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ABSTRACT 

 

Access to disaster preparedness and energy resources that is equitable and sustainable 

provides a critical foundation for community resilience and development. However, small, 

riparian communities prone to water-based disasters often lack effective early warning 

systems and experience energy insufficiency: a ‘dual dilemma’ that often constrains their 

development. These issues are more common in low and lower-middle income countries 

where social and resource inequities are often more pronounced. However, small 

communities in high income countries often experience similar issues.  

In recent years, there has been growing interest in community hazard resilience and 

sustainable development at the local level. Initiatives that accord with the principles of the 

Agenda 2030 for Sustainable Development and the Sendai Framework for Disaster Risk 

Reduction increasingly frame community resilience research and programming. However, 

there has been little research to date exploring energy and water hazard management within 

remote communities. Such research is an important element in progressing sustainable 

development at the local level - understanding community views, priority needs and solutions 

that are feasible and sustainable in their context. Humanitarian engineering is an appropriate 

vehicle for translating these views into proposed solutions and offers substantial benefits to 

interventions for sustainable development and disaster resilience.  

Community-centered initiatives for off-grid renewable energy generation and flood response 

at the local level have the potential to support community hazard management and socio-

economic growth. To do so effectively, they must support genuine community engagement 

and stakeholder synergies. The current study examined energy and flood response needs in 

riparian communities in Nepal and Greece and identified specific options which could be co-

developed and sustained in these contexts.  

Paper I presents evidence-informed technical criteria for the development of off-grid 

renewable energy and early warning hybrid systems, and more specifically, small-scale 

hydropower generators combined with flood warning systems. These are proposed as a 

vehicle for localised water hazard resilience and sustainable development in remote, riparian 

communities. 



x 
 

Paper II is a scoping review of the literature examining riparian communities in low and 

lower middle-income countries, and their use of off-grid renewable energy and flood warning 

systems. The findings highlight that it is important to consider institutional, environmental, 

social/ethical, economic and technical indicators in developing a comprehensive 

understanding of the success or failure of humanitarian and development interventions in 

such communities. 

Paper III presents a review of the extant literature regarding best practice community 

engagement for localised renewable energy systems and flood early warning systems. It 

builds upon the previous studies (Papers I and II). It details a community-centered systems 

approach to localised hydropower and flood response within a framework of sustainable 

development. This evidence-informed strategy for community engagement can address 

multiple needs, including the intersecting needs of key stakeholder groups. 

Paper IV details an exploratory investigation of community vulnerability and capability 

mapping that identifies communities with high water-based disaster risk and their associated 

needs. This mapping is based on objective and universal criteria, and can be used in cross-

community comparisons. 

Paper V presents a mixed method approach for humanitarian and development research 

engagement that allows the collection of information from both professionals and non-experts 

remotely. This enables research continuity and community access in intra and post-pandemic 

contexts in a flexible and cost-effective manner, and guided our study protocol (Paper VI). 

Paper VI is informed by the previous studies (Papers I – V) and presents findings from our 

research on flood response and energy needs of two riparian communities in Nepal and 

Greece. The findings indicate combined functions are favoured and that the co-development 

of a hybrid unit for hydropower generation and flood warning is preferred compared to 

single-use market available options. The remote research approach (detailed in Paper V) 

supported effective participant engagement and data collection despite pandemic restrictions.  
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1. INTRODUCTION 

 

 

 

“Access to energy is fundamental to improving quality of life and is a key imperative  

 for economic development. In the developing world, energy poverty is still rife.   

 Nearly 1.1 billion people still have no access to electricity.”  

 

(Energy Poverty Action Initiative - World Economic Forum, n.d.) 

 

 

 

“Disaster risk reduction is about more than responding to emergencies; it’s about doing 

  development right so people are safer in the first place. If it’s not risk-informed, it is not  

  sustainable development.” 

     

 Jo Scheuer in (Lee, 2015) 

 

 

1.1 Overview 

 

Extreme weather events increasingly threaten human populations. Water-based disasters, such as 

heavy rainfalls and torrential floods are frequent and affect communities in multiple ways, 

including fatalities, displacement, financial and income losses, and damaged infrastructure 

(Wahlstrom and Guha-Sapir, 2015). Populations with limited resource capabilities, such as those 

in low and lower-middle-income countries (L/LMICs) have substantially higher vulnerability to 

such impacts (Kim, 2012). The primary focus of this thesis is on such communities - small, 

rural/remote mono-economies in L/LMICs situated in riparian areas with high flood risk 

estimates (Hallegatte et al., 2020). Related vulnerability characteristics that we examine are 

energy insufficiency and limited disaster risk resilience capabilities (Jessel et al., 2019; Sufri et 

al., 2020). While such vulnerable communities are commonly found in L/LMICs, small riparian 
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communities in high income countries may also be vulnerable, particularly during extreme 

weather events. Recent floods in Australia (May, 2022) and Europe (Oltermann, 2021) highlight 

that flood extremes can affect everyone. Oltermann (2021) identifies that the lack of effective 

localised flood early warning systems (EWS) in Germany was a contributing factor to poor 

community and service response at the local level. On the basis of such examples, the current 

study includes examination of communities in both low and high-income countries for 

comparison purposes. 

According to the 2030 Agenda for Sustainable Development, energy sufficiency at the local level 

is one of the most crucial factors for increasing capabilities in vulnerable populations (Howells et 

al., 2017; United Nations, 2016). Community-led disaster response is equally important, 

according to the United Nations Sendai Framework for Disaster Risk Reduction (Pearson and 

Pelling, 2015). This is particularly the case since L/LMICs lose substantially higher proportions 

of their gross domestic product to disaster events each year, and this is a key factor undermining 

their development potential (Kim, 2012). As such, initiatives that that can support low-cost, 

sustainable energy generation and hazard early-warning may critically advance sustainable 

development at the local level (International Renewable Energy Agency, 2019; Phillips, 2017). 

This concept accords with the principles of World Economic and Social Survey 2018: Frontier 

Technologies for Sustainable Development (Kamperman Sanders et al., 2018) and highlights the 

importance of harmonised humanitarian and development interventions (so-called ‘disaster 

mainstreaming’ within development) in communities residing in flood-prone areas. 

While the literature showcases many community-based projects in renewable energy and early 

warning, there is little information regarding the development of combined and hybrid systems 

which integrate these key functions or community perceptions of the feasibility of such options 

(Baudoin et al., 2014; Ikejemba et al., 2017; Schismenos et al., 2021c). Such an analysis can 

inform researchers, government authorities, development and humanitarian agencies, as well as 

communities themselves, as to the viability and cost-benefit of such systems in these contexts. 

To the authors’ knowledge, there has been no such study of combined systems for sustainable 

development and flood resilience at the local level. While some researchers (Azid et al., 2015; 

Intrieri et al., 2012; Schöne et al., 2011) have examined solar energy use in EWS, there are no 

published data regarding other off-grid renewable energy systems (i.e. hydropower) powering 

localised EWS for community response.  
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This thesis is based on a series of published papers examining how humanitarian and 

development research projects can best be conducted in small, riparian communities with the 

support of both local community members and professionals. Its primary focus is an examination 

of community perceptions of preferred energy sources and EWS and the feasibility of system 

integration and co-development. It details reviews of the background literature (Papers I and II), 

preparatory sub-studies of community selection and engagement (Papers III-V) and interview 

findings with community stakeholders in Nepal and Greece (Paper VI).  

Paper I (Schismenos et al., 2020) is a technical analysis and examines which off-grid 

hydropower and flood warning types are optimal in vulnerable communities, and whether this 

information supports the development of stand-alone or combined/hybrid system for power 

generation and flood warning. Paper II (Schismenos et al., 2021c) presents review findings 

regarding community-based renewable energy and EWS and specific indicators of the success or 

failure of these systems.  Paper III (Schismenos et al., 2021b) presents a systems approach for 

community engagement in humanitarian and development research and the co-development of 

related outputs/assets throughout their life cycle. Papers II and III include detailed reviews of 

literature in the respective areas of remote community energy sufficiency and flood resilience; 

these provide the evidence base for the community study that is the focus of the current research. 

Paper IV (Schismenos et al., 2021a) develops an evidence-informed vulnerability and capability 

mapping tool for the identification of communities that are in greater need of energy and flood 

warning improvements. Paper V (Schismenos et al., 2021d) presents our research design for 

assessing community vulnerability that was applied remotely in two pilot communities -

Dhuskun, Nepal and Aggitis, Greece. Paper VI (Schismenos et al., 2022b) presents the results 

and potential applications of our study findings in these communities. The six publications that 

make up this thesis are available in Supplementary Materials. Figure 1 details the study process 

flow and outcomes, in the form of published papers. 
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Figure 1. Study process flow chart and outcomes 

 

Figure 1 presents all major items in colour variations. These represent the different stages of the 

study: 

 

• Blue: Findings based on data from literature searches 

• Yellow: Methodology and planning 

• Green: Study execution, site data collection and findings 

 

 

1.2 Research Themes and Background Literature  

 

1.2.1 Communities vulnerable to water-based disasters 

 

The experienced severity of disasters is mediated by the aggregate vulnerability and capability 

levels of affected populations, the former usually defined as the extent to which an individual or 

a group is predisposed to experience losses in relation to a hazard event (International Federation 

of Red Cross and Red Crescent Societies, 2007). The United Nations Office for Disaster Risk 
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Reduction defines vulnerability as “the characteristics and circumstances of a community, 

system or asset that make it susceptible to the damaging effects of a hazard”. It is one of the 

defining components of the common disaster risk formula (Disaster Risk = Hazard × Exposure × 

Vulnerability / Capability). In this conceptualisation, vulnerability is directly mediated by the 

response assets and capability level of the affected population (United Nations International 

Strategy for Disaster Reduction, 2009, p. 30). 

Our primary focus is on water-based disasters, such as floods and storms. This is because these 

are the most frequent type of natural disasters and associated with the highest cumulative number 

of people affected (Centre for Research on the Epidemiology of Disasters, 2020; Wahlstrom and 

Guha-Sapir, 2015). The Overall Water Risk Map (Figure 2) developed by the World Resource 

Institute’s Aqueduct tool (Aqueduct, n.d.) presents evidence that L/LMICs experience the 

greatest risk of water-based disasters. At the same time, these countries are more likely to 

experience energy insufficiency, as detailed in the Population Without Access to Electricity 2019 

Map (Figure 3) developed by the International Energy Agency (International Energy Agency, 

n.d.). This is somewhat perverse in that many such regions possess the natural resources needed 

for energy generation and self-sufficiency. For example, Africa has the physical characteristics 

required to develop a range of renewable energy applications and substantially increase its 

energy supply (Ahlborg and Hammar, 2014; Ngowi et al., 2019). Sub-Saharan Africa in 

particular, has the local atmospheric and hydrogeomorphological conditions required for 

hydropower and solar power installations. However, its relative lack of resources, infrastructure 

and political will to establish such systems on a sustainable basis, sees it as one of the least 

developed regions globally and with major electrification problems (Ahlborg and Hammar, 

2014; Ikejemba et al., 2017; Quansah et al., 2016). 
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Figure 2. Overall water risk map 

 

 

 

Figure 3. Population without access to electricity 2019 map 
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According to the United Nations Office for Disaster Risk Reduction, a combination of physical, 

social, economic, and environmental metrics determines vulnerability levels - these metrics are 

commonly used in hazard risk mapping (United Nations International Strategy for Disaster 

Reduction, 2009, p. 26). Furthermore, political, cultural, historical, psychological, and 

institutional elements could also be taken into consideration as complementary factors (Twigg, 

2004). Such metrics are important for predicting the potential consequences of a disaster and 

directing the establishment of disaster resilience and response resources at the local level.  

 

In this study, communities defined as vulnerable to water-based disasters have one or more of 

following risk characteristics:  

 

• Physical, including remote, rural areas (small settlements such as villages or towns); 

insufficient flood warning (minor or no EWS or other warning mechanisms); power 

insufficiency (off-grid and/or unstable power supply) under normal and/or extreme 

conditions (United Nations Department of Economic and Social Affairs, 2022); poor 

telecommunications (no mobile phones or landlines in residencies). 

 

• Economic, including low/lower-middle income (based on minimum wage, purchasing 

power per capita) (World Bank, 2022); lack of income diversification. 

 

• Environmental, including high flood risk probability, located in riparian or deltaic 

ecosystems. 

 

 

1.2.2 Identifying priority needs within vulnerable communities  

When documenting vulnerability factors, needs assessments that allow community participation, 

are the most reliable and precise (Ostadtaghizadeh et al., 2015; United Nations International 

Strategy for Disaster Reduction, 2009, p. 23). Georgeou and Hawksley (2020) argue that genuine 

community participation is critical in humanitarian and development research as it offers the best 

means of capturing a diverse range of perspectives and incorporating these into solutions 

intended to improve community well-being. Community participatory approaches are also useful 
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in other fields of research, including medical (Tapp et al., 2013) and engineering (Mazzurco and 

Jesiek, 2017). In studies in the field of engineering, science and technology, practitioners often 

have highly developed technical skills but may have less experience with the transferable or 

‘soft-skills’ needed for effective community engagement and participatory research (Gosink et 

al., 2003). A shift in mindset away from a rigid ‘expert’ approach and positioning within the 

research process to a genuine people-centered participatory approach is therefore required.  

Making this shift will broaden the framing of the research problem and allow non-technological 

perspectives to have greater representation in agreed solutions (Georgeou and Hawksley, 2020). 

Downey (2005) posits that such processes result in greater collective knowledge and a power 

shift towards increased equity between stakeholder groups and researchers when 

identifying/prioritising needs. One example of people-centered planning can be observed in a 

case study in Sri Lanka, where the development of EWS occurred with the proactive engagement 

of local communities. This collaboration allowed the professionals involved to understand that 

participating communities had a range of flood-related concerns, and that low income and lack of 

experience and training were also important. Given this information, the project proposal was 

adjusted to address community priorities (e.g. the communities received training so they can 

detect floods on their own) (Baudoin et al., 2016). 

 

1.2.3 Factors affecting energy selection and use in vulnerable communities  

Energy availability under both normal and hazard conditions is a key element for sustainable 

development (Howells et al., 2017) and the related need for resilience against natural disasters 

(Phillips, 2017). Access to reliable power sources, such as renewable energy provides multiple 

benefits, particularly to the communities with limited capabilities. Off-grid renewables provide 

multiple benefits to vulnerable communities in L/LMICs which often lack reliable energy and 

resources to support hazard planning and response (International Renewable Energy Agency, 

2019). Among the available off-grid options, diesel generators are well-known and widely used. 

Yet, despite their advantages as portable and low-cost units, they may not satisfy remote 

communities in the long term. Williamson et al. (2019) found several reasons for this. Firstly, 

diesel generators require large amounts of fuel which can be costly. Secondly, they cause health 
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and environmental impacts due to fuel consumption and waste production (carbon dioxide and 

greenhouse gas emissions, water and soil recourses pollution, etc.). Thirdly, fuel may not be 

easily accessible in remote locations. Lastly, diesel generators require regular maintenance - if 

they break down communities may not be able to repair them on their own as the required parts 

may not be available in local markets and/or end-users may not have the technical skills or 

equipment to fix them. As a result, such systems can remain unavailable for weeks or months 

before repairs can be secured (Nerini et al., 2014; Williamson et al., 2019). These drawbacks are 

key factors driving interest in off-grid renewable energy systems such as solar, wind and 

hydropower, which are more environmentally sustainable (Kirubi et al., 2009), and increasingly 

cost-competitive when compared with fossil-fuel-based options (Williamson et al., 2019).  

The selection of appropriate renewable energy systems is determined by evaluation criteria such 

as adaptability in different environments, system autonomy, affordability, durability in local 

atmospheric and hydrogeomorphological conditions over time, readily-sourced materials, 

environmental and health impacts (Baudoin et al., 2014; Gurung et al., 2011; Ikejemba et al., 

2017). A comprehensive review of these selection processes and criteria in L/LMIC contexts is 

presented in Schismenos et al. (2020). For example, solar energy is a popular off-grid energy 

option, but due to its establishment costs (a substantial array of panels such as small solar park 

would be required to power a community), limited supply of parts (some replacement 

components may not be available in local markets), and lack of continuous power generation 

(e.g. during night hours), it may not be a suitable option for remote communities. Wind and 

hydropower turbines often present similar weaknesses (high establishment costs, limited 

materials supply, environmental impacts and noise pollution that may discourage nearby 

communities) (Jobert et al., 2007; Ikejemba et al., 2017; Kelly-Richards et al., 2017).  

On the basis of understanding local conditions, financial sustainability and stakeholder 

awareness, Williamson et al. (2019) argue that small, off-grid hydropower is the renewable 

system with the highest value proposition for off-grid communities. Among the types of 

hydropower, localised smaller-scaled (i.e. pico-level) systems, which include portable, and 

isolated (remote) hydropower systems all have high potential (Haidar et al., 2012). In the US 

alone, smaller-scaled hydropower stations comprise about 75% of the number of all hydropower 

plants nationwide (Johnson, 2015). Ma (2018) states that “nearly 82,000 small hydropower 
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plants operate or are under construction in 150 countries”, this translates to 10 small-scaled 

hydropower plants for every large one. At a broader level, this accords with international data 

which shows hydropower is the most widely used renewable energy source for electricity 

generation. In 2015, it supplied 71% of the total renewable electricity globally (World Energy 

Council, 2016, p. 5). 

Hydropower varies in scale (large, centralised, small and isolated) and can be combined with 

water supply services (e.g. irrigation and flood control systems). The latter provides multiple 

socio-economic benefits to end-users (Gielen, 2012). Localised smaller-scaled systems have 

minimal environmental impacts and are a cost-competitive solution for electrification in rural 

communities (Gielen, 2012; Ioannidou and O’Hanley, 2018). If combined with EWS and 

designed appropriately, they can address a number of basic energy needs under normal 

conditions (e.g. power home appliances), as well as under extreme conditions (e.g. power 

outdoor sirens and emergency lights), while also acting as localised flood detectors (Schismenos 

et al., 2020). For reasons such as these, they represent a feasible option for vulnerable 

communities. 

 

1.2.4 Flood early warning systems in remote communities – success and failure indicators  

The EWS allow the early prediction of extreme weather events with sufficient lead time for 

response. Lead time could be from a few seconds to several weeks, depending on the type of the 

event, system type and capabilities. Flood EWS are crucial, especially for rapid inundation (so 

called ‘flash flood’ events) in areas where vulnerable populations reside (Shrestha Pradhan, 

2020). For example, a flash flood that peaks at 2 a.m. in a remote community with no 

surveillance/warning system can result in significant losses, including loss of life. A similar 

flood hazard occurred in Afghanistan in 2020 and resulted in more than 100 fatalities (News 

Agencies, 2020).  According to the World Bank, EWS hydrometeorological investments for 

L/LMICs have a cost-benefit ratio of US$ 4-36, where the long-term establishment/maintenance 

(preparedness) costs are compared against water hazard impact (recovery) costs (Hallegatte, 

2012). However, in order for an EWS to be effective and end-user focused, it needs to comprise 

the elements of risk knowledge, monitoring and warning, information dissemination and 
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communication, and response capability (Basher, 2006). Despite the variety in types and designs, 

the standard action process is the same: input scanning, event detection and output(s) 

(Waidyanatha, 2010). The simple example below details surveillance regarding water level and 

siren activation. More complex systems may utilise multiple inputs, event thresholds and 

outputs.  

 

water level sensor → level threshold reached → warning siren activates 

 

Over the years, improvements in frontier (emerging) technologies such as drone and sensor 

technology have increased the reliability of input and output data. For example, the numerical 

weather prediction, increases or modifies the forecast horizon based on the accuracy and 

availability of input data (Bauer et al., 2015). This allows the display of multiple weather 

scenarios and prepares the emergency responders more effectively. The Hyogo Framework for 

Action includes an international policy approach for the promotion of early warning programs as 

a key element in building social and disaster resilience of vulnerable populations against 

common weather threats. (United Nations Office for Disaster Risk Reduction, 2005). While this 

is a promising framework which is guiding action, a lot more must be accomplished at the local 

level for the forecasting to become timely and more accurate. 

 

Extreme, short-lived weather phenomena may often trigger flash floods and debris flows in small 

areas. While these events develop at different space and time scales, the current conventional 

rainfall, streamflow and sediment discharge observation systems seem unable to monitor them 

accurately. For example, the Meteoalarm1 collects and displays hydrological and meteorological 

warnings, however, it is not designed to support warning for flash floods (Alfieri et al., 2012). 

This is because the local atmospheric, hydrological, geomorphological and environmental factors 

in generalised EWS are poorly investigated or not considered (Alcántara-Ayala and Oliver-

Smith, 2019; Alfieri et al., 2012). This leads to a plethora of uncertainties in warning and alert 

management that often reduce the effectiveness of EWS (Alfieri et al., 2012; Schismenos et al., 

2022a). In general, the most common approaches for the early indication of rainfall and floods 

require the comparison of the latest precipitation observations and weather forecasts in order to 

 
1 http://www.meteoalarm.eu  
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pre-define reference or warning thresholds. However, as the forecast uncertainties for the 

operational efficiency of EWS are high, the challenges of detecting local severe precipitation 

below the resolution of most available numeric weather prediction models are significant (Alfieri 

et al., 2012). A solution to this problem can be found in the use of community-centered systems 

formulated based on end-users’ accrued knowledge of local atmospheric and 

hydrogeomorphological conditions and existing capabilities that manage these, or may be further 

developed to do so (Twigg, 2004).  

 

The United Nations Framework Convention on Climate Change and the International Centre for 

Integrated Mountain Development have showcased the successful use of community-based flood 

EWS in the Hindu Kush Himalaya region (Shrestha Pradhan, 2000; United Nations Framework 

Convention on Climate Change, 2020). These are low cost and simple in their operation and use. 

A flood sensor detects rising river water levels; when critical thresholds are reached, signals are 

sent to the receiver and then warnings are disseminated to agencies and nearby communities. 

Significantly, local communities participated in the development of these EWS (i.e., they jointly 

determine flood thresholds). Douvinet et al. (2021) note that in communities where energy 

supply and telecommunications may not be stable, there is some evidence that outdoor sirens 

appear more reliable than other warning signals (e.g. mobile phone, radio and television 

warnings). 

 

1.2.5 Humanitarian engineering: a community-centered approach  

The common perception that renewable energy and EWS represent a ready ‘step change’ for 

many vulnerable communities must be tempered with recognition of the structural inequities and 

forms of environmental injustice often experienced by communities in L/LMICs (Stewart et al., 

2002). Humanitarian and development actors can play a pivotal role in supporting their use 

within longer term, community-led development. At the same time, initiatives in this area also 

risk the ‘short-termism’ of narrowly conceived technical solutions with little ongoing support in 

resource-constrained environments. For example, renewable energy projects in Sub-Saharan 

Africa have failed, or have been shown to have sub-optimal long-term outcomes due to bad 

management and planning, and lack of maintenance and local stakeholder involvement 
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(Ikejemba et al., 2017). These are central considerations in the emerging practice of humanitarian 

engineering (Gosink et al., 2003). 

 

Hill and Miles (2012), and Sheroubi and Potvin (2018) define humanitarian engineering as the 

urgent or longer-term application of engineering concepts appropriately designed, installed, and 

used to support populations with need. Humanitarian engineering aims to approach 

engineering/technology aspects with community needs as its primary focus (Hill and Miles, 

2012). It takes into consideration the context of the community in terms of culture, local and 

‘traditional’ knowledge, socio-political influences on decision making processes and institutional 

structures, as well as existing strengths (Gosink et al., 2003; Mazzurco and Jesiek, 2017; 

Sheroubi and Potvin, 2018). It supports disaster resilience mechanisms, and contributes to 

sustainable livelihood and socio-economic development (Mazzurco and Jesiek, 2017). This 

conceptualisation of humanitarian engineering is informed by, and overlaps with, two related 

fields; development engineering (also known as engineering for development), which 

investigates solutions to social challenges through science and technology (Nilsson et al., 2014), 

and global engineering, which aims to address ongoing challenges worldwide (e.g. poverty, 

water sanitation, and energy) as a practical driver of increased equity (Thomas, 2019). 

 

Humanitarian engineering solutions can be considered practice elements of ‘development-relief’ 

transitional frameworks within the humanitarian and development sectors, including community 

resilience programming (Mosel and Levine, 2014), and as a sub-set of global approaches which 

address challenges to humanity as a whole. A major difference with other engineering practices 

is that humanitarian engineering proactively seeks the co-development of solutions with end-user 

populations using appropriate technologies, ‘traditional’ knowledge, and local views (Gosink et 

al., 2003; Mazzurco and Jesiek, 2017). 

 

Despite the benefits regarding humanitarian engineering detailed above, other authors have 

described issues affecting its professional training and practice translations. Vandersteen et al. 

(2009) highlight the benefits of applying humanitarian engineering principles in disaster 

resilience and development works for professionals, particularly young practitioners and 

students. These include pedagogical and occupational advantages, including international 
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placements, design engineering practice in different contexts, and interpersonal skills. However, 

the authors also argue that such international services and their management may contribute to 

poor or adverse outcomes. Concerns noted by the authors include poor training for engaging with 

different cultures and in unfamiliar areas, and a lack of inter-cultural competence and 

communication skills. Similarly, Arshad-Ayaz et al. (2020) discuss failures in humanitarian 

engineering interventions from a socio-technical perspective and conclude that such initiatives 

often fail not only due to flaws in the design process or faulty equipment but also the privileging 

of ‘professional opinions’ which may ignore local conditions, knowledge and capabilities. 

 

1.2.5.1 Addressing common risks in humanitarian and development engineering research  

Despite the advancements in science and technology for humanitarian and development projects, 

proposed solutions are not always sustainable at the community level for a range of reasons. 

Ikejemba et al. (2017) found project sustainability issues were often similar across different 

countries and commonly related to (i) differences in culture and understanding between 

stakeholder groups, (ii) political agendas, (iii) stakeholder co-operation, (iv) planning and 

implementation, (v) maintenance and (vi) public acceptance and inclusion perceptions. Thus, it 

can be inferred that forms of research and development engagement which lack cultural 

sensitivity are a key factor that hinders the acceptance and longer-term success of such solutions 

by local communities. Cultural sensitivity can be defined as an interpersonal stance that is not 

self-focused, but other-oriented. It conveys genuine respect and a lack of superiority (of the 

technical practitioner / ‘expert’) with respect to the cultural backgrounds and lived experiences 

of community members (Hook et al., 2013; Owens and Hekman, 2016). A culturally sensitivity 

approach uses the language and mores of local culture, leveraging its strengths to identify 

community priorities for change and context-appropriate strategies to achieve them. In order for 

an intervention to be effective and sustainable, it is necessary to engage communities at a deeper 

level - a level that facilitates change in the life of the individual, the family and the community as 

a whole (van Stam, 2013). This approach was appropriate as our cross-cultural, interdisciplinary 

research emphasised the development of long-term support or implementation of sustainable 

solutions in vulnerable communities (Hook et al., 2013). 
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1.2.5.2 A systems approach to humanitarian and development engineering research  

 

Meadows (2008) defines a systems approach (also known as systems thinking) as a holistic 

approach to analysing a complex system's parts, their interrelation, and functions over time 

within the context of a larger (holistic) system. Systems approaches are applied in a wide range 

of disciplines including engineering, medicine, environmental science, development economics, 

political science and in the humanities (Arnold and Wade, 2015; Meadows, 2008). Arnold and 

Wade (2015) posit that systems-based conceptualisation and management of programmes 

typically involve several common processes. The first is the identification of the involved 

systems (or sub-systems) and their characteristics, interconnections and functions/purposes. 

Then, the formation of these systems by combining or grouping independent, interacting 

elements, as well as the formation of synergies (interaction of different elements) that produce an 

effect. Familiarisation of the interacting systems, predication of outcomes and planning ahead in 

order to understand changes and unforeseen outcomes, allow formulation of the ‘bigger picture’. 

This understanding can support information analysis, logical thinking, testing and problem 

solving; minimising system complexity conditions that may affect decision-making and results. 

Our consideration of cultural sensitivity and partnership, detailed above, guided examination of a 

systems approach to research in this area and how this could inform the current study. Applying 

systems thinking to community-centered renewable energy and flood resilience solutions could 

help community stakeholders and humanitarian and development practitioners identify risks and 

to co-develop technology-informed projects that address local needs. It could also improve 

overall behavioural insights (social, economic, psychological, cognitive) and their applications in 

remote communities with limited capabilities. This is essential for understanding how different 

communities and in-community groups make choices, select options based on priority attributes, 

and maintain long-term interest in newly introduced interventions. 

Such approaches in humanitarian and development research posit that a full understanding of the 

constituent elements of a given system (e.g. a diverse community), and their interactions, are 

needed to understand likely outcomes or outputs from such systems (Arnold and Wade, 2015). 

This could include, for example, the success of a technical intervention to address a specific 

community problem. Unlike ‘traditional’ analysis where systems are broken down into smaller, 



16 

 

constituent elements and analysed separately, this approach is preferred when large, multi-

element systems are evaluated as a greater array of influencing factors, their interaction, and 

systemic effects on outcomes that can be more readily determined. Thereafter, interventions can 

be tailored to accommodate system ‘needs’ and effects, increasing their likely success and 

sustainability (Bahill and Gissing, 1998; Frank, 2002). The specific application of this approach 

within the current study is further detailed in Section 2.3 and Schismenos et al. (2021b). 

 

 

1.3 Study Context  

 

Our study has an international focus, as it involves three universities (Western Sydney 

University, Australia; Kathmandu University, Nepal; and International Hellenic University, 

Greece) and engaged community participants in Dhuskun, Nepal and Aggitis, Greece. It 

addresses both social and technical concerns and considers community members and their needs 

as its core focus. This is consistent with the principles of Human-Centered Design (HCD), a 

design process framework for increasing a system’s workability and acceptability to user groups 

(Anderson, 1988). This framework is an ISO standard (‘human-centred design for interactive 

systems’) and includes i) contextual design, ii) cooperative design, and iii) participatory design 

(Anderson, 1988; Duque et al., 2019). Participatory design focuses on the views of users in the 

identification of appropriate design, with stakeholders typically working through phases of 

consultation; co-design, co-development and final implementation and maintenance that are 

community-led (Lee et al., 2017). Sanders and Stappers (2008, p. 6) argue that the notions of co-

design and co-development (also called co-creation) are often confused and treated 

synonymously. They define co-design as “collective creativity that is applied across the whole 

span of a design process”. In a broader sense, it can refer to “the creativity of designers and 

people, not trained in design, working together in the design development process”. Co-creation 

is referred to as “any act of collective creativity that is shared by two or more people” with 

questions like ‘who, when, and how’ to vary. 

Proponents of HCD argue that all stakeholders (developers and end-users) should be involved 

throughout the stages of a design intervention and work together to shape a widely accepted 
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solution. For example, Sanders (2006) highlights that non-professionals should not only 

participate in the co-design process but “drive it to the extent that they are capable and willing” 

(p. 13). For example, Fernhaber et al. (2018) adapts this participatory design process to co-design 

sustainable and accessible solutions to healthy and affordable food supplies for a community in 

Indianapolis, Unites States.  

In our study, we follow a similar co-design concept. Our study participants drive the research 

development. Within the HCD framework, the current study would be conceived as involving a 

process of community consultation, with its findings having the potential to support later co-

design/co-development processes with community partners. The HCD approach is commonly 

used in humanitarian engineering research and among practitioner groups, such as the Engineers 

Without Borders, due to the coherence and value it provides to longer-term community 

engagement strategies (Engineers Without Borders, n.d.). 

Our initial research plan involved the primary researcher visiting the two communities for on-site 

interviews and data collection. Due to the COVID-19 restrictions, international travel was 

prohibited. Through a process of virtual consultations with local participants (i.e. homeowners, 

business owners, farmers, academics, university students, renewable energy professionals, and 

emergency responders), it was agreed that interviews and data collection could be completed 

remotely, with interviews conducted over two phases. Our review of the humanitarian 

engineering research literature found no direct examples of the use of this method within such 

studies, including COVID-19 or pre-COVID contexts. However, remote data collection 

techniques (e.g. via phone and internet communication technologies) were found to be successful 

when used in the broader humanitarian sector. A study by Foster (2010) found that remote data 

collection for mobile health/eHealth purposes (use of mobile phones and web-services to obtain 

health-related data from patients) in L/LMICs is feasible, particularly within smaller-scaled 

studies, as they are more manageable by researchers who conduct research remotely. Foster 

(2010) indicated that data collection techniques used in mobile health/eHealth services could find 

applications in humanitarian engineering research studies. Chiumento et al. (2018) interviewed 

study participants with interpreters online (via Skype and Adobe Connect) in post-conflict areas, 

and indicated that online interviewing has potential in humanitarian research. However, both 

studies highlighted the need to actively manage issues such as researcher rapport-building with 



18 

 

participants (e.g. sufficient time and processes), managing/interpreting silences, and addressing 

practical challenges (e.g. poor connection, power failures and having/communicating plans for 

these). These issues were considered and addressed in our study (Schismenos et al., 2021d).  

As previously stated, the research was conducted during COVID-19 restrictions. This limited 

some interactions between the primary researcher and study participants including the decision to 

conduct the study using remote research methods. Despite these restrictions, there were a number 

of contact points and activities between the research team and study participants. For example, in 

Nepal, our project officer made regular contact with participants by phone and email and updated 

them regarding the research progress, preparation for interviews, setup and location of 

interviews, etc. The same activities for the Greek participants were organised by the primary 

researcher who is a native Greek speaker. This series of steps contributed to broader engagement 

with participants and built trust between them and the research team. 

 

1.4 Study Aims 

 

The primary aim of this study was to determine community perceptions of priority energy and 

flood resilience needs in communities with high flood vulnerability and energy insufficiency. A 

further aim was to compare community sites in lower and higher income country contexts but 

which otherwise experience similar hazard and risk factors. To achieve this, we investigated 

whether market available energy and flood warning systems or conceptual prototypes designed 

for local-level applications are an acceptable solution for panel members. Our final aim was to 

determine whether remote research is acceptable to participants when conducting interviews 

regarding community needs and the feasibility of proposed solutions, particularly at an initial 

program consultation phase.  

The study collected three streams of contributing data, with the final cross-country analysis 

involving primary data collected from our community panels in Nepal and Greece. This 

approach provided a ‘triangulation’ of the available data, with our secondary data analyses 

(stream one and two) informing the framing, response options and research questions of the final 

study (Denzin, 1978; Nancy Carter et al., 2014): 
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1. technical feasibility (systems features/requirements)  

2. operational best practice2 (including case study examination of program success and 

failure and related indicators)  

3. cross-country comparison of community perceptions of off-grid renewable energy and 

EWS for flood hazard management  

 

Triangulation is an important aspect of this study as it facilitates validation of data through its 

cross verification from different sources – technical analysis, literature review of best practice 

options and participant perceptions of priority needs and feasibility (Denzin, 1978).  

This series of inter-related studies addressed the following research questions: 

 

Paper I:  

a) What are the technical requirements and respective benefits of localised renewable energy 

(hydropower) and EWS? 

 

b) What is the evidence such systems can: 

i) achieve sustained use, 

ii) be successfully combined or integrated to support ongoing dual function, and 

iii) be co-developed with community stakeholders? 

 

Paper II:   

What does the available literature indicate are the elements of efficient and sustainable off-grid 

renewable energy systems and localised EWS within remote, riparian communities experiencing 

energy insufficiency and flood risks?  

 

 

 
2 Defined as an intervention or policy implemented in a real-life setting, favourably assessed in terms of adequacy, 

equity, effectiveness and efficiency related to processes and outcomes (Stepien et al., 2022) 
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Paper III:  

What factors are associated with effective community engagement processes and program 

outcomes in humanitarian engineering consultation and programming? 

Paper IV:   

What internationally recognised, comparable, and evidence-informed metrics can be utilised 

within community vulnerability and capability mapping and that can:  

i) evaluate one or more communities in pre and post-hazard phases,  

ii) identify communities with potentially greater need for energy development and 

hazard management resources,  

iii) provide accessible and standardised information as part of community consultation, 

risk assessment, and mitigation planning, and 

iv) determine the effectiveness of humanitarian and development program interventions 

in a single community over time? 

 

Paper V:  

Can remote research methodology be effectively utilised for humanitarian and development 

research engagement during COVID-19 and other restrictions to in-situ engagement?  

 

Specifically: 

i) does it support delivery of such a research program and information capture, 

ii) does it provide sufficient access and is it acceptable to study participants, and 

iii) what are its limitations and benefits when compared to in-situ community interviews? 

 

Paper VI:  

What do Dhuskun and Aggitis panel members perceive to be: 

i) key vulnerabilities regarding flood risk and energy supply in their community, and 

ii) the most useful assets for their community (system type and attributes of market 

available and community-developed options)?  
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1.5 Cross-cultural Research: Ethical Considerations and Protocols 

 

 

1.5.1 Context and ethical issues  

 

Due to the uncertainty regarding COVID-19, especially in crowd gatherings and traveling, we 

decided all data collection should be completed remotely. This was both an ethical and practical 

response to allow safe continuation of the research. It also enabled community members to have 

continued access to research consultation and a voice in longer-term changes and benefits such 

research can potentially bring to their communities. We proposed panels of community and 

professional study participants in a low-income country (i.e. Dhuskun, Nepal), and a high-

income country (i.e. Aggitis, Greece). This plan was evaluated within the School of Social 

Sciences, Western Sydney University, and approved by the Human Research Ethics Committee 

(detailed below). 

Study participants were informed that the current study would not provide direct support for any 

identified solution/preference and nor would the communities themselves be required to commit 

funds for any such development or implementation. The cost estimates of the respective systems 

were outlined for participant consideration. While it influenced some deliberations, most 

participants perceived that government and/or not-for-profit organisations would likely fund 

suitable systems. As such, cost considerations were unlikely to have affected participant final 

preferences in a substantial way.  

 

 

1.5.2 Positionality statement  

 

My positionality statement was developed using the Positionality Map approach of Jacobson and 

Mustafa (2019). I live and work on the traditional lands of the Darug, Tharawal, Eora and 

Wiradjuri Peoples, where I do my research as a faculty member at Western Sydney University. 

My ancestors are Caucasian and I come from a European and Mediterranean family.  

My positionality for this process relates to my cultural and educational background. I was born 

and raised in Greece and received a Greek education. Classical Greek values and ideals such as 

Arete (virtue) and Synergia (synergy) are fundamental principles of the way I live my life and 

engage with other people. These are deeply rooted in my belief for bettering the world. My 

educational background is in engineering, emergency and disaster management and social 

sciences. Throughout the years, I have obtained cross-disciplinary knowledge and experiences 

from not only my educators and books but also my travels in different countries.  
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My life experiences and the way I live my life are core elements of my interest in studying 

humanitarian engineering in my PhD degree. During my studies I learned how to connect with 

culturally and linguistically diverse people and share local knowledge around the world. This is a 

direction I enjoy and plan to continue working on in the following years. 

 

 

1.5.3 Research requirements and protocols  

 

With regards to ethics governance and protocols, all ethical elements of the research followed the 

ethical standards expressed in the National Statement – Australian Government, National Health 

and Medical Research Council. These were detailed in our approved Human Research Ethics 

Application (HREC Approval Number: H14269) and published study protocol paper (Paper V).  

Key requirements, provisions and data security were addressed as follows: 

 

• All study participants were 18 years old or older.  

 

• All information for participants was available in English, Greek and Nepali.  

 

• The participants could withdraw at any time without any consequence.  

 

• Personal and demographic information was requested. However, during analysis, a 

unique code (i.e. pseudonyms) was generated to identify participants. Thereafter, all data 

were in de-identified form and pseudonyms were used in any reporting of the data. 

 

• All collected data are stored at the secure online server (OneDrive) at Western Sydney 

University. These will be kept for a period of five years after the completion of this 

research. 

 

• The researchers are committed to disseminate and communicate the study findings and 

results to the participants. This was done in ways that permitted scrutiny and contributed 

to public knowledge and understanding. 
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2. CONTRIBUTIONS OF PAPERS 

 

Contributions to study design and publications 

The study design was developed by the primary researcher in consultation with the lead 

supervisor and subsequently with the full supervisory panel. All jointly published papers 

followed the same approach: the structure of each article was developed by the primary 

researcher in consultation with the lead supervisor. Draft versions of the paper were then 

developed by the primary researcher and reviewed by the full supervisory panel. The feedback of 

the panel was then used by the primary researcher to develop the final draft of the papers. All 

authors reviewed and approved the final drafts of all papers submitted for publication. 

 

2.1 Paper I: Renewable Energy for Disaster Risk Reduction: A Technical Analysis 

 

Aim: To review the extant literature regarding localised renewable energy, particularly 

small-scale hydropower and flood warning systems, their technical features and co-

development. 

 

This study (Schismenos et al., 2020) is a cross-asset analysis of renewable energy systems, 

particularly off-grid hydropower, and flood warning applications at the local level in order to 

confirm whether their combined use is technically feasible.  

While the study identified individual case studies which detailed criteria for the longer-term 

sustainability of small-scale hydropower (e.g. Ikejemba et al., 2017; Gurung et al., 2011) and 

EWS (e.g. Baudoin et al., 2014) as separate units, we found no published data regarding 

community-focused renewable energy systems (i.e. hydropower) powering localised EWS for 

community response.  

Our findings indicate that localised hydropower and EWS typically fulfil 16 criteria that 

correspond to the needs and capabilities of vulnerable communities, for example, affordability, 
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durability, output sufficiency and low environmental impact. Collectively, these factors affect the 

acceptability and sustainability of longer-term solutions These are presented in Table 1 

(Appendix 1a). Other major findings indicated that the local riparian conditions (e.g. water 

velocity, river head, seasonal conditions) are key determinants of the type and technical 

specifications of a hydropower generator selected for a given site.  

The available data regarding flood warning type, indicate that outdoor warning means, such as 

local sirens, lights and signs are the most appropriate for vulnerable communities. This is 

because such devices are low cost, autonomous, durable against weather extremes, can reach 

people in a relatively wide range (local-scale level), and do not need high maintenance or 

complex repairs and can be easily relocated if required (Schismenos et al., 2020). This analysis 

provides practical information that can support the work of humanitarian engineers, government 

and non-government agencies and riparian communities facing flood risks and energy 

insufficiency. 

There are specific benefits for vulnerable communities when using small-scale hydropower and 

outdoor EWS. Our technical review found pico-level hydropower and EWS technical apparatus 

are compatible and feasible for combined use. The development of a combined or hybrid 

prototype with such features is warranted, given its potential to simultaneously improve energy 

supply and flood response capabilities. While technically feasible, such a development proposal 

would need to be explored with community members who would be potential end-users, and 

who would prefer such systems over other assets they regard as priorities, including locally 

developed and/or market available options (single asset or combined). As background to such an 

enquiry, it is important to investigate and confirm indicators that can affect asset sustainability in 

the long term. This can help guide and rationalise options that may be considered with end-user 

communities (e.g. local/adapted, market available and conceptual). Paper II is a scoping review 

of the available literature on community-based renewable energy and EWS, and details success 

and failure indicators reported in L/LMICs.  

It should be noted that Paper I was undertaken as part of the first iteration of the research plan 

and presents technical information available in the literature for energy generation and flood 

early warning. This was an important first step to confirm the feasibility of combined services 

(energy and flood warning) at a theoretical and technical level and ensured that the community 
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appraisals were based on technical options that were valid and evidence-informed. As such, 

Paper I remains relevant to the study research questions, irrespective of the changes in design 

and interview methods that occurred later due to the pandemic. It adds to our knowledge 

regarding the combination of services and, for that reason, was maintained among the research 

outputs. 

 

2.2 Paper II: Localised Renewable Energy and Early Warning Systems: A Scoping Review  

 

Aim: To review the extant literature regarding the sustainability, and associated factors, 

of community-based renewables and EWS installed in L/LMICs. 

 

We used the four-stage framework for scoping analyses developed by Arksey and O’Malley 

(2005) to conduct a comparative analysis of renewable energy and EWS studies. This approach 

has not previously been undertaken with studies of these respective systems. Such an analysis 

can inform researchers, government authorities, development, and humanitarian agencies, and 

end-user communities, as to the selection, potential interoperability, and sustainability of such 

systems in these contexts.  

The review (Schismenos et al., 2021c) found 14 peer reviewed and ‘grey’3 literature studies that 

met the study inclusion criteria; success and failure indicators regarding appropriate technology 

and sustainability outcomes of localised renewable energy systems or EWS in remote 

communities in L/LMICs. The study employed recognised definitions of appropriate technology 

(Bauer and Brown, 2014) and sustainability (Ilskog and Kjellström, 2008) in determining the 

success or otherwise of the reviewed programs, but also incorporated the case study authors’ 

contentions as to what constituted successful outcomes, given the evolving nature of this field. 

Most papers (12/14) were case studies presenting lessons learned from the installation and 

 
3 Other scholarly studies such as reports, working papers, and dissertations, both published and unpublished (Adams 

et al., 2017) 
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maintenance of renewable energy systems (off-grid hydropower, solar panels, wind turbines) 

with the remainder consisting of case studies for the effectiveness of different community-

focused EWS (outdoor sirens, SMS alerts). No studies or information about renewable energy 

and flood early warning as combined systems was identified. 

The findings indicate that despite the differences in socio-cultural, economic and environmental 

conditions, many communities in L/LMICs have similar needs (e.g. unreliable energy 

infrastructure) and lack similar capabilities (e.g. insufficient funds to develop and/or maintain 

needed assets). Many case studies shared either the same or similar indicators for system failure 

and/or success. Failure indicators frequently related to a lack of pre, intra and post-installation 

support, primarily in management, lack of community technical know-how, insufficient funding 

for system installation and maintenance, and limited or poor system services (Ikejemba et al., 

2017; Kelly-Richards et al., 2017). Common success indicators included long-term and equitable 

community participation, particularly across all stages of the system life cycle (design, 

development, deployment, maintenance and de-commission), equitable socio-economic benefits 

to community groups, technology familiarisation and system ownership by end-users (Ahlborg 

and Hammar, 2014; International Renewable Energy Agency, 2019). 

The findings of this review can be used by development professionals focusing on community 

resilience, energy sufficiency and sustainability in L/LMICs. The study itself provides a guide 

for technical intervention development in rural areas as it presents those indicators required for 

appropriate technology and sustainability mapping for localised renewable energy and flood 

warning installations. These are presented in Table 2 (Appendix 1b) and detailed in Schismenos 

et al. (2021c).  

With respect to the primary researcher’s doctoral research, this paper informed the research team 

about pre, intra and post-installation community perceptions of off-grid renewable energy and 

flood hazard management at the local level. Proactive and broad-based engagement from the 

early stages is an important finding and is associated with increased community interest and 

overall system sustainability. These findings emphasise the importance of understanding best 

practice approaches for community engagement and co-development of appropriate solutions 
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and formed the basis of our literature review of this topic which is detailed in the next section 

(Paper III). 

 

2.3 Paper III: Best Practice Community Engagement for Flood Resilience and Energy 

Development 

 

Aims:  

1) To review the available literature regarding best practice community engagement 

for off-grid energy generation and distribution management and water-based 

disaster response. 

2) To use the extracted themes to develop a community-focused systems approach 

for Participatory Action Research in these focal areas. 

 

Our literature review of best practice for community engagement (Schismenos et al., 2021b) 

identified six L/LMIC case studies regarding off-grid renewable energy systems and three case 

studies on EWS where technology-focused interventions were undertaken at a community level. 

Three primary themes derived from this review: i) practices supporting community participation 

for reliable energy supply and flood warning, ii) identification of community energy and flood 

resilience priorities via comprehensive consultation and needs assessment, and iii) co-

development for the sustainability of suggested solutions by end-users. Other key factors 

associated with the success of the interventions included synergy between community and 

professional stakeholders (Gurung et al., 2011), familiarity with technology and suggested 

processes (Ikejemba et al., 2017), low cost and system maintenance (Baudoin et al., 2014).  

In addition to the primary outcomes (energy and early warning) these interventions were linked 

with other reported community benefits. For example, Arnaiz et al. (2018) found that 

communities in Bolivia with installed micro hydropower systems reported livelihood 
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improvements, including the creation of more jobs for the operation and maintenance of the 

system, and education outcomes, with children being able to study more hours (during evenings) 

and schools using computers and projectors for workshops and other educational activities.  

Community engagement for assessing needs and co-developing solutions is central to our study. 

By taking into consideration these best practice themes, we developed design thinking process 

maps that could inform community engagement in humanitarian engineering research and 

development. These maps are presented as graduated steps of increasing specificity, from general 

engagement frameworks and priority setting (Figure 4), through to needs analysis for hazard 

preparedness (Figure 5), and co-development and prototyping of agreed solutions (Figure 6).  

Our community engagement framework was adapted from Georgeou and Hawksley (2020) and 

is presented as a process map for initial engagement and understanding community priorities 

(Figure 4). This framework is informed by the principles of Participatory Action Research, 

including the right for research study participants to have access to, and be actively engaged in, 

the design and development of research processes (Hall, 1981; Vollman et al., 2008). This is 

particularly the case as research processes and outcomes may potentially affect their region and 

‘life norms’ (Vollman et al., 2008), making community members primary stakeholders in these 

endeavours. For example, this may support integration of actions (planning, executing, 

observing, evaluating) as part of social and educational initiatives which aim to improve the 

well-being of those involved in research studies (Hall, 1981).   

Canlas and Karpudewan (2020) describe this method as “truly responsive and committed in 

providing solutions to real world problems”. One example of successfully implementing this 

method is presented by Gautam and Phaiju (2013) who use this method to understand 

community perceptions for flood early warning and discuss potential solutions in West Rapti 

River Basin of Nepal. However, Bergold and Thomas (2012) and Springett et al. (2016) argue 

that studies using Participatory Action Research may lack quality, as they often fail to 

demonstrate detailed methodological planning. De Oliveira (2023) highlights the risk that having 

a group of study participants with different life experiences and perceptions may not permit a 

shared understanding on what the problem is and how it can be addressed holistically by a larger 

community. Other challenges identified by Mackenzie et al. (2012) include access limitations to 

research settings (e.g. geographic locations, facilities and schedules), and the complexity of 
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research methods, terminologies and processes which may discourage study participants to 

engage or genuinely express their opinions. 

In our study, we were mindful of these limitations and addressed them, as detailed below, to 

ensure full access and support of interview participants and to gather authentic and detailed 

perceptions of the phenomena examined. Our methodological approach, analysis, and study 

findings are available online and published in peer-reviewed journals (summarised in thesis, p. 

viii). The selection of participants was based on specific inclusion criteria (detailed in Papers V 

and VI), including the representation of specific community groups. A Delphi method of two 

rounds was adopted in our approach i) to confirm local priority needs and ii) to then discuss 

preferred solutions. This allowed the research team to minimise any assumptions and, through 

discussions, understand local vulnerabilities, capabilities and preferred solutions. We completed 

all interview rounds in local languages (e.g. Greek, Nepali) or English so study participant could 

express themselves without difficulties. We also provided orientation sessions before each round 

to familiarise interviewees with the processes and terms used, and employed a project officer in 

Nepal to provide project liaison, execution and interpretation. 

This framework is also informed by co-development frameworks such as HCD, commonly used 

in humanitarian engineering (Duque et al., 2019). The present map uses a systems approach in 

which it considers the diverse range of community stakeholders that exist in most contexts and 

inclusion strategies to ensure their perspectives are represented in humanitarian and development 

initiatives. For example, the perspectives ascertained during ‘problem stating and solving’ phases 

can vary markedly based on the experiences of different cohorts (e.g. women, Indigenous or 

minority groups, individuals with disabilities or mobility issues etc.) and these need to be 

actively canvassed during early engagement.  

A process map for identifying community priorities in hazard contexts is presented in Figure 5. 

This uses the example of a community with potentially high flood risk and low energy capacity 

and strategies to ensure community participation regarding priorities and potential solutions. This 

map can guide researchers investigating other community vulnerabilities (e.g. wildfire or drought 

exposure) and resources (e.g. water supply). Figure 6 presents an exemplar integration of these 

community engagement strategies extended to the operational aspects of prototype development, 

where such processes are indicated through the engagement process. This figure is adapted from 
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Bahill and Gissing (1998) and uses their SIMILAR model (State, Investigate, Model, Integrate, 

Launch, Assess, Re-evaluate) to detail an exemplar technical co-development of a hydropower 

generator combined with EWS to address flood risks and energy capacity challenges.  

 

Figure 4. Process map for identifying community needs and agreed solutions; adapted from 

(Georgeou and Hawksley, 2020)



31 

 

 

 

Figure 5. Process map for community participation and priority needs regarding flood and 

energy-related issues  

 

 

 

Figure 6. Process map for co-developing an intervention to address flood and energy-related 

issues; adapted from (Bahill and Gissing, 1998) 
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The engagement frameworks presented in this paper canvas a wide range of stakeholder views 

throughout a development process and address pragmatic social, environmental and technical 

issues likely to affect the longer-term viability of developed solutions. They can frame the 

ongoing evaluation of a humanitarian engineering intervention from its early stages and detect 

changes in energy and flood response capabilities of the end-user communities. However, to 

allow the continuous mapping of the energy and flood response alterations in multiple 

communities, the use of a vulnerability and capability mapping process or tool that considers 

internationally known/accepted metrics for both pre and post-hazard conditions should be 

considered. This tool is detailed in Paper IV. 

 

2.4 Paper IV: Cross-community Vulnerability and Capability Mapping 

 

Aim: To compile internationally known, comparable, and evidence-informed metrics related 

to water hazard response capability that can support the development of a community 

vulnerability and capability mapping tool to support flood management. 

 

This paper (Schismenos et al., 2021a) presents an exploratory investigation of community water 

hazard vulnerability and capability mapping. For this study, we focused on communities that, 

based on an assessed aggregate capability level, are more likely to benefit from water hazard risk 

reduction program engagement and co-development, potentially supported by off-grid renewable 

energy systems.  

To address the interdependency between water hazard impacts and community resilience, we 

developed a tool that could act as a pre/post measure to assess whether water hazard risk 

reduction programs have resulted in discernible changes in individual and aggregate measures of 

water hazard response capabilities. 
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Our analysis suggests that i) disaster preparedness and response capability, ii) ongoing energy 

availability, and iii) income (e.g. local community and per person income) are objective, 

universal and comparable indicators of flood-related vulnerability and capability within a given 

community. As such, they can provide a useful mapping tool that is easily understood by 

community actors regarding cross-community comparisons and changes over time (e.g. pre/post 

project evaluations).  

Each metric is both independently and collectively related to community vulnerability: 

• Disaster plans, preparedness and capability: Disaster response is effective when there is 

adequate preparedness and planning (Hashemipour et al., 2017). This includes 

operational and reliable EWS (Baudoin et al., 2014), and community-level training and 

educational programs (Keeney, 2004). The availability of such response assets is highly 

dependent upon funding, governance resources (Sawada and Takasaki, 2017) and energy 

infrastructure (Phillips, 2019). 

• Energy reliability (all conditions): Fekete (2020) indicates that flood hazards can cause 

multiple, inter-related impacts on community resources, including energy. Power 

disruptions affect community infrastructure (e.g. power outages in hospitals) and 

emergency response (e.g. poor fire service and communication due to lack of energy). 

Hence, reliable power generation/supply, including during extreme weather events can 

support hazard preparedness and response (Phillips, 2019).  

• Income and income generation: Low income levels and poverty are associated with 

limited availability of hazard preparedness resources (Kooijman-van Dijk, 2012), as well 

as higher disaster-related loss of proportional gross domestic product and personal 

income (Sawada and Takasaki, 2017). As such, poverty has been characterised as both a 

causal factor and outcome of community disaster impacts and losses (Sawada and 

Takasaki, 2017; Wisner et al., 2004). Conversely, income opportunities typically increase 

when there is access to reliable energy, particularly in L/LMICs (Kooijman-van Dijk, 

2012). 
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Naylor et al. (2020) argue that “vulnerability is determined by the continuous interaction of 

multiple exogenous and endogenous stressors, in addition to the interconnectedness of 

components that interact with them”. These stressors inform complex adaptive system 

approaches for community vulnerability assessment - limited response capacity, power outages, 

and income loss are among the stressors (Naylor et al., 2020; Sawada and Takasaki, 2017). In 

our study, community vulnerability is considered a dynamic system. The metrics we suggest are 

evidence-informed and comparable, albeit stand-alone measures and with limited current 

evidence regarding their interactions. More sophisticated modelling drawing on a wider range of 

measures and ascertaining potential interactions will likely provide more accurate determinations 

of comparative vulnerability in the assessed areas. However, the selected metrics can detect 

changes in community vulnerability independently (e.g. power outages may affect evacuation), 

as well as collectively (e.g. power outages and lack of EWS may affect community response).   

In this paper, the developed tool was applied in a comparison of three different community 

examplars with potentially different vulnerability and capability levels (Bluewater, Australia; 

Aden Governorate, Yemen; and Pheta - Ward 6, Nepal). This assessment indicated that our 

mapping tool offers a reliable means to evaluate one or more communities in pre and post-hazard 

phases and can identify communities with potentially greater need for water hazard management 

resources. Within such programs, it can compile and present clear and accessible information as 

part of community consultation, support risk assessment and mitigation planning, and can 

provide a hazard capability change measure in a single community over time (e.g. as a 

longitudinal or pre/post-intervention measure).  

The vulnerability and capability mapping tool can act as a community screening process for 

humanitarian and development researchers regarding site selection and study development (e.g. 

such as site selection within our current study). It can potentially be used by humanitarian 

agencies (e.g. government and non-government authorities) if further developed and tested. It 

can also act as a supplementary report to other formal assessments to compile complimentary 

data on the characteristics of communities (e.g., community energy mapping). In addition to 

consultation with our local research partners, the criteria within the mapping tool were used to 

identify potential research sites in Nepal and Greece. The study protocol (Paper V) for 

community engagement at these sites is summarised in the following section. 
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Paper V: Humanitarian and Development Remote Research: Mixed Methods Approach 

 

Aim: To develop a remote research methodology that can support cross-community 

humanitarian and development research engagement and participation. 

 

Participatory Action Research approaches are often used in community vulnerability and 

capability analyses (De Brito et al., 2018; Twigg, 2014). However, such approaches have 

limitations, particularly where physical access to communities is restricted, such as interaction 

with remote communities or during crises such as pandemics (e.g. COVID-19). Remote research 

methods permit research continuity and community access without affecting study participation 

(Richardson et al., 2021). This approach is appropriate for our study and allowed us to examine 

how community and professional stakeholders perceive local hazards and response capabilities, 

priority areas of need and the potential development of resources that could address such needs.  

This paper (Schismenos et al., 2021d) details a humanitarian and development research design 

that addresses restrictions to community research engagement that have occurred due to the 

current COVID-19 pandemic. We applied the Delphi method (Brent and Kruger, 2009; Dick, 

1991) over two rounds of interviews. Delphi provided the broad framework for the data 

collection process which was augmented in Round Two with two complimentary methods; 

choice based conjoined analysis (CBCA) (Mansuy et al., 2020; Tanujaya et al., 2020), and 

strengths, challenges, opportunities, responses and effectiveness analysis (SCORE) (Njoh et al., 

2019). Round One aimed to identify community vulnerabilities and capabilities through local 

stakeholders’ perceptions. Round Two was informed by Round One and presented six 

appropriate options that are acceptable to local communities (market available and evidence 

informed options, and conceptual systems). In Round Two we used the CBCA and SCORE 

analyses to evaluate the feasibility of the six options. Lastly, we employed thematic analysis 

(Castleberry and Nolen, 2018) to derive our primary data from the completed interviews. Figure 

7 presents our study design.  
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Figure 7. Study design 

 

The overarching methodological framework of this study is based on Participatory Action 

Research and involved the collection of qualitative data from semi-structured interviews which 

were examined using thematic analysis. A limited number of frequency counts were derived 

from both the qualitative data and collected data within the literature and scoping reviews. This 

latter, generated data, were used to inform study outcomes. 
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2.6 Paper VI: Report from Dhuskun, Nepal and Aggitis, Greece 

 

Aim: To explore the perceptions of community and professional stakeholders regarding 

energy availability and flood hazard risks in Dhuskun and Aggitis, and to investigate 

what options, if any, are feasible and acceptable for further developed in these contexts   

 

This study (Schismenos et al., 2022b) presents findings from our cross-country analysis of off-

grid renewable energy generation and flood warning needs in two riparian communities, 

specifically their appraisals regarding i) market available stand-alone systems (EWS, renewable 

energy generators), ii) combined systems, and iii) a conceptual hybrid prototype. 

The participating communities were:  

 

Dhuskun village, Tripura Sundari Rural Municipality Ward no.3, Sindhupalchowk 

District, Bagmati Province, and Sunkoshi River in Nepal; and  

Aggitis village, Drama Regional Unit, Eastern Macedonia and Thrace Region, and 

Aggitis River in Greece.  

 

Both communities have been identified as meeting the study selection criteria – they are 

vulnerable communities.  

The panel of study participants consisted of 16 members (eight for Dhuskun, eight for Aggitis) 

who represented key community and professional stakeholder groups. All participants had 

specific knowledge of the selected site and community needs and represented one of the 

following groups; resident of the selected community; academic with knowledge of selected 

riparian community; emergency management professional/representative (e.g. civil protection 

authority, fire/police department); technology experts /entrepreneur. Efforts were made to ensure 

gender balance and inclusion of members from different age groups and those with 



38 

 

disability/mobility issues. Due to COVID-19 and the remote research method used in this study, 

accessing some groups was difficult. For example, the Aggitis panel did not include a member 

65 years or older due to the COVID-19 restrictions in Greece that were effective at the time of 

data collection (2021). Potential participants in this cohort were found to have little or no 

computer skills/access and in-person support was not permitted, as was the case in Nepal. 

However, issues affecting older residents were discussed by Aggitis panel members.  

Our partners at Kathmandu University (Nepal) and International Hellenic University (Greece) 

recommended a list of potential individuals who met our selection criteria and were interested to 

participate. These candidates had two weeks to consider participation from the time of contact. 

Those who expressed interest were screened by the primary researcher and one supervisor for 

suitability and representation. The screening was either online (interview or email) or by phone. 

If accepted, a consent form was sent to them to sign and return to the primary researcher by 

email. The interview scripts of the semi-structured interviews for Round 1 and Round 2 are 

available in Appendices 2a and 2b, respectively. 

 

2.6.1 Round One – Needs Analysis 

 

All panel members in Dhuskun and Aggitis (16/16, eight from each site) indicated that water 

hazards and lack of continuous energy supply are major concerns for their community. They 

supported a priority transition to renewable energy sources, including hydropower and solar 

power, arguing that local experience and site conditions could support such technologies. They 

also supported the installation of localised EWS, with sirens either as stand-alone systems or 

combined with SMS alerts as the most preferred warning types.  

According to the World Risk Index 2019, Greece’s exposure to natural hazards is ‘very high’, 

compared to Nepal’s, which is ‘low’, but Greece’s coping and adaptive capacities levels are 

higher than Nepal’s (Day et al., 2019). These differences in financial resources and preparedness 

assets underscores why high-income countries are often more resilient to natural extremes (Khan 

et al., 2022). However, when it comes to flash floods, high-income countries are not always well-

prepared, particularly at the local level. In 2021, the record-breaking floods in Germany 
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(Oltermann, 2021) showed that currently used EWS are not always adequate at the local level, 

and may not detect the severity, velocity and location of the floods that occur because they are 

designed to operate for larger scales. Similarly, local communities in Greece, including Aggitis, 

depend on national EWS for flood warning which are not always effective at a local scale. This 

was stated by some study participants. 

According to study participants in Nepal, Dhuskun’s lack of flood EWS is primarily because of 

the lack of available funds. One participant explained that there is a nearby small hydropower 

station which uses its own flood EWS and that sometimes local residents receive warnings from 

it. However, that EWS is designed for the area around the hydropower station and does not 

provide accurate scanning for the entire community. 

Round Two was informed by the Round One analysis and suggested six appropriate options that 

are acceptable to panel members. These were presented in a ‘catalogue’4 format, as shown in 

Figure 8. 

 

 

 

 
4 Option 1 is based on SMART HYDRO (https://www.smart-hydro.de/); Option 2 is based on GPM-250W, Zhejiang 

G New Energy Technology Co.; Option 3 is based on Telegrafia flood siren system 

(https://www.telegrafia.eu/en/solution/mass-public-warning/flood-warning-system/); Option 4 is based on 

LEVELINE-EWS (https://www.aquaread.com/products/water-level/leveline-ews); Option 5 is based on Options 2 

and 4; Option 6 is based on Options 1 and 3). 
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Figure 8. Catalogue of six community assets and their attributes
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2.6.2 Round Two – Preferred Option and Rationale 

 

The majority of panel members (10/16) preferred the hybrid prototype (Option 6) as an 

appropriate community asset for their community. The primary reason for this is that it 

integrated two required services (reliable energy in the form of hydropower and flood siren 

warning) as a stand-alone system, and was seen as a more efficient means to deliver these due to 

the riparian resources that were available (i.e. water flow supporting continuous generation). The 

combination of solar energy panels and flood alert SMS (Option 5) was the second most 

preferred option (5/16) as it provided free energy from local site conditions (sunlight) and 

convenience of receiving warning information (via SMS). An asset that offered a single service 

(i.e. Option 1 - small-scale hydropower system) was selected by one panel member mainly due 

to its low cost and the available riparian resources.  

The remote research approach was viewed positively by all panel members (16/16) who found 

that it was convenient and did not restrict their feedback. Table 3 (Appendix 1c) summarises 

perceptions of major hazard threats, priority developments for resilience and existing assets 

(Round One), and preferred assets and related developments (Round Two) in an aggregated form 

(Schismenos et al., 2022b). 

The data confirmed that both Dhuskun and Aggitis are prone to water-based disasters and in 

need of more reliable energy sources. Most panel members (15/16) preferred options with 

multiple services including energy generation and flood warning, compared to well-established 

but mono-functional systems (1/16). The combination of hydropower and siren offered the most 

attractive option and was endorsed by twice as many participants as the next preferred 

combination (solar and SMS). Integrating these services into a single unit was seen to offer 

efficiency gains while also supporting greater community input and control as a co-developed 

asset. Table 4 (Appendix 1d) details the themes and sub-themes that were drawn from the 

analysis of participant responses.  

This remote research approach employed in this study could be utilised in other humanitarian 

engineering research where in-situ engagement is not feasible or where the travel and logistics 
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costs of a study may be prohibitive. The next stage of this study could involve the co-design, co-

development and testing of the hybrid prototype in the participating, or other, communities. 
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3. CONCLUSIONS 

 

Water-based disasters are the most frequent type of natural hazards affecting human settlements 

and impact the greatest number people through direct losses and dislocation. Their consequences 

are more intense in L/LMICs where insufficient infrastructure, poor governance, and lack of 

emergency services are more common. Remote, riparian communities are particularly vulnerable 

as they often face the dual-dilemma of insufficient energy and flood response capability; factors 

that also constrain their climate adaptation. Renewable energy and EWS can provide much-

needed assets and capabilities for vulnerable communities as presented in our technical analysis. 

However, our literature review indicated that their success is grounded in sustained collaboration 

between local and professional stakeholders, including early engagement regarding priority 

needs, appropriate design and sustainability tailored to the local context and its resources. The 

absence of such engagement and stakeholder ‘ownership’ was found to be common in systems 

that either failed to deploy or did not meet lifespan estimates.  

The findings from our literature review posed key questions for our enquiry regarding 

community priority needs and capabilities in our focal areas, specifically i) how to reliably 

identify vulnerable communities, ii) what are effective, evidence-informed approaches to engage 

community participants and ensure a diversity of views, and iii) what are suitable research 

methods to consult such communities, particularly in the context of pandemic restrictions. Our 

vulnerability and capability mapping tool was based on objective and universal criteria for the 

identification of vulnerable communities, their needs and cross-community comparisons. The 

subsequent analysis of the community engagement literature highlighted the importance of 

understanding the community as a dynamic ‘system’ with a range of different stakeholder 

groups, some of which risk being under-represented in research enquiries (e.g. women, older 

adults, individuals with disabilities or mobility issues). Deliberative approaches are therefore 

needed to ensure access and equity in their representation and expression of views, particularly 

as such groups may experience higher risk during floods. Lastly, literature findings also guided 

the development of our study protocol and its focus on a stepped, Delphi approach to develop 

community consensus regarding needs and assets/options for further development.  
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The final paper presented the culmination of the preparatory work detailed above, as 

development support of our community surveys. Its findings provide new information regarding 

preferred solutions and asset combinations, which support the following determinations:  

 

i. The remote research approach for Participatory Action Research was an acceptable and 

legitimate engagement approach to all study participants, involved no discernible loss of 

information and offered advantages in convenience and time/cost savings. Our approach, 

including iterative, consensus-building via the Delphi method, can support humanitarian 

and development research continuity and efficiency, particularly where direct community 

access is costly and/or disrupted.  

 

ii. Sufficient and reliable energy and flood response capabilities were reported as high 

priorities for both the Dhuskun and Aggitis communities, even when compared to other 

immediate concerns, such as COVID-19 and longer-term issues such as population 

decline and community ageing. 

 

iii. Dual-function resources (energy and flood warning) to address priority concerns were 

preferred over mono-function systems (i.e. single energy or flood warning). A hybrid unit 

comprised of hydropower generation and audible flood warning (siren) was perceived as 

the most suitable option for Dhuskun and Aggitis by study participants, compared to 

other market available, single or multi-functional systems. The primary reason for this 

was the perceived ready integration of these systems and the value of their respective 

functions. 

 

3.1 Recommendation 

 

The combination of energy and flood warning functions under one system is technically feasible, 

preferred by community members and can satisfy multiple community needs under both normal 

and extreme conditions. This community selection represents an innovative combination of 
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energy and hazard response capabilities in remote communities. Moreover, it promises a 

practical integration of the United Nations Agenda 2030 for Sustainable Development and the 

Sendai Framework for Disaster Risk Reduction. Further consultation with community members 

could consider progressing this research program to co-design/co-development and community 

site testing of a working prototype, including assessment its of its outputs, their perceived value 

and longer-term sustainability in community settings.    

 

3.2 Limitations and Strengths  

 

This study has several limitations and some notable strengths. A full account of the limitations of 

sub-studies supporting our main enquiry are presented in Papers I-IV, with the key limitations of 

the primary study (Paper VI) detailed below. 

A possible limitation of our community enquiry is that it primarily focused on energy and flood 

resilience issues in vulnerable communities. Participants were asked about wider issues 

impacting the community, such that the relative strength of concerns and needs related to energy 

and flood risk could be ascertained. However, participant awareness of the study’s focus on 

energy and flood issues potentially affected reporting of concerns in other areas. Similarly, while 

the range of available options and combinations in the Round Two Delphi interviews was drawn 

from both participant suggestions (Round One) and market available best practice (technical 

review), the catalogue selections were necessarily limited and other, unappraised 

solutions/combinations could potentially offer equivalent or superior options for end-users in 

such communities.  

The Dhuksun and Aggitis communities have some local experience with hydropower and this 

familiarity may have influenced their preference for this option. However, participants from both 

communities are also familiar with local solar energy installations so a bias based on mode 

familiarity appears unlikely. These factors would need to be taken into consideration in 

generalising these findings to other vulnerable communities.  
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While the sample size (eight participants from Dhuskun and eight participants from Aggitis) was 

similar to comparable Delphi-based studies, larger samples may have increased the reliability of 

the findings and the representation of key groups, including those with known higher risk during 

floods (e.g. participants with physical or intellect disabilities, or restricted mobility).  

In the context of the current study, all participants stated that the online interview mode was 

acceptable and an ‘easy’ process. However, it is possible that some participants may have 

preferred the experience of face-to-face interviews with the primary researcher, had that option 

been available. Other issues such as poor internet or technological access could also affect 

acceptability and preferences regarding interview mode. 

The study has notable strengths and innovation. It examines, for the first time, high and low-

income community perceptions regarding energy and flood resilience, their intersect, and local 

solutions appropriate to their context. The effective use of remote research highlights that this 

method is appropriate, does not impede the capture of information, and supports research 

continuity and community participation in the context of pandemic restrictions. The acceptability 

and low reported burden of this approach may make it suitable and time/cost efficient for other 

humanitarian and development studies, as well as community participants in such research. This 

could include cross-community and even international research panels collaborating in research 

and development areas of mutual need.    

 

3.3 Future Directions 

 

A key finding of the study was the interest of both community panels to develop renewable 

energy in the form of hydropower and to integrate this with flood detection/warning capabilities. 

As such, the next logical step of this study is to proceed with the development of a hybrid 

prototype. This could be done in collaboration with Dhuskun and Aggitis residents, due to our 

existing partnership and project familiarity. Researchers from Western Sydney University, 

Kathmandu University, and International Hellenic University could collaborate with local actors 

in the two communities to design, develop and test the prototype in local sites. Such progression 

of the study is consistent with HCD principles and would see the research relationship progress 
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from the needs-focused consultation of the current study, to active co-design/co-development. 

Full community management and leadership of co-developed assets would be the ultimate 

objective. While the prototype may vary in design due to environmental variants, the concept is 

the same and presented in Figure 9. Our developed vulnerability and capability mapping would 

allow us to detect any changes in pre and post-installation stages. Future steps could involve 

engaging communities in other countries (e.g. Brazil and Guatemala where community 

representatives have expressed interest in joining in the study). Research initiatives could also be 

developed for other disaster types (e.g. wildfires, earthquakes), integrating sensors with a range 

of renewable energy types to support local response capabilities. Future research could consider 

inclusion of both online and face-to-face interview modes. This would permit a direct 

comparison regarding mode preference and potential implications for future research program 

deployment and time/monetary costs. However, this is subject to the requirements and 

circumstances of future studies. 

 

 

Figure 9. Concept of the hybrid prototype 
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3.4 Professional Development Outcomes of Candidature 

 

As a doctoral candidate, the current series of publications have allowed me to explore the 

applications of renewable energy in community disaster resilience and sustainable development. 

It also helped me to understand how professionals and non-experts perceive the innovative nexus 

of renewable energy generation and flood warning.  

Since the beginning of my candidature, I have learnt from the process of completing study 

analyses that combine elements, methods and approaches used in Social Sciences, Engineering, 

Environmental Studies, Psychology, and Project/Product Management. I have also gained 

knowledge in conducting cross-cultural Participatory Action Research in a remote manner 

combining mixed techniques. 

I was fortunate to be supervised by distinguished academics from three different universities, and 

to interact with remarkable colleagues at Western Sydney University. I was supported and 

advised by all community members (partners) at the two sites and drew on their experience and 

wisdom. 

This resulted in a number of achievements including: 

- Two research innovation awards (university level and nationwide) 

- 27 published articles or chapters in peer-reviewed journals, conference proceedings and 

reports by international organisations (e.g. the United Nations Office for Disaster Risk 

Reduction, and Integrated Research on Disaster Risk Programme) 

- Keynote speaking at the Challenges and Opportunities for Cooperation - Integrated 

Research on Disaster Risk 2021 International Conference, by the International Council 

for Science, International Social Science Council, and United Nations Office for Disaster 

Risk Reduction 

- Five articles in news media, including The Conversation and The Greek Herald 

- Two interviews on television 
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These achievements would not have been possible without the continuous support from my 

supervisors, the School of Social Sciences Associate Dean, Higher Degree Research, friends, and 

colleagues at Western Sydney University. 
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1b. Table 2. Appropriate technology and systems evaluation tool 

FAILURE IDENTIFIED DIMENSIONS OF SYSTEM SUSTAINABILITY  SUCCESS IDENTIFIED 

CASE STUDIES  INDICATORS OF TECHNOLOGY ‘APPROPRIATENESS’  CASE STUDIES 

- 

In
st

it
u

ti
o

n
al

 Autonomy (Community Self-Sufficiency) In
stitu

tio
n

al 

- 

- Co-Creation (Local and Professional Stakeholders) - 

- Community Input (Engagement) - 

- Community Controlled (Managed, Owned) - 

- Legal and Regulatory - 

- Support (Technical, Administrative, Financing) - 

- 
En

vi
ro

n
m

e
n

ta
l 

Habitat Neutral En
viro

n
m

e
n

tal 
- 

- Low Emergy - 

- Low Emissions - 

- Renewable Energy - 

- Renewable Resources Availability - 

- Scaled for Conditions (Resources, Weather, Land) - 

- Waste Utilisation and Reduction - 

- 

So
ci

al
 /

 E
th

ic
al

 

Acceptability 

So
cial / Eth

ical 

- 

- Aesthetics - 

- Ease of Use - 

- Gender Appropriate (e.g. women in staff/management) - 

- Indigenous Techniques - 

- Knowledge, Skills, Feedback - 

- Social Entrepreneurialism - 

- Socio-Cultural -incl. health, education, harmony, etc. - 

- 

Ec
o

n
o

m
ic

 

Affordability 

Eco
n

o
m

ic 

- 

- Income Generating - 

- Job Creating - 

- Money Saving - 

- Labour Intensive - 

- Resource Efficiency - 

- Selling Appropriate - 

- 

Te
ch

n
ic

al
 

Adaptability 

Te
ch

n
ical 

- 

- Constructability and Replicability - 

- Compatibility - 

- Durability (e.g. against time or extremes) - 

- Effectiveness - 

- Energy Efficiency - 

- Low Power - 

- Maintainability - 

- Modification vs Invention - 

- Multi-Purpose - 

- Open Source Manual and Design - 

- Parts and Hardware - 

- Raw Materials Availability - 

- Reliability - 

- Reparability - 

- Reusability - 

- Scalability - 

- Simplicity - 

- System Independence - 
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2a. Interview Script - Round 1 

Electrical power is considered as sufficient when it satisfies the daily energy needs of its users. It is reliable when 

it is not unexpectedly interrupted (for example, via frequent blackouts). 

1) Given the statements above, how would you describe the electrical power supply in your community, and 

why? 

PROMPT1 if needed: Does it satisfy your daily energy needs? 

PROMPT2 if needed: Is it reliable? 

 

2) What do you think are the most important problems of the current electrical power supply in your community, 

and why? 

 

3) What can you tell us about your electrical power supply and needs during severe storms or floods? 

PROMPT1 if needed: Do you have frequent blackouts and if yes, is this a problem to you? 

PROMPT2 if needed: Which of your electrical devices would you most need to use during storms and floods? 

 

Electrical power can come through mains power sources such as gas or coal-fired power stations, and sources of 

renewable energy that come from the wind, sun and water, which are commonly known as wind energy, solar and 

hydropower. 

4) If you could choose any electrical power source (or sources) which would you prefer for your community, and 

why? 

PROMPT if needed: What features make it suitable? 

 

5) Would you consider renewable energy systems as a priority solution for your community and why? 

 

6) Is there anything else about the supply of electrical power in your community you think is worth mentioning? 

 

Now I will ask some questions about floods and flood warnings. As you know, a severe flood might cover roads 

and enter people’s houses. 

7) Could you tell me about any severe floods that have occurred in your community? 

PROMPT if needed: Do floods occur frequently in your community? 

 

Warning systems for floods can include things like flashing lights, sirens, SMS text messages, warnings on 

radio/TV and flood markers which show high water levels. 

8) Does your community have any of these (or other) flood warning systems, and what do you like or not like 

about this system? 

PROMPT1 if needed: Do you think this system works well, and why? 

PROMPT2 if needed: Do people get enough warning time? 

 

9) If you could choose any flood warning type (or types) which would you prefer for your community and why? 

PROMPT1 if needed: Let me remind you that warning systems for floods can include mechanisms like flashing 

lights, sirens, SMS text messages, warnings on radio/TV and flood markers. 

PROMPT2 if needed: What features make it suitable? 

 

10) Would you consider flood early warning systems as a priority for dealing with floods in your community, and 

why? 

 

11) Is there anything else about flood warnings in your community you think is worth mentioning? 
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In this interview, we have discussed issues about having reliable electrical power supply and warning systems for 

floods.  

12) Are these the biggest problems in your community or are there other things that are more important to deal 

with? 

PROMPT if needed: What do you think of the biggest needs for the community right now? 
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2b. Interview Script - Round 2 

Now I am going to ask some questions about the options I’ve just presented. 

1) If these were the only options for your community, which one would you prefer?  

  
2) Why do you think this option is the most useful for your community? 

PROMPT1 if needed: What particular aspects make it suitable (i.e. its attributes or the way the community will 

use it)? 

  
3) What disadvantages might there be for the option you suggested? 

PROMPT1 if needed: What particular aspects might make it unsuitable (i.e. its attributes or the way the 

community will use it)?  

  
4) What solutions can you think of to overcome these disadvantages? 

PROMPT1 if needed: Can you think of any changes with this option that would make it better, like its features or 

the way it’s used  if yes which?  

  
5) Do you think there could be any particular risks or problems for your community if you install this option? 

PROMPT1 if needed: Could this option have a negative effect on people in the community or the environment? 

  
6) Apart from its main benefits [state benefit of selected option], would such an option have other positive effects 

in your community? 

PROMPT1 if needed: What other specific benefits could it bring? 

7) If this option was installed would your community have enough resources (e.g. manpower or money) to ‘run’ 

it for 10 years? If yes, what resources does your community have for this, if not what would you need? 

  
8) Who would be the best people or groups to install and ‘run’ this option (for example, individual community 

members, Village Development Committee, whole community, local government, banks, private sector, NGOs or 

others)? 

PROMPT1 if needed: Why these /this combination?  

PROMPT 2 if needed:  What skills/strengths do they have? 

  
9) Would you be interested to take part in ‘running’ this option (for example, monitor the system or help with 

maintenance)? If yes why so, if not why not? 

PROMPT 1 if yes: If this was a volunteer (unpaid) role, would you still like to take part?   

  
10) Would you be willing to have some free training for this? If yes why so? If not why not? 

  
11) Is there anything else about the option you suggested that you want to mention?  

  
(ask if they don’t pick hybrid/combo option) 

12) In order to both generate power and have flood warnings would it be better to have two separate systems like 

option 5, or a single system, like option 6, and why?  

  
13) Would you like to mention anything else?  
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14) The interviews took place online, was the online process easy for you? 

PROMPT 1 if yes: Was the catalogue information clear to you? 

PROMPT 2 if yes: Were you able to say everything you wanted to? 

PROMPT 3 if yes: Is there anything we could do to improve these online interviews? 
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AUSTRALIAN HIGHER EDUCATION GRADUATION STATEMENT 

 

Water-based disasters are increasing worldwide. This affects small communities with limited 

resources, including energy availability and flood hazard resilience. Humanitarian engineering 

interventions for localised sustainable development and disaster resilience could support such 

populations. This thesis collects information from both professionals and non-experts in two flood-

prone communities in Nepal and Greece to understand what options are perceived as reliable, 

realistic and appropriate for local priority needs. The findings indicate that the co-development of 

a hybrid unit for hydropower generation and outdoor flood early warning is most preferred. This 

unit could find applications as either a main or supplementary system in riparian communities. 
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	 Sustainability Science

1 3

frequent types of natural disasters and associated with the 
highest cumulative number of people affected (CRED 2020; 
Wahlstrom and Guha-Sapir 2015). The devastation wrought 
by such water-based disasters (WD) is substantial, but its 
relative health and socio-economic effects are dispropor-
tionately high in low and lower-middle-income countries (L/
LMIC), where hazard-resistant infrastructure and response 
resources are often more limited (Strömberg 2007). Goal 13 
of the United Nations 2030 Agenda for Sustainable Develop-
ment highlights this issue and focuses on the importance of 
‘strengthening resilience and adaptive capacity to climate-
related hazards and natural disasters in all countries’ (UNSD 
2020).

Sustainable energy in sufficient amounts is a major capac-
ity factor and is linked to both socio-economic development 
(Howells et al. 2017; UN 2015) and disaster resilience and 
response capabilities (Phillips 2017). The latter can play 
a key role in protecting community-developed assets that 
contribute to livelihoods and community cohesion. Goal 7 
prioritizes universal access to affordable and reliable energy 
services (UNSD 2020). It also encourages an increased pro-
portion of renewable energy sources in the global energy 
mix, improvements in energy efficiency, and international 
cooperation to facilitate broader access to clean energy 
research and technology over the next decade, so more 
Goals can be reached (Howells et al. 2017; UN 2015; UNSD 
2020). Importantly, expediting the transition to renewables 
and increased efficiencies may allow climate reparations 
to occur and provide long-term socio-economic benefits 
(Amin 2018). Hydropower, wind energy and solar energy 
are important developing technologies and potential ‘game 
changers’, especially for those in remote areas where main 
power grids cannot be accessed. In such scenarios, off-grid 
renewable energy systems (OGRES) are a preferred source 
of power for local communities (IRENA 2018).

Despite these benefits, the transition to renewables may be 
costly, particularly in L/LMIC where fossil fuels are readily 
available (Manley et al. 2017). These countries often face the 
dilemma of development and poverty reduction that occurs 
at the cost of environmental and health impacts (Dincer 
1999; Manley et al. 2017). Furthermore, wealth effects may 
be poorly distributed and this can affect social harmony. In 
that sense, fossil fuel production and use in L/LMIC may 
cause more harm than good. Ross (2015) describes the 
‘resource curse’; a paradox where counties often L/LMIC 
rich in natural resources do not reach expected develop-
mental, environmental, and socio-political outcomes due 
to wealth inequity. The Niger Delta, Nigeria is a notable 
example, having unique biodiversity that has supported the 
traditional livelihoods of many communities, but now hosts 
one of the world’s richest crude oil reserves (UNDP 2014). 
Exploitation of delta oil and other resources has damaged 
local ecosystems while offering few economic benefits to 

local communities, who continue to experience high poverty, 
health problems, and a lack of basic services (Omeje 2006; 
UNDP 2006). These conditions have led to societal tensions 
and conflicts between different groups (Omeje 2006). Such 
phenomena are common in L/LMIC with more pronounced 
ethnic and cultural divides, political corruption, and ongoing 
socio-economic imbalances (Stewart et al. 2002).

The common perception that renewables represent a 
ready ‘step change’ for many L/LMIC communities must 
be tempered with recognition of the structural inequities and 
forms of environmental injustice that many face, as detailed 
in the example above. Development and humanitarian actors 
may play a pivotal role in supporting their use within longer 
term, community-led development, but also risk the ‘short-
termism’ of narrowly conceived technical ‘solutions’ with 
little ongoing support in resource-constrained environments. 
For example, renewable energy projects in Sub-Sahara have 
been found to fail to or have sub-optimal long-term out-
comes due to bad management and planning, and lack of 
maintenance and local stakeholder involvement (Ikejemba 
et al. 2017). These are central considerations in the emerging 
theme of humanitarian engineering.

Humanitarian engineering can be defined as the urgent 
or longer term application of engineering concepts appro-
priately designed, installed, and used to serve populations 
in great need. It approaches engineering aspects with com-
munity needs as the core focus, and considers the context 
of communities in terms of culture, existing strengths, insti-
tutional structures, etc. (Gosink et al. 2003; Hill and Miles 
2012; Sheroubi and Potvin 2018). It supports disaster resil-
ience mechanisms, and contributes to sustainable livelihood 
and socio-economic development (Mazzurco and Jesiek 
2017; Sheroubi and Potvin 2018; Younger et al. 2018). This 
conceptualization of humanitarian engineering is informed 
by, and overlaps with, two related fields; development engi-
neering, which investigates solutions in societal challenges 
through science and technology (Nilsson et al. 2014), and 
global engineering, which addresses worldwide challenges 
that are ongoing (e.g., poverty, water sanitation, and energy) 
as a practical driver of increased equity (Thomas 2019). 
Humanitarian and development engineering solutions can be 
considered practice elements of ‘developmental-relief’ tran-
sitional frameworks within the development sector (includ-
ing community ‘resilience’ programming; Mosel and Levine 
2014), and as a sub-set of global approaches which address 
challenges to humanity as a whole.

To address common hazards such as EWE exposure 
and energy insufficiency, steps for reliable early warning, 
proper management of natural resources, national policy 
reformation, and equitable benefits distribution are essen-
tial (Thomas et al. 2020). At the same time, supportive and 
cross-disciplinary actions at the community level should 
aim for a wider and stronger impact. These can include 
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idiosyncratic approaches that are a ‘best fit’ for a single com-
munity, but also common solutions that can support design 
durability and the efficiency of manufacturing, distribution, 
and installation (Thomas 2019).

This paper focuses on communities with high vulnerabil-
ity and limited capability, particularly remote populations 
in L/LMIC with energy insufficiency and high exposure to 
WD. It presents an exploratory investigation of community 
hazard vulnerability and capability mapping (VCM). For the 
purpose of this study, we focus on communities that may 
benefit from WD risk reduction engagement and program 
co-development reinforced by renewables. Our goal is to 
collect information based on internationally known, com-
parable, and evidence-informed metrics that can support 
community vulnerability and capability mapping (VCM) and 
serve as a cross-sectional measuring tool for the following 
considerations:

•	 Evaluate one or more communities in pre- and post-haz-
ard phases, focusing on hazard preparedness and socio-
economic sustainability indicators

•	 Identify communities with potentially greater need for 
development and hazard management resources (e.g., 
OGRES or EWS)

•	 Compile and present clear and accessible information 
as part of community consultation, risk assessment, and 
mitigation planning

•	 Determine the effectiveness of humanitarian and devel-
opment program interventions in a single community 
over time (i.e., post-intervention assessment tool)

In the following sections, we focus on the definitions of 
community vulnerability and capability. We present concep-
tual and operational frameworks that support community 
hazard risk assessments, including technical, economic, 
and environmental metrics. Following that, we detail a pro-
visional application of the VCM framework to three case 
examples of communities with different vulnerability and 
capability levels that were recently exposed to WD. Our goal 
is to map how OGRES and/or EWS can support affected 
populations and minimize losses caused by natural disasters. 
This approach accords with the principles of the Agenda 
2030 for Sustainable Development (UN 2015) and Sendai 
Framework for Disaster Risk Reduction (Pearson and Pel-
ling 2015).

Understanding vulnerability and capability 
factors

The severity of disasters is subject to the vulnerability level 
of the affected populations, that is, the extent to which an 
individual or a group is predisposed to experience losses 

in relation to a hazard event (Burnham 2008). The United 
Nations Office for Disaster Risk Reduction defines vul-
nerability as ‘the characteristics and circumstances of a 
community, system or asset that make it susceptible to 
the damaging effects of a hazard’. It is one of the defining 
components of the common disaster risk formula (Disaster 
Risk = Hazard × Exposure × Vulnerability/Capability). In 
this conceptualization, vulnerability is directly mediated 
by the response assets and cap level of the affected popula-
tion (UNISDR 2009 p. 30).

Due to their nature, commonly used warning and fore-
casting systems are not always capable of predicting EWE 
severity with sufficient lead time and accuracy (Alcántara-
Ayala and Oliver-Smith 2019). For instance, the African 
Flood Forecasting System that is used for medium- and 
large-scale river basins in Africa is accurate in forecasting 
riparian floods, but only across large areas (10,000 km2 
or more) and with relatively long lead times (i.e., 1 week 
or more) (Thiemig et al. 2015). This information is not 
always helpful in smaller scale areas where sudden and 
short-duration floods occur. To warn populations in such 
locations, a different approach is required.

The United Nations Framework Convention on Cli-
mate Change and the International Centre for Integrated 
Mountain Development have showcased the successful 
use of community-based flood early warning systems in 
the Hindu Kush Himalaya region (Shrestha Pradhan 2000; 
UNFCCC 2020). These are low cost and simple in their 
operation and use. A flood sensor detects rising river water 
levels. When critical thresholds are reached, signals are 
sent to the receiver and then warnings are disseminated 
to agencies and nearby communities. Local communities 
participate in the processes (i.e., they jointly determine 
flood thresholds). Once the flood management plan is 
established in an area, local communities can take owner-
ship and overall management of the EWS. This manage-
ment transition has been found to increase the longer term 
sustainability of the system and create synergies between 
stakeholders (UNFCCC 2020). For instance, local care-
takers receive training and are responsible for the main-
tenance of the system. They also monitor flood data and 
send reports. Local authorities cross-check alternations 
in flood status, circulate information, and deploy rescue 
teams when required. Focal agents receive and disseminate 
warnings, and local media broadcast alerts. Meanwhile, 
a flood risk management committee overseas operations 
and coordinates with participating stakeholders includ-
ing community representatives (Shrestha Pradhan 2020). 
Maintenance and operating costs are often supported by 
donations and agencies when self-funding is insufficient 
(Shakya 2020). This example shows how autonomous 
EWS in WD-prone areas can be effectively managed at the 
local level through collaborations between professionals 
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and community members. Such collaborations are a key 
aspect of humanitarian engineering planning and manage-
ment (Mazzurco and Jesiek 2017).

Other community-centered EWS strategies that focus 
on EWE and other global emergencies are available in the 
SERVIR Global, a worldwide network that allows resilience, 
developmental, and environmental capacity strengthening by 
linking satellite data to potential community hazards (SER-
VIR 2020). Similarly, the Famine Early Warning Systems 
Network informs about food insecurity and livelihood condi-
tions, EWE, armed conflicts, energy insufficiency, and other 
crises that affect food and water supplies (FEWSNET 2020). 
As it can be observed, early warning is a critical factor for 
building resilience and supporting the development of vul-
nerable communities.

For this study, communities defined as vulnerable to WD 
have one or more of the characteristics presented below. A 
higher number of such features is associated with greater 
vulnerability (Schismenos et al. 2018, 2020):

•	 Reside in remote, rural areas (small settlements such as 
villages or towns)

•	 Low/lower-middle income (based on minimum wage, 
purchasing power per capita, etc.)

•	 Reside in riparian or deltaic ecosystems
•	 Experience power insufficiency (off-grid and/or unstable 

power supply)
•	 High flood risk probability
•	 Insufficient flood early warning (minor or no EWS or 

other warning mechanisms)
•	 Poor telecommunications (no mobile phones or landlines 

in residencies)
•	 Mono-economy.

Capacity can be defined as ‘the combination of all the 
strengths, attributes, and resources available within an 
organization, community, or society to manage and reduce 
disaster risks and strengthen resilience. This may include 
infrastructure, institutions, human knowledge and skills, 
and collective attributes such as social relationships, lead-
ership, and management’ (UNISDR 2009 p. 5). Capability 

is a related concept, and in this context refers to established 
plans, structures, and associated actions to prevent or miti-
gate hazard impacts. Community response capability can be 
achieved by developing, transmigrating, maintaining, and 
improving related knowledge, tools, and resources (Coles 
and Buckle 2004).

According to the United Nations Office for Disaster Risk 
Reduction, a combination of physical, social, economic, and 
environmental metrics determines vulnerability and capabil-
ity levels, especially in hazard risk mapping (UNISDR 2009 
p. 26). Furthermore, political, cultural, historical, psycho-
logical, and institutional elements could also be taken into 
consideration as complementary factors (Field et al. 2012; 
Twigg 2004). Such metrics are important for predicting the 
potential consequences of a disaster and directing the estab-
lishment of disaster resilience and response resources at the 
local level. The evaluation of resilience and response level 
of existing structures and services to potential disasters, such 
as the WD, requires engineering knowledge and practices.

There are many tools for measuring the aforementioned 
metrics. Most of them include a risk analysis process that 
summarizes the review of technical characteristics of a dis-
aster (e.g., location, magnitude, and probability), analysis 
of risk exposure and vulnerability, and effectiveness of 
coping capacity to risk scenarios (UNISDR 2009 p. 26). 
These are highly reliable when evaluating local communi-
ties because structures and techniques may differ from one 
local population to another (e.g., different available recourse 
materials, culture, weather conditions, etc.). Therefore, local 
engineers and humanitarian professionals are preferred in 
the relative assessments, as they are more familiar with 
the local building ‘culture’ (UNISDR 2013). Examples of 
such assessments can be the evaluation of localized EWS 
(e.g., water level and velocity sensors), the installation of 
OGRES (e.g., hydropower generators and solar panels), and 
structures that support such systems (e.g., local bridges and 
irrigation systems). Table 1 presents a framework of com-
munity-level hazard risk assessment and management. It is 
an adapted framework drawing upon the focal assessment 
areas described within the STAPLEE model (FEMA 2008) 
and with assessment processes and outcomes as described 

Table 1   Focal hazard 
assessment areas, processes, and 
outcomes

Focal assessment areas Assessment processes Outcomes

Social Assessment Evaluate and specifying risks
Technical Diagnosis Understand risks and their causes
Administrative Planning Prioritize actions and their sequences
Political Empowerment Increasing community capability and 

self-sufficiency
Legal
Economic
Environmental
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by Benson et al. (2007). We see these focal assessment 
areas, assessment processes and outcomes as a compatible 
framework.

Devising VCM and its metrics

When documenting vulnerability and capability factors, 
assessments on community scale, via community participa-
tory approaches, are more reliable and precise; therefore, 
they are often preferred by local governments and organiza-
tions (Ostadtaghizadeh et al. 2015; Renschler et al. 2010; 
UNISDR 2009 p. 23). However, such assessments focus on 
a single community, making comparison between different 
populations problematic particularly as some of the metrics 
are based on qualitative factors (e.g., social, cultural, and 
political metrics). Even though these factors can be used for 
qualitative or mixed analysis, practitioners and policymak-
ers find quantitative data more useful due to their universal 
character (Simmons et al. 2017).

Another issue arises when community capability level 
changes due to uncertainties (e.g., power blackout due to 
WD). Often, community vulnerability to EWE increases 
both intra- and post-disaster. Moreover, vulnerabilities that 
relate to pre-existing inequalities will often be exacerbated 
by such events (Peek 2008). The duration and impact of this 
change are dependent on the pre-existing capability level 
but with this often reflecting underlying socio-economic and 
equity issues within a given population. Therefore, when 
developing community hazard risk assessments, indicators 
that influence vulnerability and capability levels under both 
normal and disaster-specific conditions should be taken into 
consideration. It is also important that such assessments are 

able to detect incremental shifts, especially when investi-
gating changes in communities starting with lower base-
line capabilities. By relying on criteria with universal and 
objective characteristics, appropriate for such contexts, the 
development of guides suitable for community comparison 
is possible. The following information investigates technical, 
economic, and environmental criteria. Those of universal/
commonly accepted profile will be included in the VCM.

Technical criteria

As previously stated, infrastructure and services may vary 
between different communities. Yet, energy availability and 
hazard detection are key elements for disaster resilience and 
sustainable development. This study emphasizes the inves-
tigation of OGRES, EWS, and hybrid systems. The reasons 
for selecting these specific metrics are the following:

Significant input in community capability levels: Both the 
OGRES and EWS can contribute to EWE resilience, conflict 
prevention, and socio-economic growth, if they are designed 
to be anthropocentric and useful in more than one area (e.g., 
disaster response, agriculture, and ecotourism) (Howells 
et al. 2017; Schismenos 2017; Schismenos et al. 2020).

Standard action process: Both OGRES and EWS have 
standard action processes, regardless of their type or com-
plexity. Figure  1 draws information from Waidyanatha 
(2010) and Schismenos et al. (2020), and presents these 
processes.

Large product availability: Both OGRES and EWS prod-
ucts can be found in the market. They vary in cost, features, 
and requirements. In general, OGRES are either: (i) con-
ventional (e.g., portable diesel generators, firewood), or 
(ii) renewable energy systems (e.g., wind, hydro, and solar 

Fig. 1   Standard action process for OGRES and EWS
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power). Basic EWS can either be: (i) indoor systems (e.g., 
radio, television, phone, computer connected to the internet), 
(ii) outdoor systems (e.g., sirens, lights, LED signs), or (iii) 
portable/other (e.g., smartphone, tablet) (Schismenos et al. 
2020).

Known factors and universal use: Most communities are 
aware of OGRES and EWS, and their functions. When com-
munities cannot afford these technologies, they use alterna-
tive disaster response and energy solutions. These include 
traditional means and ‘know-how’ or improvised systems 
made from readily sourced materials. These solutions are 
usually do-it-yourself and easy-to-deploy-and-operate 
(Jaglin 2019; Schismenos et al. 2020; Smith 2011).

The above criteria, at least in their broad terms (disas-
ter preparedness, disaster response, and energy availability 
under both normal and extreme conditions) can be used for 
universal comparative analysis. Therefore, they are included 
in the VCM.

Economic criteria

There is no doubt that vulnerability and capability levels 
are highly connected to poverty conditions (Wisner et al. 
2004). Poverty is not only a driver, but also a consequence 
of disasters, regardless of whether they are natural or human-
induced. People with no or low income, including women, 
children, people with disabilities, the elderly and migrants 
often live in disaster-prone areas and under unsafe condi-
tions (Wisner et al. 2004). Even though poverty is not the 
only parameter to be considered when investigating vulner-
ability and capability, it is perhaps the most critical (Twigg 
2004; Wisner et al. 2004). This is supported in studies inves-
tigating poverty and WD impacts in rural and unplanned 
communities in L/LMIC (Di Baldassarre et al. 2010; Dube 
et al. 2018; Kumar et al. 2016). Therefore, income represents 
a potential VCM indicator.

For this metric, the sufficiency level of community 
income is determined based on the average income of the 
residents of a community. This method follows the concept 
of the World Bank Atlas method in which the gross national 
income (GNI) per capita—US$ value of a country’s final 
income in a year is divided by its population. If the commu-
nity average income cannot be calculated (i.e., due to lack 
of data), the national minimum wage or purchasing power 
per capita is selected. This criterion is objective, and since it 
can be used for universal comparative analysis, it is included 
in the VCM. Specifically, the income in the VCM refers 
to community income status (pre-hazard conditions) and 
income flow (post-hazard conditions). Higher income com-
munities have more diversified markets, multiple income 
sources, and greater purchasing power, factors likely to 
afford better hazard-related resilience (Strömberg 2007). 
Using data reported by the World Bank, Table 2 presents 

how income status is defined based on the GNI per capita 
(WB 2019).

Environmental criteria

For flood preparedness and forecasting, the historical data of 
local atmospheric conditions can be used for weather evalu-
ations, whereas the botanical and hydrogeomorphological 
conditions for investigating characteristics of the local eco-
system (Wilhelm et al. 2019). These criteria cannot be used 
as universal factors, since the WD are not standard. How-
ever, they are valuable for environmental observations of an 
area over time. They also contribute to the development of 
hierarchical flood models at the local level, which is suit-
able for selecting optimal locations when installing localized 
OGRES and EWS (Schismenos et al. 2018).

VCM compilation and format

Table 3 presents the technical and economic indicators that 
can be included in the VCM. These include objective and 
internationally known/accepted criteria and other evidence-
informed metrics for both pre- and post-hazard conditions. 
It also defines what these indicators measure.

As indicated by Table  3, hazard preparedness and 
response, energy availability under any condition, and con-
tinuous income could increase community capability. One 
way to achieve that is the establishment of OGRES com-
bined with EWS at the local level. For instance, the OGRES 
would generate energy and provide power to EWS (e.g., 
sirens and evacuation lights) and other community needs 
(e.g., public lights and agricultural activities) (Schismenos 
et al. 2020). The most vulnerable communities will typically 
need external assistance to develop these capabilities. The 
success or failure of such programs can be measured when 
one or more indicators in Table 3 change.

The metrics in VCM are informed by open access second-
ary sources (e.g., international minimum wage rates) and 
national statistics when no primary sources at the commu-
nity level are available. These include objective, comparable 
indicators (e.g., income, energy access, and available EWS) 
and evidence-informed estimates based on situation reports 
and other available site information (e.g., post-disaster 

Table 2   How economies are defined based on their GNI per capita

Economy US$ (2019)

Low-income 995 or less
Lower-middle-income 996–3895
Upper-middle-income 3896–12,055
High-income 12,056 or more
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energy access, statistics, and media). A list of open access 
secondary sources for the VCM is presented in Appen-
dix 1. These are widely recognized and objective sources of 
secondary data. For the purposes of the current VCM, the 
‘selected sources’ were considered the most reliable source 
of such data. In the case of recent hazard events, news media 
represented the only available source of data.

The VCM could act as a process template for humani-
tarian and development non-governmental and government 
agencies that are responsible for multiple communities. It 
could also act as a supplementary report to other formal 
assessments to compile additional data on the characteristics 
of communities (e.g., community energy mapping).

It should be noted that the mapping outputs do not meas-
ure direct proportional changes, per se, but the achieve-
ment of a basic or ‘minimally effective’ resource standard 
than can support hazard preparedness/response and related 
development outcomes (e.g., available flood detection sys-
tem, access to energy, and reported income). The suggested 
ranking includes a simple, 1–3 scale (low, intermediate, and 
high) to detect three resource/capability levels that affect 
EWE preparedness. These levels also use the semaforo 
(‘traffic light’) color system, where red, yellow, and green 
represent concerning, intermediate, and satisfactory capabil-
ity status, respectively (Mahmoudi et al. 2018). Their pres-
entation in this format can provide clear information in an 
accessible way when consulting with community groups and 
other stakeholders.

The VCM categories are presented as follows:

•	 Green (high capacity/resource) with a value of 3
•	 Yellow (effective minimal capacity/resource) with a 

value of 2
•	 Red (no effective minimal capacity/resource) with a 

value of 1.

The following section presents three recent cases of rural 
communities affected by WD, examining their pre- and post-
response capabilities and assets.

Community case examples of water‑based 
disasters

From February 2019 to April 2020, three major WD 
occurred in flood-prone communities in different parts of 
the world: a combined WD event across eastern Australia, 
a storm in southern Nepal, and a flash flood in southern 
Yemen. The latter are low-income countries but in quite dif-
ferent social and political contexts affecting their response 
resources and infrastructure. The Australian community 
presents a high-income context with substantial resources Ta
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and response infrastructure and is included for comparative 
purposes.

Flood: Bluewater, Queensland, Australia

In February 2019, the convergence of a monsoon and a 
slow-moving tropical low generated a serious flood event in 
Townsville, Queensland, Australia. According to the local 
media, this WD resulted in six fatalities; four people died 
during the floods and two more died later due to a soil-borne 
bacterial infection (Melioidosis) that occurred because of 
the flood. This infection affected ten more people but with-
out causing significant health impacts. While news media 
announced bad weather conditions and a high risk of flash 
flooding, the Bureau of Meteorology did not predict the 
scale of this flood, which would normally trigger an evacu-
ation warning. As a result, many of the affected people were 
sleeping and trapped indoors when their properties started 
flooding (ABC 2019b). The flood ultimately resulted in hun-
dreds of evacuations and significant property damage. The 
local cattle industry is the main income source (Johnston 
2020) and was heavily affected. Almost 11,300 residents 
remained without power for several days due to both dam-
age in the power supply system but also safety-related shut-
downs. Bluewater, a rural suburb in Townsville with 1040 
residents was severely affected (ABC 2019b). Although 
electricity and telecommunications were available during 
the early stages of the disaster, power blackouts occurred 
when the flood reached critical levels. Despite the impacts, 
disaster response and recovery mechanisms were reported to 
have worked well (ABC 2019a, b; Rafferty 2019).

Heavy Storm: Pheta (Ward 6), Nepal

On March 31, 2019, a powerful storm hit Bara and Parsa 
provinces in southern Nepal. The municipalities of Pheta 
(Ward 6), Parwanipur, and Bharbalia in Bara were highly 
affected. This disaster resulted in at least 28 fatalities, more 
than 600 casualties and several missing persons (9news 
2019). These municipalities are remote, low-income com-
munities with poor disaster response infrastructure. For 
example, the people in Pheta (Ward 6) are mainly subsist-
ence farmers and have limited disaster preparedness knowl-
edge or resources. Their homes are typically made of mud 
and bricks. There is no localized EWS in the area and having 
little understanding of the magnitude of the storm most peo-
ple tried to shelter in their huts. Many homes were destroyed, 
causing deaths and injuries as they collapsed (9news 2019; 
Bidari 2019). Communities remained without power for days 
due to damaged electricity poles (Bidari 2019). The provin-
cial government later advised that the families of people 
who died in this disaster would receive compensation in the 
amount of US$ 4000 (9news 2019).

Flash flood: Aden Governorate, Yemen

In mid-April 2020, at least 100,000 people in Yemen were 
affected by extreme flash floods. Districts in Aden were 
among the most seriously impacted with eight confirmed 
fatalities and severe infrastructure damage including roads, 
energy grids, and drinking water supply systems (MEE 
2020). There was no EWS, thousands lost their homes, 
and had no immediate access to food and medical sup-
plies. Yemen is currently in the grip of a protracted civil 
conflict and humanitarian emergency, with at least 30% 
of its population currently living in pre-famine conditions 
(UNHCY 2020). The civil war between the government 
forces and Houthi rebels has continued since 2014, and 
resulted in the destruction of major health, energy, and 
water supply facilities due to the bombings and ground 
fighting (MEE 2020; UNHCY 2020). This loss of health 
infrastructure has contributed to one of the worst chol-
era outbreaks seen internationally in recent years, with 
3,886 Yemeni’s dying from this disease during 2016–2019 
(WHO 2019). Having little public health infrastructure is 
also seriously hampering the management of COVID-19 
spread during 2020 (UNHCY 2020).

These three cases present communities with different 
capability level:

•	 Bluewater—a high-income community in a stable envi-
ronment

•	 Pheta (Ward 6)—a low-income community in a stable 
environment

•	 Aden—a low-income community in a conflict-disrupted 
environment.

The cited examples show that some outcomes (e.g., 
property damages) were similar for the three communi-
ties. Warning systems either did not work effectively or 
did not exist at all. This increased vulnerability to adverse 
outcomes from these hazards, including fatalities and inju-
ries. All three communities are rural and have direct expo-
sure to the type of WD which occurred. Due to the lack 
of local disaster preparedness data for each community, 
relevant metrics that contribute to their respective national 
risk indices are considered. Specifically, as indicated in the 
World Risk Index Report 2019 (Day et al. 2019), Australia 
has high exposure to natural hazards, low vulnerability and 
susceptibility, and high coping and adaptive capacities. 
Therefore, the Disaster Preparedness metric of Bluewater 
is estimated as 3. Both Nepal and Yemen have very low 
exposure to natural hazards; however, their vulnerability 
and susceptibility levels are concerning, with coping and 
adaptive capacities that are substantially lacking. For this 
research, Pheta (Ward6) and Aden are estimated as 1.
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development. The VCM can also assess incremental shifts in 
WD resilience, energy, and income, in a format that is easily 
understood by community actors and may assist in initial 
engagement regarding these issues.

To display the applications of VCM, this paper presented 
three examples of communities vulnerable to WD. Each 
community had different capability and vulnerability lev-
els. According to the VCM, Bluewater capability against 
WD was high, while Pheta (Ward 6) and Aden were not. 
The focus of VCM is to support community participatory 
responses to hazard assessment, prioritizing disaster resil-
ience, and capability development. Where solutions include 
the development and trialing of OGRES and EWS, and 
other technology-related capabilities, community partici-
pation will be critical to their ongoing success. Often how-
ever, these are determined by the approaches and resources 
offered by the support and implementing partners. Such ini-
tiatives, while laudable, are only ethical and feasible when 
they come with the longer-term resource ‘footprint’ needed 
for genuine development impact within these communities. 
For example, multi-year funded projects with ongoing train-
ing, maintenance, and technical supports budgets supporting 
measurable capacity building. For enhancements in EWE 
capability, several major issues at the community level need 
to be considered.

First, such systems may be vulnerable to EWE and 
human-induced threats. In Yemen’s example, Aden is not 
only affected by flash floods but also civil conflicts. If the 
systems are vulnerable to floods and their products (e.g., 
floating debris), as well as vandalism and sabotaging inci-
dents, they may not be an appropriate humanitarian engi-
neering solution. Therefore, systems’ design, location, 
installation, and surveillance should be considered. Second, 
if the systems are expensive, ‘foreign’ to local know-how or 
complex, local residents are unlikely to stay involved longer-
term. In other instances, conflicts between community user-
groups may ensue if the benefits are insufficient or unfairly 
distributed (Ikejemba et al. 2017). It is important from the 
outset that community end-users become familiar with the 
systems’ operations, maintenance, and their working lim-
its. Such understandings and agreements can be created via 
community participatory approaches, including VCM and a 
range of related assessment tools. Community disaster edu-
cation workshops can also support the wider aims of this 
work. Thirdly, OGRES and EWS can act as the driver for 
increasing community resilience and sustainable develop-
ment, but only with substantial program support over time. 
Importantly, these capabilities have the potential to act as 
a development ‘base’ for other health and socio-economic 
benefits. For example, we observed, in the case of Bluewa-
ter, other health risks of flood water (i.e., infection due to 
water-borne bacteria). Such systems could also be equipped 
with bacteria detection sensors to analyze water quality and 

specific risks. This could be a great asset which enhances 
its perceived value, particularly for the vulnerable communi-
ties in L/LMIC where general and flood water quality may 
vary. Finally, it should be highlighted that while humanitar-
ian engineering interventions are essential, they can only 
be successful when efforts for climate reparation and sus-
tainable, socio-economic development are made at a wider, 
more comprehensive level with the engagement of local, 
national, and international stakeholders.

Limitations and future work

The case examples used in the VCM are recent and based on 
news media information that is not validated with scientific 
data (e.g., flood risk analysis and direct impacts of the WD). 
The lack of consistent data may have affected the ranking 
in some metrics. When updated data from potentially more 
reliable sources are available (e.g., government reports and 
non-governmental organizations that provided aid to these 
affected communities), this study can be updated with these 
corroborative data inputs.

The continuation of this study could result in the iden-
tification of more objective open access sources for all the 
VCM metrics. These will further increase the reliability of 
the outputs. The development of a case study analysis in 
collaboration with humanitarian and developmental agencies 
would allow testing the VCM applications across a wider 
range of communities (e.g., communities in need of OGRES 
and findings in pre- and post-system installation).

Conclusions

In a climate context where WD are frequent and severe, 
reducing hazard impacts in remote communities can be 
a challenging task. Populations in L/LMIC experience 
greater disaster vulnerability, not only due simply to limited 
resources, but also structural and environmental inequities. 
Such injustice predisposes communities to societal tensions 
and conflicts. The strengthening of disaster resilience via 
OGRES, EWS, and related systems can be key drivers of 
community equity and harmony, but also need bold, State, 
and international actions for fair environmental resource 
management. The VCM could inform humanitarian engi-
neers and practitioners about the essential needs of vulner-
able populations and improve the livelihood and dignity of 
those at risk.

Appendix 1

List of open access secondary sources for informing VCM 
metrics.
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Disaster preparedness (pre-hazard)
Selected Source*:
Database/Link:
Information:

Global Risk Map, United Nations, 
Environment Programme Prin-
ciples for Sustainable Insurance 
(PSI) Initiative

http://globa​lrisk​map.terri​a.io/
About​.html

Related data (e.g., flood data)
Source:
Database/Link:
Information:

World Risk Report 2019, Bündnis 
Entwicklung Hilft and Ruhr 
University Bochum https​://relie​
fweb.int/sites​/relie​fweb.int/files​
/resou​rces/World​RiskR​eport​
-2019_Onlin​e_engli​sh.pdf

Related data (e.g., vulnerabil-
ity level, exposure to natural 
hazards)

Source:
Database/Link:
Information:

International/National bodies and 
agencies, non-governmental 
organizations

Various
Related data (e.g., vulnerability 

and capability analysis, EWS)
Source:
Database/Link:
Information:

News Media (local/international)
Various
Related data (e.g., disaster prepar-

edness mechanisms)
Energy availability (pre-hazard)
Selected Source*:
Database/Link:
Information:

Energy Statistics Pocketbook 
2020, United Nations Statistics 
Division

https​://unsta​ts.un.org/unsd/energ​
ystat​s/pubs/docum​ents/2020p​
b-web.pdf

Energy use per capita, electricity 
consumption per capita, etc

Source:
Database/Link:
Information:

Energy Consumption by Country 
2020 by Population 2020, World 
Population Review

https​://world​popul​ation​revie​
w.com/count​ry-ranki​ngs/energ​
y-consu​mptio​n-by-count​ry

Energy consumption (kWh) per 
capita

Source:
Database/Link:
Information:

2017 Electricity Profiles, United 
Nations Statistics Division

https​://unsta​ts.un.org/unsd/energ​
ystat​s/pubs/eprof​iles/

Renewable energy statistics, elec-
tricity production and consump-
tion, etc

Source:
Database/Link:
Information:

Tracking SDG 7: The Energy 
Progress Report 2020

https​://www.irena​.org/publi​catio​
ns/2020/May/Track​ing-SDG7-
The-Energ​y-Progr​ess-Repor​
t-2020

Data regarding renewable energy, 
energy efficiency, OGRES 
potential, etc

Income status (pre-hazard)

Selected Source*:
Database/Link:
Information:

International Minimum-Wage 
Rates 2020

https​://www.minim​um-wage.org/
inter​natio​nal

Minimum wage per county
Source:
Database/Link:
Information:

Country Comparison: GDP per 
capita, The World Factbook

https​://www.cia.gov/libra​ry/publi​
catio​ns/the-world​-factb​ook/
ranko​rder/2004r​ank.html

Purchasing power per capita 
(comparison by country)

Source:
Database/Link:
Information:

Ministry of Finance/Economy/
Labor

Various
Purchasing power per capita, 

income, etc
Disaster response (post-hazard)
Selected Source*:
Database/Link:
Information:

News Media (local/international)
Various
Related data (e.g., sufficient emer-

gency response)
Source:
Database/Link:
Information:

Ministry of Civil Protection, 
Internal Affairs, other authorities

Various
Related data (e.g., emergency 

response mechanisms)
Source:
Database/Link:
Information:

Civil society groups, local/inter-
national non-governmental 
organizations

Various
Related data (e.g., emergency 

response and recovery)
Emergency energy availability (post-hazard)
Selected Source*:
Database/Link:
Information:

News Media (local/international)
Various
Related data (e.g. energy availabil-

ity during and after the disaster)
Source:
Database/Link:
Information:

Ministry of Energy, Civil Protec-
tion, Internal Affairs, other 
authorities

Various
Related data (e.g., energy avail-

ability during EWE)
Source:
Database/Link:
Information:

Civil society groups, local/inter-
national non-governmental 
organizations

Various
Related data (e.g., energy avail-

ability during EWE)
Income flow (post-hazard)
Selected Source*:
Database:
Information:

News Media (local/international)
Various
Related data (e.g., damages in 

income sources)
Source:
Database/Link:
Information:

Local/international non-govern-
mental organizations

Various
Related data (e.g., income flow, 

purchasing power during and 
after the disaster)
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Source:
Database/Link:
Information:

Ministry of Finance/Economy/
Labor, other authorities

Various
Related data (e.g., income support 

and other initiatives)

*The selected source is the source/source type used in this study to 
inform the preliminary version of VCM, community case examples 
and Table 4
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ABSTRACT 
 
Background: Floods and storms are the most common natural hazards. Communities in 

remote, riparian areas are the most vulnerable in such disasters, particularly when local 

populations lack reliable energy and early warning systems for hazard response. Our study will 

investigate energy and flood resilience issues in such communities and use remote methods to 

enable research continuity in intra and post-pandemic contexts. 

 

Methods/Design: A two-round Delphi process will be used to interview 16 participants from 

Nepal and Greece to understand their priorities and preferred solutions for energy and flood 

resilience issues. In Round One we aim to understand the current capabilities and 

vulnerabilities of our focus communities in these areas. In Round Two, we seek feedback on 

potential options that are either market-available/evidence-informed solutions or co-developed 

conceptual systems. Remotely deployed semi-structured interviews are the principal method 

for both rounds. The Round Two structured comparative review also employs choice-based 

conjoint analysis and SCORE analysis.  

 

Discussion: By collecting information from both professionals and non-experts, we aim to 

understand what options are perceived as reliable, realistic and appropriate for flood-prone 

communities. The remote research design enables continuity and community access to 

development-focused research and its outputs, and a flexible, cost-effective approach for 

researchers and partner organizations.  

 

Keywords: Delphi method, choice-based conjoint analysis, SCORE analysis, humanitarian 

engineering, sustainable development, renewable energy, flood 
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1.  Background 

1.1  Introduction to the literature 

Water-based disasters such as floods and storms are the most frequent types of natural 

disasters (CRED, 2020). They affect the highest number of people worldwide, particularly in 

riparian settlements where early warning systems and energy generation and/or distribution 

infrastructures are limited or poorly developed (CRED, 2020; Wahlstrom & Guha-Sapir, 

2015). Reliable and sufficient energy supply drive increases in community capability, including 

sustainable development (Howells et al., 2017), and disaster resilience (Phillips, 2017).  Energy 

insufficiency (including interruption and supply limits) is a common issue in remote 

communities in both low and high-income countries (Howells et al., 2017). Off-grid renewable 

energy systems such as small-scale hydropower generators and solar energy panels offer a 

solution, especially if linked with localized early warnings (Schismenos et al., 2020, 2021a). 

Despite the progress in research and product variations for energy generation and flood early 

warning at the local level, such systems are not always efficient and sustainable for a range of 

reasons (technical, social, economic, administrative, etc.) (Ikejemba et al., 2017). As a result, 

they frequently fail over time as they cannot support (or be supported by) end-users in a realistic 

manner (Schismenos et al., 2021c). The need for robust design, implementation and 

maintenance of such systems is critical. The integration of these functions could provide greater 

advantages to local end-users, particularly where these systems are co-developed and managed 

by community members to address priority needs in their contexts (e.g. reliable, sustainable 

energy including emergency power). Based upon these needs, the study will draw upon 

technical and community engagement models, and theoretical frameworks to structure the 

engagement process with a panel of community and professional stakeholders, determine key 

needs in the communities of interest (remote, riparian communities) and potential development 

and management options that may be available to such communities. 

 

1.2  Community participation and remote research 

Community engagement in humanitarian and developmental research is important as it 

increases plurality in thinking, fairness in decision-making and trust between involved 

stakeholders. Moreover, it has an important role in community self-determination as it supports 

access to, and ownership of, research processes and their products, such as social programs or 

physical assets (Georgeou & Hawksley, 2020; Schismenos et al., 2021b). In this study, the 

active participation of community members in the processes is essential for the detailed 

analysis and acceptance of the suggested solution. Participatory Action Research (PAR) is a 

suitable approach to support the engagement and active participation of a range community 

stakeholders (e.g. community members and professionals) regarding research-related issues, 

and who represent a diversity of views regarding their community and its needs. This method 

typically employs a three-phase process: (i) ideation information development, (ii) ideation 

process development and (iii) co-design development (Hur, Cassidy & Thomas, 2013). The 

PAR is commonly used to evaluate community needs within local contexts and systems 

(Gautam & Phaiju, 2013; Lebel et al., 2019). 

A key limitation of PAR is where physical access to communities is restricted, such as 

interaction with remote communities or during crises such as the COVID-19 pandemic. As a 

result of COVID-19 restrictions, research studies in many fields, including humanitarian, 

engineering, environmental and clinical, have been postponed, or otherwise altered, often in 

ways that diminished or excluded community participation (Schneider et al., 2020). 

International research projects involving sites in more than one country have been particularly 

impacted. Remote research methods have been increasingly deployed during this period to 

permit research continuity and community access, albeit this likely reflects the acceleration of 
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an existing trend regarding such approaches (Richardson, Godfrey & Walklate, 2021). These 

frameworks are appropriate for our study and will allow us to examine how community and 

professional stakeholders (hereinafter, panel members) of communities vulnerable to natural 

hazards perceive the local establishment of a renewable energy source and its uses.  

This article details how we will assess community and professional perceptions of energy 

needs and flood hazard preparedness at the local level including possible applications with 

existing energy generation and flood early warning, and conceptual systems that could integrate 

these functions. The views of panel members will be gathered remotely, using the Delphi 

method - a structured communication technique that can be used for needs/capability 

assessments and process development including potential community and technical solutions. 

Our methodology presents a pragmatic approach that can be adopted by other humanitarian 

and development researchers unable to conduct face-to-face interviews and in-situ field-work 

due to pandemics and other restrictions to physical access.  

 

2.  Methods/Design 

2.1 Aims  

Our study aims to determine what are the priority energy and flood resilience needs in 

remote, riparian communities in low and high-income countries. To achieve that, we will 

investigate whether market available energy and flood warning systems or conceptual 

prototypes designed for local-level applications are an acceptable solution for the panel 

members. An additional aim is to confirm whether remote research is an acceptable approach 

to conduct interviews in the context of pandemic restrictions. Positive findings can contribute 

to humanitarian, development, engineering, energy generation/distribution, and flood 

resilience programs that can respectively improve and save lives, especially among vulnerable 

groups such as the elderly and those with mobility issues which affect timely evacuation. This 

research could also enhance collaborations between community groups and professionals, 

particularly in locations or conditions where a physical interaction is not realistic. 

 

2.2  Research questions 

Research questions were drawn in five discrete areas of the study: 

(i) Evidence-based literature (literature review, including ‘grey’ literature) 

• What does the available literature indicate are the elements of efficient and 

sustainable off grid renewable energy systems within remote, riparian communities 

experiencing energy insufficiency and flood risks?  

• What does the available literature indicate are the elements of efficient and 

sustainable localized flood early warning systems for floods in such communities? 

• Are hybrid systems detailed in the literature? 

 

(ii) Community energy needs 

• What do panel members perceive to be the current status regarding electrical power 

supply under normal and extreme (flood) conditions?  

• Is renewable energy nominated as a preferred energy source?  - What types and 

preferred features? 

 

(iii) Community flood-hazard needs 

• What do panel members perceive to be key vulnerabilities regarding flood risk and 

community warning/response?  
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• Is flood early warning nominated as a priority for dealing with floods? - What types 

and preferred features? 

 

(iv) Preferred community assets 

• What do panel members perceive would be the most useful asset for their community 

– What system type and attributes based on strengths, challenges, opportunities, 

responses and effectiveness? 

• What are panel members perceptions of a conceptual system which combines 

renewable energy generation and flood warning services? 

 

(v) Remote research 

• What are panel member perceptions of remote research regarding participation, 

understanding, access, and refinement? 
 

2.3  Selection of community sites 

Our focus communities and sites will be:  

(i) Dhuskun village, Tripura Sundari Rural Municipality Ward no.3, Sindhupalchowk 

District, Bagmati Province, and Sunkoshi River in Nepal, and 

 

(ii) Aggitis village, Drama Regional Unit, Eastern Macedonia and Thrace Region, and 

Aggitis River in Greece 

These proposed sites have been identified as meeting the study selection criteria. 

Specifically, they are small, remote, riparian communities, with poor/no flood early warning 

mechanisms, and which experience power insufficiency, particularly during extreme weather 

events. Their local economy is dependent on agriculture and ecotourism, income sources that 

are highly affected by floods and power outages. While this research has greater applications 

in community development and disaster resilience in low-income countries where flood 

impacts are more intensified, the recent floods in Germany1, the United States2, and China3 

showed that flood extremes can affect everyone. Accurate early warning and continuous energy 

generation under any conditions are essential to support remote communities who are often 

incapable of evacuating in time. Thus, this study includes communities in both low and high-

income countries, and this will allow a comparison of community perspectives in these regions. 

 

2.4  Selection of methods 

The study will examine community perceptions of available off-grid renewable energy and 

early warning systems, and conceptual hybrid systems. Based on the findings of both peer-

reviewed and ‘grey’ literature, a review process with panel members from a range of 

demographic and socio-economic backgrounds will occur using the Delphi method. The Delphi 

method typically takes place via several rounds of survey-based review and feedback. 

Outcomes may include improved processes, prototypes, optimized technologies, or 

determinations of non-viability (Brent & Kruger, 2009; Dick, 1991; Helmer-Hirschberg, 1967). 

In our study, this will occur in two rounds of a survey following an individual work format 

(participants work individually, without discussion).  

 
1 https://www.theguardian.com/world/2021/jul/19/german-villages-could-be-left-with-no-

drinking-water-after-floods  
2 https://www.nytimes.com/2021/09/03/nyregion/nyc-ida.html  
3 https://www.bbc.com/news/world-asia-china-57861067  
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The main data collection method for both rounds will be online semi-structured interviews. 

In Round Two, this will be augmented with two structured review formats; choice-based 

conjoint analysis (CBCA) and strengths, challenges, opportunities, responses, and 

effectiveness (SCORE) analysis. These frameworks will support a systematic, comparative 

analysis across different options, including single market-available/evidence-informed 

solutions, their combination, and the co-development of conceptual prototypes (via CBCA), 

and detail any strengths, challenges, opportunities (or risks), responses, and effectiveness of 

the preferred option (via SCORE analysis). The thematic analysis will then be used for data 

analysis. These methods and the rationale regarding their selection are detailed below.  

 

Delphi method 

The Delphi method is commonly used in needs assessments and prototype development 

studies. It provides equal access and contribution opportunities to all participants (Brent & 

Kruger, 2009; Dick, 1991). Through this method, disagreements are used for pooled 

information and shared understanding (Dick, 1991). It does not require face-to-face interaction 

and is often conducted remotely (Dick, 1991), making it a suitable method for community 

research during pandemics and other contexts affecting community access and safety.  It has 

been found to be an efficient strategy for community consensus regarding priority needs and 

development proposals (Brent & Kruger, 2009; Helmer-Hirschberg, 1967), and is a preferred 

method compared to other decision-making techniques, such as multi-voting, as it limits the 

range of responses and results in ‘close to expert consensus’ (Helmer-Hirschberg, 1967).  

In our study, a two-round interview is considered appropriate to order to understand 

community needs and then assess processes and resources that may address these needs. Round 

One aims to identify community vulnerabilities and capabilities through local stakeholders’ 

perceptions. Round Two is informed by Round One and suggests appropriate humanitarian and 

developmental interventions that are acceptable to local communities. This approach provides 

a suitable pathway for researchers to acquire the necessary technological, humanitarian, social 

and environmental knowledge ‘through the eyes’ of local participants – a step that is often 

absent in engineering-based solutions. 

For the panel composition, we suggest a mix of both professionals and non-experts who are 

familiar with their community and local needs. We propose the size of 16 participants (eight 

per community) for the panel as this is an acceptable number of participants for projects using 

the Delphi method. Ogbeifun et al. (2016) state that the size of a Delphi panel can be as small 

as three members, depending on the topic and expertise of panel members. In health 

applications, size can be as low as four panel members (Cantrill, Sibbald & Buetow 1996, p. 

69), while other studies have presented data from several Delphi studies which involve 

participant panels with three or four members (Skulmoski, Hartman & Krahn 2007). It should 

be highlighted that the Delphi method has received unfounded criticism due to its panel size, 

as it is often confused with conventional qualitative surveys (Mullen, 2003).  

Consistent with previous research the selection of participants should be based on their 

familiarity with their community, and expertise. Other studies using the Delphi method indicate 

that selecting participants who are knowledgeable about the focal topic is more critical than the 

number of panelists (Cantrill, Sibbald & Buetow, 1996; Grisham, 2009; Mullen, 2003). In the 

current study, energy insufficiency and flood risk in the proposed communities are the issues 

of focal interest. 

While the Delphi method usually involves groups, it is also recommended for one-to-one 

interviews and questionaries (Skulmoski, Hartman & Krahn, 2007). Van Dijk (1990) 

investigated different methodological approaches to using Delphi including individual 

interviews, surveys and focus groups. They found that individual interviews offer important 

advantages for both participants and researchers, including the ease of oral expression 
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compared to written expression, and the freedom to express one’s own view, in a manner that 

is not disturbed, interrupted, or changed by others (as in the group interview). Importantly, 

individual online interviews provide safety for the participants during the COVID-19 

pandemic, thus, we will be using them in this study. 

 

Remote research 

Remote research involves any research process in which the primary researchers and 

participants do not physically interact (in person) but do so digitally, via videoconferencing, 

emails, phones and other electronic devices. These media have multiple benefits, allowing 

researchers to determine participants’ perceptions, activities and behaviors safely, through 

distance, and often in manner convenient to both parties. In order to increase the validity of the 

contextual information (e.g. in an interview), researchers often prefer a live interaction with 

study participants, an approach known as time-aware research (Asjes, 2014). The rapid 

development of videoconferencing and cell phone technology permits cost-effective access 

and, importantly, has been shown to be acceptable to participants for these purposes (Asjes, 

2014; Richardson, Godfrey & Walklate, 2021). In our study, while most research activities 

(interviews with panel members, project meetings, etc.) will be conducted remotely, some lab 

and field testing that requires real-time data and is necessary (e.g. river monitoring under 

different seasonal conditions, hydrogeological analysis) will be taken in-situ with the assistance 

of local partners. 

 

Semi-structured interviews 

Semi-structured interviews are a common method of data collection in qualitative studies as 

they provide in-depth exploration of a topic, as well as the latitude to explore related issues that 

emerge in the course of the interview which can further add to our depth of understanding. 

They also help understand the ‘reality’ of the interviewees. In societies like Nepal, were status 

and gender play a major role in social relations, a group discussion could affect results (e.g. 

female participants may not express their opinions openly, if men participate; local residents 

may not disagree with professionals or other participants higher in hierarchy). In this sense, 

individual, open interviews can support genuine plurality in opinions and provide fair and open 

expression to all participants (Georgeou & Hawksley, 2020). 

 

Choice-based conjoint analysis 

Choice-based conjoint analysis, also known as discrete choice experiment, is suggested in 

this study (Round Two) because it helps understand how participants value individual options, 

products and services based on different attributes including features, functions and 

advantages. The goal of CBCA is to determine which combination of limited number of 

attributes is the most influential on respondent choice or decision-making. The combination of 

limited number of attributes is usually presented in either a ‘table’ or a ‘catalogue’ format 

(Mansuy, Verlinde, & Macharis, 2020; Tanujaya et al., 2020). Participants must choose only 

one option based on preferable attributes, typically by answering a question similar to ‘if these 

were the only options, which one would you prefer?’.  

The CBCA is used in many of the social, health, and applied sciences including marketing, 

product management, healthcare, and operations research. Lebeau et al. (2012) used this 

method to estimate the market potential for hybrid electric vehicles in Flanders, Belgium, and 

to formulate recommendations for the further deployment of electric vehicles. Mansuy, 

Verlinde, & Macharis (2020) used this method to understand the preference of consumers for 

electronic and electrical collection services - focusing on mobile phones, coffee machines and 

washing machines as examples. Lee, Huh & Yoo (2018) used CBCA to investigate the value 

given by people to the attributes of the installation of small-scale solar power plants in South 
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Korea. Tanujaya et al. (2020) used this method to understand and measure the opinion of the 

public and local inhabitants living near renewable energy projects in South Korea. 

This method presents many strengths for studies with similar research topics to ours. It is 

used frequently in testing customer acceptance of new product designs/prototypes (Lee, Huh 

& Yoo, 2018). It is suitable for gathering information for the optimization of existing or 

developing products (Mansuy, Verlinde & Macharis, 2020; Tanujaya et al., 2020). It is a 

preferred technique for cross-country and cross-community analysis (Ebers et al., 2017; 

Tanujaya et al., 2020), and there is a growing interest in using CBCA in health policy and 

planning studies in low-income countries (Mangham, Hanson & McPake, 2009; Spilker et al., 

2020).  

However, the CBCA may present some weaknesses such as the fact that it is primarily found 

in studies involving participants from high-income countries. According to Mangham, Hanson 

& McPake (2009) the reasons for the limited use of CBCA in low-income countries potentially 

relate to different cultural settings, language barriers between participants and researchers, low 

level of literacy, and unfamiliarity with research techniques. To address the challenges noted, 

Mangham, Hanson & McPake (2009) suggest pre-testing the CBCA-based questionnaires, and 

participant selection where education and socio-cultural effects are minimized. In our study we 

will address these potential issues by including two communities (Dhuskun and Aggitis 

villages) with similar contextual characteristics (riparian, remote) and vulnerabilities (energy 

insufficiency during weather extremes, and high flood risk). We will also address potential 

socio-cultural limitations/variations by:  

 

(i) conducting interviews in local languages (i.e. Nepali and Greek) to minimize any 

language barriers, 

(ii) selecting participants who have the educational/occupational background necessary to 

respond to our question sets (basic knowledge or higher), and providing educational 

materials prior the interviews (i.e. a task orientation module) 

(iii) preparing our Round Two questions based on participants’ responses from previous 

round and include an orientation module before the interviews; these action increase 

participants’ familiarity with the topic and process. 

(iv)  validating Round One and Two interview question sets with local residents, 

professionals, and a psychometrician before we interview our panel members (Burton 

& Mazerolle, 2011; Collingridge, 2021). 

Given this approach, we suggest the CBCA which, compared to other similar techniques 

such as rating-based conjoint, best-worst conjoint, and ranking-based conjoint analyses better 

matches with our research design.  

 

SCORE analysis 

The SCORE analysis is suggested in Round Two as it evaluates decisions, technology, and 

other entities of concern on five main variables corresponding with its identifying acronym. It 

is mainly used in business and organization related studies. Despite being a relatively new 

model, and not as popular as SWOT (strengths, weaknesses, opportunities, and threats) 

analysis, we select this method for the following reasons: 

• According to Njoh (2016), SWOT has received criticism that contains pejorative labels 

[W (weakness) implies inadequacy; T (threats) implies a sense of danger] 

• Njoh et al. (2019) argued that SWOT is rather too simplistic and does not add 

significant value for analytic purposes 

• Njoh et al. (2019) successfully used this method in a community-based solar energy 

project  
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We should note that SCORE, SWOT, and NOISE (needs, opportunities, improvements, 

strengths, and exceptions) are used in decision-making, business and energy related studies. 

However, in our study we suggest the use of SCORE because we find this method as the most 

appropriate to provide a detailed review of the attributes in our options. 

 

Thematic Analysis  

We consider the Braun & Clarke’s (2014) approach to thematic analysis as the most 

appropriate method to analyze data derived from the Delphi process and semi-structured 

interviews. This approach allows in-depth exploration of the perceptions of community and 

professional stakeholders. It is also suited to research in areas which have limited theoretical 

and empirical background.  

 

2.5  Study design  

A two-round semi-structured interview using the Delphi method, and delivered remotely, is 

considered to be the most appropriate approach to engaging panel members in the context of 

the pandemic and to address our research questions. This approach is augmented with review 

and decision-support frameworks, specifically, CBCA and SCORE analysis. Thematic analysis 

will be used to analyze the interview data.  Figure 1 visualizes our study design. 

 

Figure 1.  Visualization of study design. 
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2.5.1  Project steering and risk management committee 

A project steering committee with oversight of the research plan, its deployment, review, 

and risk assessment and management aspects will be made up of representatives of three 

organization: 

i. Western Sydney University, School of Social Sciences - Humanitarian and 

Development Research initiative (HADRI) in Australia (overall responsibility), 

ii. International Hellenic University, UNESCO Chair on Conservation and Ecotourism of 

Riparian and Deltaic Ecosystems (responsibility for the community site in Greece), and  

iii. Kathmandu University, Department of Mechanical Engineering - Green Hydrogen Lab 

(responsibility for the community site in Nepal).  

This includes the principal researcher (SS) operating remotely from Australia, as well as 

members in-situ in Nepal and Greece.  

 

2.5.2  Risks during data collection 

Working with committee and panel members at our respective sites, country specific 

protocols for COVID-safe research will be developed and regularly reviewed to ensure 

processes are compliant with required health practices. In addition, we will seek 

recommendations from panel members regarding energy and flood warning systems’ 

features and uses in Dhuskun and Aggitis villages. The participants will provide us with their 

feedback. Interaction with the principal researcher (SS) will be virtual (online, one-to-one 

interviews). Should participants experience distress or anxiety in relation to the topic of 

floods (for example), they will be able take a break or, if they prefer, to withdraw from the 

research project without any consequence.  

 

2.6  Recruitment and data collection 

2.6.1  Participants 

For this study, gender equality, wide age distribution, fair distribution between 

professionals and community stakeholders, and representation of people with disability 

needs will be major factors for the selection of participants. These factors guarantee plurality 

in opinions, as well as a wider representation of different groups within the communities 

(Georgeou & Hawksley, 2020). 

The panel will consist of 16 members (eight from Dhuskun, and eight from Aggitis, 

respectively). All panel members will have specific knowledge of the selected site and 

community needs.  

 

General categories/roles of panel members:  

• Resident of the selected community (e.g. local business owner, homemaker, retired 

person); 

• Academic with knowledge of the selected community; 

• Emergency management professional/representative (e.g. civil protection authority, 

fire/police department); 

• Technology expert  

 

Inclusion criteria 

• Knowledge of local community (either Dhuskun or Aggitis). 

• ‘Fitting’ in one of the roles described above (based on experience, occupation, etc.) 
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Exclusion criteria 

• Unfamiliarity with the local communities, sites and needs. 

• People who are not adults   

 

2.6.2  Recruitment  

Our partners at International Hellenic University and Kathmandu University will 

recommend a list of individuals who would be appropriate members for our research panel, 

and who would be interested in participating as panel members. The principal researcher 

(SS) will email each person and provide them with information about the research (invitation 

email and participation information sheet). If needed, the researchers will have further 

conversations (via email or teleconferencing) with potential participants in order to provide 

more about the research as required.  

The potential participants will have two weeks to consider whether they would like to 

participate in the research. When a potential participant shows interest, the researchers will 

be responsible for screening them. The screening will be either online (interview or email) 

or via the phone. This will take place before consent is requested. The potential participants 

will be notified of the decision (accepted or rejected) by the principal researcher (SS) within 

a two-week period after they have expressed their interest in participating in the research. If 

accepted, a consent form will be sent to them to sign. 

 

2.6.3  Reimbursements and/or tokens policy 

For this study, no reimbursements will be offered. It is important participation be 

voluntary (i.e., a contribution to local community benefits). It should be noted that, for the 

participants in Nepal, as there is limited internet coverage and access to a computer, we will 

cover reasonable expenses incurred due to participation (e.g., transport to Kathmandu 

University campus where there is a computer and internet access which enable participation 

in the research. The expenses could also cover refreshments and a meal). For the participants 

in Greece, no such expenses are required, as the participants will be interviewed at their own 

home/office (via teleconferencing or phone).  

 

2.6.4  Privacy protection  

In this study, basic identifying and demographic information will be gathered during the 

recruitment process and at the point of consent [name, age, gender, work, any primary carer 

role, marital and family status (i.e. number of children), familiarity with specific site 

(yes/no), some knowledge/awareness of local renewable energy sources (yes/no), some 

knowledge/awareness of usual flood warnings (yes/no)]. All of this information will remain 

confidential, but is necessary to the analysis, as it informs our understanding of participants’ 

views and concerns (e.g. carer roles with children could be at higher risk during flood hazard 

events). During the data analysis, a unique code (pseudonym) will be generated to identify 

specific individuals. Thereafter, all data outputs and any reporting of the data relating to 

individuals will be in a de-identified form. 

 

2.6.5  Data collection 

The panel members will participate in two rounds of interviews, both of which include an 

initial orientation. Table 1 presents a general description of each round. 
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disaster management remotely. Importantly, our research design is flexible, cost-effective, 

and could guide other researchers in the field who face similar issues.  

Due to the COVID-19 restrictions, visits to Dhuskun and Aggitis villages are only 

possible though our local partners in Nepal and Greece. These visits include the seeking of 

panel members, atmospheric and hydrological data collection (e.g. water flow and level data, 

precipitation data, etc.), visits to local energy generation and/or distribution plants, etc.  
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Increasingly, small, community-based renewable energy systems are being used to
support the daily power needs of off-grid communities, augment those with unstable
mains access, and are proving reliable during extreme weather events [7]. One such
example is Bihar, one of the poorest states in eastern India, which has limited mains energy
infrastructure but where many of its districts are transitioning to off-gird renewables, such
as solar energy. In August 2017, the state experienced extreme floods that affected more
than 12 million people. Among the impacted areas, Araria, a rural village that runs on solar
panels was under one meter of water but able to provide continuous power to thousands
of people as the panels kept operating, unlike other emergency energy sources (diesel
generators) that were damaged by the floods [8]. In Hackbridge, United Kingdom, solar
panel operation during floods powers buildings in flood zones and supports “in-place”
sheltering when evacuation is not possible [9]. In Hoboken, New Jersey, small-scale energy
grids support early warning of coastal floods and alert local residents when the waters
reach critical levels [9,10]. These examples highlight that localized renewables can support
flood emergency management as a primary source for off-grid communities and as critical
augmentation in higher-income countries.

Humanitarian engineering could be the key to re-thinking energy self-sufficiency and
disaster resilience at the local level. This approach involves applications of both urgent and
longer-term engineering solutions that center on community needs and consider the social,
cultural, and environmental characteristics inherent to local requirements and capabili-
ties [11,12]. A major difference with other engineering practices is that it proactively seeks
the co-development of solutions with end-user populations using appropriate technologies,
“traditional” knowledge, and local views [13]. When directed to prototype development, it
can support the creation of sustainable, community-focused interventions that accord with
the principles of both the United Nations 2030 Agenda for Sustainable Development and
Sendai Framework for Disaster Risk Reduction. However, a major risk in humanitarian
engineering research relates to the level of genuine trust and understanding developed
between local stakeholders and (often) output-focused professionals. Lack of local en-
gagement in all phases, power inequities and resistance to learning and adapting may
undermine solutions and ultimately result in program failures [14,15].

While the literature showcases many community-based projects in renewable energy
and early warning, there is little information regarding the development of combined
and hybrid systems which integrate these key functions or community perceptions of the
feasibility of such options [5,16]. Our study focus aligns with humanitarian engineering
principles and prioritizes local stakeholders’ views as essential elements for developing
sustainable solutions. This article presents findings from our cross-country analysis of
off-grid renewable energy generation and flood early warning needs in riparian com-
munities, specifically their appraisals regarding (i) market available stand-alone systems
(early warning systems, renewable energy generators), (ii) combined systems, and (iii) a
conceptual hybrid prototype. To better understand common and context-specific needs
and acceptable solutions, we compared two riparian communities—an on-grid, peri-urban
village in a high-income country (Aggitis, Greece) and a remote, off-grid village in a low-
income country (Dhuskun, Nepal). While these communities present differences (e.g.,
infrastructure, socio-culture), they share similar threats and experiences, such as power
outages during/after weather hazards. The findings of this study may not only support
the engaged communities with practical solutions based on their capacity, but also draw
lessons for other riparian communities with flood resilience and energy issues (e.g., in
urban areas).

2. Materials and Methods
2.1. Methods Selection

The principal method was a semi-structured interview conducted over two rounds using
the Delphi method. Round One took place from 23 April 2021 to 14 May 2021; Round Two
from 19 to 25 July 2021. Interviews were conducted remotely as an appropriate approach to



Geosciences 2022, 12, 71 3 of 23

engage with international study participants under pandemic conditions. To support asset
appraisal, the structure of Round Two was augmented with two decision-making frameworks;
choice-based conjoint analysis (CBCA) and strengths, challenges, opportunities, responses,
effectiveness (SCORE) analysis. Thematic analysis was used to analyze the interview data.
Key elements of the study design are presented in Figure 1 and detailed below. A more
detailed description of the study method is available at Schismenos et al. (2021) [17].

          
 

 

    

    

           

                

              

           

             

        

         

               

               

      

 

      

    

           

             

               

           

               

              

           

           

            

             

             

         

    

          

               

           

           

             

        

Figure 1. Study components and process.

2.1.1. Delphi Method

The Delphi method is a common decision-support technique in vulnerability and
capability analysis [18], and prototype development research [19]. It draws on the informed
views of those familiar with a topic area or resource, allows equal access and participant
contribution, does not require face-to-face interaction and, through an iterative process,
leads to “close to expert consensus” regarding a solution or application over a series of
rounds [20]. This approach was appropriate to address the study’s focal areas over two
rounds. Round One examined perceptions of major hazard types affecting the community,
related vulnerabilities and needs, and capabilities that could support their management.
Round Two sought participant perceptions of appropriate solutions to address the priority
needs identified in Round One. This employed a catalogue of community assets developed
using Round One feedback and was additionally informed by a scoping review [16], and a
literature review [15] of available options.

2.1.2. Remote Research

Remote research involves any research enquiry where the researcher and participants
are not in the same physical space (in person) [21]. Our data collection was conducted
digitally (via emails, phones, and videoconferencing) to ensure participant safety during
the pandemic. Participant perceptions of the remote research process were assessed to
determine potential impacts on access or expression of views and its acceptability for future
research in this field.

2.1.3. Semi-Structured Interviews and Validation

Semi-structured interviews are a common method of data collection in qualitative
research as they allow deep exploration of a topic, particularly areas where little data is
available [22]. An orientation module and question set were developed for each round
based on the study’s research questions and tested in pilot interviews. Round Two questions
were also based on the Round One responses. The final interview schedule (available as
supplementary information–Tables S1 and S2) was validated with non-participating local
residents and professionals, and a psychometrician to ensure clarity of meaning and content
understanding [23,24]. All interviews were conducted in local languages (Greek, Nepali) to
allow participants to most easily express their views [25]. The principal researcher (first
author) conducted the Greek interviews and was assisted by a Nepalese interpreter (in-situ)
for the Dhuskun interviews.
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2.1.4. Choice-Based Conjoint Analysis

Choice-based conjoint analysis is widely used in social, health, energy, and prototype
development research [26–29]. It provides an understanding of how participants perceive
the value of products, services, and options based on a comparison of their functions
and features (attributes). The attributes are usually limited in number and presented in a
catalogue format or a table [28,29]. The catalogue used in Round Two presents six options
which were derived from a combination of a review of market-available options for such
sites and participants’ preferences for energy and flood hazard types from the Round
One interview. This decision-support framework is appropriate for cross-community
and cross-country analysis [29,30]. Figure 2 presents the catalogue of community assets
participants reviewed in local languages during the Round Two interviews and which
canvassed these options:

(1) Option 1. Small-scale hydropower system (Option and attributes based on SMART
HYDRO, https://www.smart-hydro.de/ assessed on: 10 November 2021)

(2) Option 2. Set of solar panels (Option and attributes based on GPM-250 W, Zhejiang G
New Energy Technology Co., Zhejiang Province, China)

(3) Option 3. Flood siren system (Option and attributes based on Telegrafia flood siren sys-
tem, https://www.telegrafia.eu/en/solution/mass-public-warning/flood-warning-
system/ accessed on: 10 November 2021)

(4) Option 4. Flood alert SMS/email system (Option and attributes based on LEVELINE-
EWS, https://www.aquaread.com/products/water-level/leveline-ews accessed on:
10 November 2021)

(5) Option 5. Combination of a set of solar panels and SMS/email flood alert system
(Options 2 and 4)

(6) Option 6. Hybrid system—hydropower and flood siren (Options 1 and 3)

          
 

 

 

          

            

             

             

           

           

             

             

            

             

  

   

           

          

              

          

            

    

             

             

            

             

            

             

               

            

            

           

           

    

            

            

            

            

Figure 2. Catalogue of six community assets and their attributes.

Despite the differences in function (i.e., energy generation, flood warning, both) and
output, the options were evaluated based on their relative priority and deliverability as
assets for the community. The CBCA allows comparisons between options that vary if
attributes are common and measurable. For example, Mansuy, Verlinde, and Macharis
(2020) [28] compared mobile phones, coffee machines, and washing machines to under-
stand the preference of consumers for “electronic and electrical devices”. In this study,
participants were asked to choose only one option that best supports their community,
based on either single or combined/integrated functions. Their choice helps us understand
which community needs (energy, flood warning, or both) should be prioritized for further
program development.



Geosciences 2022, 12, 71 5 of 23

2.1.5. SCORE Analysis

This analytical framework supports a detailed evaluation of perceived benefits and
potential costs/concerns related to proposed processes or interventions. It readily integrates
with the CBCA (Round Two) as it helps understand why participants chose their preferred
community asset when assessed against multiple criteria, specifically, which attributes
presented strengths, challenges, opportunities, etc., and for what reasons [31].

2.1.6. Thematic Analysis

Thematic analysis was used to analyze the data from both rounds of semi-structured
interviews using the method described by Braun and Clarke (2014) [32]. This involved
familiarization with the data through initial readings of transcripts and analyzing and
grouping similar phrases deemed relevant to the research themes into codes. The codes
were then grouped together based on similarities and distinctions, which formed the
foundation for the sub-themes. The primary coder (first author) and two additional coders
participated in the coding process to provide multiple perspectives of the data and act
as a validity check [33]. Each coder had a different background discipline (engineering,
psychology, journalism), but all were familiar with the development sector. All worked
independently following the process described above, then consulted regarding their initial
findings resulting in further refinements and creation of the overarching themes.

2.2. Data Credibility

Data credibility and validity were ensured using the methods described by Barbour
(2001) and Berends and Johnston (2005) [23,34]. We employed heterogeneous sampling, a
form of purposive sampling, as the selection of participants with diverse characteristics
was required to ensure maximum variability with our primary data [35]. Participants were
selected based on specific inclusion criteria (familiarity with local conditions, needs, hazards
and energy) and to provide a broad cross-section of end-user perspectives (i.e., community
residents and business owners, emergency professionals or academic/technology experts
with local knowledge). Verbatim transcription (exact conversion of speech to text) was
conducted as it captures all views and emotions of the interviewees. All transcribed data
were sent to the interviewees for validation. This allowed the participants to verify and
correct, if necessary, their transcribed data before its translation to English. The coding
phase included multiple coders to reduce researcher influence and was conducted only
with the translated scripts (English) to maintain linguistic consistency [34].

2.3. Selection of Study Sites

The selection of the study sites was based on three criteria:

(1) Site appropriateness: As the primary focus of the study related to flood risk and
energy insufficiency in riparian settlements, and potential resource development, our
focus was on community sites likely to experience such vulnerabilities. Our review
of the evidence-based literature [16] identified site characteristics and combinations
associated with elevated risk (e.g., high flood risk, remote location, off-grid and/or
insufficient/unstable power, lack of flood response planning/infrastructure), and was
the basis of site selection in the current study.

(2) Consultation with local partners: Our in-country researchers identified sites that met
these criteria in Greece: (a) Aggitis, Drama; (b) Grammeni, Drama; (c) Piges, Drama,
and in Nepal: (a) Temal, Kavrepalanchowk; (b) Roshi, Kavrepalanchowk; (c) Dhuskun,
Sindhupalchowk.

(3) Participants from identified communities could likely participate in both Round One
and Round Two interviews, despite the COVID-19 restrictions in place during the
study period.
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Aggitis and Dhuskun were assessed to be the most suitable study sites as they most
directly addressed these criteria and were representative of high flood-risk locations within
the respective country contexts.

2.3.1. Aggitis Community and Site

Aggitis is an on-grid, peri-urban, riparian village, located in the Regional Unit of
Drama in Eastern Macedonia and Thrace Administrative Region in northern Greece. The
total area of the village is 11.5 km2 and has 82 permanent residents (2011 census) with most
aged 65 years or older. The main spoken language is Greek, and its income is principally
derived from agriculture, livestock, and ecotourism. Nearby attractions include the Aggitis
River, Aggitis Cave (also known as Maaras Cave), and Aggitis Gorge (nearby tourist
attractions). The Aggitis Cave is more than 12 km long, making it the largest cave in Greece
and the largest riparian cave in the world.

Aggitis River is the most important tributary of the Strymonas river. It is 75 km
long and sourced in the Falakro massif. The river is formed by the discharge of a 12 km
underground system and passes though the Aggitis Cave [36,37]. Flooding is a common
phenomenon in the Aggitis basin, especially during the snow melt period (February to
April) or extreme rainfall events. In 2015, a serious flood event in the Aggitis river caused
severe damage in the area. This occurred because the local anti-flooding works were
insufficient to hold the large amounts of water due to snow-melting. Over 400 farmers
were impacted, more than 50,000 hectares were flooded, and some local livestock units
were completely vanished [38]. Other serious water-based disasters occurred in June
2014 (hailstorm) and January 2019 (heavy rainfall). With respect to renewable energy
sources, local residents are familiar with hydropower and solar power. There is a pico
hydropower plant that operates in the area (max. capacity 1.2 MW). The plant does not
operate throughout the year (e.g., during summer months). Some residents have installed
solar panels in their homes or businesses.

2.3.2. Dhuskun Community and Site

Dhuskun (also known as Ghuskun) is an off-grid, rural, riparian village, located in
Ward no.3 of Tripurasundari Rural Municipality, Sindhupalchowk District in the Bagmati
Province in central Nepal. The total area of the village is 16.12 km2 and has 3116 residents
(1991 census). The main languages spoken are Nepali and Newari. Agriculture, animal
husbandry, and trade are the main income sources. Dhuskun has potential in the coffee
business and ecotourism activities with the Sunkoshi River that flows through the village
to be one of the main attractions.

Sunkoshi River is a trans-boundary river that originates from Zhangzangbo Glacier
in Tibet and is part of the Koshi River basin in Nepal. The area is very prone to floods
and landslides, which occur frequently, particularly during the monsoon season (June to
August) or the snow melt period. In 2014 a major landslide occurred in the district and
blocked a river creating the artificial lake which is nearby. This caused the surrounded land
to erode [39]. Near the village, there is a small hydropower station. Floods and landslides
often affect the plant’s operations due to its location. Sometimes it remains closed for long
periods, leaving Dhuskun and nearby communities with no power. Some government
buildings use solar power as backup energy systems.

Figures 3 and 4 show the study site locations maps. Figures 5–8 present scenes from
Aggitis and Dhuskun communities.
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2.4. Participant Recruitment and Panel Description

For this study, local partners in Aggitis (International Hellenic University) and Dhuskun
(Kathmandu University) recommended a list of candidates who met the inclusion criteria
(knowledge of local conditions, energy sources, hazards, and community needs) and had a
potential interest to participate in this research. Three candidates (two from Aggitis and one
from Dhuskun) were excluded due to health concerns and unavailability during the time
of the interviews. The principal researcher contacted all the remaining participants and
used a screening questionnaire to ascertain residency status, familiarity with the local area,
energy sources, hazards, and community needs. Based on this screening, all participants
were selected for inclusion in this study.

Selected candidates completed a consent form which included identifying and demo-
graphic data. These data were gathered to understand the factors affecting different views
and concerns. Participants were subsequently de-identified during the data analysis stage
and ascribed codes to ensure confidentiality. Purposive sampling was used to ensure a
balanced distribution and cross-section of community views, specifically: residents and
professionals with local knowledge (i.e., disaster management, academia, technology),
gender and age distribution (minimum 18 year), and those with special needs or carer
responsibilities (e.g., mobility issues, carers of children or older adults) [15,17,25].

Participants were recruited to form a panel at each site—eight from Aggitis and eight
from Dhuskun (16 participants in total). All had basic or higher knowledge of their local site,
community energy, and flood resilience needs, renewable energy, and flood early warning
concepts. A key requirement of the Delphi method relates to participant familiarity and
knowledge with the topic [40,41]. As such, panels of this size and representation were
considered suitable for the purposes of this exploratory analysis and are consistent with
other studies which employ the Delphi method [19,42]. The demographic characteristics of
the study panels are presented in Table 1.

Table 1. Panel demographic data.

Role Age Gender (M/F/O) Occupation
Marital Status
(Y/N)—No. of

Children

AGGITIS

Academic 36 F Academic Y–2

Academic 40 F Academic N–0

Emergency
Professional 25 M Emergency Responder/Forest

Warden N–0

Local Resident 32 M Farm business owner Y–1

Local Resident 36 M Farm business owner Y–2

Local Resident 49 F Homemaker Y–0

Local Resident 52 F Local business owner Y–3

Technology Expert 45 F Entrepreneur
(agronomy/flood/irrigation) Y–2

DHUSKUN

Academic 70 M Academic Y–2

Emergency
Professional 30 M Emergency responder/Police

officer N–0

Local Resident 18 M University student N–0

Local Resident 21 M University student N–1

Local Resident 30 F Homemaker Y–3

Local Resident 31 M Farm business owner Y–1

Local Resident 42 F Homemaker Y–2

Technology Expert 31 M Hydropower Technician Y–0
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3. Results

All panel members in Aggitis (A) and Dhuskun (D) supported a priority transition
to renewable energy sources, including hydropower and solar power, arguing that local
experience and site conditions could support such technologies (Round One). The majority
(A: 5/8; D: 5/8) preferred the hybrid prototype (Option 6) as an appropriate community
asset for their community, since it integrated two required services (hydropower generation
and flood siren warning) as a stand-alone system and was seen as a more efficient means to
deliver these due to the riparian resources that were available. The combination of solar
energy panels and flood alert SMS (Option 5) was the second most preferred option (A: 3/8;
D: 2/8) as it provided free energy from local site conditions (sunlight) and convenience of
receiving warning information (via SMS). Asset that offered a single service (i.e., Option
1—small-scale hydropower system was selected by one panel member (D: 1/8) mainly
due to its low cost and the available riparian resources (Round Two). Lastly, the remote
research approach was viewed positively by all panel members who found that it was
convenient and did not restrict their feedback compared to a face-to face interview. The
themes that were prominent within the data from each round are presented in the following
sections. Table 2 summarizes perceptions of major hazard threats, priority developments for
resilience and existing assets (Round One), and preferred assets and related developments
(Round Two).

Table 2. Community perceptions of major hazard threats and priority developments.

Theme Sub-theme Aggitis Dhuskun

ROUND ONE

Water hazards

Natural disasters Floods (storms, snow melt): 8/8
COVID-19 pandemic: 1/8

Floods (monsoons, snow melt): 8/8
Landslides (usually during floods): 8/8

Earthquakes: 1/8
COVID-19 pandemic: 1/8

Flood warning:
(i) current systems

No local warning system: 8/8
Flood SMS alert (not real time—does

not support evacuation, esp. flash
floods): 2/8

No local warning system: 8/8
Flood SMS alert (messages delayed and/or
mobile service unavailable—does not assist

response): 3/8
Flood siren at nearby hydropower plant (plant

specific warning, only partial community
coverage): 1/8

(ii) needs/preferred functions

Combination (siren and SMS alert): 5/8
Flood siren (wide range, loud): 2/8

Combination (siren, SMS alert,
lights): 1/8

Hydrometric station: 1/8

Siren (real time warning, wide range, warns at
night): 6/8

Combination (siren and SMS alert): 2/8

Flood evacuation:
(i) training/experience

No training/drills: 7/8; self-taught
(online): 1/8

No personal evacuation: 8/8

No training: 7/8; participated in evacuation
drills: 1/8

Evacuation due to floods and/or
landslides: 8/8

(ii) personal emergency devices -
most used or priority need

Mobile phones (contact others, news
update): 8/8
Lights: 5/8

Oxygen tanks (priority need for older
adults): 8/8

Mobile phones (contact others, news
update): 8/8
Lights 5/8

Power banks: 1/8

Community
vulnerabilities

Population and infrastructure Ageing population (younger adults
move to cities, low-birth rate): 8/8

Poor roads, education, drinking water
supply: 1/8

Energy supply
(extreme conditions) Unreliable (old infrastructure): 8/8 Unreliable (seasonal impacts, unexpected

power outages common): 8/8

Community
cohesion Help one another Support each other (assist older

adults): 8/8
Strong bonds between members (small

community is an asset): 8/8
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Table 2. Cont.

Theme Sub-theme Aggitis Dhuskun

Reliable energy

Energy supply
(normal conditions)

Reliable—normal conditions (meets daily
needs): 8/8 Reliable—normal conditions: 6/8

Renewable energy (i) existing
assets

Site appropriateness (water and
sunlight): 8/8

Technology acceptance (privately-owned
local hydro and solar): 8/8

Site appropriateness (water and sunlight): 8/8
Technology acceptance (hydro for community

use and solar for private/government
use): 8/8

(ii) asset types needed

Local hydro (community use): 8/8
Solar (individual use

supported/upscaled): 7/8
Combination (hydro and solar): 2/8

Wind energy: 2/8

Small hydro (higher output): 8/8
Solar (community access): 3/8

Combination (hydro and solar): 2/8
Wind energy: 1/8

ROUND TWO

Preferred community asset
Option 6 (hydro and siren hybrid): 5/8

Option 5 (solar and SMS alert
combination): 3/8

Option 6 (hydro and siren hybrid): 5/8
Option 5 (solar and SMS alert

combination): 2/8
Option 1 (hydro): 1/8

Multiple services

Combining proven functions Integrated hydro and siren: 5/5
Combined solar and SMS alert: 3/3

Integrated hydro and siren: 5/5
Combined solar and SMS alert: 2/3

Site appropriateness

Sufficient riparian resources
(water flow): 2/5

Sufficient sunlight throughout
the year: 2/3

Sufficient riparian resources (water flow,
depth): 3/5 & 1/1

Sufficient sunlight throughout the year: 1/2

Development
benefits

Stakeholder participation Collaboration (community stakeholders and
government—funding/management): 8/8

Collaboration (community stakeholder,
including public-private partnerships): 8/8

Economic growth

Employment opportunities: 5/5 & 2/3
Tourism increase: 3/5 & 1/3

Exemplar community (role model for
other flood-prone communities): 1/5

Employment opportunities: 4/5 & 1/1

Risks and
solutions

Post-installation risks
No major risks: 4/5 & 2/3

Aesthetic risks (“ugly”—natural beauty,
traditional buildings): 1/5 & 1/3

No risks: 3/5, 2/2 & 1/1

Issues and management
(i) technical

Insufficient energy output [install more
units]: 4/5

Lack of energy storage [include
batteries]: 4/5

Vulnerable in flood conditions [analysis to
find optimal hydro locations]: 2/5
River depth limitation - summer
[determine best locations]: 2/5

Insufficient sunlight—cloudy/winter
[large capacity batteries]: 3/3

Siren warning coverage insufficient
[install more units and/or combine with

SMS alert]: 3/5
SMS warning unreliable [augment with

siren]: 2/3

No major issues: 4/5 & 2/2
Vulnerable in flood conditions [analysis to find

optimal hydro locations]: 2/5 & 1/1
Insufficient sunlight—cloudy/winter [large

capacity batteries]: 1/2
Siren warning coverage insufficient [install

more units]: 2/5
SMS warning unreliable [augment with

siren]: 1/2

(ii) resources

No funds [funding via stakeholder
participation]: 3/5 & 3/3

No human resources for installation and
maintenance [works complete via

stakeholder participation]: 2/5 & 2/3
Aesthetic risks [community acceptance via

broad stakeholder participation]: 2/5

-

Remote research Satisfied with remote approach: 8/8 Satisfied with remote approach: 8/8
Approach was innovative and comfortable:1/8

Notes: Fractions in Round One refer to participants from Aggitis (up to 8/8) and Dhuskun (up to 8/8). Fractions
in Round Two refer to (a) participants from Aggitis (up to 8/8) and Dhuskun (up to 8/8); (b) participants who
selected Option 6—hydro and siren hybrid from Aggitis (up to 5/5) and Dhuskun (up to 5/5); (c) participants
who selected Option 5—solar and SMS alert combination from Aggitis (up to 3/3) and Dhuskun (up to 2/2); and
(d) a participant who selected Option 1—hydropower generator from Dhuskun (1/1).
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3.1. Round One
3.1.1. Water Hazards

Participants identified hazard risks affecting their local community and were able
to indicate more than one type. The natural disasters of greatest concern were primarily
related to flood risks (A: 8/8; D: 8/8) and landslides (D: 8/8), with earthquakes (D: 1/8)
and the COVID-19 pandemic (A: 1/8; D: 1/8) reported less often as primary threats. Vul-
nerabilities related to water hazards included the lack of localized flood warning systems
(A: 8/8; D: 8/8) and training/knowledge for evacuation (A: 7/8; D: 7/8). These were
considered as priorities in both communities but for different reasons. For Aggitis’ partici-
pants, insufficient flood warning and lack of flood response planning affected the reliable
evacuation of older residents, those with limited mobility, and non-local residents such as
tourists (e.g., Aggitis Cave visitors). For Dhuskun, delays in evacuation related to floods
and landslides were seen as a particular problem, as these hazards are rapid.

More specifically, all participants said that their community had a high flood exposure
risk throughout the year (snow melt period, rainy season, monsoon months in Dhuskun),
however, floods were seen more threatening by Dhuskun participants as they could destroy
homes and cause casualties. Most panel members from both communities said that despite
the high flood risk potential, they did not receive any training for flood evacuation. The
Aggitis panel members explained that they did not have to evacuate their homes due to
extreme past flood events. This was because most residencies were located a safe distance
from the river. However, when floods occurred, they said that there was damage to
businesses (e.g., restaurants near the river) and tourism (when Aggitis Cave is flooded,
it remains closed to visitors for weeks or months). One Aggitis participant said that they
once helped an older farmer to evacuate their flooded farm. Dhuskun panel members
who were asked a similar question said that they had to evacuate their house at least once
due to floods and/or landslides. This was done either with the support of emergency
professionals or other community members. This situation was common in Dhuskun, and
any delays could result in lethal outcomes.

(Male, 30—Dhuskun): “... I worked in a rescue (team) after a landslide where about
twenty to twenty-five people died.”

A serious flood-related vulnerability for both communities was the lack of flood
warning systems at the local level. All panel members stated that their community had no
localized flood early warning systems.

(Female, 49—Aggitis): “Nothing! We have absolutely nothing (no early warning systems)!”

Some participants said that they sometimes received flood SMS alerts by the Civil
Protection Services, but these were unreliable, received slow, or lost due to poor mobile ser-
vices during extremes. Notably, one Dhuskun participant said that the nearby hydropower
plant had a flood warning siren installed to alert workers, but it did not offer direct support
to the community—only partial community coverage.

All participants considered the need for a localized, reliable flood early warning
systems as a high priority. Expressed preferences for a warning mode were stand-alone
sirens (A: 2/8; D: 6/8), combined flood sirens and flood alert SMS/email services (A: 5/8;
D: 2/8), combined flood sirens, emergency lights and flood alert SMS/email services (A:
1/8). One Aggitis panel member also suggested the use of a hydrometric station (a device
placed near a water body that collects and records water quantity and quality data) as a
more comprehensive solution. For Aggitis, combined warning systems (the most preferred
choice) would warn both older adults (limited use of mobile phones) and younger adults
(more frequent access to phones and laptops). For Dhuskun, outdoor sirens (most preferred
choice) would be more efficient since SMS services were not reliable when the weather
was bad. As they explained, sirens could provide real-time warning, cover a wide range,
and be more useful when people were sleeping. Similar benefits were also discussed by
the Aggitis participants who chose sirens as their main system (stand-alone systems or in
combination with other types).
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In a flood scenario with long power outage, all panel members found mobile phones
to be an essential emergency device, mainly for communication and receiving information,
with lights (as a function on the phone or a sole device) to be also essential (A: 5/8; D:
5/8). Oxygen tanks were also considered as important emergency devices for Aggitis
participants (A: 8/8) due to the large population of older adults in the village.

When asked about the COVID-19 crisis and its significance compared to the flood
disasters, only two-panel members (A: 1/8; D: 1/8) described it as a high priority threat,
explaining that this is a pandemic (prevalent to the whole world) and everyone is stressed
about it at present. The remaining panel members said that the pandemic did not pose a
serious threat to their community (it could be controlled), unlike the floods that occurred
at any time and without much warning. It should be noted that the interviews took place
in April, May, and July 2021 when lockdowns and other restrictions were forced in most
countries around the world, including Greece and Nepal.

3.1.2. Community Vulnerabilities

More broadly for Aggitis, a community vulnerability of greatest concern included
ageing population (A: 8/8), with some participants highlighting the low-birth rate in their
community, the decision of many younger adults to move to bigger cities, and the lack of
opportunities for young business owners in the area, despite its ecotourism potential.

(Male, 36—Aggitis): “[ . . . ] the community is made up mostly of people over the age of
sixty-five . . . seventy . . . who are retired or nearing retirement age. The younger generation
chooses not to live in Aggitis, but in a bigger city and to have a house there, so to live both in
Aggitis and in the big city, like I do. Therefore, the community is shrinking.”

During extreme weather events, all panel members found their community’s energy
supply unreliable and were dissatisfied with the energy status. The main reasons included
the condition of technical equipment and systems which were old or poorly maintained, the
severe impacts of seasonal conditions (floods, thunderstorms, etc.) in the system, and unex-
pected power outages (due to technical or other reasons). For Aggitis, continuous power
generation was vital because, as they explained some older adults needed oxygen support
and any power disruption could cause problems to their health. Both communities said
that the power outages could last for hours, however, two Dhuskun participants pointed
out that if the water hazards were serious, they would damage the nearby hydropower
plant and cause damages that would take months to fix. In addition, for Dhuskun, power
outages during extremes could also affect the work of emergency responders (e.g., no
power in local police station).

One Dhuskun participant said that besides these vulnerabilities, their community also
needed better transportation, education, and water supply infrastructure.

3.1.3. Community Cohesion

All participants highlighted community cohesion as a critical community capacity
and the fact that community members still cared for one another. In the scenario where
the early warning was insufficient or could not be reached by some sensitive groups (e.g.,
people with hearing or visibility impairments), all panel members said that other people in
their community (family members or neighbors) who lived nearby would notify and assist
them. While this seems like an obvious response, some panel members pointed out the fact
that their community still cared for their members and would not leave anyone “behind”,
particularly during flood evacuation.

(Male, 70—Dhuskun): “In Nepal, and in Sunkoshi (Dhuskun) community, people tie
up in such a way that if one knows about it, they will warn other people. One thing. And
second thing is, who is living in which house, because everyone knows everyone’s name.
That is what I noticed. So, if and when time permits, time permits, those who can hear,
they will ask other people and inform them.”
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3.1.4. Reliable Energy

Other community capacities included energy reliability under normal conditions
(A: 8/8; D: 6/8), and the renewable energy potential in the local site (A: 8/8; D: 8/8). With
respect to the energy, all Aggitis panel members stated that the usual supply satisfied
their daily needs. The majority of Dhuskun panel members stated the same. Those who
disagreed highlighted the scheduled power outages, which sometimes affected businesses.

Notably, all panel members nominated renewable energy types as their preferred
energy source due to environmental and socio-economic benefits, “clean” power generation,
and low cost. For example, both communities stated that small-scale hydropower systems
(A: 8/8; D: 8/8), solar panels (A: 7/8; D: 3/8), and their combination (A: 2/8; D: 2/8) would
be ideal for their area since their village was by the river, there was sufficient sunlight, and
hydropower and solar panel infrastructures already existed in the area. It should be noted
that some participants (A: 2/8; D: 1/8) also suggested the use of small wind turbines but
were unsure if this was a realistic option.

3.2. Round Two

In Round Two, we presented a catalogue of six community assets (Figure 2). Most
panel members selected Option 6—hydropower, flood siren hybrid prototype (A: 5/8;
D: 5/8), followed by Option 5—combination of solar energy panels and flood alert SMS
(A: 3/8; D: 2/8), followed by Option 1—stand-alone hydropower generator (D: 1/8).

3.2.1. Multiple Services

The most attractive attributes for Option 6 were its feature to provide combined
hydropower generation and siren warning in a hybrid manner (two services under one
stand-alone system) and its site appropriateness (river flow). For Option 5, the features of
solar power and flood alert SMS services were the most attractive attributes, followed by
the convenience of receiving flood alerts on personal electronic devices. It can be observed
that the majority of participants (15/16) chose an option that provides multiple services,
but with the combination of hydropower and siren warning preferred by twice as many
participants (10:5), due to the perceived reliability and feasibility of their respective services
as presented in Round One.

The panel member who selected Option 1 found it the most realistic option for
Dhuskun, given its low cost and site conditions (river flow). When asked about their
preference regarding a combination of systems (Option 5) or a hybrid system (Option 6),
they stated that the hybrid has more advantages and seems to be a more feasible solution
for their community.

(Male, 70—Dhuskun): “Generally, you know, hybrid system is the most better way
to do it. [ . . . ] of course, solar might be necessary, but it will be nominal only so when
damage occurs (due to floods), when maintenance might be necessary. At that time, solar
can help it, because of batteries and all. But when we install the batteries and all, the
batteries will have a life, so once that life will be completed, then another set will be
necessary, which is very difficult because it costs money again. And also disposing the
batteries is very difficult. In that case, you know, first thing is I prefer to have hydro
(Option 1), and second is hybrid system (Option 6).”

3.2.2. Development Benefits

All panel members found economic benefits after the installation of their preferred
community assets, including employment and new business potential. All panel members
pointed out the synergy between community groups, academics, local authorities, and
others as a crucial requirement for the successful funding, installation, operation, and
maintenance of their preferred community asset.

(Female, 45—Aggitis): “A combination of these people (professional and non-professional
stakeholders who are familiar with the community) and organizations could be involved
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in order to study the area, install the system and manage the project. They can be found
in the wider area, within the competent bodies (authorities and organizations). Initially,
the competent municipality in collaboration with the local district (authorities) could
do research regarding the financing of this program, or set up an auction so the project
can be completed by private companies. That is, I think the ideal would be for all the
(competent) bodies to work together, because I do not think that the municipality alone
has the know-how to do such a thing.”

3.2.3. Risks and Solutions

Most panel members envisaged no significant risks for their communities after the
installation of their selected community assets (A: 6/8; D: 6/8). For the remaining Aggitis
panel members, risks of low concern included aesthetic risks that could affect the tourist
traffic if the community asset was “ugly” and did not blend with the local natural scape
(both Options 5 and 6). For the remaining Dhuskun panel members, the risks focused on
the protection of the system against natural hazards and potential damage in the riparian
ecosystem—e.g., alternations in local biodiversity (Option 6).

Participants raised a number of issues of technical and resource nature. Specifically for
Aggitis, the greatest challenges were the limited energy output, lack of batteries, and high
cost. Participants who raised these issues said that these could be solved by installing more
units, including batteries to store power for later use, and involving multiple stakeholders
in the project to secure sufficient funding. These issues were not raised by any Dhuskun
participants. Additionally, for Option 6, panel members from both communities worried
that the unit could be damaged during floods (and landslides for Dhuskun). The need
for site analysis in both communities for the selection of appropriate locations for system
installation was suggested as a solution. This issue and solution were also raised by the
panel member who selected Option 1. Another common concern for both Options 5 and 6
was the need to upgrade the suggested early warning features, so to improve coverage and
reliability by either installing more units or combining different warning types (i.e., siren
and SMS alert).

(Female, 36—Aggitis): “There are now sirens that can be combined with safety lights [ . . .
]. Sirens that could be combined with sending a text message or an email, which would not
be difficult to do [..]. Whenever someone who might be away from the sirens (out of range)
or, for example, someone who sleeps with earplugs, probably would not be able to hear the
siren but maybe they could see the notification alert, if their mobile phone was vibrating.”

For Option 5, both communities discussed the insufficient sunlight during some winter
months or cloudy days. The use of larger capacity batteries was suggested as a potential
solution. Some Aggitis participants who chose Option 6 mentioned a similar issue as
there could be a river depth limitation in some locations; the appropriate investigation of
optimal locations was nominated as a solution. Lastly, some Aggitis panel members said
that their community may not have the resources to manage such installations over time
and that their presence could negatively affect tourist traffic. One counter view was that a
well-developed project could attract tourists as a sustainability demonstration project. To
solve these concerns, participants recommended the engagement of multiple stakeholders.

3.3. Remote Research Participation

All panel members (A: 8/8; D: 8/8) approved the study’s remote research approach.
They found it convenient and safe to participate, given the distance and COVID-19 restric-
tions. They understood all the provided materials and had easy access to the research
activities, despite some minor technical/internet issues.

4. Discussion

According to the World Risk Index 2019 (https://reliefweb.int/sites/reliefweb.int/
files/resources/WorldRiskReport-2019_Online_english.pdf accessed on: 30 November
2021), Greece’s exposure to natural hazards is very high, compared to Nepal’s, which is
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low, however, its coping and adaptive capacities levels are higher than Nepal’s. This com-
parison provides a cogent example of why high-income countries are often more resilient to
natural hazards. It does not rest simply with the hazard frequency and severity, but also the
available resources and infrastructure invested for disaster resilience [1]. However, when it
comes to floods, high-income countries are not always well-prepared, particularly at the
local level. Recent record-breaking floods in Germany (https://www.theguardian.com/
world/2021/jul/19/german-villages-could-be-left-with-no-drinking-water-after-floods ac-
cessed on: 4 December 2021) and the United States (https://www.nytimes.com/2021/09/
03/nyregion/nyc-ida.html accessed on: 4 December 2021) show that early warning systems
were not adequate at the local level, including urban areas, and could not detect the precise
severity and location of the flash floods that occurred because they were designed to operate
for larger scales. Conversely, there is some evidence that simpler and “low-tech” flood early
warning systems that have strong community participation in low-income communities,
such as in the Hindu Kush Himalaya region (https://www.icimod.org/mountain/cbfews/
accessed on: 1 December 2021) are very effective and could find applications in more
“developed” areas [43]. Another factor that could support flood resilience is the use of
off-grid renewable energy systems. This energy type can run independently and is rarely
interrupted during weather extremes [8,9], hence, it should be highly considered in all
phases of flood risk management.

Aggitis and Dhuskun face a range of natural hazards and vulnerabilities, with water
disasters being a high priority. Hazard frequency (floods occur almost every year), previous
losses, and a lack of community preparedness were cited as major reasons why this hazard
type was seen as more threatening than others (e.g., earthquakes). For Dhuskun, landslides
were of equally high concern, also due to the loss of life and damage caused in past events.
In contrast, it is notable that the COVID-19 pandemic was not cited as a major threat or
priority management issue in either community. Participants at both sites saw this as a
shorter-term issue, national and global in nature, and importantly, it could be controlled
through vaccination, and compliance with stay-at-home orders, masks, etc. As such, it was
seen as qualitatively different from other natural hazards such as floods. Another possible
explanation is that COVID-19 impacts are more visible in urban areas with high population
density and not in smaller communities like Aggitis and Dhuskun [44].

Our initial needs assessment (Round One) found that all panel members preferred a
complete transition to renewable energy sources, particularly hydropower and solar power.
This would increase the communities’ energy autonomy, reduce current energy costs and
create job opportunities. While most Aggitis participants mentioned both hydropower and
solar systems, the majority of Dhuskun participants chose hydropower as their preferred
main energy source. This was possibly because Dhuskun was already receiving energy
from the local hydropower plant and people were more familiar with this technology,
unlike Aggitis residents who primarily received power from the main grid.

Notably, both communities lacked flood early warning mechanisms and there was
an expressed need to develop such a capability, particularly flood sirens and SMS alerts.
For Aggitis, combining these was seen as an ideal option because they would potentially
reach different groups; older adults who lived alone (siren) and younger people (SMS text).
Dhuskun participants preferred sirens as they were seen as more reliable (e.g., unaffected
by telecommunications issues during storms) and could have wide, localized coverage.
These findings are consistent with other literature showing that community-based early
warning systems in rural areas generally employ flood siren systems rather than SMS
services [16]. This is because rural areas often have poor network services, and sirens are a
more efficient and cost-effective means of warning.

Panel members also highlighted a lack of flood education and training (e.g., evacuation
drills). This is significant, as lack of procedural knowledge (what to do, when) can increase
stress and impair decision-making during emergencies, and may contribute to increased
fatalities [45]. Participants pointed out a related factor regarding the importance of continuous
power supply, particularly during floods and other emergencies. Participants in Aggitis
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raised particular concerns for older residents, some of whom had mobility issues, specific
health needs (e.g., supplemental oxygen) and lived on their own. Collectively, the findings
suggest a constellation of factors likely to result in poor flood emergency flood response in
both riparian communities: lack of localized early warning with rapid inundation, vulnerable
subgroups (older adults, tourists, non-residents), hazard-related power loss, and lack of
flood education and practiced procedures. The absence of flood warning capabilities for
both groups is a critical element of this risk profile as this response infrastructure often
provides the enabling platform that supports coordinated community preparedness. That
is, if sirens/SMS alerts become the “when” (to act), communities can then begin to tackle
the “how” in a more coordinated way (e.g., evacuation drills, rally points/signage/shelters,
neighbor checks/counts, etc.) [46]. However, as participants also stated, these response
systems are critically dependent on uninterrupted power. As such, while participants on both
sites endorsed a transition to renewable energy (favoring hydropower and solar power) for
daily energy and environmental reasons, power reliability in emergency situations was also a
“front of mind” concern usually based on their lived experiences.

Community members noted key capabilities and strengths that could support re-
newable energy and hazard preparedness projects. These drew on common “foundation”
attributes (e.g., sufficient sunlight, river flow), but also key differences across sites—e.g., the
Sunkoshi River (Dhuskun) depth remained above 1.1 m throughout the year, but in Aggitis,
it dropped below this depth in some locations, especially during summer. Under normal
conditions, most panel members reported that the existing energy supply and infrastructure
were sufficient for the local communities. In addition, all Aggitis participants said that
continuous energy supply was important for the older adults who lived alone and needed
medical support. While family unity and connection are strong in both Greek and Nepali
cultures, older Greek adults prefer living alone, so they don’t become a “burden” to other
family members [47]. In Nepali families, older adults usually live with their children [48].
This cultural difference in living arrangements likely accounts for the greater concerns
for older residents expressed by all the Aggitis panel members, including the need for
continuous power during extreme weather events.

For Dhuskun, power interruptions could affect local businesses, but when these
occurred during weather extremes, they had the potential to disrupt emergency operations
and potentially contribute to the loss of lives. For such reasons, both communities saw
a priority need for continuous, locally managed power, and this is perhaps why they
supported the development of new, off-grid renewable energy systems. Such systems could
work independently, either as main power sources or supplementary systems, and do so
when the main power system is disrupted or offline.

Another interesting finding was that both community panel members believed that
local residents would help those at risk, such as older adults, people with disabilities,
and others. This is consistent with Winterton and Warburton (2012) [49], who concluded
that small communities in rural areas are more “homogenous” and care for one another
compared to urban populations.

In Round Two, most panelists selected the hybrid system (Option 6) as the most
suitable community asset, due to its low environmental risk potential, use of nearby river
resources for power generation, flood siren function, and economic benefits. Option 5
was the second most preferred choice for similar reasons. In part, this reflected a largely
common view across the two sites on key issues, notably: preferred energy source, warn-
ing optimization, system protection in extreme conditions, and funding strategies). The
differences cross-site tended to reflect socio-cultural and environmental perspectives. For
example, some Aggitis participants expressed concerns that such an installation would be
seen as “ugly” and could affect tourism, while one participant stated that a well-developed
project could attract more people and highlight Aggitis’ focus on sustainability. Aesthetic
risks were not mentioned by Dhuskun panel members, possibly because Dhuskun is less
dependent on tourism and hydropower infrastructure is already situated on their river.
Other differences related to geomorphology. Dhuskun panel members emphasized land-
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slide risks in their area and were concerned that the intervention would not survive such
an event. Aggitis respondents pointed out that the system may not work if it is installed
in areas where the river depth can become shallow. These differences highlight that tech-
nical interventions are rarely a one-size-fits-all solution and must be tailored, through
consultations, to address specific local conditions and needs.

Lastly, our data collection approach, which was largely conducted via videoconference
interviews, was reported to be an acceptable method by all panel members. Participants
indicated that it did not restrict their access or reporting in any way and offered advantages
in terms of convenience and time savings. In fact, several indicated that they preferred it
to other approaches. As such, remote research could be considered in other humanitarian
engineering research where physical engagement is not feasible or where the travel and
logistics costs of a study may be prohibitive.

The following section focuses on the hybrid unit development (Option 6) as the most
preferred community asset and presents the next steps for prototype development.

4.1. Research Translation: Developing a Hybrid Prototype

The study findings indicated that there was a strong preference for the hybrid unit
that combines hydropower generation and flood early warning. In order to reach longer-
term sustainability and wide community acceptance, the development of such prototypes
should follow the best strategies used in similar community-based interventions. While
the literature presents very limited information on such hybrid systems, information about
stand-alone successful or failed renewable energy and early warning case studies could
inform this pilot program [15,16]. Table A1 (Appendix A) is informed by the appropriate
technology and systems evaluation tool, which frames a checklist of dimensions of system
sustainability [16]. This tool is considered in our study for the development of the hybrid
prototype, and it presents concerns and suggestions made by the panel members. For
all phases of the prototype development, we will follow the SIMILAR Process, which is
an appropriate method for industrial engineering and prototype production, and encom-
passes well with a comprehensive systems approach for hydropower generation and flood
resilience [15,50]. Lastly, to allow the continuous mapping of the energy and flood response
alternations in Aggitis and Dhuskun, the use of vulnerability and capability mapping is
suggested [13]. This tool considers internationally known/accepted metrics for both pre
and post-hazard conditions and allows cross-community comparisons.

4.2. Limitations and Future Work

While the principal researcher could conduct interviews with Greek participants di-
rectly, it is possible that intercultural awareness may have affected the interview process
with Nepali participants. To support intercultural sensitivity, these interviews were jointly
conducted with an on-site Nepali researcher, and the interview process was reviewed with
Nepali research colleagues to ensure awareness and insights regarding cultural perceptions
informed the dataset. The decision to primarily focus on themes related to energy reliability
and flood-related risks, limited review of other community hazards and concerns men-
tioned by some participants (e.g., earthquakes, low-birth rate) that may warrant program
support. Similarly, this study examined culturally and infrastructure distinct peri-urban
and rural communities, and, therefore, generalizing its findings to other rural, peri-urban,
or urban communities would require caution. Our ongoing research will engage a wider
range of such riparian communities to strengthen the reliability of its findings and confirm
key similarities and differences in flood-prone settlements. Using the information from this
initial exploratory study, analyses with more participants, including in-situ studies and
co-development of prototype models and other community assets, could be supported.

5. Conclusions

Riparian communities exposed to water disasters and energy insufficiency need hu-
manitarian engineering support and services. Renewable energy and flood warning sys-
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tems can provide much-needed assets for such communities, but their success is grounded
in sustained collaboration between local and professional stakeholders. In this paper, we
present a research design that allows effective engagement of a range of such stakeholders
and across a range of contexts. Our findings indicate that participants from Aggitis, Greece
and Dhuskun, Nepal preferred options with multiple services compared to well-established
but monofunctional systems, and that the combination of hydropower and siren offered
the most attractive option, endorsed by twice as many participants as the next preferred
combination (solar and SMS). Integrating these services into a single unit was seen to
offer efficiency gains while also supporting greater community input and control as a
co-developed asset. A prototype with such features will be piloted in the next stage of this
research and has the potential to promote sustainable development and flood resilience
within our partner communities.
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Appendix A

Table A1. Checklist for prototype development and sustainability.

Dimensions of System
Sustainability Panel Concerns/Suggestions Prototype Features/Services

(What Will Be Considered)

In
st

it
ut

io
na

l

Autonomy (Community
Self-Sufficiency)

Reliable flood early warning, 24/7
power generation

Real-time flood warning, daily and emergency
energy

Co-Creation (Local and
Professional Stakeholders)

Interest in system’s development,
operation, and maintenance Multiple stakeholder participation in the program

Community Input
(Engagement)

Interest in system’s development,
operation, and maintenance Multiple stakeholder participation in the program

Community Controlled
(Managed, Owned)

Community controlled or co-managed
with other stakeholders

Aiming for the unit to be community
managed/owned or co-managed/co-owned

Legal and Regulatory Public, or private, or joint project To be considered at a later stage with local
communities and governments

Support (Technical,
Administrative, Financing)

Need for multiple stakeholder
engagement and synergy Multiple stakeholder participation in the program
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Table A1. Cont.

Dimensions of System
Sustainability Panel Concerns/Suggestions Prototype Features/Services

(What Will Be Considered)

En
vi

ro
nm

en
ta

l

Habitat Neutral Not to affect the local ecosystem Aiming for low/no environmental risks

Low Emergy Not to affect the local ecosystem Aiming for low/no environmental risks

Low Emissions Need for zero emissions Unit is a renewable energy system (no emissions)

Renewable Energy Need for renewable energy transition Unit supports hydropower generation

Renewable Resources
Availability

Local site resources can support
system’s operations Riparian site conditions will be considered

Scaled for Conditions
(Resources, Weather, Land)

Must fit in local site characteristics (e.g.,
river water depth) Unit will be modified so to be site appropriate

Waste Utilization and
Reduction

Local site resources can support
system’s development

Parts of the unit could be made by local waste
materials (e.g., plastic)

So
ci

al
/E

th
ic

al

Acceptability Aggitis and Dhuskun possibly willing
to participate in this program

Inform both communities of research study and
seek acceptance

Aesthetics Not to affect tourism—it should
increase visitors’ traffic

System’s design will be co-decided with
professional and local stakeholders

Ease of Use Older adults and people with
disabilities should be considered Aiming for the unit to be user-friendly

Gender Appropriate (e.g.,
women in staff/management)

Engagement of different community
groups, including women Priority in all project phases

Indigenous Techniques Local knowledge to be considered Priority in all project phases

Knowledge, Skills, Feedback Local knowledge to be considered Priority in all project phases

Social Entrepreneurialism Need for youth employment,
environmental sustainability

Unit will be designed based on socio-cultural and
environmental justice criteria

Socio-Cultural, incl. health,
education, harmony, etc.

Need for community resilience,
development, and well-being

Aiming to support community capabilities under
this project

Ec
on

om
ic

Affordability Lack of local funds and human
resources

Seek support from multiple stakeholders,
sponsors, local/national/international funds

Income Generating Need for new (and youth) employment
opportunities

Aiming to support community capabilities under
this project

Job Creating Need for new (and youth) employment
opportunities

Aiming to support community capabilities under
this project

Money Saving Low installation and maintenance costs Priority in all project phases

Labor Intensive Lack of human resources/aging
population

System will be autonomous/semi-autonomous
(low labor-intensive)

Resource Efficiency Community has capacity/resources to
support this initiative Priority in all project phases

Selling Appropriate Community could become a role model
to other communities Aiming to promote Aggitis and Dhuskun

Te
ch

ni
ca

l

Adaptability Adjust to different conditions (e.g.,
seasonal)

Unit will be adaptable based on different site
conditions

Constructability and
Replicability

Unit to be easily constructible and
replicable

Aiming to make the unit DIY (do-it-yourself) and
EDO (easy-to-deploy-and-operate)

Compatibility - Will be considered during the development phase

Durability (e.g., against time
or extremes)

Unit not to be damaged/washed away
by floods and landslides Will be considered during the development phase
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Table A1. Cont.

Dimensions of System
Sustainability Panel Concerns/Suggestions Prototype Features/Services

(What Will Be Considered)

Te
ch

ni
ca

l

Effectiveness Energy generation to be continuous
(24/7) even when unit is not working Power storage units (batteries) could be included

Energy Efficiency Need for prioritizing high needs
systems/services (e.g., sirens) Available energy will support priority needs

Low Power - Unit will be self-powered (incl.
early-warning parts)

Maintainability Unit to be easily maintained Maintenance will occur with the support of local
volunteers (under training)

Modification vs Invention - Unit will be able to be modified to address
different community needs and site characteristics

Multi-Purpose Need for combined services (energy
and flood warning)

Unit will provide energy generation and flood
warning (hybrid system)

Open Source Manual and
Design

Need for more communities to benefit
from this initiative

Aiming for open-source system (subject to
stakeholders’ decision)

Parts and Hardware Community has capacity/resources to
support this initiative Parts to be locally/nationally sourced

Raw Materials Availability Community has capacity/resources to
support this initiative Parts to be locally/nationally sourced

Reliability Early warning and energy under
extremes to be reliable Aiming for unit to operate 24/7

Reparability Unit to easily repaired Reparability will occur with the support of local
volunteers (under training)

Reusability Unit to be used multiply Aiming for the unit to be reusable

Scalability Unit to generate sufficient power (e.g.,
>5000 W) Use of multiple units could be considered

Simplicity Unit to be easily ‘understood’ by local
stakeholders

Use of appropriate technology techniques and
training

System Independence Unit to be autonomous Independent unit or supplementary to existing
infrastructure
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