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Abstract: The United Nations Office for Disaster Risk Reduction (UNDRR) resolutely endorses the
development of people-centred early warning systems. Moreover, several scientific studies have
deprecated the vast technology-driven technocratic approaches to implementing these systems,
contending the prioritisation of communities and their contextualised needs for systems that en-
sure effective risk protection and resilience building. However, both the UNDRR and the scientific
literature have failed to define appropriate means of implementation (MoI) for community-based
early warning system (CBEWS) development. Floods are a major hazard annually impacting several
communities in rural sub-Saharan Africa, and though several opportunities for participatory systems
have been identified, investment in developing countries is often lagging, and no defined mechanism
for developing these systems exists. Adopting a modified Integrated Emergency Management Frame-
work, this study demonstrates that an impact-based CBEWS can be established by leveraging existing
resources, institutions and stakeholders, essentially merging last-mile and first-mile approaches. The
study further reveals that directly linking technical capacities with community-based efforts allows
communities to define system development parameters, strengthen risk knowledge and response,
and build resilience for improved physical, economic and environmental protection, essentially
bridging the gap between first and last-mile approaches. The study also highlights the need for
governments to appropriately streamline DRR to improve coordination and communication.

Keywords: flood risk; resilience; community-based early warning system; socioeconomic and
environmental capacity; preparedness; emergency management

1. Introduction

For over 52 years, the international community has conferred on how collaborative,
coordinated global action can reduce the socioeconomic disruption, property damage
and loss of lives caused by flood disasters [1]. Following rigorous global efforts towards
DRR during the International Decade for Natural Disaster Reduction (IDNDR), a global
consensus was reached on implementing early warning systems (EWS) to minimise the loss
of lives, environmental damage and economic loss [2]. Research on these systems has been
extensive, with several regional and national systems already in place [3–5]. However, what
has not resulted is collaborative, coordinated early action [6], which often results in system
failure [7–13]. According to [6], although this is a shared global vision, the international
community has failed to address the main challenge towards generating a sustainable effort
to make effective EWSs an international achievement. The author stresses that emergency
managers (not technologists or scientists) should assume the primary role in leading any
EWS establishment efforts. This is because EWSs are an integrated extension of existing
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emergency management (EM) capabilities—a fact often overlooked by the international
community [6].

This study builds on the idea of [14] by defining integrated emergency management
(IEM) as a framework that allows the integrated, coordinated collaboration of several
multi-level governmental and non-governmental agencies to collectively prepare, mitigate,
respond to and recover from hazards and disaster emergencies. IEM comprises an array of
procedures that amalgamate the daily activities of voluntary, governmental and private
institutions into a comprehensive and structured system that addresses the entire spectrum
of hazard emergencies [6,15]. By using existing tools such as legislation, law enforcement,
weather forecasting, scientific modelling, transport, infrastructure and broadcasting ser-
vices, emergency managers provide communities with coordinated specialised services
daily [6]. IEM is centred around emergencies or disaster occurrence and is typically defined
by four pre-(mitigation and preparedness) and post-(response and recovery)-disaster stages.
Though often regarded as distinct from EWSs, the two concepts are very similar as the
same four disaster stages define both and are essential to every community’s DRR agenda.
Additionally, like early warning systems, IEM deals with both short- and long-term haz-
ard risk reduction issues, coordinating emergency decision making and response, and
requires both strategic (policy, planning, design and implementation) and tactical (control,
communication and command) skills [14,16,17].

From the strategic lens, EWSs can be viewed as the administrative integration of scien-
tific or indigenous knowledge into independently operated scientific systems [6]. Based
on the hazard, IEM practitioners and all relevant stakeholders evaluate the practicality of
the EWS integration and all related processes and work with service providers to refine
and extend the systems integration for enhanced efficacy and improved capacity [17]. Like
IEM, EWSs irrefutably contribute to mitigation, preparedness, response and recovery [18].
Moreover, IEM correlates to EWSs through its four interconnected components [6,16,19].

The first of these, risk knowledge, requires wide-spectrum hazard, physical, socioe-
conomic and environmental vulnerability assessments, a knowledge of the exposure to
specific hazards, the assessment of long- and short-term risk and vulnerability trends
and the methodical assemblage and analysis of data [20], and is essential for emergency
planning, decision making and response [21]. For the second EWS component, monitoring
and warning, the UNISDR emphasises using science and technology in its checklist while
failing to acknowledge community participation as the system’s core [19,22]. However, like
EWS, IEMF is built on prioritising civil protection. Thirdly, warning communication and
dissemination in EWS dictates that warning messages are concise, useful, reach vulnera-
ble communities timeously, and enable appropriate action from recipients [23]. Relative
to IEM, communication is essential for information exchange, educational contact and
support-building exchanges during pre- and post-disaster stages [20]. Finally, to ensure
EWS efficacy, response capability requires prioritisation [24,25]. Meanwhile, IEM provides
for capability assessments and enhancements at all levels of government [14,22].

According to [6], the United Nations’ goal for effective EWS implementation will only
be met if the international community recognises that IEM must guide EWS development
and regulate operations as an amalgamation of the extensive structure of emergency
management systems. An effective EWS employs the most efficient available resources,
i.e., knowledge, science, information, technology, etc., enclosed in a multi-hazard EM
approach. In executing this integration, IEM agencies should concurrently and fully
integrate science and technology without allowing them to pilot emergency management.
This study expands on this idea by employing the IEM framework (IEMF) as a blueprint
for designing a conceptual framework for community-based flood early warning systems
in Kabbe, Namibia.

The IEMF provides for the complete spectrum of anthropogenic and natural disas-
ters, emphasising an integrated approach by underwriting common operative functions
(direction, emergency support, evacuation, provision for essential resources, etc.) while
simultaneously recognising factors unique to specific emergencies [14]. Although emer-
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gency response is the focal point during a hazard or disaster, the IEMF recognises that
preparedness for increased response capability and the mitigation for risk reduction and
recovery efforts are equally important in an effective system [14,26]. If well implemented,
the IEMF enhances a community’s ability to deal with impending and future risks and
enables officials to fulfil their civil and environmental protection duties.

Most EWSs in developing countries operate as small, under-prioritised, and some-
times single individual departments under select line ministries [27] liaising with external
institutions (e.g., weather, climate, emergency and hydrological services) in an often disin-
tegrated, poorly coordinated and ad hoc basis. Furthermore, though several institutions
such as emergency respondents, NGOs, community organisations, and the private sector
often carry out EWS activities and services [27–29], most of these entities are not formally
integrated EWS stakeholders. However, considering the inadequate DRR funding in de-
veloping countries, there is very little evidence to suggest that respective governments
have considered consolidating these existing networks, essentially merging top-down and
bottom-up approaches to strengthen EWS [28,30,31].

This study demonstrates that it is possible to establish a community-based flood early
warning system (CBFEWS) by identifying opportunities for relevant stakeholder integration
and collaboration and consolidating, leveraging and enhancing existing tools and resources
(i.e., institutions, services, funds, etc.) and community capacities. Using the IEMF (Figure 1),
this study combines operational, institutional and situational analysis results to develop a
community-based EWS for flood-prone communities in Kabbe, Namibia. The framework
proposes merging and tailoring technocratic and people-centred approaches to fit end-user
needs. The framework presents an easy-to-employ structural outline for a collaborative
effort between civil protection operators and vulnerable communities against flood hazards
for physical, economic and environmental protection.
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2. Materials and Methods
2.1. Study Area and Flood Impact

Located in northeastern Namibia, the Kabbe constituency forms part of one of
14 regions—the Zambezi region, connecting the country to the Zambezi river basin. Housed
on a floodplain, Kabbe is bordered by perennial rivers to the east (Zambezi River), south
(Chobe River), and west (Okavango River) (Figure 2), making it the most flood-impacted
constituency in the country. For several decades, recurrent torrential and river floods have
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affected the area, resulting in two states of emergency declarations in 2009 and 2011 [32,33].
Approximately USD 156.4 million were sustained in economic and infrastructural damage,
and 90% of the population in the area was affected [34], whereas at least 80% are currently
affected by annual floods in the area [35,36]. As such, flood risk reduction has been priori-
tised in the area. According to the last population census, Kabbe has a population size of
14,518 [37,38], with 89% living in rural conditions, 52% reliant on agricultural activity for
income, and 89% lacking access to piped water or sanitation services [38,39].
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2.2. Data Collection and Analysis for Framework Design

A qualitative case study approach was adopted to design the conceptual CBFEWS
framework, with data collection taking place from June to August 2022. Built on an
extensive literature review, the research team conducted semi-structured Key Informant
Interviews (KIIs) with nine multi-level DRR government officials, NGOs and community
leaders and eight Focus Group Discussions (FGDs) with fifty-nine purposively selected
residents from the most flood-impacted communities in Kabbe. The methods employed
(Figure 3) granted the researchers access to in-depth information on good practices and
gaps in the operations of the national flood early warning system, the efficacy, diversity and
extent of institutional DRR collaboration and coordination and the availability and possible
means for integration of community-driven efforts and capabilities. The combination of
methods increased the reliability and validity of the collected data [38].

The study’s methodology is based on principles governing the IEMF [41], which
provide a structured view for hazard risk reduction by proposing strong interconnections
between the operational/technical, institutional, and social elements across all governmen-
tal levels (Figure 1). As summarised in (Figure 3) The gap assessment (step 1) provided
an overview of the operational/technical component of the EWS process. This includes
information on flood data collection and analysis, real-time data availability, monitoring,
forecasts and evaluation, warning generation, communication and dissemination. The
institutional gap assessment (step 2) reviewed institutional collaboration and coordina-
tion between all relevant flood DRR stakeholders, including the degree of community
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engagement. This aspect also provided insight into flood EWS communication, dissem-
ination, response, and their resulting influence on risk reduction in the study area. The
gap assessment also sheds light on the often-disregarded sociocultural aspect of DRR,
which determines the impacts sustained and community flood risk perceptions defined by
differing exposure and experiences [42].
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Finally, data collected for the situational analysis (step 3) provided information on the
socioeconomic and environmental components, which determine the existing resources
and opportunities within target communities that can be enhanced to strengthen flood
early warning [43,44]. All of the data was thematically analysed.

3. Results

Effective EWSs require strong links between four elements that span across all four
EWS components: (1) operational/technical, (2) institutional, (3) sociocultural, and thor-
ough consideration of the (4) socioeconomic and environmental elements that define a
community [45–48]. The methodology adopted helped us identify good practices and gaps
within each element, which were, respectively, consolidated and enhanced to improve
flood early warning through a well-structured and empirically plausible framework. This
information was useful in deigning and developing implementation recommendations
and guidelines for the conceptual framework. Section 3.1 presents the case study findings
summarised in Tables 1 and 2, while Section 3.2 describes the developed framework.
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Table 1. Early Warning System Gap Assessment Summary.

Technical Institutional Sociocultural

National

- Limitations in data collection
and availability

- Early warning is
not location-specific

- Unavailability of real-time data
- Lack of project continuity after

projects end
- Limited funding
- Problems in validating flood

forecasts and early warnings
- Lack of uniformity, consistency

and standardisation in
warning delivery

- Shorter lead times
- Inadequate personnel
- Poor maintenance of

monitoring methods
and facilities

- Disproportionate distribution of
monitoring stations

- Lack of monitoring
stations in tributaries

- Lack of system evaluation

- Undefined roles
and responsibilities

- Lack of local government
capacity and funding to
develop disaster preparedness
and response plan
and implementation

- Poor DRR knowledge
- No acknowledgement of

socioeconomic and
environmental contexts in
policy development
and implementation

- Lack of
community engagement

- Lack of an
accountability system

- Centralised decision-making
- Focus is more on post-disaster

management than on
disaster preparedness

- Lack of community
engagement and
institutionalisation of ongoing
effective
community-driven efforts

- Inappropriate
communication channels

- The warnings are not tailored to
ensure communities understand
and can respond effectively

- Advisory alerts with no right
action information

- No empirical consideration of
gender differences

- No mechanism to verify that the
warning messages have been
received for feedback by
marginalised groups

- Lack of integration of
indigenous knowledge

Regional

- No monitoring or forecasting
- Digital connectivity is a

problem during floods
- Lack of communication and

response action facilities, e.g.,
equipment, mobile phones,
sirens, mikes, vehicles, life
jackets, steamer or boat, etc.
Mobile/phone networks

- Lack of personnel
- Poor community engagement

- Inadequate personnel
- Poor coordination between

RDRMC
and emergency services

- Restricted mandates
- Lack of funding
- DRMCs have not been

established at all levels

Local

- No monitoring or forecasting
- Digital connectivity is a

problem during floods
- Lack of communication and

response action facilities, e.g.,
equipment, mobile phones,
sirens, mikes, vehicles, life
jackets, steamer or boat, etc.
Mobile/phone networks

- Lack of personnel

- -Lack of coordination among
organisations working in DRR
at the local level

- -Lack of information floods
EWS effectiveness, leading to
unrealistic/false expectations

- Differences in access to relief
- Underestimation of flood scale

by locals
- Overly confident in their

indigenous knowledge
- Reluctance to leave their houses
- Limited community capacity to

process or understand flood
forecasts for preparedness
or response
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Table 2. Indicators for community capacity assessment.

Type Variable

Social capacity

100% of the respondents were born and still reside in Kabbe
100% of respondents are considered a minority

100% of the respondents are Christians
100% of the respondents employ traditional forecasting, monitoring and preparedness measures

69.4% of respondents are involved in the CDRMC and other community organisations
76% of the population is between 25–59 years old *

89% of the respondents were below 45 years
5% of the population living with a disability *

One respondent was in a wheelchair
96.6% of the respondents spoke English as a second language

53% of respondents completed secondary education
100% of respondents live in high-intensity flood areas

Not many recreational services, libraries, parks or recreational features were observed
13% of the respondents have direct access to cell phones

19% have direct access to radio
100% of respondents are willing to assist neighbours and get involved in the EWS process

Economic capacity

100% of the respondents owned their homes/land
18.6% of the respondents had direct and indirect access to a vehicle population

89.9% of the respondents were employed
Respondent workforce profiles

23.7% subsistence farmers
10.1% teachers

10.1% homemakers
3.39% carpenters

10.1% small business owners (non-farming)
3.39% government employees

10.1% craft vendors
20.3% fishermen

0% of the respondents had household insurance
Household income levels average between (N$ 2000–N$ 5000)

* Data from [39].

3.1. Case-Study Findings

(i) Technical (operational) component: Risk knowledge and monitoring and warning generation

Risk evaluation, flood hazard monitoring and warning generation via modelling and
forecasting tools define the technical component of the flood EWS process headed by the
Ministry of Agriculture, Water and Forestry’s (MAWF) hydrological department (HSN) in
Kabbe. Notwithstanding the HSN’s participation in several projects and the acquisition of
technological models and skill training, the accession and transmission of real-time data
remain a challenge. The inadequate supply and uneven distribution of available monitoring
stations, particularly in smaller tributaries and watercourses, pose hurdles in early warning
communication, essentially increasing damage and loss. Several other gaps were identified
within the technical component of the existing system (Table 1) to address these issues.
Although the six monitoring stations in Kabbe have been upgraded as part of an ongoing
project between the MAWF and several local and international agencies, several challenges
remain in the transmission, access and availability of real-time rainfall and water-level
data for flood monitoring and warning generation. The HSN obtains remotely transmitted
water-level data from satellite imagery, telemetry stations and manual recordings from these
stations. Still, these methods prove insufficient for monitoring at-risk areas for flooding as
they demand costs and maintenance and are often situated far from target communities.
These often lead to data scarcity (Table 1).

Since establishing a fully automated system has proved challenging, the HSN ac-
knowledges that employing low-cost mechanisms such as manually observed and recorded
rainfall and water-level data can be effective if well planned.
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A preset threshold value determines the issuing of flood warnings to the DDRM
for dissemination. However, the alerts do not compensate for the flood situation in the
tributaries as they are based on the water levels in the main rivers, often delaying the
activation of response protocols. Additionally, the study finds that warnings are not
point-specific, and no feedback loop exists for assessing whether target communities
receive, understand, and respond effectively to the disseminated warnings. Poor flood
risk-awareness raising, community engagement and risk assessments, the unavailability of
risk maps and undefined evacuation routes were found to be equally impactful challenges
within the EWS process.

Although local authorities acknowledge the significance of community engagement
in the EWS process, preparedness, awareness raising, and monitoring efforts are usually
NGO- or community-driven. As such, the lines of communication are often cut when the
projects end.

(ii) Institutional component: Warning communication and dissemination and response capability

After warning generation by the HSN, the information is sent to the directorate for
Disaster Risk Management (DDRM) for validation and further dissemination (i.e., tele-
vision, radio, email, SMS, and social media). The HSN also posts rain and flood gauge
data and satellite images of potential rainfall on the SensorWeb Dashboard in addition to
its flood bulletin, which is distributed via email to a list of individuals interested in the
flood information. Rainfall information and river water levels for major rivers are updated
hourly on the MAWF website and communicated to regional and local authorities.

The study found that the information supports ongoing monitoring and response
action decision-making, but how communities benefit from this remains unclear, as no clear
directive is provided for them. Other challenges included restricted mandates, undefined
responsibilities and the long chain of command from national to local levels and vice versa,
which pose a hurdle to timeous communication and dissemination, especially during emer-
gencies. Furthermore, there is a need for technical experts, early warning validation at the
local level and the establishment of direct communication links between EWS institutions
at all levels.

The study found that at the community level, modes of communication are inap-
propriate, and coverage is inadequate, as official warnings do not always reach the most
vulnerable. Furthermore, the undeprioritisation of DRR, lack of personnel, poor knowledge
of DRR, its terminologies and the EWS processes, and the capacity for planning and analysis
were all found to negatively impact institutional communication resulting in poor uptake
by communities. The study found that warning messages often carry an advisory tone,
and the HSN has yet to issue an impact-based alert. Additionally, the lack of a feedback
loop makes the FEWS largely top-down, with communities serving merely as recipients
(Table 1).

According to the Disaster Management Act (DMA) [49], the DDRM’s mandate includes
overseeing daily DRR activities, ensuring the establishment of DRMCS at all governmental
levels, and coordinating collaborative action among all stakeholders for effective disaster
response [49]. However, the constituency, settlement, local authority and community
DRMCs are yet to be established (Table 1).

Due to poor community engagement, DRMCs and community organisations often
work independently of the government with the Red Cross. This indicates a lack of local
knowledge integration and of official engagement of relevant stakeholders in the system
(Table 1).

The study revealed that mitigative and preventative actions, including integrated
collaboration and coordination, are poor at subnational levels. Although the DMA encour-
ages strategic planning and budgeting at all levels, the disbursement of funds for these
activities is still centralised (Table 1), and preparedness and recovery strategies are thus
under-prioritised.

Furthermore, DRR streamlining is limited to a single staff member at regional and local
authority levels with poorly defined responsibilities and standard operating procedures,
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often hindering risk communication and response and derailing all other EWS processes
(Table 1).

(iii) Sociocultural component: community response to early warning

The FGDs revealed that communities were unfamiliar with the existing flood EWS and
some of the sources of risk information, i.e., the HSN bulletin and website. Additionally,
alerts from the RDMC take on an advisory tone, urging residents to relocate with no
guidance on response action [27]. The study also noted poor coverage of formal warning
dissemination during the FGD (Table 1).

Although local authorities assist with emergency evacuations, the lack of risk and
vulnerability assessments and evacuation maps remains challenging. Safety during evacua-
tions is often inadequate, especially for women and other vulnerable groups. The FGDs
and KIIs also revealed that capacity-building efforts do not address target groups’ needs,
concerns, and capabilities. These initiatives are often activated on an ad hoc basis with no
feedback mechanism (Table 1). Social capital is integral to community capacity building;
however, this study found that poor community engagement, public awareness, and local
institutional enhancement campaigns (Table 1) affect system efficacy.

(iv) Socioeconomic and environmental components

In recognising communities as first respondents and custodians of disaster impacts [50,51],
a paradigm shift has seen studies focusing on community capacities that ensure effective
hazard impact reduction and expedite disaster response and recovery with minimal or no
external support. To quantify community resilience, the situational analysis identified a
series of social, economic and environmental factors that directly and indirectly impact
the flood EWS process in Kabbe and should be considered when implementing EWSs [42].
Table 2 summarises our findings. The study revealed high social cohesion, trust and
cooperation among local communities. Most respondents were born and raised in the study
area and belonged to local organisations and village groups. Additionally, over 53% of the
FGD respondents had obtained secondary education, while all residents shared a Christian
background. Respondents also revealed that a shared cultural background enabled their
communal way of living (sharing and exchanging of food items, seeds, etc) and made
preparedness and monitoring activities easier. Over 69.4% were involved in community
organisations, and 89% were below 45 years of age and agreed that the population in the
area was fairly young (76% are between 15–59 years old according to the census report).
Although a very low percentage of respondents agreed to having access to cellphones
(13%), all FGD respondents agreed to employing traditional forecasting and mitigative
methods, and 96.6% were fluent in English (Table 2).

Economic development determines, to a large extent, a community’s capacity to
prepare, mitigate, respond and recover from disasters [52]. Although respondents demon-
strated high employment levels (89.9%), home ownership (100%), extensive skill diversity
(carpenters, farmers, educators, etc.), and most had access to economic resources (e.g.,
poultry, vegetables, livestock, land and farmland), the study findings revealed poor eco-
nomic development in Kabbe concerning EWS process implementation. Low-income levels
(defined by skills diversity), a lack of personal transport (18.6%) and a lack of insurance
(Table 2) counter the rural standard defined pros within these communities.

Environmental development formulates the final subcomponent for which indicators
were measured and comprised of natural and built environment capacities. Since Kabbe is
entirely built on a floodplain, respondents revealed that they all reside in areas prone to
inundation (Table 2); depending on the water levels, those upstream may be temporarily
inundated as water moves to lower ground, but the entire area is fairly flat. Additionally,
respondents have limited access to health facilities, tarred roads, public transport and
emergency services (Table 2) [38,53]. Access to physical safety structures (94.1%), electricity
(13.5%), piped water and sanitary facilities (11%), and communication facilities
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3.2. Framework Development, Implementation Guidelines and Recommendations for Practice

Based on the study findings, several gaps were identified within the national EWS
process; the system was found to be ineffective based on international standards [54,55]
and the review and comparison with best practices [56,57].

Applying the study findings, the authors developed a conceptual framework for a
community-based early warning system (CBEWS) (Figure 4) by leveraging existing tools
and resources from the existing technocratic system and community-driven efforts and
integrating them into an impact-based operational structure that prioritises community
needs and participation while remaining cost-effective and relevant within their unique
socioeconomic contexts.
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The analyses, respectively, aided in 1. Identifying methods for addressing exist-
ing operational gaps within the socioeconomic and environmental context of the study
area by leveraging existing stakeholder resources and institutions to ensure collaborative
right action tailored to fit end-user needs, 2. developing recommendations for policy
implementation and institutional enhancements necessary for improved flood DRR, and
3. identifying community capacities that can be enhanced to serve in the flood EWS pro-
cess. All these were consolidated and structured into the conceptual framework illustrated
below (Figure 4).



Challenges 2023, 14, 44 11 of 17

3.2.1. Framework Development and Guidelines for Implementation

Five guidelines were developed based on field observations and data validation to
implement the framework. The guidelines will help ensure the successful application of
the framework.

1. Developing an EWS agenda: This includes formulating policies that advocate for the
implementation of CBEWS frameworks. This step will explicate and institutionalise
EWS parameters in Namibia as community-centred systems.

2. Streamlining EWSs: This step will require the education and sensitisation of the
EWS concept by the government and any partner organisation to all relevant EWS
stakeholders. This step will involve capability assessments of emergency response
institutions, community-assisted risk and vulnerability assessments and stakeholder
education on the elements of the EWS process and the significance of community
engagement. Based on the findings, most of the DRR officials were uninformed
and failed to acknowledge the significance of communities in the EWS. Successfully
implementing the CBEWS framework largely depends on the end user’s perception
of its relevance [5].

3. Review of the existing EWS: This will require system evaluation and research re-
viewing to develop a comprehensive risk plan based on the target area’s current and
future risk and hazard projections. Additionally, a policy-development feedback
mechanism should be initiated to correct any ineffective EWS that may have been
implemented before.

4. EWS implementation: Appropriately define and assign specific roles and respon-
sibilities to all relevant stakeholders and ensure their execution. Ensure the lines
of communication between all relevant sectors remain active to ensure coordinated
action at any time necessary. Establishing appropriate communication and dissemi-
nation channels for public awareness of the EWS during an impending flood should
also be developed at this stage.

5. EWS monitoring and evaluation: This step requires developing autonomous and
separate substructures for regular operational and communication system monitoring
and evaluation. Indicators must span all components, and a base level must be set.
Metrics will be interpreted through community-centred strengthened risk knowledge
and response capability, improved forecasting and monitoring, and established, func-
tional and appropriate communication systems and action-informed warnings. In
this way, positive outcomes are easily captured [6]. Additionally, a feedback strategy
involving all stakeholders must be established to ensure the prioritisation measures
to solve any identified challenges.

The framework illustrates community engagement across all components of the EWS
process and further suggests collaboration between governmental institutions, I/NGOs
and communities for developmental planning, capability assessments and maintenance,
emergency planning and recovery initiatives for effective flood risk reduction (Figure 4).
Placing communities at the centre of the EWS process strengthens the system across the
board. They are the key component in defining early warning needs, mechanisms and re-
silience capacities and identifying indicators for resilience building [5,7,8]. The framework
highlights the interconnected nature of the EWS process through the recommended commu-
nication loop between multi-level government, private entities and communities (blue line),
collaborative participation (black lines) and additional measures (red lines) that should
be implemented to ensure sustainable system continuity through regular evaluation and
maintenance. In this framework, communities play an active role at every stage of the EWS
process, from planning to response (black lines), placing them at the centre of the process.
The framework also identifies institutions relevant to the EWS process through their ser-
vices yet remaining far removed from the system. These institutions include the Ministry of
Health (MoH); Land Reform (MoLR); Regional and Local Government (MoRLG); Environ-
ment and Tourism (MET), the Namibia Commission for Research, Science and Technology
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(NCRST), Research and Information Service Namibia (RAISON) and tertiary institutions.
Leveraging these resources partially addresses inadequate DRR funding. Highlighting the
need for system assessment across every EWS component, the framework provides entry
points to ensure continuous systems evaluation and enhancement (green oval) (Figure 4).
Guidelines for the framework’s implementation are provided below.

3.2.2. Recommendations

The practice recommendations constitute an amalgamation of the significance of the
framework and developed guidelines that must be adopted before, during and after frame-
work implementation. The recommendations are based on a two-phase implementation
process.

Phase 1: Systematically adopt the guidelines (Section 3.2 (i)). The guidelines provide
a robust integration of EWS policy formulation, streamlining, review, implementation,
monitoring and evaluations to define EWS parameters. This phase will ensure that the
CBEWS framework is at the centre of the EWS process, from policy formulation to post-
implementation evaluation.

Phase 2: Adopt recommendations to ensure the framework’s sustainability. The
recommendations are as follows:

• Develop and maintain manual and ongoing cloud-stored data collection strategies for
flood risk forecasting and system efficacy evaluation. This will encourage stakeholder
collaboration and, in the long term, help assess, identify and address any shortfalls in
collaboration and the degree of community engagement through vulnerability and
risk assessment activities.

• The DDRM, through its vulnerability assessment committee, should develop a mech-
anism to include all institutions carrying out work (e.g., data collection, flood risk
map development, environmental impact assessments, academic research) relevant
to FEWS but currently left out of the process, such as those listed in Section 3.2.1
to consolidate relevant flood DRR data from the various stakeholders and store it
centrally for easy access by all relevant DRR institutions.

• The DDRM should prioritise and develop a system for the timely diversion of funds
for all flood EWS components across all governmental levels, not just response.

• Establish and maintain transparent data-sharing and communication networks among
flood DRR stakeholders at all levels, including academic institutions, the private sector
and community organisations. This will also assist in assessing the usefulness of flood
warnings to target communities.

• Sensitise all stakeholders to the existing and future flood data-sharing platforms and
technical forecasting and monitoring capacities. This will also ensure that community
flood forecasting and monitoring efforts are included in the formal system.

• Exploit open-source flood modelling, forecasting and monitoring technologies by
prioritising personnel skills development initiatives.

• Improve community engagement and integrate local risk knowledge through partici-
pation and support of community-driven initiatives. This can also serve as a pathway
for participatory preparedness, risk awareness, response and evacuation training.

• With the DDRMs’ support, regional and local authorities should develop relevant
communication systems for flood warning communication and dissemination (e.g.,
megaphones, communication with village authorities and committee leaders, battery-
operated 2-way phones, drums, smoke signals) to ensure that information reaches the
most vulnerable on time. Furthermore, warning messages should be location-specific,
easily understandable, and provide information on protective actions.

• The DDRM should minimise bureaucracy by providing realistic thresholds for the
self-activation of SOPs at the lowest administrative level during flood emergencies.

A significant limitation of this study is that it is based on a single hazard and the
perceptions, experiences, geography and demography of the residents of Kabbe. Although
this was subsidised with census data and field observations, the study suggests performing
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the analyses on a larger population set for more precise results. Furthermore, the inadequate
flood DRR literature in Namibia, a lack of updated statistical data, and inaccessibility to
governmental and public records that could have contributed greatly to the study posed a
challenge. Finally, hindrances caused by policy amendment and development process may
delay the framework’s implementation, estimated at 3–6 months, since all the identified
elements are readily available.

4. Discussion

The past two decades have garnered several requests and recommendations for EWS
strengthening from multiple actors in Namibia [34,58–60]. Although the HSN has estab-
lished several partnerships to enhance flood forecasting and monitoring, little progress has
been made in diverting from the response-driven EWS approach [27,36]. The study findings
revealed several challenges and institutional vulnerabilities affecting effective participatory
flood EWS in Namibia. These obstacles include bureaucracy, disintegrated operational
strategies, a lack of relevant personnel, restricted mandates at local administrative levels,
and communities’ unacknowledged significance as key drivers of system formulation and
implementation. The framework developed in this study acknowledges the integrated
nature of EWS, allowing us to use the five-legged stool analogy with technical, institutional,
social, economic and environmental elements. A strong interlinkage between these five
components centred around the experiences, perceptions, vulnerabilities and needs of the
target communities is bound to result in positive EWS outcomes. Though some challenges
may persist on the technical front [36,61,62], several cost-effective opportunities for system
enhancement were presented.

The framework provides incentives for clearly defining EWS roles and responsibilities
at all governmental levels, especially locally, to strengthen collaboration and coordination.
The allocation and timely disbursement of funds for all stages of the FEWS at all levels and
the recruitment of relevant personnel in adequate proportions for improved preparedness
and response are essential to impact-based EWS, another factor highlighted in the frame-
work’s schematic illustration and subsequent practice recommendations. Furthermore,
several opportunities for merging and institutionalising community EWS efforts with the
national EWS were identified at the local level and presented in the framework.

The study area’s socioeconomic and environmental context indicates the urgent and
extensive need to establish robust and appropriate communication structures. This will
ensure risk communication and dissemination continuity even when powerlines, internet
and telecommunication systems are down. Furthermore, the framework recommends
tailoring alerts to ensure that warning messages are location-specific, easily understandable
and provide information on protective actions. Acknowledging and incorporating the
diversity of stakeholders and communities and developing and strengthening relevant
networks and social capital can encourage collaborative action and cooperation among all
stakeholders, bridging the last mile.

Ref. [63] assert that tailoring EWS components to target communities’ needs is the key
to building flood EWS efficacy. They argue that involving local authorities and communities
in EWS design, implementation, and operation improves response to warnings and overall
system efficacy. This framework demonstrates that addressing these elements is possible by
strengthening and leveraging existing knowledge, resources and institutions using basic-
but-effective and sustainable strategies to integrate top-down and bottom-up approaches.
Regardless of the system’s deficits (e.g., technical, institutional, etc.), the strategy can be du-
plicated within any condition, enabling improved data and information-sharing capacities
by directly linking existing technical and community capacities across all governmental
levels. The end-user’s needs should define the parameters for system development, which
should align with national policies and international standards. By merging top-down and
community-centric approaches, the framework suggests that given the financial inability to
fund DRR in developing countries adequately, governments should consolidate and exploit
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available tools and resources within existing governmental structures, partner institutions
and communities to enhance the EWS process.

It is empirically evident that technical and institutional development for flood risk reduc-
tion has not undergone much change since the flood disasters of 2009 and 2011 [32,36,59,64].
Furthermore, it should be noted that flood risk is a national concern and requires collective
redefining of policies and implementation to include mechanisms that bridge institutional,
socioeconomic and sociocultural barriers and inequalities, addressing everyone’s needs
and ensuring that no one is excluded. The idea is that simple, contextually appropriate and
cost-effective methods can be applied to achieve maximum results in the FEWS process.
Science need not be complex; it need only be effective.

5. Conclusions

According to [64], accurately aligning hazard risk information, forecasting systems
and governmental and civilian response capabilities form the cornerstone for enhancing
flood EWS. Based on suggestions by [64] and the framework developed in this study, in-
volving local communities and authorities in early warning systems design and subsequent
processes can improve system efficacy holistically, resulting in an increased appropriate
response to warning alerts.

The study demonstrates that effective, simple strategies can be employed to integrate
technocratic approaches based on hydraulic scientific results with community efforts such
as local stakeholder networks and knowledge systems and leveraging existing resources
in a structured decisional framework to address these shortcomings within rural sub-
Saharan areas. By directly linking existing technical capacities to the local level, the
strategy is easily replicable within any context, making data and information exchange
easier, even in areas with structural or knowledge deficits. The end-users can, thus, define
the system’s dynamics, which should align with international standards and the target
countries’ legislation.

Given the limited financial resources available for DRR in developing countries, the
conceptual framework suggests that governments should consolidate existing forecasting
tools, institutions, knowledge systems and other resources. This multi-sectoral approach
ensures a higher level of suitability and greater sustainability. In fact, it enables us to
improve the resonance of and exploit readily available scientific hydrological models
within local technical structures and use them to guide preparedness, mitigation and
planning strategies. Furthermore, the strength of the system lies in its simplicity. For
instance, disseminated messages need not be complex; they can be as straightforward as
colour codes depicting certain risk levels and related response actions that communities
have previously been trained to interpret.

On a broader scale, the study noted the need for institutionalising and enhancing
ongoing flood information practices between local communities and different countries for
EWS. The integrated approach adopted by the framework seeks to bridge the gap between
the widely researched first- and last-mile approaches by inspiring governments, local
authorities, the private sector, NGOs and other developing partners to strengthen EWS
coordination, cooperation and collaboration by strengthening existing tools and knowledge
for hazard risk reduction in rural, remote communities.
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