Societal impact and community resilience to power outages after disaster: A case study of the 2010 Chile earthquake 

Abstract 		

This paper examines the short and long-term societal impact of prolonged power outages caused by a disaster, and how local communities can cope with it. Community resilience is used as a conceptual framework to analyse the community responses to power outages following the 2010 Chile earthquake. Based on empirical evidence from longitudinal qualitative research we explore the resilience capacities and resources deployed in five low-income communities within Talcahuano city, one of the most heavily affected cities by the power outage. Our research reveals that community resilience attenuates the negative consequences of power outages during the response and recovery periods. However, external assistance is required to reduce the short and long-term societal impact of prolonged outages. Policy recommendations and guidelines are provided on how to increase community resilience and reduce the negative impact of long-lasting power outages.
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1. Introduction 

On 27 February 2010, south-central Chile experienced the sixth largest earthquake ever recorded having a magnitude 8.8 Mw (U.S. Geological Survey, 2010). The earthquake caused a tsunami which swept away several villages (Yamazaki and Cheung, 2011). The disaster caused large-scale damage throughout the country, impacting 75% of Chilean population and caused the death of over 500 people (Morales Muñoz, 2010). Total losses were estimated at US$30 billion (18% of the GDP of Chile) (Siembieda et al., 2012). Over 15,000 people lost their jobs (EERI, 2010) and more than 200,000 houses were destroyed or seriously damaged (SEGPRES, 2011). Main supplies collapsed, including electricity, gas, water and telecommunications (Rudnick et al., 2011). 
	
The Chilean Central Interconnected System (SIC), which provides electricity to over 93% of the Chilean population, was damaged by the earthquake and tsunami causing a major blackout in several cities (Araneda et al., 2010). In total, 4.5 million customers (one-quarter of the Chilean population) lost electricity immediately after the disaster (Rudnick et al., 2011). Although the electricity generation facilities were quickly repaired, it was not the case for the distribution networks which were severely damaged. Coastal areas suffered the longest outages (lasting two months in some areas) due to the destruction of power lines by the tsunami. Several technical assessments were carried out and hundreds of repair crews were deployed in the disaster-affected regions to restore power to customers (Rudnick et al., 2011). In two weeks, the power supply was restored to 99.6% of customers.[footnoteRef:1] However, despite this rapid response, there were widespread societal impacts from the extended outage on the disaster-stricken communities the effects of which were unknown as providers focused on the technical rather than social implications of the destruction.  [1:  Based on customers of the two electricity distribution companies in the areas most affected by the earthquake: CGE Distribution and its subsidiary Emelectric (Rudnick et al., 2011) ] 

The impact of disasters on power system functioning has been widely studied. Nonetheless, the social impact of widespread, prolonged outages (e.g. more than one day) on communities at risk of disasters has scarcely been investigated. Power outages during and following disasters challenge the safety and wellbeing of communities (Ghanem et al., 2016), especially in low-income communities which are more exposed to natural disasters (Kim, 2012), and consequently, the negative impact of power outages may be greatest felt because of lower preparedness of alternative arrangements. The limited literature on social impact of outages has focused primarily on short-term impact. Yet, little is known about the long-term social consequences of outages. The cascading effects after an extended outage can be far reaching (Hines, 2009; Münzberg et al., 2017), causing major social and economic losses (Chang et al., 2007). Therefore, effective disaster management is necessary (Münzberg et al., 2017) as are systems to rapidly restore power. 

Community resilience can be a crucial pathway to lessen the negative impact of severe power cuts during the response and recovery periods. Resilience of critical power infrastructure has been the focus of recent research (e.g. Espinoza et al, 2016; Panteli et al., 2017; Panteli and Mancarella, 2015a). Yet, with exception of a few studies (Ghanem et al., 2016; Helsloot and Beerens, 2009; Murphy, 2007; Palm, 2009), community resilience to power outages is a neglected area of research. Communities are often overlooked in both proactive and reactive phases of emergency management (Murphy, 2007). Community resilience can contribute to counteracting the limited or non-existent external assistance during the first hours after a disaster (Moreno et al., 2018). The first 72h is known as the ‘critical period’ for disaster response (Benson et al., 2012; Lichterman, 2000). Nonetheless, this period may extend over several weeks as in the case of long-lasting outages, which effects have been scarcely studied. Therefore, communities have to rely on their own resources and resilience capacities to deal with such events (Moreno et al., 2018). Thus, analysing how community resilience is deployed during and after an outage could shed light on how communities can counteract the negative impact of prolonged power outages. 	

By using community resilience as conceptual framework we explore the short and long-term societal impacts of extended outages and how communities can cope with it; aspects that have received little empirical attention. This can be useful for policy makers, energy companies, and emergency planners to develop strategies for lessening the negative impact of outages, especially in low-income communities. We empirically analyse these aspects in five low-income communities from Talcahuano city, the area that experienced the longest outages due to the 2010 Chile earthquake and tsunami. This paper first introduces the theoretical considerations and then explains the data collection methods and analysis. The findings from the data are provided, leading to a discussion of the study’s theoretical contributions, and policy implications. 

2. Power outages and disasters 

Disasters have increased globally in severity and frequency during the past two decades. The Emergency Events Database (EM-DAT) recorded 7,056 disasters worldwide between 1996 and 2015, which claimed 1.35 million lives (CRED, 2015). The effects of earthquakes killed more people than all the other types of disaster combined, causing nearly 56% of total global disaster mortality in the same period (CRED, 2015). In 2016, EM-DAT reports that 191 large-scale disasters devastated the world, including earthquakes in Japan, Ecuador, Tanzania, Italy, and New Zealand, and floods in the US, Europe, and Asia (Sigma, 2017). As a consequence of climate change, the scale and intensity of disasters will continue to increase in the coming decades (Trenberth, 2012; EEA, 2017; Steffen et al., 2017).

Disasters can directly impact electrical power systems, such as on the future energy supply and demand (Mideksa and Kallbekken, 2010), as well as on renewable and conventional electricity generators (EEA, 2017). Extreme weather events are considered the main cause of wide-area electrical disturbances worldwide (Panteli and Mancarella, 2015b). For instance, in the USA, they caused 80% of the large scale power outages between 2003 and 2012, affecting more than 147 million customers (Kenward and Raja, 2014). In Chile, between 2010 and 2017, four major earthquakes Mw 8.8, 8.2, 8.3, and 7.6 struck (NOAA, 2017), plus a series of wildfires, floods, volcano eruptions, landslides, and winter storms which triggered numerous widespread outages. These disasters have disproportionally affected poor people (MIDEPLAN, 2010), which coincides with Kim (2012) that poor people are two times more exposed to natural disasters than non-poor people. In fact, over the past 20 years, the majority of deaths from disasters occurred in low- and middle-income countries (CRED, 2015). Consequently, the negative impact of power outages after disasters can be stronger in low-income communities than in high-income ones.

2.1 Societal impacts of power outages 
	
Power outages are among the most serious critical infrastructure disruptions. The interdependency of electric power systems on other critical infrastructures, including gas, water supply, telecommunications, banking and financial services, security services, public health, agriculture, and transportations systems (Castillo, 2014), poses serious secondary risks to communities in the case of power outages. In extreme events, this is critical because lifeline systems need electricity for their operation and management (Ouyang and Dueñas-Osorio, 2014). For example, communication between emergency services requires telecommunication systems which rely on power (Bruch et al., 2011). Public services are affected by extended power outages, for example, outages interrupt the flow of clean water and solid waste removal (Kenward and Raja, 2014) causing health problems. Hospitals can lose power with the consequent health risks (Bruch et al., 2011; Kenward and Raja, 2014). For example, outages can have deadly consequences for people with chronic diseases who require power for respirators or dialysis machines (Freeman & Hancock, 2017). Anderson and Bell (2012) after studying the Northeast blackout in New York found that during the event, mortality rose by 28%, resulting in approximately 90 additional deaths from the outage. A similar trend was found in Ghana where the risk of mortality increased by 43% for each day the power was out for over 2 hours (Apenteng et al., 2016). Münzberg et al. (2017) note that “the longer a disruption lasts and the more important and vulnerable the exposed critical infrastructures are, the more probable are life-threatening risks” (p100).

At the community level, electricity becomes a vital satisfier of ‘basic’ human needs (Brand-Correa and Steinberger, 2017, p47) such as cooking, lighting, and thermal comfort. Power outages threaten the fulfilment of those needs, disrupting normal routines and household comfort. The level of discomfort will vary depending on the length of the outage. An extended outage of several days can increase the level of discomfort as other critical infrastructures are threatened (Burger and Gochfeld, 2014; Ghanem et al., 2016). Palm (2009) noted that for householders, outages of 12–24 hours are acceptable but if they are longer than this, then problems arise from the lack of water, heat, and light. Although these concerns might seem obvious and reflect the common residential energy consumption patterns (He and Reiner, 2016), during prolonged outages these patterns may change as the disaster can trigger other basic needs such as the need of being informed and connected (Helsloot and Beerens, 2009; Iannucci et al., 2013) and to feel safe and secure (Burger and Gochfeld, 2014). Mental health problems such as stress, depression, and anxiety can increase (Udomratn, 2008; Lopez Tagle and Santana Nazarit, 2011). Furthermore, the lack of information and slow emergency response after prolonged power outages may also lead to public discontent, uprisings, looting and crime (Bo et al., 2015) as observed after major disasters, including the 2005 earthquake in Pakistan (Aghabakhshi and Gregor, 2007), the 2005 Hurricane Katrina (Constable, 2008), the 2010 Haiti earthquake (BBC, 2010), and the 2010 Chile earthquake and tsunami (Sanzana Calvet, 2010). Yes, these social impacts have been identified at the short-term, but there is no evidence on the long-term impact.

Consequently, satisfying people’s basic needs and reducing the level of uncertainty and insecurity after an outage could contribute to lessening the public’s level of discomfort and discontent. This could be done by providing helpful information about the estimated duration of an outage (Helsloot and Beerens, 2009) and/or by supplying alternatives such as backup generators, battery torches, portable chargers, camping stoves and heaters (Ghanem et al., 2016; Helsloot and Beerens, 2009). However, those alternatives might not be quickly available so the inner resilience capacity of communities to cope with prolonged power outages becomes relevant. 

2.2 Community resilience to power outages 

People and communities should be involved as active participants in the emergency management process, including helping to reduce the societal impact of long-lasting power outages. Community resilience is “the ability of a social system to respond and recover from disasters and includes those inherent conditions that allow the system to absorb impacts and cope with an event, as well as post-event” (Cutter et al., 2008, p599). These inherent conditions are capacities or resources present in a community that facilitate the adaptation after a disturbance or adversity (Norris et al., 2008). Yet, emergency planners tend to focus more on the physical and economic capacities of resilience while social capacities remain neglected (Martín, 2015; Murphy, 2007). Thus, more empirical studies are needed to understand the role play by social capacities during a disaster event. Social capacities include elements such as social capital (Aldrich, 2012; Cox and Perry, 2011); community networks (Adger, 2000; Buikstra et al., 2010); a positive outlook (Buikstra et al., 2010, p.981), participation (Berkes and Turner, 2006; King, 2007); organisation (King, 2007), local knowledge (Reichel and Fromming, 2014; Tran et al., 2009), and sense of community (Chamlee‐wright and Storr, 2009). These social capacities promote collective actions which can be crucial to deal with the new tasks and challenges originated from a disaster (Moreno et al., 2018). Yet, community resilience can sometimes lead to negative outcomes. For instance, assistance may not necessarily be extended to strangers or people who are considered ‘different’ (Murphy, 2007, p303). Community resilience frameworks advocate strengthening the inner resources of a community and promoting collective actions before, during and after a disaster (IFRC, 2014; UNISDR, 2012). This can lead to a community learning and reorganisation process (Birkmann et al., 2013) as well as the ability to change after the disaster (Boon et al., 2012; Holling et al. 1995) (Moreno and Shaw, 2018). 

There is no one established body of literature that addresses community resilience to power outages, but a few empirical studies on community responses to outages inform our research. Murphy (2007) found that people utilised community networks to provide and receive assistance during the Northeast blackout of 2003 in Canada and the United States. Similar results were observed in the power outages caused by winter storms during February 2014 in the UK. Examples of altruism and cooperative actions in such disasters included neighbours checking in on each other, particularly if they were elderly, and local hospitality businesses helping residents who could not keep warm or could not prepare a meal without electricity (Ghanem et al., 2016). During the 2007 Netherlands outage, Helsloot and Beerens (2009) found that about 50% of the respondents provided some kind of support to others, including coffee, warmth, power, food, information (radio) and facilities to shower, stay overnight or preserve frozen food. Informal community networks are a crucial source of information during outages. This was noted by Palm (2009) during the Gudrun and Per storms in Sweden, where householders relied on other people contacting the grid company to tell them about the outage. Nevertheless, these studies address only the response period, community resilience to power outages during the recovery and post-recovery periods remain underexplored. Longitudinal studies can contribute to understanding the long-term societal impacts of power outages and how communities can cope with it, but few exist. 







3. Study design

3.1. Case selection 

Talcahuano was the city selected as a case study due to its critical and unique nature (Yin, 2003) of being one of the most heavily affected cities by power outage following the 2010 earthquake, experiencing the longest outages of more than 2 weeks in the country. Situated 70km from the epicentre (USGS, 2010b), Talcahuano is a port city with a population estimated at 177,069 (INE, 2015) and suffered the most devastating consequences of the tsunami. The centre of Talcahuano and small coastal towns were completely destroyed. Houses, shops, cars and fishing industries were swept away by the waves. Main buildings collapsed, including the city hall, police station, utility company buildings, firehouses, and hospitals (UNDP, 2011). Despite this, the city recovered, and in less than six years it was completely rebuilt, representing an emblematic case of resilience in the country (Talcahuano City Council, 2016). 

We used an embedded case study - the study of more than one unit of analysis within the same case - to enhance the insights into the case resulting in a more rich and extensive analysis (Yin, 2003). Five low-income communities, the worst affected by the power outage, located within Talcahuano city, were selected for study using two criteria: disaster impact and duration of the outage (see Fig. 1). We used Boon et al.’ criteria to define communities which include: those who live in a similar region; those who relate to each other as a community; and those who come together in response to an issue such as disaster (2012, p.383). We used the SIC online system of Talcahuano municipality (SIG, 2017) to select three communities that were affected by both the earthquake and the tsunami, and two communities that were impacted only by the earthquake. The duration of the power outages varied between two weeks to two months (see table 1)

Table 1. Case selection 
	Community
	Population
	Disaster impact
	Duration of the outage

	El Morro
	1,285
	Earthquake and tsunami
	2 months

	Santa Cecilia
	6,822
	Earthquake and tsunami
	1 month

	Luisa Echavarria
	5,252
	Earthquake and tsunami
	2 weeks

	Las Canchas
	6,344
	Earthquake
	1 month and 2 weeks

	Los Lobos
	9,081
	Earthquake
	3 weeks
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Fig. 1 Flood hazard map for the 2010 tsunami event in Talcahuano city and the communities studied. Source: Based on data from SHOA and UGIT GORE Biobío, developed by Matías Medel.

3.2. Data collection 

The societal impact of power outages and community resilience were studied longitudinally using a qualitative approach. The communities were studied at different time periods during the response, recovery and post-recovery phases between 2010 and 2017, which in total includes 14 months of fieldwork and the participation of 126 people (see table 2). In this research, the response phase (March-April 2010) is considered the period affected by the power outage which lasted from 1 week to two months. It was focus predominantly on immediate and short-term needs affected by the outage. The “critical period” was the period immediately after the disaster where communities did not receive external aid. The recovery period (May 2010-December 2014) included the restoration of energy infrastructure and other critical infrastructures and services, housing, and livelihoods. The post-recovery period (from January 2015) is characterised by the full functioning of the communities after the disaster. 
	
Table 2. Longitudinal data collection process
	Period
	Length of fieldwork
	Data collection methods
	Number of participants

	2010
Response 
	1 month
	Direct observation, semi-structured interviews, and document analysis
	12


	2013
Recovery
	2 months
	Semi-structured interviews, direct observation, document analysis,  critical incident technique
	20

	2014
Recovery
	5 months
	Semi-structured interviews, direct observation, document analysis.
	39

	2016
Post Recovery
	2 months
	Semi-structured interviews, direct observation and document analysis 
	17

	2017
Post Recovery
	4 months
	Semi-structured interviews, direct observation, document analysis, focus groups, critical incident technique
	38



By using a qualitative approach we aimed to understand people’s lived experiences, the hidden meanings and interpretations from the perspective of participants within a real life context (Grbich, 2013). We employed a variety of data collection methods, including semi-structured interviews, focus group discussions, direct observation, critical incident technique, and document analysis. The use of multiple methods and participants enabled triangulation which increased the validity of the research (Denzin, 2009; Ritchie et al., 2013).
	
The semi-structured interviews were applied to 91 participants who were selected using a purposive sampling (Babbie, 2004). This included the selection of participants considered the most useful for the study, including householders, municipal officers; electricity companies workers, business companies, NGO practitioners, and emergency responders. The inclusion criteria for the participants required people who were directly impacted by the power outage while living and/or working in Talcahuano. Participants who did not meet the inclusion criteria were not invited to take part. The female researcher (J.M) first approached two municipal officials from the Department of Disaster Risk Management of Talcahuano municipality who have worked during the response and recovery periods in Talcahuano. They were the key informants who helped the researcher find knowledgeable and reliable participants most efficiently (Snedecor, 1939). They provided the contact details of community leaders, electric utility workers, and other municipal officers. Additionally, a snowball technique (Babbie, 2004) was used to identify other participants who had not been mentioned by the key informants. For instance, community leaders suggested additional people for interviewing such as other community members and NGOs. This allowed us to achieve a high degree of interpretation from multiple sources (Tongco, 2007). 

The interviews were conducted by the first author (J.M), who had five years of qualitative research experience. The interview settings varied according to the preferences of the interviewees, including the homes, workplaces of the informants, coffee shops, and community centres. Interviews were audio-recorded and lasted between 30 to 90 minutes. All participants were assured of confidentiality, and provided written informed consent agreeing to participate in the study. A semi-structured topic guide (Kallio et al., 2016) was used in all interviews which encompassed a number of specific topics and predetermined questions dealing with the power outage and resilience capacities (Flick, 2009). Document sources, including 4 public reports, 20 newspapers, 2 surveys, and social media messages were used to corroborate data provided by interviewees, especially from the periods without field visits. Social media messages were obtained from Facebook groups. Two communities had created this tool to connect neighbours, and Talcahuano municipality also had a Facebook page.

Two focus groups were conducted in two communities that accessed to this technique, Las Canchas and Luisa Echavarría, to discuss the long-term impact of the power outage, which complemented the data obtained from the interviews. In Las Canchas, the focus group involved 5 participants, lasting an average of 2.5 hours, and was conducted in the home of one of the informants. In Luisa Echavarría, the focus group included 6 participants, lasting 2 hours and was conducted in a community centre. The focus groups were recorded with the permission of the participants. Direct observation was applied during and after the focus groups and interviews, to observe and complement the aspects that were not covered by the previous methods, such as daily activities and interactions that unfolded naturally in the field (Berg, 2001). In addition, critical incident technique was used to explore critical incidents during the outages as experienced by the participants (Hughes, 2007). This method emerged spontaneously in two communities, El Morro and Los Lobos, after conducting an interview to community leaders who offered a walking tour to contextualise what is was said during the interviews. They lasted about 1.5 hours and were useful to identify significant events during the outage. Field notes were written and pictures were taken to record observations during the walking tour. 

3.3 Data analysis

The data was collated as transcriptions, field notes, documents and social media accounts were analysed in MSOffice Word (Microsoft Corp.) using a rigorous coding strategy to discover patterns in the data (Braun and Clarke, 2013). We first used an open coding approach to identify the broad concepts emerged from the data, including the societal impact of the outage and community resilience. Similar concepts were then organised into specific categories, which resulted in 12 categories related to the needs threatened by the outage, community responses, and resilience capacities which also encompassed the alternative power sources and the negative manifestation of resilience. The categories are presented in Table 2 with illustrative data excerpts. Then, we linked these categories to a particular phase of the disaster, including response, recovery, and post-recovery. Most of the categories were associated with the response period due to more needs were threatened and therefore, more resilience capacities were deployed. We conducted axial coding to refine further these categories and classify links between them which led us to find patterns of similarities and differences across the data (Corbin and Strauss, 2008). To increase the validity of the analysis, the pattern-matching and explanation-building strategies were applied to the overall case study (Yin, 2003). 

	Categories
	Sample quotes

	Societal impact

	Basic needs 
	“A father … came desperately to us asking for power for the respirator of his little son, it was a matter of life and death” (emergency responder)

	Information and communication
	“I wanted to contact my relatives to know if they were okay or not and to tell them that we survived…but the mobile phones were not working...” (community member)

	Looting and crime
	“Young men ducked beneath gates and smashed windows, yanking out boxes holding appliances and grabbing cell phones and clothes”  (document source)

	Worry and anxiety
	“I was concerned about my granddaughter of 7 months, she needed milk, and we did not have anything to warm up her milk” (community member)

	Uncertainty
	“We were so worried, we did not know how long we were going to be without food and water… we did not receive any information, I was so angry” (community member)

	Panic, fear, and insecurity
	We were terrified; it was so dark at night that we could not see if the looters were coming or not, we were so desperate, we thought we could die” (community member)

	Happiness and gratitude
	“Anytime we went to a community to restore the electricity, people were so grateful… people clapped and cheered us…” (electric utility worker)

	Community resilience 

	Cooperation and solidarity 
	“I donated all the ice-creams I had in my shop for the patients of the hospitals” (local shop owner)

	Local  knowledge 
	“We used the streams of the hills to get water, our elderly guided us to them which were about 20 minutes walking…they used it in the past…” (community leader)

	Organisation 
	“ We organised ourselves by groups…We had to work varied shifts… and at night we had to walk using flashlights because it was dark as a wolf's mouth ”  (community member)

	Sense of community
	“It was very nice to get to know your neighbours better…before we hardly said hello but around the bonfire, we talked more” (community member)

	Negative resilience
	“They had burning tires and wood barriers at the entrance of the streets, we could not come in” (electric company worker)

	Alternative power sources
	“A community centre powered by alternative energy sources such as solar energy located in a safe place and in close to people can reduce the anxiety of people” (municipal officer)


Table 3.  Categories of analysis and sample quotes



4. Findings
The findings are presented according to three stages of the disaster, including response, recovery, and post-recovery. In each stage we analyse the societal impacts of the power outage and the resilience capacities activated to cope with it. We introduce each stage by providing a general contextualisation of the period, followed by the main themes for that period. Interview quotes and field notes illustrate the main themes, and pseudonyms are used to safeguard participants. 
4.1.	Response: March-April 2010
The earthquake occurred at 3.34 am on 27th February 2010 – a summer month. Most people evacuated to high ground due to the imminent tsunami risk. The scale of devastation was unprecedented in the city (UNDP, 2011). Critical power supplies were severely interrupted, including drinking water systems, sewerage, gas, telecommunications, transportation, having dramatic cascading effects on public health facilities and emergency systems. Only the words of people can describe the scene of desolation: “It looked as if an atomic bomb had hit the city” (Mario, a municipal officer). The power outage added to the despairing atmosphere. Elizabeth, a 45-year-old interviewee, described: “We did not have light; it was so dark, it was a bleak scenario, but I do remember the full moon that night, it was so bright, I had never seen the sky so clear”. The first days of the emergency were critical; communities faced the material destruction and the threats to their most basic supplies as a consequence of the outage. Due to the magnitude of the event, the ‘critical period’ after the disaster extended for more than five days, a period where communities were isolated, with no hope of receiving external aid. Community resilience was essential to deal with the consequences. The dark (violence and looting) and positive (solidarity and community organisation) sides of the community responses were observed in this period.
4.1.1 Societal impact 
- Threatening of basic needs: Worry and anxiety
The power outage disrupted food and water supply which led to a major distress in the population. Survival needs, including cooking, water supply, heating, and health were threatened by the power outage. Feelings of worry and anxiety predominated in this period. 
[bookmark: OLE_LINK12]Supermarkets could not open due to the power failure. Furthermore, cash machines could not operate without power, so people could not withdraw money from banks to buy supplies in small shops. Francisco, a 52-year-old interviewee, said: “It was the end of the month so I had my salary in my account, but I could not spend it…cash machines were not working, we had no cash to buy food, I was worried about my family, I could not buy food for them”. The food in household refrigerators would soon perish and the limited alternatives sources of electricity to prepare a meal increased people’s fear. Maria, a mother of two, reported: “The tsunami flooded the first floor where we had the kitchen, the oven was with dead fishes inside, and our pots were muddy so we could not prepare a meal”. Juan, a father of one, added: “I felt hopeless; we did not have gas bottle and coal to cook”
Water services were interrupted by the outage and prioritised by people not only for drinking but also for cleaning houses which were left muddy from the tsunami. Violeta, a 38-year- old housewife, reported: “I was desperate … we needed water to drink but also to clean the house and flush the toilets”. Water was also essential for personal hygiene. Health concerns emerged, as some people were depended on power for respirators and dialysis machines, and others required essential healthcare that could not open due to a lack of power e.g. medicines from pharmacies and care from health centres. Thus, health needs became life-threatening. Raul, an emergency responder, recalled: “A father … came desperately to us asking for power for the respirator of his little son, it was a matter of life and death”.
The wellbeing of vulnerable groups, including children and elderly was threatened by the outage. Pedro, a grandfather of two, reported: “I was concerned about my granddaughter of 7 months, she needed milk, and we did not have anything to warm up her milk”. For elderly, the main issues raised with regard to their lack of heating. Despite the disaster occurring in the summer, participants agreed that the nights were very cold. This affected the health of elderly, as Jacinta, a community leader, said: “In our community, we have many elderly with chronic diseases who suffered at night because it was very cold… we were sleeping outside in tents and did not have enough clothes or blankets for them, we were afraid that they could catch a cold”. 
· Lack of information and communication: Uncertainty 
Fears of food and water scarcity spread and people panicked. The lack of information contributed to increasing this fear as most public media could not function without power (with exception of one local radio), and mobiles phones were inoperative. People’s discomfort was evident and the need for information became pivotal. Victor, a 46-year-old fisherman, recalled: “We were so worried, we did not know how long we were going to be without food and water… we did not receive any information, I was so angry”. Most interviewees agreed that having information about the disaster and the duration of the power outage could have helped them to plan their meals and water intake. Antonia, a community leader, described the restriction of water consumption due to the outage: “We left the bottles of water to only drink and cook, but only at certain times during the day because we did not know when the water was going to be restored”. 
Information and communication needs were fundamental because people needed to contact their relatives to find if they had survived the disaster or not. The use of mobile phones was the most required communication tool. Marcia, a mother of two, reported: “I wanted to contact my relatives to know if they were okay or not and to tell them that we survived…but the mobile phones were not working and we could not charge the phones without electricity”. People were already shocked by the disaster, and the fear of food and water scarcity, but the lack of communication added more stress to the already tragic situation. This triggered mental health problems. Daisy, a 49-year-old housewife, described: “I could not sleep for many days; I shivered after every aftershock, I just cried and cried… we had no food, no water, no information, I felt hopeless”.
· Looting and crime: Panic, fear and insecurity
The absence of information as a consequence of the power failure led to looting and crime. People looted supermarkets for basic supplies (such as food and water) and department stores for non-essential supplies (such as televisions, jewellery, and laptops). Chaos and violence reigned the city, and widespread looting threatened the safety of householders. Consequently, safety needs were seriously affected by the outage. A rumour about armed mobs looting houses spread quickly, terrifying householders, leading to a state of mass hysteria. These rumours could not be dismissed due to the outage disrupted telecommunications. This increased the anxiety on people, as Ruben, a 48-year-old interviewee, said: “We did not know what was happening, no information, we could not sleep at night thinking of the looters”. Besides, the absence of lighting accentuated the fear and panic. Kate, a 55-year-old interviewee, recalled: “We were terrified; it was so dark at night that we could not see if the looters were coming or not, we were so desperate, we thought we could die”. 
Looting also affected the electric utility company in Talcahuano. Antonio, an employee of the company, said: “The first floor was destroyed by the tsunami but the second floor was safe, though the worst part came after when looters stole the few things left… we were able to rescue only four computers”. The repair crew were emotionally disturbed as looting was a life-threating situation. Looters jammed the streets, burning and looting stores and businesses in different areas of the city which delayed the restoration of electric power. Mauricio, a member of the repair crew, described: “Looters blocked transit, it was a chaos… we were stuck in the middle of mobs which were trying to steal stuff from a supermarket which was being burned. They also tried to steal our company vehicle to fill it with the stuff looted but we resisted, but then the looters threatened us…it was very scary…we heard shooting and escaped”. 
4.1.2 Community resilience
Despite the lack of external assistance, people could survive and cope with the after effects. Collective actions emerged spontaneously to meet the basic energy needs threatened by the power outage. Resilience capacities, including cooperation, solidarity, local knowledge, organisation and sense of community, were embedded in each community action: 
· Community kitchens: Cooperation and solidarity
To satisfy cooking and food needs, interviewees reported that they used several alternatives to cook, including gas and wood stoves, coal bonfires, and clay ovens. However, only a few families had these sources available, so they decided to install a ‘community kitchen’ to make them available to the entire community. This also allowed a more efficient use of these power sources, as Luisa, a community leader, noticed: “It was more efficient to cook once but for all the people…so we used big pots to cook … we did not have enough coal or gas, so we had to be very efficient”. For baking bread, in some communities the clay ovens were essential. Martina, a clay oven owner, said:  “I was the only one who had a clay oven, and my neighbours were coming all the time to bake their bread, it saved us”. Therefore, sharing alternative sources of electricity was critical during the first days.  
Solidarity and cooperation was common in community actions. The way people dealt with the food in their refrigerators exemplifies how a negative effect of an outage turns into a positive outcome. From their refrigerators, people donated food that would perish due to the loss of power. The owner of a grocery store, reported: “I donated all the ice-creams I had in my shop for the patients of the hospitals”. People shared with others the meat in their home freezers and local butcher's shops donated meat. Interviewees mentioned that the most efficient way to cook the meat was through making ‘community barbecues’. Francisca, a 62-year-old interviewee, described: “It was incredible to see how in each corner people were making barbecues; I still remember the smoke and the smell”. Participants said that barbecues provided a friendly atmosphere, a sense of community, which helped them release tension and anxiety.    
· The use of natural resources: Local knowledge 
Several collective strategies were implemented to supply water disrupted by the power outage, which varied depending on the resources available in the communities. For example, communities located in the hills used the local knowledge of elderly people to find hidden water streams that were used in the past. One example of resilience was told by Patricia, a female community leader: “We used the streams of the hills to get water, our elderly guided us to them which were about 20 minutes walking…they used it in the past…there were three streams and we decided to separate them, we used one for drinking, the second one for taking a bath, and the third one for washing clothes… we put up signs in each stream to explain to people how to use the stream correctly”. The streams became community spaces that provided not only water supply but also friendship and support in the midst of the chaos. Marcela, a 45-year old- interviewee said: “It was such a nice atmosphere, we laughed there, shared stories, it was so funny. It was the best psychological therapy for us”. 
Other community actions were observed. The use of underground water pipes was a useful strategy for two communities, which had the rarity of a diesel back-up generator to operate them. The water from plastic summer pools also proved to be effective in flushing the toilets in most of the communities. Interviewees also mentioned the use of water storage tanks left by the tsunami from the destroyed seafood companies. For taking a bath, it was observed a creative strategy implemented by a family, using solar energy to heat the water. Juan, a 52-year-old interviewee, recounted: “We put several plastic water bottles under the sun during the day, so the water was warm at night and we could bath my granddaughter”.
· Community security guards: Organisation and sense of community 
To reduce the level of anxiety and fear, people organised ‘community security guards’. They applied a 24-hour shift system and were located in strategic points of the communities to control all possible entrances. These guards were armed with improvised weapons, mostly sticks, and knives. As Alfonso, a security guard, reported: “We organised ourselves by groups…We had to work varied shifts… and at night we had to walk using flashlights because it was dark as a wolf's mouth”. As the interviewee noted, flashlights were useful to deal with the lack of lighting, however, the most important power source was the use of bonfires made of tsunami debris, mainly furniture and tyres. Bonfires played a triple role in satisfying human needs, including heating, lighting, and safety as identified by Eliana: “We gathered around bonfires at night to feel more secure, we could see more, but it also kept us warm because it was very cold”. 
Bonfires, as an alternative to electricity, increased the sense of community and strengthening social networks, bringing people together who had never met before. Marion recalled: “It was very nice to get to know your neighbours better…before we hardly said hello but around the bonfire, we talked more”. Nonetheless, this positive side of resilience contrasted with the strict measures taken by security guards against outsiders because they were afraid of potential looters coming into the community. This was considered as ‘negative resilience’. Claudio, a 35-year old householder, recounted: “Every time we saw an outsider we had to ask them: What are you doing here? Where are you going? We did not allow the entrance to anyone without identification”. This caused segregation between communities, increasing the distrust towards outsiders, which was considered as a ‘war between communities’. Dominik, a 40-year old interviewee, narrated: “It looked like a war, so many armed people, and with bonfires everywhere that resembled a battlefield”. 
During the first five days, communities showed their inner capacity to cope with the consequences of the power outage. Although most of their basic energy needs could be met using local resources, this was not enough, people could ‘survive’ but they were not ‘satisfied’. As Freddy, a community leader, highlighted: “Yes, we could survive, we could get some food and water, but only a minimum”. Health and communication needs became more critical; as they were the only energy-dependent needs that could not be satisfied autonomously by communities. People had to look desperately for external power sources, which were provided by a few emergency services available and local companies. For instance, firefighters used their back-up generators to power dialysis machines and respirators. A local fishing company and a hospital provided energy to charge mobiles phones so people could contact relatives. Yet, these power sources were limited and were located far away from tsunami-affected communities which had to travel long distances to access to them. 
4.2.	Recovery period: May 2010 -December 2014 
This period was characterised by the restoration of power supply in the communities, and the arrival of external assistance to satisfy the basic energy needs of people. The Chilean’s President imposed a dusk-to-dawn curfew and the Chilean military sent thousands of troops to stop looters which contributed to reducing chaos and vandalism in the city. Consequently, the level of discomfort and insecurity in communities lessened, but only marginally because information and safety needs were partially met.  
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Restoring the electrical supply: Happiness and gratitude
The restoration of power supply brought positive effects. Interviewees described it as a feeling of happiness and gratitude. Alfredo, a 60-year old interviewee, said: “we were so happy to have finally electricity in our houses after so long time”. Mauricio, an electric utility worker, added: “Anytime we went to a community to restore the electricity, people were so grateful… when we finished our work people clapped and cheered us with so much excitement”. Furthermore, external aid was useful to decrease the level of people’s discomfort as communities received several alternative power sources, including coal, camping stoves, flashlights, and batteries. Food and drinking water were also provided by aid agencies which helped people meet their cooking needs. The restoration of lighting and telecommunications contributed to reducing the level of anxiety and insecurity. 
Lack of information and discomfort 
Despite most of the people’s needs were met during this period; people’s discomfort still persisted as communities did not receive timely and accurate information about the power restoration process. Andres, a 67-year old interviewee, reported: “We did not know when exactly the electricity was going to be restored and why it returned in some communities first and not in others…we felt left behind”. Yet, electricity companies argued that the restoration process followed technical criteria, as one interviewee, said: “In some places, the power lines were completely destroyed, and it was impossible to restore it first, in other cases, we needed first the municipality to remove the debris to repair the lines”. Nonetheless, for communities, this information was unknown. 
Positive and negative community resilience
The collective strategies observed in the response remained for about one month after restoring the power, including community kitchens and security guards. Despite external support, people continued relying on their own capacities to prepare their meals and preserve security inside communities. External aid was crucial to satisfy health needs, for instance, in one community a health centre was installed. 
The negative side of resilience was also present. The control imposed by security guards to outsiders due to looting was also applied to external agencies, including aid organisations and electricity distribution companies, which obstructed and delayed the restoration of power. People did not trust the repair crew as many of them did not have identification and company vehicles did not have institutional logo. Martin, an electric company worker, recalled: “We had to identify ourselves every time we went to a community, we were not using the vehicles with the logo of the company, as they were destroyed by the tsunami…people did not believe we were working for the company and they stopped us at the entrance”. People blocked the entrances of the communities with barricades, making even more difficult the entrance of technical personnel. As Antonio, another electric company worker, said: “They had burning tires and wood barriers at the entrance of the streets, we could not come in, we had to stop and remove it in order to enter the communities”. They also felt threatened by communities, the same interviewee added: “we were so afraid when we saw armed people with so many weapons, they could have hurt us…our lives were at risk”. 
4.3. Post-recovery period: From January 2015
The post-recovery period encompasses the observations after seven years following the power outage, including the long-term societal impacts, and preparedness for future outages.
Long-term societal impact: Psychological effects   
[bookmark: OLE_LINK7]The power outage brought positive and negative effects on communities that prevail today. From a positive perspective, more appreciation to the power supply is common. People feel proud of the collective actions they implemented during the outage, including security guards, and community kitchens. Carla, a community leader, reported: “We did very well, without our organisation it would have been impossible to deal with all the problems”. Notwithstanding these positives impacts, people are still psychologically affected by the looting and crime that took place due to the power outage. Andrea recalled: “I can’t forget the fear at night; I still remember everything as if just has happened yesterday, the faces of my neighbours, terrified and shivering with weapons in their hands fearing for the mobs coming into our community”. According to interviewees, distrust towards outsiders remains which would obstruct the restoration of power supply in future outages. 
From the perspective of electric utility workers, the psychological impact is still greatly felt. Mauricio, a member of the repair crew, said: “... I had to work so hard, 25 continuous days without rest, I had little sleep, I even had to sleep in the company vehicle for three days… I do not know if I could make the same effort again, I put my life at risk to help people, to restore the electricity for them, but they were the same people who were looting and I saw them enjoying the stuff they stole”. The electric company opened a helpline to provide counselling to technical personnel in distress after the disaster. Yet, the emotional impact is still there. The same interviewee, added: “I am still affected by the looting, I no longer trust people, does this society really deserve my effort? People tried to still my vehicle while I was helping them.” 
Preparedness for future outages
Community resilience in the long-term manifested as a process of learning from the power outage has affected community preparedness. People recognised they have learnt from the experience but do not have enough alternatives sources of electricity to cope with future outages. In general, people have the same basic alternative power sources as they had before the disaster, but in larger numbers, including candles, flashlights, batteries, and radios. However, due to their low income, householders cannot afford to buy other supplies such as back-up generators, camping stoves, or extra gas bottles. Karen, a 43-year old interviewee, reported: “I would like to have more money to buy a generator or an extra gas bottle for the stove but with the salary of my husband we cannot buy it”. The use of renewable energy is also seen as an alternative to electricity but, unfortunately, is beyond people’s economic capacity. 
People suggested the establishment of community centres with energy alternatives as a solution. Leo, a community leader, stated: “We would feel less anxious if we knew that we could go to a place where we can have light, water, information, batteries, radio, and a place where we can charge our phones... We could call our relatives, that would be really good…” This alternative was also suggested by municipal officers and NGOs who see this as an opportunity to help people cope with an outage. Fernando, a municipal officer, described: “A community centre powered by alternative energy sources such as solar energy located in a safe place and close to people can reduce the anxiety of people when there is not electricity…this can have backup generators, portable chargers, and radios…This could be the centre where people are also informed about the disaster and the duration of an outage…I imagine this as a lightpoint in the middle of the community …I am sure people would feel more relieved”. Yet, funding that community centre is the main constraint as Talcahuano municipality does not have a budget to cover this initiative and communities are very poor to fund it. Therefore, collaboration among several stakeholders is seen as a feasible strategy. The same municipal officer, added: “We need external support to fund this idea [community centre], utility companies, government, and other sectors can help us… communities need also to be part because the centre will be for them and administrated by them”.
5. Discussion 
Planning to address needs from power outages
Understanding the societal impacts during a power outage following a disaster is essential to plan mitigation measures and increase the wellbeing of communities. Our longitudinal research allowed us to observe over time the impact on the energy needs of communities, and the community responses to the lack of them. Although prioritising certain needs over others can be a contentious issue during an outage (Palm, 2009) as all needs seem equally important, especially in a disaster context, our study revealed certain patterns on how people value certain needs over others. 
During the response, our case study showed that basic needs, including water, cooking, lighting, and heating were seriously threatened by the outage, with water and cooking being the most critical needs, coinciding with other studies (e.g. Burger and Gochfeld, 2014; Palm, 2009). These needs relate to the basic ‘physiological’ drives of people or ‘survival needs’ (Maslow, 1943). The lack of these needs led to feelings of worry and anxiety. Health was also considered in this category as the lack of energy was life-threatening for people dependent on respirators. Yet, our findings also demonstrated that ‘psychological’ drives also emerge in a disaster context, including the need to feel safe, secured, informed, and connected; needs that were compromised by the outage by the disruption of telecommunications. Psychological needs can be equally important or even more important than physiological needs. For instance, during the first hours after the outage, the most pivotal needs were to contact relatives to check if they had survived the disaster or not which increased the feelings of uncertainty in the communities. Safety needs after looting also became essential which had negative long-term effects for communities and electric utility workers, including prevalence of psychological distress such as feelings of fear, insecurity, and distrust. 
The complex and interdependent nature of needs can be useful to plan strategies to reduce the impact of power outages, as the satisfaction of one need could lead to cascading benefits in other energy needs, reducing the psychological impact on people. For instance, we found that accurate information was critical at all stages of the disaster, including that about the magnitude and duration of the outage which could lessen the likelihood of looting and crime, diminishing the level of anxiety and discomfort in communities. The perceived importance of human needs during an outage will vary depending on the duration of the outage, the magnitude of the disaster, and the community resilience capacity to satisfy these needs. For instance, in a short-term outage and low-magnitude disaster, communication and safety may not emerge as critical needs; nevertheless, information could still remain important as people need to know the length of the outage to plan the satisfaction of other needs. Likewise, in a community with diverse alternative cooking supplies such as gas and wood stoves, the satisfaction of the cooking need may not be an issue. These factors need to be planned in order to reduce customer concerns and increase their wellbeing- thus giving energy companies more time to re-establish power supplies.
Community resilience aspects to encourage during power outages
Energy companies and policy makers can consider how the societal impact of power outages can be reduced by promoting community resilience. Our findings demonstrated that communities have the capacity to cope with the consequences of an outage by activating their inner resilience capacities, including cooperation, solidarity, local knowledge, organisation and sense of community. In a disaster context, where no material goods were left, people were more likely to put into action their intangible resources or social resilience capacities which may be more readily available than material ones (Moreno et al., 2018). These capacities materialised in collective strategies such as community kitchens, security guards, community barbecues and bonfires that contributed to the satisfaction of the human needs threatened by the outage and these can be encouraged by energy providers and emergency planners. This was identified as ‘positive resilience’. 
Disaster response is a classic situation involving a collective action for mutual benefit (Dynes, 2005), and the positive resilience enabled an effective response after the outage, especially during the ‘critical period’ where no external assistance was provided. Nonetheless, the slow emergency response and the lack of information led to looting and crime which increased the anxiety and fear in the population. Here, we identified the potential of ‘negative resilience’ (Shaw et al, 2014), a condition that emerges when communities use their inner capacities to carry out collective actions that put increases their risk or harms people’s wellbeing. For instance, the strict measures taken by security guards due to looting restricted the entrance of the repair crew, putting themselves in harms way and delaying the restoration of power. Energy companies and emergency planners can prevent the activation of negative resilience by providing support to communities to satisfy their basic needs during the outage, especially in the critical period where life-threatening conditions due to the lack of power can emerge. For example, energy companies can work with the police to provide security support to communities to reduce fear or work with community leaders to provide local capacity to charge mobile phones and establish community kitchens. They can also work with local government and media to provide prompt and accurate information about the outage. Psychological support is also relevant to prevent long-term psychological effects on communities and repair crew. For example, the free counselling helpline set up by the distribution company in Talcahuano to help the repair crew could be extended to customers. 
Our research showed that communities, during the response period, were able to withstand the consequences of the outage with their own resources but we observe that energy companies can help here to lessen the desperation from lack of supply. Communities showed they are not passive victims that wait for energy companies; they are active agents that can take concrete actions to deal efficiently with disasters and power outages. Yet, they were able to meet their needs only at the minimum level due to the limited alternatives to electricity available; thus, people could ‘survive’ but were not ‘satisfied’. To increase people’s comfort and wellbeing, external assistance is required including from power companies and local authorities. For instance, providing accurate information about the outage, and increasing alternatives to electricity in communities, including back-up generators, portable phone charges, emergency radios, camping stoves, and heaters can minimise people’s discomfort and increase the sense of security and protection after power outages. This can be done by installing ‘community energy centres’ with these sources. This is especially relevant in poor communities, where the lack of material resources, including alternatives to electricity, and limited access to information can put the satisfaction of their basic needs at risk. The need for external assistance demonstrated that shared accountability must be of paramount importance to minimise the negative effects of power outages caused by disasters. Utility companies could supply alternatives to electricity and communities could deploy collective actions to reduce the impact of outages. Resilience can be built through the involvement of a variety of stakeholders working at different levels, including electricity companies, emergency responders, local government, NGOs, business companies, community groups and individual citizens. This can contribute to addressing more effectively the several needs threatened by the outage, reducing the long-term social impact, and increasing the wellbeing of communities. 
6. Conclusions 
This research showed the societal impact of extended, prolonged outages in five low-income communities affected by the 2010 Chile earthquake and tsunami, and the resilience capacities activated to cope with the event. Our findings revealed that several needs were threatened during the outage, including physiological or survival needs such as cooking and water, and more psychological needs such as safety and connection with others. Our longitudinal findings showed that these needs varied over time, being the response the period in which these needs were most seriously threatened due to the lack of external assistance. Although the restoration of power led to the satisfaction of basic needs in the recovery period, the need to be informed remained over time. The long-term consequences of the outages related to the lack of information and the negative resilience that took place after looting and crime, still cause a psychological disturbance in people. 
Communities showed that they can be active agents in coping with the consequences of power outages. They can use their inner capacities and resources to plan effectively collective actions that allowed them to meet their basic needs. Yet, these community capacities were mostly intangible, and the limited alternatives to electricity led to a state of discontent due to their needs being satisfied at a ‘minimum level’. External assistance is required which can be provided by energy companies in partnership with government agencies and NGOs to reduce the impact of the outage. This can be done by focusing not only on restoring power but also on satisfying the human needs threatened by the outage. Addressing these needs could give energy companies more time to reconnect services without customers becoming so discontent. Energy companies can work with their partners to satisfy customer’s needs. This suggests that building community resilience to power outages is a shared responsibility between energy companies, government, NGOs, emergency services, and communities. Resilience has to be built for and by communities, in a two-way process where the internal resources of communities merge with the external assistance provided by agencies.
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