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Abstract

Objectives: Natural disasters confront individuals, communities and governments with the challenge 
of rebuilding and addressing psychosocial sequelae. With the increasing number of natural disasters it 
is timely to evaluate the effi cacy of interventions and strategies to address the mental health needs of 
individuals and the community. 

Method: An evaluation of literature related to the psychological impact of natural disasters, treatment 
effi cacy and government strategies to confront the social and psychological impact of natural disasters 
for the period 1983-2016 was undertaken. 

Results: Epidemiological studies following natural disasters despite the use of differing psychological 
measures demonstrate signifi cant psychological morbidity - anxiety (7-42%), complicated grief (28-
41%), depression (6.5-38%), post-traumatic stress disorder (11-89%) and substance misuse (1.3-24%). 
Intervention studies post-disaster demonstrate effi cacy variability.

Conclusions: The increase in the number and impact of meteorological and hydrological events 
since the 1980s and the psychological, social and economic consequences of these events has resulted 
in the development and implementation of government policies to confront the immediate and long-term 
adverse outcomes. The focus is typically on resources and infrastructure redevelopment with less focus 
on social and mental health interventions with long-term evaluation of interventions uncommon. The 
consequence of natural disasters emphasizes the importance developing strategies to ensure effective 
evaluated psychosocial interventions are available across at-risk communities.
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Introduction The capacity to respond to a disaster is in luenced by the event and the social, economic, cultural and political consequences that impact on the community, organizations and individuals. Recognition of the importance of a collaborative whole-of-government approach to disasters is emphasized by Australian and State Government Disaster management strategies that accept a collective approach that encompasses community sector, emergency services, defense forces, government agencies, business and individuals. A signi icant aspect of this planning is the identi ication of the need to enhance national and individual resilience through risk management that engages the individual, government and other agencies in planning, preparation and implementation of all hazard prevention strategies that use and build on individual and community capacity. The development of a strategy to provide high-level guidance on disaster management across all levels of government, not for pro it organizations, community and business leaders and families and individuals was perceived as a crucial initial step to enhance Australia’s capacity to provide a 
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sustainable response to the many natural disasters that impact on the country [1,2]. The strategy focuses on risk mapping, the built environment and training of volunteers and emergency workers. The national approach while identifying the role of mental health as integral to recovery [3,4] highlights that the mental health response is not just about building resilience but also addressing the mental health impact on the community, families and individuals. Identi ication of the dynamic and variable nature of the effect of disaster is evident with short and long-term adverse outcomes and positive outcomes from disasters [4,5].Despite recognition of the need for a planned, coherent, inclusive and resourced approach to mental health care there remains variability across jurisdictions and countries with respect to each of these facets. The consequent gaps in clinical services and the unmet mental health needs across communities is associated with an increased likelihood of negative social, economic and health outcomes for individuals affected by mental illness [6]. These gaps in planning and resource development are accentuated during natural and man-made disasters [7]. Irrespective of the cause of a disaster, epidemiological data indicate individuals and communities may experience adverse mental health, social and economic consequences [8-10]. The adverse outcomes of exposure to trauma, although argued by some as a phenomena of the post-Vietnam era [11] is documented in historical literature and scienti ic publications. As early as 1756 a case study described individuals who developed sleep disturbance, dif iculties returning to work and emotional lability after being trapped in a snow avalanche [12-14]. The emotional, behavioral and social responses following exposure to a natural disaster range from severe anxiety and grief to mild or minimal emotional distress. The survivors of the 1999 Turkey and 2008 Wenchuan earthquakes, 2004 Tsunami, and Hurricane Katrina experienced signi icant psychological morbidity. Evaluation of the psychological impact of disasters and effectiveness of interventions (Table 1) delivered to affected communities is however, compromised by the variability of psychological measures used to assess those exposed to disasters. The use of instruments that combine depression and PTSD in a single measure (Traumatic Stress Symptom Checklist (TSSC)-17 DSM-IV PTSD and six depression symptoms) [15] or only rate psychological distress (BSRS-5) [16] create complexities with respect to evaluation of symptom severity and the many factors that may in luence the development of psychological symptoms and the ef icacy of interventions. Variability in the rate of mental disorders after disasters is apparent from studies that identify the prevalence of PTSD ranging from 8.3-89%, depression 8-35% and anxiety 7-43%. Several studies have found factors such as age, proximity to the event, disaster severity and bereavement in luence the likelihood of developing symptoms and the severity of psychological sequelae [17-19].Studies consistently demonstrate social supports; ongoing stressors and relocation affect the likelihood of developing PTSD, depression, anxiety and alcohol or substance misuse [20,21]. The complex relationship between disaster exposure and psychological sequelae is highlighted by the risk of developing alcohol dependence or misuse. A two-year follow-up of a population impacted by 9/11 identi ied that delayed onset PTSD was associated with an increased rate of alcohol misuse [22], while a study of 899 Norwegians who resided in an area affected by the 2004 Tsunami demonstrated variability in alcohol misuse and an absence of a relationship between current alcohol use and disaster exposure. The consumption of alcohol in this population found a bivariate relationship between severity of PTSD symptoms and the perception of increased or decreased alcohol [23]. Following Hurricanes Katrina and Rita a prospective study found alcohol misuse was more likely to occur in individuals with a previous history of trauma and low income [24]. Although a systematic review found 22% used alcohol as a coping strategy, the rate of alcohol abuse in survivors was only 0.3% [25].
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The suicide rate following natural disasters also highlights the variability in the psychosocial outcomes. A study following 1999 Taiwan earthquake found the affected population had 1.46 times increased risk of committing suicide. Pre-existing mental illness and living in a rural environment predicted the increased risk of suicide in this study [26]. Following the 2011 Fukushima earthquake and tsunami there was a reduction in the standardized suicide mortality rate (SSMR) but by 2014 the rate exceeded the pre-event SSMR. This occurred on the background of social, family and community disruption and elevated rates of mental health illness [27]. Although post-disaster systematic reviews have found increased suicide rates, this increase was accounted for by factors such as the presence of pre-event mental illness [28]. In contrast, a review of post-disaster suicides in the United States (1982-1989) found no difference in the suicide rate for events such as loods, tornadoes, storms or earthquakes [29]. The dif iculty in understanding this variability in suicide rates re lects, not only the presence of pre-event factors but also the reduction in risk factors for suicide, as identi ied in the 1997 Red River lood study [30]. The impact of natural disasters is not limited to adverse psychological outcomes. An increase in interpersonal violence occurred post-Hurricane Katrina [31]. Following Hurricane Andrew there was an increased rate of foetal distress and an adverse impact on female reproductive health [32]. A systematic review of births and reproductive health following disasters found variability with respect to the methodology and focus of each study. This review however reinforced that disasters may adversely impact on reproductive fertility and birth outcomes [33]. Vulnerability to the destructive consequences of natural disasters is nevertheless not just a function of individual dynamics, but is linked to social and economic parameters. An OECD evaluation that included data from New Zealand, Japan, Turkey, Australia and the United States found displacement and relocation of people, unemployment, loss of income and disruption of businesses disproportionately increased vulnerability to disasters [34]. This study also found the young, and female more likely to experience adverse outcomes. In developing countries, vulnerability to disasters, socioeconomic inequality and an inability to effectively respond to events, accentuates elements identi ied in the OECD report. The health, social and economic inequalities in developing countries further amplify the deleterious outcomes of natural disasters [35]. In addition to age and gender other studies found that frequency, type and magnitude of the disaster and accumulated stressors in luence the likelihood of developing emotional and behavioral responses following mass trauma and disasters. These factors and the expansion of urban communities with their associated economic, social, infrastructure and environmental vulnerability can further complicate the disaster response [24,36-39]. Confronting the various elements that in luence disaster recovery requires planning to address multiple community expectations, including infrastructure redevelopment, health, and social care interventions. These aspects of disaster management occur across multiple systems and timeframes. The necessity for short and intermediate term interventions is highlighted in a number of studies [39] [40]; however recovery may take from months to years. Pre-existing mental illness, access and capacity to engage with mental health services, social factors, grief, individual and community coping strategies and resilience in luence the recovery journey and, potentially exacerbate the adverse economic and social outcomes for individuals and affected communities [41-44].Response to a natural disaster requires a broad social, psychological and economic plan that is systematic, effective and inclusive of social and psychological responses [45], while embracing a broad community engagement [46].  Recovery from a disaster 
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does not end when infrastructure is rebuilt or when families return to their home. It is an ongoing process that encompasses the emotions that surround the rebuilding of homes, families and the community, aspects that may not have a clear end point [47]. 
Mental health interventions after a disasterAlthough there are a wide range of evidenced-based individual and group therapies interventions that assist recovery from emotional distress and psychiatric disorders [48-51], the provision of services to those experiencing distress following a disaster is challenged by the imperatives of re-establishing accommodation, reconnection of essential utilities and reconstruction of the community and workplaces.  The provision of psychological and social supports post-disaster were identi ied by Jacobs (1995) [52] as key strategies that facilitated the adoption of coping strategies to assist survivors and responders and community adaptation and recovery. Experience gained from multiple disasters af irms the need to implement integrated individual and community support that is inclusive of government, disaster relief agencies and organizations and specialist mental and public health services. The structured and integrated disaster plans should be inclusive of the community input.  The development of disaster plans has resulted in the inclusion of early intervention programs such as Psychological First Aid (PFA). Demonstration of the bene its of PFA remains dif icult [53-56]. Several studies have demonstrated the positive effect of psychological interventions for those affected by natural disasters (Table 1). There is however, variability in the type and duration of interventions, and the number of survivors evaluated in these studies. The variation in therapies, treatment duration and the assessments used confound post-disaster outcome research. The inconsistency with respect to intervention types and duration is highlighted by two adolescent studies. One study used group and individual trauma or grief focused therapy in 36 participants [57] with the second a manual based three-day CBT program [58]. The modi ied behavior therapy treatment program used after a Turkish earthquake, while demonstrating ef icacy provided outcome data for only 75 of the 231 who entered the study [59]. In contrast, the Victorian bush ires intervention study used data from 261 people. There was despite a focus on CBT, variability in intervention types [60] with the number offered treatment small in comparison to the number affected.Although there is variation in methodology and treatment type, evidence does support the necessity to establish programs that recognize those who have developed mental health problems [61,62] and provide evidence-informed treatment across the community. These programs should be accessible, support local health care providers, have the capacity to be delivered face-to-face and through other technologies and address the   unmet mental health needs of individuals affected by disasters [43]. 
Government and community response to disaster Disasters place signi icant demands on community resources, require collaboration and the need to undertake at times, unfamiliar tasks. The bringing together of emergency and public and mental health services [63,64] can be assigned a lower priority when compared to infrastructure repair and food safety. The disaster response often overlooks the enduring cost to the community of adverse mental health outcomes that occur following a natural disaster [65]. To overcome the deleterious mental health consequences of disasters there is a need to support interventions that address, the social, emotional and mental health functioning of the community [41,66,67].  Interventions require a whole-of-government collaboration that connects with the community and engages with affected individuals, and is inclusive of non-government agencies and the private sector [68]. Timeliness, effectiveness, resource capacity and capability affect the psychosocial response to a disaster, and the effectiveness and extent of individual and community recovery 
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Table 1: Disaster Interventions Outcomes.
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[69,70]. Disconnection between the devastation of a disaster and the extent and effectiveness of the all-hazard response is highlighted by the response to Hurricane Katrina. Evaluations after the hurricane identi ied gaps in evacuation procedures, environmental health interventions and emergency and mental health responses. The ferocity of the hurricane, resource availability, geography, social, cultural and economic vulnerability accentuated the impact of Hurricane Katrina and the challenges confronting the response of government and non-government agencies [71,72].The Victorian Black Saturday Fires of 2009, and the study of Texan loods between 1997-2001 [32,73-75] emphasize the multiple components that challenge disaster planning and management and sway disaster outcomes. Natural disasters usually do not occur in isolation, with Australian bush ires often occurring on the background of long-term droughts that are associated with signi icant psychosocial distress [76]. The association between pre-disaster factors and adverse outcomes was identi ied in a study of Texan loods that found social vulnerability increased casualty rates. This study also found that all-hazard planning must consider the consequence of disaster mitigation strategies. Although lood mitigation reduced casualties in some areas, the misleading sense of safety in other areas, promoted a misplaced sense of security and consequently increased casualties in ‘safe areas’.  These multiple and variable pre and post disaster factors impact on individual and community recovery and resilience [32,73].The requirement for an integrated response to address the complex problems induced by disasters has resulted in the development of cohesive response models. The systematic response to the loods and cyclones that occurred in Queensland, Australia between December 2010 and February 2011 re lect the integrated Government and Non-Government sector response that occurs in the Australian setting. This approach is inclusive of pre-disaster planning and immediate to long-term disaster management. The disaster management plan includes the emergency response, safety of infrastructure, reconstruction and social, psychological and health interventions [77-79].The loods and cyclones during this period affected 68 of Queensland’s 73 Local Government Authorities (LGAs). Over 1.3 million people were affected by the disaster. Based on international data, estimates indicated up to 314,000 were vulnerable to emotional distress with a one percent in severe mental disorders and a ive percent increase in mild to moderate mental disorders [80]. During the crisis, 10,500 people were evacuated from their homes, cities and towns became totally isolated, and 250 patients required aero-evacuation from the Cairns public and private hospitals to Brisbane Hospitals; a distance of 1400Km [81]. The immediate response to the disaster ranged from involvement of the Police, State Emergency Services, Red Cross [82] and military [83] to the implementation of the Reconstruction Authority. The Authority focused on six medium to long-term initiatives; Human and Social, Economic, Environment, Building Recovery, Roads and Transport and Community Liaison and Communication [84]. Given the identi ied risk of adverse psychological outcomes the recovery program supported the implementation of a mental health program for individuals and communities. The Queensland Mental Health Natural Disaster Recovery Plan 2011–13 (The Plan) adopted a public health model that sought to address the psychosocial impact of the loods and cyclones on communities, schools, families and individuals through a collaborative approach linking primary health care, schools, non-government sector, community-based support, and specialized mental health services that offered the capacity to provide services to at-risk populations such as the bereaved, affected communities and areas where the provision of trauma informed services were usually unavailable or dif icult to access. The Plan was based on the WHO [80] population models for psychological morbidity following a disaster and built on the psychological irst aid program initially provided across communities [66], with local community initiatives that promoted community connectedness, web-based programs and information dissemination.
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The Centre for Trauma, Loss and Disaster Recovery funded through the Commonwealth and State Government Natural Disaster Relief and Recovery Arrangements (NDRRA) was formed to oversight the implementation and management of The Plan that was required to address the needs of vulnerable populations, provide evidence-informed treatment programs and enhance resilience within affected communities and individuals [79,85]. The Plan required the establishment of a statewide Skills for Psychological Recovery (SPR) training program to enhance access to skilled local primary care clinicians [86], a 24 hour access line and specialist disaster mental health teams for children and adolescents [87] and, adults (18+) with the access and treatment services utilizing standardized assessment and evidence-informed treatment programs. In recognition of the complex psychosocial and legal needs of those who lost family members due to the loods and cyclones a Bereavement Team was initiated [20,88].  Although the response to the Floods and Cyclones of 2010/11 was described as ‘global best practice’ the paper did not address the importance of responding to mental health issues in the aftermath of disaster. The focus during the crisis was perceived as restoration of normalcy [81] an outcome that is challenged by the death of family members, loss of properties, personal items such as family photos and the need to confront the problems of rebuilding, relocation, legal settlements and commissions of enquiries. This separation of the psychosocial response from the structural and emotional devastation that may occur after a natural disaster challenges the recovery of individuals and communities.
Meeting the challenge of natural disastersA countries capacity to provide effective psychosocial interventions that are key factors in relation to reducing the short and long-term mental health sequelae of disasters [89] is linked to mental and health care planning which is in luenced by government models of mental care that range from the inclusiveness of Canadian and United Kingdom’s models to the fragmented model that occurs across the United States. This planning is confronted by the disproportionate increase in the number and impact of meteorological (cyclones, hurricanes) and hydrological ( loods) events since the 1980s [90]. The increase in natural disasters confronts governments of developed and developing nations. The current response models demonstrate gaps in relation to the capacity to meet the mental health and social care needs of communities, identi ication of those at-risk and provision of evidence-informed care to impacted communities, families and individuals. These response models (Figures 1 and 2) [41,91,92] have resulted in a restricted vision of disaster planning and following the disaster an emphasis on the often overwhelming demands related to rescues, managing physical injuries and rebuilding infrastructure and communities and an underestimation of the long-term demand for psychosocial services. 

Figure 1: Tiered Psychosocial Response to Disasters: supporting the community and individuals post-disaster 

Modifi ed from IASC Guidelines on Mental Health and Psychosocial Support in Emergency Settings (2007) (p12) 

and NATO. (2008). Psychosocial Care for People Affected by Disasters and Major Incidents. (p54).
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The challenge for governments and other agencies is to reduce the mental health, social and infrastructure burden of natural disasters through public health preparedness through strategies that encompass individuals, organizations, communities, government and political processes. This comprehensive approach requires consideration of urban redesign, use of technological advances (eg meteorology), implementation of cost-effective psychosocial responses that more effectively identify those at-risk, and improved access to evidence-informed care and services appropriate to the needs of affected communities and individuals (Figure 3). The developments in meteorology provide increased predictability of weather and hydrological forecasting [93,94] offering the opportunity to address vulnerability to loods that may occur following the transformation of loodplains through urbanization. Importantly, in conjunction with these developments is the need for more effective communication of risk to organizations and individuals to facilitate a reduction in adverse outcomes particularly in at-risk populations [95-97]. Identi ication of populations at risk of adverse mental health outcomes post-disaster through the inclusion of demographic, community socio-economic and health data and weather mapping, hydrological data and hazard mapping [98-100] enables spatial 

Figure 2: Framework for development and implementation of post-disaster recovery plan. [Modifi ed from World 

Bank Recovery Planning Processes from Guide to developing disaster recovery frameworks. (2015)].

Figure 3: Post-disaster health outcomes – a complex interaction of the event and community. Geo-political and 

individual factors. Modifi ed from Ursano et al. Ed (2007) p 74.
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analysis to identify service demands and resource gaps that can increase the likelihood of adverse outcomes [101-107]. This predictive capability is particularly relevant to regions subject to looding where studies link lood height with the risk of adverse psychological outcomes [69,108]. A Serbian spatial and temporal comparative analysis of vulnerability to natural disasters found that changes in demographic and economic parameters were causally related to the vulnerability risk following a natural disaster [109]. In addition to the demographic and economic factors the inclusion of variables such as alcohol use, availability of health services and the number of individuals on disability pensions enabled the development of geospatial mapping that identi ied areas with an increased risk of suicide [110].In contrast to the increasing sophistication of disaster response systems, the mental health and social response demonstrates variability with respect to access to mental health care and evidence-informed treatment programs with services, often not re lective of the needs of individuals [72,111], although Australian disaster response initiatives have gradually adopted a number of innovative approaches that seek to engage at-risk populations and systematically involve communities and sectors such as health and education. E-treatment [112] and school, family interventions and Disaster Recovery Triple P [87,113,114] provide accessible community treatment with the linkage of health and education connecting vulnerable populations. Despite the introduction of these programs following large-scale natural disasters, the demand for services often exceeds the response capability. The discrepancy between the needs of affected communities and availability of resources is a problem relevant to under-developed, developing countries and economies such as Australia, United States and Europe [115,116]. The preparedness of communities and countries to address the social, cultural, economic, and psychological impact of disasters and engage with the transformation of short-term responses to meaningful long-term interventions and sustainable outcomes is in luenced by factors such as inancial loss, community dislocation and severity of the damage [108,117].Variability in the capacity to respond, and recognition of the economic, social and mental health consequences of disasters and the scale of events has led countries such as Australia and the European Network for Traumatic Stress to recommend a tiered mental health response across the community. The tiered response ranges from the provision of psychological irst aid to evidence-informed interventions provided after a comprehensive assessment [70,118,119]. Inconsistencies in relation to disaster planning, the provision of mental health services and psychosocial care after disaster remain. Methods of screening and diagnosis and the type of interventions [3,120] along with the planning of mental health service delivery following a disaster typically have a general focus rather than on individuals and communities at highest risk for adverse outcomes. 
ConclusionIn an era of increasing numbers of natural disasters that confront the capacity of governments, non-government agencies, communities and individuals to respond to the immediate and long-term impacts of disaster there is a necessity as demonstrated by the European Network for Traumatic Stress to adopt a coherent, tiered response that encompasses, assessment, evidence-informed care, and cultural and community responses while addressing the requirements of vulnerable populations such as children, adolescents and those with pre-existing illness [118-121]. Mental health interventions must occur within a partnership framework linked to community and infrastructure redevelopment that has in recent years been approached with increased sophistication as governments focus on addressing economic recovery [122]. The challenge for disaster affected populations that are at signi icant risk of developing mental illness and social disruption in the immediate and long-term, is 
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the focus on resources and infrastructure redevelopment to the exclusion of social and mental health interventions that assists individual and community recovery. The disaster planning initiated in Queensland after the Floods and Cyclones of 2010-11 adopted a systematic approach that linked public mental health, education sector, non-government organizations, local, state and national authorities, community groups and general practitioners and other primary care providers (psychologists, social workers and occupational therapists). This broad response also engaged with emergency services and infrastructure redevelopment. The post-event planning predicted the adverse psychological impact following the loods and cyclones would exceed available clinical resources. While Queensland has developed a robust structure to address the impact of disasters there remain knowledge and system gaps that impact on the development and implementation of disaster response plans and decisions with respect to resource allocation to meet the psychological needs of affected communities.The implementation of the post-natural disaster response plan to address the mental health and social impact of the affected Queensland population that was dispersed across a large geographic area provided an opportunity to evaluate the effectiveness of an integrated intervention program that included community-based social interventions, population screening, skills for psychological recovery training program for community clinicians and standardized evaluation and treatment programs delivered by specialized adult and child and adolescent mental health teams.   The disaster response plan aimed to facilitate community resilience building, access to services and address the unmet mental health needs of individuals affected by disasters [43]. The achievement of these goals remains an aspiration for many countries. The focus on immediate response and reconstruction, while important may distract from the importance of the psychosocial response and the necessity to develop models of care that integrate public and mental health planning, response preparedness, and systems such as predictive technology. Disaster health preparedness should integrate services that support the immediate and long-term recovery, a process that may take a number of years (Figure 3).  The response to the loods and cyclones in Queensland enabled the development of a systematic evaluation of the program elements that informs future disaster preparedness.
Ethics approvalHREC/14/QPAH/472 – A retrospective evaluation of the outcomes Statewide disaster mental health programs established and delivered following the Cyclones and Floods of 2010-2011.
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