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ABSTRACT

Climate services are recognized as an essential tool for sustainable development in strategic and climate-sensitive
sectors. In developing countries, particularly in Africa, the literature offers successful examples of application,
especially in the agricultural sector, which is dramatically sensitive to climate variability and change. While,
initially, particular emphasis was placed on the outcomes of these services and the benefits they provide to users,
several authors, more recently, have focused their attention on the process. A climate service is understood as a
cyclical process in which the different actors interact, exchange knowledge, and establish relationships and
mutual trust. This co-production process serves primarily to bridge the gap between science and society and is
particularly appropriate for developing countries. Several authors claim the benefit of the co-production process
improving the service usability, but rarely the intrinsic value of the process is recognized. This study aims to
describe the process and document its added value using the example of Niger as a case study, where two services
addressing drought and floods have recently been developed, tested, and operationalized. This experience allows
for inferring lessons that can be useful for researchers and practitioners in developed and developing contexts.
The value of the collaboration between different disciplines (transdisciplinarity) and roles (complementarity),
and the iterative and interactive learning process emerge as key elements allowing a continuous improvement of
the services and the strengthened relationship among actors. The results of this process, albeit qualitatively
described in the paper, could guide researchers and practitioners in adopting such an approach and could
represent a tangible example for funders and policymakers of the process’s added value. Nevertheless, the article
recognizes the need to develop a methodological framework for quali/quantitatively assessing the added value of
the co-production process and suggests four dimensions to be considered in further research. Finally, the paper
recommends the capitalization of pilot experiences through the national and global frameworks for climate
services.

bidirectional knowledge gap. Although the concept and applica-

Practical implications

tion of climate services have been under discussion for more than
a decade, it is only recently that attention has been paid not only
to the benefits that physical outcomes provide to users but also to

Frequently, the gap between climate science and society is the root
cause of the limited usability of climate information, especially in
rural environments. This gap exists in both directions, with rural
populations having a limited understanding of technical-scientific
information, and conversely, climate technicians and scientists
being significantly disconnected from local conditions. Knowledge
silos are a generalized threat plaguing innovation in different
sectors, not only in climate-sensitive ones. The concept of climate
services co-production aims fundamentally to bridge the
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the co-production process and its intrinsic value. A climate service
is defined as a process in which different actors - be they infor-
mation producers, intermediaries, users, decision-makers, or other
stakeholders - interact, exchange knowledge and build relation-
ships and mutual trust. The co-production theory argues that the
process has a value, ultimately greater than the outcome, which
must be fully recognized to justify a method that might be seen as
excessively long and costly. This study aims to document the
added value of the co-production process using the example of two
climate services co-developed in Niger addressing the country’s
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main climate risks: droughts and floods. They have been recently
developed, tested, and made operational with the support of the
ANADIA projects (2013-2016 and 2017-2021) co-funded by the
Italian Agency for Development Cooperation. The technical
innovation of these services lies in the ability to provide appro-
priate hydroclimatic information for decision-making at the local
scale, while the methodological innovation lies in establishing an
iterative and interactive process of learning and knowledge ex-
change between different disciplines, sectors, and actors at the
central and local levels. The implementation of such co-
production process became an aggregator of strategic partner-
ships aimed at innovation for sustainable development. In the case
of ANADIA, the value of the transdisciplinary co-production pro-
cess has emerged as a central outcome of the projects.

Even if the proposal of a methodological framework for the eval-
uation of the process’s added value is beyond the aims of this
paper, the systematic analysis of the co-production process carried
out in Niger highlights some lessons that may be of practical use
for researchers and practitioners interested in this area.

The process of climate services co-production has an intrinsic
value in addition to the benefits it brings for a better design,
development, distribution, access, and uptake of outcomes. The
added value of the process lies in bridging the gap between
different knowledge systems allowing cross-fertilization between
disciplines and complementarity between different levels of
decision-making. The process allows the creation of a community
of equals, the democratization of the access to climate information
and knowledge, and the establishment of relationships of mutual
trust.

The process must be cyclical, iterative, and interactive. Innovation
is introduced by trials, which are tested, evaluated, and improved
repeatedly with the participation of all stakeholders each for their
role. On-going changes and adjustments indicate process effec-
tiveness, participation, and interest in improvement. Even if a
cycle does not produce the expected improvement in outcome, it is
still beneficial because it has explored a new hypothesis and
strengthened the synergy among the players.

Climate scientists and experts at NMHS are not used to adopting
social science approaches for actors’ engagement, partnership,
trust-building, and knowledge sharing. The co-production of CS
requires shaking the paradigm of a linear innovation process from
producers to users. Innovation is a cyclical process where differ-
ences in knowledge and points of view are an asset and an added
value, if the players are able to accept and adopt them. The will-
ingness to learn from others is therefore the first requirement for
actors to be involved in the process.

Collaboration in co-production brings people together across two
different axes: disciplines and roles. Both these types of collabo-
ration lead to a better understanding of the context and the needs,
opening the way to decision-oriented services. The first advocates
for scientific transdisciplinarity allowing the integration of
climate-related knowledge with other sectoral knowledge (envi-
ronment, agronomy, pastoralism, economy, etc.) in a perspective
of cross-fertilization (van Breda and Swilling, 2019). The second
relates to the concept of complementarity between knowledge
systems and broadens the admissible knowledge in the CS pro-
duction process and includes non-scientific knowledge and per-
spectives from communities and decision-makers. Furthermore,
the second level promotes the shift of the service ownership from
the project core team to the community of actors and this is critical
for the sustainability beyond the project life span. In addition, and
strategically even more important, the collaborations and re-
lationships established, as well as the habit of cooperating and
learning together, create a virtuous cycle enabling further de-
velopments, innovations, and applications even in other sectors
not initially targeted by the service.

Monitoring-Evaluation and Learning (MEL) are a fundamental
component of the iterative and interactive social learning process
sustaining the co-development of CS. MEL not only allow the
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progressive improvement of the service but strengthen partner-
ship among actors, creates ownership of the service, and finally
fortifies sustainability. Moreover, by demonstrating the value of
the service MEL can convince policymakers and funders to make
additional investments. However, the value of the co-production
process cannot be assessed only in terms of physical outcomes.
The process value is difficult to measure since it is an intangible
outcome. Therefore, a reference framework for acknowledging the
substantial value inherent in the co-development process is
needed.

From the experience and perception of the stakeholders involved
in Niger, we suggest considering the following four dimensions in
the evaluation of the added value of the process in climate services
co-production:

1. Value added to the Climate Service co-production: This
dimension explores the value created beyond more conven-
tional approaches on the service production and the improve-
ment over time due to progressive technical enhancement
resulting from the co-production process. It can be assessed on
every step:

o Identification of needs: better definition of roles, re-
sponsibilities, establishment of agreements, identification of
the decision-making context, specific needs of users and
relation with climatic risks.

o Development of solutions: participation of all stakeholders
and contribution with different systems of knowledge.

o Delivery of information: appropriateness of content, format,
language and timing, agreements with intermediaries.

2. Value added to the Climate Service functioning: This dimension
explores the value created beyond more conventional ap-
proaches on the service efficiency/effectiveness, and can be
evaluated on:

0 Access to information: awareness of users about communi-
cation channels and appropriateness of the channels in
respect to users needs.

o Uptake of the services: trust and appropriateness to the social
context built over time through the iterative process.

o Action by Users: matching identified needs, enhancement of
service impacts due to increased users’ ability to act on in-
formation and advises, attributable over time to the iterative
process.

o 14. MEL: improved feedback mechanism (enhanced capacity
of technical-scientific actors to gather feedback from users
and intermediaries), involvement of stakeholders and pro-
posals/requests for improvement.

3. Value added to the expansion of the service: this dimension
explores the value created beyond more conventional ap-
proaches on the service scaling-up, expansion and financial
sustainability after the first funding period:

o Geographical expansion: new areas/communities covered
after the end of the funding cycle that enabled its co-
production.

o Extension of the scope of the service: types of decisions
supported, new risks addressed, new sectors involved after
the end of the funding cycle that enabled its co-production.

o Diversification of the funding mechanism: new financial
partnerships involving public and private funders or new
mechanisms of cost-sharing and business.

4. Value added toward new services: this dimension explores the
value created beyond more conventional approaches in build-
ing the capacities of actors and stakeholders for imaging and
producing new services:

o New knowledge: increased transdisciplinarity and increased
technical capacities of stakeholders for further development,
but also in terms of increased demand for services (new or
improved) from users’ communities.

o New relationships: relationships or agreements adopted by
the involved actors with other actors in the same value chain
or in another related to the co-produced service, increased
trust by the public, enduring relationships and agreements
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established among stakeholders after the co-production
process.

o New services: identifying, designing, developing new ser-
vices by the different actors originally involved.

We are convinced that the description, albeit qualitative, of these
benefits is useful in informing and persuading researchers and
practitioners to adopt such an approach; nevertheless, the article
recognizes the need to develop a methodological framework for
quali-quantitatively assessing the added value of the co-
production process. Such a framework could address the above
mentioned four dimensions. Moreover, we recommend that les-
sons learned through case studies such as the one documented in
this paper are capitalized by the Global and National Frameworks
for Climate Services.

Data availability

Data will be made available on request.

1. Introduction

Climate services (CS) link “climate knowledge and action at the
science-society interface” (Bremer et al., 2019) and imply “the trans-
formation of climate-related data together with other relevant
information-into customized products such as projections, forecasts,
information, trends, economic analyses, assessments (including tech-
nology assessments), counseling on best practices, development, and
evaluation of solutions and any other service concerning climate that
may be of use for the society at large” (Street, 2016). Since the definition
of the concept in 2011 by WMO (WMO, 2011), a climate service, rather
than being a simple climate product, implies the concept of process and
relations among actors. Nevertheless, CS are still often associated with a
supply-driven delivery of climate information from providers to users
(Brasseur and Gallardo, 2016). Back in 2012, Lemos had identified the
“usability gap” (Lemos et al., 2012) between “what scientists understand
as useful information and what users recognize as usable in their deci-
sion making” advocating for the evolution from a linear conceptual
model to a more complex model involving multiple interactions between
information producers and users. Lemos still used the traditional defi-
nitions of “users” and “producers” as main players, which nowadays are
much more blurred with large literature acknowledging the importance
that “users” participate in producing the service and the “producers”, in
turn, use information produced by the “users”. Therefore, the roles are
not static because all actors in some way produce and use information.

While confirming the starting point that climate information must be
salient, legitimate, and credible (Cash et al., 2003), barriers to the
“effective and reliable transformation of climate data into useable
climate services” (Bremer et al., 2019) still exist both in developed
(Buontempo et al., 2018) and developing contexts (Vaughan et al.,
2018). These barriers are primarily determined by the process used to
design and implement CS. The linear model, yet adopted by govern-
mental organizations such as National Meteorological and Hydrological
Services (NMHS) is based on the concept that it is sufficient to fill the
need for climate information and therefore called by Vogel the “deficit
model” (Vogel et al., 2019). Co-production of CS, including all forms
such as co-design, co-development, etc., proposes an alternative method
to bring the users at the centre of the activity and to establish collabo-
rative processes of mutual learning and knowledge exchange among all
actors (Weichselgartner and Arheimer, 2019). The implementation of a
co-production approach necessitates a transformative shift, involving
the integration of social science. This integration is crucial for under-
standing various sociological contexts, behaviors, and non-climate
constraints that influence decision-making and adaptation in climate-
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sensitive sectors (Findlater et al., 2021). The extensive literature re-
view of Vincent et al. (Vincent et al., 2018) outlines the origins and
conceptual framework of co-production, which according to Lemos and
Morehouse (Lemos and Morehouse, 2005) respond to the interactive
science’s principles of interaction, interdisciplinarity, and reflection of
user needs. Several experiences of co-production are documented by
literature in developing (Butterfield and Osano, 2020; Daniels et al.,
2020; Steynor et al., 2020, among others) and developed (Terrado et al.,
2023; KrauB, 2020; Kruk et al., 2017; Prokopy et al., 2017 inter alia),
countries. Moreover, some structured guidance frameworks for CS co-
development have been recently proposed by different authors, based
on specific experiences or literature review:

o The prism model of co-production suggests eight ‘lenses’ for looking
at the production of climate science (Bremer and Meisch, 2017) in
order to take into account the complexity of the process.

e Vincent’s Principles and Characteristics of the co-production cycle
are distilled from a comprehensive literature review (Vincent et al.,
2018).

e The WISER’s (Weather and Climate Information Services for Africa)
manual for co-production in African weather and climate services,
provides building blocks and principles based on several experiences
across Africa (Carter et al., 2019).

e The Tandem framework adopted by the Stockholm Environment
Institute proposes iterative steps to inform, guide and structure
transdisciplinary interaction among actors (Daniels et al., 2020).

All these frameworks aim to provide theoretical as well as practical
references to researchers and practitioners who venture into the science-
society interface which Bremer defines as terra incognita and where he
pragmatically suggests to ‘learn-by-doing’ (Bremer et al., 2019).

The success of a co-production process requires building a trusting
relationship between the different actors (Lacey et al., 2018). This
symbiosis between actors is built over time, through knowledge transfer
activities and inclusive processes, based on the continuous interaction
between research, technicians, decision-makers, and society. The pro-
cess is progressive, iterative and resources consuming (Vincent et al.,
2021). Therefore, the cost-benefit assessment could lead most in-
stitutions to consider co-production too expensive, if only the product it
enables is considered as an outcome. By contrast, the co-production
process has a value in itself, which may even be greater than the value
of the knowledge product (Norstrom et al., 2020). Even if several
frameworks for evaluating the outcomes of the co-production process
have been proposed (Wall et al., 2017; Bremer et al., 2021; Salamanca
and Biskupska, 2021; Visman et al., 2022), no method has yet been
proposed for assessing the added-value of the co-production process of
CS. According to Steynor (Steynor et al., 2020), a qualitative evaluation
may include an improved mutual understanding of the common arena
by knowledge holders, enhanced relationships built through the process,
as well as a smoother flow of data, information, and feedback.
Furthermore, Carter et al. (Carter et al., 2019) add the ownership of the
service leading to a greater uptake and sustainability and the behav-
ioural changes in the use of weather and climate information for deci-
sion-making.

The objective of this paper is to document the value of the process in
the co-development of CS, identifying lessons learned and good prac-
tices that could be tested by researchers and practitioners in other
contexts. We analyse the co-development process of two different CS
implemented in Niger within the projects Adaptation to Climate Change
and Disaster Risk Reduction in Agriculture for Food Security —phases 1
and 2 (ANADIA). The services address the country’s main climate risks,
droughts, and floods. The technical innovation of these services lies in
the ability to provide appropriate hydroclimatic information for
decision-making at a local scale, while the methodological innovation
lies in establishing an iterative and interactive process of learning and
knowledge exchange between different disciplines, sectors, and actors at
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Table 1
Description of climate services co-developed in Niger.
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Service Information

Decision-makers

Decision

Hydrological service Flood vigilance warning

DGPC and other centralized
institutions
MunicipalitiesCommunity committees

Activating the National alerting system
Alerting communities
Informing community and downstream committees (SCAP-

(SCAP-RUs) RUs)
Flood Risk reduction plans Municipalities Local planning
Agrometeorological Seasonal forecasts and advice, Municipalities Activating mitigation measures

service 10-day agrometeorological forecasts and

advice

Local extensionists
Pilot Farmers
Farmers

Advising farmers
Own crop management and advising community
Crops management

the central and local level. We refer to the WISER’s manual (Carter et al.,
2019) to analyse the process steps and we discuss the results with
reference to the process principles and product characteristics identified
by Vincent (2018).

Section 2 presents the services that are the object of the analysis and
resumes the conceptual frameworks used for presenting the findings
(section 3) and discussing the results (section 4). Section 5 resumes the
lessons learned while in section 6 some conclusions are provided.

2. Materials and methods
2.1. Context

Niger is exceptionally vulnerable to climate variability and change
compared to many other regions because most of its population lives
below the poverty line, and it bases much of its livelihood on climate-
sensitive activities such as rain-fed agriculture and pastoralism. Se-
vere, cross-sectoral, and long-term impacts on economic, ecological, and
social systems are being already observed and, in some cases, are irre-
versible (Hiernaux et al., 2009; Descroix et al., 2018; Fiorillo et al.,
2018; Massazza et al., 2021). As a result, climate change poses addi-
tional challenges to achieving the Sustainable Development Goals. In
addition, climate change and variability are often contextual and
multiplying factors for migration and violent conflict (Riittinger et al.,
2015).

The potential benefit of investments in weather and CS and early
warning systems (Genesio et al., 2011) far outweigh the costs of climate
change and variability impacts (WMO, 2021) and, in Niger, they are
considered a powerful tool for the development of climate-resilient
agriculture (Tarchiani et al., 2017; Bacci et al., 2020). However, in
Niger, as in many developing countries, a critical bidirectional divide
exists between climate science and society in the sense that the knowl-
edge produced by climate science often cannot be applied by potential
users for a number of reasons that Lemos et al. have summarized in the
term “usability gap” (Lemos et al., 2012). From one side, scientists and
technical staff of NMHSs are often disconnected from the reality of rural
areas and assume that scientific knowledge they produce is actionable,
while often it is not. On the other side, rural communities do not un-
derstand scientific information, nor even have access to, and base their
decision-making processes on empirical and traditional knowledge
systems. During the last decade, the ANADIA projects have promoted a
rigorous but participatory process of climate risk assessment in the
Dosso (Tiepolo et al., 2018) and Tillaberi (Tiepolo et al., 2019) regions
in Niger to subsequently identify the municipalities particularly at risk
and facilitate the co-definition with local actors of the most suitable risk
mitigation strategies (Tiepolo and Tarchiani, 2016; Katiellou et al.,
2021). ANADIA has therefore promoted the co-production of CS dedi-
cated to the rural populations, adopting a flexible and integrated
approach of research for development and training (Tarchiani et al.,
2020b), which allowed to co-design, co-develop, co-test, and co-
evaluate with national partners and local actors CS that in the final
phase have become operational. These services address the main

climatic risks in Niger, namely floods and drought. More specifically,
these are the Sirba Local Early Warning System against Floods (SLAPIS)
and agrometeorological assistance for rural producers against droughts
Table 1.

The increase in the frequency and intensity of both fluvial and
pluvial flooding phenomena in Niger, especially in the southwestern
area, brought, during the first ANADIA project, to identify the need to
develop a flood warning system for the Sirba River, the main tributary of
the Niger River in its mid-basin. The floods of the Sirba, that have
become increasingly more intense and frequent, have caused significant
damages in recent years not only to the riverine populations but also to
those downstream of the confluence with the Niger River down to the
capital Niamey (Massazza et al., 2021). SLAPIS is a community-based
hydrological early warning system that provides flood impact fore-
casts and supports local planning in flood risk prevention (Tarchiani
et al., 2020a). The system co-production started in 2018, in 2019 it was
tested and progressively improved through the collaboration between
scientific and technical partners, local authorities, and communities to
then become operational in 2020. The system’s co-production approach
has paid off with the full involvement of riparian communities at all
levels, from risk awareness and monitoring to warning communication
and response.

Rain-fed agriculture in Niger ensures the livelihood of a large part of
the population but is extremely vulnerable to climate variability and
change. Droughts have a devastating impact on crop production, mainly
due to the low resilience of production systems and the structural
inability of smallholder farmers to adopt risk mitigation and adaptation
strategies. Since its first phase, ANADIA has fostered the co-production
of agro-meteorological assistance services to support smallholder
farmers in coping with drought risk, allowing them to optimize available
resources and improve crop yields (Tarchiani et al., 2021a). Adopting an
iterative social learning approach, Niger Meteorological Department
(DMN), municipalities, local extensionists, rural radios, and farmers
have co-developed across several years of collaboration agro-
meteorological analysis and forecasting procedures adapted to local
use, an efficient mechanism for training and information as well as an
effective communication system based on multiple channels, from rural
radios to text and voice messages and social media. Between 2018 and
2021, 35 local workshops for 700 villages and 1469 households have
been organized. In 2020, an independent impact evaluation had shown
how farmers made extensive use of the agro-meteorological service
ensuring a significant reduction of losses and an increase in yields by
about 20 % (Bacci et al., 2023).

2.2. Methods

According to the “process-centric” approach described by Daniels
et al. (2020) in this research, the service is not identified in the product
itself but in the process, which is an iterative process of social learning,
knowledge exchange, and monitoring to strengthen the shared owner-
ship of the service. The process is analysed in the results according to the
WISER’s guidance on Equitable and Inclusive Co-production for
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Fig. 1. Product characteristics and process principles of the climate service co-production cycle. Source: (Vincent et al., 2018).

Weather and Climate Services (Carter et al., 2019). Evidence of the
added value of the process is described for each of the guidance’s six
building blocks:

1. Identify key actors and build partnerships aiming to ensure the in-
clusion of all the relevant actors including producers, users, and
intermediaries.

2. Build common ground aiming to develop a common understanding,
across actors and disciplines.

3. Co-explore needs focusing on the joint identification of the needs
underpinning the service and definition of roles and responsibilities
cementing the partnership between actors.

4. Co-develop solutions addressing the collaborative effort in which all
actors share knowledge and expertise for the design of the service
enabling the production of outputs as well as the uptake and use.

5. Co-deliver solutions allowing for a suitable packaging and commu-
nication strategy of the service, ensuring access, understanding,
uptake, and effective use by target groups.

6. Evaluate, which is a cross-cutting block on the whole co-production
process ensuring feedback and learning from the experience that
strengthens the process and allows regular improvement as well as
updating of the service.

The results of the research are therefore discussed using as reference
the principles of the process and the characteristics of the products
(Fig. 1) derived from the theory and practice of co-production (Vincent
et al., 2018) which advocates for the product to be decision-driven,
process-based, and time-managed, and for the process to be inclusive,
collaborative, and flexible. We refer to Vincent et al. because the “pro-
cess-based” lens allows us to analyse both the “more intangible results of
co-production” and the production of tangible co-production outputs.

2.3. Semantics

Within this paper, the following terms are frequently used. To avoid
misunderstandings, we provide a brief description here of the meaning
attributed to them by the authors:

Climate service

A climate service can be defined as the systematic provision of
climate information, data, and knowledge, tailored to meet the specific
needs of decision-makers (individuals, local authorities, businesses,
governments, among others). Climate services aim to assist users in
understanding and managing climate-related risks and opportunities.

These services, despite the term “climate” suggesting a long-term
timescale, encompass all types of information ranging from historical
climate data to observations, from nowcasting to weather forecasts, and
from seasonal climate predictions to future climate projections. This
seamless continuum across time is now commonly implied in the term,
although some may use the term “Weather and Climate Services”. In this
publication, for brevity and to encompass both the agrometeorological
and hydrological components, we use the more general and inclusive
term “Climate Service”.

Multidisciplinarity, interdisciplinarity and transdisciplinarity

Multidisciplinarity refers to an approach where different disciplines
work independently on a common problem without significant inter-
action. Each discipline contributes insights from its own perspective, but
there is limited integration of approaches.

Interdisciplinarity involves collaboration and exchange of ideas be-
tween different disciplines. The goal is to create a synthesis of knowl-
edge by integrating insights from various disciplines.

Transdisciplinarity refers to an approach that goes beyond disci-
plinary boundaries to address complex problems. It involves collabora-
tion and integration of knowledge from multiple disciplines, but it also
incorporates non-academic knowledge and engages with various
stakeholders, including communities, policymakers, and practitioners.

Therefore, transdisciplinarity takes a step further by not only
involving multiple disciplines but also engaging with stakeholders
outside academia, such as communities, policymakers, and
practitioners.

Co-production of climate services

The “co-production of climate services” refers to a collaborative and
interactive process involving the active engagement and partnership of
all climate service’s players (such as meteorologists, climate scientists,
researchers, media, intermediaries, decision-makers, communities) in
the development, design, and delivery of climate information and ser-
vices. This approach recognizes the importance of tailoring climate in-
formation to meet the specific needs of users, taking into account their
diverse contexts, vulnerabilities, and decision-making processes. In co-
production, players work together throughout the entire process, from
co-defining the needs, co-developing the solutions, co-delivering the
information and co-evaluating the process.

While “co-production” and “co-development” share similarities in
their collaborative nature, in this paper, and according with Carter et al.
(2019) we use them referring to distinct processes:
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A service more tailored
to users needs

More actionable and trusted
information products

Fig. 2. The circular process for the co-production of climate services and its added value.

e Co-production refers to the whole process from identifying users to
evaluating results and learning how to iteratively improve the
service;

e Co-development refers to the development of technical solutions
which is a block of the co-production process.

Intermediaries

NMHSs often need intermediaries (boundary organizations) to fill
the gap between themselves and end-users. Intermediaries have content
knowledge and play the role of a knowledge broker, or connector, in co-
production (Carter et al., 2019). Their functions are to: (i) enable link-
ages; (ii) ensure meaningful interaction between actors; (iii) support
‘language translation’ so that producers and users understand each
other; (iv) create or facilitate systems for knowledge access, combining
different forms of knowledge (e.g. scientific and local), communication,
and feedback on the use and impacts. Intermediaries can facilitate the
establishment of mutual trust and the “translation” of science into the
languages easily understandable by end-users. Depending on the
context, these knowledge brokers can be other farmers, private com-
panies, agricultural extensionists, NGOs or well-informed presenters and
journalists working in the media (Cegnar et al., 2023).

Subsidiarity and complementarity

In decision-making, subsidiarity refers to the principle of delegating
authority and responsibility to the lowest or most local level capable of
addressing and resolving a particular issue. It suggests that decisions
should be made at the level closest to the individuals or communities
affected, unless a higher level is necessary to address problems that
cannot be effectively handled at a lower level. The aim is to empower
local entities, promote autonomy, and enhance efficiency by allowing
decisions to be made by those with the most intimate knowledge of the
situation.

Complementarity emphasizes the idea that different components or
actors can work together to enhance each other’s strengths and produce
a more effective or comprehensive outcome. In this paper,

complementarity involves combining different knowledge systems in a
synergistic way, where each part complements the others, filling gaps or
compensating for weaknesses.

In practical terms, these principles can be applied by assessing where
decision-making authority should reside based on the specific nature of
the issue (subsidiarity) and by strategically combining diverse per-
spectives, expertise, or resources to inform and shape decisions
(complementarity).

3. Results

Since the service is identified in the process and not in the product
itself, we describe the process steps for each co-produced service and the
outcomes using WISER’s building blocks (see in the Appendices
Table A.1). For each building block we propose elements for appreci-
ating the added value of the process Fig. 2.

3.1. Identify actors and build partnership

While in the case of the Agrometeorological service (AS) main actors
were already identified through the existing transdisciplinary Commu-
nity of Practice (Tarchiani et al., 2017), in the case of Hydrological
service (HS) they were identified at the beginning of the process.

Preliminary explorative meetings were organized with potentially
relevant stakeholders to identify different types of actors (decision-
makers, intermediaries, providers of information) and the decision-
making context. The process was led by the Department of Hydrology
(DH). The SLAPIS core team was composed of the following compe-
tencies: Hydrologists, Hydraulic engineers, Meteorologists, EWS spe-
cialists, and Communication specialists. The identified SLAPIS’s actors
are specified in Table 2. The actors involved in the AS are specified in
Table 3.
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Table 2
SLAPIS’s actors.
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Project core Team
(DIST), Institute for BioEconomy (IBE-CNR)
International
Level:
National Level:
Affairs,
Local Level:

Hydrology Department (DH), Meteorology Department (DMN), National Early Warning System Coordination Unit (SAP), Polytechnic and University of Turin
Niger River Basin Authority, AGRHYMET Regional Centre, EU-Joint Research Centre, Swedish Meteorological and Hydrological Service
Directorate General of Civil Protection, National Food Crisis Prevention and Management System, National Early Warning System, Ministry of Humanitarian

Majors (3), Decentralized technical services (9 - Agriculture, environment, pastoralism per each municipality), Vulnerability Monitoring Observatories (OSV —

3), Community Early Warning and Emergency Response Systems (SCAP-RU — 5), Rural Radio (1), Communities (5)

Table 3
Agrometeorological service’s actors.

Project core

Meteorology Department (DMN), Ministry of Agriculture/Department of Agricultural Statistics (DSA), National Early Warning System Coordination Unit (SAP),

Team: Institute for BioEconomy (IBE-CNR), Polytechnic and University of Turin (DIST)

National Level:
Local Level:

National Food Crisis Prevention and Management System,

Communities (160)

Majors (8), Decentralized technical services (24 - Agriculture, Environment, Pastoralism), Vulnerability Monitoring Observatories (OSV — 8), Rural Radios (8),

3.2. Build common ground

While the main actors of the AS were already accustomed to
collaborating, in the case of HS an initial transdisciplinary workshop
was organized to gather all actors and stakeholders on December 19th’
2017. The workshop enabled a common comprehension of the problem
to be addressed and a shared strategy to be followed for the co-
production of a service firmly grounded but, at the same time, built on
sound science and technical robustness. This first workshop was also the
starting point of the iterative process of social learning, knowledge ex-
change, and monitoring, which continued during the following years
and allowed to strengthen the shared ownership of the service. More-
over, two local meetings with the communities at risk were held at the
very beginning of the process with the aim of assessing flood risk in a
participatory manner (Tiepolo and Tarchiani, 2016). Those meetings,
carried out in 2015, highlighted the need for a local flood early warning
system.

In the case of AS, local initial workshops were organized in the target
municipalities (at the beginning 3 and later 8 municipalities across
Dosso and Tillaberi regions in Niger). Those workshops were organized
locally to familiarize the project core team with the specific context and
to allow the participation of different actors of the local community,
including representatives of farmers, civil society organizations, agri-
culture extension system, local radios, etc.

In both cases, the main result of this block was the establishment of a
common understanding of the problem and an outline of a strategy to be
implemented to reduce the risk of flooding on one hand and of drought
on the other hand. In the case of HS, the service was completely new to
the region as the flood risk has only recently increased. Therefore, this
first step was essential in creating a favorable environment and a shared
starting point for subsequent developments, as well as a better under-
standing of a relatively recent phenomenon. In the AS case, instead,
local populations were already accustomed to face drought risk, but
agricultural decisions are more complex, and the local knowledge sys-
tem is challenged by climate change. The interpretation of the infor-
mation by the farmer is essential for the uptake and every time new
information is introduced it needs to be adapted to the decision-making
context. Thus, this first step enabled the integration of various knowl-
edge levels, which is an essential prerequisite to convey information into
action.

3.3. Co-explore needs

In the case of HS, an actor consultation was carried out with focus
groups and interviews to co-define the different actors’ needs according
to their decision-making process. However, the first step was the anal-
ysis of the national alert mechanism to harmonize the decision-making

needs with the National Alert Code (République du Niger, 2019),
which defines the general framework of the warning process at different
administrative levels: Civil Protection at a national level, Governors in
the regions, Prefects in departments and Mayors in the municipalities
(Article 5). Consequently, an analysis of the needs of the actors in terms
of information on the flood risk was performed through semi-structured
interviews with national stakeholders, technical workshops with local
administrations, and focus groups with the communities. The result was
the definition of the needs of each actor in terms of:

e information relevant to the decision-making process or intermediate
actions;

e communication channels more suitable for each actor (email, text
message, telephone, etc.)

e format of the information fitting actors’ capacities of understanding
and decision-making needs;

e timing of the communication according to the early warning process.

In the case of AS, the basic needs were already identified from the
long-lasting collaboration between the main actors. Anyway, trans-
disciplinary workshops were organized before the crop season by
gathering different experts such as climatologists, meteorologists,
agrometeorologists, IT specialists, communicators, agricultural exten-
sionists, pastoralists, environmentalists, and local managers of the
involved municipalities. These meetings were organized regularly
before the beginning of each crop season for three years. The aim was to
iteratively refine the information and communication needs for the
different information to be delivered at different times and in different
formats. Moreover, roving seminars (RS) with farmers and local actors
were also organized in each municipality before the cropping season to
identify further needs arising from the field.

The technical outcome of this block for both services was the iden-
tification of the needs of different types of actors in terms of information
content, channels of communication, timing, and format. The needs of
intermediaries (rural radios, extensionists), who, even if they do not use
the information for their decision-making, oversee its dissemination to
users, have also been explored to facilitate their contribution and avoid
any misunderstanding of the content to be communicated.

Moreover, this initiative has generated a notably valuable intangible
result that unfolded gradually. In particular, diverse stakeholders,
especially those at the local level, have perceived themselves as essential
contributors to the process. This has led to the development of stronger
and more trusting relationships with experts at the national central
level. An illustrative example of the enhanced value of this initiative is
the autonomous establishment of WhatsApp groups by the National
Meteorological Department, a feature that was not originally envisaged.
These groups facilitate direct communication with local stakeholders.
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Fig. 3. Hydrological Service communication mechanism.

3.4. Co-develop solutions

The HS includes two levels of solutions co-development. The first one
is the technical level supported by a transdisciplinary working group
composed of hydrologists, hydraulic engineers, IT experts, communi-
cators, local planning experts, and disaster risk reduction specialists.
This technical working group regularly interfaced with institutional
decision-makers (local managers, OSV, agricultural extensionists) to
receive feedback and suggestions. The second level specifically
addressed the need for the inclusion of users’ and intermediaries’
knowledge in the process of service production. OSV and SCAP-RUs,
respectively at the municipality and community level, actively partici-
pated in the co-development ensuring locally observed water levels and
trends, observed flood damages, and local response strategies. The two
levels regularly and iteratively exchanged and shared knowledge to co-
develop and improve the technical solutions.

In the case of AS, similarly, the technical level of solutions co-
development was ensured by a transdisciplinary working group inter-
faced with the local level. The collaborative effort to develop appro-
priate solutions also in this case was centred on the inclusion of users
and intermediaries in the process. Local knowledge integration in the
service concerned crop phenology, market prices, pasture condition,
water point condition, livestock condition, locally observed rainfall, and
food security conditions, provided by extensionists and pilot farmers. An
appropriate mechanism for feedback from local players was also
implemented ensuring the continuous improvement of the service.

The outcomes of this block are the proposed solutions, co-developed
through specific iterative and collaborative mechanisms involving
players at all levels. The inclusion of local knowledge was greatly
helping the uptake and use by communities of both services. In the case
of the HS, the installation of coloured hydrometric staffs managed by the
SCAP-RUs increased awareness of the flood risk among communities by
showing the levels of the hazard thresholds—the height that the flood
can reach. Local hydrometric staffs also empowered communities with
direct observations useful for the whole system and directly for the

concerned community and those downstream, following the approach
described by many authors in Asia (IFRC, 2012; Mercy Corps and
Practical Action, 2010). In the case of AS, the direct observation of
rainfall by farmers in their field using cheap rain gauges distributed by
the project empowered farmers in taking an autonomous decision but
also cemented the sense of collaboration with technical actors and
increased the trust in the service, enabling farmers to directly verify the
forecasts.

With regard to AS, the value of the process has been clearly assessed
by Bacci et al. (2023), emphasizing that the product of the service
doesn’t guarantee per se positive impacts. Whereas a combination of
product delivery with awareness rising and training ensured by the
cyclical iterative process with the farmers, implemented by the project,
does provide socioeconomic benefits.

3.5. Co-deliver solutions

Last-mile communication of HS builds on a communication plan co-
designed via focus groups with local governments and community rep-
resentatives. Starting from the needs assessment, multiple communica-
tion channels were activated ensuring the access and understanding of
different actors and the availability of information at a timing suitable to
take action (Fig. 3). Information on the state of vigilance provided by DH
at different administrative levels is transformed into alert messages by
the competent institutions according to the magnitude and amplitude of
the forecasted flood risk. Moreover, a set of measures were adopted to
create awareness at a community level about the flood scenarios and the
actions to be taken in the case of a warning. A simple visualization
approach was adopted to aid the interpretation of flood scenarios
(Budimir et al., 2020), using a four-color classification (ISO, 2015).
Colours are the core of warning messages and are associated with
discharge, return periods (RP), and impacts on the main riverine set-
tlements (Massazza et al., 2019). The four-color classification of water
levels was reproduced on qualitative hydrometric gauging staffs
installed along the river, as well as on information panels in the villages
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Fig. 4. Agrometeorological Service communication mechanism.

indicating priority actions to be taken. Essentially, green stands for a
normal condition, meaning a no-impact scenario, yellow (RP 10 years)
stands for minor impacts, orange (RP 30 years) stands for significant
impacts and red (RP 100 years) stands for severe impacts. Furthermore,
community preparedness and self-reliance in dealing with floods were
strengthened with RS on hydrological risks. Adopting and adapting the
approach used for drought risk management (Stigter, 2016), RSs become
a one-day community meeting held each year before the flood season.
They raise awareness and build an understanding of actions to be taken
according to different flood scenarios and increase the interaction, trust,
and confidence between the local actors and technical staff of the NMHS
(Tarchiani et al., 2020a). We do not have metrics to support an assess-
ment of the process added value in this block, nevertheless the fact that
coloured gauging staffs are still in place and communities care them
encourages the belief that the process has contributed to the sustain-
ability of the entire service.

Rural radios are at the centre of the last mile communication of AS,
nevertheless, ICT is gaining momentum even in rural remote areas. In
the case of AS, ICTs (particularly smartphone applications such as
WhatsApp and Kobocollect) enhance the interaction and information
exchange among the system actors and contribute to changing the re-
lations between information providers, extension officers, and farmers.
Digital technology also empowers communities to contribute to the
service co-production (observed data and local conditions) and provides
timely feedback on information received and its performance, thereby
improving their engagement in the whole AS (Fig. 4). Nevertheless, rural
radios still are the most powerful tool to reach farmers directly. How-
ever, the effective use of these intermediaries requires several steps. The
first one is the training of the radio operators who must be able to un-
derstand the content of the agro-meteorological advice. The next one is
the translation of the advice produced in French (the official language)
into the various local languages by the radio operator. The last step (not
in chronological order) is the training of farmers in the appropriate use
of the advice received by radio. Training and awareness-raising were
ensured by RS carried out in each municipality every year before the

beginning of the cropping season. This last step demonstrated to be
critical in terms of uptake and impact of the service, as well as in
building trust between local and technical players. The Niger experience
confirms results obtained also in other West African countries such as
Ghana, Mauritania, Burkina Faso, Senegal, and Ivory Coast (Tarchiani
et al., 2021b; Ouedraogo et al., 2018; Tarchiani et al., 2018, Tarchiani
et al., 2017).

3.6. Evaluate

The HS was tested during two hydrological seasons before being fully
operational. A collaborative evaluation mechanism was adopted once a
year after the hydrological season to identify limits and propose im-
provements. The evaluation was ensured by the transdisciplinary
working group with feedback from local players. The improvements
concerned both the technical and scientific performance of the service as
well as the delivery and users’ engagement mechanism. Technically, the
web services used for retrieving, storing, and elaborating the observed
and forecasted data were progressively improved by adopting interna-
tional open standards and protocols (De Filippis et al., 2022). From a
scientific perspective, progressive and iterative calibration and optimi-
zation of hydrological and hydraulic forecasts in the study area strongly
improved the service accuracy (Massazza et al., 2020; Passerotti et al.,
2020). The delivery component was also improved by introducing, in
2019, a semi-automated warning issuing system, allowing technical staff
of DH to be alerted in real-time of scenario changes and consequently
adapt and send a precompiled vigilance bulletin. Users’ engagement and
awareness was improved by installing the coloured staffs and intro-
ducing the RS in 2019.

The same approach of collaborative and iterative evaluation of the
service was adopted also for AS, but in this case, the process was more
structured. The performance of provided services was evaluated
continuously during the season by local extensionists through evalua-
tion forms compiled and sent to the service provider every 10 days. Each
year, DMN deployed an evaluation mission in each municipality, visiting
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a sample of farmers to get feedback from the field. In 2019, a qualitative
assessment of the use and impact of the service by farmers was carried
out on a limited sample, showing how farmers made extensive use of
agrometeorological forecasts and information, received directly (via
radio or observed through rain gauges provided by the project) or
indirectly through the agricultural extension service. In 2020, an impact
evaluation was entrusted to a third party, the National Institute of
Agronomic Research of Niger, on a much larger sample representing of
the eight pilot municipalities. The results essentially confirmed those of
2019, showing that farmers, trained and currently using the services,
increased yields by around 20 % compared with untrained farmers
(Bacci et al., 2023). Moreover, each year after the crop season, a
transdisciplinary workshop for collaborative identification of improve-
ments was organized. Those workshops facilitated the identification of
new needs for the development of new products, the enhancement of
existing ones, and the improvement of communication and data
collection mechanisms. This ongoing and iterative process of evaluation,
learning, and knowledge exchange served to reinforce partnerships and
collaborations, ultimately resulting in a more prominent, efficient, and
reliable service. The external evaluation of the project also emphasized
the significance of the entire process beyond the sole service outcome.
This information subtly emerged from the narrative, in fact the method
adopted was rather traditional and did not specifically aim to infer the
added value of the process. Nevertheless, the actors’ recognition of this
added value motivated us to write the present paper.

4. Discussion

The theory of co-production applied by Vincent et al. (2018) to CS
identifies from literature three main characteristics of the product of the
co-production process, where “product” is intended as the whole service
and not the single tangible outcome. To ensure that the co-produced
service meets these characteristics, the authors distil three principles
that must guide the process. We will then look at whether and how the
services co-produced in Niger meet the product characteristics and
whether and how the co-production process enables an added value.

4.1. Product characteristics

4.1.1. Decision-driven

The first characteristic is that the service is decision driven. In this
definition lies the difference between climate information and climate
service, as indicated by numerous authors in literature (Vincent et al.,
2018a; Carter et al., 2019; Daniels et al., 2020 inter alia). Hence, the
service must address a specific need of one or more categories of deci-
sion makers. In the case of the HS (see in the Appendices Table A.2), the
categories of decision makers are located at different levels, whose roles
and responsibilities are defined at the general level by the National
Alerting Code. At the specific level they have been defined trough the
participatory process creating a common understanding of the decision-
making context (how, when and who issues a flood alert) and through
the exploration of needs (what they need to know before giving the flood
alert). To better support the decision of local authorities to issue alerts
and of communities to take informed and responsive action, the hy-
drological warning is based on potential impacts, as suggested by the
World Meteorological Organization (WMO, 2015). Impact based flood
warning combines hazard, exposure, and vulnerability data to forecast
the flood risk and support decision making. The ultimate objective is to
encourage early action that reduces damages and loss of life from floods.

In the case of AS alike (see in the Appendices Table A.2), there are
decision makers at different levels, but the farmer is the final responsible
for crop management. Sahelian smallholder farmers face countless daily
difficulties and therefore the AS is only a contribution toward climate
smart and sustainable agriculture (Tarchiani et al., 2017). AS addresses
two different types of decisions depending on the time frame. Strategic
decisions are the choice of the crop variety, the choice of the parcel or
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the level of investment, and consequently of credit to be requested to
which the service responds with warnings and advice based on seasonal
climate forecasts. Tactical decisions, on the other hand, are the choice of
planting date, fertilization period, phytosanitary treatment, or weed
control, which are supported with warnings and advice based on the
one- to ten-day weather or agro-meteorological forecasts. As also
emphasized by Nkiaka et al. (Nkiaka et al., 2019), this direct link be-
tween service and decision greatly reduces the risk of producing irrel-
evant or unusable information. Another important aspect is that AS goes
down to the scale of the municipality. A dimension that requires a deep
understanding of territory characteristics including the production sys-
tem and the effects of weather on it. Certainly, the high resolution of the
products and their timely dissemination represent the technical inno-
vation of AS.

4.1.2. Process-based

This characteristic leads back to the idea that the service does not
coincide with the product, but includes the concept of a collaborative
process seeking wider, longer term benefits than the outcome itself such
as “foundational human and institutional capacity development and
relationship building” (Daniels et al., 2020). Therefore, the process is
central and often more important than the single outcome (Norstrom
et al., 2020). As highlighted by the most recent literature (Vincent et al.,
2018; Carter et al., 2019; Daniels et al., 2020; Visman et al., 2022), itis a
continuous and circular learning process in which all the actors are
involved, each one with their background, role, and responsibility. In
the case of HS, since the service is completely new, the genesis was the
flood risk assessment on the riverine communities (Tiepolo et al., 2019),
bringing to the identification of stakeholders, their needs, and the
consequent prototype of service. This initial part of the process was rich
in interactions and knowledge exchange hence building new relation-
ships between the technical-scientific actors and local ones. Subse-
quently, the process continued circularly and iteratively testing,
evaluating, and improving, during a two-year period.

The AS process originated far in time, from a community of practices
that was well-rooted in the country, as in all of West Africa, since the
1980's drought in Mali (Hellmuth et al., 2007), then promoted by the
WMO (Tarchiani et al., 2017) and transformed in Niger into an agro-
meteorological service. In fact, unlike Burkina Faso, where the same
service is promoted by the National Meteorological Service but with a
top-down and linear approach (Tarchiani et al., 2021b), in Niger, sig-
nificant resources have been invested in the interaction between players
through social iterative learning, knowledge exchange, and service
monitoring/evaluating/improving. The service builds on the compe-
tencies of both local authorities and national technical services ac-
cording to subsidiarity and complementarity principles of decision
decentralization.

In both cases, the added value is that, besides the technical im-
provements, the process strengthened the shared ownership of the ser-
vices, which, although operational, are still ongoing projects. Indeed,
the transdisciplinary collaboration between technical actors and
decision-makers is established and continues beyond specific funding,
and the Government of Niger engaged in expanding and scaling up both
services.

4.1.3. Time-managed

In agriculture and water management, seasonality and the weather
drive any decision, be it respectively strategic and tactical. The HS is
triggered by hydrological and hydraulic forecasts, when thresholds are
passed flood scenarios activate, and semi-automatic warnings are issued
to decision-makers. The lead-time for hydraulic forecasts is 10-48 h and
1 to 10 days for hydrological ones. Local authorities therefore have this
timeframe to declare and disseminate the alert to communities. AS
works on seasonal and 10-days periods during the crop season. Infor-
mation products are prepared and disseminated according to their
relevance to crop practices, crop calendar, and rainy season stages
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(seasonal forecasts and advice before the onset of the rainy season; intra-
seasonal forecasts and advice every 10 days during the season). In both
cases, the performance of the communication mechanism is, therefore,
of the utmost importance. ICT helps in a country where information
dissemination networks are weak, distances are large, and the technical
services have suffered a chronic lack of financial resources for many
years. Consistent with findings from other studies (Munthali et al.,
2018), we experimented that digital technology enhances the interac-
tion and information exchange among actors, reshaping the relations
between information providers, extension officers, and communities.
Moreover, digital technology ensures prompt feedback from the field
and generally fosters the engagement of local participants in the service.
In this perspective, the process’s value lies in the shared understanding
of service timing, both from central and local perspectives. For instance,
when a forecaster from the DMN fell ill and the substitute failed to send
weather forecasts for two days, the WhatsApp group was inundated with
requests for forecasts and inquiries about the delayed arrival.

Process principles

4.2.1. Collaborative

The first principle of the process is pointing to the collaboration,
which is functional first and foremost to the development of a partner-
ship of equals, allowing to identify needs and co-develop the service. All
actors benefit from stronger relationships gaining an improved under-
standing of the decision-making context, the complexity, and uncer-
tainty of climate and weather information, and different perspectives in
risk management. The transdisciplinary exchange makes it possible also
to embed in the climate service information that is not only research-
based nor climatic (Terrado et al., 2023; van Breda and Swilling,
2019). Indeed, research-based climate knowledge needs to be com-
plemented by other environmental and socioeconomic knowledge to be
“decision-relevant’’ (Weichselgartner and Arheimer, 2019). Moreover,
the collaboration with local and community-based institutions is
particularly relevant for the co-production process because it ensures the
inclusion of knowledge systems, different from the ‘science’, which have
evolved over time in the local conditions and therefore with a real word
perspective (Vogel et al., 2019).

The process of CS co-development in Niger was strongly collabora-
tive and transdisciplinary and went across different administrative
levels to identify decision-making context, needs of different users and
intermediaries, information products, formats, delivery mechanism, and
timing. Collaboration was central in the whole process, including the
monitoring and evaluation phases which allowed an iterative
improvement of the services and increased ownership by actors.
Transdisciplinarity was a key element of the collaborative approach;
confirming Vogel et al. (Vogel et al., 2019), it allowed to build re-
lationships that went beyond the life of the project, allowing the various
national and international technical institutions to harbour a frank and
continuous exchange of knowledge, information, and data. This will
ensure also greater sustainability of the process which remains “open to
emergent issues that may change the course of the interaction”. More-
over, such relations contribute to strengthening public institutions in
charge of service management and building their adaptive capacity
(Armitage et al., 2011).

In the specific case of the services developed in Niger, the aspect of
collaboration among national technical institutions (transdisciplinarity)
and with local authorities and communities (complementarity) was
particularly useful and relevant. Previously, the collaboration between
DMN and DH was purely formal. Through HS this collaboration has
become operational, including the exchange of data and information.
The next step, achieved through both HS and AS is the collaboration
between national and local institutions. Traditionally NMHSs have little
relationship with users and very little with local governments, both
because they are used to providing non-specific and non-localized in-
formation products and because they traditionally adopt a linear “deficit
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model”. AS and HS allowed for a change of mentality, an openness to the
reception of users’ needs, and the construction of common and non-top-
down processes in the production of services. In the case of AS, the
collaborative process was developed in different forms, appropriate for
specific interactions between different types of actors: transdisciplinary
workshops (iterative and interactive learning), RS (knowledge ex-
change, awareness, and training), social media (feedback from the field)
and surveys (evaluation of the service). The structured collaboration at
so many levels made it possible to open discussions and to create
awareness, which was previously unimaginable. Even if in a different
context, Steynor et al. (2020) report a similar experience in South Africa
where “the transdisciplinary process has also allowed for an open flow of
information and enhanced the professional relationship between the
City and the University researchers, narrowing the science-society gap”.

An element that can improve the collaboration, which has emerged
but not yet been completed, is the formalization of the collaboration
with an agreement that legally defines the roles and responsibilities of
different players at different levels. However, the determining success
factor is the motivation of the players; where local players were more
proactive, the process worked better, and consequently the service was
more efficient.

4.2.2. Inclusive

The second principle suggests the process to be inclusive, involving
as many different actors as possible ensuring relations that otherwise
would not be possible. The inclusion principle is therefore strictly con-
nected to the transdisciplinary collaboration in the production of
knowledge. To be inclusive, the process requires a large investment of
time and resources to ensure appropriate spaces of interaction and to
build a trusting relationship (Lacey et al., 2018). Developing this trust-
ing relationship is neither an easy or a short path and requires taking
responsibility for maintaining it beyond the confines of a single project.
Furthermore, when speaking of inclusion, one can refer to the inclusion
of people or knowledge. In the latter case, it is particularly appropriate
to include non-climatic information, local knowledge (Roncoli et al.,
2002), and empirical knowledge of the users (Clifford et al., 2020), as
well as their feedback (Bacci et al., 2020).

Inclusion requires great effort and time, consequently, if, from a
purely theoretical point of view, it would be optimal to include all
potentially interested players in the process, from a practical point of
view this is often not possible. Indeed, a selection of users is often
necessary and Baulenas et al. (Baulenas et al., 2023) propose guidelines
for user selection and engagement that integrate 5 + 1 steps: “defining
why, where, whom, which attributes, and which intensity and how to
iterate with stakeholders”. There are several methods to interact with
the stakeholders, ranging from basic desk research activities to more
sophisticated and resource-intensive methods such as focus groups and
semi-structured interviews. In Niger, inclusion in the process was
mediated locally by actors identified at the community level. In the case
of HS, communities were included in flood risk assessment, identifica-
tion of response measures, flood monitoring, and in the dissemination of
service products. In general, there was reliance on SCAP-RUs to include
different social groups in community events. Nevertheless, it was not
possible to verify if this process provided an equal representation. In the
case of AS, the process of including the different components of the
agricultural production system was driven by the agricultural extension
and the decentralized technical services. Equally, there is no certainty
that the representation was fair. In conclusion, we can argue that the
process has been partially inclusive.

An important element to consider for inclusion is its economic sus-
tainability over time. For AS, for example, other players could be
included, widening the range of potential users and intermediaries. On
the other hand, this further enlargement requires more resources that
can hardly be taken over by a project. The further enlargement of the
players requires an evolution of the service financing method, as in fact
shown by the consensus of the players involved. The perspective for the
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expansion of the service requires an approach of complementarity and
co-financing by the various actors. At the central level, the national
technical institutions will have to include a specific budget line for the
management of the service, while the local authorities will, in turn, have
to cover local costs in their annual budget, especially the contribution of
the extension and the municipal technical services. This same approach
was suggested by Steynor et al. (2020) in their case study in South Af-
rica. Other local players, such as farmers’ associations in turn could
contribute by absorbing the costs for the involvement of their members.
The participation of private partners has also been envisaged, such as
agricultural input suppliers, agricultural insurance companies, and
credit institutions, with whom local agreements could allow the estab-
lishment of a public—private partnership that would help expand the
service and ensure its sustainability. A further collaboration involves
community players, such as rural radios, so far involved with specific
agreements with the project, but in the future, the costs should be
absorbed either through private contributions or through local
administrations.

4.2.3. Flexible

Flexibility is an important principle in co-production because it im-
plies that the service can be improved progressively over time. This is
possible if a process-based approach is adopted, and the system structure
is neither rigid nor closed. Flexibility is promoted by the adoption of an
evaluation mechanism (Vincent et al., 2018; Visman et al., 2022) and an
iterative learning process (Lundvall, 2016) that involves the various
actors and different knowledge systems. This continuous knowledge
exchange, monitoring, and learning demonstrated to be particularly
useful in Niger to strengthen the whole process, to refine the services’
products, and to introduce further products not identified at the begin-
ning. Indeed, the initial co-exploration of needs was necessarily exper-
imental, since it was also the core team working in terra incognita and
having few points of reference. The flexibility allowed to iteratively
adjust solutions and delivery mechanism according to the evaluation
process.

Technical choices can have a significant influence on service flexi-
bility. In the case of HS, a Service-Oriented Architecture (SOA) was used
to build the system infrastructure adopting Open Geospatial Consortium
(OGC) protocols and open-source technologies and software compo-
nents. This flexible architecture allowed the integration of several
interoperable web services allowing the management of multiple data
sources and multiple forecast ranges (hydraulic 48 h, hydrological 10d)
from global or regional providers and real-time observations. Moreover,
the SOA-based development approach allowed the system to be flexibly
adapted to changing standards and technologies. For example, the ser-
vice had to deal with the update of new versions of the global hydro-
logical model (GloFAS). Changes in input products have been easily
managed thanks to the flexible data model adopted. The flexible infra-
structure also allows the service to be easily updated and further
expanded. For example, updating the water level-discharge equation
automatically updates the discharge data calculated from real-time
observed water levels (De Filippis et al., 2022).

5. Lessons learned

The systematic analysis of the process of co-development of CS car-
ried out in Niger with reference to recent literature allows us to highlight
some lessons that could be of practical use for setting-up co-production
processes and also for defining a methodological framework for the
evaluation of the process added value in climate services co-production.

The process of climate services co-production has an intrinsic value
in addition to the benefits, it brings a better design, development, dis-
tribution, access, and uptake of outcomes. The added value of co-
production lies in bridging the gap between different knowledge sys-
tems allowing cross-fertilization between disciplines and subsidiarity
between different levels of decision making. The process allows the
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creation of a community of equals, hence democratizing the access to
services and knowledge, and the establishment of relationships of
mutual trust.

The process must be cyclical, iterative, and interactive. Innovation is
introduced by trials, which are tested, evaluated, and improved
repeatedly with the participation of all stakeholders each for their role.
Changes and adjustments indicate process effectiveness, participation,
and interest in improvement. Even if a cycle does not produce the hoped-
for improvement in outcome, it is still beneficial because it has explored
a new hypothesis and strengthened the synergy among the actors.

Co-production is based on an iterative and interactive social learning
approach. Climate scientists and experts at NMHS are often not used to
adopting social science approaches for actors’ engagement, partnership
and trust-building, and knowledge sharing. The co-production of CS
requires shifting the paradigms to which we have been accustomed in
the vision of a linear innovation. Innovation is instead driven here by a
cyclical process where differences in knowledge and points of view are
an asset and an added value if the actors are able and willing to accept
and adopt them. The willingness to learn from others is therefore the
first requirement for actors to be involved in the process.

Collaboration in co-production brings people together across two
different axes: disciplines and roles. Both these types of collaboration
lead to a better understanding of the context and the needs, opening the
way to decision-oriented services. The first advocates for scientific
transdisciplinarity allowing the integration of climate-related knowl-
edge with other sectoral knowledge (environment, agronomy, pasto-
ralism, economy, etc.) in a perspective of cross-fertilization. The second
relates to the concept of complementarity between knowledge systems
and broadens the admissible knowledge in the CS production process
and includes non-scientific knowledge and perspectives from commu-
nities and decisionmakers. Furthermore, the second level promotes the
shift of the service ownership from the project core team to the com-
munity of actors and this is critical for the sustainability beyond the
project life span. In addition, and even more important strategically, the
collaborations and relationships established, as well as the habit of
cooperating and learning together, create a virtuous cycle enabling
further developments, innovations and applications even in other sec-
tors not initially targeted by the service.

Monitoring-Evaluation and Learning (MEL) are a fundamental
component of the iterative and interactive social learning process sus-
taining the co-development of CS. MEL not only allows the progressive
improvement of the service but strengthens partnership among actors,
creates ownership of the service, and finally fortifies sustainability.
Moreover, MEL demonstrating the value of the service can convince
policymakers and funders to make additional investments. However, the
value of the co-production process cannot be assessed only in terms of
physical outcomes. The process value is difficult to measure as it is an
intangible outcome. Therefore, a reference framework for acknowl-
edging the substantial value inherent in the co-development process is
needed. The co-production of CS is a complex process that should not be
underestimated. However, it can now be approached in a more sys-
tematic way compared to just a few years ago. There are reference
frameworks (Vincent et al., 2018; Daniels et al., 2019; Visman et al.,
2022) and manuals (Carter et al., 2019) that can greatly support those
who venture into this terra incognita, as Bremer referred to just in 2019
(Bremer et al., 2019). Anyway, it requires the proper implementation of
a long cycle of funding in terms of time and resources that funders are
not always willing to allocate. The experience in Niger lasted 9 years,
from 2013 to 2021, and the funding Agency, the Italian Agency for
Development Cooperation, allowed relative flexibility in budget allo-
cation. The project in its second phase built on the results of the first
phase and was able to embrace needs that emerged during the process
even if not considered from the beginning in the implementation plan.
The project therefore allowed a long-term perspective, and the devel-
opment of several tools for capacity building of local stakeholders and
actors at national and local levels.
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The Dimensions of the Process Added Value in co-producing Climate Services.
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Fig. 5. The Dimensions of the Process Added Value in co-producing Climate Services.

From the experience and perception of the stakeholders involved in
Niger, we suggest considering the following four dimensions (Fig. 5) in
the evaluation of the added value of the process in climate services co-
production:

1. Value added to the Climate Service co-production: This dimension
explores the value created beyond more conventional approaches on
the service production and the improvement over time due to pro-
gressive technical enhancement resulting from the co-production
process. It can be assessed on every step:

o Identification of needs: better definition of roles, responsibilities,
establishment of agreements, identification of the decision-making
context, specific needs of users and relation with climatic risks.

o Development of solutions: participation of all stakeholders and
contribution with different systems of knowledge.

o Delivery of information: appropriateness of content, format, lan-
guage and timing, agreements with intermediaries.

2. Value added to the Climate Service functioning: This dimension ex-
plores the value created beyond more conventional approaches on
the service efficiency/effectiveness, and can be evaluated on:

0 Access to information: awareness of users about communication
channels and appropriateness of the channels in respect to users
needs.

o Uptake of the services: trust and appropriateness to the social
context built over time through the iterative process.

o Action by Users: matching identified needs, enhancement of ser-
vice impacts due to increased users’ ability to act on information
and advises, attributable over time to the iterative process.

o MEL: improved feedback mechanism (enhanced capacity of
technical-scientific actors to gather feedback from users and in-
termediaries), involvement of stakeholders and proposals/re-
quests for improvement.

3. Value added to the expansion of the service: this dimension explores
the value created beyond more conventional approaches on the
service scaling-up, expansion and financial sustainability after the
first funding period:

o Geographical expansion: new areas/communities covered after
the end of the funding cycle that enabled its co-production.

o Extension of the scope of the service: types of decisions supported,
new risks addressed, new sectors involved after the end of the
funding cycle that enabled its co-production.

o Diversification of the funding mechanism: new financial partner-
ships involving public and private funders or new mechanisms of
cost-sharing and business.
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4. Value added toward new services: this dimension explores the value
created beyond more conventional approaches in building the ca-
pacities of actors and stakeholders for imaging and producing new
services:

o New knowledge: increased transdisciplinarity and increased
technical capacities of stakeholders for further development, but
also in terms of increased demand for services (new or improved)
from users’ communities.

o New relationships: in terms relationships or agreements adopted
by the involved actors with other actors in the same value chain or
in another related to the co-produced service, increased trust by
the public, enduring relationships and agreements established
among stakeholders after the co-production process. New services:
identifying, designing, developing new services by the different
actors originally involved.

6. Conclusion

In Niger, the process of integrating scientific, technical, and local
knowledge demonstrated to be relevant and effective in fostering
innovation in agriculture and disaster risk reduction. In particularly
adverse conditions, such as those in Niger, even minimal innovations in
the system can prove incredibly concrete and effective if conceived,
developed, and managed through a co-production process. The logic of
“service co-production” acts as a bridge between science and society, at
whatever decision-making level they may be. To produce an innovative
service and for it to be used and give results on the field, a strong
collaboration between technical skills and local knowledge is needed,
thus establishing a mutual relationship of cooperation and trust between
the parties. This symbiosis between the actors is built over time, through
knowledge transfer activities and inclusive processes, based on contin-
uous interaction between researchers, stakeholders, and society. The
implementation of such co-development processes becomes an aggre-
gator of strategic partnerships aimed at innovation for sustainable
development.

In the case of ANADIA, the value of the transdisciplinary co-
production process has emerged as a central outcome of the project,
even if the project evaluation tools didn’t specifically address this
feature. Therefore, this experience confirms that the quality of the
process cannot be assessed from the output alone (Vogel et al., 2019;
Steynor et al., 2020; Visman et al., 2022) and ongoing changes and
adjustments are a signal of the process’s success. However, the process is
not free and requires time and effort. It must be adequately supported
with appropriate budget lines that allow for continuous and regular
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Table A.1

Process blocks for Hydrological and Agrometeorological Services.
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Process blocks

Tools

Hydrological service (HS)

Agrometeorological service (AS)

Outcomes

Identify actors
and build
partnership

Build common
ground

Co-explore needs

Co-develop
solutions

Co-deliver
solutions

Evaluate

Preliminary explorative meetings with potentially relevant
actors to identify different types: decision makers,
intermediaries, providers of the information

Initial transdisciplinary workshop

Actors’ consultation (focus groups and interviews) to co-
define the decision-making context and different actors’
needs

Transdisciplinary Working group (hydrologists, engineers, IT,
communicators, local planning experts, local managers,
agricultural extensionists, disaster risk reduction specialists)
Inclusion of users and intermediaries in the process of service
production. Local knowledge integration in the service
(locally observed water levels and trends, observed damages,
local response)

Formal bulletins, Roving seminars, telephone, voice and text
messages, Social networks, Traditional networks, rural radios,
peer-to-peer

(local observers)

Collaborative testing and evaluating (once a year after the
hydrological season)

Collaborative identification of improvements
transdisciplinary working group

Actors already identified through existing transdisciplinary
Community of Practice

Initial local workshops

Basic needs already assessedBefore season: transdisciplinary
workshops (climatologists, meteorologists, agrometeorologists,
IT specialists, communicators, agricultural extensionists,
pastoralists, environmentalists, local managers) and roving
seminars (farmers and local actors)

for identifying the further need for different information, to be
delivered at different times, and in different formats

Iterative process of social learning; Proposed solutions
Iterative improvement of solutionsInclusion of users and
intermediaries in the process of service production. Local
knowledge integration in the service

(crop phenology, market prices, pasture condition, water point
condition, livestock condition, locally observed rainfall, food
security conditions)

Formal bulletins, Roving seminars, telephone, voice and text
messages, Social networks,Traditional networks, rural radios,
peer-to-peer

(local observers)

Collaborative testing and evaluating (continuously through
evaluations forms and once a year after the cropping season
with a survey)

After season: transdisciplinary workshop for collaborative
identification of improvements

Decision-making context

Common understanding of
stakes and possible
strategies

Service characteristics

Information products

Dissemination system

New needs, improved
products, improved
dissemination,
strengthened partnership

interactions also considering that in African societies, in person meet-
ings are still fundamental, and often compulsory. This process goes
beyond the normal project cycle. Therefore, there is a need for longer
cycles of funding and flexibility in budget allocations and activity
planning. In this perspective, the ANADIA projects were an example of
good practice of the Italian Development Cooperation Agency.

Nevertheless, further investigation is needed to develop suitable and
sustainable methods for assessing the added value of the co-production
addressing the four dimensions of i) service co-production, ii) service
functioning, iii) service expansion and iv) the new services. Finally, the
authors recommend capitalizing the results and lessons learned through
case studies within the National Frameworks for Climate Services at

Table A.2

Product characteristics and process principles for hydrological and agrometeorological services.

Hydrological Service

Agrometeorological Service

Product
Characteristics

Process
Principles

Decision-
driven

Process-based

Time-
managed

Collaborative

Inclusive

Flexible

Based on the potential impacts and decisions to be taken by actors at
different levels (National, Municipality, Community) to prepare and
reduce damages of the flood

Defined through an iterative process of social learning, knowledge
exchange, and service monitoring to strengthen the shared
ownership of the service; Integrated into the national alerting
system;

Based on the competence of local authorities according to
subsidiarity and complementarity principles

Warnings generated when risk thresholds exceeding are forecasted;
Alerts triggered on receipt of warnings or when risk thresholds are
exceeded locally

Collaborative process transdisciplinary and across different
administrative levels to identify decision making context, needs of
different users and intermediaries, information products, formats,
delivery mechanism, timinglterative and collaborative monitoring
and evaluation (transdisciplinary working group)

to improve service and ownership

Inclusion of communities in risk assessment and identification of
response measures. Inclusion of communities in flood monitoring
and in the dissemination of service products.

Service-oriented IT architecture, flexible data model ensuring easy
update and integration of new data, interoperability of services
integrating multiple data sources and multiple forecast ranges
(hydraulic 48 h, hydrological 10d)Open communication mechanism
for warnings

(Alerts under local authorities’ control)

Based on strategical and tactical decisions for crop management to be
taken by farmers both for risk reduction or opportunities valuation

Defined through an iterative process of social learning, knowledge
exchange, and service monitoring to strengthen the shared ownership
of the service; integrated into the agricultural extension system

Information products are prepared and disseminated according to
their relevance in relation to cropping practices, cropping calendar
and rainy season stages (seasonal forecasts and advice before the onset
of the rainy season; intra-seasonal forecasts and advices every 10 days
during the season)

Community of Practices to define basic needs and products
characteristics.Iterative social learning (transdisciplinary workshops),
knowledge exchange (roving seminars) and evaluation (feedbacks
forms and surveys)

to improve the service

Inclusion of main local stakeholders in the process of co-development

Service flexible to integrate new indices and products once they have
been suggested by users and tested
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country level and within the Global Framework for Climate services
internationally.

CRediT authorship contribution statement

Vieri Tarchiani: . Maurizio Bacci: Investigation, Methodology,
Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgement

The authors are grateful to the Italian Agency for Development
Cooperation that financed the two phases of the ANADIA project for the
trust and consideration given to research for development. Gratitude
and appreciation go to all local actors, mayors, technical and agricul-
tural extension services, radios and citizens of the municipalities of
Tounouga, Tessa, Falmeye, Kieché, Guechemé, Gotheye, Ourogueladjo,
Torodi and Namaro in Niger who took part in and contributed to the co-
development process of CS covered by this study.

Funding

The projects ANADIA Niger (AID 9913.01.3) and ANADIA2.0 (Aid
10848) were funded by the Agenzia Italiana per la Cooperazione allo
Sviluppo. The funding agency was not involved in the study design,
collection, analysis and interpretation of data, nor in the writing and in
the decision to submit the article for publication.

Appendices

References

Armitage, D., Berkes, F., Dale, A., Kocho-Schellenberg, E., Patton, E., 2011. Co-
management and the co-production of knowledge: Learning to adapt in Canada’s
Arctic. Glob. Environ. Chang. 21 (3), 995-1004. https://doi.org/10.1016/j.
gloenvcha.2011.04.006.

Bacci, M., Baoua, Y.O., Tarchiani, V., 2020. Agrometeorological Forecast for Smallholder
Farmers: A Powerful Tool for Weather-Informed Crops Management in the Sahel.
Sustainability 12 (8), 3246. https://doi.org/10.3390/5u12083246.

Bacci, M., Idrissa, O., Zini, C., Burrone, S., Adamou Sitta, A., Tarchiani, V., 2023.
Effectiveness of agrometeorological services for smallholder farmers: the case study
in the regions of Dosso and Tillabéri in Niger. Clim. Serv. 30, 100360 https://doi.
org/10.1016/j.cliser.2023.100360.

Baulenas, E., Bojovic, D., Urquiza, D., Terrado, M., Pickard, S., Gonzalez, N., Clair, A.L.S.,
2023. User Selection and Engagement for Climate Services Coproduction. Weather
Clim. Soc. 15, 381-392. https://doi.org/10.1175/WCAS-D-22-0112.1.

Brasseur, G.P., Gallardo, L., 2016. Climate services: Lessons learned and future prospects.
Earth’s Future 4, 79-89. https://doi.org/10.1002/2015EF000338.

Bremer, S., Meisch, S., 2017. Co-production in climate change research: reviewing
different perspectives. WIREs Clim. Change 8, e482.

Bremer, S., Wardekker, A., Dessai, S., Sobolowski, S., Slaattelid, R., van der Sluijs, J.,
2019. Toward a multi-faceted conception of co-production of climate services. Clim.
Serv. 13, 42-50. https://doi.org/10.1016/j.cliser.2019.01.003.

Bremer, S., Wardekker, A., Jensen, E.S., van der Sluijs, J.P., 2021. Quality Assessment in
Co-developing Climate Services in Norway and the Netherlands. Frontiers in Climate
3, 2624-9553. https://doi.org/10.3389/fclim.2021.627665.

Budimir, M., Donovan, A., Brown, S., Shakya, P., Gautam, D., Uprety, M., Cranston, M.,
Sneddon, A., Smith, P., Dugar, S., 2020. Communicating complex forecasts: an
analysis of the approach in Nepal’s flood early warning system. Geoscience
Communication 3, 49-70. https://doi.org/10.5194/gc-3-49-2020.

Buontempo, C., Hanlon, H.M., Bruno Soares, M., Christel, I., Soubeyroux, J.-M., Viel, C.,
Calmanti, S., Bosi, L., Falloon, P., Palin, E.J., Vanvyve, E., Torralba, V., Gonzalez-

15

Climate Services 33 (2024) 100435

Reviriego, N., Doblas-Reyes, F., Pope, E.C.D., Newton, P., Liggins, F., 2018. What
have we learnt from EUPORIAS climate service prototypes? Climate Services,
Climate Services in Practice: What We Learnt from EUPORIAS 9, 21-32. https://doi.
org/10.1016/j.cliser.2017.06.003.

Butterfield, R., Osano, P., 2020. Improving the co-production of climate services for
agriculture: a case study from Nigeria. SEI, Stockholm, Sweden. Available at:
https://www.sei.org/publications/improving-the-co-production-of-climate-services-
for-agriculture-a-case-study-from-nigeria/.

Carter, S., Anna Steynor, Vincent, K., Visman, E., Waagsaether, K., 2019. Co-production
in African weather and climate services. Future Climate for Africa and Weather and
Climate Information Services for Africa: Cape Town, South Africa. Available at:
https://futureclimateafrica.org/coproduction-manual.

Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., Guston, D.H., Jager, J.,
Mitchell, R.B., 2003. Knowledge systems for sustainable development. PNAS 100
(14), 8086-8091.

Cegnar, T., Boogaard, H., Finkele, K., Lalic, B., Raymond, J., Lifka, S., Schultz, D.M.,
Tarchiani, V., 2023. Toward effective communication of agrometeorological
services. Adv. Sci. Res. 20, 9-16. https://doi.org/10.5194/asr-20-9-2023.

Clifford, K.R., Travis, W.R., Nordgren, L.T., 2020. A climate knowledges approach to
climate services. Clim. Serv. 18, 100155 https://doi.org/10.1016/j.
cliser.2020.100155.

Corps, M., Action, P., 2010. Establishing Community Based Early Warning System:
Practitioner’s Handbook. Mercy Corps and Practical Action, Rugby, UK. Available at:
http://www.preventionweb.net/educational /view/19893.

Daniels, E., Bharwani, S., Butterfield, R., 2019. The Tandem framework: a holistic
approach to co-designing climate services, SEI brief. SEI, Stockholm, Sweden.
Available at: https://cdn.sei.org/wp-content/uploads/2019/05/tandem-framework.
pdf.

Daniels, E., Bharwani, S., Swartling, A.G., Vulturius, G., Brandon, K., 2020. Refocusing
the climate services lens: Introducing a framework for co-designing
“transdisciplinary knowledge integration processes” to build climate resilience.
Clim. Serv. 19, 100181 https://doi.org/10.1016/j.cliser.2020.100181.

De Filippis, T., Rocchi, L., Massazza, G., Pezzoli, A., Rosso, M., Housseini Ibrahim, M.,
Tarchiani, V., 2022. Hydrological web services for operational flood risk monitoring
and forecasting at local scale in Niger. ISPRS Int. J. Geo Inf. 11, 236. https://doi.org/
10.3390/1jgi11040236.

Descroix, L., Guichard, F., Grippa, M., Lambert, L.A., Panthou, G., Mahé, G., Gal, L.,

Dardel, C., Quantin, G., Kergoat, L., Bouaita, Y., Hiernaux, P., Vischel, T.,
Pellarin, T., Faty, B., Wilcox, C., Malam Abdou, M., Mamadou, ., Vandervaere, J.-P.,
Diongue-Niang, A., Ndiaye, O., Sané, Y., Dacosta, H., Gosset, M., Cassé, C., Sultan, B.,
Barry, A., Amogu, O., Nka Nnomo, B., Barry, A., Paturel, J.-E., 2018. Evolution of
surface hydrology in the sahelo-sudanian strip: An updated review. Water 10, 748.
https://doi.org/10.3390/w10060748.

du Niger, R., 2019. Décret du Ministere de I'Intérieur, de la Sécurité Publique, de la
Décentralisation et des Affaires Coutumieres et Religieuses, Définissant le Code
d’Alerte National. République du Niger, Niamey, Niger.

Findlater, K., Webber, S., Kandlikar, M., Donner, S., 2021. Climate services promise
better decisions but mainly focus on better data. Nat. Clim. Chang. 11, 731-737.
https://doi.org/10.1038/541558-021-01125-3.

Fiorillo, E., Crisci, A., Issa, H., Maracchi, G., Morabito, M., Tarchiani, V., 2018. Recent
Changes of Floods and Related Impacts in Niger Based on the ANADIA Niger Flood
Database. Climate 6 (3). https://doi.org/10.3390/cli6030059.

Genesio, L., Bacci, M., Baron, C., Diarra, B., Di Vecchia, A., Alhassane, A., Hassane, 1.,
Ndiaye, M., Philippon, N., Tarchiani, V., Traore, S., 2011. Early warning systems for
food security in West Africa: evolution, achievements and challenges. Atmos. Sci.
Lett. 12 (1), 142-148. https://doi.org/10.1002/asl.332.

Hellmuth, M.E., Moorhead, A., Thomson, M.C., Williams, J., 2007. Climate risk
management in Africa : learning from practice. International Research Institute for
Climate and Society (IRI), New York, US. Available at: https://portals.iucn.org/
library/node/28845.

Hiernaux, P., Ayantunde, A., Kalilou, A., Mougin, E., Gérard, B., Baup, F., Grippa, M.,
Djaby, B., 2009. Trends in productivity of crops, fallow and rangelands in Southwest
Niger: Impact of land use, management and variable rainfall. Surface Processes and
Water Cycle in West Africa, Studied from the AMMA-CATCH Observing System
J. Hydrol. 375, 65-77. https://doi.org/10.1016/j.jhydrol.2009.01.032.

IFRC, 2012. Community Early Warning Systems: Guiding Principles. Available at: http://
www.ifrc.org/PageFiles/103323/1227800-IFRC-CEWS-Guiding-Principles-EN.

1SO, 2015. ISO 22324:2015, Societal security — Emergency management — Guidelines
for colour-coded alerts [WWW Document]. URL https://www.iso.org/obp/ui#iso:
std:is0:22324:ed-1:v1:en (accessed 4.12.22).

Katiellou, G.L., Tiepolo, M., Tarchiani, V., 2021. Risque et adaptation climatique dans la
région de Dosso au Niger. Géographie. L'Harmattan, Paris, France.

KrauB, W., 2020. Narratives of change and the co-development of climate services for
action. Clim. Risk Manag. 28, 100217 https://doi.org/10.1016/j.crm.2020.100217.

Kruk, M.C., Parker, B., Marra, J.J., Werner, K., Heim, R., Vose, R., Malsale, P., 2017.
Engaging with Users of Climate Information and the Coproduction of Knowledge.
Weather Clim. Soc. 9, 839-849. https://doi.org/10.1175/WCAS-D-16-0127.1.

Lacey, J., Howden, M., Cvitanovic, C., Colvin, R.M., 2018. Understanding and managing
trust at the climate science—policy interface. Nature Clim Change 8, 22-28. https://
doi.org/10.1038/541558-017-0010-z.

Lemos, M.C., Kirchhoff, C.J., Ramprasad, V., 2012. Narrowing the climate information
usability gap. Nature Clim Change 2, 789-794. https://doi.org/10.1038/
nclimate1614.

Lemos, M.C., Morehouse, B.J., 2005. The co-production of science and policy in
integrated climate assessments. Glob. Environ. Chang. 15, 57-68. https://doi.org/
10.1016/j.gloenvcha.2004.09.004.


https://doi.org/10.1016/j.gloenvcha.2011.04.006
https://doi.org/10.1016/j.gloenvcha.2011.04.006
https://doi.org/10.3390/su12083246
https://doi.org/10.1016/j.cliser.2023.100360
https://doi.org/10.1016/j.cliser.2023.100360
https://doi.org/10.1175/WCAS-D-22-0112.1
https://doi.org/10.1002/2015EF000338
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0030
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0030
https://doi.org/10.1016/j.cliser.2019.01.003
https://doi.org/10.3389/fclim.2021.627665
https://doi.org/10.5194/gc-3-49-2020
https://doi.org/10.1016/j.cliser.2017.06.003
https://doi.org/10.1016/j.cliser.2017.06.003
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0055
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0055
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0055
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0055
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0065
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0065
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0065
https://doi.org/10.5194/asr-20-9-2023
https://doi.org/10.1016/j.cliser.2020.100155
https://doi.org/10.1016/j.cliser.2020.100155
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0080
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0080
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0080
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0085
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0085
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0085
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0085
https://doi.org/10.1016/j.cliser.2020.100181
https://doi.org/10.3390/ijgi11040236
https://doi.org/10.3390/ijgi11040236
https://doi.org/10.3390/w10060748
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0105
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0105
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0105
https://doi.org/10.1038/s41558-021-01125-3
https://doi.org/10.3390/cli6030059
https://doi.org/10.1002/asl.332
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0125
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0125
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0125
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0125
https://doi.org/10.1016/j.jhydrol.2009.01.032
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0145
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0145
https://doi.org/10.1016/j.crm.2020.100217
https://doi.org/10.1175/WCAS-D-16-0127.1
https://doi.org/10.1038/s41558-017-0010-z
https://doi.org/10.1038/s41558-017-0010-z
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1016/j.gloenvcha.2004.09.004
https://doi.org/10.1016/j.gloenvcha.2004.09.004

V. Tarchiani and M. Bacci

Lundvall, B.—A., 2016. The learning economy and the economics of hope. Anthem Press,
London; New York.

Massazza, G., Tamagnone, P., Wilcox, C., Belcore, E., Pezzoli, A., Vischel, T., Panthou, G.,
Ibrahim, M.H., Tiepolo, M., Tarchiani, V., Rosso, M., 2019. Flood Hazard Scenarios
of the Sirba River (Niger): Evaluation of the Hazard Thresholds and Flooding Areas.
Water 11 (5). https://doi.org/10.3390/w11051018.

Massazza, G., Tarchiani, V., Andersson, J.C.M., Ali, A., Ibrahim, M.H., Pezzoli, A., De
Filippis, T., Rocchi, L., Minoungou, B., Gustafsson, D., Rosso, M., 2020. Downscaling
Regional Hydrological Forecast for Operational Use in Local Early Warning: HYPE
Models in the Sirba River. Water 12 (12). https://doi.org/10.3390/w12123504.

Massazza, G., Bacci, M., Descroix, L., Ibrahim, M.H., Fiorillo, E., Katiellou, G.L.,
Panthou, G., Pezzoli, A., Rosso, M., Sauzedde, E., Terenziani, A., De Filippis, T.,
Rocchi, L., Burrone, S., Tiepolo, M., Vischel, T., Tarchiani, V., 2021. Recent changes
in hydroclimatic patterns over medium Niger river basins at the origin of the 2020
Flood in Niamey (Niger). Water 13 (12). https://doi.org/10.3390/w13121659.

Munthali, N., Leeuwis, C., van Paassen, A., Lie, R., Asare, R., van Lammeren, R.,
Schut, M., 2018. Innovation intermediation in a digital age: Comparing public and
private new-ICT platforms for agricultural extension in Ghana. NJAS: Wageningen J.
Life Sci. 86-87, 64-76. https://doi.org/10.1016/j.njas.2018.05.001.

Nkiaka, E., Taylor, A., Dougill, A.J., Antwi-Agyei, P., Fournier, N., Bosire, E.N., Konte, O.,
Lawal, K.A., Mutai, B., Mwangi, E., Ticehurst, H., Toure, A., Warnaars, T., 2019.
Identifying user needs for weather and climate services to enhance resilience to
climate shocks in sub-Saharan Africa. Environ. Res. Lett. 14 (12) https://doi.org/
10.1088/1748-9326/ab4dfe.

Norstrom, A.V., Cvitanovic, C., Lof, M.F., West, S., Wyborn, C., Balvanera, P.,
Bednarek, A.T., Bennett, E.M., Biggs, R., de Bremond, A., Campbell, B.M.,
Canadell, J.G., Carpenter, S.R., Folke, C., Fulton, E.A., Gaffney, O., Gelcich, S.,
Jouffray, J.-B., Leach, M., Le Tissier, M., Martin-Lopez, B., Louder, E., Loutre, M.-F.,
Meadow, A.M., Nagendra, H., Payne, D., Peterson, G.D., Reyers, B., Scholes, R.,
Speranza, C.I., Spierenburg, M., Stafford-Smith, M., Teng6, M., van der Hel, S., van
Putten, 1., Osterblom, H., 2020. Principles for knowledge co-production in
sustainability research. Nat Sustain 3, 182-190. https://doi.org/10.1038/541893-
019-0448-2.

Ouedraogo, 1., Diouf, N.S., Ouédraogo, M., Ndiaye, O., Zougmoré, R.B., 2018. Closing the
Gap between Climate Information Producers and Users: Assessment of Needs and
Uptake in Senegal. Climate 6, 13. https://doi.org/10.3390/cli6010013.

Passerotti, G., Massazza, G., Pezzoli, A., Bigi, V., Zsotér, E., Rosso, M., 2020. Hydrological
Model Application in the Sirba River: Early Warning System and GloFAS
Improvements. Water 12, 620. https://doi.org/10.3390/w12030620.

Prokopy, L.S., Carlton, J.S., Haigh, T., Lemos, M.C., Mase, A.S., Widhalm, M., 2017.
Useful to Usable: Developing usable climate science for agriculture. Climate Risk
Manage. 15, 1-7. https://doi.org/10.1016/j.crm.2016.10.004.

Roncoli, C., Ingram, K., Kirshen, P., 2002. Reading the Rains: Local Knowledge and
Rainfall Forecasting in Burkina Faso. Soc. Nat. Resour. 15, 409-427. https://doi.org/
10.1080/08941920252866774.

L. Riittinger G. Stang D. Smith D. Taenzler J. Vivekananda A New Climate for Peace —
Taking Action on Climate and Fragility Risks. Adelphi, International Alert, Woodrow
Wilson International Center for Scholars https://www.researchgate.net/publication/
275033780 2015 European Union Institute for Security Studies Available at.

Salamanca, A., Biskupska, N., 2021. Monitoring, evaluation and learning to build better
climate services: A framework for inclusion, accountability and iterative
improvement in tandem. SEI, Stockholm, Sweden. Available at: https://www.sei.
org/publications/monitoring-evaluation_climate-services-in-tandem/.

Steynor, A., Lee, J., Davison, A., 2020. Transdisciplinary co-production of climate
services: a focus on process. Soc. Dyn. 46, 414-433. https://doi.org/10.1080/
02533952.2020.1853961.

Stigter, C., Kees, J., 2016. A Decade of Capacity Building Through Roving Seminars on
Agro-Meteorology/-Climatology in Africa, Asia and Latin America: From
Agrometeorological Services via Climate Change to Agroforestry and Other Climate-
Smart Agricultural Practices. In: Leal Filho, W., Adamson, K., Dunk, R.M.,
Azeiteiro, U.M., Illingworth, S., Alves, F. (Eds.), Implementing Climate Change
Adaptation in Cities and Communities: Integrating Strategies and Educational
Approaches, Climate Change Management. Springer International Publishing, Cham,
pp. 237-251. https://doi.org/10.1007/978-3-319-28591-7_13.

Street, R.B., 2016. Towards a leading role on climate services in Europe: A research and
innovation roadmap. Clim. Serv. 1, 2-5. https://doi.org/10.1016/j.
cliser.2015.12.001.

Tarchiani, V., Camacho, J., Coulibaly, H., Rossi, F., Stefanski, R., 2018.
Agrometeorological services for smallholder farmers in West Africa. Adv. Sci. Res.
15, 15-20. https://doi.org/10.5194/asr-15-15-2018.

16

Climate Services 33 (2024) 100435

Tarchiani, V., Bacci, M., Sitta, A.A., Adamou, B., Baoua, Y.O., Katiellou, L.G., Liman, A.
D., Zini, C., 2021a. Les services agrométéorologiques pour les producteurs ruraux
dans la région de Dosso, Niger, in: Katiellou, G.L., Tarchiani, V., Tiepolo, M. (Eds)
Risque et adaptation climatique dans la région de Dosso au Niger, Etudes africaines.
L’Harmattan: Paris, France, p. 296. ISBN 978-2-343-22564-7.

Tarchiani, V., Rossi, F., Camacho, J., Stefanski, R., Mian, K.A., Pokperlaar, D.S.,
Coulibaly, H., Adamou, A.S., 2017. Smallholder farmers facing climate change in
West Africa: decision-making between innovation and tradition. J. Innov. Econ.
Manage. 24 (3), 151-176. https://doi.org/10.3917/jie.pr1.0013.

Tarchiani, V., Massazza, G., Rosso, M., Tiepolo, M., Pezzoli, A., Ibrahim, M.H.,
Katiellou, G.L., Tamagnone, P., De Filippis, T., Rocchi, L., Marchi, V., Rapisardi, E.,
2020a. Community and impact based early warning system for flood risk
preparedness: The experience of the Sirba River in Niger. Sustainability 12 (5), 1802.
https://doi.org/10.3390/5u12051802.

Tarchiani, V., Rapisardi, E., Parrish, P., Di Giuseppe, E., Bacci, M., Baldi, M., Pasqui, M.,
2020b. Competencies based innovative learning solutions for co-development of
climate services in West Africa. Adv. Sci. Res. 17, 47-52. https://doi.org/10.5194/
asr-17-47-2020.

Tarchiani, V., Coulibaly, H., Baki, G., Sia, C., Burrone, S., Nikiema, P.M., Migraine, J.-B.,
Camacho, J., 2021b. Access, uptake, use and impacts of agrometeorological services
in Sahelian Rural Areas: The Case of Burkina Faso. Agronomy 11, 2431. https://doi.
org/10.3390/agronomy11122431.

Terrado, M., Bojovic, D., Octenjak, S., Christel, I, St, L., Clair, A., 2023. Good practice for
knowledge co-development through climate related case studies. Clim. Risk Manag.
40, 100513 https://doi.org/10.1016/j.crm.2023.100513.

Tiepolo, M., Bacci, M., Braccio, S., 2018. Multihazard Risk Assessment for Planning with
Climate in the Dosso Region. Niger. Climate 6, 67. https://doi.org/10.3390/
cli6030067.

Tiepolo, M., Rosso, M., Massazza, G., Belcore, E., Issa, S., Braccio, S., 2019. Flood
Assessment for Risk-Informed Planning along the Sirba River. Niger. Sustainability
11, 4003. https://doi.org/10.3390/su11154003.

Tiepolo, M., Tarchiani, V., 2016. Risque et adaptation climatique dans la région de
Tillabery, Niger. Géographie. L’Harmattan, Paris, France.

van Breda, J., Swilling, M., 2019. The guiding logics and principles for designing
emergent transdisciplinary research processes: learning experiences and reflections
from a transdisciplinary urban case study in Enkanini informal settlement, South
Africa. Sustain. Sci. 14, 823-841. https://doi.org/10.1007/s11625-018-0606-x.

Vaughan, C., Dessai, S., Hewitt, C., 2018. Surveying Climate Services: What Can We
Learn from a Bird’s-Eye View? Weather Clim. Soc. 10, 373-395. https://doi.org/
10.1175/WCAS-D-17-0030.1.

Vincent, K., Daly, M., Scannell, C., Leathes, B., 2018. What can climate services learn
from theory and practice of co-production? Clim. Serv. 12, 48-58. https://doi.org/
10.1016/j.cliser.2018.11.001.

Vincent, K., Steynor, A., McClure, A., Visman, E., Waagsaether, K.L., Carter, S., Mittal, N.,
2021. Co-production: Learning from Contexts. In: Conway, D., Vincent, K. (Eds.),
Climate Risk in Africa: Adaptation and Resilience. Springer International Publishing,
Cham, pp. 37-56.

Visman, E., Vincent, K., Steynor, A., Karani, I., Mwangi, E., 2022. Defining metrics for
monitoring and evaluating the impact of co-production in climate services. Clim.
Serv. 26, 100297 https://doi.org/10.1016/].cliser.2022.100297.

Vogel, C., Steynor, A., Manyuchi, A., 2019. Climate services in Africa: Re-imagining an
inclusive, robust and sustainable service. Clim. Serv. 15, 100107 https://doi.org/
10.1016/j.cliser.2019.100107.

Wall, T.U., Meadow, A.M., Horganic, A., 2017. Developing Evaluation Indicators to
Improve the Process of Coproducing Usable Climate Science. Weather Clim. Soc. 9,
95-107. https://doi.org/10.1175/WCAS-D-16-0008.1.

Weichselgartner, J., Arheimer, B., 2019. Evolving Climate Services into Knowledge-
Action Systems. Weather Clim. Soc. 11, 385-399. https://doi.org/10.1175/WCAS-D-
18-0087.1.

WMO, 2015. WMO Guidelines on Multi-hazard Impact-based Forecast and Warning
Services, WMO Report No 1150. WMO, Geneva, Switzerland. Available at: https://
library.wmo.int/index.php?lvl=notice_display&id=17257#.Yo-He6hBxdg.

WMO, 2011. Climate knowledge for action: a global framework for climate services -
empowering the most vulnerable - Summary report. WMO Report No 1066. WMO,
Geneva, Switzerland. ISBN 978-92-63-11066-4. Available at: https://library.wmo.
int/index.php?lvl=notice_display&id=12416#.Yo-IMKhBxdg.

WMO, 2021. State of the Climate in Africa 2020, WMO Report No. 1275. WMO: Geneva,
Switzerland. ISBN 978-92-63-11275-0. Available at: https://library.wmo.int/index.
php?lvl=notice_display&id=21973#.Yo-HA6hBxdg.


http://refhub.elsevier.com/S2405-8807(23)00097-3/h0175
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0175
https://doi.org/10.3390/w11051018
https://doi.org/10.3390/w12123504
https://doi.org/10.3390/w13121659
https://doi.org/10.1016/j.njas.2018.05.001
https://doi.org/10.1088/1748-9326/ab4dfe
https://doi.org/10.1088/1748-9326/ab4dfe
https://doi.org/10.1038/s41893-019-0448-2
https://doi.org/10.1038/s41893-019-0448-2
https://doi.org/10.3390/cli6010013
https://doi.org/10.3390/w12030620
https://doi.org/10.1016/j.crm.2016.10.004
https://doi.org/10.1080/08941920252866774
https://doi.org/10.1080/08941920252866774
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0235
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0235
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0235
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0235
https://doi.org/10.1080/02533952.2020.1853961
https://doi.org/10.1080/02533952.2020.1853961
https://doi.org/10.1007/978-3-319-28591-7_13
https://doi.org/10.1016/j.cliser.2015.12.001
https://doi.org/10.1016/j.cliser.2015.12.001
https://doi.org/10.5194/asr-15-15-2018
https://doi.org/10.3917/jie.pr1.0013
https://doi.org/10.3390/su12051802
https://doi.org/10.5194/asr-17-47-2020
https://doi.org/10.5194/asr-17-47-2020
https://doi.org/10.3390/agronomy11122431
https://doi.org/10.3390/agronomy11122431
https://doi.org/10.1016/j.crm.2023.100513
https://doi.org/10.3390/cli6030067
https://doi.org/10.3390/cli6030067
https://doi.org/10.3390/su11154003
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0300
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0300
https://doi.org/10.1007/s11625-018-0606-x
https://doi.org/10.1175/WCAS-D-17-0030.1
https://doi.org/10.1175/WCAS-D-17-0030.1
https://doi.org/10.1016/j.cliser.2018.11.001
https://doi.org/10.1016/j.cliser.2018.11.001
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0320
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0320
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0320
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0320
https://doi.org/10.1016/j.cliser.2022.100297
https://doi.org/10.1016/j.cliser.2019.100107
https://doi.org/10.1016/j.cliser.2019.100107
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-18-0087.1
https://doi.org/10.1175/WCAS-D-18-0087.1
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0345
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0345
http://refhub.elsevier.com/S2405-8807(23)00097-3/h0345

	The added value of the process in climate services co-production: Lessons from Niger
	datalink2
	1 Introduction
	2 Materials and methods
	2.1 Context
	2.2 Methods
	2.3 Semantics
	Climate service
	Multidisciplinarity, interdisciplinarity and transdisciplinarity
	Co-production of climate services
	Intermediaries
	Subsidiarity and complementarity


	3 Results
	3.1 Identify actors and build partnership
	3.2 Build common ground
	3.3 Co-explore needs
	3.4 Co-develop solutions
	3.5 Co-deliver solutions
	3.6 Evaluate

	4 Discussion
	4.1 Product characteristics
	4.1.1 Decision-driven
	4.1.2 Process-based
	4.1.3 Time-managed

	Process principles
	4.2.1 Collaborative
	4.2.2 Inclusive
	4.2.3 Flexible


	5 Lessons learned
	6 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgement
	Funding
	Appendices
	References


