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ABSTRACT
Globally, earthquake fatalities and destruction are escalating. In low to moderate earthquake zones, there is a lack of tools for determining earthquake preparedness levels to enhance risk reduction measures. This study developed a framework for assessing household earthquake preparedness in Bukoba Municipality, which lies in a low-to-moderate earthquake-prone zone. The study used a sequential exploratory mixed-methods research design to develop a contextual framework, consisting of parameters, indicators, and sub-indicators, for assessing earthquake preparedness levels in Bukoba. Two phases of data collection were employed. In the first phase, which aimed to develop an initial framework, data were gathered through documentary reviews, interviews, and focus group discussions. In the second phase, which intended to validate and weight the framework’s parameters, indicators and sub-indicators, data were collected via a questionnaire survey. Classical content analysis was employed to establish initial preparedness parameters, indicators, and sub-indicators, whereas descriptive statistics were used to validate and weight the parameters, indicators, and sub-indicators. The study developed five contextual parameters, 16 indicators, and 45 sub-indicators to evaluate household earthquake preparedness in Bukoba Municipality. Among the preparedness parameters, the residential building parameter had the highest weight, indicating it was the most significant to consider in preparing, whereas the personal support network had the lowest weight, making it the least important of the five. The study recommends that the municipality use the developed framework to assess and identify underperforming parameters, indicators, and sub-indicators. The framework as a mirror is useful to disaster management stakeholders in Bukoba for reflecting their disaster management activities, particularly by identifying underperforming parameters so that appropriate measures can be taken to reduce earthquake risks.
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1. INTRODUCTION
Earthquakes are among the most destructive natural disasters, causing immediate and substantial damage to lives and property (Jimee et al., 2012). Disasters are a major problem worldwide and a serious threat to sustainable development. Their impacts are diverse: as well as loss of life, injury and disease and the destruction of property and other assets. Additionally, disasters can also cause social and economic disruption, loss of infrastructure and other services and damage to the environment (Twigg, 2015). Worldwide, the number of fatalities and economic losses from earthquakes is increasing (Bilham, 2004; Organization for Economic Cooperation and Development-OECD, 2006). The UNDRR (2019) reports that earthquakes result in an annual global loss of approximately $100 billion, along with 10,000 deaths, injuries, and displacements. Studies (UNDRR, 2019; Freddi et al., 2021) indicate that between 2000 and 2019, over 58% of deaths resulting from natural disasters were caused by earthquakes and related events, including tsunamis, fires, landslides, liquefaction, floods, and surface ruptures. In Tanzania, earthquakes frequently occur along the East African Rift Systems, resulting in fatalities, injuries, and property damage (Alaneme & Okotete, 2018; Majamba, 2022). The global impact of earthquakes is primarily driven by population growth and urbanization, resulting in the encroachment of earthquake-prone areas (Mara & Vlad, 2012; UNDP, 2016; Alam, 2018). In regions like the East African Rift Systems, population growth rates average  2.2% to 2.6% per annum, compared to the global rate of 1.10% (UN, 2017). Furthermore, the World Bank (2024) noted that population growth rates, particularly in Africa and Tanzania, are higher at 2.37% and 2.88% respectively, compared to the global rate of 0.84%. 
To counteract the situation, countries are adopting both mitigation and survival strategies to lessen earthquake impacts. The mitigation efforts are generally divided into two categories: structural and non-structural (Saputri & Aminatun, 2021). Structural mitigation involves construction, engineering, or other mechanical modifications to decrease earthquake risks (Titko & Ristvej, 2020). It typically includes damage. Conversely, non-structural mitigation or planning, as described by Kang et al. (2009), consists of activities or measures that lower risks by changing human behaviour or natural processes without the need for engineered solutions. These measures include establishing policies, plans, instructions, communication strategies, and practices that raise earthquake awareness or promote development to lessen disaster impacts (Saputri & Aminatun, 2021). Examples include creating building codes, zoning, conducting vulnerability assessments, management of land use, and providing public education (Kang et al., 2009). According to Titko and Ristvej (2020), survival measures involve stockpiling supplies, material and information resources; maintaining financial reserves; ensuring food, water, and evacuation capabilities. These mitigation and survival strategies help reduce vulnerability, enable prompt, efficient, and effective response, and shorten recovery time (Pradhan, 2016; Simpson, 2008; UNDP, 2016). Consequently, they safeguard lives and vital economic assets, while reducing relief costs (Bendimerad, 2004; Malla et al., 2015; Ronan & Johnston, 2005; UNISDR, 2013). 
 Although most developed countries are more prone to earthquakes due to their location, they are relatively better prepared and more resilient than their developing counterpart. This resilience stems from their economic advantages and from well-established, enforced mitigation and survival measures. They have relevant policies, plans, instructions, communication methods, and practices that raise awareness of earthquakes and encourage developments to reduce the impacts of disasters (Greer, 2012; OECD, 2006; Suzuki & Kaneko, 2013). This is a case of countries like Japan and the US, where earthquake building codes are well developed and enforced, systems are in place, and public awareness, attitude, and perception are higher. In contrast, developing countries face challenges such as rapid population growth, reluctance, and economic hardship, resulting in less attention to mitigation and survival measures. He et al. (2021) reported that nearly 75% of the 307,918 earthquake-related deaths in 2015 occurred in these nations. These are happening despite several international initiatives guiding disaster management, such as the Hyogo and Sendai frameworks and their guides. The frameworks pinpoint priority areas and identify key aspects for the community to cope with and become more resilient in the face of disasters. To comply with these frameworks, technical guides with indicators for monitoring and reporting progress toward global disaster risk reduction targets were identified (UNISDR, 2008; UNDRR, 2017). The indicators are helpful in assessing progress in disaster management. 
Disaster Management, as a general term, covers the range of activities designed to maintain control over disaster/emergency situations and to provide a framework for helping people to avoid, reduce the effect of, or recover from the impact of a disaster. These activities may be related to preparedness, mitigation, emergency response, relief and recovery (reconstruction and rehabilitation) and may be conducted before, during or after a disaster (Renu, 2024; Esther et al., 2021). Consequently, most countries have aligned their disaster management with the Hyogo and Sendai frameworks. Countries like the US, and New Zealand have also developed context-specific frameworks and guides for determining disaster preparedness levels (Simpson, 2008; Patrisina et al., 2018; WHO, 2016; IFRCS, 2000; Tyubee, 2021). Alongside, some countries, such as New Zealand, the US,  Iran, and India, have developed hazard-specific frameworks to determine household or individual earthquake preparedness (Ardalan & Sohrabizadeh, 2016; Kolathayar et al., 2018; Russell, 1995; Spittal et al., 2006). These frameworks consider issues such as actions during earthquakes, nonstructural safety, structural safety, hazard maps, communications, drills, safety skills, emergency needs, personal safety, outdoor safety, and indoor safety. 
In line with international community initiatives, Tanzania has been restructuring its legal and institutional framework by establishing several institutions, policies, and guidelines such as the 2004 Disaster Management Policy, the 2003 National Operational Guidelines for Disaster Management, the 2012 Tanzania Emergency Preparedness and Response Plan, the 2015 Disaster Management Act, the 2017 Disaster Management Regulations, and the 2022 Disaster Management Act Supplement (United Republic of Tanzania-URT, 2003, 2012b, 2015b, 2017; URT, 2022). The legal framework assigns the PMO office as the coordinator of all disaster management activities nationwide, alongside regional, district, ward, and village/mtaa level disaster management committees. These legal instruments also specify disaster management stakeholders at all levels, including the police, the Red Cross, fire and rescue services, NGOs, CBOs, FBOs, and community members, along with their responsibilities (URT, 2012b; Majamba, 2022). Furthermore, disaster risk reduction has been integrated into educational curricula and training programmes, alongside disaster mapping and assessment, the allocation of 1% of the annual national budget for disaster management, and the establishment of disaster relief warehouses (URT, 2015; Haulle, 2012; Waryoba & Mung, 2023; URT, 2014; UNDRR, 2020). Additionally, research on disaster preparedness within the country has been documented (Koka et al., 2018; Haulle, 2012; Kamanyi, 2020; Kihila, 2017; Bushesha & Ndibalema, 2017; Mushi, 2016; Amuli, 2019). Instruments such as the national post-disaster needs assessment reporting templates and the Disaster Risk Management Index (DRMI) have been developed to evaluate disaster preparedness levels (URT, 2014; Earthquake Megacities Initiatives-EMI, 2019)
In urban areas like Bukoba Municipality, which experienced Tanzania's deadliest earthquake in 2016, killing 17 people and causing remarkable property damage despite its moderate magnitude, earthquake preparedness remains insufficiently addressed due to a lack of studies, particularly a framework for evaluating readiness. Since the 2016 earthquake, stakeholders have implemented various management measures. However, the effectiveness of these measures and Bukoba Municipality’s readiness for similar events remain unclear because there is no assessment tool. A simple, user-friendly, hazard-specific, and contextually appropriate earthquake preparedness framework is crucial for evaluating readiness in Bukoba. Municipality. Such a tool will help households and stakeholders undertake informed actions to reduce earthquake vulnerability and risks. This study aims to fill this gap by creating a customized framework for assessing earthquake preparedness in Bukoba Municipality.
2. MATERIALS AND METHODS
2.1 Description of the Study Area
This study was conducted focusing on Bukoba Municipality, along the East African Rift Systems (EARS). The municipality is located between latitudes 1°6’0” to 1°8’42” South of the equator and longitudes 31°16’12” to 31°18’54” East of Greenwich, at an altitude of between 1,140 meters and 1,600 meters above mean sea level. Lake Victoria is to the East of the municipality, and the Bukoba District Council is to the South, West, and North. A large part of Bukoba Municipality lies within the lake basin and is crossed by several rivers, including Nyanshenye, Kanoni, Kagemu and their tributaries (URT, 2020). The Municipality location, coupled with an annual population growth rate of 4.7% and a high population density of 1,552 people per sq. km (URT, 2012a) poses occasional earthquakes and increased impacts. 
2.2 Study Design
This study employed a sequential, exploratory, mixed-methods design. Data were collected in two phases: the first phase was primarily qualitative and intended to develop an initial framework, with data gathered through documentary reviews, interviews, and focus group discussions. In the second phase, a questionnaire survey was conducted to validate the framework.  
2.3 Sampling and Data Collection Methods
Purposive sampling was used to select key informants, focus group participants, and disaster management experts, as they are knowledgeable and experienced due to their active involvement in disaster or earthquake risk reduction. For key informants, disaster management institutions were first identified from the national to the local levels, after which each institution nominated the relevant individuals. On the other hand, disaster management experts were selected from relevant institutions and departments using the linear snowballing[footnoteRef:1] technique. The selection of ward focus group participants considered factors such as homogeneity, heterogeneity, individual availability, and willingness to participate in discussions. Table 1 presents a summary of the number of selected Individuals. [1: Snowball sampling is a well‐known, nonprobability method of survey sample selection commonly used to locate hidden populations. This method relies on referrals from initially sampled respondents to other people believed to have the characteristic of interest (Johnson, 2005). ] 

Table 1: Individuals Involved in the Study
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	Location/Office
	Key Informants
	Focus Group Discussion (FGD) Participants
	Respondents
	Total

	Kashai Ward
	1
	6
	-
	7

	Hamugembe Ward
	1
	6
	-
	7

	Bukoba Municipality
	4
	-
	-
	4

	Kagera Regional office
	3
	-
	-
	3

	Tanzania Disaster Management Department (DMD)
	5
	2
	7
	14

	Geological Survey of Tanzania (GST)
	5
	2
	7
	14

	Ardhi University (ARU)
	-
	2
	2
	4

	University of Dodoma (UDOM)
	-
	2
	2
	4

	Total
	19
	20
	18
	57


Source: Author’s construct
In the first phase of data collection, the study employed documentary reviews, interviews, and focus group discussions to establish initial household earthquake preparedness parameters, indicators, and sub-indicators within a framework. Documentary reviews involved examining books, journal articles, conference proceedings, government documents, policies, laws, regulations, guidelines, and reports. One-on-one semi-structured interviews were conducted with resourceful staff from GST and DMD, and disaster focal persons from the Kagera Region and Bukoba Municipality, the Kagera Regional Red Cross coordinator, the Kagera Regional Fire and Rescue Officer, the Municipal Town Planner, the Municipal Police Commander, and the Municipal Engineer using prepared interview guides, which comprised open-ended questions to allow in-depth data collection. The questions were delivered to the key informants two to five days in advance to give them time for familiarization
Moreover, Focus group discussions were held with community representatives from Kashai and Hamugembe and with disaster management experts from the DMD, GST, ARU and UDOM with the aim of establishing initial preparedness parameters, indicators, and sub-indicators. A total of three focus group discussions were conducted; the first was conducted in Kashai, the second in Hamugembe and the third in Dodoma with experts from DMD, GST, ARU, and UDOM.
In phase two, data for validating the parameters, indicators and sub-indicators were gathered using a questionnaire survey from the same experts and key informants who participated in discussions and interviews in phase one. They rated the initial parameters, indicators and sub-indicators on a scale of 1 (not related) to 4 (completely related). Another set of a questionnaire with validated parameters, indicators and sub-indicators was administered to the experts and key informants for the allocation of weights. Each expert and key informant independently assigned weights to the preparedness parameters, indicators, and sub-indicators based on their relative importance (Lin, 2016; Fithri et al., 2018). The adapted weighting method is a ten-point spread method (Morpus, 2021), as shown in Table 2. A parameter was assigned a weight of 10 points if it is essential and most important and relates to core responsibilities, and a one if it is rarely or least important or associated with the household functions.
Table 2: Method for Weighting Parameters
	Weight/points
	Description

	10
	Highly critical

	9
	Critical

	8
	Somehow critical

	7
	Highly important

	6
	Important

	5
	Somehow important

	4
	Highly desirable

	3
	Desirable

	2
	Somehow desirable

	1
	Nice to have


Source: Adapted from Morpus (2021)
This method provides a broad enough range to capture different levels of importance while keeping the number of options manageable, ensuring easy use for respondents. Using the technique, experts weighted parameters out of 10 points according to the parameter’s importance. Ultimately, the weight of a particular parameter was proportionally divided among its indicators, and the weight of a preparedness indicator was further distributed among its sub-indicators according to their relative importance. 
2.4 Data Analysis
Classical content analysis facilitated the identification of categories of themes in particular parameters, indicators, and sub-indicators relevant to assessing household earthquake preparedness. The assessment focused on data collected from literature, key informants, FGDs, and the researchers’ expertise. The data were reviewed and explored through repeated reading to extract meaning and content. Data coding or categorization was done deductively and inductively. Deductive coding developed codes from theoretical concepts and themes drawn from the existing literature, and inductive coding was informed by field data, particularly insights from interviews with key informants and FGDs with ward participants. Both deductive and inductive coding processes considered the commonality of themes and sub-themes to reflect parameters, indicators, and sub-indicators of earthquake preparedness. Sub-indicators that belonged to the same preparedness indicators and indicators that belonged to the same parameter were listed to develop initial tailored preparedness parameters, indicators, and sub-indicators. Essentially, content analysis was used to identify the key emerging themes. Descriptive analysis, particularly the computation of mean scores for parameters, indicators, and sub-indicators, helped to establish the contextual parameters, indicators, and sub-indicators. A parameter, indicator, or sub-indicator that received an average score of 3 or 4 was deemed valid and included in the framework. Additionally, the weights assigned by each expert to the parameters, indicators and sub-indicators were averaged to obtain the final weight for each. Descriptive analysis of the coded questionnaires was done using MS Excel and IBM SPSS version 20.0. 
3. RESULTS AND DISCUSSIONS
3.1 The Framework
3.1.1 Household Earthquake Preparedness Parameters and Weights
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Awareness of earthquakes among household members emerged as one of the five key household preparedness parameters. The relevant indicators identified were attitude towards earthquakes and earthquake knowledge. A summary of the awareness parameter, indicators, sub-indicators and their weights is shown in Table 3. 
Table 3: Household Awareness Parameter
	Parameter
	WP
	Indicators
	WI
	Sub-indicators/Mean of Verification
	WSI

	Household awareness
	8
	Attitude 
	1.6
	Perception of earthquake risk
	1.6

	
	
	Knowledge 
	6.4
	Earthquakes cause
	0.6

	
	
	
	
	Positioning heavy objects
	0.7

	
	
	
	
	Switching off electricity
	0.4

	
	
	
	
	Drop-cover-hold
	0.7

	
	
	
	
	Refrain the use of elevators
	0.3

	
	
	
	
	Avoid windows and doors
	0.4

	
	
	
	
	Avoid tall trees
	0.4

	
	
	
	
	Avoid bridges
	0.3

	
	
	
	
	Avoid electrical poles
	0.7

	
	
	
	
	Avoid walls
	1.1

	
	
	
	
	Avoid running
	0.4

	
	
	
	
	Avoid shouting
	0.4


WP = Weight of Parameter, WI = Weight of Indicator, WSI = Weight of Sub-Indicator
Source: Field data
Participants noted that accurate knowledge and understanding of what causes earthquakes to occur can dispel misconceptions and shape attitudes towards them. For instance, people who perceive earthquakes as natural events or as punishment from God for wrongdoing may respond inappropriately to earthquake risk reduction measures. Such misguided actions might include avoiding sin, which is an incorrect method of risk mitigation. Moreover, a well-informed population is more likely to take appropriate actions, thereby lowering deaths and injuries, which is the primary aim of earthquake risk reduction. Benouar (2004) and Onuma et al. (2017) argued that community awareness can either lessen or worsen impacts, greatly affecting other preparedness activities, such as planning and resource distribution. 
The findings are consistent with those of Ardalan and Sohrabizadeh (2016), who, in assessing household preparedness, developed a parameter (question) to determine whether household members knew what to do indoors and outdoors during an earthquake. Similarly, Patrisina et al. (2018) included citizens’ knowledge among the three critical factors in assessing individual preparedness in a tsunami-prone area. 
Considering that most earthquake-related fatalities result from house collapses (Cosgrave, 2013; Shapira et al., 2018), it is crucial to be aware of walls and tall buildings during and after seismic events. Consequently, this indicator weighs high, emphasizing the necessity of prioritizing attention toward such structures. Moreover, the urban areas with their high building density pose a higher risk from buildings than other indicators. Thus, it is vital to prioritize and thoroughly assess awareness regarding the importance of avoiding walls in such areas. 
[bookmark: _Toc138147418]3.1.1.2 Earthquake Skills 
Earthquake-related skills were recognized as another critical parameter. These essential skills include rescue operations, fire prevention, fire suppression, first aid, and the drop-cover-hold technique. Table 4 presents the parameters, indicators, and sub-indicators associated with the skills parameter, along with their respective weights. 
Table 4: Household Skills Parameters
	Parameter
	WP
	Indicators
	WI
	Sub-indicators/Mean of Verification
	WSI

	Skills
	7
	Rescue
	1.7
	Ability to carry a person
	1.7

	
	
	First aid 
	2.1
	Ability to attend to wounds
	2.1

	
	
	Self-evacuation
	0.7
	Ability to leave the house 
	0.7

	
	
	Fire Prevention
	1.1
	On/off electricity
	1.1

	
	
	Fire suppression
	1.44
	Ability to extinguish fire
	1.4


Source: Field data
Individual earthquake skills are crucial for reducing earthquake risk, saving lives, and preventing further injuries during seismic events. Wisner (2016) and Majamba (2022) underscored the importance of these skills, noting that residents often initiate response activities before external assistance arrives, as evidenced by the 2003 Bourmerdes earthquake, where other external responders did not arrive until 6 hours after the quake. Similarly, Ardalan and Sohrabizadeh (2016) and Jimee et al. (2012) stressed the importance of considering earthquake skills, particularly in basic life support, search and rescue, first aid, and fire extinguishing. The relevance of the skills parameter in Bukoba Municipality is underscored by the 2016 Kagera earthquake, which struck on Sunday, and by the fact that most first-responding institutions were not in the office. It was individuals who first helped others.
First aid skills play a vital role in the aftermath of a disaster compared to other skills. They help bridge the gap of delayed medical help from medical professionals who may be barred by infrastructure damage, heavy demand, or communication breakdowns. First aid provides immediate care, reduces the severity of injuries, and helps prevent complications. 
[bookmark: _Toc138147419]3.1.1.3 Residential Buildings 
Another output parameter was residential buildings, with indicators including the site’s location and the characteristics of the structure’s walls, roof, windows, floor, and reinforcement status. Table 5 illustrates the residential building parameter, its indicators and sub-indicators, and their corresponding weights. 
Table 5: Residential Buildings Parameter
	Parameter
	WP
	Indicators
	WI
	Sub-indicators/Mean of Verification
	WSI

	Residential buildings
	9
	Location/site 
	1.2
	Suitability/Proneness
	1.2

	
	
	Wall 
	1.8
	Shape/design
	0.4

	
	
	
	
	Weight  of materials
	0.8

	
	
	
	
	Flexibility of materials
	0.6

	
	
	Roof
	1.5
	Weight of materials
	0.6

	
	
	
	
	Resistivity to fire
	0.3

	
	
	
	
	Design
	0.6

	
	
	Window
	0.9
	Transitivity of materials 
	0.3

	
	
	
	
	Suitability of design 
	0.6

	
	
	Floor
	0.6
	Uniformity  
	0.6

	
	
	Reinforcement status
	3
	Beams
	1.5

	
	
	
	
	Columns 
	1.5


Source: Field data
Underscoring the criticality of seismic performance of residential buildings, participants emphasized that if an earthquake hits at night when most people are asleep, it is primarily the seismic quality or performance of a structure that will determine the extent of impacts, such as deaths and casualties. These findings are similar to those of Spittal et al. (2006), who advocated for strengthening household structures, particularly chimneys and roofs, as part of earthquake preparedness. Spittal et al. highlighted the importance of residential buildings in earthquake preparation, noting that the primary goal of earthquake preparation is to prevent loss of life, with building collapse being a leading cause. This aligns with Cosgrave (2013), who noted that about 75% of earthquake-related fatalities occur directly from structural failure. Ardalan and Sohrabizadeh (2016) and Mulyasari et al. (2013) also focused on structural parameters, stressing the aspects of structural resilience, building location, materials, and design. By incorporating and examining more aspects of building, such as floor, windows and roofs, this study aims to broaden understanding of structural resilience to earthquakes and, ultimately, reduce overall risk. Certain elements, such as chimneys, are excluded from this study because they are irrelevant in the study area. Bukoba Municipality does not experience low temperatures, so there is no need for heating systems such as chimneys.
Regarding the significance of beams and columns in determining resilience and reducing seismic impacts on a house, one participant claimed: 
“Beams and columns are like a skeleton that holds flesh to form a body. Even if structural elements like walls, roofs, location, windows, and floors are poorly adhering to earthquakes, a house with beams and columns has a higher resistance to seismicity compared to those lacking such reinforcement”
The finding aligns with Cosgrave (2013) and Oluwafemi et al. (2018), who noted that reinforcing buildings may substantially reduce deaths and injuries, as a significant portion of such incidents is primarily linked to building damage. 
[bookmark: _Toc138147420]3.1.1.4 Material Resources
Participants found that for effective household earthquake risk reduction, urban households should have both emergency or survival items and communication and information items. Table 6 presents the specific fundamental emergency items considered necessary for households, along with their corresponding indicators, sub-indicators and associated weights. 
Table 6: Material Resources
	Parameter
	WP
	Indicators
	WI
	Sub-indicators/Mean of Verification
	WSI

	Material resources
	8
	ICD
	3.5
	Television set
	1.2

	
	
	
	
	Radio
	0.7

	
	
	
	
	Cellular phone
	1.6

	
	
	Emergency supplies
	4.5
	Food
	1

	
	
	
	
	Water
	1

	
	
	
	
	Whistle
	0.5

	
	
	
	
	Fire extinguisher
	0.5

	
	
	
	
	Helmet
	0.3

	
	
	
	
	Torch
	0.5

	
	
	
	
	First aid kits
	0.7


Source: Field data
In underscoring the importance of having household readiness materials, one disaster expert remarked.
“How can you claim people are prepared without considering pertinent materials they have to help them during an emergency? You know that our government is poor… no, not poor, but disaster management is not a priority for our government, and therefore, little is done regarding readiness materials. Rescue and evacuation teams are normally slow, and essential survival materials such as food and water are hardly delivered in time by the government. So far, the government cannot do everything for its citizens”
Studies by Spittal et al. (2006) and Nguyen et al. (2006) presented similar findings, which included items like food, water, a fire extinguisher, a torch, a first aid kit, essential medicines, and a battery-powered radio. Meanwhile, Dave (2004) listed radio and television as the crucial sources of information relied on by victims during emergencies for updates. It can be concluded that household wealth in disaster management materials is an important parameter as it significantly enhances a household’s ability to acquire, deliver, and access information before, during, and after a disaster. Also, the materials support essential activities such as search and rescue, protection and survival, minor household fires control, and provision of first aid services. Emergency supplies provide immediate support to households while they await organized support from response teams. Onuma et al. (2017) emphasize that these supplies instill a sense of security and confidence within families during emergencies. 
Cellular phones were considered the most effective communication and information devices due to their multi-functionality and portability, as they enable access to radio and television services. In Tanzania, cellular phones are also more affordable, available, and widely used than televisions and other means. 
Regarding food and water, these items are complementary, essential, and the most immediate requirements for household survival, yet they receive little attention from stakeholders. Experience from the 2016 event in Bukoba shows that relief food and water were not offered immediately after a quake because responders were occupied with search, rescue, evacuation, and medical care. The prioritization of household reservation of food and water is underscored by the  United Nations and URT (2016), who assert that during an emergency, markets may cease to function temporarily, and government and responders' assistance might be limited for days to months as they are preoccupied with other emergency functions (Becker et al., 2012).
[bookmark: _Toc138147421]3.1.1.5 Personal Support Network
Another critical household preparedness parameter identified in this study is the presence of a reliable communication network, particularly emergency service contacts that can help a household develop effective communication with disaster management stakeholders during emergencies. The indicators and sub-indicators associated with the material resource parameter along with their relative weights, are shown in Table 7.
[bookmark: _Toc118989414][bookmark: _Toc118989775][bookmark: _Toc118990079][bookmark: _Toc118996330][bookmark: _Toc118996661][bookmark: _Toc118999928][bookmark: _Toc119057770][bookmark: _Toc119058273][bookmark: _Toc119065630][bookmark: _Toc121222804][bookmark: _Toc123200607][bookmark: _Toc123205488][bookmark: _Toc123205754][bookmark: _Toc123206262][bookmark: _Toc124334115][bookmark: _Toc124334833][bookmark: _Toc124340893][bookmark: _Toc124341599][bookmark: _Toc125727793][bookmark: _Toc125730733][bookmark: _Toc126748855][bookmark: _Toc129171229][bookmark: _Toc131010725][bookmark: _Toc131074375][bookmark: _Toc133479920][bookmark: _Toc137632869][bookmark: _Toc137633644][bookmark: _Toc138147422]Table 7: Personal Support Network
	Parameter
	WP
	Indicators
	WI
	Sub-indicators/Mean of Verification
	WSI

	Personal support network
	6
	Emergency service contact
	6
	Sub-ward leader
	0.75

	
	
	
	
	Neighbour
	1.5

	
	
	
	
	Fire Department
	1.25

	
	
	
	
	Police
	1.25

	
	
	
	
	Tanzania Electricity Supply Company-TANESCO
	1.25
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Participants noted that having contacts fosters communication and information sharing, and provides assistance and mutual support between households and other stakeholders. For instance, household members can promptly report incidents, receive help, and receive instructions on dealing with emergencies. 
The inclusion of this parameter among preparedness parameters aligns with Spittal et al. (2006) and Kolathayar et al. (2019), who underscored the importance of having contacts with emergency service providers, such as police, medical personnel, and support groups among individual earthquake preparedness parameters. Moreover, the finding corresponds to Patrisina et al. (2018), who identified information and communication as one of the three critical factors for individual tsunami preparedness. This included the sources of information as a key indicator within the information and communication factors. The relatively low importance assigned to this household earthquake preparedness parameter compared to others stems from a personal support network acting as an indirect factor that primarily facilitates seeking external assistance, which is often delayed and less dependable. In contrast, the other parameters directly help to combat earthquakes. Regarding the neighbours’ critical role, participants argued that neighbours and community members serve as immediate first responders in emergencies, especially in search-and-rescue operations, given their proximity and emotional ties to family and neighbours, in line with Benouar (2004). For instance, when the 2016 Kagera earthquake struck Bukoba on Sunday evening, most responding institutions were closed for the weekend. This led community members to help each other by rescuing casualties and rushing them to nearby health facilities until the next day, when institutions resumed operations.
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[bookmark: _Toc133479855][bookmark: _Toc167779091][bookmark: _Toc167780955][bookmark: _Toc167789070][bookmark: _Toc167791159][bookmark: _Toc167792295][bookmark: _Toc167794021][bookmark: _Toc167797178]Another component of the framework focuses on the approach for assessing or assigning scores to determine the preparedness level. This study adapted a scoring approach in which scores are assigned to sub-indicators, which are considered units of analysis based on questionnaire responses. This aligns with UNOCHA (2008) and Tyubee (2021), who assert that disaster preparedness indicators or sub-indicators serve as checklists for measuring preparednessAllocation or awarding of relevant  levels, outputs, and processes. The adapted scoring method is a point spread from (Spittal et al., 2006, 2008), Perry & Lindell (2017), EMI (2019), and Morpus (2021), where sub-indicators are rated on a scale from 0 to 5. These scores are based on the number of respondents meeting specific qualifying traits. This method was chosen for its simplicity, compatibility with the Likert scale, which is relevant to analyzing qualitative data. In addition to being user-friendly, it offers a wide range of options. It enables a more detailed assessment of quantitative data from questionnaire surveys and qualitative data from interviews, compared to other methods, such as the narrow method, also known as a binary or checklist method.
3.1.3. Weighting of Scores 
Weighting of scores is done to facilitate the computation of preparedness levels. The method of weighting scores is adapted from Fithri et al. (2018) and Morpus (2021). The weighting process is conducted sequentially, following a step-by-step process. First, the sub-indicator scores are weighted, allowing the subsequent weighting of the indicator scores. These indicator scores are used to calculate the parameter scores, which are then aggregated to determine the overall household scores. The weighting of scores for sub-indicators, indicators, parameters, and households is sequential, using two consecutive approaches: weighting raw or actual scores and expected or potential scores, as shown in columns 2 and 3, respectively, of Table 8. 
3.1.4 Determining Preparedness Levels
The actual and expected scores are then used to determine the preparedness levels of the sub-indicators, indicators, parameters, and households by dividing each actual score by its corresponding expected score and multiplying by 100, as shown in the last column of Table 8. Understanding preparedness level enables households to be resilient, reduce risk, and maintain safety. The categorization of preparedness levels in this study is adapted from Kazemzadeh et al. (2019) and Omidi et al. (2019), whereby, a score of 0-20% indicates very poor preparedness, 21-40% poor preparedness, 41-60% indicates moderate or somewhat prepared, 61-80% well prepared, and 81-100% indicates very well prepared. This method was adopted because it is simple and clear, and it translates raw scores into 0-100%, which can be easily interpreted without statistical expertise. Additionally, it is useful for comparison, flexible, and operationally practical since the intervals are self-explanatory. For instance, a score of 0-20% signifies very poor preparedness, indicating that more efforts are needed. 
Table 8: Procedures for Weighting Scores and Determining Preparedness Levels
	Aspect (i)
	Scores (j)

	
	Actual weighted score (AWS)
	Expected weighted score (EWS)
	Preparedness Level 

	Sub-indicator (S)
	XYij
	MSXij
	

	Indicator (I) 
	
	
	

	Parameter (P) 
	
	
	

	Households 
	
	
	


X = weight of a sub-indicator, Y = score of a sub-indicator, MS = Maximum score of a sub-indicator (5 points), 
AWSI = Actual weighted score of an indicator ( 
EWSI = Expected weighted score of an indicator ( 
AWSP = Actual weighted score of a parameter (
EWSP = Expected weighted score of a parameter ( 
Source: Authors’ Construction
[bookmark: _GoBack]4. CONCLUSIONS AND RECOMMENDATIONS
Five household earthquake preparedness parameters, sixteen indicators, and forty-five sub-indicators are key for assessing household earthquake readiness in low-to-moderate intensity earthquakes. Among the parameters, the seismic performance of buildings is the most critical, warranting greater attention and preparation. Conversely, the personal support network received the least emphasis among the parameters. This study established procedures for determining preparedness levels of sub-indicators, indicators, parameters, and ultimately households. 
The study recommends that the Bukoba Municipality should invest significantly in the five parameters, sixteen indicators, and forty-five sub-indicators. Specifically, community members should prioritize improving seismic-resilient buildings and earthquake response skills by constructing resilient structures and participating in drills. Additionally, the central government should develop and enforce building codes, especially earthquake-resistant codes, and the Bukoba Municipality should implement these codes. Lastly, Bukoba Municipality and other urban areas along the EARS experiencing similar social, economic, and environmental conditions should regularly utilize the framework to evaluate their earthquake preparedness levels.
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