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Abstract

The occurrence and intensity of some natural hazards (e.g. hydro-meteorological) increase
due to climate change, with growing exposure and socio-economic vulnerability, leading to
mounting risks. In response, Disaster Risk Reduction policy and practice emphasize peo-
ple-centred Early Warning Systems (EWS). Global policies stress the need for including
local knowledge and increasing the literature on integrating local and scientific knowledge
for EWS. In this paper, we present a review to understand and outline how local and scien-
tific knowledge integration is framed in EWS, namely: (1) existing integration approaches,
(2) where in the EWS integration happens, (3) outcomes, (4) challenges, and (5) enablers.
The objective is to critically evaluate integration and highlight critical questions about
assumptions, goals, outcomes, and processes. In particular, we unpack the impact of power
and knowledges as plural. We find a spectrum of integration between knowledges in EWS,
mainly with dichotomy at the start: focus on people or technology. The most popular inte-
gration approaches are participatory methods such as ‘GIS mapping’ (technology) and
methods that focus on ‘triangulation’ (people). We find that critical analysis of power rela-
tions and social interaction is either missed or framed as a challenge within integration
processes. Knowledge is often seen as binary, embedded in the concept of ‘integration’.
It is important to know what different knowledges can and cannot do in different contexts
and acknowledge the hybrid reality of knowledge used for EWS. We argue that how we
approach different knowledges in EWS has fundamental implications for the approaches to
integration and its meaning. To this end, attention to the social processes, power dynamics,
and context is crucial.
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Natural Hazards

1 Introduction
1.1 Early warning systems for natural hazards

Climate change increases the frequency and magnitude of climate-related hazards such
as droughts, flooding, cyclones, or storm surges (IPCC 2021). In addition, exposure is
growing (UNISDR 2015), while socio-economic, environmental, cultural, and politi-
cal changes in society, as determinants of disaster vulnerability (Wisner et al. 2003),
increase disaster risks worldwide. Global policies have embraced the idea of integrating
local knowledge into DRR strategies and acknowledge the connection between social
and natural forces in disasters. Priority 1 of the Sendai Framework for Disaster Risk
Reduction 2015-2030 (UNISDR 2015) highlights in item 24i the importance of ‘the
use of traditional, indigenous and local knowledge and practices, as appropriate, to
complement scientific knowledge in disaster risk assessment and the development and
implementation of policies, strategies, plans and programmes of specific sectors, with a
cross-sectoral approach, which should be tailored to localities and to the context’. The
Sustainable Development Goals (SDGs) and the Global Framework for Climate Ser-
vices (Hewitt et al. 2012) have similar statements on the importance of local knowledge
in DRR.

To prevent or mitigate these increasing impacts of disasters due to climate-related
hazards, anticipatory action for local contexts is essential (IFRC 2021). In 2008, the
Red Cross Red Crescent movement introduced Forecast-based Financing (FbF) as one
of the first forms of anticipatory action (van den Homberg et al. 2020). FbF enables
access to the so-called Disaster Response Emergency Fund, a funding source habitually
only available for humanitarian response, before a disaster has happened. By now, many
humanitarian agencies are working together on achieving a similar transformation for
multiple natural hazard types. Anticipatory action is part of the preparedness compo-
nent of DRR and relies on an adequate Early Warning System (EWS). In fact, anticipa-
tory action requires that existing EWS evolve. The monitoring and forecasting compo-
nent of the EWS has to go from giving a warning about what the weather will be to a
warning about what the weather will do. The World Meteorological Organization calls
this impact-based forecasting (IBF), developing a forecast of the potential consequences
of a climate hazard event in terms of its effects on people, infrastructure, etc. (World
Meteorological Organization 2021). In addition, preparedness as part of DRR and EWS
has to transform. With anticipatory action, local organizations and the to be affected
people are given the means to take early action when a forecast exceeds a predetermined
probability and magnitude (in short, a trigger), leading to a significant humanitarian
impact. The development of these triggers and the design of the early actions require
detailed information on and understanding of the local context and lean on both local
and scientific knowledge.

It is clear that from this practitioner’s point of view, EWS is essential and a major
process tool to develop these new DRR strategies for climate related hazards, in particu-
lar anticipatory action. The United Nations Office for Disaster Risk Reduction defines
an EWS for natural hazards as ‘an integrated system of hazard monitoring, forecasting
and prediction, disaster risk assessment, communication and preparedness activities
systems and processes that enables individuals, communities, governments, businesses
and others to take timely action to reduce disaster risks in advance of hazardous events’
(UNDRR 2021). EWS have four components (UNDRR 2021):
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1. Risk knowledge: Assessing risk to identify a hazard, vulnerability, and exposure to set
priorities and strategies.

2. Monitoring and forecasting: Monitoring and timely estimates of hazard parameters,
including analysing hazard magnitude and impact.

3. Dissemination and communication: Communication systems and approaches to deliver
warning messages to affected areas, institutions, and actors.

4. Preparedness and Response: Development and coordination of preparedness activities
and action plan to mitigate disaster impact.

All these four components have to work together seamlessly (end to end) and in a peo-
ple-centred way to make an EWS effective. To this end, an EWS provides understandable,
timely, and actionable information to those at risk. However, in reality, EWS have poor
reach into the last mile due to, among others, insufficient capacity and funding for National
Meteorological and Hydrological Services, resulting in the bare minimum and technolo-
gies copied from other contexts (van denHomberg and McQuistan 2019). Poor response
to the scientific content of warnings in the local context also plays a role (Calvel et al.
2020). There is often not enough translation of the scientific content to the local context
and terminology. Also, often forecasts are relevant only at a too aggregated spatial scale
and are consequently not local enough for communities to be of value. This has increased
the recent literature on integrating local knowledge with scientific knowledge in the EWS.
However, stock-taking of lessons learned and critical evaluation about local knowledge and
scientific knowledge integration process in EWS remains unavailable.

1.2 Objective

In this review, we use the above definition of an EWS and its four components as a lens,
given that the four components cover various phases of the DRR cycle (e.g. mitigation, pre-
paredness, response). Also, practitioners and policy makers often use the EWS approach in
their DRR activities especially now with the paradigm shift from response to anticipatory
action. Therefore, the lessons learned by using the EWS perspective will allow us to draw
lessons also for the wider DRR practice. Our review focuses on identifying and critically
evaluating the literature on local and scientific knowledge integration, thereby identifying
approaches, challenges, outcomes, and enablers of integration. In addition, we pay atten-
tion to discussing approaches to knowledge construction (e.g. knowledge plurality) and
power dynamics. We aim to address the following five research questions through a realist
review (Pawson et al. 2005; Thompson et al. 2010) of the available literature:

e What are the existing practices for integrating local and scientific knowledge for Early
Warning Systems (EWS) in Disaster Risk Reduction (DRR)?

Where and how in the four pillars of an EWS are these knowledge systems integrated?
What are the outcomes of integrating local and scientific knowledge in EWS?

What are the challenges for integrating local and scientific knowledge in EWS?

What are the enablers for the integration, and how can these be taken forward to aid
operationalization of integration in practice?

The paper will first discuss the theoretical background on types of knowledge and
knowledge integration in EWS, followed by the review methodology and positionality. This
is followed by the Results section, which is ordered according to the research questions:
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the literature meta-analysis (4.1), practices for knowledge integration (4.2), location in the
four EWS pillars (4.3), outcomes of integration (4.4), challenges (4.5), and enablers (4.6).
Lastly, the discussion will focus on the extent and quality of integration, and the implica-
tions for EWS, through three lenses: approaches to ‘integration’, on ‘successful’ integra-
tion and approaches to knowledge, and a way forward: learning across. We pay particular
attention here to unpacking the impact of power and knowledges as plural.

2 Theoretical background
2.1 Types of knowledge

Arguably, what defines local knowledge is that it is distinct from scientific knowledge.
In exploring this distinction, scientific knowledge is often approached as a formal agreed
methodology or education (Gaillard and Mercer 2012; Mercer 2012). Local knowledge
then concerns the native and intrinsic ways of making predictions based on the accumula-
tion of knowledge by people who live in close ties with the natural environment and are
associated with local culture and long-term settlement in communities (Ingram et al. 2002;
Codjoe et al. 2014; Derbile et al. 2016; Muita et al. 2016). Local knowledge also has alter-
native names, often used with similar meanings (Iloka 2016): e.g. Indigenous Knowledge
(IK), traditional knowledge (TK), traditional ecological knowledge (TEK), Indigenous
technical knowledge (ITK). In the context of DRR, the meaning of local knowledge refers
to the experience of local surroundings, identification, and monitoring of indicators that
point to a possibility of hazards, coping and adaptation to disaster risks, and communica-
tion of risks (Dekens 2007). These observations involve the use of local knowledge indica-
tors such as atmospheric conditions (e.g. wind), celestial elements (e.g. sun), fauna (e.g.
ants), and flora (trees) to respond or anticipate disasters (Chang’a et al. 2010; Chanza and
Mafongova 2017). Within this approach, local knowledge also follows a rigorous process
based on observations of biophysical indicators, experimentation, and analysis to build
cause—effect relationships between indicators and their predictive outcomes concerning
current and future conditions (Balehegn et al. 2019). This questions if ‘rigour’ and ‘formal
agreed’ are adequate in defining a distinction. In this review, we use the term local knowl-
edge as an umbrella term, covering the variety in the used names and dichotomy in the
reviewed literature.

Science and scientific knowledge are not objective entities but socially constructed and
embedded in histories of colonialism (Tuhiwai Smith 2004). Prior to colonization, groups
such as Indigenous peoples had sophisticated knowledges that were inseparable from their
cosmologies and worldviews (Tuhiwai Smith 2004). Colonialism, in which science played
a pivotal role, divided this knowledge into disciplines (thus taking away from its rich mean-
ings) and labelled it as ‘anecdotal’, ignoring that local knowledge itself is evidence-based,
has undergone its own processes of peer review (it is accepted by communities), and has
been used for thousands of years for decision-making (Alessa et al. 2016). The separa-
tion of local and scientific knowledge is thus not clear (Agrawal 1995), despite it being
operationalized as such in much DRR research and practice. Some research has sought to
push back against this (e.g. Yeh 2016), but distinctions between the two still prevail. For
instance, many refer to how local knowledge often needs to be validated by Western sci-
ence, clearly reflecting a hierarchy. Framing integration this way not only reflects epistemic
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injustice (whereby the knowledge of some groups is marginalized) (Tsosie 2017), but also
has very real practical consequences for collaboration and trust building.

An additional and related concern about the dichotomy between Western science and
local knowledge is that neither of these bodies of knowledge are homogenous: within sci-
ence, various ontologies and epistemologies do not agree with each other (Agrawal 1995;
Barber and Haney 2016). Similarly, local knowledge—including Indigenous cosmolo-
gies—reflects different groups’ worldviews and thus will never be identical and could also
conflict with each other. They also interact with each other, have connected histories, and
evolve as conditions change (Agrawal 1995). Just as many local people will hold some sci-
entific knowledge, as researchers, we too hold local knowledge (Barber and Haney 2016).
Additionally, Indigenous methodologies are often used by Indigenous people in academic
research (e.g. Bessarab and Ng’andu 2010). This can further blur the distinction between
local and scientific knowledge leading to knowledge hybridity.

2.2 Knowledge integration in EWS

Several frameworks and scholars have called for ways to integrate both knowledge systems
for disaster risk management (Gagnon and Berteaux 2009; Ziervogel and Opere 2010;
Plotz et al. 2017). However, varied views and definitions on knowledge integration exist.
Knowledge integration is the combination of specialized knowledge to reach considerable
results (Berggren et al. 2011). The concept is also interpreted as a process of transforming
individual knowledge into collective knowledge (Okhuysen and Eisenhardt 2002). In this
study, knowledge integration is defined as a collective process of synthesizing or combin-
ing specialized yet differentiated local and scientific knowledge possessed by local people
and scientists into a common knowledge that is efficient, flexible, and within the scope of
decision-making.

Although writing on the role of local knowledge in DRR started in the 1970s, it
increased rapidly after the Indian Ocean Tsunami in 2004 and Cyclone Zoe in 2002 (Solo-
mon island) (Yates and Anderson-Berry 2004; Arunotai 2008; Gaillard et al. 2008; Lin and
Chang 2020). Despite this surge in reporting of local knowledge in EWS and DRR (Mercer
et al. 2010) and institutional calls for people-centred approaches, many of these studies and
reports only called for further integration between local and scientific knowledge without
providing guidelines on how to do so or examples of successful integration (Kagunyu et al.
2011; Johnston 2015). The call for integration is justified by various arguments: needed
to make scientific knowledge and various technologies (e.g. EWS) appropriate for local
contexts (Mercer and Kelman 2009; Walshe and Nunn 2012), a means for mobilizing com-
munity capacity (Tran et al. 2009), and as a way of ‘banking’ on the strengths of both local
and scientific knowledge; as Mercer (2012) argues, the limitations of one knowledge sys-
tem can be addressed by the strengths of the other, and vice versa.

There are few concrete examples of frameworks that have outlined ways of combin-
ing local and scientific knowledge within the forecasting or monitoring of natural hazards
(Mercer et al. 2010; Hiwasaki et al. 2014; Kniveton et al. 2015; Plotz et al. 2017) or what
challenges exist for a potential integrating roadmap (Gaillard and Mercer 2012). Mercer
et al. (2010), for example, suggest a four-step approach of (1) community engagement, (2)
identification of vulnerability factors, (3) identification of local and scientific strategies,
and (4) then developing an integrated strategy. These steps do not map directly onto the
EWS stages, as the integration can be used for each separate stage. However, the first and
second steps connect with the first EWS stage of risk knowledge. This shows that efforts
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for integration can occur in the different EWS stages, with distinctly different approaches
forming a spectrum of ranges of integration.

The limited literature on concrete integration frameworks contrasts with the increase in
the use of ‘integration’ in the context of EWS, indicating there are underexplored questions
around what represents equitable knowledge integration and how knowledge is legitimized
and where and who legitimizes it. To address these questions, there is a need to understand
the assumptions, most common approaches, challenges, and best practices, to evaluate the
claimed ‘benefits’ to the four stages within the EWS.

3 Methodology

To explore how local and scientific knowledge have been integrated within the EWS, a
realist systematic literature review was conducted. The focus of a realist review is on in-
depth and qualitative analysis, and aims to seek an explanation rather than an empirical
truth (Pawson et al. 2005; Thompson et al. 2010). In this study (Fig. 1), peer-reviewed lit-
erature was searched via Scopus (Elsevier) and Web of Science (Thomson), the two largest
scientific databases for the social sciences and environmental sciences. As found through
our search on the academic databases, the literature reflects the work of the people with
power in terms of access and agenda setting in the current context of EWS. Many different
humanitarian and development actors are active in DRR, whereby they publish their work
mostly in grey literature. Therefore, we also conducted a search for grey literature. This

& Records idcmiﬁcd through Additional records identified through

= database s{earchmgA other sources. Reliefweb n=189 Google

g Web of Science (n=807) advanced n= 524 Open grey n=81

b= Scopus (n=927) Prevention web n=691

3

) Records after duplicates removed.

= 5

{-': database searching n=1281

2 Grey Literature n=1302

A

> Records Screened. n=2583 | ———|Records excluded. n=2310

:-.__..';

5 |

=
Full-text articles assessed for Full-text articles excluded,
eligibility. n=273 with reasons. n=157

2 )

E

e Studies included in qualitative

Lo analysis. n=116

Fig. 1 Literature flow diagram based on Moher et al. (2009)
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Table 1 Search string used on 2/09/2021 for Web of Science, Scopus and grey literature search

‘Local knowledge” OR ‘traditional knowledge’ OR ‘indigenous knowledge’

AND

‘Early warning system’ OR ‘community*based*Early*warning*system’ OR ‘community*managed*early*
warning*system’ OR ‘Disaster Risk Reduction” OR ‘climate services’ OR ‘Forecast*” OR ‘Early Action’
OR ‘Impact*based forecast*’ OR ‘flood’ OR ‘drought’ OR ‘landslide’ OR ‘cyclone’ OR ‘Hurricane’ OR
‘Typhoon’

Table 2 Eligibility criteria for the literature review

Included Excluded
English only Only addressing documentation of local knowledge
Addition/integration/coproduction or any other form or scientific knowledge for EWS and DRR, not
of a combination of local knowledge with scientific ~ including integration
knowledge Addressing EWS and DRR outside ‘environmental’
In the scope of Early Warning Systems (EWS) and hazards
Disaster Risk Reduction (DRR) Commentaries, opinion papers, discussion papers,
From 2004 (Indian Ocean Tsunami) to 2021 and editorials

was done via Opengrey, Advanced google search, Reliefweb and Prevention web databases
(Godin et al. 2015; Chmutina et al. 2019; Giang et al. 2019).

To capture the variety of literature on this topic and the possibility that some of these
articles may find themselves in adjacent fields of literature, various search terms were
tested. The exploratory analysis of search terms also yielded literature from the Climate
Change Adaptation and Citizen science domains. We excluded these on the ground that the
focus is on the framework of Early Warning within DRR (Table 1). Due to EWS and antici-
patory action framing in the context of climate change, our focus is on the climate related
hazards (e.g. hydro-meteorological). Landslides are in the geophysical hazard domain,
but we included them because they are often climate induced (e.g. rainfall-triggered land-
slides). The resulting search string includes the various terms for local knowledge and
Early Warning in DRR.

After literature collection (WoS n=807, Scopus n=927, Opengrey n=_81, Prevention-
web n=691, Reliefweb n=189, Google advanced n=524) all duplicates were removed
and articles were firstly screened on title and abstracts. We included articles from 2004
onwards since the Indian Ocean Tsunami increased attention to the role of local knowledge
in wider DRR literature (Rai and Khawas 2019). In the second screening, the full text was
evaluated according to the selection criteria (Table 2).

Finally, a total of 116 articles were selected for analysis. We firstly performed a meta-
analysis of the articles and reports in a spreadsheet, recording the year of publication,
journal, geographic focus, and hazard type according to the international disaster database
classification (UNDRR 2020). The next step involved deductive thematic analysis (Braun
and Clarke 2006) for all five research questions. The themes within each research ques-
tions emerged from the literature and were grouped inductively based on grounded theory
approach (Glaser and Strauss 1967), forming the qualitative synthesis coding groups. Only
for theme 2 were the qualitatively codes present, according to the four components of the
EWS. Our review also included articles that approach knowledge integration beyond EWS
and in the wider field of DRR. Due to the broad framing of EWS and its four components
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(Sect. 1.1), these articles were also of interest. For instance, the first pillar of EWS is ‘Risk
knowledge’ (which also includes risk assessments), which means that articles dealing on
integration in risk assessments were also of interest in our review despite their original
focus being not on EWS.

3.1 Local knowledge

In this review, we use the term local knowledge from now onwards, even if another term
was used in the reviewed studies. This term is used for its more comprehensive conceptual
application, meaning all the disaster risk-related knowledge by people in an area, as out-
lined above.

3.2 Positionality statement

Although some authors are descendants of IK and local knowledge holders, the authors are
not part of communities perceived as local knowledge holders. The authors have received
mostly scientific knowledge education. Based on this position, our study does not delve
into local knowledge and does not assume to understand the epistemic processes. The aim
is to reflect on critical questions for the scientific knowledge audience on what integration
could mean and what should be questioned.

4 Results
4.1 Literature meta-analysis

A total of 116 papers were identified in the study, 17 of which are from grey literature and
100 peer-reviewed publications. Between 2004 and 2021, there was an upward trend in the
number of articles focusing on the integration of local and scientific knowledge (Fig. 2).
The years 2019-2021 have the greatest number of articles (n=48), while 2004-2008 had
the least number of articles (n=>35). Over 70% (n=92) of articles focussed on countries in
Asia, Africa, Oceania, and South America (Fig. 3). In addition, the majority of articles
with a global or multi-country perspective (n=17) show results taken from disaster-prone
countries in Asia and Africa. Only 11 articles concentrate on European and North Ameri-
can countries, which make up 9% of the total review. Lastly, most articles focused on mul-
tiple single hazards (n=43) and hydrological hazards (n=40) (Fig. 3).

4.2 Existing practices for integrating knowledges

There is a growing consensus among scholars that there is a need to incorporate local and
scientific knowledge in DRR more generally (Smith et al. 2017; Rai and Khawas 2019;
Bwambale et al. 2020), and in the creation of EWS more specifically. Pathways identified
in the literature for combining knowledges can be classified into 10 broad categories indi-
cating different levels of integration (Table 3).

Participatory approaches were seen as the most concrete way to incorporate local
knowledge with scientific knowledge (e.g. Mercer and Kelman 2009; Giordano et al. 2013;
Cruz-Bello et al. 2018; Cuaton and Su 2020). Participatory approaches are divided into
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Fig.2 Number (#) of articles
over the years covered in this
review: 2004-2021

# of Articles

2004-2008 2009-2013 2014-2018 2019-2021
Year

k4

Global 10%

North
America 5%

“~

South America 8%

Number of Literature Studi Hazard Distribution

[J1-4 s-7 llcz-0o Hl"-: Hl-16 I Mutti-Hazard [ Hydrological [ Meteorological
I Ciimatological

Fig. 3 Map showing the number of literature studies and hazard type per country. Some papers focused on
multiple countries, which have been counted for each country. 12 articles had a global focused and could

not be assigned to a country

two: community engagement or bringing together community members for discussions,
and participatory mapping (which also includes community engagement, but was identified
as a separate category due to its technical focus).
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Adopting ethnographic methods, including focus group discussion and key informant
interviews, offers an opportunity to unveil local knowledge that can improve policies in
reducing disaster risk (Cronin et al. 2004; Glaser et al. 2008; Kelman et al. 2012; Tiepolo
and Braccio 2017; Ebhuoma 2020; Klonner et al. 2021; Pauli et al. 2021). These methods
use past experiences of locals to discover facts, relationships, and new ‘truths’ surrounding
vulnerability to hazards (Mercer and Kelman 2009). A common goal of these community
engagement activities is to develop an integrated strategy for DRR by combining local and
scientific knowledge bases.

Similar to scholars’ community engagement approach, authors also create maps or infor-
mation systems with local people. Employing a participatory geographic information sys-
tem (PGIS) or participatory mapping approach contributes to addressing and understand-
ing vulnerabilities through spatially explicit mapping local knowledge (Tran et al. 2009;
Valdivia et al. 2010; Giordano et al. 2013; Hung and Chen 2013; Cruz-Bello et al. 2018).
This method values the mapping products just as much as the process and enriches aca-
demic research by using inclusionary approaches to knowledge production. Overall, there
is an emphasis on multi-stakeholder participation in both types of participatory approaches
through workshops, meetings, hazard, vulnerability, and capacity and creating a compre-
hensive disaster historical profile.

Local knowledge as a starting point in knowledge production and its triangulation with
scientific knowledge is another common method in our review. Authors seek to ask: ‘what
sources of early warning information do locals use and how do they utilize it?’, as cov-
ered by three recent publications. Evidence shows that locals use top-down information
from official sources (e.g. government reports) and scientific data but convert it by fitting
their unique environmental and social context into this information (Lin and Chang 2020).
Although the majority have access to forecasts and predictions, through radios, they did not
automatically apply this information to adaptation and risk reduction actions (Grey 2019).
Saki¢ Trogrli¢ et al. (2019) pointed to the rather complex triangulation process between
locally sourced information and official warning available to these communities. What hap-
pens on the ground (i.e. triangulation) is often executed in an informal and unstructured
manner between different knowledge types. Factors including understanding of the fore-
cast, perceived accuracy of the information, timeous receipt of information, and ability to
translate information affect how they would use the scientific data.

In contrast to taking local knowledge as a starting point, another frequently used
approach identified in the literature is to validate scientific knowledge with local knowledge
or vice versa. Here, researchers’ aim in most cases is to validate local indicators through a
comparison of LK and scientific measurement or to find a scientific explanation (Chisadza
et al. 2014; Hiwasaki et al. 2014). Underlying expectations are the ability to match, overlay
or connect local and scientific knowledge.

Practice to inform and adapt the communication approach of DRR practices based
on scientific knowledge has also been seen as an approach to integrating local and sci-
entific knowledge. For instance, bridging the strengths of seasonal climate forecasts and
local knowledge to deliver an effective drought EWS (Glaser et al. 2008; Walshe and Nunn
2012; Masinde 2015; Rangecroft et al. 2018; DeLorme et al. 2020). Tailoring DRR prac-
tices to include local knowledge is suggested to be effective for downscaling and providing
easily accessible and understandable information. In relation to tailor-fit practices, incorpo-
rating the combination of local and scientific knowledge in educational systems and creat-
ing citizen-based programmes are also helpful in increasing the integration of locals and
their knowledge. Educating the young can raise awareness of risk and vulnerability among
marginalized groups in high-risk areas (Baudoin et al. 2014; Masinde 2020). As a result,
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opportunities for risk preparedness are identified, allowing for individual and community
levels adaptation.

4.3 Focus in the four pillars of Early Warning Systems for integrating knowledges

A significant body of literature explored the risk knowledge pillar in EWS related to natu-
ral hazards (Table 4).

The frequent use of participatory methods and participatory mapping also leads to most
integration happening in the risk knowledge, and preparedness and response phases of the
EWS, under the banner of ‘hazard mapping’ or ‘vulnerability mapping’. There is also a
focus on the documentation of both local and scientific knowledge. However, there might
not be a concrete database of insights from both branches, but there is almost always an
effort to document and maintain these knowledges.

On monitoring and forecasting in EWS, several papers incorporate local risk knowl-
edge into developing monitoring and forecasting tools mainly for slow onset hazards (i.e.
drought) (Guthiga and Newsham 2011; Hiwasaki et al. 2014; Masinde 2015; Acharya and
Prakash 2019; Syamsidik et al. 2020; Tiepolo et al. 2021). Researchers who focus on meth-
ods such as forecast technologies and local knowledge validation tend to incorporate results
in the monitoring and forecasting phase. These may be attributed to how maps are used to
create forecasting models which are strengthened by input from local actors.

There seems to be less focus on how local and scientific knowledge are integrated to
communicate risk and impact of disasters. However, this component is crucial to EWS and
often a reason for EWS failing to deliver in practice. The line between local and scien-
tific knowledge is vague in the communication and dissemination phase, whereas clearer
borders are depicted in other phases. This can be due to two reasons. First, in most EWS,
the nature of communication is unidirectional and goes from a central and national point
(i.e. government) to subnational level. This top-down approach can result in not everyone
having access to crucial information during a disaster. Second, less attention is paid to the
process of information triangulation of disasters in EWS.

4.4 Outcomes of integrating knowledges

Scholars mainly report positive results of integration methods, with 99 papers having
positive outcomes. Common reported positive results are ‘better action/communication’,
‘local adaptation of EWS’, ‘reducing risk’, ‘increasing trust and understanding’, ‘increas-
ing awareness of hazard and vulnerability’, or ‘capacity building’. A consensus is that
there is a positive perception of sharing, preserving, and combining local and scientific
knowledge. However, only 12 papers gave a more neutral view, also highlighting disad-
vantages. For instance, Acharya and Prakash (2019), discussing local knowledge of flood

Table 4 Number (#) of papers
per pillar in the Early Warning

Systems (EWS). Papers may fall Risk Knowledge 73
into more than one category

Pillars in EWS # papers

Monitoring and Forecasting 46
Dissemination and Communication 31
Preparedness and Response 43
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forecasting in India, note that gender discrimination was evident in the integration. Women
did not receive news of floods directly from officials and had to wait for the men in their
household to bring the news to them. A main driver for this finding is that the message is
aired through the radio, which needs mediation and interpretation, which is a role played
by men. Hence, women become dependent on men to obtain official flood information.
Klonner et al. (2016) discuss that only little work was done in incorporating volunteered
geographic information in natural hazard analysis. Research needs to focus even more on
the interaction of humans and the environment to gain a more holistic understanding of
natural hazards. For papers coded under ‘local use’ and ‘triangulation’, outcomes were not
normatively described either as positive or negative but focused on how triangulation in
local areas occurs. On the outcomes for the scientific community, there was a similar trend
in emphasizing positive results, with few reflecting on the process of integration.

4.5 Challenges for the integration of local and scientific knowledge in EWS

Our literature review showed multiple obstacles that hinder integration, as shown in
Table 5.

Among these challenges, obtaining access to different sorts of resources, including
human and financial resources and short time frames emerged to be the most prominent.
Ensuring that locals can participate requires a concerted effort to reach out to local stake-
holders, request funding for research, and the time to execute the studies (Tran et al. 2009;
Magee et al. 2016; Plotz et al. 2017; Klimes et al. 2019). Despite the goal of incorporating
local and scientific knowledge, uneven power dynamics are still rampant in DRR policies
and programmes, identified as the second and third most common challenge in our review.
In this power dynamics, knowledge hierarchy remains the biggest issue as there can still
be a preference for scientific knowledge in research led projects leading to a perception of
local knowledge as less valuable. In some contexts, there is more trust in scientific fore-
casts due to improvements in forecasting models. Hence, even locals shy away from their
knowledge and can rely on scientific data (Kniveton et al. 2015).

However, what remains a crucial issue from these papers is the often reported lack of
trust between local, scientific, and practitioner communities. Various papers also report
that locals with strong beliefs in their knowledge are often sceptical of the new scientific
data based on large-scale approaches they receive, as there is still uncertainty with sci-
entific knowledge, such as limited forecast skill of weather and impact-based forecasts
and limited resolution and accuracy of risk and impact maps. Locals also experience that
many international or national NGOs and governmental organizations do not have the right
knowledge, skills, and resources to act early or respond fast after a disaster, for example,
if there is a long delay before help arrives (Taylor et al. 2020). This is also tied to a lack of
confidence in institutions like the government and organizations that work with communi-
ties on DRR. This lack of trust can be rooted in the fact that information at a local level
is often not captured in scientific data, and thus, locals feel ‘left out’ in the discussions of
EWS (Gwenzi et al. 2016).

Another highly reported challenge and an issue related to power relations affecting
the incorporation of local and scientific knowledge is the ability of locals to ‘understand’
technological systems. This includes limited access to the necessary technology (such as a
smartphone with the internet). They are not empowered and capacitated to understand the
scientific weather reports that come from meteorological agencies (Gaillard and Mercer
2012; Carby 2015; Mutasa 2015; Rai and Khawas 2019). If this continues, the imposition
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of scientific—technocratic knowledge may only enhance vulnerability instead of building
communities’ inner strengths and capabilities (Choudhury et al. 2021). The wording of
‘understand’ shifts the responsibility to the locals and does not elaborate on what under-
standing requires, e.g. technical knowledge or translation of information to other contexts.
Only some papers reported that communities and researchers have different views on risk
and hazard, especially due to the approach to scale or lack of understanding by researchers
of place-based local knowledge.

Another challenge is how to communicate scientific knowledge. As an example, Klon-
ner (2016) suggests a lack of understanding of which channels and content formats are best
suited to communicate the local and scientific knowledge. This could lead to the insuffi-
cient applicability of the information in a hazard analysis context and a lack of the informa-
tion being received, understood and acted upon. Translation to the local language is also
a challenge in communication as most locals can only understand warnings in their local
language (Pennesi 2007; Rangecroft et al. 2018; Grey 2019). Where some papers claim
knowledge understanding is a challenge, most frequently the understanding of scientific
knowledge by locals, other papers approach this as a communication challenge. Overall,
we also recognize that there is a focus on internal constraints and little mentioning of exter-
nal forces (e.g. globalization, market pressures, multi-scale environment threats), making
integration difficult, as discussed in Loch and Riechers (2021).

4.6 Enablers for the integration of local and scientific knowledge in EWS

There is an abundance of enablers suggested in the literature (Table 6), to help scholars
integrate local and scientific knowledge better, as compared to the reported challenges and
inhibitors.

To boost local and scientific knowledge integration, it is key to obey local customs and
implement knowledge on the locals’ own terms. This can also be perceived as a method
to counter the unequal power relations in developing EWS. There could also be an assur-
ance that components of the EWS, such as Monitoring and Forecasting, can be made in the
own terms of locals (Ebhuoma 2020). It is important that locals maintain their identities
and perhaps develop their own knowledge independently (Mutasa 2015). This can avoid
epistemological and ontological confrontations (e.g. what constitutes knowledge and how
can knowledge be gained). Moreover, local communities must understand issues of hazard
and vulnerability in their own terms and use that to decide if they want to proceed with the
‘integration process’ (Mercer et al. 2010).

Locals should be able to understand the different methods used to develop and run an
EWS to be able to engage in the codevelopment of an EWS or become an active recipients
of the warnings of an EWS. This can be done by using local language and adapting to local
customs within the EWS process. This will help empower local communities to understand
disasters and their risk in the best way possible. Pennesi et al. (2007) give concrete exam-
ples of locally adapted communication, including various aspects such as cultural context,
word use, multiple definitions, the validity of non-scientific concepts, education, transla-
tion, and explanation of the limitations of the research. Early and ongoing dialogues with
local communities and meaningful communication help address emerging issues with col-
laborations, especially with integrating different methods.

Finally, building trust is important and can only be built up over a large span of time.
One cannot just come into communities without the necessary processes of creating trust
between stakeholders. This is identified as one of the main challenges but equally often
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Natural Hazards

suggested as an enabler. However, concrete ways of building trust are rarely suggested, and
it often remains pitched only as a concept. Trust building is needed between the govern-
ment, local actors, DRR actors, and project implementers. External actors must improve
their efforts in nurturing local peoples’ genuine participation in the assessment of their
local knowledge skills and resources (Ton et al. 2017; Andersson et al. 2020; Cuaton and
Su 2020). Intellectual honesty by researchers must also be required to admit the uncer-
tainties in the scientific methods they use (Guthiga and Newsham 2011). In sum, building
an ethical and trustworthy relationship through interaction between stakeholders is a must
to ensure that integration is appropriate and can lead to creating an effective EWS for all
stakeholders.

5 Discussion

The meta-analysis of the literature shows that most publications are in relation to case stud-
ies in Africa and Asia, and are mostly on multi-hazards and hydrological hazards. Over
time, there is an increase in publications on the integration of knowledges in EWS (Fig. 2).
In addition to the increased attention to local knowledge in DRR after the Indian Ocean
Tsunami of 2004 (Rai and Khawas 2019) the general push for community participation
in the Hyogo Framework for Action (2005-2015) and Sendai Framework (2015-2030),
as global DRR policies, have provided a justification for more work on integrating local
and scientific knowledge. However, the promotion in these frameworks as justification for
knowledge integration has not automatically led to reflection on the quality of knowledges’
representation with the framing of ‘integration’. Our discussion focuses on this aspect and
gives a critical evaluation through three lenses: Approaches to ‘integration’, On ‘success-
ful’ integration and approaches to knowledge and A way forward: learning across.

5.1 Approaches to ‘integration’
5.1.1 Spectrum of ‘integration’

Our literature review shows that participatory methods (both focused on community
engagement and GIS and mapping) are the most popular form of ‘integrating’ knowledges.
This trend is most likely embedded in the popularity of participatory methodologies in
other fields, such as participatory rural appraisals (e.g. Chambers 1994). In the literature
on participatory methods, or the later introduced citizen science and coproduction, ‘lad-
ders’ of the level of participation are often created (e.g. Arnstein 1969; Walker et al. 2021).
These ‘ladders’ provide a ranking of the level of participation, from low to high. Similarly,
the identified forms of integration in this study also represent different forms of integration
connected to discussions about ‘ladders’ in citizen science, coproduction, or participatory
approach literature.

Noticeable is that rarely concrete models of integration are given (Mercer et al. 2010;
Gaillard and Mercer 2012; Hiwasaki et al. 2014; Kniveton et al. 2015; Tiepolo et al. 2019),
where the process of integration is outlined. This challenges our ability to establish an
explicit ‘ladder of integration’ here,

but we can identify extremes. The focus on local and scientific knowledge validation
is low on the ladder of integration, whereas certain types of participatory approaches will
be high on the ladder. What we can deduct from Table 3 is a difference in the timing of
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‘integration’ within the overall integration process. A number of papers (n=19) suggest
developing knowledges separately due to their epistemological and ontological differences
(e.g. Dube et al. 2016). Guthiga and Newsham (2011) give an example where rainmakers
suspected that meteorologists would steal their knowledge. Safeguarding the relations and
the epistemic process was done through the separation of duties and knowledge construc-
tion. The safeguarding also addresses the concern of separating knowledge from its local
context, which can have significant risks for local communities, such as misinterpretation
(Agrawal 2002). On the other hand, some have suggested that addressing the most com-
monly mentioned challenges (e.g. finding common ground, reaching an understanding, and
achieving trust; Table 5) can be achieved by including dialogue throughout the integra-
tion process. The openness can contribute to a better understanding of other epistemic pro-
cesses, and the respectful discussions can build trust relations. Therefore, there are mixed
suggestions on the type of integration process that is most appropriate.

5.1.2 ‘Integration’ starting point dichotomy

Further unpacking the differences in integration approaches, we identify a contrast in the
starting point of the integration process: the people or the technology. ‘The people’ start-
ing point focuses on what scientific knowledge reaches the local context and how this is
triangulated with other knowledges as well as which processes people have within their
community, such as passing local knowledge on from generation to generation or how peo-
ple act on their own local knowledge (e.g. Gwenzi et al. 2016; Saki¢ Trogrli¢ et al. 2019).
Within this category, there are also two papers (Baudoin et al. 2014; Marin et al. 2020)
approaching integration as an organizational matter of education, policy, and representa-
tion of government and community organizations. ‘The technology’ as a starting point rep-
resents the scientific knowledge side (e.g. the use of forecasts based on meteorological and
hydrological scientific models, hazard maps based on scientific data sets) and centres on
ways to include the local knowledge in a pre-defined scientific knowledge process or how
local knowledge can be integrated with already established scientific procedures and tools
(e.g. mapping, GIS or the weather forecast technology) (Tran et al. 2009; Valdivia et al.
2010; Giordano et al. 2013; Hung and Chen 2013; Cruz-Bello et al. 2018).

Reflecting on this dichotomy, the latter comes from a technocratic point of view (Hewitt
1983), whereas the first is embedded in knowledge as a social construct. This dichotomy
can also be observed in the framing of challenges for integration; for example, some papers
mention ‘communication challenges’, where improvement is needed on the communica-
tors’ side, whereas others frame it as a ‘lack of understanding’ of the technical methods
and processes by the participants. Within the analysis of the enablers, there are mostly
themes connected to social interaction, such as the ‘safeguard measures for interaction’,
‘local adaptation and focus’, ‘trust building’. These should address the major identified
challenges of ‘dominance of scientific knowledge’ in the process of integration and associ-
ated ‘power relations’. There is, however, little elaboration in the literature on what should
be changed, which suggests that current narratives of integration are limited in their atten-
tion to social processes.

5.1.3 Power in‘integration’ processes

The above categorization of integration, from spectrum to dichotomy, raises the question
of what ‘integration’ is. Integration could be defined as the combination of elements to
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form a whole, although in most literature, it implies incorporation of one component into
another (Tengo et al. 2014). For example, papers such as Ahmed et al. (2019), Grey (2019),
Hiwasaki et al. (2015), Lin and Chang (2020) approach integration as the validation of
local knowledge observations and indicators. Hiwasaki et al. (2015) outline where local
and scientific knowledge overlap or local knowledge can be validated by scientific knowl-
edge. This framework envisioned a more important role of science compared to Mercer et
al.’s framework (2010), where the focus lies on first understanding vulnerability factors
in the ‘integration’ process and then developing separate knowledge strategies, which can
be negotiated into an integrated strategy. Hiwasaki et al. ‘s approach (2015) to integra-
tion builds on the premise that only local knowledge indicators which can be backed up
by scientific knowledge are feasible for integration. Such an approach pays no attention
to the implications of power relations within the local level (Saki¢ Trogrli¢ et al. 2021)
and between the scientists and participants, but highly influences what knowledge serves
as input for the integration process and who has power over what this process looks like.
When local knowledge is sought to inform environmental decision-making in EWS, it
implies that local people are considered mere stakeholders instead of self-determining
nations with rights and responsibilities regarding their knowledge systems. Local knowl-
edge is not respected when knowledge is treated as mere data to back or authenticate scien-
tific knowledge (Latulippe and Klenk 2020).

Power relations and knowledge legitimization are rarely discussed or reflected on.
However, Balay-As et al. (2018) deconstruct power dynamics to provide ways for more
meaningful participation. They suggest factors such as gender, social status, and commu-
nity relationships need to be considered to create more equal opportunity for participation.
Their observations show that factors such as education level and influence affect who takes
decisions and is allowed to participate in knowledge construction processes. This is preva-
lent on both local and global scales, e.g. researchers from the national level working at the
local level or from the Global North working on knowledge integration in the Global South
(esp. since most studies in our review take place in the Global South). This means there is a
need to acknowledge the social interaction and processes besides the most common ‘tech-
nocratic’ scientific knowledge integration process.

5.2 On‘successful’ integration and approaches to knowledge

Overall, 95% of the reviewed literature only reported positive outcomes from their ‘integra-
tion” efforts. These justifications fit the call for local knowledge integration in global DRR
policies. The representation of mostly positive outcomes in the ‘integration’ literature can
also be found in the citizen science scholarship. Most of these positive results are potential
or inferred (Walker et al. 2021). Measuring the outcomes of the process of integration is
challenging, and few do so. Positive outcomes were reported by Kniveton et al. (2015),
where participatory downscaling weather and climate forecasts improved human capital
and crop decision-making, resulting in higher yields and early action. However, Klime§
(2019) points out that success is often short term, suggesting that there were no transform-
ative changes beyond the project timeframe. Equally, in the case of participatory GIS map-
ping, Cruz-Bello (2018) mentioned there was no training in GIS for the community. These
reflections raise the question of who benefits from the integration, how success is measured
and on what timescale.

The trend of reporting positive outcomes of integration is partly due to ‘romanticization’
of local knowledge, as discussed in (Antweiler 1998; Wohling 2009; Obermeister 2019).
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To address this challenge, it is important to reflect on what local and scientific knowledge
can or cannot do, e.g. exaggerating the role of local knowledge in ‘solving’ problems cre-
ated by bigger issues such as environmental degradation and climate change intensifying
flooding at local levels. Equally, Walshe & Nunn (2012) and Dube et al. (2016) reported
local knowledge use was regarded as more relevant in the community’s particular situa-
tions, and non-local knowledge is considered alien and less useful, particularly when the
information is in an unfamiliar technical nature. The need to acknowledge the impor-
tance of local knowledge besides the standardized scientific knowledge does not mean it
is appropriate in every context to ‘integrate’ knowledges. In our review, various papers
(n=19) suggest developing knowledge separately to ensure value systems are safeguarded
and accounted for. The literature on triangulation, social, and interaction dynamics (‘the
people’ focus in integration approach) can support the understanding of knowledge use
in different contexts. To this end, Dube et al. (2016) highlight that integration or ‘copro-
duction’ is not something newly invented by the scientific knowledge community, but has
always taken place.

Current scientific knowledge approaches often map knowledges as binary, namely local
and scientific knowledge (e.g. Ziervogel and Opere 2010; Masinde 2015), as opposed to
approaching knowledge as plural. The literature focusing on triangulation acknowledge
that all knowledge systems are dynamic and ultimately hybrid, as no knowledge system
has developed in isolation (e.g. Lauer 2012; Mutasa 2015; Dube et al. 2016; Lin and Chang
2020). The search for which knowledge is the most distinct risks marginalizing the other
knowledge, makes one knowledge dominant and challenges equal ‘integration’ (Mutasa
2015). Consequently, the relationships that compose knowledge integration maybe trans-
actional and extractive (Latulippe and Klenk 2020). Also, the literature on knowledge
integration seems to uphold the notion that research is an activity that can be separated
from the knowledge holders, practices, and local politics, such as peer-reviewed processes
(Klenk and Meehan 2017). With this perspective, knowledge integration is projected in
some literature as the sole advisor or facilitator of knowledge systems instead of being
instrumental and constitutive of how different trajectories and futures (van der Molen
2018) can be attained in the EWS sector.

In reality, the mixture leads to useful action, although the composition may differ for
different groups (Mercer et al. 2012). For example, younger generations who have been
exposed more to scientific knowledge are more attracted to and trust technocratic scientific
knowledge (Choudhury et al. 2021). However, there is also a risk that local knowledge may
‘disappear’ since it is usually expressed orally by older generations and rarely documented;
hence, such knowledge may disappear with the passage of older generations (Chang’a et al.
2010; Chanza and Mafongova 2017). Additionally, there are knowledge synergies in terms
of time and spatial scales or understanding of ecological processes. Our understanding of
knowledge (e.g. binary or plural) has fundamental implications for what integration means
and how it is approached (e.g. the identified dichotomy at the starting point of integration
processes).

5.3 A way forward: from ‘integration’ to ‘learning across’

The wording of integration in itself seems to underline a dichotomy of knowledges, where
one is incorporated with another. As Tengo et al. (2014, p. 43) point out, ‘it is important
to differentiate among (a) integration of knowledge, (b) parallel approaches to developing
synergies across knowledge systems, and (c) coproduction of knowledge’. As opposed to
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the integration, a parallel approach centres around complementaries and synergies across
knowledges. Coproduction implies the ongoing conjoint process of knowledge construc-
tion throughout all phases in the process. As our EWS literature review outlines, different
contexts (and each EWS component) may require different approaches. It will also be nec-
essary to regularly ‘recalibrate’ the integration as changes can take place in both LK due to,
for example, climate change or changes in LK holders (e.g. migrants that settle in an area
to which they are new) and SK due to, for example, advances in science or new and better
measurement data. However, the most common identified challenges in the literature (e.g.
‘Varying perceptions and understanding of knowledge of risk and EWS’, ‘trust’ and ‘power
relations’) lay in the domain of social dynamics and relations. This implies that attention
to process facilitation, assumptions and power dynamics (e.g. what form of ‘integration’, is
it realistic or romanticized, who benefits from the outcomes) is as important as the techno-
cratic knowledge on EWS. Moving from ‘integration’ to learning across knowledges can
provide space for a plurality of knowledge and process adaptation to the local context.

We end this discussion with a word of caution. It would be incorrect to interpret the pre-
ceding discussion as suggesting that integration of knowledges should not be pursued. We
need insights from multiple complementary knowledges to address complex challenges in
EWS and DRR. Even conflicting evidence between knowledges is valuable and should not
be hidden, as it can help develop knowledge for appropriate decision-making. Our goal has
been to evaluate the current literature and highlight that efforts of ‘integration’ require ask-
ing some critical questions about the assumptions, goals, outcomes, and process. Similar
discussions can be found in the fields of Climate Change Adaptation or Climate Services.
These learnings and challenges can be more widely applied and connect discussions across
fields.

6 Conclusion

In this realist systematic review, we aim to understand and outline how local and scientific
knowledge integration is framed in EWS in DRR. We focus on: (1) existing approaches to
integration, (2) where in the EWS integration is happening, (3) challenges of integration,
(4) outcomes of integration, and (5) enablers of integration. Secondly, we critically discuss
the extent and quality of ‘integration’, and what this means for EWS outcomes. Our goal
has been to evaluate the current literature and highlight that efforts of ‘integration’ require
asking some critical questions about the assumptions, goals, outcomes and process.

Our meta-analysis shows an increase in publications since 2004 (Indian Ocean Tsu-
nami) on the integration of local and scientific knowledge for EWS, with a focus on the
Global South, and multi-hazards and hydrological hazards. Focusing on the approaches
and framing of integration, there is a spectrum of integration, with a starting point dichot-
omy: a focus on the people or the technology. Most popular integration approaches are
‘participatory methods for community engagement’, ‘participatory GIS mapping’ (technol-
ogy), and ‘triangulation’ (people). The current processes of integration are often limited
in their attention to social interaction and power relations. This is represented in the most
cited challenges: ‘Varying perceptions and understanding of knowledge of risk and EWS’,
‘Dominance of scientific knowledge’ ‘Trust issues’ and ‘Power relations’ and suggested
enablers: ‘Trust building’, ‘Local adaptation and focus’, ‘Safeguard measures for interac-
tion’. However, these challenges and enablers are rarely unpacked. We found that current
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forms of integration disregard implications of power dynamics and of approaching knowl-
edge as binary instead of plural.

In current integration approaches, the knowledge approach is often binary and one-off,
and critical evaluation shows that it is crucial to understand what knowledge can and can-
not address in different contexts and across time and space. Integration as an ultimate prob-
lem solver should therefore not be blindly assumed. Equally, we do need insights from
multiple complementary knowledges to address complex challenges in EWS and DRR.
We argue that how we approach different knowledges in EWS has fundamental implica-
tions for the approaches to integration and its meaning. This includes acknowledgement
of hybrid knowledge use as a reality for EWS, and the role of social relations and power
dynamics. Moving from ‘integration’ to learning across knowledges provides space for a
plurality of knowledge and process adaptation to the local context.
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