad de esas poblaciones es que las personas viven años en Ica pero que han 

emigrado de la zona Andina Ayacucho y Huancavelica, son quechua hablantes un gran 

porcentaje, y son trabajadores, hombres y mujeres, del agro-exportación, quienes vienen siendo 

los más explotados. 

 

1.4 PARTICIPANTS 
 

Study participants from the city of Ica included community members from the 

districts of Salas and Subtanjalla, the president and a representative from CODEH-ICA 

(Ica Human Rights Commission), a leader from a local women’s group, and an 

environmental engineer from the non-profit organization Houses for Health (Casas de la 

Salud). The director from the Department of Planning and Disaster Relief (Departamento 

de Planeamiento y Mitigación de Desastres) from the National Engineering University 

within the Peruvian-Japanese Seismic Research and Disaster Relief Center (Universidad 

Nacional de Ingeniería - Centro Peruano Japonés de Investigaciones Sísmicas y 

Mitigación de Desastres UNI-CISMID) in the city of Lima also participated in this study. 

A total of 21 households, 13 women from the Subtanjalla community, and 8 

women from the Salas de Guadalupe community participated in this study. A community 

leader contacted the women and all subjects participated voluntarily. 



 8 

1.5 RECAPITULATION 
 
 This thesis explores the process of and capacity to adapt within a community 

following an earthquake through an analysis of two earthquake-prone communities in 

southwestern Peru.  Specifically, it aims to determine how earthquakes become a part of 

one’s everyday life, which factors influence adaptive capacity to earthquake hazards, and 

what elements promote community resilience.  Understanding these elements may 

improve the development of practical adaptation strategies that better equip community 

members to manage current and future earthquake occurrences.  
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CHAPTER II 

THEORETICAL FRAMEWORK 

 
 

2.1 INTRODUCTION 
 

“If urban occupation is made based on hazard maps and uses Peruvian 
earthquake resistant technologies developed over the past 10 years for brick and 
concrete block masonry housing and reinforced concrete buildings, it is expected 
that earthquake damage will be less than 5% of its value and the residents will be 
adequately protected”.  

Julio Kuroiwa  
Professor emeritus National University of Engineering and UNDP Reconstruction 
Program/Sustainable Cities, 2008 

 
 
 

Julio Kuroiwa’s statement demonstrates a general view regarding earthquake 

safety and the Sustainable City program in the coastal macro-seismic area of Peru that 

has emerged since the Sustainable City inception in 1998.  After the 1997-1998 El Niño, 

there was a great need to reconstruct Peru’s northwestern cities and towns devastated by 

flooding, landslides and erosion. Dr Julio Kuroiwa proposed to the then Prime Minister 

of Peru and the chairman of the El Niño Reconstruction Committee (CEREN- Comité 

Ejecutivo de Reconstrucción de El Niño) that the severely affected cities and towns 

should be reconstructed by applying the physical safety attributes and proposed ideas 

expressed in the “Sustainable Cities Program” (Plenary Session III 6th National Seismic 

Conference, 2008).  Despite the Sustainable City measures, it is unclear whether or not 
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such technical measures alone provide a solution for those areas and people affected by 

natural hazards. 

2.2 LITERATURE REVIEW  
  

Earthquake vulnerability literature has presented various reasons supporting 

technology as the sole solution for prevention and disaster relief. Although technical 

measures, such as earthquake sirens and more earthquake-resistant buildings, provide 

some protection from earthquakes, people are still vulnerable to the effects of disasters. 

Factors such as social class, ethnicity, race, gender, and social connections often 

influence the degree of damage in a community. At the same time, these factors play an 

important role in creating a more swift recovery process from the crisis involved 

(Schoch-Spana, 2005; McDaniel, 2001).  Typically, large-scale earthquake prevention 

projects only offer partial solutions, as they do not usually address the causes of 

vulnerability in a community (Mc Daniel, 2004).  It is inappropriate to treat earthquakes 

as a characteristic of hazard exposure alone, as this focus does not facilitate an 

understanding of the interconnection between everyday factors, endangerment exposure, 

and the subsequent amplification of hazard vulnerability (López and Yarnal, 2010).  

Therefore, it is fundamental to treat vulnerability to natural hazards within a wider 

context of peoples’ lives (Few, 2003; Reid and Vogel, 2006; Smit and Wandel, 2006).  

With this approach, one may understand the issues creating unsafe conditions, the 

perceptions and experiences of community members to frequent risks, and how to resolve 

the everyday factors that may otherwise limit adaptive capacity and inhibit resilience.   



 11 

2.3 THEORETICAL FRAMEWORK  
 

As part of human life, individuals deal with uncertainties and unexpected events 

on a daily basis.   Learning to live in a community prone to natural instability offers both 

opportunities and risks.  Literature reveals that communities, especially in rural settings, 

are least capable of understanding utility and service disruptions during and immediately 

following a major disaster (Montoro, 2005; Adger et al., 2005).   The time to overcome 

and transform in and with a new environment presents itself immediately following a 

significant challenge and disruption in regular activities. 

The framework of complexity science offers a way to understand the importance 

of adaptive capacity and resilience when facing the unexpected.   Accordingly, 

complexity science draws our attention to the importance of relationships among agents, 

the possibility that operating at points far from equilibrium may be better for 

sustainability than operating near equilibrium, and our inability to predict and control 

system outcomes (Mc Daniel Jr. and Lanham, 2010). 

Scientists traditionally assume that complex patterns of interaction generate 

complex events and that simple patterns of interaction generate simple phenomenon.  On 

the contrary, complexity science suggest that the world may operate in more fascinating 

ways (McDaniel, 2004).   The ideas of complexity science first aimed to understand two 

questions grounded in chaos and complexity theories: how do simple systems create 

complex behaviors and second, how do complex systems create simple, ordered patterns 

(Mc Daniel and Lanham, 2010)?   Complex adaptive systems (CAS) are generally 

described through five main characteristics.  First, CAS are composed of diverse agents 
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(individuals, community, sectors in the society, and foreign entities) with the ability to 

learn as new information becomes available.  Moreover, uncertainty is fundamental to 

CAS and cannot be reduced with more information or better information processing.  

Rather than focusing on the reduction of uncertainty, complexity science encourages 

scientists to learn from sample societies, analyze history thoroughly, and simulate 

experiences within a particular community (McDaniel, 2004).  Many relationships 

between agents in CAS are nonlinear and dynamic.  In nonlinear relationships, small 

inputs can produce large outcomes, and large inputs can produce small outcomes.  Thus, 

in CAS the system outputs are not necessarily proportional to the inputs.  Furthermore, 

the nonlinearity of relationships in CAS implies that future system behaviors may be 

dependent upon small changes in initial conditions and that future system outcomes are 

unpredictable.  Likewise, a massive effort to establish a quality improvement system may 

result in limited changes to the day-to-day behavior of people.  Rather, the dynamic, 

nonlinear interactions among diverse agents lead to the capacity to change or adapt (Mc 

Daniel, 2004; Boisot and Child, 1999).  Agents in CAS also display patterns of self-

organization as seen through the development of dynamic social structures and local 

interactions.  Due to the fact that social systems self-organize, one must recognize the 

limits of imposed structures, as seen within the formal organization of hierarchies and 

regulatory control mechanisms. As a result, scientists must shift their efforts to foster 

patterns of communication and relationships that emerge through self-organization.  CAS 

self-organize, using a variety of connections to configure and reconfigure themselves, 

independent of any hierarchical control.  People form informal groups to discuss how to 
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organize their communities appropriately. Dr Lourdes Ninapayta Inca, president of the 

nonprofit organization “Casas de la Salud” said, 

 

Se puede apreciar que la capacidad de resilencia es diferente de acuerdo a la condición de cada 

persona o grupo.  Por ejemplo, nosotros trabajamos con tres grupos, no todos son iguales.  

Tenemos el grupo de “TBC resistente y HIV” que ha aumentado aquí en Ica, además de la 

situación que viven por el terremoto ellos tienen otra carga más además de ser pobres y enfrentan 

su problemática muy diferente a la del otro grupo llamado “Amigas Migrantes”, quienes son 

personas que han migrado de las zonas andinas y que están radicados en asentamientos humanos, 

viven la explotación del trabajo de campo y ellos experimentan y se organizan de diferente 

manera.  Por último tenemos el grupo de mujeres “Jefas de Hogar” que son mujeres o viudas o 

que han quedado solas, el efecto es otro, sus necesidades y problemáticas son otras, la forma de 

enfrentar el desastre y organizarse es también diferente. 

 

Patterns of relationships within a group create or hinder the capacity to learn as 

individuals attempt to incorporate new activities and ways of thinking into the resolution 

process following a particularly painful situation.    The self-organized relationships help 

respond to new occurrences and provide coping mechanisms after a natural hazard or 

unexpected event such as an earthquake (Gell-Mann, 1994; Camazine, et al., 2001; Mc 

Daniel and Lanham, 2010). Lastly, CAS displays emergent properties that are 

characteristic of a system and that cannot be explained through analysis or understanding 

all of its parts (Holland, 1995; Goldstein, 1999; Johnson, 2001; Mc Daniel, 2004)).  
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These emergent properties of CAS are what give each community its distinctive 

characteristics.  Capra (2002) explains this in an insightful way:  

 
“When carbon, oxygen and hydrogen atoms bond in a certain way to form sugar, 
the resulting compound has a sweet taste.  The sweetness resides not in the C, nor 
in the O, nor in the H; it resides in the pattern that emerges from their interaction.  
It is an emergent property.  Moreover, strictly speaking, the sweetness is not a 
property of the chemical bonds.  It is a sensory experience that arises when the 
sugar molecules interact with the chemistry of our taste buds, which in return 
causes as set of neurons to fire in a certain way.  The experience of sweetness 
emerges from that neural activity (pp. 41-42)”. 
 

 
Consequently, emergent properties are not static in nature but dynamic, meaning 

that the emergent properties of a system require continuous attention.  When connections 

are strong and relationships are well developed, emergent properties are congruent with 

each other and consistent overtime (McDaniel, 2004).  However, one can ask “what are 

the emergent properties of a community organization that are likely to be most helpful in 

a earthquake event?” In the present case study, one finds emergent properties beneficial 

for even the most disadvantaged people in the community.  For instance, in the interview 

with environmental engineer, Percy Gutierrez Vilca, from “Casas de la Salud”, he 

mentions that since the late seventies, Civil Engineering programs from two universities 

in Peru joined to discover the most resistant material to seismic waves within an area and 

at the same time, be economically affordable to the people from rural communities who 

generally suffer the most. Researchers tested various quincha panels, and built several 

prototypes based on the "shaking table" (earthquake stimulator).  From these tests, 

various recommendations on proper seismic design were made to the design team. The 
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community provided land and labor for the construction of improved quincha prototypes 

(house, school, and community centre). Later on, researchers conducted workshops on 

quincha design and construction for community members providing technical drawings 

and explanations of construction techniques.   Vilca also said that builders use highly 

resistant Copaiba and Tornillo wood for paneling and lightweight Guayaquil cane for 

roofs (“aligerado de caña Guayaquil” in Spanish). 

The interaction among all the agents participating creates a particular quality of 

the homes constructed for these communities.  Thus, this quality becomes an emergent 

property, not simply because of the researchers, design team, or construction materials, 

but because of the total interaction of these agents with one another and with the rural 

people.   Along with this quality, low cost anti-seismic houses come to be an emergent 

property of the research project as well.   Similarly, when the Department of Housing and 

Urban Development lacks in responsible oversight, the irresponsibility is usually another 

emergent property.  Although a single member, such as the Department Secretary or the 

chairman of a committee, may be held accountable, the characteristic of irresponsibility 

emerges from the patterns of interactions between the department and its environment.   

Emergent properties rely on a willingness to do whatever is necessary to make 

things work, a sense of calmness when unexpected events occur, and a strong 

understanding of the intersections of psychological and physiological needs for people in 

crisis (Goldstein, 1999; Johnson, 2001; McDaniel, 2004).  Thus, the development of 

these kinds of emergent properties requires special attention to relationships.  In addition, 

CAS co-evolve with the environment (McDaniel & Lanham, 2010).   Co-evolutions 
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occur when a system’s reaction to an environmental stimulus alters the environment. The 

system’s original reaction is no longer the most efficient, causing additional changes 

within the system.  There is a constant need for systems to adapt to their environment.  

This capacity to adapt seems to be a prerequisite for survival.   Moreover, Boissot & 

Child (1999) noted that communities go beyond adaptation in order to co-evolve with 

their environment.  Nonetheless, in the effort to improve conditions in an ever-changing 

scenery, adaptation to and co-evolution with the environment is continuous and full of 

surprises (Johnson, 2001).   When people respond to an unexpected event, such as an 

earthquake, their response shapes the nature of events to follow while also being shaped 

by the events as they occur (McDaniel, 2004).  Furthermore, Mc Daniel and Driebe 

(2001) affirm that natural hazards as unexpected events are absolute complex adaptive 

systems and the properties of these systems, when “taken together, lead to fundamental 

uncertainty in the dynamic unfolding of natural hazards and of the environment in which 

they operate”.  In summary, McDaniel (2004) states in a very clear manner,  

 
“The learning capacity (resilience) of agents and the nonlinear interactions 
among agents results in self-organization, emergence and co-evolution, all 
unfolding in an unpredictable fashion (pp.124)”. 
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Table 2.1 Main characteristics of CAS – Adaptation and resilience requires the ability to 
transform and become suitable to the new environment, unfolding in an 
unpredictable way, endlessly and full of surprises. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Diverse agents 
Ability to learn as new info 

becomes available  

Emergent properties 
Gives community its 

distinction 

Relationships 
Non-linear and dynamic 

Self-organization 
Development of 
dynamic social 

structures & patterns 

Co-evolution 
With the environment 

unfolding in an 
unpredictable endless 

way 
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CHAPTER III 

UNDERSTANDING CULTURE WITHIN THE CONTEXT OF 
LANDSCAPE - CASE STUDY 

 

 

3.1 EXPLORATION OF HISTORICAL BACKGROUND 

The history of the Ica Region dates back to June 17, 1563 when Luis Jerónimo de 

Cabrera y Toledo founded the Villa de Ica, naming it “Villa de Valverde del Valle de Ica” 

in the area called “Tacaraca”.   Felipe IV later deemed the town a city and changed the 

name to San Jerónimo de Ica.  Before the Spanish conquest overtook the area, several 

indigenous cultures developed including the Wari, Nazca, Ica and Paracas.  Among the 

various cultures in Peru, the Paracas society became one of the most important and 

advanced civilizations in the country, particularly for their incomparable expertise in 

textiles, surgical advancement on cranial trepanation, and mummification techniques.  

The Nazca culture became well known for its colorful ceramics and iconography (INEI, 

newspaper “La Voz de Ica”). Today, this region is well known for the incomparable 

ancient geo-glyphs located in the Nazca dessert. These geo-glyphs are displayed as long 

lines and figures of spiders, monkeys, dogs, lizards, hummingbirds, and condors that lay 

out on the desert. This area in the Nazca dessert is known as “Las Líneas de Nazca” and 

was designated a UNESCO World Heritage Site in 1994.  
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Territory 

The region covers 21,327.83 square kilometers, including the 22.32 square 

kilometers that form 17 islands along the coast.  The total area represents only 1.7% of 

the national territory and is home to 2.5% of the total population (INEI).  Ica’s territory 

embraces two natural regions, the coast (89%) and the highlands (11%).   In the Province 

of Pisco, the district of Paracas is 2 meters above sea level while the district of San Pedro 

de Huacarpana in the Province of Chincha is 3,796 meters above sea level.   

The Paracas wind is a strong marine wind occurring in the Pisco-Paracas zone and 

contributes to the clear skies seen in this region and the adjacent deserts.  

Hydrograph 

The rivers that cross the Ica Region vary in size and water volume.  During the 

winter, some of the rivers only carry water to the inter-Andean sector as is seen with the 

Ica, Grande, and San Juan rivers. In the summer and after the rainy season in the inter-

Andean basin, these rivers manage to carry water all the way to the ocean. Lake 

reservoirs were subsequently built to increase the volume of water carried by the Ica and 

Pisco rivers. 

Political division 

Five provinces form the Ica region: Ica, Chincha, Pisco, Palpa and Nazca (Figure 

3.1). The province of Ica covers an area of 7,894.05 square kilometers; Chincha, 2,987.35 

square kilometers; Nazca, 5,234 square kilometers; Pisco, 3,957 square kilometers and 

Palpa, 1,232.88 square kilometers.  The provinces of Ica and Chincha have higher 
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demographic densities due to the migration of people from the Lima, Ayacucho and 

Huancavelica regions (INEI). 

 
 

Figure 3.1.  Ica Region and its 5 provinces 
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Ica Province 

The Ica province is divided into fourteen districts (Ica, La Tinguiña, Los Aquijes, 

Ocucaje, Pachacutec, Parcona, Pueblo Nuevo, Salas, San José de los Molinos, San Juan 

Bautista, Santiago, Subtanjalla, Tate and Yauca del Rosario. 

 
 

Figure 3.2.  Ica province and its 14 districts. 
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3.2 EARTHQUAKES AMONG OTHER NATURAL HAZARDS IN TWO EARTHQUAKE-PRONE 
COMMUNITIES IN ICA, PERU        
 
Introduction 

Peru is a country exposed to many natural hazards, including flooding, landslides, 

earthquakes, tsunamis, and mild volcanic activity.  Of these hazards, earthquakes are the 

most recurring, typically resulting in the greatest loss of lives and economic damages 

(Sistema Nacional de Defensa Civil - SINADECI).  The occurrence of earthquakes is due 

to its geographic location along the circum-Pacific seismic belt.  The eastern section of 

the “Ring of Fire” results from the interactions between the Nazca Plate and the Cocos 

Plate. The Nazca Plate, named after the Nazca region in southern Peru, is an oceanic 

tectonic plate located in the eastern Pacific Ocean basin off of the west coast of South 

America. The ongoing subduction of the Peru-Chile Trench of the Nazca Plate under the 

South American Plate is largely responsible for the Andean orogeny2.  Many of the most 

severe and damaging earthquakes have directly resulted from the motions of the Earth’s 

lithosphere and the collisions of crustal plates (figure 3.3) (Peruvian Geophysics Institute 

- IGP).   

 

 

 

                                                 
2 Orogeny refers to forces and events leading to a severe structural deformation of the Earth's crust due to the 
engagement of tectonic plates 
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Figure 3.3 New ocean crust and upper mantle are created along the divergent plate 
boundary (East Pacific Rise) and spread to both east and the west from here. 
The eastward movement of the Nazca plate is due to its subduction beneath 
the continental lithosphere of South America along the Peru-Chile Trench. 

 
 

 
 
 
 
 
 
 
 

 

 

The study of plate tectonics discovered four types of seismic zones. From this 

discovery, scientists are now aware that the third type causes the collision of oceanic and 

continental plates - meaning that one plate is thrust, or subducted, under the other one, 

producing a deep ocean trench (USGS).  In Peru, along the Peru-Chile trench, the Nazca 

plate subducts under the South American plate, giving continual form to the Andean 

mountains. The type of earthquakes in this zone can be shallow, intermediate, or deep, 

depending on the location along the downward lithospheric slab (USGS).  Although 

current geologists and scientists have extensive information regarding the cause of 

earthquakes, they are still unable to predict when an earthquake will occur.   As a result, 

tectonic plates still cause a large degree of complexity and uncertainty in determining the 

occurrence of an earthquake. 

(http://earthquake.usgs.gov/learn/topics/plate_tectonics/rift_man.php) 
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Seismic movements in the Villa Valverde  

The first destructive earthquake recorded in Villa de Valverde occurred at dawn 

on May 12th of 1664 and destroyed most of the dwellings in the Villa.  As a result of this 

tragic event, the city relocated to what is now Luren.  Later on, the Mayor announced to 

the civilians that he had decided to move the entire city to a “better place” far from its 

temporary location as the present territory grew to be “humid and full of diseases” (“Ica, 

Apuntes Monográficos”, newspaper La Voz de Ica).  However, the Corregidor opposed 

the idea and the people joined him in that opposition.   With this ordinance, the populace 

re-built their homes in the same area of destruction.  Unfortunately, the city of Valverde 

was sentenced to disappear. Twenty-three years later in1687 another catastrophic 

earthquake completely destroyed the entire city of Valverde.  Any remaining civilians 

migrated to the north, relocating to Ica City’s present day location.  
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Table 3.1 Registered Earthquakes and tsunamis in the Ica Region – A synthesis 

 
1586 - Villa Valverde, founded on 1563, 
is destroyed by an earthquake.  As a 
result, the city was moved to the north, 
on the lands of the Rodamonte ranch. 
 
1647, May 3 - An earthquake affected 
Ica and Pisco. 
 
1664, May 12 - 4 a.m. An earthquake 
devastated the city, including the San 
Francisco’s convent and temple.  Thus 
the city moves to the García and Araos 
land (today Pueblo Viejo). 
 
1687, October 20 - The city suffered 
another violent earthquake.  Therefore, 
the city was transfer to what is Ica city 
today.  During the same day, the Villa de 
Pisco de San Clemente de Máncora is 
completely devastated by a tsunami, as a 
consequence of the earthquake with 
probably a magnitude 8, Richter scale. 
 
1813, May 31 - In Ica an earthquake 
destroys San Agustín church and 
multiple disasters in the city and in 
Pisco. 
 
1839, January 10 - Earthquake in Ica. 
 
1846, June 27 - Earthquake in Ica and 
Pisco. 
 
1863, August 13 - Earthquake in Ica and 
Pisco again. 
 

1942, August 24 - Earthquake 
magnitude 8.2, at 9:50 p.m. in Ica and 
Arequipa were great destruction 
occurred. 
 
1950, December 9 - Earthquake, 4 
people died, several wounded and 
massive damage. 
 
1973, August 24 - Earthquake 
magnitude 5 last 90 seconds. 
 
1984 - Earthquake magnitude 4. 
 
1995, December 10 - Earthquake 
magnitude 4,3 Richter scale. 
 
1996, November 12 - Seismic 
movement in Ica – Palpa – Nazca, with 
an epicenter in Nazca and a magnitude 
6.4 causing great damage. 
 
2003, June 23.  Earthquake with a 
maximum intensity of VIII in the 
Mercalli scale.  This earthquake was 
very complex followed by thousands of 
aftershocks. 
 
2006, May 31.  Earthquake in Ica. 
 
2007, August 15. Earthquake in Ica 
magnitude 8.0 lasted about 3 minutes. 
 
2008, February 11.  Tremor 
 
2008, May 9.  Tremor 

 
* Continuously the Ica region experiences tremors and earthquakes (IGP). 
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3.3 EARTHQUAKE MANAGEMENT IN PERU 

Historically, earthquake management in Peru has concentrated on structural 

control and on response and recovery following an earthquake.  Peru has undergone a 

period of significant growth in the last decade, mainly due to the extraction of natural 

resources and a booming agro-export and construction industry.  This has given 

significant resources to both central and regional governments and as a result, the state 

has been well positioned to provide a financial response.  Furthermore, Peru has 

developed a formal response team with experience in tackling emergency situations.  

However, during the most recent earthquake, the regional team struggled to cope with the 

scale of the emergency.  The central government, rather than support the regional team, 

bypassed it by creating a parallel response structure.  This led to poor coordination, 

particularly in the initial phases of the response, which in turn led to an absence of 

coherent information; duplication of efforts, and poor needs assessment (Samir Elhawary 

& Gerardo Castillo, 2008). 

Despite these deficiencies, most of the injured were evacuated promptly, diseases 

did not run rampant, and most of the affected population eventually received some form 

of aid.  This was partly the result of a well coordinated, rapid, and generous relief effort 

by the UN organization. Other factors were also important, such as the proximity to an 

airport, the affected area, and the relative lack of damage to the main road linking the 

region to the country’s capital (Elhawary & Castillo, 2008). 

In other circumstances such factors may not be present and people may not be as 

fortunate. This suggests a need to analyze and improve the coordination between the state 
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system and other stakeholders.  Concepts that concern building community resilience to 

earthquakes are considered essential elements for effective hazard mitigation strategies.  

Peru’s national disaster prevention and response system was created in 1972 

following the earthquake of 1970, one of the largest catastrophes to affect the country in 

its modern history. The earthquake affected a total of three million inhabitants (Huaraz 

online, 2006) accounting for 70,000 lost lives.   In 1987, the government created the 

National Institute for Civil Defense (INDECI) and in 1991, the National Civil Defense 

System (SINADECI) was established to integrate disaster prevention and respond with 

better national development planning (INDECI 2006, Manual de Conocimientos 

Básicos). 

SINADECI is an integral part of INDECI and seeks to manage issues related to 

disaster prevention and response.  Its primary aim is to reduce risks by providing timely 

and proper assistance and relevant relief in the case of a disaster irrespective of its origin 

(Art. 1° D.L. 19338).   SINADECI’s structure is both complex and hierarchical. The head 

of state and the Presidential Council of Ministers (PCM) through the Multi-Sectoral 

Disaster Prevention and Response Commission lead SINADECI while INDECI is 

responsible for all system coordination, there by linking the commission with the regional 

civil defense systems. 

In order to prepare for a disaster in Peru, the response system must strive to 

develop what complexity science suggests as the need to facilitate positive self-

organization, constructive emergence, and effective co-evolution processes.   
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3.4 COMMUNITY ADAPTATION AND RESILIENCE IN THE MIDST OF EARTHQUAKES – A 

COMPLEXITY SCIENCE APPROACH  

Modern science, especially complexity science, suggests that risk reducing 

mechanisms, despite their apparent logical framework, may not be the only way to 

increase the ability to cope within environments (McDaniel, 2004).  A dilemma arises 

when efforts do not focus on or account for the dynamic nature of adaptive efforts.  The 

nonlinear processes of complex systems do not allow for disaster prediction, as this is not 

an absolute value.  In other words, it is not possible to predict the dynamic unfolding of 

events because the ongoing dynamic itself is unpredictable (McDaniel, 2004; Goldstein, 

1999). 

  Complexity science responds to unpredictable scenarios by encouraging 

communities to act in response to the unforeseen using complex adaptive systems, which 

are unpredictable in their unfolding over time (McDaniel, 2004).   As mentioned in 

Chapter 2, characteristics of CAS are helpful in understanding and enhancing the process 

of community adaptation and resilience after the event of a natural disaster.  Particularly, 

self-organization, emergence, and co-evolution can take place in a manner that leads to 

practical applications, learning, and improvisation in the face of unfolding events such as 

an earthquake (Mc Daniel, 2004).  Complexity science suggests that, in addition to 

attempting to forecast what might happen in the event of an earthquake, it is necessary to 

focus on community development and its systems of relationships. As a result, 

communities are enabled to better prepare and act more effectively in uncertain 

circumstances.   Although the relationships in CAS, as explained in Chapter 2, are 
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nonlinear, Cilliers (1998) explains that CAS cannot establish with precision how a 

relationship will develop over time.  However, relationships may be influenced to 

facilitate, rather than hinder, positive system development (Mc Daniel, 2004).  Certainly, 

situations surrounding earthquakes are always ambiguous and require complex problem 

solving strategies. 

 In times of uncertainty, trying to make sense of an environment is a positive 

response that ultimately enables action (Thomas, Clark & Gioia, 1993; Weick, 2001). 

Action then promotes interaction among the different agents and the surrounding 

environment, in which learning is a fundamental result.  Yet, the most appropriate 

learning may not be learning in preparation for action, but learning while the action is 

occurring (McDaniel, 2004).  Stacey (1995) adds to this thought by stating, “the most 

important learning we do flows from the trial-and-error action we take in real time and 

especially from the way we reflect on these actions as we take them” (p.17).  From this, 

improvisation will properly suit this process of learning within community resilience in 

the midst of such natural disasters as earthquakes.   Crossan and White (1996), among 

others, state: “The capacity of a system to improvise is dependent on the degree to which 

the system understands its resources and the degree to which people can work together to 

exploit these resources” and when CAS are characterized by healthy patterns of 

relationships, their capacity for improvisation increases (McDaniel, 2004). 

In the case of the Ica earthquake of 2007 INDECI (Instituto Nacional de Defensa 

Civil del Perú) relied on its rigid hierarchical organizational structure that did not work as 

expected in the face of the unforeseen.  Instead, nonlinear relationships arose, self-
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organization came to pass, and an immediate process of co-evolution with their 

environment took place.  The assessment Elhawary & Castillo made of INDECI goes as 

follow: 

 “The regional civil defense system in Peru collapsed in the wake of the 
earthquake.  The initial response was chaotic: a power cut and the disruption of 
telephone lines hindered communication and many majors were personally 
affected and were grieving for lost relatives and friends, which effectively resulted 
in a lack of leadership (pg. 10). Peru has developed an elaborate formal response 
system that has experience in tackling emergency situations.  However, during the 
earthquake of August 15, 2007, the system at the regional level struggled to cope 
with the scale of the emergency and the central government, rather than support 
the regional system, bypassed it by creating a parallel response structure.  This 
led to poor coordination, particularly in the initial phases of the response, which 
in turn led to an absence of coherent information, duplication of effort and poor 
needs assessment.  Most of the relief was initially concentrated in Pisco, despite 
extensive damage and large-scale need in Chincha and other remote rural areas 
(pg. 4).” 

 

In response to the thoughts above, McDaniel & Lanham (2010) contest that “the 

most critical characteristic of CAS is that the relationships among agents are nonlinear 

and dynamic … this suggests that outputs of system behavior may result in a large 

disruption in a department”.  It is the dynamic, nonlinear interaction among diverse 

agents with the capacity to change, adapt, and become resilient that leads to complexity 

(Cilliers, 1998; Mc Daniel & Driebe, 2001). 

3.5 METHODS  
Twenty-one household samples – 13 from Subtanjalla and 8 from Salas de 

Guadalupe – took part in this study.  Two methods were used to gather household 

perceptions of earthquake risks embedded in everyday risks: (1) Informal questions to 
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participants, and (2) participatory ranking and scoring.  These methods are described as 

follows.  

3.5.1 Informal interviews 

The informal interviews started as soon as the participants entered the meeting, as 

all participants were well acquainted.  The acquired information was then used to relate 

to the findings from the second method, the participatory ranking and scoring of 

participants’ risk perceptions.  The questions related to number of members in the family, 

level of education, livelihoods and sources of income, and land and house tenure.  

Participants were asked if the researcher could visit two or three homes to make 

observations regarding house construction, material, and construction strategy to reduce 

earthquake damages and places of work. 

3.5.2 Participatory ranking and scoring of participant’s perceived risks 

Participatory ranking and scoring was used to highlight perceived risks.  Although 

there is no common definition for the term “risk”, this study defines “risk” as the 

possibility of harm, loss, destruction, or an undesirable event that can create unfavorable 

conditions and occupy one’s mind to create worry and uncertainty (López and Tschakert, 

2011).  

The activity was conducted in one group with all thirteen women (three of the 

women represented single headed households while the remaining ten were married). 

First, participants were asked to list issues concerning them.  Participants were not 



 32 

limited in the type or number of concerns they listed; on the contrary they were 

encouraged to list as many concerns as they felt necessary.  They were then asked to 

write their concerns on a card.  When participants did not know how to write or read, 

they drew or made symbols to represent their concerns; otherwise, they asked a partner to 

draw or write for them.  Second, participants were asked to rank their concerns by order 

of importance on a sheet of paper.  Third, they were asked to assign a severity value to 

each concern, with severity representing the threat level or degree of concern perceived.  

The severity score ranged from 1 (least severe) to five (most severe).  Finally, 

participants had an opportunity to explain why they listed specific concerns, possible 

solutions to their concerns, and their ability or inability to solve these concerns.  If they 

did not mention earthquakes as a concern, they were asked at the very end of the activity 

why they had not done so. 

To analyze the results from the ranking and scoring activity, all of the concerns 

listed by the participants were grouped into five categories.  The categorization scheme 

used the general determinants of adaptive capacity (i.e. human, social, economic, 

physical/material and environmental), thereby facilitating connections between perceived 

concerns, unsafe conditions, and factors limiting adaptive capacity.   
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3.6. UNDERSTANDING EARTHQUAKES WITHIN A WIDER CONTEXT OF MULTIPLE RISKS 

3.6.1 Household Demographic and socioeconomic characteristics  

Results from the informal questions reveal an average of four individuals per 

household in both communities.  Some women reported as coming from single-headed 

households (widows living with their kids, single women whose husbands left them after 

the disaster).  The majority of the participants attended school and three participants from 

the community of Salas de Guadalupe had never attended school and did not know how 

to write or read.  Women from the community Subtanjalla have a higher level of 

education, with some of them having attended high school, although none had completed. 

However, these women said they hope their kids will finish high school and attend 

college.  Despite similarities in education, all of the women rely on different methods to 

support themselves. For instance, some women sew, some knit, and one lady described 

selling homemade goods in addition to creating ceramics and pottery. 

In terms of house tenure, a few in each community owned their own homes.  Most 

of the women faced precarious and informal property rights.  In these communities 

informal land tenure and property rights predominate in most of the affected area.   None 

of the participants had either health or homeowner’s insurance. 

Most of the participants in both communities had at least one source of income.  

The majority of the women were working in agricultural exports at the time of the 

interviews.  Others had small businesses selling fruits, vegetables, and flowers.  All 

women affirmed that they were not receiving any other government assistance.  Social 
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and Health assistance is offered by and through the nonprofit organization “Casas de la 

Salud”. 

 3.6.2 Earthquake concerns embedded within everyday life concerns 

Concerns listed by participants are varied.  They relate to problems that affect people’s 

lives, source of revenue, and the environment. 
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Table 3.2 Concern types for each community expressed on terms of their importance 
(times cited) and severity (1 less severe and 5 most severe), numbers in 
parenthesis are the amount of participants that expressed the severity of their 
concerns. 

 
 

Subtanjalla (13 participants) 
 
 
Preoccupation Category   Importance  Severity 
     (times cited)  (1 less severe – 5 most severe) 
-----------------------------------------------------------------------------------------------------------
- 
Work (instability)   13   5(7), 4(3), 3(3), 2(0), 1(0) 
 
Family     12   5(1), 4(0), 3(2), 2(7), 1(3) 
(concern leaving kids alone at home)     
 
Economy (too low income)  10   5(7), 4(2), 3(3), 2(0), 1(1) 
 
Security (criminality)   8   5(4), 4(5), 3(2), 2(1), 1(1) 
 
Education    8   5(0), 4(0), 3(5), 2(6), 1(2) 
 
Domestic violence   5   5(1), 4(0), 3(0), 2(0), 1(0) 
 
House (infrastructure)   4   5(0), 4(0), 3(0), 2(2),  1(6) 
 
Health     4   5(1), 4(2), 3(0), 2(0), 1(1) 
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Table 3.2 Cont. 

 
Salas de Guadalupe (8 participants) 

 
 
Preoccupation category   Importance  Severity 
     (times cited)  (1 less severe – 5 most severe) 
----------------------------------------------------------------------------------------------------------------------------- 
Family     8   5(2), 4(0), 3(1), 2(5), 1(0) 
(concern leaving kids alone at home) 
 
Economy (too low income)  8   5(6), 4(2), 3(0), 2(0) 1(0) 
 
Work (instability)   7   5(0), 4(6), 3(2), 2(0), 1(0) 
 
Health     6   5(0), 4(0), 3(3), 2(0), 1(4) 
 
Security (criminality)   7   5(7), 4(1), 3(0), 2(0), 1(0) 
 
Domestic violence   5   5(5), 4(0), 3(0), 2(2), 1(0) 
 
Education    5   5(0), 4(1), 3(6), 2(0), 1(0) 
 
 
 

Earthquakes were one of the listed concerns, but they were neither the most cited 

nor the most important or severe concern perceived.  Earthquakes were the fifth most-

cited concern; however, the women perceived them as life threatening and as resulting in 

material loss.  Being located in an earthquake-prone area, many participants referred to 

earthquakes as “known” events.  In this case, social memory, as defined as the lessons 

learned from past experiences and the acquired knowledge and practices (Adger et al, 

2005), permits community members to deal with earthquakes.  Members then develop 

adaptive strategies that allow them to overcome, or at least minimize the negative impacts 

of earthquakes.  Examples of long-term strategies include building houses with “quincha 
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mejorada”, and using more seismic-resistant construction materials (e.g. caña junco, 

caña brava, panels of Copaiba or Tornillo woods).  Short–term strategies include the 

storage of material belongings at a lower level to avoid injury from hazards associated 

with earthquakes.  Moreover, community members mentioned how they use local 

observations and techniques to know when a tremor or earthquake is about to occur.  For 

example, women took notice when animals became disturbed and agitated. 

Although earthquakes were a concern, the immediacy posed by everyday worries 

regarding well-being, livelihoods, and family diminished earthquake concerns as being 

less important and less severe.  For instance, the lack of home security was the most 

frequently cited concern. Health problems also ranked among the most important and 

most severe concerns.  Health concerns not only related to current illness conditions, but 

also to the inability to attain good medical treatment or the money to buy medicines.  

Moreover, participants criticized the health system as being poor and inefficient.  After 

health, family well-being was the most reported concern.  In particular, participants 

wanted their family to have adequate living standards both in the present and in the 

future. Secure shelter, food, good education, and strong values are among the things 

participants wanted most for their family members.  

Security issues and work were the fourth and fifth most-cited concerns 

respectively after earthquakes.  Some participants expressed this concern because family 

members had been killed or their houses had been broken into since a local Police 

Department does not exist. Instead, a municipal police force with less jurisdiction than 

the Peruvian National Police, called the Watchman Unit (“Serenazgo” in Spanish) visits 
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the communities for an hour or less 3 or 4 times a week.  To deal with security issues, 

participants protected their houses and looked over each other’s belongings through 

prayer and a neighborhood watch squad.  Beyond these efforts, participants felt helpless 

and hopeless.  Work concerns on the other hand, primarily related to the fear of job loss, 

which in turn related to the impermanent and seasonal nature of these jobs.  For example, 

almost all of the participants were employed with companies dealing in agro-export, 

which is one of the main activities in Ica, but is only active during certain months of the 

year.   Participants mentioned their abilities and skillfulness in craftworks and the interest 

in working with micro-enterprise organizations. However, none of these associations are 

present in the area.   

More than half of the areas of concern were perceived as more important than 

earthquakes.   Although less cited, many other concerns were perceived as more 

important than earthquakes, including the inability to acquire land tenure.  Concerns 

reflected uneasiness with existing circumstances, with the perceived concern interpreted 

as a desire to see that worry resolved or at least minimized (Slovic, 1987; López, 2010). 

Within this context, perceptions of risk influence adaptive capacity, as those 

individuals who express concern are more likely to be motivated and make efforts to 

undertake adaptive strategies to reduce negative impacts (López, 2010). 

Earthquakes are just one of the multiple risks perceived by residents, and they were 

perceived as neither the most important nor the most severe risk.  Therefore, the findings 

of this study indicate that enhancing earthquake adaptive capacity and resilience requires 
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a strong focus on the multiple factors that create unsafe conditions that ultimately limit 

adaptive capacity and do not facilitate the development of resilience. 
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CHAPTER IV 

INTEGRATIVE APPROACH TO THE STUDY OF ADAPTIVE 
CAPACITY AND RESILIENCE: CASE STUDY OF TWO 
EARTHQUAKE–PRONE COMMUNITIES IN ICA, PERU 

 
 

4.1 INTRODUCTION 
 

“We feel tremors all the time, we are used to it.  We know the ground will 

continue shaking.” 
Resident from Salas de Guadalupe, a “Centro Poblado”, (populated area in English) from the 

province of Ica, 246 kilometers or 153 miles south from Lima, Peru.  

 
Natural disasters are temporary events triggered by natural hazards that 

overwhelm the response capacity of any organized system, such as communities, and 

seriously disturb its ongoing social and economic development.   Despite constant and 

new preventive efforts at local, regional, and even international levels, the risk associated 

with natural events remains high around the globe.   In addition, regional factors such as 

widespread poverty, demographic growth, migration, industrial development, and 

environmental changes contribute to the challenge of facing and dealing with the 

unpredictability of these natural events (Charvériat, 2000).  Therefore, increasing 

community and adaptive capacity as a learning process appears to be the appropriate next 

step towards risk management and post-disaster assistance. 
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Adaptive capacity and resilience to natural disasters is demonstrated as the 

capacity to respond to a disaster, the system’s ability to adjust to this disturbance, re-

shaping the system’s structure using the resources available, taking advantage of 

opportunities despite the situation, and the ability to recover the stability of the 

environment while coping with the consequences of a transformation (Norris et al., 2007; 

Gallopin, 2006; Adger, 2000). 

4.2 ADAPTIVE CAPACITY AND RESILIENCE WITHIN THE CONTEXT OF NATURAL 
HAZARDS  

Natural hazards are an ongoing part of human history. How humans cope with 

these hazards is a critical element in how human settlement and the use of resources has 

evolved.  After catastrophic changes, remnants of the former system become the starting 

point for renewal and reorganization of the social-ecological system (Adger, 2000).  In 

addition, previous experience and exposure to those hazards are resources for building 

resilience (Gallopin, 2006).  In regards to the importance of “memory” as a source for 

resilience building, Fernando Lázares, director of the department of “Disaster Relief and 

Planning” from the National Engineering University and Peruvian-Japanese Seismic 

Research and Disaster Relief Center” – UNI-CISMID in Lima, Peru said; 

 

 “Presentar unos lineamientos, ver la manera de que los gobiernos que entran recojan esa 

experiencia, eso es lo que yo creo que ha faltado aquí.  Aquí un poco se apoyó la experiencia 

colombiana.  El gobierno buscó y trajo unos expertos de Colombia para saber como ellos habían 

enfrentado el terremoto que hubo en Armenia en 1999 y otros, pero se olvidaron que aquí 
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tuvimos un terremoto el ´70 … En esa vez se implementó un grupo de civiles planificadores 

urbanos, ingenieros civiles y demás que plantearon e hicieron la reconstrucción de lo que fue la 

ciudad de Huaraz …  Sirve mucho la experiencia, ver la manera de establecer algo, que no se 

pierda esa “memoria sísmica”, esas experiencias, que sea el gobierno que sea, el que asuma, que 

importa, aquí tuvimos hace 20 años un sismo, quiénes trabajaron allí? tráiganlos, que ellos nos 

guíen, qué problemas hubieron en esa época? primero veamos allí.” 

 

In the views of complexity science, resilience is an important element of 

sustainability when reemergence from disaster is necessary (Norris et al., 2007).  For 

instance, fostering patterns of relationships within the systems (families, communities, 

local associations, health organizations, local government, and so forth) can better enable 

resilience after experiencing an earthquake event.  Furthermore, promoting self-

organization, another component of CAS, facilitates interaction and communication, 

encourages self-awareness, environmental understanding, as well as empowerment 

during an uncertain event such as an earthquake (McDaniel, 2004; Gallopin, 2006; Norris 

et al., 2007).    

Partnerships and collaborations are the resulting course of action, providing 

opportunities for sharing knowledge, experiences, skills, resources, and common goals.  

All of these are transferable as strategies and projects aiming at better preparing main 

systems to face natural hazards, speed up the recovery after their occurrence, or allow for 

reorganization of the system after hazard impacts (López and Tschakert, 2011). In this 

respect, those shared values, aspirations, and goals become attributes that promote and 
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sustain adaptation and resilience (Buckle et al, 2000).  Instead of designing aid 

organizations around the characteristics of agents, we should design organizations around 

the interactions between agents that create meaning and allow for emerging solutions as a 

key for community adaptation and social resilience.   

4.3 METHODS 

The communities of Subtanjalla and Salas de Guadalupe located on the 

northwestern municipality of Ica, Peru, and described in Chapter I, were the setting for 

this research.  In addition to members of these communities, leaders of a non-profit 

organization “Casas de la Salud” and informal interviews were conducted as a primary 

source of information. 

Five semi-structured interviews were conducted in this study with the following 

people: (1) Fernando Lázares La Rosa, civil engineer, director of the Department of 

Planning and Disaster Relief, UNI-CISMID (Universidad Nacional de Ingeniería - 

Centro Peruano Japonés de Investigaciones Sísmicas y Mitigación de Desastres) in 

Lima; (2) Percy Gutierrez Vilca, environmental engineer, director of the Department of 

Risk Management of the non-profit organization “Casas de la Salud”, Ica; (3) Dr Lourdes 

Ninapayta Inca, president of “Casas de la Salud”; (4) Norley Muñoz, coordinator of the 

leaders for the communities and Wawa Wasi (Children’s Home); and (5) Rosario 

Huallanga Zapata, journalist and manager of the “Área de Comunicación para el 

Desarrollo” CODEH-ICA (Ica Human Rights Commission). These people are 
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responsible members across varying structures in the emergency preparation, mitigation, 

response, and recovery management phases.   

The research methods used in this study consisted of and were built upon the 

participatory research technique of concept mapping the causes and effects of 

earthquakes.  At the community level this technique was carried out with two groups of 

women who participated in this study (described in Chapter 1). 

4.3.1 Concept mapping of the causes and effect of earthquakes 

In this study, concept maps were used to understand perceptions and knowledge 

of earthquakes, including beliefs surrounding earthquake causes and effects. The 

participatory concept mapping exercise involved 21 community households (all women). 

To start the concept mapping exercise, participants described all of the possible 

causes of earthquakes they could recount (including both natural and human-induced 

causes) and to write each cause (concept) on a separate note card. Because some 

household members did not know how to read or write, participants were encouraged to 

represent the concepts graphically; alternatively, they could ask the researcher or a 

partner to illustrate their ideas.  After writing or drawing all of the concepts, participants 

were asked to arrange the cards in the way they believed the various concepts related to 

the causes of earthquakes.   This was done on a large sheet of paper, with earthquakes 

being the central concept. For the most part, the researcher did not intervene in 

participants’ discussions or arrangement of the concepts.  However, if participants 

showed confusion, the researcher would then ask questions help guide the participant. 
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Once participants had completed the “causes of earthquakes” component, they followed 

the same procedure to depict their understanding of the positive and negative effects of 

earthquakes.  After completing the concept map, the researcher asked participants to 

review their maps to determine whether any element was missing.  In this way, researcher 

made sure participants expressed all possible ideas and understandings.  

After conducting and compiling the concept maps from each group, a composite 

concept map was generated.  The varying composite maps represent the aggregate 

perceptions and knowledge of community members. 
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Figure 4.1. Composite concept map of the causes of earthquakes as understood by 
community members from both, Salas de Guadalupe and Subtanjalla.  The 
shape of the line around each concept illustrates the community.  The width 
of the line around a concept shows that that concept was mentioned in both 
communities. 
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4.3.2 Conceptual understanding of the causes and effects of earthquakes 

The conceptual activity elicited participants’ knowledge of the causes and effects 

of earthquakes.  Following the activity, the knowledge of community members was 

compared across each community.  The activity revealed that community members have 

significant knowledge about earthquakes. Moreover, there was a general agreement 

between communities regarding the main causes and effects of earthquakes. 

Participants considered the causes of earthquakes to be driven by both natural and 

human factors (Figure 4.1).  For these individuals, the main natural agent of earthquakes 

was the “ground shaking” causing direct destruction of homes and buildings in the 

community. In addition, to the destruction of homes, the earthquakes lead to the loss or 

disability of family members, friends, co-workers, and important members of society, 

leaving the social structure of the community disarticulated for a while.  Other natural 

agents of earthquakes identified by the participants included changes in weather 

conditions, meteors entering the Earth’s atmosphere, and God’s will.  In particular, 

participants identified abrupt ground movements and ground displacement along a fault 

line. 

While acknowledging the natural causes of earthquakes, participants articulated 

the importance of human causes in an earthquake.  As figure 4.3 shows, concepts 

associated with the human actions were mentioned several times.  Clearly, the expansion 

of the industrial sector, mining, environmental contamination (garbage, waste, and soil) 

and wars were the most cited human-induced cause of earthquakes.   
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Finally, when discussing these issues, participants were asked for their views on 

the experience.  They were able to recognize that earthquakes are unexpected events and 

not simply phenomena with negative consequences. As a result, participants could 

identify positive effects of earthquakes as well.  As shown in figure 4.5, there were 

instances in both communities where people try to take advantage of and learn from an 

earthquake.  For example, earthquakes bring monetary resources and aid to rebuild or 

upgrade housing and community infrastructure.  With these improvements and new 

equipment, communities and members are better prepared to face future earthquakes.  In 

addition, community members recognized that with these crises they received higher 

levels of attention from the government, agencies, and donors.  Moreover, natural 

disasters represent an opportunity for neighbors to enhance their social networks and to 

reorganize into action groups, i.e. women formed communal kitchens (“Olla Común” in 

Spanish), as Rosario Huallanga from CODEH-ICA said, 

 

Ellas han surgido con la cooperación y ayuda internacional de algunos módulos de vivienda pero 

que al no tener empleo con un sueldo fijo se las ingeniaron para generar sus ingresos junto 

incluyendo a todos los miembros de la familia, por lo tanto la capacidad de resilencia del 

surgimiento de no tumbarse ante la adversidad mas bien ha sido admirable, organizaron (1) la olla 

común, (2) los Wawa Wasi (3) Construcción de viviendas (4) promoción de líderes madres.  Por 

otro lado la asociación Casas de la Salud, organización parroquial empezó a organizar las 

comunidades por cuadras en (1) Protección de unos a otros debido a la inseguridad que se vivía, 

(2) ofrecer educación a la población, y (3) apoyo en la construcción de viviendas sismo-
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resistentes que son trabajo de esta organización con fondos extranjeros y que las mujeres y sus 

familias trabajaban en la construcción para bajar los costos. El modelo usaban era que todos 

ayudaban a construir una casa, terminada esa, todos construían la siguiente y así con todas las 

demás.  De esa manera se pagó al arquitecto e ingeniero pero no la mano de obra…..  Admirable 

y resaltante fue apreciar la capacidad de organización y respuesta de todos.  

 

Consequently, recognizing the two-sided impact of earthquakes is crucial.  The 

effect of such impacts also promotes an understanding of how people benefit and learn 

from crises that, in turn, make them better prepared to deal with future hazards, which is 

a key component of resilient communities. 
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Figure 4.2 Composite map of the positive effects of earthquakes, as understood by 
community members. The shape of the line around each concept illustrates 
the community.  The width of the line around a concept shows that that 
concept was mentioned in both communities. 
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Figure 4.3 Composite map of the positive effects of earthquakes, as understood by 
community members and leaders of the community.  The width of the line 
around each concept illustrates the number of times the concepts were 
mentioned. 
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4.5 CONCLUSIONS 
 

Community resilience and adaptation are transformational at the core (Norris et 

al., 2007) and ignites the progress and improvement of the capacity of social-

environmental systems to adapt to uncertainty and surprise (Adger, et al. 2005).  

Moreover, resilience and adaptive capacity are manifestations of response processes to 

the alteration that occurs in the relationship between open dynamic systems and their 

external environment (McDaniel, 2004).  Earthquakes have always been a part of Salas 

de Guadalupe and Subtanjalla’s environment.  The lessons learned from past quakes, the 

knowledge and experiences acquired, and the access to varying resources developed by 

community members have permitted the development of local adaptations and 

contributed to their resilience.  These adaptations, described in Chapter 3, include among 

others, building seismic resistant houses, better social networks, and strong team spirit.  

These factors reflect how members from these communities have learned to live in 

hazardous environments, which constitutes one crucial element of resilience to natural 

hazards as argued by Adger, et al. (2005) and Gallopin (2006). 

Finally, mobilizing the community’s capabilities, and helping the community to 

become self-sufficient is a vital target. In addition, it is important to guide a community 

through the process of using the available resources in a more effective way that 

community members can affirm and strategically integrate into their own response plan.  
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CHAPTER V 

        GENERAL CONCLUSIONS 

 
 

5.1 SUMMARY OF THE STUDY 

The overall goal of this thesis was to discover and understand how members of 

two proximate earthquake-prone communities in southern Peru adapt to earthquakes.  

With this understanding, the more specific aim was to assess practical adaptations in an 

effort to enhance adaptive capacity and resilience.  In order accomplish this goal; analysis 

came from a complexity adaptive systems perspective framework (Chapter 2). 

Earthquakes were studied within a wider context of everyday perceptions regarding 

multiple risks (Chapter 3). The adaptation process and resilience factors were explored 

and analyzed in terms of community access to resources and subsequent community 

transformation in the face of uncertainty and the unexpected (Chapter 4).   All research 

components utilized various participatory methods conducted at the household and 

community levels in Ica and with personnel from the Center for Research and Emergency 

Management.  
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5.2 LIMITATIONS  

This study is based on a review of significant literature and a brief visit to Peru in 

December 2010.   Thus, due to time restraints, the entire Ica area was not visited and a 

very small number of female participants were utilized for the study. As a result, the 

outcome from the analysis from Salas de Guadalupe and Subtanjalla’s case study may be 

unique to this isolated region and should not be generalized.  Nonetheless, lessons 

learned from this small-scale study may provide insight for further research regarding 

local adaptive capacity and resilience in other communities exposed to earthquakes.  

5.3 FUTURE RESEARCH 

In light of a complex scientific approach to adaptive capacity and resilience in 

community development, researchers should not minimize the importance of promoting, 

increasing and supporting resources such as social networks, human education, and risk 

perceptions in amplifying a community’s adaptive capacity and resilience, particularly in 

low-income communities.  New research objectives following this insight may include 

methods to train people to be effective in complex adaptive systems particularly in low-

income societies, or methods to prepare individuals to be ready for the unexpected. 

Measures to rapidly assess self-organization, emergence, and co-evolution in the presence 

of constant new outcomes and better preparing community members to respond to 

earthquake hazards under uncertain conditions may be additional objectives.  To develop 

these concepts, one should start with the incorporation and study of social and historical 

memories of past earthquakes or other natural hazards occurring in low-income 
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communities. Next, an analysis should identify which resources, human capacities, and 

social abilities community members used in contexts where technological, financial, and 

institutional resources were limited.  For instance, Latin American countries such as 

Colombia or Ecuador would provide an excellent opportunity to analyze and better 

situate the role of relationships, emergent properties, perceptions, and co-evolution in 

adaptation and adaptive capacity. 

5.4 CONCLUSIONS 

The role of complexity science in understanding the process of adaptation and 

resilience in the two-earthquake prone communities in northwest Ica, Peru contributes 

differing ideologies. Traditional thinking suggests that people should respond to rules, 

whereas complexity science suggests that people must be prepared to respond to 

unpredictable, dynamic situations.  While, both ideas are true, situations will vary as to 

when and where to apply each one.  According to the women in Salas de Guadalupe and 

Subtanjalla, adaptive capacity seems to be defined by both access to resources and 

cognitive factors in which characteristics of CAS are clearly seen. From a CAS 

perspective communities self-organize (adapt), emerge (capacity), and co-evolve 

(resilient).  This suggests that in order to prepare communities for the unexpected, 

particular attention must be paid to the nonlinear interdependencies among the diverse 

elements in society (community members, emergency managers, health care 

organizations, NGOs, church, government). By placing attention to varying 
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interdependencies and through encouraging social learning, community members will be 

able to better prepare for and cope with unfolding events. 

Practical adaptation strategies require designing methods that are appropriate to 

local circumstances, feasible, and easy to implement.  According to Subtanjalla and Salas 

de Guadalupe, enhancing adaptive capacity and resilience will first require addressing 

those perceptions that members of the community consider a risk priority, such as 

security, health and education. 

Finally, in addressing the natural hazard adaptation that exists in Peru, it is 

important to include all systems and sectors that need to adapt, not only one sector of 

society alone. Above all, we must learn to solve a problem all people groups in order to 

enhance the adaptive capacity of communities.   
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APPENDIX A 

Pictures 
 

BEAMS OF COPAIBA WOOD 
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BUILDING FRAMEWORK WITH BEAMS OF COPAIBA WOOD 
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PREPARING A HOUSE TO PUT A ROOF ON IT 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GETTING READY TO INSTALL ROOF 
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ANTI-SEISMIC WALL MADE OF “QUINCHA MEJORADA” 
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CHECKING THE PLASTERING OF THE WALL 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

WALLS PLASTERED 
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TWO HOUSES, ONE MADE OF BRICK, THE OTHER OF STRAWS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HOUSES WITH MAT-STRAW WALLS 
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WAWA-WASI 
DAYCARE 
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PARTICIPANTS OF COMMUNITIES AND LEADER 
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APPENDIX B 

Interviews 
 
Gutierrez Vilca, Percy. Personal interview. December 15, 2010. 
 
Huallanga Zapata, Rosario.  Personal interview. December 14, 2010. 
 
Lázares La Rosa, Fernando.  Personal interview. December 21, 2010. 
 
Muñoz, Norley. Personal interview. December 16 and 17, 2010. 
 
Ninapayta Inca, Lourdes. Personal interview. December 16 2010. 
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